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INTRODUCTION 

 The Caledonian Highlands of southern New Brunswick consist mainly of Late 
Neoproterozoic volcanic, sedimentary, and plutonic rocks and overlying Cambrian to early 
Ordovician sedimentary rocks, known collectively as the Caledonia terrane (Barr and White 
1996, 1999).  The Caledonia terrane is considered to be part of Avalonia (Fig. 1 inset), a 
composite terrane containing segments generally recording Neoproterozoic to Cambrian histories 
of deposition, igneous activity and deformation (e.g., Hibbard et al. 2006).   
 This field guide paper presents the results of a preliminary survey of a major ductile high-
strain zone that cuts obliquely across the Caledonia terrane from the Prosser Brook area in the 
NE to the coast near Big Salmon River in the SW (Fig. 1, see Barr and White 2004a, 2004b, 
2004c, 2004d, St. Peter et al. 2004).  The zone contains enclaves of Coldbrook Group bounded 
by Broad River Group and intrusions of the Point Wolfe River plutonic suite with a modified 
unconformable and intrusive relationship (Fig. 1).  This high-strain zone is one of a series of 
regional features that can be traced west at least as far as Cape Spencer (Ruitenberg et al. 1973), 
and around Big Salmon River also incorporates tectonic enclaves of the Cambrian-Ordovician 
Saint John Group (McLeod and McCutcheon 1981, McLeod 1987). 
 
GEOLOGICAL BACKGROUND 
 Barr and White (1988, 1993, 1999, 2004a) developed a stratigraphic subdivision of the 
supracrustal rocks of the Caledonia terrane, recognizing an older Broad River Group and 
younger, unconformably overlying Coldbrook Group.  Both groups were intruded by 
comagmatic plutonic rocks, including an older Point Wolfe River plutonic suite and related 
intrusions emplaced into the Broad River Group below the unconformity, and a younger suite 
intruding both groups.  Geochronological studies have constrained the intrusive events at 630 - 
615 Ma for the Point Wolfe River plutonic suite, and 560-550 Ma for the younger Bonnell Brook 
pluton and related intrusions (Bevier and Barr 1990; Barr et al. 1994; Barr and White 1999).  
Dating of volcanic components of the Broad River and Coldbrook groups, as well as 
petrochemical similarities to the corresponding plutonic units, indicate that the Broad River and 
Coldbrook groups have ages of ca. 630-620 Ma and 560-550 Ma, although the maximum age of 
the Broad River Group is not constrained.  The Broad River Group and associated plutons 
formed in a continental margin magmatic arc setting, whereas the Coldbrook Group and 
associated plutons formed in a post-arc rifting environment (Barr and White 1999).  The 
Hammondvale Metamorphic Suite, forming a fault-bounded sliver on the northwestern edge of 
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Figure 1.  Outline geological map of eastern part of the Caledonia Highlands, southeast New Brunswick (after Barr 
and White 2004a, 2004b, 2004c, 2004d; St. Peter et al. 2004).  Insets show location within southern New Brunswick 
and distribution of Appalachian terranes (after Barr and White 1994). 
 
the Caledonia terrane (Fig. 1) has been interpreted to be an accretionary complex on the trench 
side of the Broad River Group magmatic arc (White et al. 2001), indicating that subduction was 
to the southeast (present-day coordinates). 
 A summary of those aspects of Caledonia terrane stratigraphy that impinge on the high-
strain zone is the subject of this study; more regional details are provided by Barr and White 
(1999, White 2004a, 2004b, 2004c, 2004d) and St. Peter et al. (2004).   Both the older Broad 
River Group and younger Coldbrook Group have been subdivided into lithostratigraphic 
formations, and although younging and facing information from the Coldbrook Group is reliable 
to the point where relative age relationships of these formations can be tentatively identified, 
such relationships in the Broad River Group remain ambiguous as few reliable way-up and 
facing indicators have been demonstrated. 
 The lithostratigraphic units of the Broad River Group impinging on this high-strain zone 
are as follows (Fig. 1, after Barr and White 1988, 1993): 



4 
 

1. Hayward Brook Formation: consisting of mafic and felsic tuff, amygdaloidal basalt, 
minor rhyolite, abundant pyrite-rich felsic layers, sheets of quartz-rich granitic rocks, 
phyllitic metasedimentary and metatuffaceous rocks.  These units are seen at STOP 3 and 
STOP 4. 

2. Pine Brook Formation: consisting of metasiltstone, metasandstone, metamorphosed 
pebble conglomerate, the last two units being notably arkosic.  This unit is seen at STOP 
4. 

3. Goose River Formation: consisting of red, maroon and grey slate, phyllite, arkosic 
metasandstone, metaconglomerate and minor micaceous metaquartzite 

 Two lithostratigraphic units of the Coldbrook Group occur in this study area (Fig. 1, after 
Barr and White 1988, 1993), namely: 

1. Silver Hill Formation: consisting of red to grey, commonly flow-banded rhyolite and 
rhyolitic tuff, with locally important laminated siltstone and chert.  This unit is seen at 
STOP 1 and STOP 2. 

2. Hosford Brook Formation: consisting of amygdaloidal to massive basalt, with minor 
mafic tuff. 

In the study area the Silver Hill Formation consistently overlies the Hosford Brook Formation, 
and limited younging indicators suggest this is a primary depositional relationship.  The outcrop 
of these lithologies outlined in the maps of Barr and White (2004a, 2004b, 2004c, 2004d, St. 
Peter et al. 2004) has only been modified slightly during this study.  A new area of Coldbrook 
Group rocks has been defined around Hayward Pinnacle, consisting of metabasalts with an 
intrusion of porphyritic dacite (forming the Pinnacle itself, south of Prosser Brook, Fig. 1).  
These rocks are considered to be part of the Hosford Brook Formation. 

Structural analysis 

 For the purposes of structural analysis the area covered by this project has been broken 
down into four domains: west of Fundy National Park, north of Fundy National Park, around 
Ferndale, and south of Prosser Brook (an area including Hayward Pinnacle and Stuart Mountain, 
see Fig. 2).  

Structures in the supracrustal rocks I (Broad River Group) 

 The rocks of the Broad River Group are dominated by a pervasive, penetrative foliation 
that is generally parallel to bedding (S0-1).  Locally, in meta-arkose of the Pine Brook and Goose 
River formations or the more massive felsic and mafic metavolcanic rocks of the Hayward Brook 
Formation, bedding and foliation are distinct (Figs. 3a, b, c, d), but no consistent vergence or 
facing changes have been recorded.  Two traverses, one west of Fundy National Park and 
another north of Fundy National Park, were chosen because they crossed relatively well-exposed 
examples of outcrop patterns that were potential examples of folds associated with the S0-1 
foliation (Fig. 2).  In both cases enclaves of Pine River or Goose River formations are 
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Figure 2.  Outline geology of the high strain zone between Caledonia Mountain and Point Wolfe River showing 
location of the four structural domains of this study (see text).  Structural data collected for this project has been 
supplemented with data from the maps of Barr and White (2004a, 2004b, 2004c, 2004d; St. Peter et al. 2004). 
 

surrounded with apparent closure, by Hayward Brook Formation.  One example, an enclave of 
conglomeratic and arkosic Pine Brook Formation is seen at STOP 4.  No folds (F1) associated 
with this foliation have been recorded at any scale in the area covered by this project.  Nor have 
any consistent changes in way-up been observed.  Where way-up criteria are preserved they are 
commonly top to the northwest or north-north-west.  This is consistent with the observations and 
conclusions of earlier studies (Ruitenburg et al. 1979). 
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Figure 3. Examples of S0-1 in the Broad River Group.   

a. Meta-arkose from the Broad River Group (Pine Brook Formation) with very weak development of S0-1.  
The pale, fine-grained enclaves are shale clasts, south of Prosser Brook (GPS N 45° 48’ 50.1”, W 064° 53’ 
44.8”), scale = coin = 1.8 cm diameter. 

b. Metamorphosed crystal tuff (andesitic?) with very weak development of the composite foliation S0-1.  From 
Broad River Group (Hayward Brook Formation) south of Prosser Brook (GPS N 45° 49’ 19.4”, W 064° 53’ 
44.3”), scale = coin = 1.8 cm diameter. 
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c. Metamorphosed mafic volcanic rock (basalt-andesite?) with relict amygdales (chlorite fill) and very weak 
expression of S1 foliation, from Broad River Group (Hayward Brook Formation) south of Prosser Brook, 
same location as Fig. 3b, scale = coin = 1.8 cm diameter. 

d. Metamorphosed mafic volcanic rock – amygdaloidal and porphyritic basalt or andesite, with weak 
development of S1 and S2.  Same location as Figs 3b, c. Scale = coin = 1.8 cm diameter. 

e. Spaced S1 foliation in amydaloidal, porphyritic basalt-andesite of Broad River Group (Hayward Brook 
Formation), same location as Figs 3b, c, d.  Scale = coin = 1.8 cm. 

f. Metaconglomerate of the Broad River Group (Pine Brook Formation) with clasts of vein quartz(q), 
limestone(L), calc-silicate rock(cs) and red mudstone.  S0-1 is prominent.  Logging road north of Old 
Shepody Road (GPS N 45° 40’ 47.2”, W 065° 03’ 53.3”).  Face is perpendicular to foliation and parallel to 
lineation (L1

m). Scale = coin = 1.8 cm diameter.  STOP 4. 
g. Metaconglomerate of the Pine Brook Formation with S0-1 parallel to bedding, showing development of L1

m 
on the main foliation, same location as Fig. 3c, scale = coin = 1.8 cm diameter.  STOP 4. 

 

 

 
Figure 4.  Stereographic projections of structural elements in the four domains along the high strain zone                   
between Caledonia Mountain and the Point Wolfe River (see Fig. 2 for locations).  All stereonets are equal area 
lower hemisphere projections. 
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The S0-1 foliation is expressed by white mica or chlorite growth in felsic metavolcanic rocks, 
white mica beards on detrital feldspar and quartz grains in meta-arenite, and chlorite with rare 
green amphibole growth in metabasaltic lithologies.  Mica beards in metasedimentary rocks and 
deformed pumice shards, lapilli and less well-characterized fragments in metavolcanic rocks, all 
define a pervasive stretching lineation (L1

m) within S0-1.  The lineation typically lies close to the 
down-dip direction on the foliation (S0-1) and therefore has a very consistent plunge to the 
northwest or north-north-west.  Locally, later folding (F2) has changed this orientation to a 
southeast or south-southeast plunge (Fig. 4).  These features are seen at STOP 3 and STOP 4. 

 Kinematic indicators within this early S0-1 foliation consist of S-C fabrics, porphyroclast 
wings (σ – type) and deformed veinlets.  The sense of these indicators is very consistent with 
top-to-the-southeast.  Most fabrics, however, do not show any asymmetry.  The most striking 
anomaly in this regard is seen in metaconglomerate of the Pine River Formation (STOP 4) in the 
domain north of Fundy National Park (Figs. 2, 3f, g).  Here, the meta-arkose matrix lithology 
displays a conspicuous L1

m lineation implying prolate strain, but the cobble and pebble-sized 
clasts of vein quartz, with aspect ratios around 1 : 2 : 2, are consistently oblate in the plane of the 
S0-1 foliation (Figs. 3f, g).  Other clast-types, such as fine-grained carbonate, calc-silicate, red 
chert and shale have higher aspect ratios, but still display oblate ellipsoids. 

 A second foliation (S2) forms a pervasive crenulation cleavage throughout outcrops of the 
Broad River Group (Fig. 5a, b, see STOP 3 and STOP 4).  The S2 crenulation cleavage is 
defined by bending of mica and chlorite in the S0-1 foliation, and this fabric is reinforced locally 
by new growth of chlorite and white mica in the S2 septae.  Its scale varies considerably, from a 
septal spacing of around 1 mm and a comparable wavelength, to septal spacings as large as 15 
mm, and a crenulation wavelength around 10 mm.  It is axial planar to open folds (F2, Figs 5a, 
b), asymmetry of which defines a broad synformal keel trending SW through the main outcrop of 
Coldbrook Group from Ferndale to the southern part of the domain west of Fundy National Park 
(Fig. 3).  The crenulation lineation (L2), and S2 – S0-1 intersection lineation (L1

2) are proxies for 
the F2 fold axes and generally plunge to the SW or W with very local reversals to the NE or E 
(Figs 3, 4).   

Structures in the supracrustal rocks II (Coldbrook Group)  

 Both generations of structural fabrics noted in the Broad River Group are also present in  
rocks of the Coldbrook Group; however, their development is far more heterogeneous (Figs. 6a – 
f).  The early S0-1 foliation is generally bedding-parallel, as in the rocks of the Broad River 
Group, but in the more massive rhyolitic and basaltic lithologies it may be weak or absent (Figs 
6a, b).  Shards and clasts show the same development of mica beards, or prolate extension as L1

m 
along the plane of S0-1, but this phenomenon is also restricted to those rocks where the foliation 
is strong, such as the banded rhyolite/welded tuff (Fig. 6a) exposed north of Fundy National Park 
around (GPS N 45° 41’ 15.7” W 065° 05’ 03.2” STOP 2) and in the road-cuts along Highway 
114 near the Park entrance at Wolfe Lake (GPS N 45° 39’ 37.7” W 065° 08’ 03.7” STOP 1).  In 
both cases non-foliated porphyritic metarhyolite is interfingered with S-L tectonite illustrating 
the extremely heterogeneous nature of the rocks of the Coldbrook Group. Likewise, some of the 
basalt in the domains north and west of Fundy National Park is massive, non-foliated and 
amygdaloidal, interfingered with strongly foliated metabasalts, where the epidote-filled 
amygdales are distinctly prolate or oblate (Fig 6b). 
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Figure 5. Examples of F2/S2 in supracrustal rocks. 

a. Grey chloritic meta-arkose in Broad River Group (Pine Brook Formation) with composite foliation S0-1 
affected by F2 folds with S2 axial planar crenulations cleavage.  Logging road north of Old Shepody 
Road (GPS N 45° 40’ 49.2”, W 065° 03’ 54.3”), scale = pen = 15 cm.  STOP 4. 

b. Grey chloritic meta-arkose (same location as Fig. 5a) with F2 folds affecting composite foliation S0-1, 
with axial planar S2 crenulation cleavage.  Scale = coin = 1.8 cm diameter.  STOP 4. 

 

 Occurrence of F2 minor folds and the S2 crenulation cleavage in the Coldbrook Group 
rocks is strongly dependent on the degree of anisotropy induced by the heterogeneous S0-1 
foliation.  In the least foliated lithologies S2 is represented by consistently orientated near-
vertical fractures spaced greater than 20 cm apart (Fig. 7a).  In the well-foliated lithologies a 
finer crenulation cleavage (spacing of septae < 1 mm) is seen. 

 Asymmetry of F2 minor folds, the L1
2 intersection lineation, and the plunge and trend of 

the L2 crenulation lineation (Fig. 7a) along the length of the main outcrop of Coldbrook Group 
rocks defines the closure of a broad F2 synform between Ferndale in the NE and the southern end 
of the domain west of Fundy National Park, however, this structure has a gross asymmetry to it 
(Figs 2, 4).  Only in the domain north of Fundy National Park can both limbs be clearly seen: 
elsewhere the northern limb is cut out against the outcrop of the Point Wolfe River plutonic 
suite.  Kinematic indicators in the S0-1 foliation (veins, porphyroclasts and S-C fabrics, Fig. 6c) 
consistently indicate top-to-the-southeast, though the sample is strongly biased in the southern 
limb of the synform.  Way-up indicators demonstrate that the F2 synform is a syncline in the 
Coldbrook Group rocks. 
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Figure 6. 

a. Banded and foliated metarhyolite from the Coldbrook Group (Silver Hill Formation) north of Old 
Shepody Road (GPS N 45° 41’ 15.7”, W 065° 05’ 03.2”).  Foliation parallel to primary banding (S0-1) 
with L1

m lineation formed from flattened and elongate shards (possibly fiamme).  Scale = coin = 2.4 
cm diameter.  STOP 2. 

b. Foliated greenstone (metabasalt with epidote-calcite-quartz amygdales) with S1 foliation, from 
Coldbrook Group (Hosford Brook Formation), logging road south of Old Shepody Road (GPS N 45° 
37’ 24.7”, W 065° 09’ 42.2”), scale = coin = 1.8 cm. 

c. Deformed and schistose metarhyolite with deformed quartz veins, Coldbrook Group (Hosford Brook 
Formation), with a C-S fabric.  Movement sense is top-to-the-left (in this view, south), road cut west 
side of Highway 114 (GPS N 45° 39’ 37.7”, W 065° 08’ 03.7”), vertical face, scale = coin = 2.4 cm 
diameter.  STOP 1. 

 

Along the northern limb of this F2 structure exposure is very limited, but north of Fundy National 
Park complications are evident.  Firstly, mafic rocks of the Hosford Brook Formation dip away 
from felsic rocks of the Silver Hill Formation, implying the succession is reversed (e.g. around 
GPS N 45˚41’ 15.7”, W 065˚ 05’ 03.2”).  Secondly, along the mapped boundary between 
Hosford Brook and Silver Formation north of Fundy National Park and east of Highway 114, 
there are enclaves of foliated quartz diorite of the Point Wolfe River plutonic suite (the pre-
Coldbrook Group plutons intruded into the underlying Broad River Group) of which the best
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Figure 7.   

1. Schistose felsic metavolcanic rock with F2 folds affecting the composite foliation S0-1.  S2 crenulation 
cleavage is axial planar to F2 folds, in Coldbrook Group (Silver Hill Formation), logging road north of 
Old Shepody Road (GPS N 45° 40’ 16.6”, W 065° 04’ 52.6”), scale = 2.4 cm diameter.  STOP 3. 

2. Foliated metarhyolite from the Coldbrook Group (Silver Hill Formation) with S0-1 foliation surface 
carrying weak L2 crenulation lineation.  Logging road south of Old Shepody Road (GPS N 45° 38’ 
14.0”, W 065° 08’ 55.7”), scale = coin = 1.8 cm diameter. 

 

example is along a logging road at GPS N 45˚ 40’ 55.3”, W 065˚ 05’ 29.7”.  Thirdly, the mapped 
northern margin of Coldbrook Group north of Fundy National Park is not a simple contact.  
Along new logging roads across the contact, especially around GPS N 45˚ 41’ 12.7”, W 065˚ 05’ 
52.5”, there is clear interleaving of mafic rocks of the Hosford Brook Formation and granitoids 
of the Point Wolfe River plutonic suite.  The shearing of both mafic rocks and granitoids 
suggests the interleaving is tectonic. 

Structures in the plutonic rocks (Point Wolfe River plutonic suite) 

 Exposure of rocks of the Point Wolfe River plutonic suite in the study area is highly 
irregular.  As a result, the conclusions drawn here are based on the best outcrops in the domain 
west of Fundy National Park, Ferndale domain, and the domain south of Prosser Brook between 
Hayward Pinnacle and Stuart Mountain (STOP 5, STOP 6 and STOP 7).  Granitoids ranging 
from quartz diorite, through monzonite, to granodiorite and syenogranite dominate the outcrop, 
with the last two most common.  Their textures range from medium-grained to coarse-grained 
(up to 5 mm), and both non-porphyritic and porphyritic types occur.  In all types deformation 
features can be completely absent, or the rock can be pervasively foliated, either as augen gneiss 
without mica growths, or through a spectrum to rocks best termed phyllonite and thoroughly 
schistose or phyllitic (depending on mica grain-size in the foliation). 
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Figure 8.  Examples of fabrics in granitoid units. 

a. Augen gneiss from the deformed part of the Pollett River granodiorite, part of the Point Wolf River 
plutonic suite, carrying pervasive shear bands defining the S1 foliation.  Cut surface of sample from 
Ferndale Road, near Ferndale (GPS N 45° 46’ 02.8”, W 065° 00’ 41.1”).  Scale bar = 2 cm.  STOP 6. 
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b. Foliated Pollett River granodiorite in ditch west of Collier Road, Ferndale (GPS N 45° 45’ 19.5”, W 
065’ 01’ 25.0”) with down dip lineation Lm on S1 foliation.  Scale bar = 5 cm.  STOP 5. 

c. Phyllonitic Pollett River granodiorite where S1 is a white mica foliation with feldspar relics.  Ditch 
west of Collier Road, Ferndale (GPS N 45° 45’ 18.3”, W 065° 01’ 24.3”).  Scale = pen = 15 cm.  
STOP 5. 

d. Phyllonitic Pollett River granodioriteite (cut slab) with S1 white mica foliation with feldspar relics, 
folded by F2 minor fold.  From same location as Fig. 8c.  Scale bar = 1 cm.  STOP 5. 

e. Pollett River granodiorite in ditch east of Collier Road, Ferndale, with S1 foliation including transposed 
quartz veins (q).  This is cut by later brittle fractures filled with epidote±quartz (unlabeled arrows 
indicate location and orientation).  GPS N 45° 45’ 37.5”, W 065° 01’ 38.6”.  Scale = coin = 1.8 cm 
diameter. 

f. Foliation (S1) surface in the Old Shepody Road granite, part of the Point Wolfe River plutonic suite, 
with fractures containing pseudotachylyte (unlabeled arrows indicate location and orientation of the 
most conspicuous examples).  S1 is horizontal, the fractures are vertical, north is to the right.  Ditch 
west of logging road south of the Old Shepody Road (GPS N 45° 38’ 38.6”, W 065° 10’ 13.5”).  Scale 
= coin = 1.8 cm diameter. 

g. Foliation surface (SL) in deformed granitoid (possibly part of the Kent Hills granite, one of the younger 
Neoproterozoic plutons), with lineation (LL), and later fractures containing pseudotachylyte (unlabeled 
arrows indicate location and orientation of the two sets).  Logging road north of Hayward Pinnacle, 
Prosser Brook (GPS N 45° 49’ 25.5”, W 064° 55’ 34.0”).  Scale = coin = 1.8 cm diameter.  STOP 7 
(alternative). 

h. Sample of bleached (weathered?) granite from close to the sub-Carboniferous unconformity with 
fractures and brecciation containing pseudotachylyte (dark coloured).  Logging road south of Stuart 
Mountain, Prosser Brook (GPS N 45° 50’ 16.2”, W 064° 52’ 13.5”).  Sample is 10 cm wide; the 
vertical black line is a pen mark.  STOP 7. 

 

 In the Ferndale domain (STOP 5 and STOP 6), and the domain south of Prosser Brook 
(STOP 7) a consistent sequence to these features is apparent.  Earliest fabrics are generally white 
mica-free, or contain only minor amounts of white mica seen as beards on alkali feldspar 
porphyroclasts.  The rock is best termed an augen gneiss (Fig. 8a) which carries a pervasive 
foliation (S1) and typically a strong lineation picked out by mica-beards or aggregates of 
chloritized mafic minerals (biotite and hornblende), termed Lm (Fig. 8b).  Superimposed on this 
‘anhydrous’ tectonite is the growth of white mica defining a planar foliation (Fig. 8c) in which 
alkali feldspar is progressively reduced to smaller relict enclaves.  There is often a pronounced 
grain-size reduction in these rocks, ultimately producing a greenish phyllitic phyllonite 
dominated by white mica and quartz with only isolated alkali feldspar relics.  These phyllonitic 
zones commonly have thicknesses measured perpendicular to foliation of the order of a few 
metres or less, but can be traced along strike for distances up to 2 km, outcrop permitting.  One 
such well-defined zone can be traced along the valley east of Ferndale village (GPS N 45° 46’ 
04.4” W 065° 00’ 54.4”). 

 Locally, these phyllonitic rocks carry a distinct crenulation cleavage with minor folds of 
the primary foliation (Fig. 8d, STOP 5).  This situation creates a lineation (Lc) that has a high 
angle to Lm – which tends to be close to down-dip on S1 (Figs 3, 4).  Lc ranges from horizontal, 
to a plunge of 20 - 30° to the SW (Figs 3, 4). 

 In the domain south of Prosser Brook (STOP 7) a later semi-brittle deformation(s) is 
superimposed on S1-foliated granitoids.  It is restricted to outcrop along the northern margin of 
the Caledonia block close to the sub-Carboniferous unconformity.  The foliation is quite irregular 
and spaced (SL) either representing a reorientation of alkali feldspar porphyroclasts with more 



14 
 

white mica growth, or drastic grain-size reduction producing discrete bands of protomylonite or 
blastomylonite anastomosing around enclaves of foliated or non-foliated granitoid (S1 or pre-S1 
relics).  A new lineation (LL) picked out by elongate feldspar or chloritized mafic mineral 
aggregates is also seen (Fig. 8e).  The foliation SL dips steeply to the north, and the lineation 
plunges toward the west around 10 - 30° (Figs. 3, 4). 

 This successive development of steady-state foliation of granite without hydration, 
followed by discrete but pervasive ductile-shear bands at the grain scale, with more or less 
hydration evident, is expected in syntectonic granites, where deformation begins during sub-
solidus cooling and extends through subsequent retrogression (Gapais 1989).  The occurrence of 
discrete shear bands anastomosing around enclaves of lower strain, with or without hydration, is 
more typical of the reworking of pre-tectonic crystalline basement (Gapais 1989).  In this context 
the transition from S1 to F2 folding, coeval with early high temperature, relatively dry conditions, 
to later widespread mica development, suggests retrogression of a syntectonic pluton.  The later 
foliation (SL) and lineations (with discrete mylonite, protomylonite and blastomylonite zones, 
and pseudotachylyte associated brecciation, Figs 8f, g, h) in the domain south of Prosser Brook is 
more typical of reworking (Gapais 1989, see also Berthe et al. 1979). 

 Late brittle structures have been noted west of Fundy National Park, in the Ferndale 
domain, and south of Prosser Brook (Figs 8f, g, h).  They are arrays of veins filled with epidote, 
quartz-epidote or even pseudotachylyte.  Only in the domain south of Prosser Brook have 
enough examples been located to make any general analysis of these features, and here some of 
the pseudotachylyte veins form conjugate sets symmetrically disposed about the SL foliation.  
Locally the pseudotachylyte veins are so abundant that they form a matrix for a breccia of SL-
bearing granitoid or blastomylonite. 

 S0-1 in the supracrustal rocks of the Broad River and Coldbrook groups and S1 in the 
granitoids appear to define a single enveloping surface, a correlation reinforced by the geometric 
similarities between the enclosed lineations L1

m and Lm.  Along the common boundary along the 
southeastern margin of the granitoid outcrop orientations seem to be continuous.  And though the 
boundary is poorly exposed, north of Fundy National Park the contact zone seems to consist of 
alternating, interlayered enclaves of strongly foliated granitoid and supracrustal rocks with S0-

1/S1 and L1
m/Lm constituting common fabric elements.  Crenulation and folding of the phyllonitic 

foliated granitoids and the development of F2 folds and the S2 crenulation cleavage in the 
supracrustal rocks also share a common geometry, implying a correlation here too.  The SL fabric 
and lineation seems to be unique to the granitoids along the northern margin in the domain south 
of Prosser Brook.  The later brittle features with pseudotachylyte represent localized 
phenomenon along the sub-Carboniferous unconformity south of Prosser Brook, and running 
roughly N-S along the granitoid-supracrustal contact in the central part of the domain west of 
Fundy National Park: possibly later faults along the contact. 

Conclusions: a Structural history 

 With a tentative correlation between fabrics in the Broad River and Coldbrook groups, 
and the plutonic rocks of the Point Wolfe River suite it is possible to outline a structural history 
for this major high-strain zone in the Caledonia Highlands.  Little of this history is calibrated 
against a radiometric time scale; however, some conclusions can be drawn. 
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 The earliest deformation, expressed by the ubiquitous S0-1/S1 foliation with its related L1
m 

or Lm mineral and stretching lineation, is found in all three units and defines an enveloping 
surface.  Kinematic indicators are consistent in suggesting a top-to-the-southeast sense of 
movement along planes parallel to layering without major changes in facing or way-up.  This 
deformation also creates local interlayering of foliated plutonic rocks and supracrustal units of 
the Broad River Group (and to a lesser extent, the Coldbrook Group).  No major folds have been 
identified, and the facing and way-up data imply that these features are not present in reality, 
rather than lack of identification reflecting poor exposure.  This earliest deformation does not 
interlayer the Broad River Group with the Coldbrook Group to any extent.  Instead, this earliest 
deformation seems to represent a low-angle thrusting involving mainly the Broad River Group 
and the Point Wolfe River plutonic suite, whose primary relationship has already been 
demonstrated to be one of host and intrusion (Barr and White 1999).  The determined age of the 
plutons of the Point Wolfe River suite provides a maximum age for this event at 620 – 615 Ma.  
This essentially sub-horizontal tectonic regime also involved the Point Wolfe River plutonic 
suite, starting the process of uplift from hot, anhydrous conditions typified by strongly foliated S-
L-tectonite augen gneiss, to higher level deformation with hydrous alteration creating mica 
phyllonites. 
 The early deformation also affects the supracrustal rocks of the Coldbrook Group, but the 
expression of the foliation differs considerably – primarily by a matter of degree, and 
heterogeneity.  It is still a predominantly sub-horizontal tectonic regime, nevertheless, and there 
is some limited interfingering of Point Wolfe River plutonic tectonites with deformed units of the 
Coldbrook Group.  Plutons intruding the Coldbrook Group, some of which may be synvolcanic 
bodies and contemporary with deposition, have primary ages in the range 560 – 550 Ma, 
constraining deposition to roughly the same time interval.  This suggests that the early 
deformation was a prolonged and progressive event or events, beginning prior to deposition of 
the Coldbrook Group (accounting for the stronger and more pervasive foliation of the Broad 
River Group), but continuing to affect the younger supracrustal rocks. 
 The high-strain zone studied here is evidently part of a larger set of related structures 
affecting all the Caledonia Highlands.  The high-strain zone running from the Prosser Brook – 
Stuart Mountain area to the domain west of Fundy National Park vanishes under the 
Carboniferous cover in the northeast, but appears to continue to the southwest, relating to the 
thrusts identified around Big Salmon River on the Bay of Fundy coast to the southwest (McLeod 
1987, McLeod and McCutcheon 1981, McLeod et al. 1994), and possibly traceable farther west 
as far as the Saint John area (Ruitenberg et al. 1973).  If this correlation is valid, then a further 
timing constraint becomes evident, as the Big Salmon River structures apparently produced 
interfingering of the Cambrian-Ordovician Saint John Group with the older units. 
 This early progressive phase of deformation appears to encompass early (pre-Coldbrook 
Group) stacking of Point Wolfe River plutonic rocks with Broad River Group rocks by thrusting, 
and involving excavation of plutonic rocks and their progressive hydrous alteration.  This early 
phase ends with minor intercalation of the plutonic Point Wolfe River suite with rocks of the 
Coldbrook Group along thrusts of the same sense-of-shear and direction of motion, also parallel 
to foliation and bedding.  Implicit in this interpretation is that the same structural framework 
incorporated the ‘rifting’ implied for the setting of the Coldbrook Group – possibly by 
reactivation of older thrusts as accommodating normal faults.  These same structures then 
reactivated as thrusts after Coldbrook Group deposition. 
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 F2 folds and the associated S2 crenulation cleavage affected all three units: the Coldbrook 
Group, Broad River Group and Point Wolfe River plutonic suite.  Though they are upright folds, 
or folds very slightly overturned to the southeast, there is an overall asymmetry to the synformal 
form of Coldbrook Group rocks within the high-strain zone. This implies a geometric 
relationship and possible reactivation of the earlier structures.  In the Point Wolfe River plutonic 
rocks, F2 folds and the S2 crenulation are imprinted on rocks that were already substantially 
hydrated and pervasively altered. 
 The first and second deformation events produced effects throughout the area of the 
Caledonian Highlands covered by this project.  Later deformation events have a far more 
restricted occurrence.  A distinct zone of later high strain, superimposed on the S1 foliation, lies 
along the northern contact beneath the Lower Carboniferous unconformity south of Prosser 
Brook.  Reduction of granitoid and augen gneiss to blastomylonite or protomylonite, and 
breccias with or without pseudotachylyte, is widespread.  Likewise, pseudotachylyte and 
brecciation are seen sporadically in the domain west of Fundy National Park, apparently related 
to N-S trending structures (late faults?) that cross-cut the S1 /S0-1 and S2 foliations.  In the Prosser 
Brook – Stuart Mountain domain the spatial relationship with the fault-modified Carboniferous 
unconformity suggests that these features may be related to early Carboniferous deformation (see 
Park and St. Peter 2005; Park et al. 2008).  At least two half-graben related extensional episodes, 
and two convergent basin-inversion events have been identified during Tournaisian time along 
this margin of the Lower Carboniferous Moncton sub-basin (Wilson 2005; Wilson and White 
2006). 
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EXCURSION STOP DESCRIPTIONS 
 

STOP 1 - Highway 114 south of Wolfe Lake (GPS N 45˚ 39’ 37.7” W 065˚ 08’ 03.7”) 
**THIS LOCATION IS IN FUNDY NATIONAL PARK.  HAMMERING AND 
COLLECTING ARE STRICTLY FORBIDDEN (this is the only stop where these 
restrictions apply)** 
fDeformed felsic volcanic rocks, Coldbrook Group. 
 Both side of this road cut on Highway 114 expose variably foliated porphyritic felsic 
metavolcanic rocks of the Silver Hill Formation, Coldbrook Group.  The road cutting on the west 
side of the highway represents the best exposed and most diverse section (Fig. 9).  Rock types 
vary from poorly foliated, fairly massive porphyritic felsites (initially rhyolite flows), banded 
felsic volcanic rock (possibly with fiamme – initially welded tuff) and fine-grained phyllitic 
material with a weak schistosity (initially tuff).  The more deformed material grades from these 
into highly schistose or phyllitic porphyroclastic rocks.  White mica beards on feldspar 
porphyroclasts are common and define a lineation on S0-1 that is close to being down-dip.  Some 
asymmetry is apparent in these porphyroclasts (σ-type) indicating top-to-the-south or southeast, 
but more usually this is ambiguous.  Deformed early quartz veins are more reliable as kinematic 
indicators, and again these usually indicate top-to-the-south or southeast. 

 
STOP 2 - Logging road north of Old Shepody Road (GPS N 45° 41’ 15.7”, W 065° 05’ 03.2”) 
Variably deformed ignimbrite, Silver Hill Formation, Coldbrook Group. 

The rocky knoll at the end of the track consists of variably deformed and massive banded 
felsic volcanic rock with abundant fiamme and lithic shards.  Its protolith was likely an 
ignimbrite flow.  The observed textures are a mixture of primary volcanigenic features and 
localized high strain deformation (some layers are mylonitic).  Shards and fiamme are prolate 
producing a well-defined down-dip lineation.  Deformed layers parallel the primary layering as 
S0-1. 

50 metres north along the track there are sporadic exposures of mafic volcanic rocks of 
the Hosford Brook Formation, Coldbrook Group.  Here they are variably foliated amygdaloidal 
metabasalt.  Amygdales are filled with epidote or epidote+quartz and are prolate in shape.  The 
matrix is epidote and chlorite rich.  Generally, the Hosford Brook Formation underlies the Silver 
Hill Formation, but from the orientation of S0-1 here and at the rocky knoll, that relationship has 
been reversed, implying this contact is a fault, and likely a thrust.  Elsewhere along this contact 
there are slivers of highly deformed Point Wolfe Suite plutonic rocks, reinforcing this 
interpretation. 
 
STOP 3 - Logging road north of Old Shepody Road (GPS N 45° 40’ 16.6”, W 065° 04’ 52.6”) 
Highly deformed mafic and felsic metavolcanic rocks of the Hayward Brook Formation, 
Broad River Group. 
 Starting at the north end of this logging track and working back toward the Old Shepody 
Road in the ditches, mainly on the west side of the track, are exposures of the highly schistose 
metavolcanic rocks of the Hayward Brook Formation.  The protolith was largely felsic, and from 
isolated relics, most probably was a mixed tuff package including lithic and crystal varieties.  
Some more mafic layers are also present.   

Around the end of the track the main foliation (S0-1) is affected by F2 folds and the S2 
crenulation cleavage, with fold axes and the intersection lineation (L1

2) plunging shallowly to the 
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west or southwest.  Both ‘z’ and ‘m/w’ symmetry folds are present, indicating an F2 synform to 
the north (the prominent ridge to the north visible from here is Silver Hill Formation, as seen at 
STOP 2).  Lithic shards and crystal shards/ phenocrysts, now porphyroclasts, in the primary 
layering are drawn out in a prominent lineation in the S0-1 composite foliation (L1

m) and this is 
rotated around the F2 folds.  On the limb south of the end of the track kinematic indicators 
related to L1

m show top-to-the-southeast on this composite foliation. 
 
STOP 4 - Logging road north of Old Shepody Road (GPS N 45° 40’ 49.2”, W 065° 03’ 54.3”) 
Deformed metaconglomerate, meta-arkose and semi-pelite of the Pine Brook Formation, 
and chlorite phyllite, semi-pelite and pelite of the Hayward Brook Formation, Broad River 
Group. 
 This area exposes several rock types along the northern edge of an enclave of Pine Brook 
Formation with Hayward Brook Formation on both sides.  This was mapped in detail as a 
possible candidate for an F1 closure, however, potential ‘younging’ is to the north right across 
the enclave.  The largest exposures of Pine Brook comprise a metaconglomerate – a matrix-
supported pebble- to cobble- conglomerate with a coarse-grained arkosic to lithic matrix.  Clasts 
are predominantly vein-quartz, but there are also clasts of calc-silicate (pale green), granitoid, red 
jasper, red shale/siltstone and grey limestone.  Most clasts are oblate with aspect ratios (for 
quartz clasts) of 1:2:2 – other lithologies tend to be higher, with shale-siltstone as high as 
1:10:10.  The matrix still carries the strong L1

m lineation in the composite S0-1 foliation.  The 
conglomerate units have a crude grading, fining to the north, and there are some contacts 
between conglomerate and arkose which may be erosive, with younging to the north. 
 Overlying the conglomerate-arkose on the north side is a quartz-arenite to semi-pelite 
sequence (also Pine Brook Formation) that seems to be part of the same upward fining unit.  It 
carries a stronger expression of the composite foliation S0-1 and the down-dip lineation L1

m.  
Minor F2 folds with an axial planar crenulations cleavage plunge at a shallow angle to the 
southwest with ‘z’ symmetry. 
 To the north, this quartz-arenite – semi-pelite abruptly gives way to chloritic phyllite of 
the Hayward Brook Formation.  The Pine Brook Formation enclave appears to be a thrust-
bounded slice, however, there is another possible interpretation.  This is also a candidate for 
being a sliver of Cambrian Saint John Group.  Pine Brook Formation is intruded by the Point 
Wolfe River suite of plutonic rocks, but this intrusive relationship is not seen in this enclave.  To 
the west, enclaves of quartz-arenite in this high strain zone have yielded detrital zircons dated at 
555 Ma (Barr, unpublished), suggesting they are Saint John Group rather than Pine Brook 
Formation. 

 
STOP 5 - Ditch on the west side of Collier Road, Blueberry Hill, above Ferndale (GPS N 45° 
45’ 19.5”, W 065’ 01’ 25.0”) 
Undeformed and variably deformed Blueberry Hill granite, part of the Point Wolfe River 
suite that intrudes the Broad River Group. 
 In some 70 metres of ditch exposure along the western side of Collier Road there are 
exposures of the Blueberry Hill granite.  This is part of the Point Wolfe River suite of granitoids 
that intrude the Broad River Group, and yield ages in the range 615 – 630 Ma.  The undeformed 
protolith found sporadically in these exposures, is a coarse-grained granite with alkali feldspar 
phenocrysts.  Most of the granite exposed here is deformed to varying degrees and in different 
ways.   
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 Augen gneiss contains very little white mica and is pervasively foliated with shear bands 
and a strong mineral lineation (S1 and Lm).  S1 dips steeply to the north or is vertical, and the 
lineation is down-dip.  Locally this is an L-S tectonite.  This is a high-temperature, sub-solidus 
fabric that appears to be contemporary (sharing geometric characteristics) with the composite 
fabric in the Broad River Group supracrustal rocks. 
 Discrete shear zones cut across this augen gneiss, with a foliation parallel to S1 in the L-S 
tectonite.  These are distinguished by the widespread development of white mica and chlorite, in 
which alkali feldspars remain as porphyroclast remnants.  These are phyllonites derived by 
strain-softening of the augen gneiss contingent on hydrous alteration during deformation.  The 
main foliation, also designated S1, lies parallel to S1 in the augen gneiss.  A later crenulation, 
with rare minor folds, is also present sporadically in these exposures.  Its intersection lineation 
with S1, and the minor fold axes, are sub-horizontal, or have a shallow plunge to the southwest or 
west, sharing the geometry of the F2 folds in the Broad River Group. 

 
STOP 6 - Exposures either side of Ferndale Road (GPS N 45° 46’ 02.8”, W 065° 00’ 41.1”) 
Variably deformed Blueberry Hill granite and Pollett River granodiorite. 
 The rocky knoll west of the road at the lower end of the exposures consists of white mica 
phyllonite derived from the Blueberry Hill granite (exposures further down the hill are not very 
clean, but consist of the Pollett River granodiorite, another member of the Point Wolfe River 
suite.  The phyllonite still contains porphyroclasts of alkali feldspar and some show asymmetry 
(σ-type) indicating top-to-the-south movement across this zone.  Most, however, are ambiguous. 
The zone itself dips to the north-northeast.  The phyllonite zone is approximately 5 metres thick, 
and in the rock cutting east of the road there is an abrupt transition (downwards) into foliated 
Blueberry Hill granite with semi-pervasive shear bands (locally it is augen gneiss).  This is the 
largest local example of one of these hydrated shear zones within the granitoids and seems to 
mark the contact between the Blueberry Hill granite and Pollett River granodiorite. 

 
**The next two locations represent alternatives, as STOP 7 is along a road being widened to 
afford access to a wind-farm where turbine-towers are currently under construction.  If no access 
is available, the excursion will by-pass STOP 7 and proceed to STOP 7 (alternative)** 

 
STOP 7 - Exposure on west side of access road to the wind-farm, Stuart Mountain (GPS N 45° 
50’ 16.2”, W 064° 52’ 13.5”) 
Highly deformed granitoid, most probably Blueberry Hill granite, or Pollett River 
granodiorite. 

This is a freshly blasted outcrop, revealing highly deformed granitoid, largely augen 
gneiss, such as that seen at STOP 5 and STOP 6, but here are also seen layers of mylonite, 
protomylonite and blastomylonite derived from the same granitoid, progressively replacing the 
augen textured material.  The result is an L-S tectonite with a foliation (SL) dipping to the north-
northeast, on which the down-dip lineation (L1

m) has been replaced by a new lineation plunging 
toward the west-southwest or west (LL).  These coarse lineations are cut by a number of vein 
arrays, of which a conjugate pair, apparently geometrically related to the LL lineation, are 
commonly filled with black pseudotachylyte.  Other vein arrays are filled with quartz or 
epidote+quartz.  This brittle deformation is most likely related to Lower Carboniferous or latest 
Devonian faulting along the northern edge of Caledonia. 
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STOP 7 (alternative) - Logging road over shoulder of Hayward Pinnacle (GPS N 45° 50’ 16.2”, 
W 064° 52’ 13.5”) 
Highly deformed granitoid, most probably Blueberry Hill granite, or Pollett River 
granodiorite. 

At the right angle bend, ditch exposure reveals highly deformed granitoid, largely augen 
gneiss, such as that seen at STOP 5 and STOP 6, but here are also seen layers of mylonite, 
protomylonite and blastomylonite derived from the same granitoid, progressively replacing the 
augen textured material.  The result is an L-S tectonite with a foliation (SL) dipping to the north-
northeast, on which the down-dip lineation (L1

m) has been replaced by a new lineation plunging 
toward the west-southwest or west (LL).  These coarse lineations are cut by a number of vein 
arrays, or which a conjugate pair, apparently geometrically related to the LL lineation, are 
commonly filled with black pseudotachylyte.  Other vein arrays are filled with quartz or 
epidote+quartz.  This brittle deformation is most likely related to Lower Carboniferous or latest 
Devonian faulting along the northern edge of Caledonia. 

This deformed granitoid forms ditch exposure back along the track to the south toward 
the crest of the shoulder of Hayward Pinnacle.  Here are exposures of a non-deformed black 
feldspar-phyric dacite.  Poorly exposed to north and south of this dacite can be found non-
deformed metabasalt, and to the north, very poor exposure of a strongly foliated metabasalt on 
the northern contact with the highly deformed granitoid.  This enclave of very heterogeneously 
deformed volcanic rock is an enclave of Coldbrook Group (Hosford Brook Formation). 
 
  
  


