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INTRODUCTION
This report summarizes the first summer of field work conducted by the senior author, as part of
Metal Earth’s Ben Nevis–Larder Lake transect. Metal Earth is a multi-year, multi-disciplinary research
program at Mineral Exploration Research Centre (MERC), Laurentian University, Sudbury, with the
overall objective to understand the geological factors that control metal endowment in greenstone belts,
such as the Abitibi greenstone belt. The research program uses a multi-disciplinary approach, combining
targeted geological mapping along “transects” in conjunction with several geophysical techniques
(seismic, aeromagnetic, magnetotelluric and gravity surveys). Each transect line was planned to target the
major lithospheric crustal breaks or volcanic centres in greenstone belts with varying metal endowment.
The Ben Nevis–Larder Lake transect is approximately 45 km in length and is located within the
Abitibi Subprovince of the Superior Province. One aspect of the transect research is to examine the nature
of the crustal-scale faults, such as the Larder–Cadillac deformation zone (LCDZ) and the Lincoln–
Nipissing shear zone (LNSZ), a potential splay of the LCDZ. Future work will compare these faults in
terms of structure, alteration and mineralization, which will assist in defining the early deformational
history of these faults. The main LCDZ has considerable metal endowment and is associated with major
orogenic gold deposits, such as the Kerr–Addison Mine, whereas the LNSZ is a less endowed system and
mineralization is associated with a series of alkalic intrusions.
This contribution examines the preliminary results of structural and stratigraphic mapping of the
Hearst assemblage in the southern portion of the transect, and the nature of the Lincoln–Nipissing shear
zone, which bounds the Hearst assemblage to the south.

REGIONAL GEOLOGY
The southern Abitibi Subprovince is a metavolcanic belt composed of 6 major volcanic assemblages,
referred to, from oldest to youngest, as the Pacaud (2750–2735 Ma), Deloro (2730–2724 Ma), Stoughton–
Roquemaure (2723–2720 Ma), Kidd–Munro (2719–2711 Ma), Tisdale (2710–2704 Ma), and Blake River
(2704–2696 Ma) assemblages (Ayer et al. 2005). These volcanic assemblages were intruded by calcalkalic to alkalic composite stocks, which were contemporaneous with the deposition of the 2 successor
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basins in the area. These successor basins are the Timiskaming-type coarse clastic basin (2679–2669 Ma)
and the Porcupine-type fine-grained turbidite–dominated basin (2690–2685 Ma). The regional
significance of these basins is their spatial association with the major trans-lithospheric crustal structures,
notably the LCDZ and the Porcupine–Destor deformation zone (PDDZ; Frieman et al. 2017).

LOCAL GEOLOGY
The study focussed on Hearst and Skead townships, south of the LCDZ (Figure 40.1), which have
been mapped at a regional scale by Hewitt (1949, 1951), and later by Jackson and Fyon (1991) and
Jackson (1994, 1995). More recent, targeted mapping under the Metal Earth research program was carried
out by Brace and Sherlock (2017), St-Jean, Hunt and Sherlock (2017) and Brace et al. (this volume,
Article 39). Regionally metamorphosed, greenschist-facies volcanic rocks of felsic, mafic and ultramafic
composition, which lie south of the LCDZ (see Figure 40.1), have been assigned to the Larder Lake group
(circa 2705 Ma; 2710–2704 Ma; Ayer et al. 2005) and are correlative with the Tisdale assemblage. This

Figure 40.1. Lithological map showing locations of the Ben Nevis–Larder Lake transect seismic line, the Larder–Cadillac
deformation zone (LCDZ), the Lincoln–Nipissing shear zone (LNSZ) and of photos shown in Photos 40.1 and 40.2. Universal
Transverse Mercator (UTM) co-ordinates are in North American Datum 1983 (NAD83), Zone 17.
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volcanic assemblage is unconformably overlain by younger clastic sedimentary successions that have
been variously classified as Timiskaming assemblage (Thomson 1943, 1946; Hewitt 1949, 1951, 1963;
Ridler 1975; Hyde 1980), a sedimentary sequence within the Larder Lake group (Jensen 1978), and
Hearst assemblage (Jackson and Fyon 1991; Jackson 1994, 1995; Jackson, Fyon and Corfu 1994).
Jackson and Fyon (1991) introduced the term “Hearst assemblage” to distinguish the sedimentary
successions to the south (Hearst assemblage) versus north (Timiskaming assemblage) of the LCDZ. The
Hearst assemblage contains mainly turbiditic rocks and matrix-supported conglomerates (Hyde 1980),
and has no association with alkalic metavolcanic rocks. An additional distinction is the absence of red
chert (jasper) clasts and alkalic metavolcanic clasts in the Hearst assemblage (Jackson and Fyon 1991;
Jackson 1995), which has been interpreted to indicate a different provenance compared to the
Timiskaming assemblage sediments. Detrital zircon geochronology work by Ayer et al. (2003) defined
the depositional age of the Hearst assemblage as older than 2695.6±3.0 Ma, based on the identification of
the youngest detrital zircon age at 2695.6±3.0 Ma, and a group of older detrital zircons at 2703 Ma,
2708 Ma, 2715 Ma and 2718 Ma. The Hearst assemblage is thus considered part of the Porcupine
assemblage, but it is distinct in that it is devoid of any detrital zircons closer to the age of deposition of
the Porcupine assemblage, which would be younger than 2690 Ma (Ayer et al. 2005).
The LNSZ (see Figure 40.1) is a west-northwesterly trending structure through the north-central part
of Skead Township that marks the structural boundary between the Larder Lake group and the McElroy
assemblage (Hewitt 1951; Jackson and Fyon 1991; Jackson 1994). To the south of the LNSZ is a
succession comprising 4 assemblages that form a consistent northwest-striking, northeast-younging
volcanic succession. From oldest to youngest, these are 1) the Pacaud assemblage (circa 2750 Ma) (Corfu
et al. 1989), which consists of a highly strained heterogeneous assemblage of ultramafic to felsic rocks
comprising metabasalts and gabbro (Jackson 1994); 2) the Catharine assemblage, which is a continuous
northwest-trending, northeast-younging succession of pillowed basalts and komatiitic volcanic rocks with
minor felsic volcanic rocks; 3) the Skead group (circa 2700 Ma; Corfu et al. 1989), which is dominated
by felsic fragmental rocks; and 4) the McElroy assemblage, which comprises mainly massive mafic
volcanic rocks and lesser felsic volcanic rocks and minor komatiite (Jackson 1994). An age has not yet
been determined for the latter assemblage, but appears conformable with the underlying Skead group
(Ayer et al. 2005). To the north of the LNSZ, rocks of the older Larder Lake group (circa 2705 Ma; Corfu
et al. 1989) are unconformably overlain by the clastic sedimentary rocks of the Hearst (>2695.6±3.0 Ma;
Ayer et al. 2003) and potentially Timiskaming (2677–2670 Ma) assemblages (Hewitt 1949, 1951;
Jackson 1995; Thurston et al. 2008). In addition to the juxtaposition of volcanic and sedimentary strata of
different ages, the style of deformation north of the shear zone exhibits complex fold geometries that are
not recognized south of the shear zone. This change in stratigraphy and structural style at the Lincoln–
Nipissing shear zone was discussed by Hewitt (1951), but it is not well understood and, therefore, has
been the focus of detailed work in 2018.

FIELD WORK AND OBSERVATIONS
Hearst Assemblage
Detailed mapping was performed along the shoreline of Larder Lake in Hearst and Skead townships
(see Figure 40.1) to characterize the sedimentary assemblages south of the LCDZ. The sedimentary
successions south of the LCDZ are dominated by greywackes, arenites and local conglomerates, which
are similar to the Timiskaming-type sediments. In Skead Township, in close proximity to the LNSZ, the
sedimentary sequence is dominated by greywackes and siltstones to mudstones, with local arenites and
interbedded conglomerates. These polymictic conglomerates were described by St-Jean, Hunt and
Sherlock (2017) as matrix supported with rounded to subangular gabbroic, syenitic, granitic, basalt,
quartz vein, sedimentary and sulphidized clasts. Preliminary observations from the 2018 field season
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identified primary bedding and 2 overprinting cleavages, one of which is locally a strong flattening
foliation. Oriented samples were collected in both Skead and Hearst townships for petrographic study and
detrital geochronology analysis.

The Larder Lake Group in Skead Township
Mapping in Skead Township during the 2017 field season by St-Jean, Hunt and Sherlock (2017)
identified the contact between a Larder Lake group komatiite with serpentinized polyhedral jointing, and
a Hearst assemblage coarse basal conglomerate with cobbles of spinifex-textured ultramafic volcanic
rocks and boulders of granitoids of variable composition. The conglomerate grades away from the contact
over several metres into a polymictic conglomerate. The unconformity between the volcanic rocks and the
sedimentary package was previously mapped and described by Hewitt (1951, 1963). Additional outcrops
of komatiite with well-developed spinifex textures (Photos 40.1A and 40.1B) were identified during the

Photo 40.1. Typical features of the volcaniclastic units of the Larder Lake group (location of photos are shown on Figure 40.1).
All photos are in plan view. A) Well-bedded felsic lapilli tuff cut by mafic dikes, showing late dextral offset. Yellow box
highlights the location of close-up image shown in B. B) Well-bedded felsic lapilli tuff. C) Crystal-rich felsic lapilli tuff
(feldspar crystals with minor quartz crystals) and rare mafic and ultramafic clasts. D) Felsic lapilli tuff to lapillistone, with felsic
lapilli tuff fragments that are similar to those in Photo 40.1A, and quartz veinlets. Scale in all photos is denoted by pen magnet
(total length is 14 cm).
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2018 field season (Brace et al., this volume, Article 39). These outcrops display a transition from
polygonal jointing to a rubble zone of komatiite containing polymictic clasts of quartz and feldspar
porphyry (see Photo 40.1B) within less than 1 m from the contact with locally strongly flattened
conglomerates. The well-preserved contact relationship between the basal conglomerate and komatiite is
not exposed elsewhere, however.
Recent work to determine the age of deposition of the Hearst assemblage basal conglomerate using
U/Pb thermal ionization mass spectrometry (TIMS) on samples of the granitoid boulders within the
conglomerate has yielded an age of 2709.5±1.1 Ma (M.A. Hamilton, Jack Satterly Geochronology
Laboratory, personal communication, 2018). The previous interpretation (Ayer et al. 2003) was that
deposition of the Hearst assemblage occurred at least at 2695.6±3.0 Ma. This latest analysis by Hamilton
(M.A. Hamilton, Jack Satterly Geochronology Laboratory, personal communication, 2018) shows that the
age of deposition of the Hearst assemblage lies within that for the group of older detrital zircons detected
between 2703 Ma and 2718 Ma by Ayer et al. (2003), and implies that the maximum age of deposition for
the Hearst assemblage was at least <2709.5±1.1 Ma (M.A. Hamilton, Jack Satterly Geochronology
Laboratory, personal communication, 2018). The detrital age from samples collected during the 2017
field season determined a maximum depositional age of 2697±9 Ma (R. Haugaard, MERC, personal
communication, 2018). This is based on the weighted mean of the youngest 5 zircons, and includes a
single zircon at 2681 Ma. The detrital zircon geochronology is consistent with Ayer et al. (2003);
however, the presence of the single zircon at 2681 Ma, which is possibly older Timiskaming or a young
Porcupine assemblage zircon, implies that the age of the Hearst assemblage sedimentation is not
definitive. Samples collected during the 2018 field season will further constrain the depositional age of
these sediments.
The contact between the komatiite and the basal conglomerate represents a basal unconformity,
based on observations at the outcrop, and its preservation is significant, as evidence of unconformities
within the volcanic strata of Archean greenstone belts of the Superior craton are very rare (Thurston
2015).
In the Larder Lake group in Skead Township, a higher proportion of felsic volcanic and
volcaniclastic rocks were documented (Brace et al., this volume, Article 39) than previously mapped by
Hewitt (1951). At the location of the previously interpreted Manley O’Reilly intrusion (see Figure 40.1,
location for Photo 40.1), felsic volcaniclastic rocks were observed during the 2018 field season, as
illustrated by Photos 40.2A to 40.2D. These photos show the variation in the felsic volcaniclastic units,
from felsic lapilli tuff beds with 3 to 5% plagioclase crystals (see Photos 40.1A and 40.1B) to felsic
lapillistone (see Photos 40.1C and 40.1D) that contains rare mafic and ultramafic clasts.

Lincoln–Nipissing Shear Zone
A series of traverses were performed during the 2018 field season across the poorly exposed
Lincoln–Nipissing shear zone (LNSZ) to map the alteration, structure and degree of strain intensity in
proximity to the shear zone. Preliminary field observations identified 2 dominant foliations in the study
area: a regional foliation parallel to the LNSZ, and an overprinting north-south– to north-northeast–
trending foliation parallel to an interpreted fault that bounds the Huronian Supergroup sediments to the
east (see Photos 40.2C and 40.2D). Because of the lack of outcrop in proximity to the shear zone, the
strain intensity cannot be mapped consistently; however, the intensity of the LNSZ fabric, which is
expressed as a strong flattening foliation and a down-dip lineation, is only well developed within 1 to 3 m
of the shear zone. The shear zone is associated with intense iron-carbonate alteration, quartz- and quartzcarbonate veins (see Photos 40.2C and 40.2D), and locally observed potassic alteration (fuchsite and
sericite). The LNSZ has similar characteristics to the LCDZ in terms of structure and alteration, and there
is an association of both shear zones with Timiskaming-like sedimentation, alkalic magmatism and
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Photo 40.2. Typical features of the Larder Lake group komatiitic rocks (Photos 40.2A and 40.2B, taken in plan view).
Photos 40.2C and 40.2D (vertical sections) illustrate the structure and alteration at the Lincoln–Nipissing shear zone.
A) Spinifex-textured komatiite. B) Conglomerate with subrounded to subangular clasts of komatiite and quartz-feldspar
porphyry. C) Strongly boudinaged quartz-carbonate veins and strong flattening foliation. The overprinting cleavage is
highlighted in blue. Yellow box highlights location of close-up view shown in Photo 40.2D. D) Quartz veining, iron carbonate
alteration and strong flattening foliation illustrated by yellow line; the late overprinting cleavage is more readily visible in
Photo 40.2C. Scale is denoted by Canadian one-dollar coin (2.5 cm diameter; Photos 40.2A and 40.2B) and pen (14 cm long;
Photos 40.2C and 40.2D). Locations of photos are shown on Figure 40.1.
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lamprophyre dikes. These interpretations will be further refined during the 2019 field season and followup work will be performed on the small-volume intrusions that stitch the LNSZ and have associated gold
prospects.

FUTURE WORK
Samples were collected from greywackes of the Hearst assemblage for detrital geochronology study.
Additional samples for U/Pb geochronology study were collected from a monomictic felsic lapilli tuff
unit within the Larder Lake group, to provide an age of deposition for the Larder Lake group. A felsic
dike that intrudes the Webster felsic intrusion and was deformed during the D3 event was also sampled for
geochronology, which will provide the maximum age of D2 deformation and the minimum age of
mineralization. Oriented samples were collected along the LNSZ for petrographic study, to characterize
the nature of the shear zone in terms of alteration and structure. Oriented samples were also collected
from the Hearst assemblage to define the alteration assemblage forming the fabrics. The preliminary work
conducted in 2018 will be expanded in 2019 to further examine the nature of the LNSZ and investigate
the structural and stratigraphic setting of the Hearst assemblage.

RELEVANCE
The occurrence of significant clastic sedimentation south of the Larder–Cadillac deformation zone
(LCDZ) is restricted to the area north of the LNSZ, predominantly in Skead and Hearst townships. The
objective of the senior author’s research is to understand the structural and stratigraphic framework of this
area, which will potentially bring further insight into the depositional environment of the basin at the time
of sedimentation, and may have implications for the development of the LNSZ and the LCDZ.
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