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Distribution of Wernecke Supergroup rocks and Wernecke B reccia 
occurrences in the Yukon.  Modified from Thorkelson (2000).

Generalized stratigraphic column for the 
Wernecke Mountains. Modified from 
Thorkelson (2000).

T hin section (crossed polars) of Wernecke B reccia 
matrix made up dominantly of sedimentary clasts, 
carbonate, feldspar and quartz. 

Wernecke B recciaWernecke B reccia

I ntroduction:
Numerous bodies of Proterozoic Wernecke B reccia, 

2from 0.1 to 10 km , occur in curvilinear arrays over 
large areas in the Wernecke and Ogilvie Mountains of 
the Yukon Territory, Canada (cf. B ell, 1986; 
T horkelson, 2000). E xtensive sodic and potassic 
metasomatic alteration and iron oxide-copper-gold 
(IOCG) mineralization occur in and around the 
breccia zones. Similar scales of brecciation and 
alteration are recognised in other Proterozoic 
terranes, especially in the Cloncurry and Gawler 
districts of A ustralian where the world class E rnest 
Henry (167 Mt @  1.1% Cu &  0.54g/t A u, R yan, 
1998) and Olympic Dam (>2000 Mt @  1.3% Cu, 0.4 

3 8g/t U O , 0.5g/t A u and 2.9 g/t A g, R eynolds, 2000) 
deposits are located.

New mapping, petrographic and microprobe 
studies of Wernecke B reccia have identified multiple 
brecciation, alteration and mineralizing events and 
have provided clues to the mechanism(s) of large-
scale breccia formation.
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Wernecke B reccia 
displaying multiple 
brecciation events.

B reccia:
Wernecke B reccias (ca. 1600 Ma, T horkelson et al., 2001) 
cut E arly Proterozoic Wernecke Supergroup (W SG) 
sedimentary rocks, B onnet Plume R iver Intrusions (B PR I) 
and Slab volcanics. T he breccias vary from clast to matrix 
supported. Clasts range from < 1 cm to several hundred 
metres across and were mainly derived from WSG 
sedimentary rocks; clasts of B PR I  and Slab volcanics are 
locally abundant. E arly phases of Wernecke B reccia are 
preserved in some locations as clasts within later breccia.

B reccia matrix is dominantly made up of rock fragments, 
carbonate (calcite or dolomite/ankerite/siderite), feldspar 
(albite and/or potassium feldspar), quartz, locally abundant 
scapolite, hematite, magnetite, barite, biotite and muscovite 
and lesser tourmaline and actinolite, and rare sphene and 
monazite.

Mineralization:  
T here are at least 65 occurrences of iron oxide-copper-gold ± uranium ± cobalt 
mineralization associated with breccia in the Wernecke and Ogilvie Mountains (Yukon 
Minfile, 2001).  Multiple phases of mineralization are evident (Hunt et al., 2002). 
Magnetite, hematite, pyrite and chalcopyrite occur throughout the paragenetic sequence. 
Magnetite is dominant in the early phases of brecciation and occurs locally as massive 
ankerite-magnetite and magnetite-hematite veins. Chalcopyrite and pyrite mineralization 
occurs  as breccia matrix and syn-breccia veins, as clasts in breccia, as veins that cross-cut 
breccia, and as disseminations in country rocks surrounding breccia.

clasts of earlier breccia

Typical examples of Wernecke B reccia.

Contacts between Wernecke B reccia and Wernecke 
Super Group sedimentary rocks vary from crackle 
brecciated and gradational (a) to sharp (b).

Stratigraphic position of 
Wernecke B reccia occurrences 
included in this study.
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B reccia emplacement took advantage of preexisting crustal weaknesses :
A : B reccia emplaced in core of fold & associated structures
B : B reccia emplaced along path previous ly used by B P R I
C : B reccia emplaced along sedimentary layering 
D: B reccia emplaced along fault zone
T he presence of large, intact, blocks  suggests  breccia emplacement 
locally reached the surface: 
E :  F oundered block (600 x 250 m) of S lab volcanics  
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MineralizationMineralization

hematite vein

ankerite

magnetite

Calcite-chalcopyrite-pyrite 
forming the matrix to 
Wernecke B reccia.

Hematite locally 
forms the matrix to 
Wernecke B reccia.

10 cm thick pyrite-chalcopyrite-quartz-
muscovite vein cutting ankerite-
magnetite altered sedimentary rocks.

Pre-sulphide, ankerite-
magnetite vein cross-
cut by a hematite vein.

Malachite stained Fairchild L ake Group 
sedimentary rocks.

Sulphide clast in Wernecke B reccia.

Calcite-chalcopyrite vein cutting Fairchild L ake Group sedimentary rocks.

Discussion:  
Wernecke B reccias are spatially associated with regional-scale faults (cf. T horkelson et al., 2001). B reccia 
emplacement appears to have made use of pre-existing crustal weaknesses in the sedimentary basin such as 
the faulted cores of folds, shear zones, pathways previously used by B PR I , jointing/fractures and 
stratigraphic layering.

T he mechanism of breccia emplacement is not well understood and several hypotheses have been 
suggested  including diatremes, phreatomagmatic explosions, modified evaporite diapirs and mud diapirs 
(cf. T horkelson, 2000 for a review). However, recent mapping and age dating show: 1) WSG was lithified 
and multiply deformed prior to breccia emplacement and 2) B PR I , even though they are spatially associated 
with the breccias, are considerably older (ca. 1710 Ma). T hus ruling out mud diapirism or magmatism 
associated with B PR I  as mechanisms of brecciation (T horkelson, 2000). Since clasts within Wernecke 
B reccia are all locally derived a diatreme origin also seems unlikely.

Field relationships indicate the breccias may have formed by a combination of hydrothermal fluid-driven 
explosive expansion and  collapse (Hunt et al., 2003b). A reas of rounded, milled clasts within zones of 
intense brecciation may indicate paths of abundant fluid flow. T he presence of large clasts (100's of meters 
across) with narrow (1 to several tens of metres) intervals of  breccia between, localized  in areas with 
abundant scapolite in the host WSG (?meta-evaporite), suggests collapse into dissolution cavities (e.g. parts 
of Slab).

T he lack of breccia-age intrusive rocks in the Wernecke Mountains and 
the similarity of Wernecke B reccia to A ustralian examples whose 
formation is intimately related to magmatism (e.g. Oliver et al., 2001;  
R eynolds, 2000) suggests that large scale breccias can also be produced 
by  other mechanisms, unrelated to magmatism. T his mechanism is, as 
yet, unknown. Probable meta-evaporite rocks are only locally 
abundant in the WSG so it is unlikely that dissolution of evaporites and 
subsequent collapse is the sole mechanism of breccia formation. Stable 
isotope  and fluid inclusion analyses,  currently underway , will 
provide information on fluids that formed the breccias and give insight 
into the mechanisms of breccia formation.

18 13 34 Preliminary analyses show  there are wide ranges in d O, d C, d S 
and dD values (Tables 1, 2 & 3)  and that the fluids were highly saline 
with low to moderate homogenisation temperatures. T he results 
suggest significant basinal (?and meteoric) input into fluids that 
formed Wernecke B reccia (Hunt et al., in progress).

Potassic Alteration:
a) R ed Wernecke B reccia - matrix minerals are dominated 
by dolomite, ankerite, potassium feldspar and quartz.
b) Potassium feldspar-altered Quartet Group sedimentary 
rock cut by a dolomite-chalcopyrite vein.

AlterationAlteration

Alteration:  
L arge metasomatic haloes occur around 
breccia zones and two visibly distinct 
types of alteration are associated with 
the breccias: grey sodic alteration  and 
pink to red potassic alteration.  In 
addition, carbonate, which cross-cuts 
the above alteration and  forms the 
dominant phase in breccia matrix and 
cross-cutting veins, also varies in 
composition (Hunt et al., 2003a).

T he Slab and I rene (Hoover) 
breccias have dominantly sodic 
alteration consisting of albite and lesser 
scapolite;  calcite is the dominant 
carbonate phase in these breccias. T he 
Slats, Olympic and Igor breccias have 
largely potassic alteration consisting 
mainly of potassium feldspar ± sericite. 
Calcite is rare in these breccias and the 
carbonate phase is dominantly dolomite 
and ankerite and locally siderite.

Sodic Alteration:
a) Grey Wernecke B reccia - matrix minerals are dominated by 
calcite, albite, quartz and scapolite.
b) Scapolite-altered Fairchild L ake Group sedimentary rock cut by 
albite veins and cross-cut by a calcite vein.

scapolite
albite

calcite

ba

ba

dolomite chalcopyrite

potassium feldspar-altered sedimentary clasts

18Table 3:  ä O and ‰D results for muscovite, biotite and 
actinolite from Wernecke B reccia matrix and cross-cutting veins.

18‰O â  (wrt V -SMOW) ‰ D â  (wrt V -SMOW)

Muscovite (n=4) +9.9 to +11.6 -21 to -55
B iotite (n=6) +6.7 to +9.5 -23 to -141
A ctinolite (n=1) +11.0 -22

34Table 2:  ‰S results for IOCG mineralisation 
associated with Wernecke B reccia.

34       ‰S â  (wrt CDT )

Pyrite (n=23)       -12.14  to +13.39
Chalcopyrite (n=21)      -11.48  to +8.78
B arite (n=5)       + 7.66  to +17.12

18 13Table 1:  ‰O and ‰C results for carbonate from Wernecke B reccia matrix 
and layers within Wernecke Super Group.

18 13‰O â  (wrt V -SMOW) ‰C â  (wrt V -SMOW)

Matrix carbonate (n=20) - 2.11  to +19.41 -6.23 to +1.48
WSG layers (n=25) +6.72  to +24.55 -4.17 to +2.40
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