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INTRODUCTION 

Mapping of the Chibougamau transect undertaken as part of the Metal Earth research initiative 

funded by the Canada First Research Excellence Fund is presented in this preliminary report of the second 

field season. The aim of this initiative is to explain why certain Archean greenstone belts, including the 

Abitibi belt, are prospective for base and precious minerals whereas others are not, despite sharing similar 

geological environments. 

The results of 2019 mapping campaign are presented in this paper. The full scope of the work is 

outlined in the report, which also focuses on the two following issues: 1) the structure and stratigraphy of 

the western end of the Opemisca Group southwest of Chibougamau; and 2) the discovery of the surface 

expression of a second seismic reflector, the Guercheville Fault, in the southern part of the study area. 

Since the work covers all stratigraphy in the Chibougamau area, the report begins with a relatively 

comprehensive presentation of the regional geology taken from the 2018 preliminary report. 

REGIONAL GEOLOGY 

The Chibougamau area and the Metal Earth transect are in the northeastern part of the Abitibi 

Subprovince, at the eastern end of the Matagami–Chibougamau greenstone belt. The north-trending 

transect extends some 162 km, from the Opatica Subprovince in the north to the margin of the Urban–

Barry belt in the south. The region is defined to the east by the Grenville Province. 

The Chibougamau area is described as a greenstone belt dominated by volcanic and sedimentary 

rocks crosscut by various intrusions (Daigneault and Allard, 1990; Leclerc et al., 2015). Most of the 

geological history unfolded from ca. 2730 to 2691 Ma (Daigneault and Allard, 1990; Leclerc et al., 2015), 

but the presence of older volcanic rocks of the Chrissie and Des Vents formations, dated between 2798.7 

and 2759 Ma (Mortensen, 1993; Davis et al., 2014) was locally documented. Chibougamau area 

stratigraphy is divided into two groups: the Roy Group (2730–2721 Ma), which comprises two volcanic 

cycles (Daigneault and Allard, 1990; Leclerc et al., 2011), and the Opemisca Group (<2691 Ma), which 

hosts sedimentary deposits (Dimroth et al., 1985). The intrusions in the area range from synvolcanic to 

post-tectonic. 

The first volcanic cycle consists of the Obatogamau Formation overlain by the Waconichi 

Formation. The Obatogamau Formation is dominated by submarine basaltic to andesitic volcanic flows 

intercalated with minor felsic rocks, exhalite and chert denoting pauses in volcanic activity. In some 

flows, the plagioclase glomerocrysts that characterize this formation can make up over half the unit 

(Allard and Gobeil, 1984). The age of the Obatogamau Formation has not been determined but falls 

somewhere between 2.76 and 2.,73 Ga. The formation is interpreted as lava plains in the Chibougamau 
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area. The Waconichi Formation consists of mostly volcaniclastic facies-dominated, andesitic to rhyolitic 

volcanic rocks (Daigneault and Allard, 1990). It corresponds to several small eruptive centres and 

provides a setting favorable to volcanogenic massive sulphides. The formation was deposited ca. 2730–

2727 Ma (Mortensen, 1993; Leclerc et al., 2011). In the southern part of the transect, the Caopatina 

Formation forms a deep sedimentary basin interpreted as being coeval with the emplacement of the 

Obatogamau Formation (Mueller et al. 1989). 

The second volcanic cycle begins with the Bruneau Formation (Leclerc et al., 2011), or the upper 

Gilman Formation as it was previously known (Daigneault and Allard, 1990). It consists of basaltic to 

andesitic volcanic flows lying unconformably atop the Waconichi Formation. Above it lies the Blondeau 

Formation (<2721 Ma; Leclerc et al., 2012), comprising felsic volcaniclastic rocks, argillite and sulphidic 

horizons, as well as the Bordeleau Formation, a lateral sedimentary equivalent to the Blondeau Formation 

consisting of feldspathic sandstone turbidite sequences (Caty, 1978, 1979; Dimroth et al., 1983). 

The Opemisca Group lies uncomformably on the Roy Group. It is dominated by sedimentary 

deposits and comprises the Stella, Haüy and Chebistuan formations. Stella Formation consists mostly of 

conglomerate and sandstone (Caty, 1975; Dimroth et al., 1983). Haüy Formation lies conformably upon it 

and is interdigitated with it (Dimroth et al., 1985). The main difference between this formation, 

predominantly consisting of equal parts of conglomerate and sandstone, and the Stella Formation is that it 

contains trachytic mafic lavas intercalated with the sedimentary sequences (Picard and Piboule, 1986; 

Daigneault and Allard, 1990). The Chebistuan Formation is equivalent to the Stella Formation but is in 

another basin, which lies north of the Chibougamau area. 

The Chibougamau area is noteworthy for its many intrusions that crosscut the stratigraphic sequence. 

The mainly TTG (tonalite-trondhjemite-granodiorite)-type synvolcanic intrusions differ from the syn- to 

post-tectonic intrusions of various affinities (sanukitoid, alkaline and subalkaline rocks). The Lac Doré 

Complex, a large, tholeiitic, layered mafic intrusion similar in age to the Waconichi Formation is also 

found in this area (Daigneault and Allard, 1990; Mortensen, 1993); it consists of anorthosite, pyroxenite, 

gabbro, granophyric tonalite and magnetite units prospective for vanadium mineralization (Allard, 1976). 

This intrusion hosts most of the porphyritic Cu-Au deposits of the Chibougamau mining camp, which are 

genetically related to an intrusive phase of the Chibougamau Pluton in the core of the Lac Doré Complex 

(Racicot 1980; Mathieu et Racicot 2019). This multiphase intrusion is coeval with the second volcanic 

cycle (2728.3–2727 Ma; Mortensen, 1993) and is dominated by tonalite and diorite. The Cummings 

Complex is the same age as the Chibougamau Pluton (Chown et al., 1992) and consists of three 

ultramafic to mafic sills (from the earliest to the most recent: Roberge, Venture and Bourbeau) intruding 

or occupying the base of the Blondeau Formation (Duquette 1982 ; Daigneault et Allard 1990). The Eau 

Jaune Complex crosscuts the base of the Obatogamau Formation. This undated, diorite and tonalite 

multiphase assemblage is located at the eastern end of the Lapparent Massif. Finally, the Chevrillon 

Pluton, a feldspar-phyric monzodiorite, stands out among the diverse syn- to post-tectonic intrusions of 

the area and crosscuts the Chebistuan Formation. 

The Abitibi greenstone belt is metamorphosed to greenschist-facies, locally reaching upper 

amphibolite facies, especially near syn- to late tectonic intrusions and along the Grenville front 

(Daigneault and Allard, 1990; Benn et al., 1992). The ductile-style deformation is multiphased in the 

Chibougamau area and characteristically ductile (Daigneault and Allard, 1990; Daigneault et al., 1990). 

Deformation is notably characterized by east–west to southeast–northwest folds associated with regional 

foliation corresponding to a series of synclines and anticlines. These structures incorporate antiforms and 

synforms with no specific foliation, which correspond to the burial of surface rocks and the emergence of 

plutons. These east–west folds are accompanied by faults that also strike east–west on the margin of the 

sedimentary basins. These faults form large-scale deformation zones and are interpreted to have 

undergone reverse movement. Another generation of younger, discreet and brittle faults striking 
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northeast–southwest shows sinistral movement. Finally, deformation associated with the Grenville Front, 

a major structure resulting from the collision between the Abitibi Subprovince and the Grenville Province 

to the west, overprints the Archean structural styles and appears as north-northeast–south-southwest 

oriented faults, ductile fabrics and a metamorphic grade that increases when nearing the margin 

separating these two assemblages (Daigneault and Allard, 1994). 

WORK COMPLETED 

Unlike the 2018 fieldwork during which the total length of the transect was covered, fieldwork in 

2019 was focused on sectors in the Chibougamau area where less is known about the structure and 

stratigraphy. These sectors include: the Caopatina syncline and its northern limb; 2) the western contact 

between the Opemisca Group and Blondeau Formation; 3) the southern part of the Chebistuan Formation; 

and 4) the central part of the Chebistuan Formation (located west of the transect). The first two are 

presented in this report (Figure 1), while review of the last three is currently awaiting results from 

laboratory analyses. At the same time, sampling of intrusions was undertaken as part of several Ph.D. 

projects funded through Metal Earth and the National Sciences and Engineering Research Council of 

Canada and slated to begin at the Université du Québec in Chicoutimi in 2019–2020. In addition, of the 

22 samples collected along the transect, 15 (3 from igneous rocks and 12 from sedimentary rocks) were 

sent for U-Pb zircon geochronology. 

GUERCHEVILLE FAULT 

The surface expression of a Guercheville Fault segment was discovered this summer at a stripping 

located a few kilometres east of the seismic transect. This essentially east–west-trending structure 

spatially corresponds to the surface expression of a north-dipping seismic reflector from the 2017 Metal 

Earth seismic profile. In the study area (Figure 1), both the direction and plunge of the fault vary 

considerably. The Guercheville Fault is considered in Daigneault and Allard (1990) and Daigneault 

(1996) as a major east–west structural feature resembling a metallotect. In reality, the fault corresponds 

more closely to a set of anastomosed structures essentially parallel to the northern contact of the 

Caopatina Formation. In the southern part of the transect, three sectors seem to incorporate the footprint 

of the different sectors associated with this structure (Figure 2). 

Western Segment 

Outcrops and recent roadcuts in this sector display the best surface expression of the Guercheville 

Fault. The hostrocks mainly consist of glomerophyric pillow basalt flows from the Obatogamau 

Formation (Figure 3a). Gabbro sills are also observed, as well as a few intermediate dykes. The rocks are 

affected by amphibolite-facies metamorphism characterized by millimetre- to centimetre-sized squat 

amphiboles (Figure 3b). All the rocks have been subjected to pre-metamorphic hydrothermal 

carbonatization, which produced millimetre-sized ankerite crystals that colour the rock orange. 

The Guercheville Fault is characterized by a very intense deformation envelope at least 450 m wide, 

with well-developed foliation. The foliation is oriented east–west and dips moderately to the south 

(Figure 4). The subhorizontal stretching lineations observed in the foliation plunge very gently to the east. 

Pillow margins are flat and the observed or inferred contacts between the different units are parallel and 

transposed to the regional foliation. The molar-shaped pillows indicate that the structural facing is 

orientated toward the east and the polarity strikes northeast. Amphiboles occur in the foliation plane but 

are randomly oriented. The ankerite porphyroblasts are at times S-shaped in the horizontal plane 
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(Figure 3c), which indicates dextral movement along the foliation plane consistent with the orientation of 

the stretching lineations. 

Eastern Segment 

This sector also contains basalt from the Obatogamau Formation as well as a coarse-grained 

differentiated sill approximately 700 m thick that grades from gabbro pyroxenite to quartz gabbro, from 

north to south (Figure 3d). This rock unit sequence is like that of the Bourbeau differentiated sill and 

indicates polarity toward the south. At this location, the Guercheville Fault displays shared features with 

the Western segment, such as an east–west orientation and associated ankeritisation. However, the latter 

is far less extensive (100 m) and is limited to the southern margin of the sill. Foliation is subvertical 

(Figure 4), whereas stretching lineations plunge moderately to steeply to the east (65°). 

Southeastern Segment 

The last segment includes rocks from the Obatogamau Formation, such as glomerophyric basalt, as 

well as felsic igneous rocks and gabbro dykes. The rocks are strongly deformed along a northeast-striking 

corridor approximately 700 m wide (Figure 4). Ankeritisation associated with the most deformed part of 

the corridor varies in width from 250 to 300 m. The deformation corridor plunges steeply to the south-east 

(60–70°). The stretching lineations in this corridor dip moderately (45–65°) east-southeast. 

Preliminary Discussion 

At this point, it is difficult to link these three segments to the Guercheville Fault with any certainty 

given the difficulties associated with mapping in this region (fault hosted exclusively in basalt, lack of 

outcrops). However, based on the three segments described above, these different deformation corridors 

appear to share certain features such as a well-developed regional foliation and associated strong 

ankeritization. Moreover, even though the plunge of the stretching lineations varies according to the 

orientation of individual segments, they share a common orientation to the east. The Western and Eastern 

segments appear to belong to the same branch of the Guercheville Fault since they occur in the same 

extension of the fault. The Southeastern segment might constitute another branch of this structure that 

appears to join up with the main branch to the east. Ankeritization observed in the three segments 

suggests that they were associated with the same hydrothermal system. At the regional scale, the break in 

the stratigraphic continuity caused by these segments, the correlation with a seismic survey reflector and 

the presence of the Joe Mann mine in the eastern extension of the fault suggest that the Guercheville Fault 

played an important role in the structural and metallogenic evolution of the southern part of the 

Chibogamau area. 

WESTERN END OF THE OPEMISCA GROUP 

In this section, interesting features revealed by mapping undertaken south of the Barrette-Chapais 

sawmill, near the interpreted limit between the Opemisca Group and the Blondeau Formation are 

examined (Figure 5). The 2019 summer fieldwork made it possible to define the position and nature of 

this contact. 
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Opemisca Group 

The sedimentary rocks of the Opemisca Group are exposed in the eastern part of the map area. They 

consist of coarse sandstone and polymictic conglomerate. The decimetre-tick sandstone beds are massive 

and exhibit crossbedding, oblique bedding or trough-shaped bedding (Figure 6a). Crossbedding in 

sandstone is widespread and many conglomerate-filled erosion channels were also observed. The 

conglomerate consists of connected and rounded clasts that vary in size (centimetre-sized to submetric). 

The fragments consist mostly of felsic volcanic and intrusive rocks but also include some sedimentary 

rocks and basalt. The conglomerate often displays grading that varies from normal to reverse. 

The strata are generally east-southeast-striking and subvertical (Figure 7). The anti-clockwise 

regional foliation is oriented east–west and subvertical. The sedimentary structures (grading, 

crossbedding and channels) indicate south-trending polarity (Figure 6b). These elements and the 

relationship between the bedding and the regional foliation point to a structural facing oriented toward the 

west. 

Blondeau Formation 

The Blondeau Formation is exposed west of the Opemisca Group, where two large assemblages have 

been identified. The first one, which is predominant, comprises sandstone and argillite sequences. The 5 

to 50 cm thick beds grade progressively from fine-grained sandstone into argillite (~60/40 ratio) within 

the same bed. Laminations are parallel and normal grading in beds has been systematically observed 

(Figure 6c). The second assemblage consists of volcano-sedimentary and sedimentary rocks. The 

volcano-sedimentary rocks consist of felsic lapilli tuff. Fragments are essentially felsic (>90%) but also 

contain basalt and argillite fragments. The volcaniclastic rock matrix is locally chloritized over many 

metres. The sedimentary rocks (Figure 6d) associated with these felsic rocks consist of graphitic argillite 

(‘black shale’) with up to 30% pyrite nodules (<10%). The primary characteristics of the argillite are 

completely hidden by deformation. 

The bedding observed in the sedimentary assemblage is generally oriented north–south (Figure 7). 

Grading and load casts indicate polarity toward the west. The Blondeau Formation rocks at this location 

are strongly affected by an east–west fold, which is associated with the east–west regional foliation. The 

subvertical foliation displays stretching lineations that plunge steeply toward the west (70°). The foliation 

gives the graphitic argillite a schistose aspect, which could be mistaken for bedding. The structural facing 

inferred from observations is oriented toward the west. 

Preliminary Discussion 

The Opemisca Group distinguishes itself from the Blondeau Formation by the nature of its 

sedimentary rocks and interpretation of its geological environment. The Opemisca Group rocks suggest 

an environment characterized by rapid (sandstone and conglomerate sequence) and turbulent (thick beds, 

crossbedding and trough-shaped bedding) flow, and accumulation of sediments from a relatively proximal 

source (polymictic conglomerate). These elements are typical of deltaic or fluvial environments. The 

Blondeau Formation appears associated with two different environments: 1) repetitive sandstone-argillite 

sequences in thin, graded and laminated beds are typical of turbidity-related gravity flows, suggesting a 

deep and calm marine environment; 2) the felsic volcanic rocks and graphitic argillite suggest a local 

synsedimentary volcanic environment associated with hydrothermalism and bacterial activity (source of 

the graphite). 
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The west-striking structural facing of both these assemblages suggests that the Blondeau Formation 

sits atop the Opemisca Group. However, the Opemisca Group is recognized elsewhere in the 

Chibougamau area as being the youngest Archean surficial unit since it overlies the Blondeau Formation. 

This means that the rocks of this formation at this location were superimposed on the Opemisca Group 

rocks as the result of faulting. Summer 2019 fieldwork revealed a generally north–south faulted limit 

immediately adjacent to the Blondeau Formation in the west, and the Opemisca Group in the east. This 

structural complexity is particular to the region. The fact that these two assemblages and the fault that 

separates them abut against the Kapunapotagen Fault (east–west-trending) to the south should be noted 

(Figure 5). The formation of the north–south fault pre-dates the Kapunapotagen Fault. Difference in the 

primary bedding orientation between the Blondeau Formation and the Opemisca Group (north–south and 

east–west, respectively) suggests that the two assemblages were not conformable before deformation. 

CONCLUSION AND FUTURE WORK 

The 2019 mapping campaign focused on several major sectors along the Chibougamau transect. This 

mapping complements the 2018 fieldwork, during which the entire length of the transect was studied. The 

fieldwork also provided the opportunity to sample most of the intrusions in the region as well as many 

formations that are poorly constrained or for which no precise age data is available. 

The Guercheville Fault, which is a major structure in the southern part of the transect, is associated 

with considerable hydrothermal alteration (carbonatization). Dextral movement is interpreted to have 

occurred based on the observed stretching lineations and shear-sense indicators. Given the potential 

structural and metallogenic importance of this fault, further data compilation studies and an update of the 

regional geological mapping are planned. 

In the central part of the transect, the western contact between the Opemisca Group and the Blondeau 

Formation was remapped. The work highlighted the various depositional environments of the Blondeau 

Formation and Opemisca Group in this sector but also made it possible to define the nature of the contact 

between the two units. A north–south fault separating the two units has caused the older rocks (Blondeau 

Formation) to override more recent rocks (Opemisca Group). The work shows that this sector could prove 

prospective for volcanogenic massive sulphides since it hosts abundant felsic volcanic rocks, and both 

chloritization and showings have been observed within a 2–3 km radius. 

This fieldwork concluded regional mapping of the Chibougamau transect. Future work will focus on 

laboratory analysis and data compilation to re-interpret both the local stratigraphy and the geological map. 

In addition, several sub-projects on the sedimentary basins and the two sectors that have been correlated 

with identified seismic reflectors will be published. At the same time, M.Sc. projects associated with 

these two field seasons are being completed and will contribute to improving knowledge on the region. 

Finally, several M.Sc. and Ph.D. projects dealing with more specific issues will focus on the 

Chibougamau Pluton, syntectonic magmatism, and the comparison of the various mineralization styles 

associated with pyrite in the Chibougamau area. 
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Figure 1:.  Geology of the Chibougamau area (from SIGÉOM, 2019), showing the seismic survey line as well as the study 

sectors in greater detail.  

 

 

 

 
 

Figure 2. Preliminary geological interpretation of the Guercheville Fault sector. Compilation modified from Daigneault et Allard 

(1990), Leclerc et al. (2015), SIGÉOM (2019). 
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Figure 3. Geological elements of the Guercheville Fault: a) pillow basalt in an ankerite alteration envelope, which colours the 

rock orange; b) amphibole porphyroblasts in recrystallized basalt; the amphiboles are randomly oriented in the foliation plane; c) 

ankerite porphyroblasts in basalt; the sigma- and delta-type shapes express dextral shearing; d) quartz-phyric gabbro. 
 

 

 
 
Figure 4. Orientation of foliation and stretching lineations measurements in the Guercheville Fault sector: a) Western segment; 

b) Eastern segment; c) Southeastern segment 
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Figure 5. Geological interpretation of the western end of the Opemisca Group near the Barrette-Chapais sawmill. 
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Figure 6. Rock units associated with the Opemisca Group (a and b) and the Blondeau Formation (c and d): a) alternating 

decimetre-sized beds of medium- to coarse-grained sandstone with connected and rounded fragments of polymictic 

conglomerate; b) fluvial sedimentary structures: crossbedding, oblique bedding and trough-shaped bedding as well as erosion 

channels; c) turbidite flow grading from fine-grained sandstone to argillite (note load-casts in the argillite beds); d) graphitic 

argillite (‘black shale’) containing centimetre-sized pyrite nodules; splitting of the argillite is the result of deformation and 

regional foliation. 
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Figure 7. Orientation of primary bedding, foliation and stretching lineation measurements in the western end of the Opemisca 

Group sector: a) Blondeau Formation; b) Opemisca Group. 
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