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Introduction 
General statement 
During this field trip we will examine variously deformed metaplutonic rocks in the Muskoka 
region (Fig. 1), a part of the southwestern Central Gneiss Belt (CGB, Wynne-Edwards 1972). 
The southwestern CGB (Ontario) has been divided into structural domains and subdomains (Fig. 
2; Davidson et al. 1982; Davidson 1984; Davidson and Grant 1986), which are thought to 
represent erosional remnants of NW-verging fold nappes or SE-dipping thrust sheets, refolded at 
a late stage of ductile deformation (Culshaw et al 1983; Hanmer 1988; Rivers et al. 1989; Carr et 
al. 2000; Wodicka et al. 2000). According to these workers, the lowermost sheet (called level 1 
by Ketchum and Davidson, 2000) consists of parautochthonous polycyclic rocks whereas the 
other sheets comprise assemblages of allochthonous, polycyclic and post-1500 Ma monocyclic 
rocks (Fig. 2b). But in the Muskoka region, the contacts between allochthonous polycyclic and 
post-1500 Ma monocyclic rock assemblages do not coincide everywhere with the boundaries of 
structural domains and/or subdomains. This holds true, more specifically, at the margins of the 
Go Home and Rosseau subdomains (Fig. 2).   
 
Deformation processes that appear to have played important roles in the evolution of the 
southwestern Grenville Province include (i) nappe formation and ductile-style thrusting, (ii) mid-
crustal channel flow in the thrust sheets of monocyclic rocks, during their extensive 
migmatization, and (iii) normal-sense ductile faulting in, and associated vertical thinning of, the 
thrust stack. Apparent effects of these processes are being investigated further by model makers 
and field-based geoscientists who regard the Grenville Province as a deeply eroded example of 
Himalayan-scale convergent orogens (e.g., Jamieson et al. 2004, 2005). 

Strained metaplutonic rocks of the CGB comprise much of the Grenville Province, especially in 
Ontario (Lumbers 1996). Prior to 1090 – 980 Ma (Ottawan) high-grade metamorphism, 
migmatization and ductile deformation (Carr et al. 2000, p. 207, Slagstad et al. 2005), the 
Proterozoic rocks of the Central Gneiss Belt were important constituents of the Laurentian 
continental margin (Rivers 1997, Rivers and Corrigan 2000, Carr et al. 2000). The contact 
between allochthonous polycyclic and post-1500 Ma monocyclic rocks is well exposed west of 
Lake Muskoka, but not shown in Figure 1 and on recently published maps of the Muskoka 
region (Lumbers et al. 2000a, 2000b, Lumbers and Vertolli 2000a, 2000b, 2000c, 2000d). In the 
southwest half of the region, the polycyclic assemblages are characterized by the high-grade 
metamorphic rocks of the Go Home subdomain, whereas the monocyclic assemblages are 
represented by highly migmatitic, grey to pink gneisses and associated granitoid rocks (Figs. 1, 
2). 

Throughout the Muskoka region, the highest degree of migmatization occurs in Lumbers’ (1996) 
Grey Gneiss and Amphibolite (Fig. 1), a map unit that contains a variety of m-scale structures 
and deformation fabrics. But folded masses of Grey Gneiss and Amphibolite have been 
delineated also within the polycyclic allochthon of Go Home subdomain and Rosseau subdomain 
(see Figs. 1, 2). What are the structural implications (if any) of the wide distribution of Grey 
Gneiss and Amphibolite? 
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The main purpose of this field trip is to inspect and interpret structural features in fresh road cuts 
(Figs. 3-10). We will try to judge the degree of local rock deformation and estimate strain levels 
on different horizontal scales. This task is most difficult in Grey Gneiss and Amphibolite, a map 
unit in which igneous protoliths are far from certain and original mineral fabrics largely 
unknown (Lumbers 1996, Lumbers et al. 2000a, 2000b, Lumbers and Vertolli 2000a). In 
addition, we will debate issues such as the overall direction of Ottawan (1090 -980 Ma) tectonic 
transport in central Ontario, and the strength of structural evidence used in recent field-based 
studies. 

Safety rules 

At all times, participants are requested to be aware of their surroundings, use their common 
sense, look out for each other’s interests and pay attention to the instructions of field-trip leaders.  
Particularly, most stops on this field trip feature rock cuts on busy highways or other paved roads 
carrying motor cars and trucks. The hunting season starts in September-October, so that we will 
have to limit ourselves to the viewing of road cuts and other clean rock exposures. It is 
recommended, therefore, that the participants wear orange vests or reflective clothing, and take 
special care when exiting the vans at road sides or other parking spots. Some of the road cuts to 
be visited are several metres high, and hard hats should be worn by all participants. Only a few 
hard hats and orange or red vests are available from university sources. We therefore urge all 
CTG members to bring their own safety equipment. 

Background Information 
Regional maps and lithotectonic charts 

During the field trip, participants will benefit greatly from viewing shaded topographic relief 
maps of central Ontario (Scale: 1:125,000 or 1 inch = 2 miles), together with the geological maps 
and tectonic charts (Figs. 1, 2). The shaded relief maps (now out of print) were compiled by the 
Surveys and Mapping Branch, Department of Mines and Technical Surveys of Canada, and 
published in the mid sixties. Most parts of the southern Muskoka region are included in the 
Orillia Map Sheet, on which the topographic shading highlights the km-scale fold pattern in the 
Proterozoic gneisses, as well as a swarm of NE-SW drumlins at the Shield edge, north of Lake 
Simcoe (see Chapman and Putnam 1972).  

Several government maps portray the Precambrian geology of the Muskoka region (van Berkel 
and Schwerdtner 1996; Lumbers et al. 2000a, 2000b, Lumbers and Vertolli 2000a, 2000b, 2000c, 
2000d). The geological maps of the Gravenhurst and Lake Joseph areas (Lumbers et al. 2000a, 
Lumbers and Vertolli 2000a) are most relevant to the present field trip. Lumbers (1996) also 
published a simplified geological map covering much of the Muskoka region (Fig. 1). On this 
simplified map, >1460 Ma, Grey Gneiss and Amphibolite is recognized as the oldest, and most 
highly migmatized, lithologic unit (see also Lumbers et al. 2000a, b, Lumbers and Vertolli 
2000a, 2000b, 2000c, 2000d). Wide swaths of Grey Gneiss and Amphibolite compose most of 
the Moon River and Seguin subdomains (Davidson et al. 1982), but merge near Gravenhurst at 
the southwestern end of Lake Muskoka (Figs. 1, 2). Much of the Muskoka region, however, is 
underlain by other foliated to gneissic, metaplutonic rocks generally displaying strain-induced, 
linear-planar (L-S), mineral-shape fabrics (Fig. 3). The plutonic protoliths of the gneisses cover 
the whole range from granite, granodiorite and tonalite to monzonite, diorite, gabbro and 
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anorthosite. Lumbers (1996) placed all protoliths into the Anorthosite-Mangerite-Charnockite-
Granite (AMCG) suite (see also, Lumbers et al. 2000a, 2000b, Lumbers and Vertolli 2000a, 
2000b, 2000c, 2000d). 

Variations in strain level 

If principal-strain ratios have been determined in a deformed rock body, the intensity of strain 
can be quantified by a scalar parameter (e.g., Watterson 1968, Hossack 1968, Ramsay and Huber 
1983, p. 202). But, in most cases, principal-strain ratios are unknown or indeterminate, and 
geologists have to be content with judging the apparent strain intensity by visual inspection of 
three-dimensional rock exposures and/or large hand specimens.  

Apparent variations in strain intensity played an important role in delineating the original 
domains and subdomains of the southwestern CGB (Davidson et al. 1982; Davidson 1984). 
During the present field trip, we will be able to examine and judge the structural evidence for 
such variations, at a NW-SE segment of the Moon River – Go Home subdomain boundary. To 
facilitate the description of relevant structural criteria in the field guide, any judged intensity of 
the total strain or a large strain increment will be referred to as strain level. It is admittedly very 
difficult to compare the strain levels of different rock types, especially if they are judged on the 
basis of different structural features and geometric criteria. 

The strength of planar mineral-shape fabrics, as defined in three-dimensions by distorted igneous 
megacrysts and primary mineral aggregates, has long been used to judge the level of total strain 
of a given rock volume. Schwerdtner and Lumbers (1980), Davidson et al. (1982), Davidson 
(1984),  and Van Kranendonk (1987, 1991) showed that very high flattening strain had 
transformed common plutonic rocks into thinly layered or laminated gneisses. Thin mafic 
stringers and/or felsic rods can pervade severely deformed, originally megacrystic, plutonic 
rocks, provided that the total strain is perfectly constrictive, possibly the result of a ductile-
deformation process resembling the industrial process of wire drawing. 

Klemens (1996, fig. 8) mapped the variation in strain level within a folded, 500-m-thick sheet of 
weakly lineated, originally megacrystic, granitoid gneiss in the westernmost Ahmic subdomain 
(Davidson et al. 1982), at the eastern boundary of the northern Parry Sound domain (Fig. 2). He 
found one large exposure in which the granitoid rocks lacked macroscopic foliation and the 
feldspar megacrysts were perfectly angular and apparently unbroken (see P1 in Fig. 3). In all 
other outcrops of the granitoid sheet, the mineral lineation is weak or indiscernible. Therefore, to 
a first approximation, the ellipsoid of total strain is close to an oblate spheroid, and the strain 
level can be judged on any section across the foliation. To simplify the field mapping of the 
total-strain level, only three types of strain fabrics were distinguished: (1) granitoid gneiss 
containing polycrystalline feldspar lenses with relict igneous megacrysts, (2) augen gneiss with 
polycrystalline feldspar lenses devoid of relict megacrysts and lacking thin quartzo-feldspathic 
layers, and (3) thinly layered granitoid gneiss (Fig. 3).  Klemens prepared photos and detailed 
drawings of the three shape-fabric types, and used them as visual standards during field-based 
structural mapping. We will attempt to apply the same technique in several rock exposures to be 
visited. 

Two other structural criteria have been used by Schwerdtner and coworkers for judging the strain 
level in parts of the Muskoka region, (i) the tightness of inclined to recumbent S/Z folds in the 
main foliation (Figs. 4, 5) and (ii) the presence/absence of discordant segments and/or small 
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apophyses of highly metamorphosed, mafic dikes (Figs. 6-9). In addition, formerly garnetiferous 
metagabbro and calc-silicate rocks are commonly replete with grey “spots” (Fig. 10): sections 
across distorted feldspathic pseudomorphs after large garnet porphyroblasts (Schwerdtner et al. 
1974, 1998). Distorted pseudomorphs may serve as quantitative gauges of triaxial late-
incremental strain (Hubbs 1985), as will be further discussed below. 

Rocks and structures in the Go Home subdomain 

The Go Home subdomain consists of heterogeneously strained metaplutonic rocks (Lumbers et 
al. 2000a, 2000b; Lumbers and Vertolli 2000a), and contains less than 20% Grey Gneiss and 
Amphibolite. Detailed petrologic, geochemical and geochronologic studies (Entenmann 1989, 
Bussy et al. 1995; Krogh and Kwok 2005) were carried out in the footwall of the NW-SE 
segment of the Moon River-Go Home subdomain boundary (Figs. 11, 12). Entenmann (1989) 
studied many hand specimens and thin sections of the high-grade gneisses exposed along 
Regional Road 38 (formerly Highway 660) and a segment of Ragged Rapids Road following the 
south shore of the Moon River. Results of the study confirmed that the subdomain boundary 
constitutes a major geological discontinuity. (Figs.1, 2). Northwest of Gravenhurst, the 
subdomain boundary coincides also with the southeastern limit of the southwestern swath of 
Grey Gneiss and Amphibolite mentioned above (Fig. 1, Lumbers et al. 2000a, Lumbers and 
Vertolli 2000a). 

The Go Home subdomain is a doubly plunging, first-order antiform (Culshaw et al. 1983) whose 
internal structure and lithology are highly complex (Schwerdtner and Mawer 1982, Lumbers et 
al. 2000a, b). Lumbers (1996) refers to this first-order antiform as the Go Home Dome (Fig. 1). 
The CTG field trip is too short for assessing the complex structure of the subdomain interior. 

The easternmost Go Home subdomain is structurally dominated by the Sparrow Lake basin, a 
late-orogenic, second-order buckle fold composed mainly of metaplutonic rocks with prominent 
L-S mineral shape fabrics (Schwerdtner 1987). We will examine two rock outcrops with mineral-
shape fabrics near the Sparrow Lake basin, before focusing attention on two wall segments of the 
Go Home - Moon River subdomain boundary, northwest of Gravenhurst (Fig. 2). 

Structural significance of relict mafic dikes 

Between Lake Muskoka and Georgian Bay (Figs. 1, 2), the interior of the Go Home subdomain 
is replete with metamorphosed mafic dikes, with unknown age(s) of igneous emplacement. At 
many localities, the dikes are closely to tightly folded, on the m-scale. An age of 1047 ± 2 Ma 
was obtained for the metamorphism and close folding of a 10 cm thick, mafic dike (Bussy et al. 
1995, fig. 3), and Entenmann (1989, p. 16) figured and studied specimens of the same folded 
dike. Within the hinge zone of that folded dike, Bussy et al. (1995, p. 664 - 667) obtained an 
identical age for the emplacement of a pegmatite vein, which they regarded as post-folding. 

Southeast of Hwy. 69 (Figs.11, 12), the footwall of the Go Home- Moon River subdomain 
boundary contains two sets of weakly to moderately strained, mafic dikes with granulite-facies 
mineral assemblages. Weakly strained dikes are characterized by angular shapes, and are 
commonly decorated by relict apophyses (Figs. 8, 9). The geometry of weakly strained mafic 
dikes in the Go Home subdomain resembles that of pristine igneous dikes well exposed in other 
gneiss belts (Hoek 1991). In the Sand River area, near the northern border of South Africa (Uken 
and Watkeys 1997), angular dikes of pristine Mesozoic dolerite are composed of highly 
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discordant segments and sub-concordant to perfectly concordant segments (Figs. 13, 14). Small 
apophyses parallel to the strong host-rock foliation decorate discordant dike contacts, especially 
near the ends of concordant dike segments (Figs.14, 15). 

In well-studied gneiss belts of Africa and Europe, the terminal and lateral contacts of highly 
strained, incompetent mafic dikes exhibit prominent arc-and cusp structures produced by contact 
buckling (Ramsay 1967, p. 383, Talbot and Sokoutis 1992). Isolated apophyses, however, are 
difficult to explain by such buckling, and possibly attest to the absence of large strain (Fig. 8), in 
the footwall of the subdomain boundary (Figs. 1, 11, 12). The contact of the dm-scale apophysis 
shown in Figure 9 may be folded on the cm-scale, but the apparent fold train has no arc-and-cusp 
geometry. Despite parallelism with the strong host-rock foliation, it seems improbable that 
concordant dike segments with an isolated cuspate apophysis were ever subjected to severe 
deformation (Fig. 8). It follows that the parallelism between the dike contacts and the host rock 
foliation is apt to be primary rather than being a product of severe flattening strain and associated 
structural transposition. 

Structural interpretation of the geometry of variously strained, highly metamorphosed, mafic 
dikes depends critically on their emplacement age. If all dikes are coeval then the evidence 
points to heterogeneous re-deformation of pre-strained host gneisses (Bussy et al. 1995), in the 
footwall of the subdomain boundary (Figs. 11, 12). Recent geochronological data seem to 
provide direct evidence for such re-deformation (Krogh and Kwok 2005). 

Rocks and structures in the Moon River subdomain 

The Moon River subdomain is a first-order synform that narrows toward the southeast and ends 
in a south-pointing tail (Fig. 1; Waddington 1973, Schwerdtner and Waddington 1978, Davidson 
1984, Schwerdtner 1987, Schwerdtner and van Berkel 1991, van Berkel and Schwerdtner 1996, 
Lumbers and Vertolli 2000a). Most parts of the subdomain are composed of Grey Gneiss and 
Amphibolite, though the northwestern portion is dominated by alaskitic gneisses (Fig. 1). The 
present mineral assemblage of Moon River rocks suggests that much of the ductile deformation 
occurred under amphibolite-facies conditions. Apparent vestiges of granulite gneiss are observed 
throughout the subdomain (Fig.12), and suggest to some workers that the entire rock assemblage 
was once deeply buried (Tony Davidson, person. comm., March 23, 2005). The gneisses of the 
Moon River subdomain contain evidence of repeated multi-order folding (Waddington 1973, 
Schwerdtner and Waddington 1978, Schwerdtner 1987, Culshaw et al. 1989, 1997). Other 
common, possibly syn-fold structures include boudins and variously deformed quartzo-
feldspathic veins. Except for distorted feldspathic pseudomorphs after garnet porphyroblasts 
(Fig. 10; Waddington 1973, Schwerdtner et al. 1974, Schwerdtner and Waddington 1978, 
Schwerdtner et al. 1998), structural features indicative of strain intensity are uncommon in the 
subdomain. But qualitative evidence, such as rootless tight folds, points to severe ductile 
deformation at many localities (Figs. 4, 5). 

In the broad swaths of Grey Gneiss and Amphibolite (Fig. 1), 10-50-m-thick, quasi-concordant 
units of schistose amphibolite may have originated as mafic dikes, but now contain distorted 
feldspathic pseudomorphs after garnet porphyroblasts. The shape fabric of the pseudomorphs is 
attributable to a large increment of late-Ottawan finite strain (Hubbs 1985, Schwerdtner et al. 
1998). Grey gneiss contains many other structural features such as repeatedly deformed veinlets 
and ostensibly post-kinematic dikes of granite pegmatite (Schwerdtner et al. 1998). These 
features will be discussed further in the Road Log (see below). 
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Inclined to recumbent folds with axial mineral-shape lineations 

Inclined to recumbent, close to tight folds characterize high-grade gneiss terrains on all 
continents, and commonly have quasi-cylindrical geometry. Many such folds have S/Z style in 
cross section, and are among the classical indicators of shear sense and tectonic transport. More 
recently, however, structural geologists have discouraged the routine use of S/Z folds as shear-
sense indicators (e.g., Passchier et al. 1990, 64-69). In the following paragraphs, we consider the 
possible structural significance of S/Z folds in the field-trip area.  

Inclined to recumbent folds with axial mineral-shape lineations (elongated feldspar or quartz 
megacrysts, stretched mafic clots and aligned mineral grains) abound in many parts of the 
Georgian Bay –Muskoka region, and vary greatly in size, shape and orientation (Waddington 
1973, Schwerdtner and Waddington 1978, Schwerdtner and van Berkel 1991, Culshaw et al. 
1983, 1994, 2004). All folds with axial mineral-shape lineations have been called set 2 structures 
(Schwerdtner 1987), but the set probably includes two or more fold generations. Large set 2 
structures like the Moon River synform and the Sparrow Lake basin are outlined by lithologic 
contacts as well as the main foliation (Figs.2). Both synformal structures contain closures of km-
scale isoclinal folds (Schwerdtner 1987), which may have originated as recumbent fold nappes. 

On the scale of a few metres, inclined to recumbent set 2 structures (Fig. 4) are well exposed in 
the road cuts of the Grey Gneiss and Amphibolite swath south of Gravenhurst, notably along 
Highway 11 (Figs. 1, 2). Here, the fold axes make small angles with the northerly trending 
trajectories of the main foliation and Highway 11, a fact that must be taken into account when 
viewing the S/Z fold style and approximating the attitude of the fold-enveloping surfaces. 

It is difficult to know what proportion of incipient m-scale folds (set 2) originally had NW-SE 
axial planes (Culshaw et al. 1994), and which of the presently tight, inclined to recumbent folds 
qualify as oblique folds (Fig. 16), also called transport-parallel folds (Coward and Potts 1983, 
Coward 1984, Malavieille 1987, Ridley and Casey 1989, Passchier et al. 1990, Alsop 1996). 
Similarly, the actual reason for the effective parallelism between fold axes and mineral-shape 
lineations remains to be determined.  Strong mineral-shape lineations may develop during the 
layer-shortening that typically precedes multi-layer buckling (Ramberg 1964, Ramsay 1967, p. 
403, Dieterich 1970). The linear mechanical anisotropy and related ease of shearing due to such 
lineations may ensure that the axes of quasi-cylindrical folds become oblique to a principal 
direction of progressive-folding strain (see experimental results and observations by Cobbold 
and Watkinson 1982; Watkinson 1983). 

Channel flow in the monocyclic allochthon 

Two-dimensional numerical models of subhorizontal to listric flow channels filled with low-
viscosity, partially molten migmatite loom large in recent research on the Himalayan-Tibetan 
Orogen and other modern mountain belts (see references cited in Beaumont et al. 2004, Jamieson 
et al. 2004). The channel-flow concept is applicable also to the post-1500 Ma, monocyclic 
allochthon of central Ontario (Fig. 2) and other migmatite-rich parts of the southwestern CGB 
(Jamieson et al. 2005).  In all published models, two-dimensional, syn-orogenic escape flow of 
low-viscosity material reduces the overall thickness of the middle crust. But in the Muskoka 
region, structural field evidence (see below) suggests that the mid-crustal rock flow was multi-
lateral rather than two-dimensional (as assumed by necessity in the published numerical models).  
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Gently to moderately dipping, highly migmatitic, metaplutonic gneisses that form thin, laterally 
extensive, lobate sheets in the monocyclic allochthon of the Muskoka region (Figs. 1, 2; 
Lumbers 1996; Lumbers et al. 2004a, 2004b) provide evidence for a low-viscosity channel with 
the style of ideal homogeneous flow (mode 1 of Beaumont et al. 2004), at the peak of Ottawan 
deep-crustal tectonism (Jamieson et al. 2005). Furthermore, voluminous syntectonic leucosome 
(Jamieson et al. 2004), which characterizes the Grey Gneiss and Amphibolite and other map units 
in the Muskoka region (Lumbers 1996), formed at 1065 Ma (Timmerman et al. 1997, Slagstad et 
al. 2005). Rocks of the underlying polycyclic allochthon (Fig. 2), by contrast, are much less 
migmatitic and contain significant volumes of mafic to intermediate granulite.  

On the crustal scale, however, the structural style of the Central Gneiss Belt and the adjacent 
Central Metasedimentary Belt boundary thrust zone (CMBBZ in Fig. 1) comprises moderately 
dipping, seismically reflective zones thought to be indicative of “hot nappe” style deformation. 
In hot-nappe channels (mode 3 of Beaumont et al. 2004), flow over mechanically stronger lower-
crustal blocks creates large-scale highly ductile fold-nappes with overall strong flattening and 
extensional bulk strain and attenuated lower limbs (Jamieson et al. 2004). 

The Muskoka region (Fig. 1) is replete with thin, laterally extensive, lobate sheets of 
metaplutonic rocks (Lumbers 1996; Jamieson et al. 2004). Sub-recumbent, nappe-style folds 
with axial mineral-shape lineations occur on the m-scale at the Go Home-Moon River 
subdomain boundary, but it remains to be shown that their axes are effectively parallel to the 
local direction of mid-crustal flow. In other words, the folds in question may be oblique folds 
rather than transport-parallel folds (Fig. 16, Coward and Potts 1983, Coward 1984, Alsop 1996). 

The kinematic interpretation of fold-axis orientation in the proposed flow channel of the 
monocyclic allochthon is complicated by the regional preponderance of flattening-type triaxial 
strain (Schwerdtner 1987. Schwerdtner and van Berkel 1991; Van Kranendonk 1987, 1991; 
Klemens 1996).  In view of such triaxial strain, the proposed mid-crustal flow may have been 
akin to that of polar ice caps rather than valley glaciers (Hudleston 1983). As in the tabular zones 
of ductile transpression analyzed by Robin and Cruden (1994), Lin et al. (1998) and Jiang and 
Williams (1998), three-dimensional escape flow creates ambiguity when attempting to interpret 
cylindrical S/Z folds in terms of the usual ‘shear sense’ and ‘transport direction’ (see also 
Moores and Twiss 1995, p. 294).  

Late-orogenic vertical thinning and horizontal extension 

Many road cuts in the Georgian Bay - Muskoka region display a variety of m-scale structures 
and mineral-shape fabrics. Most conspicuous are ostensibly postkinematic dikes of potassic 
pegmatite that abound, for example, in the broad swath of Grey Gneiss and Amphibolite that runs 
southward from the town of Gravenhurst (Fig. 1). In places, the wall rocks of such dikes exhibit 
multi-order foliation boudins and distorted feldspathic pseudomorphs after garnet pophyroblasts 
(only in metagabbro and calc silicate rocks, Schwerdtner et al. 1974, 1998). The pegmatite dikes, 
foliation boudins, and distorted pseudomorphs are attributable to large-scale vertical thinning and 
associated crustal extension, perhaps due to late-orogenic gravitational collapse of the Ottawan 
nappe pile (Culshaw et al. 1994, 1997, Klemens and Schwerdtner 1997, Schwerdtner et al. 
1998). As will be seen during the field trip, ’postkinematic’ pegmatite dikes typically transect the 
folded gneissic layering, schistose mafic dikes and several generations(?) of heterogeneously and 
repeatedly deformed, quartzo-feldspathic veins. 
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Figure captions 
 

Figure 1: Simplified geological map of the Muskoka region (after Lumbers 1996). 
Permission to use the map image for field trips and teaching purposes was granted by the 
Royal Ontario Museum (1998). 

Figure 2: Outline of the Grenville Province (a) and structural domains and subdomains in 
the  Ontario segment of the CGB (b), reproduced with slight modifications from Culshaw 
2004, fig. 1).  

Figure 3: Schematic illustration of four shape fabric types (P1 - P4) due to straining of 
granitoid rocks with feldspar megacrysts (reproduced from Klemens 1996, Chapter. IV, fig. 
9). P1 = ostensibly nondeformed granite, P2 - P4 = sections across the foliation of flattened 
rocks at three strain levels. The layering (P4, highest strain level) is due to strain-induced 
lateral coalescence of polycrystalline feldspar lenses (P2, P3). 

Figure 4a, b: Grey Gneiss with tightly folded amphibolite layers (relict mafic dikes?); rock cut 
on east side of Hwy. 11 (northbound lanes), 80 m south of Stop 6 and Severn River (Fig. 17). 
The mineral-shape lineation and fold axes make an angle of 20-30° to the rock cut, which 
exaggerates the tightness of the m-scale folds. A 3 cm thick vertical dike of pink potassic 
pegmatite (b) transects the tight folds and the main foliation in the Grey Gneiss, and appears 
to be the youngest structure. 

Figure 5: Passively amplified, S/Z buckle folds in a mafic band, at six stages (a-f) of 
progressive simple shearing: Two-dimensional geometric model redrawn from Ramsay et al. 
1983 (fig. 4) and Schwerdtner and Klemens (1991, fig. 1). D12 is the magnitude of 
accumulated simple shear, and the arrow pairs denote the sense of instantaneous shear parallel 
to the rotated fold-enveloping surfaces (initial orientation, 45°). At every stage (a-f), the S/Z 
style of the model folds agrees with the sense of accumulated envelope-parallel shear (not 
indicated in the drawing).  The same fold forms could have been obtained by successive 
superposition of oblique pure shears with appropriate finite magnitude. 

Figure 6: Moderately strained mafic dike (coin), replete with distorted mafic clots (set 2 of 
Entenmann 1989, Klemens 1996, Chapter. IV). Much of the severe strain in the host rocks, 
granulitic Grey Gneiss and Amphibolite (Lumbers and Vertolli 2000a) seems to predate the 
dyke intrusion. Rock cut at the southern side of RR 38 at Stop 3, part B. The dike is also 
shown in Entenmann (1989, fig. 5). 

Figure 7: Weakly deformed, angular mafic dike (set 1 of Entenmann 1989, Klemens 1996) 
within moderately strained Andesine Monzogranite (Lumbers and Vertolli 2000a), about 50 m 
east of Hwy. 69 (now Hwy. 400). Dike outline was traced on a photograph of a lichen-
covered outcrop surface (Klemens 1996, Chapter IV, fig.14). 
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Figure 8: Weakly strained, concordant segment of a mafic dike (set 1 of Klemens 1996, 
with a small hook-shaped apophysis. Highly strained host rocks are granulitic Grey Gneiss 
and Amphibolite (Lumbers and Vertolli 2000a), at Stop 3, part B. Dike outline traced on a 
photograph of a lichen-covered rock cut, at the northern side of RR 38. 

Figure 9: Strained apophysis of a discordant mafic dike (set 1) at Hwy 69, near the locality 
of the dike shown in Figure 7. Host rocks: moderately strained Andesine Monzogranite 
(Lumbers and Vertolli 2000a). 

Figure 10: Strained feldspathic pseudomorphs after garnet pophyroblasts.(Stop 4, 
‘Precambrian Shield parking lot’). 

Figure 11: Strain-level pattern deduced from the dike geometry in parts of the Go Home and 
Moon River subdomains (reproduced from Klemens 1996, Chapter IV, fig.13). 

Figure 12: Metamorphic-mineral assemblages in parts of the Georgian Bay-Muskoka region. 
Gravenhurst is near the southeastern corner of the map (reproduced from Entenmann 1989, 
fig. 37). 

Figure 13: Mesozoic dolerite dike in Archean tonalite-trondhjemite-granodiorite gneiss, 
Limpopo Belt. Water-washed outcrops in the Sand River near Messina, northernmost South 
Africa. Note the angularity of the pristine dike as well as the small linear apophysis, about 10 
cm above the scale card. 

Figure 14: Mesozoic dolerite dike from the same locality as that in Figure 13. Note 
angularity of the pristine dike as well as the tiny apophysis, near the upper margin of the 
photograph. 

Figure 15: Mesozoic dolerite dike from the same locality as those in Figures 13, 14. Note the 
linear apophysis at the orthogonal corner in the right-hand contact of the dike. 

Figure 16: Geometric evolution of a single-layer buckle fold in a simple-shear regime. 
Unmarked enveloping surfaces of the oblique folds become subparallel to the glide plane 
(base of the block model in a - c). Reproduced from Klemens (1996, Chapter II, fig. 3) and 
Malavieille (1987, fig. 15). The shear direction (large arrow) coincides with the layering trace 
on the glide plane. S = axial-plane foliation due to tight folding; L = lineation after extremely 
large, simple shear. Angular relationships in the folds are represented in lower-hemisphere 
stereographic projection (d). 

Figure 17: Road map with field-trip stops  

Figure 18: Specimen of moderately flattened monzodiorite with deformed and recrystallized 
feldspar megacrysts (Stop 1, Fig. 17). Level of total strain: between P2 and P3 (see Fig. 3). 
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Road Log and Brief Geological Description of Outcrops 
Abbreviations: Hwy. = Highway; RR = Regional Road; km = kilometers, UTM = UTM system 
coordinates (Easting, Northing) using NAD83 
All distances (km) are measured from the Northland Motel & Restaurant, situated just east of 
Highway 11, near Hawkins Corners and the south end of Regional Road 38 (Fig. 17). 

Stops 1 and 2 will be short (20-30 minutes each). By contrast, Stop 3 will include a walking tour 
across the Go Home - Moon River subdomain boundary, and take at least an hour. Time spent at 
the remaining stops will depend partly on the itinerary of participants who need to return by 6 
p.m. to Pearson International Airport. 

We will leave the Highwayman Inn at 8:15 a.m., and drive north on Highway 11 to the 
Northland Motel & Restaurant, the actual starting point of the field trip. From here we will use 
an overpass to cross Highway 11 (a short distance south of the motel) and reach Hawkins 
Corners, on the west side of the highway.  From there, we head north on RR 38 towards Sparrow 
Lake and Port Stanton. Stop 1 is in the small settlement of Hamlet, a short distance after entering 
the Canadian Shield. Park the vehicles at the western side of RR 38, near a replica of the belfry 
of the former St. Luke’s Church.   

Stop 1 7.0 km UTM 0626502, 4959067 

Small road cut and rocky ridge at the former site of St. Luke’s Church (Fig. 17).  

Moderately flattened and recrystallized monzodiorite with oblate polycrystalline 

augen, former megacrysts of igneous feldspar (note the occasional relic). The level of 

total strain is between P2 and P3 (Figs. 3, 18). In places, the ovoids are slightly 

elongate, but nowhere is the strained monzodiorite strongly lineated. The road cut and 

rock ridge expose rocks of the purple map unit that strikes due north near the Shield 

edge, and assumes a northwestward trend about 3 km west of Kahshe Lake (Fig. 1). 

Continue north on Regional Road 38 for about 3 km, and then cross a railway and the Severn 

River using a swing bridge (one-way traffic). Then proceed on Canning Road along Severn 

River, and turn east toward Hwy. 11. Stop 2 is just west of Regional Road 13 and only about 0.7 

km west of Hwy. 11. Park on the broad northern shoulder of Canning Road, about 50 m from 

Regional Road 13. 
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Stop 2 12.4 km UTM 0629960, 4962105 

Road cuts of highly strained monzodiorite with L-S mineral shape fabrics (strain level 

between P3 and P4 in Fig. 3). The metaplutonic gneiss is poor in quartz, and contains 

a few elongate, polycrystalline feldspar ovoids. The foliation (mineral lamination) is 

moderately strong, but there is also a  conspicuous lineation (L) that rakes 

southeasterly.  Despite strong mineral-shape boundary migration and associated 

coalescence, the lineation is effectively parallel to the direction of total maximum 

extension (Schwerdtner and Cowan 1992). 

Continue east on Canning Road and take Hwy. 11 North to Gravenhurst (Fig. 17). Take the 

first/southernmost exit into Gravenhurst and drive westwards to the town centre. Find Hwy. 169 

in Gravenhurst, and drive northwestward to Bala. Before reaching the Moon River bridge in 

Bala, turn left/west onto Regional Road 38 (formerly, Hwy. 660). Drive 7.2  km westward on 

Regional Road 38 to the T-junction of Ragged Rapids Road, and turn right/north onto that dirt 

road. Park at a small clearing, off the road or on its broad shoulders. 

Stop 3 61.8 km UTM 064160?, 4985274 

Part A: Walk east on Regional Road 38 toward Harts Lake, and view the clean 

rocks of a deep rock cut on the left/northern side of the road. Pieces/boudins and 

sheets of severely strained, gabbroic anorthosite decorate the well-exposed subdomain 

boundary. Its footwall is composed largely of garnetiferous metagabbro and 

metadiorite, strained intrusive rocks that are in turn overlain by granitoid gneiss with 

large feldspar ovoids (augen). Mineral-shape foliation is strong (S>L), but mineral-

shape lineation is weak or seemingly absent. The intensity of spatially discontinuous 

deformation depends on whether the pieces/boudins of gabbroic anorthosite are 

produced by stretching of narrow igneous sheets and granitoid host rocks (Van 

Kranendonk 1987, 1991) or detached from deeply buried, anorthosite massifs. 

 Continue eastward on foot, but cross Regional Road 38 immediately to view 

well-exposed rocks of the hanging wall: migmatitic Grey Gneiss and Amphibolite.  

Again, the rocks are dominantly foliated (S>L). Note other structural features in the 
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hanging wall, and then use a short cut to return to the T-junction of Ragged Rapids 

Road.  

Part B: Walk southwards on the shoulders of Regional Road 38 for 200 m to the T-

junction with a westerly bearing, small lumber road (UTM: 0603646, 4985274) and 

view the granulitic metaplutonites in the lower footwall of the subdomain boundary 

(Figs. 9, 10). Here, mafic to intermediate granulites (not shown on Fig. 1) are 

characterized by folded gneissic layering and lamination, and contain two sets of 

weakly strained, angular mafic dikes with metamorphic pyroxene (Fig. 10).  The 

largest dike is about 10m thick, and well exposed in the large road cut at the junction 

of Regional Road 38 and the small lumber road. Try finding the sites of the mafic dike 

segments shown in Figures 6 and 8, and note the large differences in grain size and 

relict primary fabrics. 

Return to the vehicles, and drive southeastward on Regional Road 38 to Jaspen Park in Bala, at 

the northeast side of Regional Road 38, a possible lunch spot.  

Stop 4 69.0 km UTM 0608933, 4985113 

Core of the Moon River synform, eastern end of Regional Road 38, near the junction 

of Regional Road 38 and Hwy. 169.  Continue walking southeast to the rock cuts of 

the ‘Precambrian Shield parking lot’, at Bala Falls. The well-layered, variously veined, 

grey to pink rocks are replete with m-scale upright folds whose horizontal enveloping 

surfaces define the trough zone of the Moon River synform (Fig. 12; Waddington 

1973; Schwerdtner and Waddington 1978; Schwerdtner and van Berkel 1991). 

Incipient boudins are conspicuous on horizontal outcrop surfaces of the Grey Gneiss 

and Amphibolite, especially at the northeast side of RR 38, just west of Jaspen Park.  

At the ‘Precambrian Shield parking lot’, about 50 m southeast of Bala Falls, a dark 

calc-silicate layer is replete with distorted, grayish, polycrystalline pseudomorphs after 

garnet porphyroblasts. Note horizontal lineation, as defined by the prolate 

pseudomorph shapes. As shown by Stollery (Schwerdtner et al. 1974), the mineral 

aggregates (distorted pseudomorphs) are composed mostly of plagioclase, and small 

amounts of hornblende, sillimanite and opaques. The break-down of garnet plus 
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calcite-rich inclusion trails (snowball structure) is apparently isochemical, except for 

potash and soda. 

Continue driving southeast on Hwy. 169 to the western part of Gravenhurst. We will park in a 

large lot near the landing of the renovated steamship Seguin. Bathrooms may be available near 

the landing. 

Stop 5 93.8 km UTM 0627460, 4975316 

Fresh road cut in the wide swath of Grey Gneiss and Amphibolite at the southwestern 

end of Lake Muskoka. Recumbent m-scale folds in the gneissic layering can be seen at 

one locality in the road cut. The folds may have evolved as modeled by others (Figs. 5, 

16). Also conspicuous in the road cut is an ostensibly post-kinematic dike of potassic 

pegmatite (see Klemens and Schwerdtner 1997). Can you discern mineral lineation in 

the Grey Gneiss and Amphibolite? 

Cross the town centre of Gravenhurst, and continue south on Highway. 11. Exit right from Hwy. 

11 onto a local road, and turn left to follow it through the underpass. Park east of the underpass, 

and ascend to the broad shoulder of the northbound lanes of Highway 11, and inspect the vertical 

faces of the large rock cut. 

Stop 6 112.8 km UTM 0631786, 4959879 

Note: BE ESPECIALLY VIGILANT AT THIS SITE BESIDE THIS VERY BUSY 

SECTION OF THE TRANS CANADA HIGHWAY 

View the eastward dipping foliation and postkinematic dikes of potassic pegmatite 

from the off-ramp, and then ascend the nearby slope to the deep rock cuts at the 

northbound lanes of Hwy. 11 (Figs. 1, 17).  The deep highway cuts expose parts of the 

highly migmatitic, Grey Gneiss and Amphibolite swath trending south from 

Gravenhurst (Fig. 1). 

A m-scale amphibolite boudin in migmatitic grey gneiss is transected and offset by 

narrow pegmatite dikelets, whereby the geometry of the boudin’s boundaries puts 

limits on the dilation direction during pegmatite emplacement. 
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A thick, disrupted and locally necked body of amphibolite, with bending folds in the 

host-rock foliation of the necks, is replete with strained polycrystalline pseudomorphs 

(dark grey) after garnet porphyroblasts. Approximate principal-strain ratios obtained 

in a large rock specimen are as follows: X / Y = 3.44, Y / Z = 2.5 (Hubbs 1985, p. 36 - 

40). This indicates that L > S (shape fabric of distorted pseudomorphs), but the 

lineation/L is not very strong. Small garnet remnants occur in places, but, in poor 

light, are very difficult to discern by inspection with the naked eye or with a hand lens. 

Three types/generations of pegmatite may be distinguished macroscopically.  

Pegmatite veinlets in foliation planes are clearly cut by late-Ottawan (?) subvertical 

pegmatite dikes, and possibly coeval with pegmatite pods and veins situated at the 

necks of amphibolite boudins. In places, one can observe wall-rock bridges between 

en echelon pairs of pink pegmatite dikes. This attests to a dilational origin of the post-

kinematic dikes (Kretz 1968, Klemens and Schwerdtner 1997). 
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