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Abstract

The relationship between rhwolite geochemistry and volcanogente massive sulfide (VMS) mineradization lis
been propx wed as an t'\p['ll.dmn tool to diseriminate prospective felsic voleante centers. The most widely used
classification diseriminuates between four types of rhyolite: F1. FI1, FI1La and FII. The FT rhyolites are cule
alkaline, with strongly fractionated REE pattems and strongly negative Ta und Nb anomalies. They are usually
considered barren, unless associated with FIIL or F11T felsic voleanic rocks. The FII rhyvolites ure cale-alkaline
to trunsitional with moderately fractionated REE patterns and moderate Tu and Nb anomalies. They range
from barren to having a high potential to host VMS mineralization. The FIa and FIITH thyolites we tholel
itic and show weakly fractionated REE patterns and weak to absent Nb and Ta anomalies. They have the high
est potential to host V' MS mineralization. The FIIH rhyolites are high-temperature rhyolites with Hat REE pat-
terny andd no Ta or Nb anomalies.

he Abitibi greenstone belt, especially in Quebec, is well known for its abundant and diverse VMS deposits
Representative samples of VMS-ssociated rhyolites within md outside of mining districts. including the clas-
sic Noranda VMS district, were anabyzed for mujor and truce elements to validate their propased favorability
for hosting VMS :I--plnll,\, Results indicate that all of the rhvolite tvpes are prospective but mineralization
may ciffer from the dassic Noranda-type VMS depasit, The Fl-type rhyolites appear to be particulary usso-
ciated with gold-rich VMS de posits, such s the world-cluss Laronde !Ic';\l}\il wrnd wre more prospective lor
Cu-Au replicement and veln-type deposits. The Fl-type rhvolites account for about 70 percent of rhyolites
in the Abitibi belt, Although considered fess prospective, somme districts dominated by FII ehvolites, such os
Val-d'Or and Selbide, hive collectively produced in excess of 100 million metric tons (MB of ore Deposits in
these districts mainly consist of sulfide veins and disseminated ore with low Cu and Zn grades and are asso-
clated with abundant and |||-_'1||\ vestoulir voleaniclastic rocks that |hspl.»\ 1 nnw[wml|nn4|| continuum from
andesite to rhvolite. Other wisskly mineralized FI1 districts (e, Hunter mine, Gemini-Turgeon) are charae-
terized Instesd by bienodal low-dome SEUETICeS The FllTa-type rhvolites oceur madnly In the Nornda dis
trict aned form Oow-dome \mnp‘;n'\r\ in bimodal Sedue nees with associated \nn.xlu!.:-i\[u VMS mineralization
I small felsie centers (Joutel, Normétal, Chibongaman, Quévillon) that show o voleanic evolution from FTTIa
to FI1 to FI afflnities, VMS 15:“\«1\!(\ are dire A'.l} assoclated with FHIa rhvolites, thus demonstrating the use
fulness of rhyolite geochemistry for exploration In these areas, The FITTH rhyolites are rare (o the Abitihi belt
with most occurring in the Matagami district where they are associated with Zn-Ca VMS deposits, Bused on
this analysis, we suggest that o combination of rhyolite geochemistry, voleanie facies, and style of the miner
wlization Ty he more me aningfully .xpplu'li n t'\l‘l-’u‘d(mll thun rhyolite e nlome partic ularly in the case of
F1 und F1I rhyolites.

Econ. Geol, vol. 103, p. 1531-1562120




ADbitibi: distribution des gisements VMS
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Lien entre chimie des rhyolites et potentiel VMS
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OBJECTIFS

« Redéfinir les caractéristiques lithogéochimiques des
environnements volcaniques dits favorables.

« Valider I'approche par les terres rares et déeterminer
guels sont les elements (analyses) essentiels a
I'identification de ces environnements.

 |dentifier de nouveaux secteurs favorables, négligés
par les travaux d’exploration anterieurs.



Etats des connaissances

« Lesher et 1986: 4 Gr Rhyolites FI, FllI, Flli(a,b)
FlIl + fertile pour VMS
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« Barrie et al. 1993: 5 Gr Rhyolites
Grl, Grll et Grlll + fertiles pour VMS
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Lesher et al. 1986

Flll a: n =23 (camp de Noranda)

—

FlIl b: n=25 (15 Kamiskotia, 6 Kidd Creek, 2 Noranda)

FII. n=5(Misema)
FI: n = 8 (divers)
Total n=61

Barrie et al. 1993

Grl. n=7 (Kamiskotia)

Grll: n=5 (Noranda)

Gr lll: n=5 (Selbaie)

Gr IV n =8 (groupe Upper Skead)
GrV n =6 (groupe Timiskaming)
Total: n=31

—_—

Pour I'Abitibi






Localisation des echantillons selon les camps miniers VMS
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Localisation des échantillons selon

mineralisations volcanogenes et particularités
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Lien entre la chimie du volcanisme felsique et la
fertilité en VMS
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Nouveau papier 2004

TRACE ELEMENT GEOCHEMISTRY AND PETROGENESIS OF FELSIC VOLCANIC ROCKS
ASSOCIATED WITH VOLCANOGENIC MASSIVE Cu-Zn-Pb SULFIDE DEPOSITS

T. R. HART,

Precambrian Geoscience ion, Ontario Geological Survey, 933 Ramsey Lake Road. Sudbury, Ontario P3E 6B5, Canada, and
Mineral Exploration Research Centre, Department of Earth Scie Laurentian University. 933 Ramsey Lake Road,
Sudbury, Ontario P3E 6B5, Canada
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Sudbury, Ontario P3E 6B5, Canada
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Hart et al. 2004

SCIENTIFIC COMMUNICATIONS
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Fic. 3. Conceptual petrogenetic model for the formation of FII and FIII-IV felsic volcanic rocks by partial melting at
progressively shallower crustal depths in a rift environment. Combined high heat flow and an extensional-rift environment
allow low-pressure, higher temperature crustal melting within the zone of brittle fracture permeability and promote con-
veetive seawater fluid flow. The u:mlmlex arrangement uf magma chambers depicted for FII felsic voleanic centers corre-
sponds to the fact that FII felsic voleanic rocks forming below the maximum depth of convective fluid flow are barren,
whereas those forming above this depth may be mineralized.
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Concepts petrogenétiques
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Fic. 1. Approximate fields for FI, FI1, and FHT felsic voleanic rocks based
on phase relationships from melting experiments using dry basalt, basalt-
H,0, and amphibolite, Compiled from Wyllie and Wolf (1993), Rapp (1995) D7 St S N N N A Y S S A A AN AN N
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for HREE and HFSE are displayed with the abbreviations: ¢px = clinopy-

Figure 7.15. Rare earth mineral-melt partition coefficients for
mafic magmas. Data from Table 7.5.

roxene. grt = garnet, hbl = hornblende, opx = orthopyroxene

Hart et al. 2004 White, 2001
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TapLe 1. Geochemical Classification, Petrogenetic Models, and Tectonic Environments Proposecd
for the Formation of FI, FI1, FII1, and FIV Felsic Voleanic Rocks (from Lesher et al.,
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Comment les classifier: plage de valeurs

Tectonic enviromment  Are-related suites derived

from metasomat ized wedgze

with variable crustal

contamination (Barrie et al.,

1583

Examples

sonrce depth
ithis stucy)

Deep (=30 km)

partial meking related to
metasomatism of mantle wedge
over subducted slahb, fmcional
crystallization of resalting malic
magma { Barrett and Maclean,
1965); high-temperature partial
meling of crostal material with
magima composition s control led

b differences in composition of

crust (Lentz, 19695)

Continental are (Barrie et al..
1953); rifted mature arc/
continental back are Noored by
oceanic crust (Barrett and

Mac Lean, 1996); extensional
eV ITONments (&g, intra-
comtinental , intracceanic intra-
are, intra-arc, and back-arc rif;
Lentz, 19695)
Sturgeon Lake,
Tinto, Bathnrst,
Windsor, Tulsequah Chiel, M.
Chalmers, Thalanga, Mt. Read,
Boliden, Selbaie, Salt Creek,
Murzul, Benambra

Kuroko, Rio

Intermediate (2 10 but <13 kan)
for mineralized FIT

Myra Falls, Mt

Contamination of tholeiitic
magma by hydrons mafic crust
during fracticmal crystallization,
high-pressure crystallization of
clinopyroxene (Barrie et al.,
1993); high-temperature partial
melting of e stal material with
magma com pos itions controlled
by ditferences in composition of
crust (Lenty, 1958)

Rifted island arc (Barrie et al.,
1993); rifted continental margin
[Barrett and Maclean, 1999)
extensional emvironments (e.m.,
intracomtinen tal, intracceanic
intra-are, intra-arc, and back-arc
rift; Lentz, 19694)

Noranda, Jerome, United Verde,
Teutomic Bore, Farys Monn tain,
Ambler, Avoca, Wood lawn,
Buchans, Prieska, Fox Lake,
Manitonwadge, Hood River,
Sulphur Springs, Scuddles,

B erslagen, Winston Lake
Shallew (<10 km)

“artial melting of granulite lower
crust with fractionation producing
higher silica contents; extreime
fractional crystallization of tholeiitic
mafic liquid resulting in liouic
iminiscibility with possible wall-rock
contamination (Thurston and Fryer,
1953 }; high-temperature partial
meling of crustal material with
magma compositions contmolled by
differences in composition of crust
Lentz, 1995)
Ooeanic rift (Hart,
Barrie et al., 199:3)

15954,

Kidd Creel, Kamiskotia, Eskay
Creek, Neves Corvo, Shasta,
Crandon, Mattazami Lake,
Mons Cupri, South Bay

Shallow (<10 ki)

Motes: Chrondrite-normalizing values from Makamura (19770 Eu® calenlated by linear interpolation between chondrite -normalized Sm and Th



Plage des valeurs discriminates (Hart et al. 2004)
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Champs deéfinis pour classification
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Discordance entre les deux diagrammes

Noranda

Delbridge
Horne Bouchard-Hébert (1100)

Inmont

Bousquet
Laronde zone 20 footwall

Donraine
East-Sullivan
Manitou-Barvue

Louvicourt
spherulitic rhyolite

Noranda
Delbridge
Bouchard-Hébert (1100)

* Inmont

Home *

Bousquet
Laronde zone 20 footwall

*

Donraine Val d'Or
Manitou-Barvue

East-Sullivan
Louvicourt

spherulitic rhyolite

Legende
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Compilation Groupes: Zr-Y vs La - Yb

Camps miniers
Bousquet
Chibougamau
Hunter Mine
Joutel
Matagami
Noranda
Normeétal
Quévillon

. Selbaie

10. Turgeon-Gémini
11.Val d’Or

© 00N OGN

12.Lasarre-Senneterre

13. Autre

Gr idem

4/ 6
6/6
8/12
3/5
4/4
15/ 26
3/4
417
0/3
4/4
7113
8/14
218

61 % Groupes definis par Zr-Y et La-YDb



Approche par les Terres Rares
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Comparaison
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Etat des connaissances

Stérile e
FI = Stérile FI = Stérile ?
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Camp Hunter
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Camp Val d’Or
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Camp Bousquet
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Volila les FI minéralisées
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=llb: Camps et mines

Camp Matagami: Mine Lemoine
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Camps et mines
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Fl: Classification
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Le probleme des FII
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Fic. 11. Summary multielement plots normalized to primitive mantle (Sun and McDonough, 1989) for felsic volcanic
rocks from mining districts, showing ore tonnages (production and reserve) in millions of metric tons (Mt).

Gaboury et Pearson, 2008




TasLE 3. Stvle of Volcanism and Mineralization Associated
with Difterent Rhyolite Types

Group Volcanism style Mineralization stvle

FII1 Bimodal Exhalative stratiform lenses

Low volatile content Hich grade. low tonnage

Domes and flows Cu-Zn = Ag + Au

Low vesicularity index Discrete alteration pipe and

Few voleaniclastic rocks Cu-rich stringer zone

Exhalite-chert: common Examples:  Quémont
Mattagami Lake
\nsil

Similar to FI-tvpe Similar to “FII1-type”
l':,\;unl)lv.\: l,_\n(”nll‘,st

Hunter mine
CGemini

Similar to Fl-tvpe Similar to “Fl-type”
Examples: Selbaie
Manitou-Barnvue

Continuum basalt to rhyolite Atypical Cu-Au
\bundance of volcaniclastic veins. disseminations and
rocks replacement of permeable
Hich vesicularity voleaniclastic rocks
Exhalite-chert: absent Diffuse alteration
Examples:  Laronde
Bousquet 1 and 2

Gaboury et Pearson, 2008 Comtois




Implications pour exploration

Type Noranda
FlI

Bimodale
DOmes massif
SMV-exhalaison
Chert

Type « Bousquet »

FI - Fl

Continuum volcanique
Fragmentaire, vésiculaire
SMV-remplacement

Pas chert

39

Consortium de recherche en exploration minérale



Implications pour exploration Fll

: Bimodale
Hunter Pas —peu vésicule et peu de
Turgeon v\ fragment
ZVN-ext =
Veésiculaire et fragmentaire,

Val d'or 3. sequence de fractionnement

Selbaie continue

3 < \d v<Avy<vy
A
W

VVA 'A‘V Y A \

<VA vv

T

Chert, BIF et sédiments

w N

T

Pas de chert, pas sédiment

[
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Conclusion

FllIb: Tholéiitique, unique a I'archéeen (Matagami), tres
fertile (amas massif du type Noranda)

Fllla: Tholéiitique, petits centres felsiques du nord et
camp de Noranda, tres fertile (amas massif du type
Noranda)

FII: Transitionnel a calco-alcalin, “le bruit le fond
volcanique”: il faut considérer la volcanologie.

FI: Calco-alcalin, tres fertile, minéralisations différentes
(aurifere): veine, dissémination, remplacement, etc.



