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ABSTRACT

Battle Island is a popular tourist destination in southeast Labrador, mainly because
of its cultural heritage, as represented by the once-abandoned fishing settlement of Battle
Harbour (now restored by the Battle Harbour Historic Trust). It is not only its cultural
heritage that has significance, however: amongst its many natural attributes, Battle
Island displays some superb geological features.

Most of the island is underlain by a sequence of metamorphosed supracrustal rocks
derived from arenaceous and calcareous protoliths, deposited between 1500 and 1030
Ma. The supracrustal sequence of rocks, from northeast to southwest across the island,
consists of i) crossbedded psammite, ii) calc-silicate and semi-pelitic schist, iii) psammite,
iv) calc-silicate rocks and minor marble, and v) calcareous psammite. This sequence
probably represents the original stratigraphic depositional order. The calc-silicate and
semi-pelitic schist unit contains a wide, concordant amphibolite that, in detail, comprises
two subunits. The amphibolite is interpreted as representing two now-metamorphosed
mafic sills that both followed the same intrusive conduit. All of these rocks were subject
to severe deformation, are now steeply dipping and, probably, stratigraphically over-
turned. Accompanying metamorphism (dated to be 1030 Ma in the amphibolite) reached
amphibolite facies, later declining to greenschist conditions.

These rocks were synchronously or subsequently intruded by large volumes of peg-
matite that exhibit a wide range of boudinage and buckling features. Judging from their
varied deformational states, they were emplaced over an extended period, during transi-
tion from ductile to brittle conditions. An amazonite-bearing pegmatite has yielded a
Grenvillian age of 1024 ± 6 Ma.

Final events include the development of north-northeast-trending hematized brittle
fractures and faults, interpreted to be related to rifting that led to the formation of the
Iapetus Ocean (615–540 Ma). The youngest bedrock feature on the island is an east-
northeast-trending undeformed and unmetamorphosed dyke, the age of which is only con-
strained to postdating brittle faulting.
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INTRODUCTION

The settlement of Battle Harbour, situated on Battle Island in eastern Labrador (Figure 1), was estab-

lished in the 1770s as a fishing station. Throughout the 19th century, it was the site of a thriving saltfish,

salmon, and seal-processing complex, and was the economic and social centre of southern Labrador. The

once-abandoned settlement has recently been given a

new lease on life as a result of a 7-year restoration

project undertaken by the Battle Harbour Historic

Trust, and is now a major tourist destination in

southern Labrador (Cover, Plate 1). Access to the

settlement is gained during the summer months by a

45-minute ferry trip from Mary’s Harbour, which,

itself, can be reached via Highway 510 (Figure 2).

The settlement is uninhabited during the winter.

The settlement of Battle Harbour takes advan-

tage of a narrow sheltered channel (a tickle) between

Battle Island and neighbouring Great Caribou Island

to the west, utilizing the channel as an excellent nat-

ural harbour. In addition to Battle and Great Caribou

islands, there are a number of smaller islands in the

surrounding area and several offshore reefs, espe-

cially to the northeast.

The island is elongate in the northwest–southeast

direction and can be divided topographically into

two parts (Cover). The northeastern part is higher,

more rugged and has more rock exposure, in contrast

to the lower southwestern third, which is largely cov-

ered by vegetation. The two parts are separated by a

west-facing cliff which terminates at either end of

the island to form the precipitous northeastern walls

of small gulches. The settlement of Battle Harbour is

located entirely on the sheltered lower southwestern

part.  The contrast in elevation and vegetation cover

is easily explicable in terms of the underlying

bedrock (see detailed descriptions that follow). 

Battle Island has remarkable geological diversity

for its small size (1 km long by 0.5 km wide). It

includes rocks of arenaceous and calcareous

supracrustal parentage, now metamorphosed to

1

Figure 1. The location of Battle Harbour in
Labrador.

Plate 1. Part of the settlement of Battle Harbour;
looking southwest to Great Caribou Island.



amphibolite facies, but still preserving some original sedimentary features. It has metamorphosed mafic

igneous rocks (amphibolite) that originally formed as two basaltic sills. Battle Island also hosts an impres-

sive display of pegmatites that, sporadically, contain atypical minerals, but, ubiquitously, display a spec-

tacular range of deformational states. The youngest rock is an unmetamorphosed basaltic dyke, the exact

age of which is unknown. All geological features on the island are superbly exposed and easily accessi-

ble.

PREVIOUS INVESTIGATIONS

The earliest geological description of Battle Island is that of Kranck (1939), who, in general, recog-

nized most of the units described herein. He recorded quartz-rich gneiss on the higher, northeastern side

of the island, noting that primary bedding, including crossbedding, was preserved. He also mentioned the

amphibolite that transects the central part of the island and described lime-rich gneiss (containing quartz,

calcite, actinolite, epidote, and brown mica), interbedded with impure limestone and quartzitic layers on

the lower, southwestern side of the island. He noted numerous pegmatite dykes and irregular intrusions,

and recorded evidence of strong deformation and a well-developed schistosity.

2

Figure 2. Regional geological setting for Battle Harbour.



The area was visited during 1:100 000-scale reconnaissance geological mapping of the St. Lewis

River region (Gower et al., 1988a, b). In the report of Gower et al., (1988a), the metamorphosed

supracrustal rocks are described in more detail and photographs of the crossbedded quartz-rich rocks and

calc-silicate units are included. A previously undocumented, undeformed and unmetamorphosed mafic

dyke, situated at the southern end of Battle Island, was also recorded. Reference to the surrounding

region, but not specifically Battle Island, is included in the geochronological reports of Tucker and Gower

(1994) and Wasteneys et al. (1997). A field guide for part of southeast Labrador prepared by Gower et al.
(1996) includes Battle Harbour as one of the excursion stops. 

The most recent previous work is that carried out in 1999 under the leadership of Carr, accompanied

by Coleman, Czajkowski and Peressini (Czajkowski et al., 2000; Peressini, 2000). Collectively, they car-

ried out detailed mapping of Battle Island, parts of Great Caribou Island, and some of the small islets in

the vicinity of Battle Island. Peressini (2000) provides a geological map of Battle Island, gives descrip-

tions of the metasedimentary units, includes structural information, describes one of the pegmatites in

detail (termed the Battle Harbour pegmatite), and reports preliminary U/Pb data for it. Details of the

Grenvillian age obtained from the pegmatite are given subsequently. The report of Czajkowski et al.
(2000) focuses on the structural history of Battle Harbour and adjoining Great Caribou Island, identify-

ing three deformational events, the first two of which are considered to have occurred during Grenvillian

deformation.

PRESENT INVESTIGATION

The present investigation was carried out at the invitation of the Battle Harbour Historic Trust as part

of its Expert-in-Residence program, which involved the author spending a week at Battle Harbour

(August 11–19, 2007), and a return visit in 2008. In addition to acting as a resource person for visitors to

Battle Harbour, time was spent carrying out a detailed geological remapping of Battle Island and collect-

ing samples for petrographic, whole-rock geochemical, and geochronological follow-up studies. It should

be noted that although Battle Island was entirely remapped during the present investigation the map does

not differ substantially from that of Carr and colleagues.

Petrographic descriptions of units and representative whole-rock geochemical analyses are included

in this report and preliminary geochronological results are mentioned (complete geochronological data

will be reported elsewhere when finalized). Although this is intended to be a scientific document, to make

it more accessible to the lay reader it has been augmented by: 

i) Boxed explanations of some geological features that are well displayed on the Island. 

ii) A glossary of technical terms; and 

iii) A list of minerals that are mentioned in the text, and their chemical formulae. 

A non-technical brochure/walking guide created specifically for visitors to Battle Harbour has also

been prepared and is included as part of this report as Appendix 4. 
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REGIONAL SETTING

Battle Island is situated in the Pinware terrane (Gower et al., 1988a), which is the most southerly of

those recognized within the eastern Grenville Province. The northern boundary of the Pinware terrane

passes just south of Fox Harbour (Figure 2). Gower (2005) interpreted the boundary to be a fault (Long

Harbour fault) and to define the southern flank of a zone of oblique dextral and north-side-up movement

forming a major shear belt extending 200 km to the northwest. 

In the Pinware terrane, rocks interpreted to be of supracrustal origin are considered to be among the

oldest present. They include quartzite, calc-silicate rocks, pelitic schist, inhomogeneous-textured quart-

zofeldspathic rocks thought to have been derived from felsic volcaniclastic rocks, and a minor compo-

nent of mafic rocks probably derived from an extrusive basaltic protolith. These rocks are mostly situat-

ed in the Henley Harbour–Red Bay area, well south of Battle Harbour, but minor remnants are found

throughout the Pinware terrane. Labradorian (1710–1600 Ma; cf. Box 1 for context) ages of 1640 ± 7 Ma

and 1637 ± 8 Ma have been obtained from rocks of probable volcaniclastic origin (Tucker and Gower,

1994; Wasteneys et al., 1997, respectively). The 1640 ± 7 Ma age was obtained from an enclave within

the Cape Charles quartz monzonite emplaced at 1490 Ma (see later in this section). (For non-technical

readers ‘Ma’ can be read as meaning ‘million years ago’)

The supracrustal remnants are contained within, and structurally concordant with, quartzofeldspathic

gneisses and foliated to gneissic granitoid rocks. The gneisses and granitoid rocks are Labradorian or

Pinwarian age, but reliable discrimination between the two age groups has yet to be achieved. Ages of

1650 +18/-9 Ma and 1649 ± 7 Ma were reported by Wasteneys et al. (1997) from Labradorian gneiss, and

an age of 1632 ± 8 Ma was obtained from a K-feldspar megacrystic granitoid rock by Heaman et al.
(2004). A quartz monzonite gneiss from Lodge Bay yielded equivocal data that suggested a Labradorian

protolith (Wasteneys et al.,1997). 

In the district surrounding Battle Harbour, three Pinwarian (1520–1460 Ma) ages have been obtained

(Figure 2). Quartz monzonites from Cape Charles and Wolf Cove have ages of 1490 ± 5 Ma and 1472 ±

3 Ma, respectively (Tucker and Gower, 1994), and a granite vein at Long Harbour gave an age of 1509

+11/-12 Ma (Scott et al., 1993). Numerous Pinwarian ages have been reported from foliated granitoid

rocks in the Pinware terrane beyond the confines of Figure 2 (Tucker and Gower, 1994; Wasteneys et al.,
1997; Heaman et al., 2004). The quartz monzonite gneiss from Lodge Bay contains evidence of a

Pinwarian metamorphic imprint. Neither Labradorian nor Pinwarian plutonic rocks occur on Battle

Island.

Granitoid plutons ranging in age from 1043 to 951 Ma, emplaced during and immediately following

Grenvillian orogenesis (1085–985 Ma), have been mapped and dated from various areas within the

Pinware terrane (Tucker and Gower, 1994; Wasteneys et al., 1997; Heaman et al., 2004; Gower et al.,
2008), but are not known in the district surrounding Battle Harbour, where most Grenvillian effects are

metamorphic. Minor granitoid intrusive activity accompanied the metamorphism and was widespread,

including on Battle Island, much of which is made up of pegmatite emplaced during Grenvillian orogen-

esis. 

Post-Grenvillian activity in the Pinware terrane (but largely beyond the Battle Harbour district) is rep-

resented by minor occurrences of pebbly sandstone (Bateau Formation) and basaltic flows (Lighthouse
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Box 1. Geological time and eastern Labrador



Cove Formation). Quartz- or hematite-filled north-northeast-trending fractures, related to normal and

strike-slip faults are also post-Grenvillian. All of these features are related to rifting preceding the open-

ing of the Iapetus Ocean between 615 and 540 Ma.

An east-northeast-trending Phanerozoic dyke of unknown more specific age, part of which is present

on Battle Island, is the youngest rock type in the district.

Proterozoic Supracrustal Rocks

The following sections give detailed descriptions, including petrographic information, of all the units

recognized on Battle Island. A geological map is shown as Figure 3. Supracrustal units are described from

east to west across the island.

Crossbedded psammite (Unit 1)

The easternmost unit (Plate 2) has a light grey,

sugary texture where it is weathered, and where its

brownish crust has been removed by erosion. It is a

relatively homogeneous, fine- to medium-grained

grey-brown psammite, about 100 m thick at its

widest part, but of unknown total width, as its east-

ern boundary is not exposed. The rock is maroon

where hematized. Three features are characteristic of

this unit.

The first feature is the presence of bedding in the

form of parallel and crossbedding lamination (Plate

3; cf. Box 2). The laminae are enriched in biotite and

opaque minerals. The crossbedding laminations,

which were first described by Kranck (1939), are

confined to particular layers, which are commonly

about 30 cm thick. Tops are generally to the west,

but, as tight folds were seen, some tops to the east

may also be present. This is the only locality in the

Grenville Province in eastern Labrador where sedi-

mentary structure in pre-Grenvillian rocks is

unequivocally preserved. A thin section (Sample

CG07-130A) that includes two heavy mineral lami-

nations consists mostly of recrystallized quartz, less-

er plagioclase and interstitial well-twinned micro-

cline associated with aligned flakes of buff-green

biotite.  Plagioclase is light to moderately sericitized.

The heavy mineral layers consist mostly of an

opaque oxide (cf. ilmenomagnetite), but rounded zir-
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Plate 2. General view of crossbedded psammite
intruded by concordant and discordant pegmatite
dykes.

Plate 3. Crossbedding in  psammite.
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Box 2. The formation of crossbeds
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Figure 3. Geological map of Battle Island.
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con and apatite grains are common. Titanite is also common in these layers, partly mantling the opaque

oxide. Minor epidote and chlorite are found throughout. A whole-rock chemical analysis of the thin-sec-

tioned sample is given in Appendix 3 (note the 86.5 % SiO2 content).

The second feature is a spotted appearance resulting from amphibole poikiloblasts up to about 1 cm

across and surrounded by a haloes depleted in mafic minerals (Plate 4; Box 3). In places, where the poik-

iloblasts are close together, the leucocratic haloes merge to enclose two or more cores, and, commonly,

they are concentrated into particular zones typically

extending along original bedding planes. Outside of

the amphibole poikiloblasts, the mineral assemblage

is similar to that seen in the previously described

sample. The hornblende poikiloblasts are dark green

to blue-green and are thoroughly sieved with abun-

dant quartz, plagioclase and microcline. It seems

fairly clear that as the poikiloblasts grew they simply

enveloped the felsic minerals. The area around the

poikiloblasts is depleted in biotite, which was con-

sumed at the expense of amphibole growth. Other

mineral present are an opaque oxide, apatite, epidote,

chlorite and minor zircon. The epidote and chlorite

are secondary, or late-stage metamorphic. The zir-

cons are small and show a spatial affinity with the

hornblende porphyroblasts and may be a metamor-

phic product themselves (thin section CG07-130B). 

The third feature is the presence of a few yellowish-green layers, generally less than 1–2 centimetres

in width. In thin section (CG07-130C), these are seen to be quartz-rich compared to the typical psammite

described above, although still containing some plagioclase and microcline. The yellow-green colour is

due to markedly pleochroic epidote. Other minerals include relict, dark-green to blue-green amphibole,

an opaque oxide, titanite (associated with the opaque mineral and epidote), apatite, minor chlorite (after

amphibole), and a few small grains of zircon. 

Mixed psammite, calc-silicate schist, semi-pelitic schist, quartzite and calc-silicate hornfels (Unit 2)

West of the crossbedded psammite, a very variable metasedimentary unit, about 25 m thick, is pres-

ent. The rocks weather to various hues of grey, brown, green, creamy and white, are mostly medium to

coarse grained, and are thinly to thickly bedded. Lenses of quartz or feldspar, representing dismembered

felsic intrusions and quartz veins, are also common.

From east to west, the following rock types were noted forming individual layers having widths rang-

ing from about 0.5 m up to 4 m: 

i) Dark-grey micaceous amphibolite with quartz pods. 

ii) Greenish epidote-rich rock with amphibole porphyroblasts. 

iii) Light grey, homogeneous, less micaceous rock. 

iv) Grey-brown psammite. 
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Plate 4. Hornblende porphyroblasts in eastern
psammite. The light-coloured haloes around the
porphyroblasts result from depletion of matrix
biotite during porphyroblastesis.



v) Pale green, schistose, fine- to medium-grained semi-pelite. 

vi) A pale-green unit made up of alternating amphibole-rich material with psammitic partings. 

vii) Brown, homogeneous psammite. 

viii) Psammite with narrow amphibole-rich partings. 

ix) Grey to greenish, medium-grained homogeneous psammite with some lighter coloured partings. 

x) Variable psammite with dark amphibole-rich layers. 

xi) Pale-green, fine-grained very schistose material. 

xii) Brown-grey psammite with lens-like, discontinuous layers grading westward into homogeneous

psammite; and 

xiii) Elongate lens of a white-weathering calc-silicate rock occur up to a few metres in length, but rarely

more than 30-cm thick in contact with amphibolite located to the west. Pale green epidote lenses,

typically 5- to 10-cm thick, are common throughout the unit.
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Four samples from this unit, representing the main lithological variants, were examined in thin sec-

tion. The most mafic-mineral-rich rock type is hornblende–biotite schist also containing quartz, plagio-

clase, microcline, titanite, epidote, apatite, allanite and minor chlorite (CG07-131A). A mesocratic rock

(CG07-131C) was found to consist of quartz, plagioclase, phlogopitic mica, tremolite, clinozoisite and

titanite. A leucocratic variant (CG07-131B) is carbonate-rich calc-silicate rock, containing quartz, plagio-

clase, K-feldspar, carbonate, clinozoisite, actinolite, opaque mineral(s) and titanite.  A white-weathering,

hornfelsic-textured rock (CG07-131D), which is devoid of mafic minerals, occurs as discontinuous lens-

es adjacent to the amphibolite to the west and consists of quartz, carbonate, and diopside.

The protolith for this unit was probably a heterogeneous sequence of muddy calcareous rocks, grad-

ing into limestone in places.

The next unit to the west, geographically, is amphibolite, but as this unit is interpreted to be intrusive,

description of it is given following the supracrustal rocks.

Schistose micaceous calc-silicate rocks (Unit 3)

West of the amphibolite is a grey, greenish and black weathering, fine to medium grained, very well

layered unit displaying alternation of rock types at the centimetre to decimetre scale. It consists mostly of

schistose micaceous calc-silicate rocks, but also includes some psammitic material. A distinctive 3-m-

wide pale green rock (Plate 5) containing pods of orange-brown garnet (cf. andradite; Plate 6) is present

immediately west of the contact with the amphibolite.

The four samples of this unit examined in thin section are all calc-silicate rocks, although their min-

eral assemblages differ. The garnet-bearing rock (CG07-133A) also contains clinozoisite/zoisite, quartz,

carbonate, diopside, highly sericitized plagioclase, titanite and minor, possibly secondary, tremolite.

Clinozoisite/zoisite is partly symplectic with quartz, which commonly also occurs as inclusions in garnet.
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Plate 5. Contact between dark amphibolite (left)
and schistose micaceous calc-silicate unit (centre
and right), showing distinctive pale-weathering,
garnet-bearing zone.

Plate 6. Detail of pale-weathering calc-silicate
unit, showing garnet.



Diopside is also a major constituent of sample CG07-133B, where it is associated with plagioclase, phl-

ogopitic mica and titanite. A few tremolite blades and chlorite flakes are also present. Sample CG07-133C

contains tremolite as a major mineral, along with phlogopitic mica, clinozoisite, plagioclase and quartz.

Minor titanite and allanite are present. The fourth sample (CG07-133D) contains plagioclase, tremolite,

phlogopitic mica, microcline and titanite.

The mineral assemblages in this unit are very similar to those in the mixed unit on the eastern side of

the amphibolite. If it is accepted that the amphibolite is intrusive, then it is not unreasonable to regard the

rocks flanking the eastern and western sides of the amphibolite as being parts of a single unit prior to

being separated by emplacement of the amphibolite.

’20-m-wide’ Psammite (Unit 4)

The contact between the schistose micaceous

calc-silicate rocks and the psammite to the west is

sharp and regular. The psammite is about 20 m wide,

grey, creamy or reddish weathering, fine- to medi-

um-grained, homogeneous, and thinly to thickly bed-

ded. The contact with calc-silicate rocks farther west

is also sharp (Plate 7).

A single thin section from this unit (CG97-134)

comprises quartz, plagioclase, and microcline (all

polygonal, equant and clearly thoroughly recrystal-

lized), together with buff-brownish, ragged short

laths of biotite, and small accessory grains of apatite,

zircon, titanite and chlorite. The biotite is concentrat-

ed at grain interfaces between felsic minerals and is

a typical example of the texture described by Gower

(2007) in which the phyllosilicates flakes are of similar length to the adjacent felsic minerals, and inter-

preted as the product of metamorphism of an intergranular mud. The titanite and chlorite are secondary

and derived, at least in part, from the retrogression of biotite. Most of the opaque mineral is secondary

hematite or limonite, from the breakdown of primary opaque oxide, and perhaps from minor sulphide

also.

Calc-silicate rocks (Unit 5)

The calc-silicate unit occupies a wide swath from the northwest tip of Battle Island to the central part

of the southeastern shoreline, albeit heavily injected by pegmatite. The rocks are generally light to dark

green weathering, medium grained, thinly and well bedded, mineralogically variable, both in mineral

composition and their habits of (metamorphic) growth. Typically, the rocks have a markedly ribbed or pit-

ted surface appearance due to alternating positively and recessively eroding layers and differential weath-

ering of the various minerals present (Plate 8).

Apart from calc-silicate rocks, amphibolitic, semi-pelitic and psammitic layers are also present.

Rusty-weathering, sulphide-bearing patches are common, locally forming pods up to about 1 m thick and
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Plate 7. Contact between 20-m-wide psammite
(right) and calc-silicate rocks (centre and left). 



2 m long. Although rubiginous and having a sulphurous smell on fresh surface, sulphide content is minor

(Plate 9).

Four samples were collected near the contact with the psammite to the east and examined in thin sec-

tion. Two of them (CG07-135A,-135C) and the leucocratic part of a third (CG07-135D) have very simi-

lar mineral assemblages, although mineral proportions differ. The minerals are plagioclase, carbonate, K-

feldspar, diopside, tremolite and titanite. The plagioclase, carbonate and K-feldspar are typically

anhedral, show straight grain boundaries and 120E triple junctions, and are clearly recrystallized.
Plagioclase is typically very sericitized and poorly twinned. K-feldspar is well-twinned microcline.

Identification of diopside is tentative; other possibilities not entirely ruled out are clinozoisite and

idocrase. It is locally altered to tremolite, which, growing discordantly to the prevailing fabric, is clearly

post-tectonic in places. Titanite is typically dark brown and anhedral to subhedral. Sample CG07-135B

and the melanocratic part of sample CG07-135D consist mostly of a pale orange mica (cf. phlogopitic

mica), diopside, tremolite, minor plagioclase, with minor oxide opaque mineral, apatite and possibly zir-

con (very small inclusions showing pleochroic haloes in phlogopitic mica). In sample CG07-135B, the

diopside occurs as large poikiloblastic grains containing abundant inclusions of phlogopitic mica and pla-

gioclase.

Five samples were examined in thin section from the western part of the calc-silicate unit, in the

Acreman’s Point area (CG07-136A to -136E). All contain plagioclase, K-feldspar, phlogopitic mica, (an)

opaque mineral(s), and titanite. Plagioclase is typically anhedral with straight grain boundaries and 120E
triple junctions and heavily sericitized. K-feldspar shows the same habit, and is characteristically well-

twinned microcline. The phlogopitic mica ranges from pale orange to reddish orange and commonly

defines a strong fabric. Both oxide and sulphide opaque minerals are present in all five samples except

CG07-136E, in which only oxide was observed. Sulphide is especially abundant in CG07-136A and

CG07-136B, which were both described as gossanous in the field. The sulphide is thought to be mostly

pyrite, but some is suspected to be pyrrhotite in CG07-136A. Titanite varies from anhedral and amoeboid

to euhedral. It is abnormally large in sample CG07-136E, where it occurs as grains up to 3 mm long.

Other minerals include diopside and minor secondary tremolite (in sample CG07-136E) and tremolite (as
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Plate 8. Typical example of well-bedded calc-sili-
cate unit.

Plate 9. Rusty-weathering pods enriched in sul-
phide (probably pyrite) within calc-silicate rocks. 



a stable phase in CG07-136A, C and D). Neither diopside nor tremolite is present in CG07-136B, which

is more psammitic than the other samples.

Whole-rock analyses were obtained for gossanous calc-silicate samples CG07-136A and CG07-136B

(Appendix 3). Neither sample is especially anomalous in elements typically of interest to mineral explo-

rationists. The most noteworthy chemical feature of both of them is their high F content.

Calcareous psammite (Unit 6)

The calcareous psammite, forming the westernmost supracrustal unit on Battle Island, is pale-grey-,

green-, or brownish-weathering, fine to medium grained, and thinly to thickly bedded. Bedding is defined

by darker, amphibole- or biotite-rich layers. Locally oblique layering is present that could be relict cross-

bedding. Some layers have a mottled texture that is attributed to incipient melting. The psammitic rocks

are intercalated with calc-silicate layers, which locally also show oblique layering that resembles cross-

bedding. Three samples were examined in thin section from this unit (CG07-137A, B, and C).

Sample CG07-137A is a calcareous psammite and is distinct in the wide range of minerals present.

Twelve minerals were identified in thin section; these are quartz, plagioclase, K-feldspar, diopside, gar-

net, clinozoisite/epidote, hornblende, tremolite, carbonate, titanite, apatite and leucoxene. The rock is

clearly recrystallized, as shown by polygonization of several minerals; most notably quartz, plagioclase

and carbonate, which all have straight grain boundaries and 120E triple junctions. K-feldspar is a very
minor phase, more obvious in stained slab than thin section. Diopside occurs as pale green, anhedral poik-

iloblasts, enclosing quartz and plagioclase, especially. Garnet is also poikiloblastic, enclosing quartz, cli-

nozoisite/epidote, diopside, plagioclase and K-feldspar. The clinozoisite/epidote is colourless and shows

its characteristic anomalous birefringence. No formal attempt was made to distinguish between clino-

zoisite and epidote, but the fact that the diopside is green (in contrast to colourless diopside seen in other

Battle Island samples) suggests that the Fe content is higher in this sample than elsewhere, and that the

mineral is epidote. Hornblende and tremolite are both secondary, as alteration products from diopside. Of

the other minerals: titanite occurs as dark brown euhedral grains; apatite forms small euhedral crystals;

and leucoxene is the name applied to granular, amorphous-looking opaque material that is white in

reflected light. This is clearly a disequilibrium assemblage.

Samples CG07-137B and -137C are both psammitic rocks and, like CG07-137A, are mineralogical-

ly varied. Both contain quartz, plagioclase and K-feldspar, all of which have polygonal form and show

straight grain boundaries. The mafic and accessory minerals differ between the two, however. Sample

CG07-137A contains dark green (sodic?) amphibole, dark brown titanite, zircon, apatite, biotite, epidote,

and chlorite (the latter three secondary after amphibole), whereas CG07-137C lacks amphibole, epidote

and zircon. 

Proterozoic Intrusive Rocks

Amphibolite (Unit 7)

The contact between the amphibolite and the ‘Mixed psammite’ unit farther east is sharp and concor-

dant. The amphibolite is subdivided into two sub-units, separated by discontinuous lenses and tabular

bodies of greenish-weathering calc-silicate rocks (Plate 10).
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Amphibolite in the eastern half of the unit is more leucocratic than in the west, but both sub-units are

medium to coarse grained, black- to grey-weathering, and everywhere very strongly lineated. The lin-

eation is defined by hornblende, whereas the foliation is defined partly by biotite. The eastern leucocrat-

ic part shows streaky textures, due to variable concentrations of plagioclase and mafic minerals. Apart

from this streakiness, the rock is fairly uniform, except for the presence of small elliptical, more melano-

cratic enclaves, which are common in some places. The amphibolite in the west (Plate 11) is melanocrat-

ic near its contact against the lighter amphibolite, where it is also rusty-weathering and locally schistose. 

Samples from both the eastern and western amphibolites were examined in thin section. The eastern

amphibolite (CG07-132A) has a very strong fabric, defined by strings of segmented plagioclase grains,

interspersed with elongate grains of pale-green amphibole (cf. actinolitic hornblende) and laths of orange-

brown biotite, both of which define the same strong fabric. Other minerals are opaque minerals (mostly

oxide, but some sulphide also occurs, as both elongate strings and beads), yellow-brown rutile and minor

chlorite after biotite. The sample from the western amphibolite (CG07-132B) lacks the fabric of its east-

ern counterpart, showing a granoblastic texture instead. It also shows some mineralogical differences. The

amphibole is typical hornblende, rather than being actinolitic and the rock contains very abundant titan-

ite. The titanite occurs in clusters of equant grains, commonly cored by an opaque oxide. Minor sulphide,

chlorite and K-feldspar are present, the latter two minerals being found as secondary spindles in biotite.

Whole-rock chemical analyses were obtained for both samples examined in thin section, and are given

in Appendix 3. The two amphibolite types are clearly chemically distinct, as shown by marked contrast

in TiO2, Al2O3, Fe2O3t and several trace elements.

The lack of internal variability in both units suggests that they are more likely intrusive than extru-

sive. They are interpreted as two separate sills and the variation in colour index to indicate some differ-

entiation. If the units are differentiated then top is to the west, consistent with crossbedding evidence in

the easternmost unit. The western contact is not as obvious as that in the east, and appears to be semi-gra-

dational into the next unit to the west. The stronger fabric and mineralogical contrasts in the eastern
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Plate 10. Boundary between light-coloured
amphibolite (on right) and darker amphibolite (on
left), separated by a lens of calc-silicate rock. 

Plate 11. Dark-weathering western amphibolite
intruded by pegmatite; contact with supracrustal
units farther west in the right-side background.



amphibolite provide evidence for a slightly lower-grade, stretching deformational event not seen in the

western amphibolite.

Pegmatite (Unit 8)

Pink- and white-weathering pegmatites are found

in all parts of Battle Island, but is particularly abun-

dant along the spine of the island. The pegmatites

vary in width from dykes tens of metres to veins less

than 1 cm, but most intrusions typically have

decimetre- to metre-scale widths. Contacts against

the host metasedimentary rocks are sharp and com-

monly irregular due to post-emplacement deforma-

tion. Concordant and discordant pegmatites are both

present. Concordant screens of psammite and calc-

silicate rock are common in the larger pegmatites,

and have maintained their original pre-pegmatite-

injection orientation, suggesting a passive, lit-par-lit
type of intrusion (Plate 12).

En echelon pegmatites exhibiting bayonet termi-

nations and bridge features are common (Plate 13, 14

and 15; cf. Box 4). 

Crosscutting relationships indicate several emplacement events, possibly over an extended period.

The state of deformation varies greatly, suggesting syn- to post-tectonic emplacement times. The rocks

are almost entirely coarse or very coarse grained; aplitic rocks are extremely rare. 
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Plate 12. Screens of calc-silicate rock within peg-
matite. These have maintained their pre-peg-
matite-intrusion orientation, suggesting fairly
passive injection of magma along bedding sur-
faces.

Plate 13. Bayonet and bridge terminations in en
echelon pegmatite veins.

Plate 14. Example of block of host rock contained
within pegmatite, as a result of linkage of two,
originally separate, pegmatite veins. The feature
is somewhat distorted, due to subsequent deforma-
tion.



Two pegmatites containing amazonite (green,

Pb-bearing K-feldspar) were found on the east side

of Battle Island. Each was traced about 50 m (Plate

16). Both pegmatites are strongly boudinaged and

appear to be among the earliest present on the island.

One of the amazonite-bearing pegmatites was exam-

ined in thin section (CG07-138A). It comprises

slightly recrystallized quartz, moderately sericitized,

well-twinned plagioclase having albitic borders,

well-twinned microcline, interstitial muscovite, an

opaque oxide, partially metamict monazite, zircon,

traces of chlorite, and a dark brown poorly preserved

mineral that is suspected to be allanite. The accesso-

ry minerals are unusually abundant in this pegmatite.

A whole-rock analysis of sample CG07-138A is

given in Appendix 3. The high Pb content of the rock

indicated by the amazonite is confirmed by the analysis. High Nb and Ta suggest that this type of peg-

matite might have potential for columbite–tantalite mineralization elsewhere.

The amazonite-bearing pegmatites are crosscut by near planar, but still deformed, later pegmatites. In

one of them, an unidentified, opaque, non-magnetic mineral showing iridescent weathering colours is

common (Plate 17). This pegmatite was also examined in thin section (CG07-138B). It contains unrecrys-

tallized quartz, moderately sericitized plagioclase, well-twinned microcline, but very little else (very

minor traces of muscovite and an opaque oxide). The iridescent-weathering opaque mineral was not cap-

tured in the thin section.

A sample of pegmatite from Acreman’s Point examined in thin section (CG07-136F) contains well-

twinned, lightly altered plagioclase, well-twined microcline, quartz, rare red-brown biotite, euhedral
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Plate 15. Previously en echelon segments of peg-
matite now linked by bridge structures, but pre-
serving bayonet terminations.

Plate 17. An unidentified non-magnetic mineral in
a pegmatite that discordantly intrudes one of the
amazonite-bearing pegmatites described above.

Plate 16. Boudin of amazonite-bearing pegmatite.
Amazonite is the green mineral.
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Box 4. Bayonets and bridges



pyrite, and garnet (symplectically intergrown with quartz). It also contains an uncertainly identified min-

eral thought to be metamict monazite. The mineral has square and rectangular cross sections, shows over-

growths and commonly is surrounded by radiating fractures. This mineral also occurs as inclusions in the

garnet.

Other pegmatites, not examined in thin section, were noted in the field as containing hornblende (in

places as euhedral crystals 2-3 cm in cross section and several centimetres long; Plate 18), sparse biotite

(up to about 5 cm across), minor muscovite, magnetite, or rare purple fluorite (Plate 19).

A pegmatite from the southern end of the island was previously collected for U/Pb geochronological

study (Peressini, 2000).  Six zircon fractions (three single zircons and three multi-grain) were analyzed

by Carr at Carleton University and yielded 207Pb/206Pb ages between 883.2 +33.2/-34.0 Ma and 1137.8

+251.6/-300.9 Ma. High errors from three fractions were recognized as due to analytical problems and

discarded. The remaining fractions give a 207Pb/207Pb age of 1017 +/- 9 Ma.

More recently, two other pegmatites were collected for geochronological study, namely a deformed,

amazonite-bearing pegmatite and a younger planar pegmatite that clearly crosscuts it. The older, ama-

zonite-bearing pegmatite yielded a zircon age of 1024 ± 6 Ma. Zircons analyzed from the younger dyke

all have ages that predate the older pegmatite and are therefore interpreted to be inherited (Kamo, 2008).

Inherited zircons are common in pegmatites, so the fact that the ages obtained contradict the field rela-

tionships neither invalidates the field observations nor the geochronological method.

Phanerozoic Intrusive Unit

Diabase dyke (Unit 9)

A single, vertical, east-northeast-trending diabase dyke is present on Battle Island at its southern end

(Plate 20). The dyke is about 2 m thick and has a smaller dyke (20 cm thick) branching off from it on its
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Plate 18. Crystals of hornblende (six-sided, black
mineral) in pegmatite.

Plate 19. Boudin of fluorite-bearing pegmatite.
Fluorite is the purple mineral in the central part of
the boudin.



south side. It discordantly intrudes pegmatite and

earlier psammite, and also truncates north-northeast-

trending, hematite-filled brittle fractures.

The dyke varies from fine to medium grained at

its centre, to very fine grained at its chilled margins.

The dyke is recessive weathering with respect to its

host rocks. It has a distinctive jointing pattern across

the width of the dyke, considered to be related to

cooling normal to the dyke walls. The K-feldspar in

pegmatite adjacent to the dyke takes on a greenish

hue, in contrast to its vivid pink farther away. This is

interpreted as reduction of ferric to ferrous Fe in the

feldspar due to dyke emplacement. The dyke is

unmetamorphosed and mineralogically fresh. It is

the youngest bedrock unit on the island.

In thin section (CG07-139), the dyke is seen to consist of plagioclase, clinopyroxene, biotite, an

opaque oxide and fine grained, granular brown material. Plagioclase forms primary, well-twinned, and

locally skeletal laths, and also occurs as local clusters of larger grains suggested here to represent slight-

ly earlier crystallizing crystals that aggregated during magma ascent. The clinopyroxene occurs as brown

primary grains in ophitic texture with plagioclase. The biotite is orange brown and ragged. The granular,

brown material is too fine grained to be unequivocally identified, but it is suspected to be a Ti-bearing

phase, possibly titanite. A whole-rock geochemical analysis of sample CG07-139 is given in Appendix 3.

STRUCTURE

FOLDING

The supracrustal units trend north-northwest, and

mostly dip between 55 and 75E east-northeast. This
means that the rocks are overturned, if the top-to-the-

west facing evidence given by crossbedding is

accepted.

The earliest recognizable structures are isoclinal

(Plate 21) and tight folds (Plate 22), mostly within

the calc-silicate units, but present elsewhere.

Although the isoclinal folds initially appear to be

contained within the general layering of the unit,

their form is defined by a more attenuated version of

the compositional layering, so there is no robust jus-
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Plate 20. Phanerozoic diabase dyke (exact age
uncertain) discordantly intruding pegmatite (pink)
and older psammite (grey). 

Plate 21. Isoclinal fold within rusty weathering
calc-silicate unit.



tification for considering the isoclinal folds to be the

result of a different generation of deformation from

the tight folds. Rather, they are interpreted here as

having formed earlier (or subjected to higher strain)

than the less flattened folds. The fold axes of both

the isoclinal and tight folds are parallel to a ubiqui-

tous down-dip stretching lineation. There is also evidence of considerable layer-parallel extension in the

form of extremely dismembered early minor intrusions. One, somewhat equivocal example of a sigmoidal

shear-sense indicator was seen on the south side of the island that suggests east-side-up sense of ductile

movement (Plate 23). All these structures are modified by open folding that has warped the units into an

open Z pattern.

Carr and colleagues (Czajkowski et al., 2000; Peressini, 2000) refer to the original bedding as S1 sur-

faces. The deformation that produced most of the deformation is assigned as D2 and considered to be

Grenvillian. The tight to isoclinal folds, northeast-plunging folds are termed F2 folds, the axial surfaces

of which and the penetrative foliation are labelled S2, and strong down-dip lineation that is co-axial with

the fold axes as L2. The deformation that produced the open folding (F3) is assigned as D3, and is inter-

preted to be a waning, post peak-metamorphic manifestation of the D2 deformation event. Thus, essen-

tially, all the ductile deformation is considered to be Grenvillian. Although this conclusion was received

with reservation by the present author (Gower, 2008), given the regional context and widespread earlier

orogenic events (Pinwarian, and, especially, Labradorian) known to have affected the area (Gower and

Krogh, 2002, 2003; Gower, 2005), recent geochronological data (Kamo, 2008) provides strong support

for Carr and colleagues. Gower (2008) noted that this is not a new source of controversy, as the relative

impact of Grenvillian, versus earlier orogenesis, has been disputed for decades in the eastern Grenville

Province – and, from the most recent data, seems likely to continue for some time!

PEGMATITE DEFORMATION

The pegmatite dykes clearly postdate the tight to isoclinal folding and associated stretching lineation,

but are themselves openly folded and otherwise deformed to varying degrees. The multiple branching
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Plate 22. Tight fold in calc-silicate unit Plate 23. Gneissose rock made up of calc-silicate
and psammitic rocks injected by numerous peg-
matites, subsequently flattened and mylonitized.
The slightly sigmoidal form of layers in the central
area provides a poor example of a kinematic indi-
cator, suggesting a right-side-up sense of move-
ment.



dykes, en echelon features, boudinage, buckling and

crosscutting relationships testify to emplacement in

all directions over an extended period during evolu-

tion from a ductile regime at the start, to brittle con-

ditions at the end (Plates 24, 25 and 26; Box 5).

The latest pegmatites occupy brittle fractures. The

deformation that affected the pegmatites is grouped

as part of the D3 event by Carr and colleagues

(Czajkowski et al., 2000).

BRITTLE FAULTS

The latest structures are brittle faults (Plate 27). They characteristically have a north to northeast trend

and are maroon weathering due to hematization. In appearance, the faults range from hairline fractures to

zones up to about 2 m wide. Slickensides were measured on two of the fault surfaces (Plate 28). Both

plunge to the southwest at 22E. 

The wider zones commonly contain angular fragments of fault breccia, within comminuted to fine-

grained material. The faults have both dextral and sinistral apparent displacement, but dextral movement

seems to be most common. Although displacements are typically 0 – 1 m, two faults in the northeast part

of the island have approximate apparent displacements of 15 and 5 m. The fault with the 15 m displace-

ment has been named the Cemetery fault, as it can be traced from shoreline exposure into a gully contain-

ing surficial sediments where the most easterly of two small cemeteries on Battle Island is located. 

The brittle faults occur in all units, except the basaltic dyke, which truncates them. They are therefore

post-pegmatite and pre-basaltic dyke. Given their predominantly north-northeast trend, and age relation-
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Plate 24. Boudins of pegmatite (creamy rock
extending diagonally down to the right across the
photograph); caused by flattening and extension
of a once-planar-sided vein.

Plate 25. Buckled pegmatite, climbing to the right
and showing S-folds

Plate26. Buckled pegmatite, climbing to the left
and showing Z-folds
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Box 5. Boudins and buckles



ships to the pegmatite and basaltic dyke, it seems mostly likely that they belong to the same set of frac-

tures as those occupied by the Long Range dykes and that they are related to the rifting that preceded the

opening of Iapetus Ocean.

The final structural event recognized was creation of the east-northeast fracture now occupied by the

undeformed and unmetamorphosed basaltic dyke.

METAMORPHISM

A detailed study of the metamorphic assemblages has not been undertaken, and the information pre-

sented below is intended to offer only a preliminary grouping of the rocks into metamorphic assemblages

(Table 1), to deliver some empirical observations regarding textures and possible reactions, and to make

some general statements regarding metamorphic conditions. 

PSAMMITIC ROCKS

These rocks all contain quartz + plagioclase + K-feldspar + bronzy to green biotite + an opaque oxide.

Amphibole is found in four samples, and differs in each sample. It is clearly a prograde poikiloblastic

phase in two samples, appears to be a stable member of the mineral paragenesis in a third and is likely

relict in the fourth. Where it is poikiloblastic it is surrounded by biotite-depleted haloes, so biotite is cer-

tainly one of the reactants. The amphibole poikiloblasts contain rare epidote and titanite, so, if these were

also reactants, they were not entirely consumed. In the sample in which amphibole is likely relict, the

25

Plate 27. Brittle faults showing dextrally dis-
placed pegmatite veins. 

Plate 28. Slickensides on brittle fault plane. The
main minerals in the slickenside are epidote (yel-
low-green), hematite (maroon), quartz and
feldspar (both white). Minor chlorite (darker
green) is also present.
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products are biotite, titanite, epidote and an opaque oxide, with subsequent breakdown of the biotite to

yield chlorite, although some of the titanite appears to have been part of the pre-existing higher grade

assemblage.

The assemblages indicate amphibolite-grade metamorphism and later localized retrogression to

greenschist-facies conditions. The psammitic rocks contain a wide range of accessory minerals, and the

opaque mineral is generally an oxide, in contrast to the calc-silicate rocks which contain sulphide but oth-

erwise lack accessory minerals, apart from titanite (which is commonly abundant and forms large grains).

QUARTZ-BEARING CALC-SILICATE ROCKS

The quartz-bearing calc-silicate rocks can be further divided into those having K-feldspar, diopside

and carbonate versus those having phlogopitic mica. This subdivision correlates with a lower colour index

and lower proportion of mafic minerals in K-feldspar-diopside-carbonate-bearing samples. The two sub-

groups may be partly equivalent and linked by the reaction:

Phologopite + Calcite + Quartz = Tremolite + K-feldspar + CO2 + H2O ……(1).

Two of the K-feldspar–diopside-bearing samples contain an orange- to red-brown-weathering garnet

(cf. andradite/grossularite; Plate 29). 

Petrographic characteristics clearly demonstrate that these two samples represent disequilibrium

assemblages (the samples would probably be

rewarding to study in detail). Sample CG07-131D

contains so little quartz that it is questionable

whether it can be regarded as part of the stable para-

genesis.

The identification of the mineral listed as clino-

zoisite in the two phlogopitic mica samples is tenta-

tive. It occurs as colourless, anhedral (but having

hint of hexagonal form), poikiloblastic grains con-

taining abundant quartz inclusions. There are indica-

tions that it is partly replaced by tremolite. It has

moderate birefringence and is biaxial positive.

QUARTZ-ABSENT CALC-SILICATE ROCKS 

The quartz-absent calc-silicate rocks have also

been subdivided into three groups containing or

lacking phlogopitic mica or K-feldspar, or contain-

ing both. The presence of K-feldspar in some sam-

ples, but its absence in others, could be due to the

inability of Reaction 1 (above) to proceed to the right

because of exhaustion of quartz.
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Plate 29. Garnet poikiloblasts (red) in calcareous
psammite (mottled grey and creamy rock in upper
half of image). Although the hollowed-out cores of
the garnet suggest that their composition varies
from core to rim, the exact cause is unknown. The
mottled appearance of the calcareous psammite
may be the result of partial melting. The lower
third of the image shows a later, discordant horn-
blende-bearing pegmatite.



Although some doubt is expressed regarding the identification of diopside versus the possibility that

it is clinozoisite, it is probably diopside. The difficulty stems from the low Fe content in the rocks, which,

if present, normally provides both colour and refractive index contrasts between the two phases. In some

of the samples, tremolite is clearly secondary, mostly as an alteration of diopside, and in some samples it

is seen growing across the penetrative fabric, thus postdating it and not part of the stable mineral assem-

blage.

AMPHIBOLITE

The two samples of amphibolite have similar mineral assemblages, but the more schistose of the two

has experienced some retrogression, perhaps related to the deformation generating the schistosity.

Evidence of the regression is seen by the presence of actinolite, alteration of biotite, and traces of rutile.

A sample of amphibolite was collected for U/Pb geochronological study. An age of 1030 ± 4 Ma was

obtained, and is interpreted to date the time of metamorphism (Kamo, 2008).

GEOLOGICAL HISTORY

The earliest event that can be inferred was the deposition of sandstones, siltstones, calcareous sand-

stones and siltstones, grading into limestone in places. These were probably deposited in a shallow-water

fluvial or marine environment. The time of deposition is uncertain. Until recently, deposition was sug-

gested to have been between 1800 and 1665 Ma (Gower, 2008), based on regional information (Gower

and Krogh, 2002, 2003), but unpublished geochronological data obtained by Kamo (2008) suggests that

it was younger, between ca. 1500 and 1030 Ma. In contrast, in the surrounding area, there is abundant

evidence of major granitoid emplacement events at ca. 1650 and 1500 Ma, but those events have not been

recognized on Battle Island.

Deposition of the supracrustal rocks was followed by burial and metamorphism, and the emplacement

of two mafic sills, the second one following the conduit of the first. As there are hints of fractionation it

is surmised that the sills were emplaced while the sediments were still flat-lying.

During the severe deformation that followed sill emplacement, the rocks were folded and achieved

their present overturned attitude. The prominent down-dip lineation, and tight folds with fold axes co-

axial to the lineation are also considered to have formed at this time. This deformation was suggested to

have occurred during Labradorian thrusting at 1665 Ma by Gower (2008), but unpublished data obtained

by Kamo (2008) suggests that it is Grenvillian, as previously interpreted by Carr and colleagues.

During Grenvillian orogenesis (ca. 1030–1000 Ma in this area; cf. Gower and Krogh, 2002), the rocks

were around the ductile–brittle transition.  This is inferred from the various deformational features exhib-

ited by the pegmatites. Some have clearly been buckled or boudinaged, whereas others occupy planar

fractures and were emplaced under brittle conditions. 
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The next event was the formation of hematite-filled, north-northeast brittle faults showing both appar-

ent sinistral and dextral sub-horizontal displacements, The faults were formed at ca. 615 Ma, or earlier,

during early stages of rifting leading to the formation of Iapetus Ocean. The 615 Ma constraint is imposed

by the age of the Long Range dykes, which occupy some of the north-northeast fractures elsewhere in

eastern Labrador (Kamo et al., 1989; Kamo and Gower, 1994).

The final event was the emplacement of an east-northeast-trending basaltic dyke at an unknown age,

but later than the hematite-filled brittle faults, which the dyke crosscut.
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APPENDIX 1

MINERALS MENTIONED IN TEXT AND THEIR CHEMICAL COMPOSITION

(SIMPLIFIED)

Actinolite Ca2(Mg,Fe)5Si8O22(OH)2

Albite NaAlSi3O8

Allanite Ca2(Al,Ce,Fe)3Si3O12(OH)

Amphibole Group of minerals that includes actinolite, tremolite and hornblende

Amazonite KAlSi3O8 having Pb substitution for some K

Andradite Ca3Fe2Si3O12

Apatite (Ca,F,Cl)Ca4P3O12

Biotite K2(Mg,Fe)2AlSi3O10(OH)

Calcite CaCO3

Carbonate Group of minerals that includes calcite and dolomite

Chlorite (Mg,Fe)5Al2Si3O10(OH)8

Diopside CaMgSi2O6

Dolomite (Ca,Mg)CO3

Clinozoisite Ca2Al3Si3O12(OH)

Epidote Ca2(Al,Fe)3Si3O12(OH)

Feldspars  Group of minerals that includes albite, plagioclase, amazonite, microcline and 

K-feldspar

Fluorite CaF2

Garnet Group of minerals that includes andradite and grossularite

Grossularite Ca3Al2Si3O12

Hematite Fe2O3

Hornblende Ca2(Mg,Fe,Al)5Si8O22(OH)2

Idocrase Ca2Al2Si22O7(OH,F)

Ilmenomagnetite (Fe,Ti)3O4

K-feldspar Group of K-bearing feldspars that includes microcline

Leucoxene Alteration product of Ti-bearing minerals – no fixed composition

Magnetite Fe3O4

Mica Group of minerals that includes biotite, muscovite and phologopite

Microcline KAlSi3O8

Muscovite KAl2AlSi3O10(OH)2

Opaque oxides Group of minerals that includes hematite, leucoxene, magnetite and sulphide

Phologopite KMg3AlSi4O10(OH)

Plagioclase (Na,Ca)Al3-2Si2-3O8

Pyrite FeS2

Pyrrhotite Fe1-xS

Quartz SiO2

Rutile TiO2

Sulphide Group of minerals that includes pyrite and pyrrhotite

Titanite CaTiSiO5

Tremolite Ca2Mg5Si8O22(OH)2

Zircon ZrSiO4

Zoisite Ca2Al3Si3O12(OH)
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APPENDIX 2

GLOSSARY OF TECHNICAL TERMS USED IN TEXT

Note that these are informal definitions, presented without full regard for various genetic or other sub-

tleties of meaning that might be implied.

Amphibolite A metamorphic rock composed mostly of hornblende and plagioclase – typically

derived from a basaltic igneous rock

Amphibolite facies A grade of metamorphism characterized by 450-700EC temperatures and 4-7 kb
pressures

Anhedral Used to describe minerals without well-defined crystal shape

Arenaceous Used to describe sandstones

Boudin A sausage-shaped pod of rock produced by deformation

Colour index The percentage of dark minerals in a rock

Crossbedding Bedding in sediments at a angle to the general stratification

Diabase A fine- to medium-grained basaltic igneous rock composed of plagioclase and

clinopyroxene

Euhedral Used to describe minerals having well-defined crystal shape

Felsic Used to describe rocks composed mostly of feldspar and quartz

Geochronology The science of dating rocks (especially by using isotopic methods)

Gneiss A metamorphic rock having alternating layers of light and dark minerals; general-

ly produced by partial melting

Granoblastic A metamorphic texture in which all minerals are all roughly the same size

Greenschist facies A grade of metamorphism characterized by 300-450EC temperatures 2-4 kb pres-
sures

Grenvillian A mountain-building event that occurred between 1085 and 985 million years ago

Hematization A low-grade metamorphic process involving the formation of hematite

Hornfels A fine-grained metamorphic rock having an equidimensional mineral texture; usu-

ally formed adjacent to a hot intrusive body

Iapetus The name given to an ancient ocean that existed between 540 and 450 million years

ago

Isoclinal Used to describe folds having parallel limbs

Labradorian A mountain-building event that occurred between 1710 and 1600 million years ago

Lit-par-lit Bed-by-bed, or layer-by-layer

Lithological Adjective of lithology, which is the description of rocks

Mafic Used to describe rocks composed mostly of dark minerals

Makkovikian A mountain-building event that occurred between 1800 and 1770 million years ago

Melanocratic Used to describe rocks having a colour index of at least 60% 

Metamict Used to describe minerals that have experienced radiation damage, but retain their

external form

Metasedimentary Used to describe a metamorphosed sedimentary rock

Micaceous Used to describe rocks having abundant mica

Mylonite A finely laminated rock produced by extreme deformation
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Ophitic Used to describe an intergrowth texture in igneous rocks that involves plagioclase

and pyroxene

Orogeny A process that involves mountain building; generally occurring at crustal plate

margins

Paragenesis An association of contemporaneously formed minerals

Pegmatite A very coarse-grained rock, generally of granitic composition and found in dykes

and veins

Pelite A metamorphosed mudstone

Petrography The science of describing rocks, especially applied to microscope studies

Phanerozoic A division of time younger than 540 million years

Phyllosilicate A class of sheet-like minerals, especially micas

Pinwarian A mountain-building event that occurred between 1520 and 1460 million years ago

Pleochroic Used to describe minerals that show different colours in different directions, espe-

cially when applied to microscopic observations

Pluton A deep-seated igneous intrusion

Poikiloblast An abnormally large crystal formed during metamorphic recrystallization and con-

taining abundant inclusions

Porphyroblast An abnormally large crystal formed during metamorphic recrystallization

Proterozoic The period of time between 2500 and 540 million years ago

Protolith The original rock before it was metamorphosed

Psammite A metamorphosed sandstone

Rubiginous Rusty coloured

Schist A metamorphosed rock easily split into thin layers

Sericitization A low-grade metamorphic process involving the formation of sericite (a mus-

covite-like mineral)

Slickensides Striations on a fault surface resulting from friction during fault movements; indi-

cates direction of fault displacement.

Subhedral Used to describe minerals with some well-defined crystal shapes

Supracrustal Used to describe rocks formed at the surface

Symplectic Used to describe a mineral texture formed by the intergrowth of two minerals

Terrane A geologically distinct region, typically bounded by faults

Volcaniclastic A clastic rock made up of volcanic material
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APPENDIX 3

MAJOR- AND TRACE- ELEMENT GEOCHEMICAL DATA FOR SAMPLES 

FROM BATTLE ISLAND

Labno 642024 642025 642026 642027 642028 642029 642031
Sampleno CG07-130A CG07-132A CG07-132B CG07-136A CG07-136B CG07-138A CG07-139

Battle Harbour Battle Harbour
Battle Harbour amphibolite, amphibolite, Calc-silicate, Calc-silicate, Pegmatite, Battle Island

Rocktype psammite biotitic mela gossanous gossanous amazonite dyke

Major elements
SiO2 86.50 48.36 46.26 57.39 45.91 75.14 48.09
TiO2 0.342 1.224 5.183 0.507 2.391 0.048 2.148
Al2O3 6.56 18.10 13.33 10.96 15.23 13.21 13.51
Fe2O3 1.24 1.40 3.19 6.09 13.03 0.08 4.57
FeO 0.69 8.07 10.23 nd nd 0.22 8.68
MnO 0.018 0.138 0.204 0.075 0.051 0.035 0.262
MgO 0.68 7.13 5.30 9.87 6.16 0.08 6.03
CaO 0.78 8.16 10.22 6.10 3.30 0.15 11.04
Na2O 1.74 3.64 3.31 3.46 4.27 2.17 2.43
K2O 1.65 0.98 0.65 3.57 3.97 8.29 0.44
P2O5 0.066 0.300 0.403 0.103 0.877 0.005 0.200
LOI 0.51 1.32 0.41 2.71 4.23 0.51 0.98
Total 100.84 99.72 99.81 99.93 98.49 99.95 99.33

Trace elements

Ag nd nd nd nd nd nd nd
As 0.5 nd 1.2 nd nd nd nd
Au nd nd nd nd nd nd 4
Ba 259 354 215 471 38 980 66
Be 1.1 1.1 nd 1.3 1.2 5.7 nd
Br 1 1 nd 3 3 1 nd
Cd nd 0.1 0.5 nd 0.3 nd 0.5
Ce 36 26 30 21 77 56 18
Co nd 49 41 9 44 nd 52
Co 6 46 72 11 53 nd 55
Cr 13 164 14 37 12 nd 108
Cs 1.4 1.7 nd 3.2 13.0 1.8 5.3
Cu nd 37 nd 23 145 12 225
Dy 2.5 2.5 4.5 4.3 5.2 24.4 6.6
Eu nd 2 2 nd 2 nd 2
F 214 469 715 2140 1940 115 197
Hf 4 2 3 4 5 84 4
Ir nd nd nd nd nd nd nd
La 16 12 15 7 32 17 8
Li 12.7 27.7 11.1 18.8 56.8 3.1 12.2
Lu 0.2 0.3 0.4 0.4 0.4 12.0 0.5
Mo nd nd nd nd nd nd nd
Nb 4 9 21 10 22 534 16
Nd nd 140 nd nd 32 nd 66
Ni nd 118 nd 3 23 nd 54
Pb 8 nd 6 7 7 256 4
Rb 57 35 29 88 147 230 26
Sc 4.7 15.6 53.3 16.0 23.0 2.2 48.8
Sb 0.3 0.2 0.5 nd nd nd nd

(table continued overleaf)
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Labno 642024 642025 642026 642027 642028 642029 642031
Sampleno CG07-130A CG07-132A CG07-132B CG07-136A CG07-136B CG07-138A CG07-139

Battle Harbour Battle Harbour
Battle Harbour amphibolite, amphibolite, Calc-silicate, Calc-silicate, Pegmatite, Battle Island

Rocktype psammite biotitic mela gossanous gossanous amazonite dyke

Sc 5.0 17.0 57.7 15.0 23.8 2.1 50.6
Se nd nd nd nd nd nd nd
Sm 3.6 3.4 5.3 3.2 9.2 11.9 5.1
Sn nd nd nd nd nd nd nd
Sr 64 597 470 274 594 150 207
Ta 0.5 0.7 1.1 0.9 1.6 140.0 0.8
Tb 0.6 0.5 0.8 0.8 1.2 2.8 1.3
Th 4.8 0.7 1.4 9.2 1.4 258.0 0.6
U 1.2 0.3 0.6 3.3 0.7 34.4 0.4
V 25 111 355 68 226 nd 389
W nd nd nd nd 4 nd nd
Y 16 15 26 31 30 175 34
Yb nd nd 3 3 3 62 3
Zn 17 76 103 74 75 20 104
Zr 143 81 139 119 179 879 128

nd – not detected
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APPENDIX 4

BROCHURE ON THE GEOLOGY OF BATTLE ISLAND
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