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Abstract 
Mapping at 1:20 000 scale in the Nemeiben Lake area of the western Glennie Domain identified two upper 
amphibolite facies supracrustal successions that were intruded by extensive tonalitic to granitic intrusive complexes 
and later ultramafic, monzodiorite and syenogranite plutons. One supracrustal succession is characterized by mafic 
volcanic rocks with plagioclase-phyric trachytic textures, as well as calc-silicate layers and rare pillowed flows, all 
of which are commonly overprinted by idioblastic garnets. The other supracrustal succession consists of variably 
migmatitic, locally well-bedded, muscovite-bearing, feldspathic psammite to psammopelite. The stratigraphic 
relationship between the two supracrustal successions is unknown. 

Extensive tonalite-granodiorite intrusions invade the mafic volcanic succession, whereas granite-granodiorite 
intrusions cut the sedimentary rocks. Migmatization of sedimentary rocks and emplacement of the tonalitic intrusive 
complex into the volcanic succession predate D1-D2 deformation events, as leucosomal layers and tonalitic sheets 
have been affected by two tight to isoclinal folding events. A monzodiorite pluton cuts the supracrustal successions 
and the tonalites, and also postdates F2 folding, although it has been overprinted by a northerly trending S3 
foliation. 

The area contains a volcanic-sediment–hosted, in part structurally remobilized, copper deposit and an ultramafic-
hosted magmatic copper-nickel deposit. The Elizabeth Lake copper deposit is situated near the transition between 
the mafic volcanic rocks and structurally underlying psammitic-psammopelitic migmatites. Although originally of 
probable volcanogenic massive sulphide derivation, as evidenced by the presence of altered mafic volcanic rocks 
containing garnet and cummingtonite, the sulphides have been affected by remobilization during ductile shearing 
and upper amphibolite facies metamorphism. Highly strained granodiorite and granite intrusives are transposed 
within the supracrustal succession and also contain remobilized sulphides. The Dunlop deposit is a pyroxenite-
hosted magmatic copper-nickel deposit with several mineralized lenses occurring mostly along the locally 
brecciated intrusive margin with the tonalitic country rocks. 

Keywords: Glennie Domain, Paleoproterozoic, mafic volcanic rock, pyroxenite, Elizabeth Lake VMS copper 
deposit, Dunlop magmatic Cu-Ni deposit. 

1. Introduction 
The La Ronge ‘Horseshoe’ area (Pearson, 1974; Macdonald, 1987) at the southwestern end of the Glennie Domain 
(Figure 1) is an enigmatic zone of middle to upper amphibolite facies orthogneisses and supracrustal rocks. 
Historically, the area of the ‘horseshoe’ has been appended to various domains (Ashton, 1999) because of the 
convergence of lithotectonic elements belonging to the La Ronge, Glennie, Rottenstone and Kisseynew domains. 
Since the La Ronge and Flin Flon–Glennie arc complexes have historically been viewed as distinct tectonic entities 
(e.g., Lewry et al., 1990), the area of the ‘horseshoe’ may hold important evidence for unravelling the collisional 
history in this part of the Trans-Hudson Orogen. Understanding the geological history of the area’s various 
lithotectonic components also has important economic ramifications and will help in the search for mineralization 
styles known in the area, including pelitic-mafic (Besshi-type) volcanic-associated massive sulphide (VMS) 
deposits, mafic-ultramafic intrusion-hosted Ni-Cu-(PGE) deposits, and structurally controlled mesothermal lode 
gold deposits. 
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Figure 1 - Simplified regional geological map showing outlines of the Nemeiben Lake map area within the domainal 
framework the southwestern Reindeer Zone; inset map shows the domainal framework of the Precambrian Shield of northern 
Saskatchewan. Abbreviations for the inset map: FFD, Flin Flon Domain; GD, Glennie Domain; KD, Kisseynew Domain; 
LRD, La Ronge Domain; RD, Reindeer Domain; and WB, Wathaman Batholith. 
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In 2010, the Saskatchewan Geological Survey began this project as an extension of previous work in the central 
Glennie Domain (Maxeiner and Normand, 2009) that focused on delineation of previously undivided gneisses into 
volcanic, sedimentary, and plutonic protoliths. The area mapped during the 2010 field season, by a three- to five-
person crew for a period of five weeks, is centered on the eastern part of Nemeiben Lake. Supracrustal rocks in that 
area host the Elizabeth Lake Cu deposit (SMDI #733), previously interpreted as a VMS deposit, and were intruded 
by voluminous leucotonalitic, granodioritic, and granitic plutons. The granitoid rocks are intruded by a circular 
ultramafic intrusion, 2 km in diameter, which hosts the Dunlop Cu-Ni deposit (SMDI #749). 

Nemeiben Lake can be accessed via an all-weather road, which branches off provincial Highway 102 approximately 
20 km north of La Ronge and ends at the Nemeiben Lake Campground. Alternatively, the lake can be accessed via 
float-equipped aircraft from La Ronge or Missinipe. An inflatable boat and a 16' aluminium boat were used to get to 
lakeshore outcrops and starting points of traverses. Handheld Global Positioning System units were used to record 
locations during field work and accuracy of stations was generally ±5 to 10 m. 

The topography of the Nemeiben Lake area is relatively flat with the lake level at about 368 m and some of the 
highest elevations, generally located on the granitic and tonalitic plutons, at about 450 m. The southernmost portion 
of the area, along the campground road, was burnt in a 2006 forest fire. The remainder is covered by old growth 
forest with mature pine, spruce and poplar stands. The percentage of bedrock exposure is not very high, with 
extensive, although generally thin, glacial drift cover between Nemeiben Lake and Highway 102. 

2. Previous Work and Regional Geology 
The Lac La Ronge sheet (73P) was first mapped by McLarty (1936) of the Geological Survey of Canada and more 
detailed mapping by the Saskatchewan Department of Natural Resources was carried out in the early 1970s 
(Forsythe, 1971, 1976). 

Mapping by exploration companies was focused mainly in two areas: the Elizabeth Lake Cu deposit and the Dunlop 
Cu-Ni deposit (Figure 2). Exploration in the Nemeiben Lake area dates back to the late 1940s, after an airborne 
magnetic survey identified a magnetic anomaly produced by an ultramafic intrusion at the east end of the lake, 
which was staked and later drilled by the Consolidated Mining and Smelting Company of Canada (Cominco). 
Between 1950 and 1966, trenching, geophysical surveys, and drilling by Brewis Red Lake Mines Ltd., Inco Limited, 
and Fano Mining and Exploration Inc. outlined two Ni-Cu–bearing zones, which later became the Dunlop Cu-Ni 
deposit, one grading 0.47% Cu ad 0.63% Ni across an average width of 6.7 m for a length of 188 m, the other 
grading 0.48% Cu and 0.69% Ni across an average width of 7.9 m for a length of 122 m. In 1966, Dunlop Mining 
Ltd. restaked the property, conducted further ground and airborne EM surveys, and drilled 57 holes. 

To date, three mineralized zones with five sulphide lenses have been outlined, mostly through work completed in the 
late 1960s. Most of the mineralization occurs in a 120 m-wide zone over a strike length of 460 m along the northern 
contact of the intrusion. The sulphide lenses ‘pinch and swell’ with thicknesses varying from 3 to 15 m. Most of the 
ore is contained within pyroxenite, with higher grade mineralization focused in the immediate contact zone with 
granitoid country rock. A calculation of ore reserves (non-NI 43-101 compliant) by Dolmage Campbell and 
Associates in 1980 estimated that two million tons grading 0.61% Ni and 0.35% Cu would be recoverable from an 
underground operation or five million tons grading 0.35% Ni and 0.18% Cu (Saskatchewan Ministry of Energy and 
Resources (SMER) Assessment File 73P06-SE-131). 

In 1985, SMDC began a program to evaluate the PGE potential of the ultramafic intrusion. Resampling of drill core 
returned up to 1 g/t Pt from the B orebody and 7 g/t Pt from the E orebody. Follow-up drilling was unable to confirm 
those elevated numbers, although it returned anomalous PGE concentrations of up to 595 ppb Pt, 261 ppb Pd and 
49 ppb Au over 5 m from a hole that had penetrated a brecciated dunite zone on the margin of the pluton. Elevated 
PGE concentrations (521 ppb Pt, 25 ppb Pd, and 55 ppb Au over 0.6 m) were also obtained from a gabbro at the 
contact with the granitoid host rocks (SMER Assessment File 73P06-SE-131). 

Studies of the opaque minerals, economic geology and petrogenesis of the Nemeiben Lake ultramafic intrusion 
(Macfarlane and Mossman, 1981, 1982) suggest that the pluton consists of concentric layers of cumulate 
clinopyroxenite, websterite, wehrlite and dunite. The magma was speculated to be of tholeiitic parentage and the 
resultant ultramafic rocks contain magmatic ore mineralogy dominated by pyrrhotite, pentlandite and chalcopyrite, 
but also containing magnetite and chromite. Secondary phases in amphibolitized and/or serpentinized ultramafic 
rocks include magnetite and hematite, among others (Macfarlane and Mossman, 1982). 

Discovery of a chalcopyrite-bearing outcrop west of Elizabeth Lake by a local trapper in 1967 triggered further 
exploration. Studer Mines Ltd. trenched the showing in 1968 and, later that year, optioned the property to Noranda 
Explorations Co. Ltd. That company completed a ground magnetic survey and a 23-hole drill program, discovering 
more copper mineralization. Further drilling by Uranium Valley Mines Ltd. between 1969 and 1970 outlined two 
distinct zones of mineralization with probable reserves (non-NI 43-101 compliant) of 4.3 million tons of 0.63% Cu  
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Figure 2 - Simplified geological map for the eastern Nemeiben Lake area. 
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or 600,000 tons of 1.5% Cu. The north zone, using a 0.6% Cu cut-off, was defined as being about 20 m wide with a 
vertical extent of about 180 m and a strike extent of about 330 m, plunging to the north at about 45°. The south zone, 
which is possibly offset from the north zone by a fault, was not as well defined, although it appeared to be 
continuous to about 45 m below its surface showing (SMER Assessment File 73P06-SW-0061). As part of the 
Mineral Evaluation Program, the Government of Saskatchewan conducted geochemical and geophysical surveys 
along the Elizabeth Lake trend between 1973 and 1975. The federal government’s lake sediment geochemical 
survey covered the Nemeiben Lake area in 1974 (Hornbrook and Garrett, 1976). Further geophysical work over the 
Elizabeth Lake property was carried out by Benz Gold Resources Ltd. between 1981 and 1983. In 1984, Cameco 
Corporation re-analyzed 77 samples from the Noranda Inc. drill program and obtained gold values of up to 290 ppb 
Au. 

Forsyth (1976) described the Elizabeth Lake deposit as being hosted by metasedimentary gneisses consisting of 
biotite gneiss and minor intercalated biotite quartzite, arkose and hornblende calc-silicate gneiss. He suggested that 
the Anglo Rouyn copper deposit near Waden Bay on Lac La Ronge is hosted by the same belt of metasedimentary 
rocks. Mineralization in both deposits was interpreted to be of similar style, consisting of chalcopyrite, pyrite, 
pyrrhotite and magnetite occurring as disseminations and in veins that crosscut the foliation. 

On a regional scale, the Nemeiben Lake area is located in the hinge zone of a late F4 fold (Figure 1), where 
northwest-dipping lithological units belonging to the Rottenstone Domain are folded about a northeast-plunging 
synform (Lewry et al., 1990) and continue northeasterly into the western Glennie Domain. Lewry et al. (1990) 
included the Nemeiben Lake rocks as part of the Wapassini sheet, which was interpreted as one of several 
allochthonous thrust sheets, comprising juvenile volcanic arc and arc-related terranes, that are separated by south-
verging D2 ductile shear zones and that were thrust southward over the Sask Craton. The timing of this crustal 
shortening event is pegged at between 1843 ±2 Ma and 1826 ±1 Ma, based on ages of a mylonitized quartz 
monzodiorite and a cross-cutting late-tectonic quartz diorite, respectively (Ashton et al., 2005). North of Nemeiben 
Lake, lithological units belonging to the La Ronge and Kisseynew domains form part of the structurally overlying 
D2 Kyaska allochthonous sheet (Lewry et al., 1990). 

There are no existing U-Pb zircon geochronological data for rocks in the immediate Nemeiben Lake area. Further 
northeast, in the MacKay Lake area approximately 50 km north of La Ronge, there are some well constrained U-Pb 
TIMS zircon ages and a number of single zircon Pb-evaporation dates from the La Ronge Domain volcanic rocks 
and plutons, and overlying sedimentary rocks of the Kisseynew Domain (Heaman et al., 1991; Kyser et al., 1992; 
Heaman, pers. comm., 1992). Volcanism in the La Ronge Domain has been constrained to between 1882 and 
1876 Ma, based on U-Pb TIMS dates on rhyolites from the McLennan, Waddy, and Laroque lakes areas. A diabase 
dyke from the Bartlett Lake area in the La Ronge Domain has been dated at 1885 ±3 Ma (Heaman et al., 1991). A 
diorite from the Tower Lake area and a megacrystic granite emplaced into the supracrustal succession that hosts the 
Anglo Rouyn deposit have been dated at 1874 ±1 Ma (Heaman et al., 1991) and 1872 ±5 Ma (Kyser and Stauffer, 
1995), respectively. 

A granitic phase of the Bridgeman Lake pluton, which cuts psammopelitic to pelitic rocks of the southern 
Kisseynew Domain, provided a U-Pb zircon age of 1854 ±5 Ma. This result is identical to that from a quartz-
porphyritic granite (1854 ±5 Ma; Kyser, pers. comm., 1993) that cuts an polymictic conglomerate and predates a 
regional unconformity in the MacKay Lake area. Some of the youngest rocks identified in the southern La Ronge 
and Kisseynew domains include an 1843 ±2 Ma aplite cutting McLennan Group arkoses in the North Lake area 
(Heaman, pers. comm., 1992) and the central granitic phases of the Little Deer Lake pluton, which yielded a single 
zircon Pb-evaporation age of 1837 ±5 Ma (Kyser et al., 1992). Detrital zircon dating in the MacKay-Hebden lakes 
area provided Pb-evaporation ages as young as 1855 ±34 Ma for the polymictic conglomerate described above that 
is cut by the 1854 ±5 Ma quartz-porphyritic granite, and 1829 ±4 Ma (Ansdell and Yang, 1995) for an overlying 
arkosic boulder conglomerate (Maxeiner and Sibbald, 1995). 

Samarium-neodymium isotopic analyses of websterite from the Nemeiben Lake ultramafic intrusion yielded an 
isochron age of 1.86 ±0.04 Ga and εNd of +5.4 (Hegner et al., 1989). The isochron age, interpreted as the 
crystallization age of the intrusion, is based on regression of combined data from plagioclase, orthopyroxene and 
clinopyroxene as well as whole rock data. 
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3. Description of Main Units 2

A general temporal framework for the discussion of units is gleaned from the above discussion of time markers from 
the central Glennie Domain and the southern La Ronge Domain. The supracrustal rocks in the Nemeiben Lake area 
include a mafic volcanic succession and a psammitic to psammopelitic siliciclastic succession. The contact between 
the two is generally obscured by younger intrusive rocks on Nemeiben Lake, although it is exposed along Highway 
102 in a roadside outcrop. There, the contact is marked by a shear zone with pillowed mafic volcanic rocks 
structurally overlying psammopelite. 

 

a) Volcanic Rocks 
Based on textural differences, several different mafic 
volcanic units have been distinguished (Figure 2). By 
far the most widespread is a unit of trachytic mafic 
volcanic rocks (unit Mvt) that underlies several square 
kilometres of the area between Angus Lake and 
Whitmore Island. These dark grey to greenish black 
rocks are characterized by millimetre- to centimetre-
long, randomly to flow-oriented plagioclase 
phenocrysts set in a generally fine-grained amphibolitic 
matrix (Figure 3). They are moderately foliated to 
locally sheared and the only identifiable primary 
feature is compositional layering, which is locally 
defined by variable concentrations of plagioclase 
phenocrysts (Figure 3). Hornblende and plagioclase are 
the main constituents, whereas epidote, garnet, quartz, 
diopside, titanite, carbonate and sulphides are minor 
constituents. Idioblastic garnet porphyroblasts are 
ubiquitous, although they are commonly surrounded by 
plagioclase decompression haloes. Locally, garnets 
have been completely replaced by plagioclase, epidote 
and quartz due to decompression, but have maintained 
their idioblastic character (Figure 4). Due to the 
porphyritic texture and layering, these rocks are most 
likely derived from volcanic flows and possibly some 
minor subvolcanic intrusions. The colour index is 
generally between 40 and 60. Magnetic susceptibility 
measurements are consistently between 0.5 and 0.7 
(*10-3 SI ). Tonalitic dykes (derived from unit T), 5 to 
50 cm in thickness, are pervasive and can account for 
up to 40% of many outcrops of mafic volcanic rocks. 

Three small units of altered mafic volcanic rock (unit 
Mva) occur in the same vicinity as the trachytic mafic 
rocks and are characterized by decimetre- to outcrop-
scale zones containing quartz-garnet ± 
cummingtonite(?), likely representing syngenetic 
alteration that has undergone subsequent 
metamorphism. These rocks locally contain between 20 
and 40% quartz, accompanied by garnet (5 to 15%), 
amphibole, including an altered fibrous amphibole (5 to 
15% cummingtonite or anthophyllite), biotite (2 to 
15%), and minor amounts of magnetite and pyrite 
(Figure 5). Magnetic susceptibility measurements are 
relatively high, ranging from 4 to 15 (*10-3 SI). 
Although it is unclear whether it is a structural or 
stratigraphic relationship, one horizon of altered mafic 
volcanics appears to be contained within the 
 

2 Description of plutonic rocks follows the IUGS classification of igneous rocks (Streckeisen, 1976) and an ‘in-house’ classification of 
metamorphosed clastic sedimentary rocks (Maxeiner et al., 1999). A ‘metamorphic colour index’, based on the percentage of mafic minerals in a 
metamorphosed rock, was used in the field to distinguish between mafic (>35), intermediate (35 to 15) and felsic (<15) variants of volcanic and 
plutonic rocks. As all of the rocks in the Nemeiben Lake area have been metamorphosed under middle to upper amphibolite facies conditions, the 
prefix “meta-“ is dropped in the discussion of rock types. 

Figure 3 - Close-up view of plagioclase phenocrysts and 
garnet porphyroblasts in trachytic mafic volcanic rocks. 
Station RM10-11-ST03 northwest of Whitmore Island; UTM 
483160 m E, 6133287 m N. The scale card in this and all 
following outcrop photographs is 9 cm long. Note that all 
UTM co-ordinates in this paper are all given in NAD83, 
Zone 13. 

 
 
Figure 4 - Originally idioblastic garnet porphyroblasts with 
variably developed plagioclase decompression haloes in 
mafic volcanic rocks. Station RM10-11-ST01 northwest of 
Whitmore Island; UTM 483096 m E, 6132783 m N. 
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sedimentary succession located 
to the southwest and along strike 
from the Elizabeth Lake deposit. 

Layered calc-silicate rock (unit 
Mvc) is a variation of the mafic 
volcanic rocks that contain layers 
rich in calc-silicate minerals, 
most commonly diopside, 
epidote and/or clinozoisite, and 
carbonate minerals. Layering is 
on a centimetre- to decimetre-
scale and likely represents 
transposed zones of altered 
pillow selvages. One of the more 
extensive units of calc-silicate 
rocks, approximately 100 m in 
apparent thickness, is exposed in 
the Synform Lake area, where it 
separates variably strained and 
locally garnet-bearing granitoids 
from psammopelitic gneisses. 

Amphibolite (unit Am) is dark 
green to greenish grey, fine to 
medium grained and generally 
massive, homogenous and 
nondescript, although locally 

layered on a decimetre-scale and strongly foliated (Figure 6). The rocks are dominated by hornblende and 
plagioclase, with subordinate diopside, titanite, epidote and garnet. The colour index of the rock is generally 
between 50 and 60 and its magnetic susceptibility is moderate 3

Pillowed mafic volcanic rock (unit Mvp) can be seen in a number of less strained outcrops along Highway 102, just 
north of the Nemeiben Lake turnoff. All outcrops are characterized by easily recognized decimetre- to metre-scale 
pillows, which are outlined by calc-silicate pillow selvedges (Figure 7) and locally by quartz-epidote altered pillow 
cores. In places, the rocks are cut by 20- to 50-centimetre–thick sheets of tonalite. Although separated by tonalitic 
plutons, the pillowed mafic volcanic rocks lie on strike with, and are likely equivalents of, more highly strained 

 (0.5 to 0.7*10-3 SI). Most outcrops of amphibolite 
are characterized by 20 to 50% decimetre-scale transposed tonalitic sheets, as well as granitic pegmatite dykes. 
Protoliths of the amphibolite are likely varied, with the generally homogeneous, medium-grained varieties of likely 
gabbroic derivation and some of the layered and fine-grained varieties being of possible mafic volcanic origin. 

 

3 Magnetic susceptibility outcrop averages in this paper are categorized into very low (0.10), low (0.10 to 0.49), moderate (0.5 to 0.99), high (1 to 
4.99), and very high (>5). 

Figure 5 - Close-up view of garnet-anthophyllite alteration. Station RM10-15-ST04 
southwest of Elizabeth Lake; UTM 475906 m E, 6130666 m N. 

Figure 6 - Amphibolite with injected and transposed tonalitic 
dykes. Station RM10-12-ST08 Munroe Peninsula; UTM 
479669 m E, 6131336 m N. 

Figure 7 - Pillowed mafic volcanic rock. Station RM10-29-
ST02 on Highway 102; UTM 483111 m E, 6121772 m N. 
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mafic volcanic rocks and amphibolites exposed on Nemeiben Lake. 

Intermediate volcanic and volcaniclastic rocks (unit Iv) are a minor component of the Nemeiben Lake area, the 
main exposure being a 100 to 200 m-thick unit northeast of Angus Lake that is infolded with mafic volcanic rocks. 
A second exposure, which is layered on a centimetre- to decimetre-scale and interpreted as tuffaceous in origin, is 
associated with the pillowed mafic volcanic rocks on Highway 102. Intermediate volcanic rocks are light grey, fine 
grained and equigranular with a salt-and-pepper texture on weathered surfaces. The rocks are weakly foliated to 
locally sheared and lineated and, apart from plagioclase, they contain from 15 to 35% hornblende and up to 15% 
epidote, together accounting for a colour index of between 15 and 30. The rock has a low to moderate magnetic 
susceptibility (0.4 to 0.8*10-3 SI). 

Strongly foliated to mylonitic garnetiferous, felsic gneisses, associated with pillowed mafic volcanic rocks along 
Highway 102, are interpreted as felsic volcanic rocks (unit Fv). These light grey to medium grey rocks are fine to 
medium grained, displaying layering on a metre scale, with minor interbedded intermediate volcanic components. In 
the two outcrops at which they were encountered, the felsic volcanic rocks appear to be of dacitic composition with 
5 to 10% biotite and up to 5% garnet. Locally, the rocks are cut by irregular, centimetre-thick, biotite-rich, partly 
transposed veins that have bleached feldspathic margins (Figure 8). These possibly represent a metamorphosed 
syngenetic alteration feature. The felsic volcanic rocks have a colour index of about 10 and a low magnetic 
susceptibility; they are cut by felsic sills, as well as later mafic and aplitic dykes. 

b) Sedimentary Rocks 
Sedimentary rocks mainly occur in a several kilometre-thick belt between the west side of Bell Bay and Stewart 
Peninsula that continues northward toward Elizabeth Lake. Outliers occur in the core of the Synform Lake structure 
and in a 1 km-thick unit that crosses Highway 102. Although two units were distinguished based on their varying 
aluminium silicate content, their contacts are gradational. 

Feldspathic psammite with minor interbedded psammopelite and quartzite (unit Ps) are grey to brownish-grey, 
fine-grained, equigranular rocks that are very commonly layered on a centimetre to decimetre scale. Compositional 
layering is defined by variable mica content, with psammitic beds predominating over psammopelitic beds (Figure 
9). More mica-rich layers tend to contain variably transposed incipient partial melt, which gives those layers a 
gneissic appearance. All rocks are well foliated and were affected by partial melting. Injected quartz ± feldspar veins 
are ubiquitous, can account for up to 20% of the rock, and are commonly dismembered and transposed parallel to 
the compositional layering. The psammite contains quartz (25 to 50%), plagioclase (20 to 30%), abundant K-
feldspar (10 to 30%) and muscovite (1 to 10%). Biotite accounts for 5 to 10% of the rock; graphite and garnet are 
minor constituents. The potassium content of the unit is relatively high (low = 1.3%, high = 4.7%, average = 2.6% 

based on about 40 readings) as a 
result of the presence of K-
feldspar and muscovite, and the 
magnetic susceptibility is low 
(0.2 to 0.3*10-3 SI). The colour 
index varies between 5 and 10. 

Migmatitic feldspathic 
psammopelite (unit Psp) is grey 
to brownish grey, fine to medium 
grained, and generally well 
foliated to gneissic. The rocks 
are compositionally layered on a 
centimetre- to decimetre-scale 
with psammopelitic and rare 
pelitic components dominating 
over the psammitic layers. 
Development of muscovite-
bearing granitic leucosome due 
to in situ partial melting is 
widespread, with leucosome 
generally accounting for 10 to 
20% of most outcrops (Figure 
10). Cross-cutting, straight-
walled, massive granitic 
pegmatite dykes, related to unit P 
(granite pegmatite, granite), have 
variable strike orientation. The 
psammopelitic gneisses are 

Figure 8 - Garnetiferous (solid arrows) felsic volcanic rock cut by centimetre-thick, 
biotite-rich alteration veins with bleached feldspathic margins (dashed arrow). 
Station RM10-29-ST06 on Highway 102; UTM 483444 m E, 6122515 m N. 
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dominated by quartz and plagioclase, with lesser K-
feldspar, biotite and muscovite. Graphite and 
sillimanite are minor constituents. The colour index of 
the rocks is generally between 10 and 25. Similar to the 
feldspathic psammite unit (Ps), the magnetic 
susceptibility of the migmatitic psammopelite is low 
(0.15 to 0.4*10-3 SI) and its potassium content is 
relatively high (low = 1.9%, high = 4.6%, average = 
2.9% based on about 40 readings). 

c) Intrusive Rocks Predating the Main 
Deformation Event 

Intrusive rocks dominate the Nemeiben Lake area. 
Tonalitic to granodioritic intrusions, underlying the 
eastern half, are more widespread than granodioritic to 
granitic plutons, which are more abundant in the west. 
All of these plutonic rocks have been deformed and 
subjected to at least the 1815 to 1800 Ma event that is 
widespread throughout the Reindeer Zone (Syme et al., 
1998). 

Gabbro (unit Ga) and a composite unit of pyroxenite 
and melagabbro (unit Px) are closely associated with 
the mafic volcanic rocks and derived amphibolite. The 
gabbro has a mottled black-and-white appearance, is 
medium to coarse grained and moderately to strongly 
foliated. The rocks have a colour index of 35 to 70 and 
are dominated by plagioclase and hornblende with 
minor clinopyroxene. Pyroxenite and melagabbro are 
similar to the gabbro but have a higher colour index (75 
to 95) and weather black to pale green. Both units are 
cut by tonalitic sheets (unit T) and granitic pegmatite 
(unit P). The magnetic susceptibility for both is low to 
moderate (0.4 to 0.7*10-3 SI). 

Salt-and-pepper–textured diorite and microdiorite 
(unit Di) are fine- to medium-grained, homogeneous, 
equigranular rocks that are moderately to strongly 
foliated. They are found in association with the mafic 
volcanic rocks and as kilometre-scale rafts within the 

tonalitic intrusions. Local amphibolite inclusions (Figure 11) suggest that dioritic rocks postdate the mafic volcanic 
rocks. Similar to the gabbro (unit Ga), the diorite/microdiorite intrusions are intruded by tonalitic sheets. In the 
diorite, plagioclase predominates over hornblende and biotite, the latter two accounting for a colour index of 
between 25 and 35. Minor constituents include quartz, titanite and rare garnet. The magnetic susceptibility is low to 
moderate with similar readings to the gabbro and pyroxenite units. 

By far the most widespread unit in the Nemeiben Lake area is a large plutonic complex of tonalitic to granodioritic 
composition, which underlies most of the area between the lake and Highway 102, covering about 60 km2 of the 
map. Biotite tonalite-granodiorite (unit T) generally is a homogeneous rock that weathers white, light grey to light 
pinkish grey and varies in grain size from medium to coarse. Although commonly massive to moderately foliated, 
these rocks locally have a gneissic appearance due to beginning anatexis. Abundant screens and kilometre-scale rafts 
of intermediate to mafic volcanic rocks, diorite, and gabbro suggest that the pluton postdates these rocks. Biotite 
tonalite-granodiorite is intruded by late granitic pegmatite dykes. Biotite (5 to 10%) is the main mafic mineral in the 
pluton, with hornblende only occurring in minor concentrations in a few places. The magnetic susceptibility is very 
low to low, generally varying from 0.05 to 0.5 (*10-3 SI). Based on portable spectrometer readings, the potassium 
content is generally less than 1%. 

Granodioritic to granitic intrusions underlie the area between Synform Lake and Sunset Island, where they crosscut 
the supracrustal rocks; another granodiorite unit occurs as a 1 km-wide band northwest of the Eagle River, where it 
has gradational contacts with tonalite-granodiorite. Light pinkish-grey to grey biotite granodiorite (unit Gd) varies 
from medium to coarse grained and from homogeneous and massive to moderately foliated. Biotite is the only mafic 
mineral, and accounts for about 5 to15% of the rock. Magnetite content is strongly variable (magnetic susceptibility 
ranging from 0.2 to 50*10-3 SI), with high concentrations in the granodiorite at Synform Lake and south of Angus 
Lake, and very low concentrations in the granodiorite northwest of Eagle River. Contacts between the biotite 

Figure 9 - Compositional layering in feldspathic psammite. 
Station KM10-03-ST03 north of Munroe Peninsula; UTM 
475091 m E, 6126997 m N. 

Figure 10 - Refolded isoclinal folds in migmatitic feldspathic 
psammopelite. Station RM10-28-ST09 on Highway 102; 
UTM 482188 m E, 6120961 m N. 
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granodiorite and granite-granodiorite (unit G) are gradational. The latter are light pink to pinkish-grey, medium to 
coarse grained and generally homogeneous, with local gradational changes into granitic pegmatite. Although the 
granite is massive to moderately foliated on most outcrops, the unit becomes progressively more mylonitic towards 
the southeast, where it intrudes the psammopelite (unit Psp). This is best exemplified on one outcrop (UTM 
474325 m E, 6128930 m N) where, over a distance of a few metres, a homogeneous and relatively massive granite 
containing metre-scale sedimentary xenoliths (Figure 12A), changes into sheared granite with highly flattened 
xenoliths that give the outcrop a layered appearance (Figure 12B). Garnetiferous granodiorite gneiss (unit Gdg) 
was encountered in two areas. East of Elizabeth Lake, a 1 km-long unit of mylonitic, garnetiferous granodiorite 
gneiss is intruded by monzodiorite to the south and pegmatite to the north. Its relationship to neighbouring units of 
psammopelite and amphibolite is unclear. East of Synform Lake, a 100 m-wide layer of variably strained 
granodiorite gneiss containing up to 10% garnet separates an unaltered granodiorite from psammopelite to the west. 
Garnet porphyroblasts are up to 1 cm in diameter, in part associated with incipient melt blebs, and are accompanied 
by up to 10% biotite and 3% magnetite. 

White, light grey to rusty brown leucocratic orthogneiss (unit Lgd) is a heterogeneous unit that is characterized by 
fine- to medium-grained rocks of igneous parentage that have been variably affected by shearing, sericitization and 
silicification. The quartzofeldspathic rocks are generally strongly foliated to mylonitic and are rich in quartz, with 
minor amounts of biotite, muscovite, magnetite and pyrite, as well as rare garnet. The magnetic susceptibility is 
quite variable (0.05 to 50*10-3 SI). Potassium concentrations of this unit are generally below 1%. Leucocratic 
orthogneiss likely represent a sheared equivalent of granite (unit G) or granodiorite (unit Gd). 

Figure 11 - A) Variably strained diorite (grey) cut by 
tonalitic sheets (white); and B) diorite from picture A (light 
coloured) with mafic inclusions (dark grey). Station KM10-
04-ST16 southwest of McBeth Island; UTM 479218 m E, 
6128852 m N. 

Figure 12 - A) Homogeneous granite with sedimentary 
xenoliths (arrow); and B) sheared granite with highly 
flattened xenoliths (arrows) giving layered appearance. 
Station RM10-18-ST05 Sunset Island area; UTM 
474325 m E; 6128930 m N. 
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d) Nemeiben Lake Ultramafic Intrusion 
An ultramafic intrusion at the eastern extent of Nemeiben Lake, just northeast of where Nemeiben Creek exits the 
lake, is approximately 2 km in diameter. The mapped subdivisions of this intrusion (Figure 2) were determined from 
the combined results of one traverse across this poorly exposed pluton and a detailed study carried out by 
Macfarlane and Mossman (1982). All of the rocks encountered in outcrop were ultramafic, pale green with dusky 
green to brown weathering, and medium to coarse grained. In the central part of the intrusion, outcrops are massive 
to weakly foliated and relatively homogeneous, whereas outcrops observed along the northern margin of the pluton 
are cut by small-scale shear zones and carbonate-hematite veins. Though not observed in the present study, the 
contact of the pluton consists of a mixed zone of granitoid and ultramafic rocks extending over several metres of 
drill core (SMER Assessment File 73P06-SE-0131). These zones likely represent intrusive breccia zones. Based on 
thin section work, the pyroxenite is dominated by clinopyroxene with minor exsolved orthopyroxene and interstitial 
olivine. The pyroxenes have been variably altered to tremolite (5 to 20%), whereas olivine is largely serpentinized. 
The magnetic susceptibility is very high (3 to 30*10-3 SI) in contrast to that of the surrounding tonalitic rocks, which 
results in a strong aeromagnetic signature (Natural Resources Canada, 2010). Based on field work and compilation 
of drill hole data, Macfarlane and Mossman (1982) subdivided small units of dunite (unit NDn), websterite (unit 
NWb) and wherlite (unit NWl). 

e) Syn- to Post-tectonic Intrusive Rocks 
Homogeneous medium- to coarse-grained monzodiorite (unit Mdi), grading locally into monzonitic and quartz 
monzonitic phases, underlies the eastern part of Bell Bay and extends southeasterly along the campground road 
towards Highway 102, and northerly towards Elizabeth Lake. The rocks are light grey, with a homogeneous, 
equigranular, salt-and-pepper texture on weathered surface. They are massive to very weakly foliated and contain 
abundant sedimentary xenoliths (Figure 13) derived from units Ps and Psp, as well as lesser dioritic to gabbroic 
autoliths. The monzodiorite postdates deposition of the sedimentary rocks and also two folding events that have 
affected the supracrustal rocks. The monzodiorite unit is intruded by late syenogranite plutons (unit Gs), as well as 
by intermediate and mafic dykes. The weak foliation present in most outcrops is northerly striking and attributed to 
an F3 folding event. Compositionally, the monzodiorite–quartz monzonite is characterized by abundant, partly sub- 
to euhedral plagioclase, hornblende (10 to 20%), K-feldspar (10 to 15%), biotite (5 to 10%), and quartz (0 to 10%). 
The colour index of the rock is between 15 and 25 and the magnetic susceptibility is consistently between 0.15 and 
0.35 (*10-3 SI). 

Homogeneous and generally massive syenogranite-leucogranite (unit Gs) is light pink to pink and has a highly 
variable grain size from fine to coarse, with local pegmatitic sections. It is massive to weakly foliated and intrudes 
the monzodiorite. The rocks contain ≤5% biotite and magnetite is absent, which results in extremely low magnetic 
susceptibility readings (0.05 to 0.1*10-3 SI). Granitic pegmatite (unit P) is likely related to the syenogranite-
leucogranite unit, and is characterized by generally coarser grain sizes and the local presence of garnet in association 
with biotite. 

4. Structural Geology and Metamorphism 
a) Primary Features 
Primary features are restricted to the sedimentary rocks on Nemeiben Lake and some of the mafic volcanic units 
crossing Highway 102. The sedimentary rocks locally display centimetre- to decimetre-scale compositional layering, 

likely reflecting original bedding of muddy and sandy 
layers in a siliciclastic succession. Unfortunately, no 
other primary features have been identified and facing 
direction in the sedimentary rocks could therefore not 
be established. Mafic volcanic rocks exposed along 
Highway 102 exhibit well-defined pillows, whereas 
those along strike on Nemeiben Lake locally display 
compositional layering, defined by calc-silicate layers, 
that likely represent transposed flow banding and/or 
pillow selvedges. 

b) First-Generation Structures 
First-generation structures comprise layer-parallel S1 
foliations defined by biotite and muscovite within the 
sedimentary rocks, by amphibole within the mafic 
volcanic rocks, and by transposed tonalite dykes. 
Within the more aluminous sedimentary rocks, the early 
foliation is also partly defined by layer-parallel granitic 
leucosome bounded by biotite-rich melanosome. 

Figure 13 - Foliated feldspathic psammite xenolith in 
monzodiorite. Station RM10-26-ST09 near campground 
access road; UTM 478397 m E, 6121488 m N. 
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Rootless isoclinal folds of compositional layering in the sedimentary succession are attributed to the first folding 
event (F1). Observed only in a handful of outcrops, these isoclinal, outcrop-scale F1 folds are north trending in the 
mafic volcanic units east of Angus Lake, but are east trending in the sedimentary rocks northwest of Bell Bay due to 
later refolding. 

c) Second-Generation Structures 
Second-generation structures are characterized by 
isoclinal to close outcrop-scale folds (Figure 14A) 
defined by the S1 schistosity and layer-parallel 
leucosome. Within the sedimentary rocks, these F2 
structures are generally west to northwest trending, 
with relatively steep axial planes and variably plunging 
fold axes, and locally refold the earlier F1 isoclines. An 
S2 axial planar foliation is locally defined by biotite, 
sillimanite nodules pseudomorphed to muscovite, and 
rare partial melt development (Figure 14B). In places, 
migmatitic leucosome layers are doubly folded (Figure 
10). In mafic volcanic rocks, garnet is locally flattened 
parallel to F2 axial planes that overprint S1 at right 
angles in fold noses and at a shallow angle on fold 
limbs (Figure 14C). 

Within the tonalitic to granitic plutons, generally one 
well-developed tectonic fabric is defined by alignment 
of biotite and flattening of quartz and feldspar. In most 
cases this foliation is either an S2 fabric or possibly a 
composite fabric of S1 and S2. 

Map-scale folds, interpreted as F2 folds, are located at 
Synform Lake and northwest of Whitmore Island, and 
have steeply northwest and southwest dipping axial 
planes, respectively. The eastern limb of the Synform 
Lake fold is defined by granite to granodioritic 
intrusions that have been overprinted by shearing. A 
strain gradient exists, with weakly foliated granodiorite 
giving way eastward to mylonitic granitoids and finally 
into a highly strained version of the sedimentary 
succession. Since this shearing is along strike of the 
eastern limb of the Synform Lake fold and since 
mylonitic fabrics are cut by both the monzodiorite and 
by S-folded granodiorite dykes, the two structures were 
likely contemporaneous. 

Based on the geometry of outcrop-scale folds in the 
sedimentary rocks northwest of Bell Bay, the 
orientation of F1 and F2 folds prior to F3 refolding is 
believed to have been east-west. 

d) Third- and Fourth-generation Structures 
Within the tonalitic to granitic plutons, a weak second 
foliation measured in a few outcrops is attributed to D3 
(Figure 15A). North-trending, map-scale, isoclinal folds 
east of Angus Lake and west of Eagle River (Figure 2) 
refold the earlier east-west F1/F2 structures and are 
accompanied by a weak, subvertical to steeply east-
dipping tectonic fabric preferentially developed and 
recognized in the monzodiorite unit. Along the 
southwestern intrusive margin of the monzodiorite 
pluton, this tectonic fabric was also noted in 
sedimentary xenoliths, where it is developed as a 
spaced cleavage or, locally, as a weak schistosity that 
overprints F2 folds and accompanying axial planar 
leucosome (Figure 15B). Only a few outcrop-scale F3 

Figure 14 - A) Axial planar S2 foliation (parallel to dashed 
line) in m-folded bedded feldspathic psammite; note refolded 
isoclinal fold (arrow near top of photo); station RM10-16-
ST24 south of Elizabeth Lake; UTM 475534 m E, 
6127849 m N; B) F2 folding of psammopelite with axial 
planar leucosome (arrow); station KM10-03-ST02 northwest 
of Bell Bay; UTM 475031 m E, 6126929 m N; and C) axial 
planar fabric developed on limb of F2 fold in layered mafic 
volcanic rock; station RM10-08-ST17 west of Whitmore 
Island; UTM 483350 m , 6132674 m N. 
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folds were recognized in the 
sedimentary package. These are 
generally tight folds that dip 
moderately to steeply to the east. 

Based on these structural 
relationships, it appears as 
though the monzodiorite and 
syenogranite plutons postdate 
D1, D2 and the main 
migmatization event, but are 
themselves affected by D3. 
Deflection of composite S1-S2 
fabrics and of subvertical S3 
foliations in the monzodiorite 
from north-trending to south-
southeast–trending orientations 
(Figures 1 and 2) is due to 
refolding by a late (F4), 
northeast-trending synform 
(Lewry et al., 1990). Outcrop-
scale F4 folds were rarely 
observed and are metre-scale, 
upright, northeast-plunging 
structures with large interlimb 
angles, locally accompanied by 
an axial planar fracture cleavage. 

e) Metamorphism 
Metamorphic assemblages within 
the psammopelitic rocks 
northwest of Bell Bay are 
dominated by quartz–K-feldspar–
biotite–muscovite. Minor granitic 
leucosome blebs and relict 
sillimanite, now largely 
retrogressed to muscovite, were 
observed in an orientation axial 
planar to F2 fold closures, 
suggesting that upper 
amphibolite conditions were 
reached early during protracted 
D1-D2 deformational events. 
Muscovite also appears as a 
prograde mineral as it appears in 
paragenesis with quartz in 
psammopelitic rocks northwest 
of Bell Bay, suggesting that a 
second lower-middle amphibolite 
facies overprint may have 
affected the area post-D2. Mafic 
volcanic rocks northwest of 
McBeth Island are characterized 
by an amphibolite facies 

assemblage of hornblende-plagioclase-diopside. Garnet is also prevalent and surrounded by plagioclase 
decompression haloes. Previous reports of the presence of cordierite, andalusite and staurolite (SMER Assessment 
File 73P06-SW-0149; Forsythe, 1976) within the sedimentary rocks on Nemeiben Lake were not verified during the 
present investigation. 

5. Economic Geology 
The exploration history for the Nemeiben Lake area and its two main base metal deposits is discussed in the 
introductory section of the report. The following comments are based on the authors observations made during the 
2010 field season. 

Figure 15 - A) Granodiorite displaying S1-S2 foliation (marker) and cross-cutting S3 
foliation (pencil); station RM10-25-ST13 in the Sunset Island area; UTM 
472620 m E, 6131911 m N; and B) F2 folds (compass lid is parallel to axial plane of 
fold) and later S3 schistosity (marker) in migmatitic feldspathic psammite; station 
RM10-28-ST01 on campground access road; UTM 478285 m E, 6121259 m N. 
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a) Elizabeth Lake Cu Deposit (SMDI #0733) 
Elizabeth Lake was visited on two days and, despite poor exposure, a number of outcrops and one trench were 
examined in the vicinity of the lake. This was later augmented with inspection of drill logs and maps from the 
assessment files. 

The Elizabeth Lake deposit is mostly located to the northeast of, and underneath, Elizabeth Lake (Figure 2), and 
most mineralization is in the subsurface. The deposit is located at the northern extent of the Bell Bay sedimentary 
succession, where that succession is in close proximity to, and likely in contact with, the mafic volcanic rocks to the 
east. Although it is mostly hosted within highly strained quartzofeldspathic rocks, one unit of calc-silicate–bearing 
mafic volcanic rocks (unit Mvc) and another of garnet-rich and locally anthophyllite-bearing mafic volcanic rocks 
are exposed just along strike and to the south of the deposit. The mafic rocks are interlayered with feldspathic 
psammite and psammopelite, though it is not clear whether this interlayering is of tectonic or stratigraphic origin. 
The supracrustal rocks are cut by a granite pluton that has been mylonitized and that extends for two kilometres to 
the southwest of the deposit. On its east side, the deposit is cut by a late-tectonic monzodiorite intrusion and 
abundant massive granite pegmatite. 

On Highway 102, the contact between a pillowed mafic volcanic unit, located to the north of a psammitic-
psammopelitic unit, is exposed and situated approximately 10 km southeast and along strike of the Elizabeth Lake 
Deposit. The contact is marked by a 2 m-wide shear zone (Figure 16A) that contains abundant malachite staining 
and fracture-bound sulphides (Figure 16B). Unfortunately, indicators of stratigraphic facing direction are absent in 
the supracrustal units and the shear zone contains no stretching lineation or shear sense indicators. It is possible that 
this shear zone represents an early D1 thrust. 

Based on these observations and a review of the assessment files, the Elizabeth Lake deposit most likely represents a 
partly remobilized, largely sediment-hosted, 
volcanogenic massive sulphide deposit. It occurs in the 
same belt of rocks, albeit on a separate limb of an F4 
fold, as the Anglo Rouyn deposit, which has been 
interpreted as a ‘Besshi-type massive sulphide deposit’ 
(Roberts and Maxeiner, 1996). The Nemeiben Lake 
supracrustal rocks also share similarities with a 
succession of mafic volcanic-gabbroic rocks 
structurally overlying a psammitic to psammopelitic 
sedimentary sequence at Keg Lake in the central 
Glennie Domain (Maxeiner and Normand, 2009). This 
belt of rocks hosts the Pitching Lake copper deposit, 
located 5 km west of Keg Lake, and all are located in 
the hanging wall of the refolded (F4) D2 Guncoat 
Thrust (Lewry, 1981), near the base of the Wapassini 
Allochthon (Lewry et al., 1990). 

Without further data, several slightly differing scenarios 
are possible to explain the mineralization. The preferred 
preliminary model is that mafic volcanic rocks are the 
main host of syngenetic Cu-rich Au-Ag–bearing 
volcanogenic massive sulphide mineralization. After 
tectonic juxtaposition of the mafic volcanic rocks with 
structurally overlying ?younger sedimentary rocks, 
some of the sulphides were remobilized and focused in 
D1 or D2 shear zones at the contact between the two 
successions, as well as in the sedimentary unit. 
Alternatively, the mafic volcanic rocks and sedimentary 
rocks are of similar age and syngenetic mineralization 
developed at specific temporal intervals characterized 
by low sedimentation rate and/or reduced volcanic 
activity. D1-D2 shear zones juxtapose same-aged 
elements of this succession and also remobilized some 
of the sulphides. 

b) Dunlop Ni-Cu Deposit (SMDI #0749) 
Based on field work and preliminary petrography as 
observed in several thin sections, the findings of 
Macfarlane and Mossman (1982) can be confirmed. 

Figure 16 - A) Sheared contact between mafic volcanic (left 
half of photo) and feldspathic psammite-psammopelite (right 
half of photo); and B) malachite in sheared contact in A. 
Station RM10-29-ST03; UTM 483104 m E, 6121702 m N. 

A

B
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Primary magmatic silicate mineralogy, dominated by clinopyroxene and olivine, has partly been replaced by 
secondary amphibole and serpentine minerals. Some sulphides, including pyrrhotite, pentlandite and chalcopyrite, 
are disseminated, whereas other sulphides associated with minor PGEs are redistributed in shear zones and late 
carbonate-hematite–rich secondary veins. Most of the mineralization is located in the unexposed outermost northern 
margin of the pluton and, according to assessment file data, is locally accompanied by breccia zones. This is 
consistent with a model of magmatic Cu-Ni-(PGE) sulphide mineralization, in which sulphur saturation of a mantle-
derived magma is achieved by contamination from country rocks. Whether the country rocks have to contain sulphur 
(e.g., Noril’sk model; Krauss and Schmidt, 1979) or whether sulphur saturation can be achieved by ‘felsification’ of 
the magma via incorporation of non-sulphur bearing crustal components (e.g., Voisey’s Bay; Li and Naldrett, 2000) 
is still debated in the literature (Keays and Lightfoot, 2010) . In the case of the Dunlop Deposit, no immediate 
external source of sulphur is recognizable at surface as the ultramafic pluton is emplaced into the tonalite-
granodiorite complex. 

6. Conclusions 
1) The Elizabeth Lake deposit is located near the transition from a pillowed mafic volcanic succession into a 

psammitic to psammopelitic sedimentary succession. Although originally of probable VMS derivation, some of 
the sulphides have been affected by remobilization during ductile shearing and upper amphibolite facies 
metamorphism. 

2) The contact between the mafic volcanic unit and the sedimentary succession is exposed along Highway 102 and 
is marked by a 2 m-wide shear zone that contains copper mineralization. 

3) The Dunlop deposit is a marginal-type magmatic Ni-Cu-(PGE) deposit that has locally been affected by late 
shearing and carbonate-hematite veining. Sulphur saturation of the deposit is speculated to have been achieved 
through mantle-derived sulphur, rather than through an external source. 

4) A large monzodiorite intrusion postdates deposition and F2 folding of the Bell Bay sedimentary succession, 
though has been affected by east-west shortening resulting in development of a northerly striking F3 foliation. 
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