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Introduction 
 
Several small gneissic inliers in the South 
Mountain Batholith are located in the Hemlock 
Hill, Smiths Corner and Armstrong Lake areas 
approximately 15 km south of Windsor, Nova 
Scotia (Fig. 1) and are host to several significant 
uranium occurrences (e.g. Purdy, 1983; Ham, 
1991). The geological setting of the gneissic units 
has been variably interpreted as representing (1) 
highly metamorphosed equivalents to rocks in the 
Goldenville and Halifax groups (e.g. McKenzie, 
1974; Purdy, 1983; MacDonald, 1994; Mahoney, 
1996), (2) rocks that are distinctly older than the 
Goldenville and Halifax groups and hence 

represent the oldest rock units exposed in the 
Meguma terrane (Ham and Horne, 1986, 1987; 
Ham, 1991), and (3) a Namurian thrust nappe of 
metamorphosed Cambrian Rheic ocean floor 
(Riteman, 1996). 
 

During the 2008–2009 Annapolis Valley  
pre-Carboniferous bedrock mapping project (e.g. 
White, 2010a, b) the gneissic inliers were studied 
as part of a B.Sc. Honours thesis project at Acadia 
University (Doucette, 2010). The purposes of the 
project were to (1) map the gneissic inliers to better 
define the unit and the nature of their contacts with 
adjacent units, (2) describe the petrographic 
characteristics of the gneiss, (3) determine the 
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Figure 1. Simplified geological map of the Meguma terrane, Nova Scotia, showing location of the Hemlock  
Hill–Leminster area (red box). 
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protolith and metamorphic history, and (4) 
investigate the relationship between the gneissic 
units and the Halifax and Goldenville groups. 
 
Because no formal name has been given to the 
gneissic unit in published literature, Doucette 
(2010) informally assigned the name “Hemlock 
Hill gneiss” after the dominant topographic feature 
in the area (Fig. 2). This designation is adopted here. 
 

Geological Setting 
 
The southern part of mainland Nova Scotia, known 
as the Meguma terrane (Fig. 1), is the most 
outboard terrane of the northern Appalachian 
orogen (Hibbard et al., 2006). It is dominated by a 
Cambrian–Ordovician sandstone-shale turbiditic 
sequence (Goldenville and Halifax groups) and a 
Silurian–Devonian volcanic-sedimentary sequence 
(Rockville Notch Group) (e.g. White, 2010a, b; 
White et al., 2012). Regional mapping in recent 
years has resulted in a better understanding of 
stratigraphy in the Meguma terrane and the 
development of a refined lithostratigraphic 
nomenclature (e.g. White, 2010a, b; White and 
Barr, 2010; White, 2012; White, et al. 2012). Based 
on stratigraphic differences, White (2010b, 2012) 
showed that the Meguma terrane can be divided 
into northwestern and southeastern parts separated 
by a major high-strain zone, the Chebogue Point 
shear zone. The northwestern and southeastern 
parts of the terrane are differentiated by the details 
of the Cambrian–Ordovician stratigraphic units and 
the restriction of a major mafic dyke swarm and the 
Rockville Notch Group to the northwestern part 
(White, 2010a, b). 
 
Both the Cambrian–Ordovician and Silurian–
Devonian successions were regionally 
metamorphosed to lower greenschist facies (locally 
to lower amphibolite facies) and deformed into 
north- and northeast-trending folds with associated 
axial-planar cleavage during the Middle Devonian 
(Hicks et al., 1999). This event is referred to as the 
Neoacadian orogeny, following van Staal (2007) 
and White et al. (2007). The successions were 
intruded by abundant ca. 385–357 Ma 
peraluminous granitoid plutons (e.g. Clarke et al., 
1997; MacLean et al., 2003; Reynolds et al., 2004; 
Moran et al., 2007), the largest of which is the 

South Mountain Batholith (Fig. 1), which has 
narrow, well developed contact metamorphic 
aureoles containing mineral assemblages 
characteristic of up to hornblende-hornfels facies 
(Purdy, 1983; Mahoney, 1996; White, 2003; Clarke 
et al., 2009; Jamieson et al., 2012). Upper 
Devonian–Carboniferous and Mesozoic rocks 
unconformably overlie the northern margin of 
Meguma terrane and are preserved locally 
elsewhere in the terrane (Fig. 1). 
 
The Hemlock Hill gneiss consists of a main body 
of gneiss at Hemlock Hill and two smaller inliers to 
the southeast. The main body is approximately  
5 km by 1.75 km in size and the smaller inliers are 
1 km by 0.2 km (Fig. 2). They are surrounded by 
medium- to coarse-grained, megacrystic 
leucomonzogranite of the Panuke Lake and New 
Ross plutons and an unnamed coarse-grained and 
megacrystic granodioritic pluton of the South 
Mountain Batholith (Ham 1991). The Hemlock Hill 
gneiss was previously mapped as part of the 
Goldenville Formation of the gold-bearing 
Meguma Series (Wright, 1912; Faribault, 1931). 
Later mapping and follow-up petrographic studies 
related to mineral exploration by McKenzie (1974) 
and Purdy (1983) interpreted the inliers as large 
Meguma Group xenoliths and the gneissic textures 
as the result of contact metamorphism. Ham and 
Horne (1986) and Ham (1991) showed numerous 
gneissic outcrops along Highway 14 and other 
roadways, trails and lakeshores in the area. They 
described the unit as resembling greywacke and 
slate of the Goldenville Group in general 
appearance and mineralogy but with gneissic 
banding that displayed at least four stages of 
intense deformation. Based on these structural 
observations, they implied that the gneissic units 
were older than the Goldenville Group. 
 

Field Relations 
 
Contacts between the main body of the Hemlock 
Hill gneiss and the surrounding granitoid units 
were not observed. However, the presence of 
several granodioritic and leucomonzogranitic dykes 
similar to the surrounding rocks of the South 
Mountain Batholith and the presence of numerous 
gneissic xenoliths in the granitoid rocks near 
contacts indicate an intrusive relationship. Based 
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on shear fabrics and slickenside striations, the 
northwestern margin of the main gneissic body is 
in faulted contact with the granodiorite (Doucette, 
2010). Kinematic indicators (slickenside striations) 
suggest an overall dip-slip sense of movement, east
-side (gneiss) down. 
 
Most of the Hemlock Hill gneiss, including the 
small bodies to the southeast (Fig. 2), is grey,  
fine-grained quartzofeldspathic gneiss with a 
biotite-rich foliation parallel to compositional 
layering. However, many outcrops are migmatitic 
with phlebitic and schlieren structures 
(classification of Mehnert, 1968) and display well 

defined paleosome and neosome in which the 
leucosome is an irregular vein-like network 
separating irregular patches of melanosome/
paleosome (Fig 3a, b). More psammitic layers are 
up to 40 cm thick and typically boudinaged along 
strike. At the southern margin of the main gneissic 
inlier (Fig. 2) the rocks are grey, massive, fine-
grained spotted psammitic to semi-pelitic hornfels 
with faint relict bedding. The more pelitic interbeds 
typically display gneissic to migmatitic textures. 
 
Calc-silicate nodules up to 20 cm long are common 
in the more psammitic bands and typically display 
well developed concentric zonation (Fig. 3c). Near 

Figure 2. Simplified geological map of the Hemlock Hill–Leminster area showing TWQ sample locations. 
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the southern margin of the main gneissic body, 
xenoliths in the adjacent granodiorite are 
manganiferous and contain coticules (Fig 3d). 
 
Although the original sedimentary features have 
been destroyed by metamorphism, the textural 
features observed at the outcrop scale are similar to 
those observed in the contact metamorphic aureole 
around the Barrington Passage and Port Mouton 
plutons.  In those areas, pelitic rocks are 
migmatized and associated with large 
metasandstone boudins but can be mapped out into 
lower metamorphic-grade rocks typical of the 
Government Point formation (White, 2003, 2005, 
2010b). For this reason the Hemlock Hill gneiss is 
interpreted to be equivalent to the Government 
Point formation (Fig. 4). 

Outcrops farther to the southwest in the Leminster 
area (Fig. 2) have been mapped as part of the 
Halifax and Goldenville groups, and intruded by 
leucomonzogranite of the Panuke Lake and New 
Ross plutons as well as unnamed granodiorite (e.g. 
Ham, 1991). However, mapping related to this 
study has shown that these rocks belong entirely to 
the Goldenville Group under the new stratigraphic 
regime (White, 2010b). They consist dominantly of 
grey, fine-grained psammitic hornfels and more 
pelitic beds spotted with biotite and cordierite. 
Chiastolitic andalusite was documented in the 
pelitic beds close to the contact with the host 
granitoid rocks (Purdy, 1983). Sillimanite was not 
recognized in the present study, which is consistent 
with the earlier observations by Purdy (1983) and 
Mahoney (1996). Gneissic fabrics, like those 

Figure 3. (a) Migmatitic folded pelitic gneiss from the Hemlock Hill area. Penny for scale. (b) Gneissic layering in pelitic 
gneiss from the Hemlock Hill area. Quarter for scale. (c) Calc-silicate nodule in pelitic gneiss, displaying concentric zona-
tion pattern (Hemlock Hill area). Hammer approximately 30 cm long. (d) Gneissic xenoliths with coticule layers from the 
Chateau Village area. Hammer approximately 30 cm long. 
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developed in the Hemlock Hill gneiss, were not 
observed. Primary sedimentary structures, such as 
ripples and cross-lamination, are still preserved and 
indicate that the section is right-way-up with 
stratigraphic top to the southeast. These rock types 
and associated sedimentary structures are typical of 
the Government Point formation of the Goldenville 
Group exposed to the south (Fig. 4). 
 
An abandoned quarry along the eastern part of the 
Leminster area contains light brown to purple, fine-
grained spotted hornfels with pink coticule-rich 
laminations and pervasive steel-blue 
manganiferous staining. The presence of the 
coticule beds was first documented by Purdy 
(1983). This coticule-bearing unit is typical of the 
upper part of the Goldenville Group known as the 
Moshers Island formation (Fig. 4). 
 

Economic Geology 
 
The earliest documented mineral exploration in the 
Hemlock Hill-Leminster area occurred in the early 
1900s and was concentrated around  
molybdenite-bearing quartz veins in the South 
Mountain Batholith and Goldenville Group 
(Wright, 1966). Several small shallow pits 
discovered by Purdy (1983) are related to this early 
exploration. In the 1970s uranium was discovered 
near Millet Brook by Aquitaine Company of 
Canada Limited (Kidd Creek Mines Limited), and 
as a result extensive exploration was conducted in 
the area, which resulted in the discovery of several 
additional uranium and other metallic mineral 
occurrences (Purdy, 1983; Logothetis, 1984; Ham, 
1991). These studies showed that uranium in the 
hornfels and gneiss occurs as torbenite and autunite 
along north- and northeast-striking fractures 
typically associated with marcasite veins and 
albitic, hematitic and calcic alteration. Numerous 
fluorite-bearing quartz and galena-sphalerite veins 
cut both granitoid and hornfels and locally have 
anomalously high radiometric readings (Purdy, 
1983). More recently, the area has been prospected 
for placer gold (Riteman, 1996). 
 
The area has high potential for industrial minerals. 
Sand and gravel deposits are numerous, and some 
are currently being exploited. In addition, the 
granodiorite and leucomonzogranite in the area are 
currently being quarried for local aggregate use. 

Structural and Metamorphic 
Features 
 

Leminster Area 
 
In the hornfelsic units of the Goldenville Group in 
the Leminster area, lithological layering (S0) and 
relict cleavage (S1) are typically preserved.  
Large-scale F1 folds have not been identified; 
however, the relationship between S0 and S1, as 
well as rare intersection lineations (S0/S1) and 
minor crenulation folds, suggests that deformation 
produced regional northeast-trending upright F1 
folds with sub-horizontal axes (Fig. 5a). These 
folds are consistent with those noted elsewhere in 
the Goldenville and Halifax groups (e.g. White, 
2007, 2008). 
 
Pelitic, semipelitic and psammitic rock units in the 
Leminster area display fine-grained xeno- to 
granoblastic hornfelsic textures and contain the 
mineral assemblage quartz + white mica + 
plagioclase + epidote + biotite + K-feldspar ± 
chlorite and accessory tourmaline, titanite, apatite, 
zircon, calcite and Fe-Ti oxide minerals (Mahoney, 
1996; Doucette, 2010). In addition, the pelitic rocks 
contain poikiloblasts of biotite, cordierite and 
andalusite. Xenoblastic biotite (<0.50 mm) is 
randomly oriented and relatively inclusion-free. It 
has high aluminum and plots midway between  
Al-annite and Al-phlogopite (Fig. 6a). Cordierite is 
characteristically oval in shape and displays sector 
twinning where it is not heavily pinitized. 
Cordierite grains contain abundant inclusions of 
fine-grained quartz, muscovite, biotite, chlorite and 
Fe-Ti oxides. The andalusite is typically 
xenoblastic and inclusion-free, and occurs as 
‘blebs’ in cordierite; where not associated with 
cordierite, it is idioblastic and chiastolitic. Fine-
grained corundum and spinel grains have been 
documented in the pelitic rocks and shown to 
overgrow the matrix (Mahoney, 1996). 
 
Small (<0.2 mm) idioblastic ‘dusty’ garnet grains 
were observed only in the coticule samples and 
contain up to 30% spessartine component (Fig. 6b). 
Calc-silicate rocks contain calcite + amphibole + 
quartz + epidote + plagioclase + K-feldspar  
(± biotite ± chlorite) and accessory titanite, apatite, 
rutile and Fe-Ti oxide minerals. 



Report of Activities 2012  93 

Hemlock Hill Area 
 
In the Hemlock Hill area, the gneissic rocks 
behaved in a ductile manner. On the west and east 
sides, near MacDonald Pond and Highway 14, 
respectively (Fig. 2), the orientation of gneissic 
layering is steep and trends north-northeast, 
whereas along the southern margin of the main 
body and at Armstrong Lake (Fig. 2) gneissic 
layering dips moderately to shallowly to the south 
(Fig. 5b). The gneissic rocks contain numerous 
minor folds, which define a well developed girdle 
distribution trending north-northeast (Fig. 5c), 
parallel to the plane of the average gneissic 
layering (cf. Fig. 5b and c). This pattern attests to 
the ductile character of the gneissic rocks and may 
indicate that a regional structure such as a sheath 
fold is responsible for the structural pattern observed. 
 
In all the gneissic units the pelitic layers are 
migmatitic, whereas the psammitic layers are more 
competent, foliated parallel to compositional 
layering and boudinaged along strike. For these 
reasons, the psammitic layers are interpreted to 
represent the original sedimentary bedding. The 
psammitic rocks are very fine- to fine-grained and 
have foliation defined by idioblastic, biotite-rich 
laminations. Muscovite is not abundant. The 
semipelitic and pelitic rocks are coarser grained 
than the psammitic rocks, and have foliation 
defined by alternating biotite-rich and 
quartzofeldspathic layers 1–3 mm wide. Biotite is 
idioblastic, randomly oriented and similar in 
composition to biotite in the hornfelsic rocks in the 
Leminster area (Fig. 6a). White mica is less 
abundant, subidioblastic and oriented parallel to 
biotite. It contains relatively high total aluminium 
and low total silica and is muscovite in 

Figure 5. Equal-area stereonets of structural data from 
the Hemlock Hill–Leminster area. (a) Plot of poles to 
bedding and cleavage, and related minor fold axes and 
intersection lineations in hornfels from the Leminster 
area. Solid great circle shows the calculated orientation 
of S0, and the yellow star shows the calculated average 
fold axis. (b) Contoured poles to gneissic layering in the 
Hemlock Hill gneiss. Solid great circle shows the average 
gneissic orientation. Contours are at 1, 3, 5 and greater 
than 7% per 1% area; darkest shading indicates highest 
contour area. (c) Plot of minor fold axes in gneiss. Solid 
great circle shows the calculated orientation of axes, and 
the yellow star shows the calculated pole to fold axes. 
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Figure 6. Composition of metamorphic minerals determined by electron microprobe analyses from the Hemlock  
Hill–Leminster area (data from Mahoney, 1996 and Doucette, 2010). (a) Biotite. (b) Garnet. (c) Muscovite (figure from Pe
-Piper, 1985). (d) Plagioclase. (e) Amphibole. 
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composition (Fig. 6c). The felsic layers consist of 
granoblastic quartz, plagioclase (albite to 
oligoclase; Fig. 6d) and potassium feldspar 
(orthoclase to minor microcline). 
 
Pinitized cordierite is present in all the pelitic 
samples. It typically occurs as xenoblastic 
poikiloblasts with grain size up to 3 mm, as well as 
smaller ovoid grains up to 0.5 mm in diameter in 
semipelitic rocks. It contains abundant inclusions 
of quartz and Fe-Ti oxides. Due to the pinitization, 
no reliable chemical analyses were obtained 
(Doucette, 2010). Fibrolitic sillimanite is close to 
and intergrown with biotite, muscovite and 
cordierite in many samples. Rare garnet occurs as 
xenoblastic poikiloblasts (<0.2 mm) in biotite-rich 
layers and is embayed and free of inclusions. 
Garnet also occurs as inclusions in cordierite 
grains. Andalusite was not observed during the 
present study but has been documented to exist in 
the gneiss along Highway 14 as inclusion-free 
idioblastic porphyroblasts with cores altered to 
sericite (Mahoney, 1996). 
 
Calc-silicate rocks consist of a matrix of 
subidioblastic cordierite, quartz and amphibole, and 
minor amounts of biotite, muscovite, calcite, 
clinopyroxene and subidioblastic, poikiloblastic 
garnet porphyroblasts (<1.5 mm in size). 
Amphibole is high in Ca and is classified as 
actinolitic hornblende (Fig. 6e). Compared to the 
pelitic rocks, biotite compositions are somewhat 
more magnesian (Fig. 6a). The garnet is  
almandine-rich with a significant grossular 
component (Fig. 6b). Common accessory minerals 
include opaque minerals, zircon, tourmaline, rutile, 
titanite and apatite. 
 

Metamorphic Conditions 
 
It can be inferred by the presence of andalusite in 
both the Hemlock Hill gneiss and hornfelsic units 
in the Leminster area that pressure during 
metamorphism was less than 4 kbar. Furthermore, 
the ubiquity of cordierite and absence of staurolite 
in the samples indicates that pressure was likely 
lower than approximately 2 kbar (Doucette, 2010). 
Winter (2010), utilizing the pelite petrogenetic grid 
of Spear and Cheney (1989) and Spear (1999), 
suggested that below pressures of ca. 2 kbar, the 

development of chlorite-cordierite-biotite  
(+ muscovite + quartz) is favoured over staurolite. 
Winter (2010) also noted that garnet is commonly 
absent from pelite in the lowest pressure contact 
metamorphic aureoles. This interpretation is 
consistent with the rare presence of garnet in rocks 
of the study area. It occurs only in rocks of  
non-pelitic composition, either Mn-rich coticule 
layers (where garnet contains up to 30% spessartine 
component) or calc-silicate nodules (where garnet 
contains up to 30% grossular and 15% spessartine 
components). However, tiny, strongly embayed 
garnet grains are present in some gneissic samples 
but were not previously recognized (cf. Doucette, 
2010). This suggests that pressures during peak 
metamorphism could be greater than 2 kbar. 
 
Many outcrops in the Hemlock Hill gneiss have a 
migmatitic aspect with well developed leucosome 
and melanosome (Figs. 3a, b). The presence of 
migmatite implies temperatures near the ‘wet’ 
granite solidus at ca. 650°C (Fig. 7f). The 
assemblage muscovite + quartz + sillimanite +  
K-feldspar + water present in many samples is 
univariant and undergoes the reaction quartz + 
muscovite = K-feldspar + sillimanite + water. This 
reaction is commonly called the second sillimanite 
isograd and marks the point where muscovite 
ceases to coexist with quartz. In low-pressure (ca. 
3.0 kbar) metapelite this change occurs at about 
650°C and close to the ‘wet’ melting curve 
(Yardley, 1989). 
 
Metamorphic temperature and pressure conditions 
in the Hemlock Hill gneiss and hornfelsic units in 
the Leminster area were estimated using the 
software program TWQ (version 2.32) of Berman 
(1991) with the database of Berman and Aranovich 
(1996). This program uses the thermodynamic data 
for end-member phases and the solution models of 
Chatterjee and Froese (1975), Berman (1990) and 
McMullin et al. (1991) for muscovite, garnet and 
biotite, respectively. For a given set of end-member 
phases, the program calculates all possible stable 
equilibria applicable to that sample. 
 

The samples selected for TWQ calculations (Fig. 2) 
are those containing mineral assemblages suitable 
for geothermobarometric studies that appear to be 
in textural equilibrium. However, one factor that 
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Figure 7. TWQ plots for samples from the Hemlock Hill–Leminster area. (a) Sample SMB-05-97A from a pelitic gneiss. 
(b) Sample VJD-09-21 from a pelitic gneiss. (c) Sample VJD-09-25 from a pelitic gneiss. (d) Sample VJD-09-04C from a 
calc-silicate nodule in the gneiss. (e) Sample VJD-09-10B from a coticule band in the hornfels at Leminster. (f) P-T  
conditions inferred from gneissic and hornfelsic samples. The wet melting curve is from Johannes (1984). Mineral  
abbreviations taken from Whitney and Evans (2010). 
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hinders TWQ calculations is that most of the 
cordierite in the samples is extensively pinitized 
and no suitable analyses were obtained (Doucette, 
2010). Hence, cordierite analyses from 
stratigraphically similar horizons in contact 
metamorphic aureoles elsewhere in the Goldenville 
Group were used. Sample KM-93-27 (Mahoney, 
1996) from the metamorphic contact aureole 
around the South Mountain Batholith in the 
Blandford to Aspotogan area was used for 
migmatitic gneiss samples, whereas cordierite from 
coticule sample KM-93-15 (Mahoney, 1996) in the 
contact metamorphic aureole in the Mount Uniacke 
area was used for the hornfels sample. Cordierite 
from similar stratigraphic horizons in the Shelburne
-Port Mouton-Barrington Passage area (e.g. 
Peskleway, 1996) yielded similar compositions. 
 
Five samples yielded reasonable P-T results (Fig. 2, 
7a–e) in the Hemlock Hill gneiss and hornfels in 
the Leminster area. Migmatitic pelitic samples 
SMB-05-97A, VJD-09-21 and VJD-09-25 from the 
Hemlock Hill gneiss contain the assemblage quartz + 
biotite + muscovite + plagioclase + K-feldspar + 
cordierite + sillimanite. Using biotite and muscovite 
analyses from Doucette (2010) and a cordierite 
analysis from Mahoney (1996), TWQ yielded 
pressures and temperatures for these three samples 
of 3.10 kbar and 665oC, 2.6 kbar and 640oC, and  
2.6 kbar and 645oC, respectively (Fig. 7a–c). 
 
Sample VJD-09-04C, a calc-silicate nodule from 
the Hemlock Hill gneiss, contains the assemblage 
quartz + muscovite + biotite + cordierite + 
amphibole + garnet. Using biotite and garnet 
analyses from Doucette (2010) and a cordierite 
analysis from Mahoney (1996), TWQ yielded a 
slightly higher pressure at 3.2 kbar and temperature 
similar to other estimates at 620oC (Fig. 7d). 
 
Hornfelsic coticule sample VJD-09-10B from the 
Moshers Island formation (Fig. 2) displays no 
evidence for melting. TWQ results using garnet 
and biotite analyses from Doucette (2010) and a 
cordierite analysis from Mahoney (1996) yielded 
lower pressure and temperature estimates of  
2.2 kbar and 570oC (Fig. 7e). 
 
The P-T conditions obtained for the gneissic 
samples fall in the sillimanite field on or near the 
melt reaction (Fig. 7f) in agreement with the 

metamorphic mineral assemblage and the observed 
overall migmatitic aspect of most of these rocks in 
the Hemlock Hill gneiss. The hornfelsic sample 
plots in the andalusite field, well below the melting 
curve and consistent with the non-migmatitic 
character of this unit. 
 

Discussion 
 

Metamorphism  
 
Metamorphosed rocks in the study area vary from 
hornfels in the Leminster area to migmatitic gneiss 
in the Hemlock Hill, Smiths Corner and Armstrong 
Lake areas. The hornfels is interbedded 
quartzofeldspathic/psammitic rocks and spotted 
metapelite, and displays classic contact 
metamorphic textures and the peak metamorphic 
assemblage of biotite + cordierite + andalusite that 
yielded P-T conditions of 570°C at 2.2 kbar. No 
sillimanite was recognized, but elsewhere in the 
contact metamorphic aureole of the South 
Mountain Batholith, sillimanite is locally present in 
hornfels adjacent to the plutonic rocks (Mahoney, 
1996; White, 2007). 
 
Peak metamorphic conditions in the Hemlock Hill 
gneiss resulted in partial melting in the pelitic rocks 
and the formation of migmatite. The mineral 
assemblage includes biotite + oligoclase + 
cordierite + sillimanite ± andalusite, which is 
characteristic of medium- to high-grade 
metamorphism in pelitic rocks (e.g. Yardley, 1989; 
Nesse, 2000). Maximum P-T conditions were 
determined to be 665°C at ca. 3.2 kbar. 
 
Mahoney (1996) attributed the presence of 
sillimanite and migmatitic textures in the Hemlock 
Hill gneiss (in contrast to the andalusite-bearing 
hornfels near Leminster) to two heating events 
related to contact metamorphism from the South 
Mountain Batholith. The first event was related to 
“stage 1” plutonism followed by the younger “stage 
2” plutonic event (e.g. MacDonald 1994). A more 
likely scenario is that the rocks in the Hemlock Hill 
area are underlain by granite, as also suggested by 
MacDonald (1994), and hence heating persisted 
long enough to produce sillimanite and migmatite 
in contrast to the more rapidly cooled rocks in the 
Leminster area. This interpretation is supported by 
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gravity data  from along Highway 14 that showed 
the gneisses to be “rootless” and underlain by 
granite (Riteman, 1996). Riteman (1996) 
interpreted these data to indicate that the gneiss 
was thrust into place and is exotic to the Meguma 
terrane. However, the absence of shallow 
deformational structures in the area precludes this 
interpretation. 
 
Andalusite and particularly cordierite are 
characteristic of low-pressure metapelite (Winter, 
2010), and the ubiquity of cordierite throughout the 
study area indicates low-pressure metamorphism, 
ruling out any possibility of deep burial. 
Metamorphic conditions determined in this study 
vary from hornblende hornfels (Leminster area) to 
pyroxene hornfels facies (Hemlock Hill gneiss). 
The higher temperatures reached in the Hemlock 
Hill gneiss suggest that the granodiorite extends 
under the gneissic rocks, which resulted in higher 
heat flow, and that the Hemlock Hill gneiss 
represents the roof of the batholith, as opposed to 
the country rock ‘side wall’ in the Leminster area. 
 

Stratigraphic Relationships 
 
Calc-silicate nodules such as those common 
throughout the Hemlock Hill area are 
characteristically present in metasandstone of the 
Government Point formation (White, 2010a, b). 
Coticule beds like those in the Leminster area are 
characteristic of the Moshers Island formation, the 
uppermost unit of the Goldenville Group (White, 
2010b). In the Falls Lake area, located along the 
structural trend from the coticule layers in the 
Leminster area, manganese-stained xenoliths with 
rare coticules were observed in granitic outcrops. 
This observation indicates that the Hemlock Hill 
gneiss lies in the upper part of the Government 
Point formation below the Moshers Island formation. 
 

Conclusions 
 
The findings of this study indicate that the 
Hemlock Hill gneiss is located in the upper part of 
the Goldenville Group and includes the upper part 
of the Government Point formation and overlying 
Moshers Island formation. It does not represent 
rocks exotic to the Meguma terrane. It is 
interpreted that the Hemlock Hill gneiss is a roof 

pendant, a projection of the Government Point 
formation roof rocks into the pluton that has 
become isolated by erosion. Metamorphic 
conditions determined in this study vary from 
hornblende hornfels (Leminster area) to pyroxene 
hornfels facies (Hemlock Hill area) with peak 
pressure and temperature values at 3.2 kbar  
and 675°C. 
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