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Abstract 

Cavendish Township is located within the Mesoproterozoic Grenville Province.  The township straddles 2 
major tectonic divisions of the Central Metasedimentary Belt: Bancroft terrane and the Harvey-Cardiff 
domain. 

Within Cavendish Township, Bancroft terrane consists of calcite and dolomite marbles and 
siliciclastic metasedimentary rocks, intruded by syenitic and mafic alkalic intrusions of the Nepheline 
Syenite suite (circa 1290-1245 Ma) and the Glamorgan Gabbro (circa 1245 Ma).  Harvey-Cardiff domain 
consists of older, highly strained quartzofeldspathic gneisses, calcite and dolomite marbles, and mafic to 
intermediate metavolcanic rocks, intruded by tonalite to granodioritic orthogneisses of the Anstruther and 
Burleigh gneiss complexes (circa 1290 Ma), tonalitic to granodioritic gneisses of the Elzevir suite (1275-
1250 Ma), Syenite suite intrusions (circa 1245 Ma), gabbro-diorite intrusions (circa 1245 Ma), Methuen 
Suite monzogranite intrusions (circa 1230-1210 Ma), late granite intrusions of the Catchacoma suite 
(1070-1060 Ma) and granite pegmatite veins (circa 1060 Ma).  Both the Bancroft terrane and Harvey-
Cardiff domain have been subjected to middle to upper amphibolite facies regional metamorphism during 
the Ottawan orgoeny (circa 1050 Ma).  Supracrustal rocks within Bancroft terrane were likely deposited 
in a platformal environment, possibly on thinned continental crust or in a back-arc setting, whereas rocks 
of Harvey-Cardiff domain formed in an arc or back-arc setting. 

The Harvey-Cardiff domain can be divided into 2 subdomains within the study area.  Regionally 
within the Harvey-Cardiff domain, higher structural levels occur to the northwest, with the lowest 
structural levels, and the widest exposure of the domain, occurring in Cavendish, Harvey and Burleigh 
townships. 

The rocks within Cavendish Township are of interest as they represent a transition from the lower 
grade and better preserved arc-related metavolcanic rocks located to the east of Harvey-Cardiff domain in 
the Apsley to Madoc area, to the higher-grade, platformal metasedimentary rocks of Bancroft terrane.  In 
addition, Harvey-Cardiff domain preserves a 230 million-year magmatic history, from circa 1290 Ma to 
1060 Ma, thereby providing insight into the evolution of the Composite Arc Belt through time.  In 
addition, the boundary between Bancroft terrane and Harvey-Cardiff domain is well-exposed in parts of 
the township. 

Day-long field excursions providing an overview of the Precambrian geology of Cavendish 
Township are included in this report.  This report complements the geological map and report for 
Cavendish Township released as separate products.  The combination of road-accessible and walk-in 
stops included in this guidebook is designed to illustrate important aspects of the geology, stratigraphy 
and geological evolution of this segment of the Grenville Province. 
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Preface 

Mapping of Cavendish Township was conducted by the Ontario Geological Survey in 2007 and 2008.  
Preliminary reports were issued in 2007 and 2008 (Easton 2007, 2008a, 2008b), and the final map and 
report for this area is scheduled for publication in early 2010 (Easton 2010a, 2010b, 2010c). 

Due to the wealth of exposure in the township, much of which is easily accessible, it was decided 
that a field trip guidebook be prepared to accompany the Cavendish Township geological report.  
Subsequently, it was decided that this area would make a good site for the 2009 Friends of the Grenville 
field trip. 

The field trip uses a combination of road accessible outcrops, as well as some stops that require some 
short traverses through the bush, generally utilizing trails of varied condition.  All of the road stops can be 
accessed using a 2-wheel drive vehicle. 

Unless otherwise stated, all UTM co-ordinates are in Zone 17, datum NAD 83. 

SAFETY 

For users of this guidebook, please bear in mind that some of the stops listed involve hiking in the bush; 
therefore, standard bush safety practices should be followed.  Such practices include travelling in pairs; 
advising others of your starting time and location and your expected return time; carrying sufficient water 
for the trip; being prepared for sudden changes in the weather; and carrying the appropriate emergency 
and safety gear. 

Many of the field trip stops are located on highways that are especially busy during the summer 
season.  Care should always be exercised when parking, exiting vehicles, and crossing the roads.  Use of 
safety vests and/or bright clothing is recommended, in order to improve your visibility to motorists. 

Most of the trip routes are on Crown land or public roadways, but access is on or near private 
property for some routes.  As in all such situations, please respect the property rights of others, in order to 
maintain good relationships with landowners so that future access for geologists is not adversely affected. 

TERMINOLOGY 

Terminology for all plutonic rocks in the area follows that of Streckeisen (1976).  For metamorphic rocks, 
mineral prefixes are listed in order of relative abundance, starting with least abundant first.  Mineral 
abbreviations follow Kretz (1983).  The following conventions are used regarding descriptive adjectives. 
A gneissic granite is a meta-igneous rock of granitic composition.  A granitic gneiss, a granite gneiss, or 
a gneiss of granitic composition may be either a meta-igneous or a metasedimentary rock.  Similarly, a 
tonalitic gneiss or a tonalite gneiss is a gneiss of tonalite modal composition, but may be of either meta-
igneous or metasedimentary origin.  A gneissic meta-arkose is a metasedimentary gneiss of overall 
granitic composition. 

A migmatite is a heterogeneous rock composed of two or more components, one generally 
quartzofeldspathic in composition (leucosome or neosome) and the other more mafic in composition 
(paleosome or mesosome).  Within the study area, such rocks are commonly layered, and in many 
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instances, are formed by partial melting during high-grade regional metamorphism.  Descriptive 
terminology for these rocks follows Mehnert (1971).  Other related terms are: metatextite - a rock 
resulting from moderate degrees of partial melting, in which leucosome is subordinate to mesosome; and 
diatextite - a rock resulting from high degrees of partial melting and containing substantial amounts of 
leucosome. 

Many rocks in the Grenville Province were subjected to extreme ductile deformation and 
subsequently recrystallized, and can be described either as tectonites or gneissic mylonites.  A number of 
field-based terms have been proposed to describe these gneissic mylonites (e.g., Davidson, Culshaw and 
Nadeau 1982; Hanmer and Ciesielski 1984), including the terms straight gneiss, block gneiss, and 
porphyroclastic gneiss. 

The term metamorphic grade is used in the case where bulk-rock composition or other factors 
prevent a more detailed assignment of metamorphic conditions.  Where metamorphic conditions can be 
outlined more precisely, the metamorphic facies terminology of Turner (1981) is used. 

Layering thickness terms used in this report are listed below.  These terms apply to bedded, layered 
and gneissic rocks. 

Very thinly layered    <3 cm 
Thinly layered     3 to 10 cm 
Medium layered    10 to 30 cm 
Thickly layered    30 to 100 cm (1 m) 
Very thickly layered    1 to 3 m 
Extremely thickly layered   >3 m 

Introduction 

REGIONAL TECTONIC SETTING 

Rocks of the Grenville Province in Ontario range in age from circa 2690 to 990 Ma.  All rocks older than 
1300 Ma are pre-Grenvillian, whereas those younger than 1300 Ma are Grenvillian.  With respect to 
nomenclature, a variety of subdivisions are in use for the Grenville Province in Ontario, and fall into 2 
broad groups: those that are lithologically based, commonly with a long history of usage (e.g., Wynne-
Edwards 1972); and those that are more tectonic or interpretative in character, generally of more recent 
vintage (e.g., Rivers et al. 1989; Carr et al. 2000).  Geological domains and their boundaries between the 
different types do not always coincide from one scheme to another (e.g., the Central Gneiss Belt contains 
para-autochthonous and allochthonous rocks), however, both approaches are valid, and usage is based on 
needs (e.g., lithologic- and historic-based terminology may be used more on detailed maps (<1:50 000 
scale), tectonic-based terminology may be used on regional maps and in academic literature).  Key 
divisions of the Grenville Province are listed in Table 1, and those related to the Central Metasedimentary 
Belt are shown in Figure 1. 
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Figure 1. Terrane and domain subdivisions of the Central Metasedimentary Belt (modified from Easton 1992) showing the 
location of Cavendish Township.  Abbreviations: RLZ, Robertson Lake mylonite zone; MZ, Maberly shear zone. 
 
 
Table 1. Key divisions and boundaries within the Grenville Province in Ontario. 

Key Divisions   
Historic/Lithologic Regional Tectonic Local Tectonic/Historic 

Grenville Front Tectonic Zone (GFTZ) Para-autochthonous belt (Rivers et al. 1989) or 
Laurentian margin 1 (Carr et al. 2000) 

Segments 1, 2, 3 

Central Gneiss Belt (CGB) (Wynne-Edwards 
1972; Easton 1992) 

Para-autochthonous and/or allochthonous belt 
(Rivers et al. 1989), Laurentian margin 2 and 3 
(Carr et al. 2000) 

Parry Sound, Algonquin, Tomiko, Beaverstone 
terranes 
Britt, Fishog, Go Home (lower), Go Home 
(upper), Huntsville, Kiosk, McCraney, 
McClintock, Moon River, Nepewassi, Novar, 
Powassan, Shawanaga, Sequin, Tilden Lake 
domains 

Central Metasedimentary Belt (CMB)  
(Wynne-Edwards 1972; Easton 1992) 

Composite Arc Belt (CAB) and Frontenac-
Adirondack Belt (FAB) (Carr et al. 2000) 

Bancroft, Elzevir, Frontenac terranes (Elzevir 
contains Anstruther, Belmont, Grimsthorpe, 
Mazinaw, Sharbot Lake domains), Adirondack 
Lowlands and Highlands 

Important Boundaries   
Grenville Front  (Wynne-Edwards 1972; 
Easton 1992) 

North limit of Grenville metamorphism and 
penetrative deformation (locally migmatite 
front) 

Grenville Front boundary fault (GFBF) 

Allochthon Boundary Thrust (ABT) (Rivers et 
al. 1989) 

Separates para-autochthonous and 
allochthonous rocks (Rivers et al. 1989; Carr et 
al. 2000) 

a.k.a. central Britt shear zone, Shawanga shear 
zone 

Laurentian Margin - Composite Arc Belt 
boundary (Carr et al. 2000) 

Composite Arc boundary zone (CABZ) 
(Carr et al. 2000) 

Central Metasedimentary boundary zone 
(CMBBZ), a.k.a Central Metasedimentary Belt 
boundary thrust zone (CMBbtz) 

Composite Arc Belt – Frontenac-Adirondack 
Belt boundary (Carr et al. 2000) 

Frontenac-Adirondack boundary zone (FABZ)
(Carr et al. 2000) 

a.k.a. Maberly shear zone, Sharbot Lake-
Frontenac boundary 
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The southwestern end of the exposed Grenville Province consists of 2 main elements, the Central 
Gneiss Belt comprising rocks, dominated by contintental arc plutonic rocks, of the Pre-Grenvillian 
Laurentian margin, and the Central Metasedimentary Belt (nomenclature after Wynne-Edwards 1972) 
comprising rocks that were accreted to that margin.  The rocks observed on the field trip are situated in 
the Central Metasedimentary Belt, as well as belonging to the Composite Arc Belt. 

The Central Metasedimentary Belt is dominated by supracrustal rocks, deposited between 1300 and 
1200 million years ago, which were subsequently intruded by several plutonic suites (e.g., Lumbers et al. 
1990; Easton 1992).  The plutonic suites fall into 4 groupings, as follows using the terminology of Easton 
(1992):  

• arc-related intermediate composition suites:  Dysart suite (circa 1340 Ma), Elzevir suite (1275-1250 
Ma); 

• granite-dominated suites:  Methuen suite (1245-1220 Ma), Catchacoma suite (circa 1065 Ma); 
• mafic-dominated suites:  Killer Creek suite (1290-1275 Ma), Lavant suite (1245-1220 Ma); and 
• other suites:  Nepheline Syenite suite (1290-1245 Ma), Frontenac Suite (1165-1150 Ma), 

Kensington-Skootamatta suite (1085-1070 Ma). 

The Central Metasedimentary Belt can be divided into a number of lithotectonic terranes and 
domains (see Figure 1) (e.g., Moore 1982; Easton 1992; Easton and Davidson 1994) separated from one 
another by shear zones.  The distinctiveness, boundary relationships, and utility of some of the more 
newly defined terranes and domains, however, has been questioned (e.g., Grimsthorpe domain, Mazinaw 
terrane, see Moore 1994; Easton and Davidson 1994 for further details), nonetheless, the terrane 
classification provides a framework for describing regional variations in the geology of the Central 
Metasedimentary Belt.  For the purposes of clarification, a terrane is a fault-bounded package of rock that 
has a geologic and/or tectonothermal history distinct from the adjoining geologic units.  In contrast, a 
domain is a volume of rock, bounded by compositional or structural discontinuities, within which there is 
structural homogeneity.  Usage within the Grenville Province has taken the approach that terrane is the 
“larger” unit, which may be divided into a number of domains (subterranes).  For example, the Elzevir 
terrane includes the Harvey-Cardiff, Belmont, Grimsthorpe and Sharbot Lake domains (see Figure 1).  
Many, if not all, lithotectonic domains within the Central Metasedimentary Belt are fault-bounded, and 
thus they could just as well be termed subterranes. 

GEOLOGY OF CAVENDISH TOWNSHIP 

Tectonic Setting 

Cavendish Township is located in the most inboard part of the Composite Arc Belt.  All Composite Arc 
Belt rocks were formed in a marine, offshore realm after circa 1300 Ma, and were accreted to pre-
Grenville Laurentia during the Ottawan orogeny (circa 1070-1050 Ma) (Carr et al. 2000).  Primary 
tectonic environments are interpreted to be arcs, rifted arcs, primitive arcs and continental fragments with 
associated clastic and carbonate basin sediments (cf. Easton 1992).  Each of the domains within 
Composite Arc Belt has distinctive lithologic and magmatic associations and Carr et al. (2000) considered 
them to represent elements of a larger arc or arc system that may have formed in disparate settings in an 
offshore realm, and were subsequently amalgamated, and then accreted to the pre-Grenvillian Laurentian 
margin. 

Bancroft terrane has historically been considered to be part of, or closely associated with Elzevir 
terrane (Composite Arc Belt); however, supracrustal rocks within Bancroft terrane are undated, and 
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volcanic rocks are generally absent.  Where tonalitic plutonic bodies are present, such as the Glamorgan 
and Dysart gneiss complexes, they are in tectonic contact with adjacent marbles, and have been 
tectonically emplaced into the dominantly carbonate supracrustal succession.  Thus, their presence alone 
is not sufficient to link Bancroft and Elzevir terranes.  Because of these uncertainties, the possibility exists 
that large parts of Bancroft terrane may have originated within the distal Laurentian margin, rather than 
the Composite Arc Belt.  If so, then a cryptic Composite Arc Belt/Laurentian obduction boundary may be 
present within Bancroft terranne (Carr et al. 2000).  Alternatively, it is possible that some of the 
supracrustal rocks in Bancroft terrane were deposited on the Composite Arc subsequent to 1240 Ma, 
much in the way that carbonates of Sharbot Lake domain may have been deposited on the Composite Arc 
Belt (Corfu and Easton 1997). 

The circa 1240 Ma age of assembly of the Composite Arc Belt is established on the basis of 
Elzevirian tectonism and the commonality of widespread intrusive suites such as the Lavant and Methuen 
suites; however, the internal structural geometry, detailed tectonic history and nature of assembly of 
lithotectonic domains is not well known.  The nature of some domain boundaries (e.g., Mazinaw–
Belmont, Belmont–Grimsthorpe) is uncertain and others, such as the Mazinaw–Sharbot Lake boundary, 
are clearly young extensional features (Carr et al. 2000).  In Sharbot Lake domain, the presence of 1180-
1150 Ma migmatites and Frontenac type 1180-1150 Ma intrusions indicates linkage of Composite Arc 
Belt with the Frontenac-Adirondack Belt at that time (Corfu and Easton 1997). 

A long-recognized feature of the Composite Arc Belt rocks in Cavendish Township is the presence 
of structural domes cored by granodioritic to tonalitic gneisses (Anstruther and Burleigh gneiss 
complexes) or granitic gneisses (Cheddar granite).  These domes have been interpreted as gneiss domes or 
as polydeformed sheets, and represent a change in structural style from the central and eastern parts of the 
Composite Arc Belt to that observed within parts of the Laurentian margin (e.g., Carr et al. 2000). 

Geological Setting 

Cavendish Township straddles 2 major tectonic divisions of the Central Metasedimentary Belt and the 
Composite Arc Belt: Bancroft terrane and the Harvey-Cardiff domain (see Figure 1).  Bancroft terrane 
consists mainly of carbonate and siliciclastic metasedimentary rocks, whereas Harvey-Cardiff domain 
contains abundant mafic to felsic metavolcanic rocks, in addition to carbonate and siliciclastic 
metasedimentary rocks (Easton 1992). 

A ductile deformation zone, termed the Salerno Creek deformation zone, which formed between 
1211 and 1052 Ma (Easton and Kamo 2009), forms the boundary between Bancroft terrane and Harvey-
Cardiff domain (Easton 2007).  The Salerno Creek deformation zone is located approximately 4 km south 
of the extensional Bancroft shear zone, a belt of fine-grained mylonites that occur discontinuously along 
strike for roughly 70 km within belts of coarse-grained marble and marble tectonic breccia near the 
boundary of Bancroft terrane and the Harvey-Cardiff and Belmont domains (Elzevir terrane).  Carlson, 
van der Pluijm and Hanmer (1990) and van der Pluijm and Carlson (1989) interpreted the Bancroft shear 
zone as a major low-angle normal fault, with 10-12 km of displacement, that formed by gravitational 
collapse during late stages of Grenville orogenesis, sometime around 1000 Ma (van der Pluijm et al. 
1994).  Carlson, van der Pluijm and Hanmer (1990) suggested that the Bancroft shear zone was the 
boundary between Bancroft terrane and Harvey-Cardiff domain, however, the presence of syenite suite 
rocks and Bancroft terrane marbles in the area between the Bancroft shear zone and the Salerno Creek 
deformation zone indicates that the Bancroft shear zone does not correspond to the lithologic break 
between Harvey-Cardiff domain and Bancroft terrane.  Stops on Day 2 of the field trip examine both the 
Salerno Creek deformation zone and the Horseshoe-Tamarack segment of the Bancroft shear zone near 
Gooderham. 
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Figure 2. Simplified geologic map of Cavendish Township (after Lumbers and Vertolli 2000a, 2000b).  For clarity, not all faults 
are shown, nor are late intrusive rocks in southern Cavendish Township shown.  Bancroft terrane is located in the northwest 
corner of the township. 
 

In the Harvey-Cardiff domain, domal map patterns are present in the southern and eastern parts, 
whereas generally north-northeast-trending, steep, tightly folded belts occur in the west and the north.  
Both structural styles are the result of polyfold interference patterns.  This structural distinction also 
coincides with lithological differences across Harvey-Cardiff domain, and Easton (2007) subdivided 
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Harvey-Cardiff domain into a northern and a southern subdomain on the basis of these lithological and 
structural contrasts.  Easton (2007) also inferred that higher structural levels were present to the 
northwest; with the lowest structural levels, and the widest exposure of the Harvey-Cardiff domain, 
occurring in the south in Cavendish, Harvey and Burleigh townships (see Figure 2). 

HARVEY-CARDIFF DOMAIN, NORTHERN SUBDOMAIN 

This subdomain consists of a north- to northeast-trending, generally steeply dipping belt composed 
mainly of marble, with minor mafic and intermediate tuffaceous metavolcanic rocks and/or volcaniclastic 
metasedimentary rocks.  Thin, highly deformed, gabbro sills are present locally within the metavolcanic 
sequence.  Intrusive rocks in the subdomain consist primarily of granodioritic to monzogranitic rocks of 
the Junction and Galloway plutons, with minor gabbro and quartz monzodiorite to monzonite intrusions.  
These granodioritic to monzogranodioritic rocks were emplaced between circa 1230 and 1210 Ma (Easton 
1992).  Metamorphic grade is middle to upper amphibolite facies.  Pegmatite bodies are few, and 
generally restricted to the layered, impure calcite marble sequence in the southern part of the subdomain. 

In the southern part of the northern subdomain, the carbonate rocks consist mainly of layered, 
impure, calcite marbles, whereas in the northern part of the northern subdomain, clean siliceous, dolomite 
and calcite marbles are more abundant.  Dolomitic marbles are found immediately adjacent to both sides 
of the metavolcanic belt, and it is possible that they represent the same stratigraphic horizon, repeated by 
folding of the adjacent belt of metavolcanic rocks (see Figure 2). 

The layered calcite marbles were assigned to the Dungannon Formation by Bright (1977, 1987) and 
the dolomite marbles and the metavolcanic and/or volcaniclastic metasedimentary rocks were assigned to 
the lower Eels Lake Formation (Bright 1977, 1987).  Although these stratigraphic designations serve to 
distinguish different rock packages within the map area, the stratigraphic usefulness of these formations is 
questionable, and it is recommended that their use be discontinued. 

Major element geochemistry (Easton 2010b) indicates that the mafic metavolcanic rocks are high-
magnesium or high-iron tholeiites of island-arc tholeiite affinity, with the intermediate rocks being 
tholeiitic andesites.  On trace-element discrimination diagrams, the mafic rocks classify as within-plate 
tholeiites or volcanic arc basalts.  The gabbroic bodies are also tholeiitic, but trace-element discrimination 
diagrams suggest that they have more of an oceanic basalt signature than the mafic metavolcanic rocks. 

Southeast of Salmon Lake, between the marble belt and the Salerno Creek deformation zone, is a 
body of gabbro and diorite that exhibits a variety of magma-mingling textures and an abundance of 
intrusion breccias.  Easton (2008a) proposed the term Salmon Burn intrusive complex for these intrusive 
rocks.  Easton and Kamo (2009) obtained a U-Pb zircon age of 1242±1 Ma from a diorite phase of the 
intrusive complex, interpreted as an emplacement age.  Titanite ages of 1057±2.7 Ma and 1050±3.5 Ma, 
interpreted as metamorphic ages, were also obtained from the diorite sample that yielded the 
emplacement age.  A gabbro sample from the Salmon Burn intrusive complex also yielded titanite ages of 
1051.3±2.6 and 1049.5±9.3 Ma, again interpreted as reflecting the time of regional metamorphism within 
the intrusive complex, and northern Harvey-Cardiff domain. 

HARVEY-CARDIFF DOMAIN, SOUTHERN SUBDOMAIN 

Southern and eastern Cavendish Township is underlain almost entirely by gneissic rocks that have been 
subjected to upper amphibolite facies metamorphism at least once, possibly twice (see section below on 
Harvey-Cardiff Domain – Discussion).  Highly strained, mafic to intermediate composition gneisses, in 
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part derived from gabbroic, anorthositic and dioritic intrusive rocks, but which are largely of 
indeterminate protolith, are host to several orthogneiss complexes. 

The orthogneiss complexes consist of migmatitic tonalite to granodiorite gneisses of the Anstruther 
and Burleigh gneiss complexes and the tonalitic to granodioritic North Squaw River pluton of Bright 
(1988).  The only age constraint on these orthogneiss complexes is a 1290 Ma U-Pb zircon age from the 
Anstruther gneiss complex (Burr and Carr 1994).  The interpreted extent of the Anstruther and Burleigh 
gneiss complexes varies between maps (compare Bright (1987, 1988) and Lumbers and Vertolli (2000a, 
2000b)), in large part depending on whether or not highly strained, thin- to medium-layered intermediate 
composition gneisses near the margin of the gneiss complexes are included or excluded as part of the 
gneiss complexes.  Easton (2007, 2008a) favoured including these layered gneisses as part of the gneiss 
complexes, as did Lumbers and Vertolli (2000a, 2000b). 

Mapping during the 2008 field season suggested that a migmatite front is present in the southern 
subdomain, with the majority of the tonalite to granodiorite gneisses present in the eastern part of the 
southern subdomain containing between 5 and 15% leucosome, whereas similar composition gneisses in 
the western part of the southern subdomain were either not melted, or contain only small amounts of 
leucosome (<5%).  The non-migmatitic tonalite to granodiorite orthogneisses in the western part of the 
southern subdomain are geochemically similar to Elzevir suite intrusions, which elsewhere in the 
Composite Arc Belt range in age from 1250 to 1275 Ma.  The migmatitic tonalite to granodiorite 
orthogneisses of the Anstruther gneiss complex, however, have an age of circa 1290 Ma (Burr and Carr 
1994).  Therefore, they either represent a separate, older, intrusive suite; or the age range of the Elzevir 
suite in Harvey-Cardiff domain must range from 1250 to 1290 Ma.  Additional geochronology on the 
tonalite to granodiorite intrusions in southern Harvey-Cardiff domain is needed in order to ascertain 
which of these alternatives is most likely. 

The only identifiable supracrustal rocks in southern Cavendish Township are coarse-grained, impure, 
calcite and dolomite marble and marble tectonic breccias that flank the gneiss complexes.  The marbles 
are infolded with the gneisses; the original contact between marble and gneiss is uncertain, and may be 
tectonic.  The gneissic rocks were intruded by younger granitic rocks, of widely varied form (e.g., 
elongate, ovoid, irregular-shaped) and size (100 to 500 m wide, 10 to 1000 m long).  The granitic rocks 
were emplaced mainly along the margins of the gneiss complexes.  Texturally and geochemically, 2 
varieties of granitic rocks are present.  Slightly older granitic rocks are gneissic, and are of monzogranite 
composition.  The younger granitic rocks appear to be undeformed, are salmon-red in colour, and have 
high potassium and thorium contents (>4.5% and 25 ppm, respectively). 

A newly recognized unit is well exposed along the Galway Forest Access Road in southeastern 
Galway Township, but is poorly exposed along strike in east-central Cavendish Township.  It consists of 
a brown weathering, quartzofeldspathic gneiss unit at least 500 m thick.  In thin section, this gneiss shows 
a granofels texture, typified by 120° grain boundaries, suggesting that the unit was subjected to upper 
amphibolite- or granulite-facies metamorphism.  Primary mafic mineralogy is retrogressed, mainly 
through the formation of secondary oxide minerals.  A rusty gneiss unit parallels the eastern contact of the 
quartzofeldspathic gneiss unit, and based on a single sample, is chemically related to the 
quartzofeldspathic gneisses.  The quartzofeldspathic rocks are characterized by high major and trace alkali 
contents, as well as high enrichments in elements such as Ga, Nb, Y and Zr (Easton 2008a, 2010b).  These 
trace-element enrichments could indicate that these rocks represent restite that formed as the result of 
extraction of a melt.  If this gneiss unit is a restite related to removal of a melt fraction, the high alkali 
element as well as Nb, U and Th content of this rock would appear to preclude it as being a source for rocks 
of the late granite suite.  It could, however, be a source rock for some of the gabbro and diorite units within 
the southern subdomain, or rocks of the quartz monzodiorite suite. 
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HARVEY-CARDIFF DOMAIN – DISCUSSION 

Both Bright (1977, 1987, 1988) and Lumbers and Vertolli (2000a, 2000b) regarded the highly strained 
gneisses that host the orthogneiss complexes to be of metavolcanic and/or metasedimentary origin.  
Bright (1977, 1987, 1988) went so far to assign these rocks to formations; namely the Catchacoma 
Formation (metasedimentary) and the Cavendish Formation (primarily metavolcanic).  As noted above, 
the rocks in question are highly strained and flattened, and are more properly described as straight or 
transposed (i.e., mylonitic) gneisses of mafic to intermediate composition.  Field relationships, such as 
relict igneous textures, observed on well-exposed surfaces of these rocks, indicate that they were derived 
from either layered gabbro to anorthosite intrusions or a hornblende diorite intrusion.  Pseudo-fragmental 
rocks occur in several areas, but a transition from thin, highly folded epidotized layers into boudinaged 
layers, and finally into isolated, ovoid epidotized pods provides evidence for a structural origin rather than 
that of primary depositional clasts or fragments.  Thus, it is likely that the amount of supracrustal material 
in this package of highly strained gneisses has been overestimated by at least 50%, and possibly more.  
Rock composition is commonly difficult to ascertain in the field due to the effects of younger weathering 
that is common throughout Cavendish Township.  For example, pinkish-weathering felsic rocks have 
yielded low silica contents (52 to 56 wt %), not much different from compositions obtained from darker 
coloured mafic to intermediate rocks. 

Previous workers (e.g., Morton 1983; Bright 1977, 1987, 1988) have suggested that the gneiss 
complexes were basement upon which the supracrustal rocks (host gneisses and marbles) were deposited.  
A subsequent interpretation (e.g., Burr and Carr 1994) is that the gneiss complexes are folded thrust 
sheets, similar to the Glamorgan and Dysart gneiss complexes located to the northwest in Bancroft terrane 
(Easton 1992).  The distinct differences in lithology and deformational style between the northern and 
southern subdomains within the Harvey-Cardiff domain are consistent with the thrust sheet model.  In this 
model, the highly deformed gneisses that host the orthogneiss complexes would represent the “basement” 
into which the tonalite to granodiorite gneisses were emplaced at circa 1290 Ma, which was followed by 
regional metamorphism and deformation at circa 1220 Ma associated with mafic and felsic magmatism 
related to the emplacement of rocks of the Syenite and Methuen suites and the Salmon Burn intrusive 
complex.  Regional metamorphism also occurred again at circa 1075 to 1050 Ma, during the Ottawan 
orogeny, as indicated by titanite ages present throughout Harvey-Cardiff domain (Mezger et al. 1993; 
Easton and Kamo 2009).  Thus, the highly deformed gneisses of southern Harvey-Cardiff subdomain 
were deformed and metamorphosed at least twice, possibly thrice; possibly during gneiss complex 
enmplacement at circa 1290 Ma, but also during circa 1220 Ma magmatism, and finally at circa 1050 Ma 
during regional Ottawan metamorphism. 

In broad compositional terms, there are some similarities between the southern Harvey-Cardiff 
subdomain and Grimsthorpe domain (see Figure 1).  Grimsthorpe domain consists of mafic metavolcanic 
and volcaniclastic metasedimentary rocks, with minor felsite and siliciclastic metasedimentary units, 
intruded by several ages of gabbroic to anorthositic and dioritic intrusions, prior to final emplacement of 
several large tonalitic to granodioritic intrusions at circa 1270 Ma (Easton 1992).  It is possible that the 
southern subdomain represents a highly deformed and metamorphosed equivalent of the Grimsthorpe 
domain. 

Texturally and compositionally, the rocks of the Salmon Burn intrusive complex are similar to the 
Lingham Lake intrusive complex present in Grimsthorpe domain.  Easton (2007) noted similarities 
between the southern subdomain of Harvey-Cardiff domain and Grimsthorpe domain, and it is possible 
that this similarity may also apply to the northern margin of Harvey-Cardiff domain.  Only the core of the 
northern subdomain of Harvey-Cardiff domain is not lithologically similar to Grimsthorpe domain, which 
may be another indication of its possible allochthonous nature. 
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HARVEY-CARDIFF SUBDOMAIN BOUNDARY 

The boundary between the northern supracrustal and southern gneissic subdomains of the Harvey-Cardiff 
domain proposed in this study served as a locus for emplacement of syenite to syenogranite pegmatite 
bodies, many of which are radioactive, at circa 1060 Ma.  These pegmatites were emplaced in and 
adjacent to a 100 to 400 m wide sliver of thin- to medium-layered mafic to intermediate gneisses that 
separate layered, medium-grained calcite marbles to the northwest from coarse-grained calcite marble and 
marble tectonic breccia to the southwest.  In map view, the belt of coarse-grained marble and tectonic 
breccia in the southern subdomain is widest near Catchacoma, and thins to the northwest along the 
northern margin of the Anstruther gneiss complex.  The large pegmatite body along this boundary, which 
hosts the Cavendish Mine, has yielded a U/Pb zircon age of 1059±2Ma (Easton and Kamo 2008).  This 
age determination provides a minimum age on the development of this tectonic boundary of 1060 Ma. 

The abrupt change in the character of the marbles from southern to northern Harvey-Cardiff 
subdomain, the presence of different plutonic rocks in each subdomain, and the change in metamorphic 
grade and structural style between the 2 subdomains, may be evidence that the northern subdomain is 
allochthonous with respect to the southern subdomain.  The supracrustal rocks in the northern subdomain 
more closely resemble rocks in the western Belmont domain than rocks within the southern subdomain of 
Harvey-Cardiff domain.  If the northern subdomain is allochthonous, thrusting to juxtapose the 2 
subdomains must have occurred relatively early in the history of the area, possibly between or during 
emplacement of the Junction and Galloway plutons (which are folded with the supracrustal rocks) around 
1222 Ma, but prior to formation of the Salerno Creek deformation zone marble after approximately 1211 
Ma.  Pegmatite emplacement along the boundary between the 2 subdomains at circa 1060 Ma (Easton and 
Kamo 2008) provides a lower age limit of juxtaposition of the 2 subdomains.  From an exploration 
standpoint, if the 2 subdomains are indeed allochthonous, then each subdomain will have different 
mineral potential and will require differing exploration approaches. 

BANCROFT TERRANE 

Clean, calcite, dolomite and siliceous marbles, with minor quartzite and siliciclastic metasedimentary 
horizons, are the major rock units within the Bancroft terrane in Cavendish Township.  Rock units 
generally strike to the northeast and are moderately to steeply dipping.  Intrusive rocks consist of syenite 
and minor nepheline syenite that form a thin, northeast-trending belt through Fortescue Lake (see Figure 
2).  This syenite belt is only 200 m wide in Cavendish Township, but becomes much wider to the 
northeast in Glamorgan Township.  Also, in adjacent Glamorgan Township are two large alkalic gabbro 
bodies; the Hadlington and Glamorgan (Trooper Lake) gabbros, which abut Cavendish Township along 
their southern flanks.  Metamorphic grade in the Bancroft terrane is middle to upper amphibolite facies. 

Centred on Salmon Lake is a package of quartzite and metamorphosed mafic to ultramafic rocks, 
interpreted as sills, as noted by Bright (1981a, 1981b).  The combination of mafic to ultramafic sills 
makes the Salmon Lake quartzites unique within Bancroft terrane.  Bright (1981a, 1981b) referred to the 
mafic rocks as diabase, but the bodies consist mainly of medium-grained, metamorphosed gabbro, 
exhibiting a variety of textures.  On the southwest shore of Salmon Lake, ultramafic rocks containing 
relict olivine were also observed in association with the quartzites.  The mafic and ultramafic rocks do not 
occur in the adjacent marbles, and it is possible that the quartzite–gabbro sequence is allochthonous with 
respect to the surrounding marbles.  Lumbers and Vertolli (2000b) considered the quartzites to be fine-
grained felsic intrusive rocks and, along the north shore of Salmon Lake, where these rocks are strongly 
deformed, protolith determination is indeed problematic.  Thin section examination of texturally well-
preserved outcrops in south Salmon Lake confirms that these rocks are recrystallized sandstones. 
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BANCROFT TERRANE—HARVEY-CARDIFF DOMAIN BOUNDARY 

A major deformation zone, consisting of large (up to 350 m wide and 3 km long) lenses and boudins of 
gabbroic, anorthositic and granitoid gneisses surrounded by highly foliated, layered, intermediate to felsic 
mylonites forms the boundary between Harvey-Cardiff domain (to the southeast) and Bancroft terrane (to 
the northwest) (see Figure 2).  The deformation zone, along most of its length, separates 2 distinct marble 
sequences, and hosts a variety of rock types not seen in adjacent rock sequences in either Harvey-Cardiff 
domain or Bancroft terrane.  This deformation zone, termed the Salerno Creek deformation zone by 
Easton (2007), was previously unrecognized, although it is evident in the map pattern present on the 
detailed maps of Bright (1981a, 1981b). 

The Salerno Creek deformation zone is best exposed in rock cuts on County Road 507, immediately 
south of the Glamorgan Gabbro, and along the Salmon Lake road.  Lenses of deformed and 
metamorphosed Glamorgan Gabbro are included in the northern margin of the deformation zone on 
County Road 507.  These lenses of Glamorgan Gabbro material are geochemically distinct from 
anorthosite and gabbro blocks found in the southern part of the deformation zone on County Road 507, 
indicating that even in the narrow zone where the deformation zone abuts the Glamorgan Gabbro, much 
of the gabbroic and anorthositic material comes from another source. 

Lenses of potassium feldspar megacrystic granodiorite to monzogranite, up to 200 m wide and 
750 m long, occur in the northern part of the deformation zone, and were mapped by Bright (1987) as the 
Salmon Lake road porphyritic granite dike.  The age of these rocks has been determined to be 1211±2 Ma 
using U/Pb in zircon (Easton and Kamo 2008), and are geochemically similar to the Galloway and 
Junction plutons.  As the margins of the megacrystic monzogranite lenses are deformed, this age provides 
a maximum age on at least part of the formation of the deformation zone.  A compositionally unusual 
alkalic dike (Easton 2010b) that cuts the deformation zone yielded a titanite age of 1045±3 Ma, which 
places a lower limit on the age of the deformation zone. 

Southeast of Salmon Lake, the Salerno Creek deformation zone is cored by gabbro and diorite of the 
Salmon Burn intrusive complex.  In the cores of undeformed lenses, rocks of the Salmon Burn intrusive 
complex exhibit a variety of magma-mingling textures and an abundance of intrusion breccias. 

PLUTONIC ROCKS 

A complex magmatic history spanning over 200 million years is present within Cavendish Township, as 
summarized in Table 2.  On the basis of geochemistry, geochronology and geophysical characteristics, 3 
new intrusive suites have been recognized in the area (Easton 2010c): the Salmon Burn intrusive 
complex, the quartz monzodiorite suite, and the Catchacoma intrusive suite.  Of these 3 suites, the quartz 
monzodiorite suite may be unique to Harvey-Cardiff domain.  As discussed in greater detail in Easton 
(2008b), granites of the Catchacoma suite (termed the late granite suite in Easton 2008b) may have 
equivalents throughout the Central Metasedimentary Belt.  In addition, it is possible that a fourth newly 
recognized mafic intrusive suite may be present within the quartzite package present in the Salmon Lake 
area in Bancroft terrane. 
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Table 2. Main intrusive rock units present in the Harvey-Cardiff domain, including Cavendish Township.  Asterisk beside unit 
name indicates a newly recognized intrusive unit.  Suite terminology after Lumbers et al. (1990) and Easton (1992). 

Unit Main Rock Types Chemical Characteristics Absolute or  
Relative Age 

Mineral Potential 

Gneissic host to 
Anstruther gneiss 
complex in southern 
Harvey-Cardiff 
domain* 

Mafic gneiss, 
anorthositic gneiss, 
leucogabbroic gneiss 

Subalkalic >1275 Ma (equivalent to  
Killer Creek gabbro suite 
and Canniff Complex 
rocks of Grimsthorpe 
domain) 

Ni-Cu-PGE 

Anstruther gneiss 
complex (Elzevir 
Suite?) 

Tonalite to granodiorite 
gneiss, commonly 
migmatitic 

Subalkalic 1290 Ma1 Unknown 

Salmon Burn intrusive 
complex* 

Diorite, mafic diorite, 
gabbro 

Subalkalic 1242±14 Ma Ni-Cu-PGE 

Quartz monzodiorite 
suite* (only in 
southern Harvey-
Cardiff domain) 

Quartz monzodiorite 
and monzodiorite gneiss 

Alkalic, metaluminous, 
volcanic-arc or orogenic 
granite5 

No emplacement age 
obtained, metamorphosed 
at 1048±3 Ma4 

Unknown 

Glamorgan (Trooper 
Lake) gabbro (mafic 
phases of the Syenite 
Suite?)  

Leucogabbro, typically 
gneissic 

Alkalic, metaluminous, ocean-
island or enriched mid-ocean 
ridge basalt, elevated TiO2, 
P2O5, alkalis, Ba, Sr, Zr 

1246±3 Ma2 Unknown 

Syenite Suite Nepheline syenite, 
potassic syenite, 
typically gneissic 

Alkalic, metaluminous, 
volcanic-arc or orogenic 
granite5 

1242 to 1219 Ma3 Nepheline 

Methuen Suite 
(Junction and 
Galloway plutons) and 
Anstruther gneiss 
complex granites 

Monzogranite, 
granodiorite, foliated to 
gneissic 

Subalkalic, metaluminous, 
within-plate granite5 
(Galloway) or volcanic-arc 
granite5 (Junction) 

1221±2 Ma, Junction 
pluton4; 1211±2 Ma 
megacrystic granite4; 
1229 Ma, Anstruther 
granite1 

Historic stone and 
aggregate production 

Catchacoma Suite (late 
Granite Suite of 
Easton 2007, 2008)* 

Monzogranite, 
syenogranite 

Subalkalic, peraluminous, 
within-plate granites5, elevated 
K2O (4.6–7.7 wt %),  
Nb (>25 ppm),  
Pb (12–25 ppm),  
Rb (>200 ppm),  
Th (25–55 ppm) 

1067±4 Ma4 Uranium, thorium, 
building stone and 
aggregate production 

Pegmatite Suite Syenogranite, syenite  1059±2 Ma4 Uranium, thorium, 
potassium feldspar 

Sources:  1Burr and Carr (1994), 2Pehrsson, Hanmer and van Breemen (1996), 3Lumbers et al. (1990), 4Easton and Kamo (2008), 5Pearce, Harris 
and Tindle (1984). 

METAMORPHIC AND DEFORMATION HISTORY 

Older deformational and metamorohic events in Harvey-Cardiff domain are poorly constrained.  It is 
possible that local deformation and metamorphism affected the highly strained gneisses of southern 
Harvey-Cardiff subdomain during the emplacement of the granodiorite and tonalite sheets of the 
Anstruther and Burleigh gneiss complexes.  Widespread metamorphism was also likely associated with 
distribution of the Methuen suite plutons at circa 1220 Ma, given the widespread distribution of these 
bodies in both northern and southern Harvey-Cardiff subdomains and throughout the Anstruther and 
Burleigh gneiss complexes.  Currently, only the youngest regional metamorphic event to affect Harvey-
Cardiff domain has been dated.  Mezger et al. (1993) collected a sample from southern Harvey-Cardiff 
subdomain which yielded a U/Pb titanite age of 1033±2Ma, whereas a titanite from northern Harvey-
Cardiff subdomain was somewhat older, at 1060±2Ma.  Easton and Kamo (2009) found several clusters 
of U/Pb titanite and monazite ages within Harvey-Cardiff domain that cluster at roughly 1075, 1060, 1050 
and 1033 Ma, with the older ages being more common in the northern subdomain and the younger ages 
more common in the southern subdomain (Easton and Kamo 2009). 
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Timing constraints on the development of the Salerno Creek deformation zone, which forms the 
boundary between Bancroft terrane and Harvey-Cardiff domain, are that it is younger than circa 1242 Ma 
(the age of the Salmon Burn intrusive complex) and, in part, younger than circa 1211 Ma (the age of a 
megacrystic granite lens within the deformation zone).  It is older than circa 1045 Ma (the age of a 
metamorphosed alkalic dike that cuts gneissic fabric within the deformation zone). 

Timing constraints on the development of the boundary between northern and southern Harvey-
Cardiff domain is that it is younger than circa 1221 Ma (the age of the Junction pluton), and older than 
1059 Ma (the age of the Cavendish pegmatite, which was emplaced along the boundary between the 2 
subdomains and is undeformed).  The absence of 1067 Ma Catchacoma suite granite intrusions in 
northern Harvey-Cardiff subdomain could indicate that the boundary was formed between 1067 and 
1059 Ma. 

DISCUSSION 

Broad tectonic questions to consider during the field trip, not all of which have been resolved, include the 
following: 

• Is Bancroft terrane part of the Composite Arc Belt, part of the pre-Grenville Laurentian margin, or 
both? 

• Why is the main belt of Nepheline Syenite suite rocks located proximal (within 5 to 15 km) and 
roughly parallel to the Bancroft-Elzevir terrane boundary? 

• What is the nature of the difference between northern and southern Harvey-Cardiff subdomains?  Is 
the northern subdomain allochthonous with respect to the southern subdomain? 

• What is the significance of the fact that many of the major plutonic suites present in Harvey-Cardiff 
domain are 20-30 million years younger than equivalent rocks in other Composite Arc Belt domains 
(e.g., Methuen suite – 1230-1210 Ma in Harvey-Cardiff yet 1250-1420 Ma elsewhere in the 
Composite Arc Belt)? 

• Does the map pattern of Methuen suite plutons in Harvey-Cardiff domain suggest ponding of 
magmas at the currently exposed crustal level? 

• What is the age and protolith of the host rocks to the Anstruther and Burleigh gneiss complexes? 
• Are there Elzevir suite rocks (1275-1250 Ma) present within Harvey-Cardiff domain, or are all 

granodioritic and tonalitic gneisses in southern Harvey-Cardiff subdomain similar in age to the 
Anstruther gneiss complex? 

• What is the significance of the Salerno Creek deformation zone, and is there a relationship between 
this penetrative high strain zone and the discontinuous metre-thick mylonite strands that make up the 
extensional Bancroft shear zone? 
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Figure 3. Location of field trip stops for Day 1.  For convenience, the locations of Day 2 stops are also shown. 
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ROAD LOG, DAY 1, COUNTY ROAD 507, ROCKS OF HARVEY-
CARDIFF DOMAIN 

The purpose of day one is not only to show most of the major rock units present in the Harvey-Cardiff 
domain, but also to compare and contrast the rock units present between the southern and northern 
subdomains within Harvey-Cardiff domain.  Figure 3 shows the location of the stops for Day 1. 

Geological map reference: Bright (1981a, 1981b), Lumbers and Vertolli (2000a, 2000b), Easton (2010). 

0.0 km Start at traffic lights at the junction of Peterborough County roads 29 and 36 in Buckhorn.  
Set odometer to zero.  Drive north on County Road 36 toward Bobcaygeon. 

2.9 km Rock cuts on either side of the road expose layered mafic gneisses (170°/35°) of the 
Burleigh gneiss complex, cut by younger syenogranite pegmatite veins.  The veins are mildly 
radioactive, yielding scintillometer counts of up to 1050 counts per second (cps).  An assay-
mode scintillometer measurement of 83 ppm U and 31 ppm Th was obtained from a vein in 
this outcrop.  UTM at centre of outcrop area, west side of road is 709522E, 4939546N. 

3.4 km Pull over on shoulder by the Kawartha Pest Control sign and park.  Rock cuts on both sides 
of the road are part of this stop.  EXERCISE CAUTION WHEN EXITING VEHICLES 
AND CROSSING THE ROAD. 

Stop 1. Burleigh Gneiss Complex 

UTM outcrop area 1.  West side of 507, south end, 709225E, 4940030N, north end 709170E, 4940065N.  
UTM outcrop area 2.  East side of 507, south end, 709223E, 4940050N, north end, 709202E, 4940063 N. 

These roadside outcrops belonging to the Burleigh gneiss complex were dated by Rb/Sr techniques 
by Krogh and Hurley (1968) as part of their regional geochronological investigation of the Central 
Metasedimentary Belt.  They obtained a date of 1080±39 Ma (decay constant adjusted), which is similar 
to U/Pb zircon ages on syenogranite pegmatite and Catchacoma suite granitic rocks from the Harvey-
Cardiff domain reported by Easton and Kamo (2008, 2009).  This stop not only allows us to examine a 
historic outcrop, but also to see the heterogeneity of rock units present within the Burleigh (and the 
Anstruther) gneiss complexes. 

Outcrop area 1.  From south to north, the outcrop consists of layered, fine-grained mafic gneiss, 
which transitions into a migmatitic granitic gneiss, likely a Methuen suite intrusion, all cross-cut by a 
pegmatite vein.  The pegmatite locally yields 650 cps on a scintillometer, resulting from contents of 
approximately 20 ppm U and up to 86 ppm Th. 

Outcrop area 2.  From south to north, the outcrop consists entirely of Methuen suite granitic gneiss.  
At the north end of the outcrop, quartz eyes are present within the granite gneiss.  A mafic dike of 
unknown age cuts the granite gneiss near the southern end of the outcrop, and is likely present in outcrop 
area 1, where it is difficult to see due to overburden and the fact that it cuts similar-looking layered, mafic 
gneiss of outcrop area 1.  Return to vehicles, continue north on County Road 36. 

3.8 km Road climbs uphill from lower-lying Precambrian rocks onto a plateau of Paleozoic 
limestone of the Bobcaygeon Formation. 

4.2 km Entrance to Kawartha Winery on the left. 
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4.9-5.0 Paleozoic limestones are exposed in rock cuts on both sides of the road. 

5.2 km Entrance to Ormell Sand and Gravel Limited, Harvey quarry in Paleozoic limestone on the 
right (east). 

5.4 km Entrance to Dufferin Aggregates Buckhorn quarry in Paleozoic limestone on the right (east). 

6.25 km Entrance to St. Marys CBM Stonescape quarry in Paleozoic limestone on the right (east). 

7.45 km Flynn’s Turn, turn right onto County Road 507 and head north past the gas station. 

8.5 km Pull over and park on shoulder on the right hand side of the road by low, grey rock cuts.  
EXERCISE CAUTION WHEN EXITING VEHICLES AND WHEN CROSSING THE 
ROAD.  Examine vertical faces in outcrops on both sides of the road. 

Stop 2. Paleozoic Limestones 

These rock cuts display bioclastic-bearing lithographic limestones of the middle Ordovician Bobcaygeon 
Formation.  The abundance of bioclastic debris, mainly crinoid and brachiopod fragments, varies 
considerably between beds.  At the north end of the rock cut on the east side of the road, a channel filled 
with calcareous sand and bioclastic debris has cut down into the more typical, fine-grained bioclastic 
limestones.  Grenville marbles seen throughout today’s route may have been derived from rocks similar to 
these, but without the abundance of coarse bioclastic material. 

Return to vehicles, continue north on County Road 507. 

9.4 km Heading downhill and down-section through the Paleozoic into Precambrian rocks.  At this 
point, reddish, calcareous sandstones and siltstones of the Shadow Lake Formation, which 
lies directly atop the basement, are exposed at the base of the outcrop on the right (east) side 
of the road. 

9.5 km Exposures on the left (west) side of the road are highly strained, intermediate to felsic 
gneisses cut by syenogranite pegmatite veins.  We will see similar gneisses at Stop 3. 

10.1 km Paleozoic outcrops present on the left (west) side of the road. 

11.2 km Charlie Allen Road on the left (west).  Continue north. 

11.5 km Ossie Traynor Road on right (east).  The Kawartha Rock quarry, developed in Paleozoic 
limestones, is at the end of this road (~500 m from junction).  Continue north. 

12.1 km Paleozoic outcrops present on the right (east) side of the road. 

12.2 km Drop off the Paleozoic and back into Precambrian rocks. 

12.3 km Exposures on the left (west) side of the road are weathered, highly strained, mafic to 
intermediate gneisses.  We will see similar gneisses at Stop 3. 

12.7-12.9 Exposures on the right (east) side of the road are highly strained, mafic to intermediate 
gneisses cut by syenogranite pegmatite veins. 

13.45 km Back onto Paleozoic strata. 

14.0 km Drop off the Paleozoic and back into Precambrian rocks. 

14.3 km Exposures on both sides of the road are highly strained, mafic to intermediate gneisses. 

15.05 km Mississagua Dam Road on right (east).  Continue north. 
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15.4 km Pull over on right shoulder.  Three separate rock cuts on both sides of the road are part of this 
stop.  The first is located on the left (west) side of the road opposite the parking area.  The 
second two are located on the right (east) side of the road 100 and 200 m north of the parking 
area, respectively.  EXERCISE CAUTION WHEN EXITING VEHICLES AND 
CROSSING THE ROAD. 

Stop 3. Highly Strained Gneisses of the Southern Harvey-Cardiff 
Subdomain and Younger, High Th Granite 

UTM outcrop area 1.  West side of 507, south end 709647E, 4950233N, north end 709640E, 4950252N. 

Outcrop area 1.  This rock cut exposes near-vertical, highly strained, thin-layered, quartzofeldspathic 
gneiss typical of much of southern Harvey-Cardiff subdomain (analysis 1, Table 3).  Magnetite 
porphyroblasts are common throughout the rock at this locality, and appear to postdate the main fabric 
preserved in these rocks.  Magnetic susceptibility in some layers averages 150 x 10-3 SI units, sufficient to 
affect compass measurements. 

Morton (1983), Bright (1981a, 1988), and Lumbers and Vertolli (2000a) all mapped rocks like these, 
and the more mafic equivalents seen at outcrop area 2 of this stop, as mafic, intermediate and felsic 
metavolcanic rocks.  Although it is possible that these are indeed metavolcanic or metavolcaniclastic 
rocks, the high strain present in these rocks, and the lack of any preserved primary features, makes 
protolith determination problematic.  Bright (1988) assigned these rocks to his “Cavendish-Harvey 
metavolcanic” unit, and presented major element geochemical data for the unit, based mainly on samples 
from Harvey Township collected by Morton (1983) and Bright (1988).  Bright (1988) found a wide 
variation in composition and tectonic affinity, with tholeiitic, calc-alkalic and alkalic rock types present 
within the “Cavendish-Harvey metavolcanics”.  This compositional range is not surprising given the 
highly strained character of these gneisses, and, as we have observed, the difficulty in determining the 
protolith of the rocks present at this stop.  In addition, as we will observe at Stop 4, it is clear that the 
“Cavendish-Harvey metavolcanic unit” also includes deformed mafic intrusive rocks, further calling into 
question the interpretation of this earlier geochemical work, which may include a mixture of extrusive, 
intrusive and, possibly, metasedimentary rocks. 

UTM outcrop area 2.  East side of 507, south end 709596E, 4950358N, north end 709602E, 4950348N. 

Outcrop area 2.  This rock cut exposes near-vertical, highly strained, thin-layered, mafic gneiss 
typical of much of southern Harvey-Cardiff subdomain (analysis 2, Table 3).  On some surfaces, the 
mafic rock may once have been coarser grained, as indicated by elongate hornblende crystals. 

UTM outcrop area 3.  East side of 507, south end 709579E, 4950403N, north end 709568E, 4950433N. 

Outcrop area 3.  The mafic and quartzofeldspathic gneisses were intruded by a pink, low-strain, 
monzogranite intrusion.  At UTM 709577E, 4950417N, a large enclave of mafic gneiss is incorporated 
within the granite.  Gneissosity in the enclave trends 250°/90°, in contrast to the 230°/70° trend observed 
in areas 1 and 2.  This granite body is characterized by high potassium (>4.5 weight %) and thorium 
contents (>40 ppm) (analysis 3, Table 6), features which were recognized as distinctive early on (Easton 
2010c) due to the use of a scintillometer during mapping.  Subsequent whole-rock geochemistry, 
combined with geochronology, confirmed that these granites were distinctive in both age and 
geochemistry.  Granite similar to this at Stop 6 was dated using U/Pb zircon methods, yielding an age of 
1066.8±3.7 Ma (Easton and Kamo 2008, 2009).  Easton (2007, 2008a, 2008b) informally referred to these 
granites as the high Th granite suite or the late granite suite.  Easton (2010c) has proposed the name 
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Catchacoma Intrusive Suite for these distinctive granites.  Return to vehicles, continue north on County 
Road 507. 

16.1 km End of high Th granite outcrops. 

16.7 km Turn left at intersection onto Galway Forest Access Road, proceed west.  Several quarries 
are located on this gravel road.  LARGE AND SMALL HAULAGE TRUCKS USE THIS 
ROAD REGULARLY ON WEEKDAYS. EXERCISE CAUTION ON CURVES AND 
WHEN PARKING AND EXITING VEHICLES. 

17.5 km Park at edge of road by large clearing. 

Stop 4. Deformed Mafic Intrusive Rocks, Metaplutonic Gneisses and 
Calc-Silicate Rocks of Southern Harvey-Cardiff Subdomain 

UTM main outcrop area by the road.  Southwest side, by skidder trail 708632E, 4951476N.  Southeast 
side, by road 709648E, 4951527N.  Northeast side, near road 708629E, 4951525N.  Northwest side, by 
bush 708598E, 4951487N.  UTM secondary outcrop area to the southwest, reached by skidder trail.  West 
end, 708625E, 4951385N, east end 708639E, 4951456N. 

This outcrop area is located in a belt previously mapped as mafic metavolcanic rocks by Morton 
(1983), Bright (1988) and Lumbers and Vertolli (2000a), based on outcrop areas not as well exposed as 
this.  The southern half of the outcrop area, and an additional outcrop area 50 m to the southwest along a 
partly overgrown skidder trail, consist of leucogabbroic gneiss, derived from anorthositic gabbro and 
gabbroic anorthosite.  The rocks are wholly recrystallized, but show a range of deformation, from areas 
exhibiting partly preserved igneous textures (Photo 1), to strongly foliated gneiss, to mafic straight gneiss.  
In the outcrop area to the southwest of the main outcrop area, a granitoid dike cuts the fabric in the 
leucogabbroic gneiss, but is itself deformed.  Analysis 3, Table 3, is from the leucogabbroic gneiss, and is 
similar to analysis 2, Table 3, the mafic gneiss unit at Stop 3. 

The northern part of the outcrop area consists of 2 generations of intermediate composition 
orthogneiss, which cut the leucogabbroic gneiss, as well as older, layered gneiss, which locally contains 
calc-silicate layers (e.g., UTM 708621E, 4951478N and 708598E, 4951487N) that may be of 
metasedimentary origin.  The layered gneiss unit may be the host rock to the leucogabbroic gneiss.  
Unfortunately, the contact between the granitoid gneisses, the leucogabbroic gneiss, and the layered 
gneiss is not exposed. 

This outcrop area illustrates the complex deformational history and strain present in the rocks of the 
southern Harvey-Cardiff subdomain and, like Stop 3, demonstrates the difficulty in determining protolith 
in these complexly deformed rocks; especially when one considers that exposures such as this are the 
exception, with most outcrops in the area being thickly covered by lichen, moss and other organic debris.  
Return to vehicles, turn around, and proceed east toward County Road 507. 

17.8 km Park at edge of road by large outcrop.  UTM 708923E, 4951587N. 
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Photo 1. Mafic gneiss, showing partly preserved primary igneous textures overprinted by foliation, Stop 4, Day 1.   
Hammer handle is 30 cm long. 
 

Stop 5. Saprolite Developed in Granodioritic Gneiss of the Southern 
Harvey-Cardiff Subdomain 

This outcrop exposes saprolite (related to in situ weathering in a tropical environment) developed in what 
was once a quartz monzodiorite body similar to the one we will see at Stop 6.  Note the preservation of 
the gneissic texture within the outcrop, even though it can be sampled with a spoon.  The face is roughly 
5 m high, which provides a minimum thickness for this intense weathering.  Zones of deep weathering 
such as this are common on the west flank of the Anstruther and Burleigh gneiss complexes, and the 
topographic height of these complexes may have been responsible for preserving these weathering 
horizons from south-southwest-directed glaciation.  Weathering surfaces are developed in all rock units 
within Harvey-Cardiff domain, but are most common in marbles and intermediate composition gneisses.  
The widespread occurrence of vermiculite in southern Harvey-Cardiff subdomain is probably the result of 
both favourable host marble compositions, as well as the presence of this regional weathering surface.  
Rocks from this outcrop were not chemically analyzed because of the lack of fresher rocks in this outcrop 
with which to compare.  However, an outcrop area located further west along the Forest Access Road 
(UTM 704624E, 4953215N) contained both partly and completely altered rocks (analyses 5 and 6, Table 
3) (Photo 2).  Apart from the alkalis, no significant element mobility was observed at the sampled 
locality.  Return to vehicles, continue east back to County Road 507. 

18.2 km Junction with County Road 507.  Turn left and continue north. 

20.4 km Junction on the left (west) leads to the Vermiculite Canada plant operated by Regis 
Resources Canada.  The mine gate is located 600 metres northeast of the junction.  Continue 
north on County Road 507. 
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20.7 km Kings Road on right, continue north on 507. 

20.9-21.1 Saprolitic dolomite marbles that structurally underlie the vermiculite-bearing marbles in the 
area are exposed in roadcuts on the right (east) side of the road. 

21.15-21.3 Weathered, impure, layered, tremolite- and mica-bearing marbles typical of the source rocks 
for vermiculite deposits in the area are exposed on the left (west) side of the road. 

21.6 km West Bay Road on right, continue north on 507. 

21.6-21.75 Park on shoulder of road in middle of long roadcuts present on both sides of the road.  This 
stop consists of exposures on both the west and east side of the road.  EXERCISE 
CAUTION WHEN EXITING VEHICLES AND WHEN CROSSING THE ROAD. 

 
 

 
 

Photo 2. Saprolite gneiss, developed in grey granodioritic gneiss of the Elzevir Suite.  The rounded resistant rocks represent the 
least altered portions of the outcrop.  Such rounding is typical of weathering in modern tropical environments.  Outcrop is located 
on the Forest Access Road, Galway Township, 6.9 km west of Stop 5 at UTM 704624E, 4953215N.  Person for scale shows the 
depth of the weathering profile. 

 

Stop 6. Strained Quartz Monzodiorite Intrusion and Late, High Th 
Granite 

UTM, east side of highway, south end of outcrop area 710685E, 4954505N, north end 710715E, 
4954640N; west side of highway, south end 710670E, 4954410N, north end 710682E, 4954555N. 

Rock cuts on the east side of the road expose part of a gneissic quartz monzodiorite (analysis 1, 
Table 6) that forms a large intrusion in southern Harvey-Cardiff subdomain.  The affinity of this unit is 
unclear; it is not part of the syenite or nepheline-syenite suite, and it is older than monzogranite intrusions 
of the Methuen (~1220 Ma) and Catchacoma (~1070 Ma) suites.  An attempt to determine the 
emplacement age of this body was unsuccessful.  Titanite from this locality, however, yielded a U/Pb age 
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of 1048±3 Ma, interpreted as dating cooling associated with the waning of regional metamorphism in 
southern Harvey-Cardiff subdomain (Easton and Kamo 2009). 

Rock cuts on the west side of the road expose pink, medium-grained monzogranite (analysis 2, Table 
6) of the Catchacoma intrusive suite, similar to the rock seen at Stop 3.  A concordant U/Pb zircon age of 
1066.8±3.7 Ma was obtained from the northern end of the rock cut, and is interpreted as dating the 
emplacement of this unit (Easton and Kamo 2008, 2009). 

This outcrop area was also one of the areas studied by Banman (2009) as part of a BSc thesis at 
Carleton University documenting the field use of hand-held magnetic susceptibility meters and 
scintillometers in order to discriminate different intrusive bodies in the field.  Geochemical samples were 
taken from several of the scintillometer sites in order to compare scintillometer and geochemical results.  
The Catchacoma suite rock at this outcrop was also used as a test site for repeated magnetic susceptibility 
and scintillometer readings from the same spot, in order to collect data on instrument variability and drift.  
Results are summarized in Tables B1 and B2, which also includes outcrops that we will visit at Stops 11 
and 15 today.  One conclusion of the study was that the scintillometer yielded results similar to those 
obtained by whole-rock geochemistry for K and U, but that the scintillometer underestimated Th contents 
by up to 40%.  Return to vehicles, continue north. 

22.8 km Scotts Road on right, continue north on 507.  Behind the Bell Canada shed, located 100 
metres east of the junction, is a pit that forms part of the Drude (Buckhorn) occurrence (also 
known as the Newlund occurrence).  The overgrown, partly infilled pit by the shed yielded 
scintillometer readings of 5700 cps, and scintillometer assay values of 366 ppm U and 262 
ppm Th (Easton 2007).  A second pit on the powerline 150 m east of the shed gave readings 
of 12 000 cps and scintillometer assay values of 662 ppm U and 446 ppm Th, one of the 
highest uranium readings in the township (Easton 2007). 

23.0-23.2 Park on the shoulder of the road.  The stop is located on the left (west) side of the road.  
EXERCISE CAUTION WHEN EXITING VEHICLES AND WHEN CROSSING THE 
ROAD. 

 
 
Table B1. Summary of magnetic susceptibility and scintillometer measurements from granitic rocks in Cavendish Township 
(from Banman 2009). 

Average Scintillometer Data 
Site Intrusive Unit 

Age in Ma Rock Type 
Location 

UTM Zone 
17, NAD 83 

K  
(wt. %) 

U 
 (ppm) 

Th 
(ppm) 

Average Magnetic 
Susceptibility  

(x10-3 SI) 
1 

Stop 6 
Catchacoma Suite, 
1067±4 syenogranite 710700E 

4954000N 4.0 3.5 28.3 10.6 

2 
Stop 6 

Quartz 
Monzodiorite Suite  
emplacement age 
unknown 

quartz monzodiorite 
gneiss 

710670E 
4954400N 2.8 1.2 0.6 14.8 

3 
Stop 11 

Methuen Suite, 
Junction Pluton 
1221±2 

gneissic 
monzogranite 

707425E 
4969475N 2.8 4.2 6.1 0.1 

4 
Stop 15 

Methuen Suite, 
Galloway Pluton 
~1220-1240 

gneissic granodiorite 
to monzogranite 

708000E 
4964600N 3.0 4.2 9.4 3.6 

5a Elzevir Suite, 
~1270-1290 granodiorite gneiss 704640E 

4953250N 4.5 7.3 7.9 81.4 

5b age unknown saprolite 704640E 
4953250N 3.6 5.5 8.0 49.8 
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Table B2. Comparison of geochemical and scintillometer data for granitic rocks in Cavendish Township (from Banman 2009). 

Average Geochemistry Values Average Scintillometer Data 
Site Rock Type K 

(wt %) 
U 

(ppm) 
Th 

(ppm) 
K  

(wt %) 
U 

(ppm) 
Th 

(ppm) 
1 

Stop 6 syenogranite 4.7 4.4 42.5 4.0 3.5 28.3 

2 
Stop 6 

quartz monzodiorite 
gneiss 3.2 1.7 3.2 2.8 1.2 0.6 

3 
Stop 11 

gneissic 
monzogranite 3.2 3.9 14.7 2.9 4.1 9.1 

4 
Stop 15 

gneissic 
granodiorite to 
monzogranite 

2.3 4.1 7.9 2.8 4.2 6.1 

5a granodiorite gneiss 4.1 4.5 9.7 4.5 7.3 7.9 
5b saprolite 3.6 4.1 11.6 3.6 5.5 8.0 

 

Stop 7. Grey Gneiss of Southern Harvey-Cardiff Subdomain 

Outcrop area, west side of 507.  UTM south end, 710813E, 4955762N, north end. 710838E, 4955795N. 

This outcrop shows typical grey gneiss common within the southern Harvey-Cardiff subdomain.  
Protolith is indeterminate: it could be derived from either intermediate composition metavolcanic or 
metavolcaniclastic rocks, or granodioritic intrusions, or both.  Along the southern part of the outcrop area, 
in the vicinity of UTM 710820E, 4955775N, two migmatitic fabrics are present in this rock (Photo 3).  
The older of the two, which corresponds to the compositional layering in the rock, strikes 205°; whereas 
the younger fabric strikes 230° and is defined by leucosome lenses containing sulphide minerals. 

 

 
 

Photo 3. Fabrics in grey gneiss at Stop 7, Day 1.  Knife is 9 cm long. 
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Somewhere in this outcrop, or in the outcrop on the opposite side of the road, Mezger et al. (1993) 
collected a sample from which they extracted titanite that yielded a U/Pb age of 1033±2 Ma.  In contrast, 
a titanite from northern Harvey-Cardiff subdomain was somewhat older, at 1060±2 Ma (Mezger et al. 
1993).  Easton and Kamo (2009) found several clusters of U/Pb titanite and monazite ages within Harvey-
Cardiff domain that cluster at roughly 1075, 1060, 1050 and 1033 Ma, with the older ages being more 
common in the north and the younger ages more common in the south (Easton and Kamo 2009).  Return 
to vehicles, continue north. 

23.5 km Catchacoma Community Complex to the right (east).  Continue north on 507. 

23.95 km Beaver Lake Road on right (east).  Continue north on 507. 

24.2 km End of outcrops of granodioritic gneisses along the road.  Now entering a belt dominated by 
marbles of southern Harvey-Cardiff subdomain. 

24.9 km Rock cut on right (west) side of road exposes dolomitic marble of the southern Harvey-
Cardiff subdomain, and contains a 2 m wide amphibolite dike. 

25.5-25.7 Park on the shoulder of the road just before the sign for Fire Route 275 (UTM parking 
711035E, 4958125N).  The first part of the stop is located on the left (west) side of the road 
opposite the parking area.  The second part is also located on the left (west) side of the road, 
100 to 250 m north of the parking area at the large curve.  EXERCISE CAUTION WHEN 
EXITING VEHICLES, WHEN CROSSING THE ROAD, AND WHEN MOVING 
BETWEEN OUTCROPS. 

Stop 8. Contact Between Marble and Gneiss, and Marble Tectonic 
Breccias of Southern Harvey-Cardiff Subdomain 

UTM outcrop area 1, west side of 507.  South end, 711051E, 4958066N, north end, 711028E, 4958116N. 

Most of the outcrop is fine- to medium-grained grey gneiss, with 5 to 10% thin leucosome layers.  At 
the north end of the outcrop, the unit is in sharp contact with a coarse-grained, white-grey calcite marble.  
Isoclinal folds are abundant in the grey gneiss.  Again, as at the previous stop, protolith is indeterminate.  
The marble is likely part of the marble breccia unit we will see better exposed at outcrop area 2, as in this 
outcrop, it does contain some fragments of amphibolite and darker silicate material.  In addition to these 2 
main rock types, a potassium feldspar-magnetite-biotite pegmatite is also present, cutting the grey gneiss. 

UTM outcrop area 2, west side of 507.  South end, 710945E, 4958257N, north end, 710864E, 4958376N. 

The marble tectonic breccia at this stop (Photo 4) contains at least 3 types of fragments, namely, 
medium- to coarse-grained amphibolite to metagabbro; grey, intermediate composition gneiss, possibly 
related to the rock seen at outcrop area 1; and grey paragneiss.  In addition, in low pressure areas around 
the larger fragments, coarse-grained, cream-coloured calcite and coarse-grained biotite have developed 
afterwards (see Photo 4).  Return to vehicles and continue north on 507. 

27.0 km Road begins to drop sharply downward as the scarp of the Cavendish fault is crossed (fault is 
crossed at 27.3 km).  This fault has a minimum left-lateral displacement of 2 km, based on 
offset of the large pegmatite body that hosts the Cavendish Mine. 

27.4 km Baldwin Bay road on right (east), continue north on 507. 
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27.7 km Cavendish Mine road on left (west), continue north on 507.  This four-wheel drive road 
provides access to the former Cavendish uranium mine, which is described in detail by 
Satterly (1957). 

27.8-27.9 Rock cuts on the left side of the road expose dolomitic and calcitic marble tectonic breccias 
of the southern Harvey-Cardiff subdomain.  This rock cut can be used as an optional stop if 
traffic volume does not allow the second half of stop 8 to be safely examined. 

 

 
 

Photo 4. Marble breccia exposed at Stop 8, Day 1.  Lighter-coloured, coarse-grained calcite is formed in low-pressure zones 
around the larger mafic fragments in the breccia. 
 

Optional Stop. Marble Tectonic Breccias of Southern Harvey-Cardiff 
Subdomain 

UTM south end of outcrop area 709502E, 4959488N, north end 709442E, 4959573N. 

This rock cut exposes dolomitic marble breccia of the southern Harvey-Cardiff subdomain, 
containing an abundance of mafic fragments of various sizes.  The larger mafic blocks in the outcrop are 
coronitic metagabbros of unknown affinity.  Dolomite marble, analysis 1, Table 4, is from this outcrop. 

29.2 km Rock cuts on the left side of the road expose dolomitic and calcitic marble tectonic breccias 
of the southern Harvey-Cardiff subdomain.  The trail leading uphill from this rock cut leads 
to a group of exploration pits related to the Cavendish North uranium occurrence.  The pits 
originally date from the 1950s, but re-blasting and diamond drilling took place again in the 
1970s. 

29.7-29.8 Pull off on the shoulder of the road, or on the pullout at the north end of the eastern rock cut.  
Outcrops on both sides of the road constitute the stop.  EXERCISE CAUTION WHEN 
EXITING VEHICLES, WHEN CROSSING THE ROAD, AND WHEN MOVING 
BETWEEN OUTCROPS. 
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Stop 9. Cavendish Pegmatite 

UTM, east side of highway, south end of outcrop area 708842E, 4961192N, north end 708811E, 
4961292N; west side of highway, south end 708840E, 4961172N, north end 708812E, 4961273N. 

The northern two-thirds of these two rock cuts exposes coarse, graphic-textured, syenogranite 
pegmatite of the Cavendish pegmatite, a body with a total strike length of approximately 3 km, and which 
hosts the Cavendish uranium mine to the south as well as numerous other secondary uranium occurrences.  
The highest scintillometer readings come from both sides of the road near the centre of the body.  On the 
east side, the highest scintillometer readings (>13 000 cps) are associated with a magnetite-rich zone in 
the pegmatite.  On the west side, similar readings are recorded, but are found in pegmatite that is 
considerably less magnetite-rich.  The highest assay-mode scintillometer measurements obtained were 
500 ppm U and 1590 ppm Th from the magnetite-rich zone on the east side, and 416 ppm U and 1068 
ppm Th from the west side.  This northern end of the pegmatite is more thorium-rich (U/Th = 0.3) than 
the southern half; for example, the Cavendish mine and the Ganeymede occurrences have assay-mode 
scintillometer U/Th ratios of 1.3 and 1.5, respectively. 

Due to the extent of this body, and its economic significance, a geochronology sample was collected 
from a less radiogenic portion of this pegmatite from the east side of the rock cut.  A concordant U-Pb 
zircon age of 1059.2±1.5 Ma was obtained (Easton and Kamo 2008, 2009).  Since the pegmatite is 
emplaced along the boundary of the southern and northern subdomains of Harvey-Cardiff domain, this 
age is also a minimum age for juxtaposition of these two subdomains.  This age is also similar to that for 
the Catchacoma suite granites in the area (1066.8±3.7 Ma; Easton and Kamo 2008, 2009), some of which 
are significantly enriched in thorium (Easton 2009).  These ages indicate that granite magmatism was 
occurring in the Composite Arc Belt at the same time as pegmatite emplacement in some parts of the 
Composite Belt, and indicate that not all radioactive pegmatite mineralization in the region is of 
hydrothermal origin (e.g., Lentz 1996).  Easton (2008b) discusses in detail the implications of this finding 
with respect to the exploration for Rössing-style (i.e., granite-hosted) uranium mineralization within the 
Composite Arc Belt. 

The southern third of these rock cuts exposes layered, locally rusty weathering gneiss typical of the 
southern subdomain of Harvey-Cardiff domain, and broadly similar to the gneiss observed at Stop 8.  The 
Cavendish pegmatite was emplaced near the boundary between marble and these gneisses, as well as 
along the boundary between the northern and southern Harvey-Cardiff subdomains.  Bright (1981a, 
1981b) and Lumbers and Vertolli (2000a, 2000b) mapped these rocks as amphibole-rich metasedimentary 
rocks, although no obvious sedimentological structures or distinctive mineralogy is present to confirm the 
protolith of these rocks.  Nonetheless, derivation from poorly sorted sedimentary or volcaniclastic 
material is a reasonable protolith for these rocks.  Return to vehicles, continue north on 507. 

30.2 km Baker Drive on left (west), continue north on 507. 

30.25 km Cross into northern Harvey-Cardiff subdomain. 

30.3-31.4 Rock cuts on both sides of the road expose layered, green-grey weathering calcite marbles 
typical of northern Harvey-Cardiff subdomain. 

31.4 km South Greens Lake Road on left (west), immediately past the junction, pull over and park on 
the shoulder of the road.  Rock cuts on both sides of the road constitute Stop 10.  EXERCISE 
CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE ROAD, AND WHEN 
MOVING BETWEEN OUTCROPS. 
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Stop 10. Calcite Marbles of Northern Harvey-Cardiff Subdomain 

UTM, east side of highway, south end of outcrop area 708652E, 4962836N, north end 708646E, 
4962947N; west side of highway, south end 708637E, 4962833N, north end 708633E, 4962919N. 

Since Baker Drive, we have driven by several large rock cuts exposing well-layered, green-white 
calcite marbles typical of northern Harvey-Cardiff subdomain.  At this stop, we will be able to compare 
these marbles with those of southern Harvey-Cardiff subdomain, which were observed at Stop 8.  The 
marbles here are medium- to coarse-grained, locally containing pods and stringers of very coarse-grained 
calcite.  Layering in these rocks in this outcrop varies from 190°/70° on the southwest rock cut to 
225°/60° on the northeast cut.  Recumbent folds are well developed in the west rock cut, as are zones of 
folded and boudinaged amphibolite layers.  Thin (5-10 cm thick) amphibolite layers, possibly 
representing mafic tuffs or thin mafic dikes, are best observed at the north end of the east rock cut.  
Return to vehicles, continue north on 507. 

31.9 km Cedarwood Drive on right (east), continue north on 507. 

31.25 km North Greens Lake Road on left (west), continue north on 507. 

32.3-34.0 Road passes through the Galloway pluton. 

33.3-33.55 Park on shoulder of road, or use pullout into quarry at northeast end of outcrop area (UTM 
pullout 707965E, 4964680N).  Rock cuts on both sides of the road constitute Stop 11.  
EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE ROAD, 
AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 11. Galloway Pluton 

UTM, east side of highway, south end of outcrop area 708024E, 4964566N, north end 707978E, 
4964673N; west side of highway, south end 708023E, 4964538N, north end 707974E, 4964650N. 

These rock cuts illustrate the compositional variability present in the Galloway pluton, a syn-
tectonic, sheet-like, Methuen suite intrusion.  The body has been folded with the surrounding marbles, 
and consists of a larger core with a series of marble layer sheets on either flank (see map pattern on 
Lumbers and Vertolli 2000b).  Compositions range from granodiorite to monzogranite (analyses 4 and 5, 
Table 6).  Several syenogranite pegmatite veins are also present in these rock cuts.  Geochemically, it 
classifies as a within-plate, anorogenic (A-type) granite.  At the north end of the east rock cut, a large 
enclave of marble is incorporated within the intrusion. 

A small aggregate quarry is present just to the east of these outcrops, but has been inactive for the 
last decade (UTM centre of quarry 708025E, 4964780N).  Return to vehicles, continue north on 507. 

33.6 km Pencil Lake Road on right (east), continue north on 507. 

34.0-35.2 Road passes through mainly dolomitic marbles of northern Harvey-Cardiff subdomain. 

34.3-34.5 Park on shoulder of road.  Rock cuts on both sides of the road constitute Stop 12.  
EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE ROAD, 
AND WHEN MOVING BETWEEN OUTCROPS. 
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Stop 12. Dolomite Marbles of Northern Harvey-Cardiff Subdomain 

UTM, rock cuts near Fire Route 312, east side of highway, south end of outcrop area 707349E, 
4965320N, north end 707301E, 4965355N; west side of highway, south end 707338E, 4965309N, north 
end 707319E, 4965345N.  Next set of cuts to the south, east side of highway, south end of outcrop area 
707393E, 4965219N, north end 707358E, 4965269N; west side of highway, south end 707388E, 
4965194N, north end 707364E, 4965253N. 

These rock cuts expose medium- to coarse-grained, generally white, layered dolomitic marbles 
typical of northern Harvey-Cardiff domain.  Tremolite is common within many layers, and some layers 
are relatively pure dolomite, whereas others contain a range of silicate minerals.  Disseminated sulphides 
(generally chalcopyrite and pyrite) are common in these exposures, however, none of the assay samples 
collected from these outcrops yielded significant Cu or Ni metal values.  Portions of these outcrop areas, 
for example the south end of the northernmost cut on the west side, are almost saprolitic in character.  At 
the north end of the eastern rock cut, by Fire Route 312, thin silicate layers in the marbles may represent 
algal-mat stromatolites.  These are not well developed in this outcrop area, but are better developed 
roughly 1 km to the east-northeast of the stop.  Unfortunately, these exposures are not easily accessible.  
Analysis 5, Table 4, is from this outcrop.  Return to vehicles, continue north on 507. 

35.3-36.7 Road passes through additional exposures of dolomitic marble of the northern Harvey-
Cardiff subdomain. 

35.5-35.7 Park on shoulder of road.  Rock cuts on both sides of the road constitute Stop 13.  
EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE ROAD, 
AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 13. Mafic and Intermediate Metavolcanic and Metavolcaniclastic 
Rocks of Northern Harvey-Cardiff Subdomain 

UTM, rock cuts east side of highway, south end of outcrop area 707211E, 49663510N, north end 
707177E, 4966426N; west side of highway, south end 707197E, 4966330N, north end 707168E, 
4966424N. 

These rock cuts expose rocks that have been historically mapped as metavolcanic rocks, however, as 
we will see in outcrop, the presence of marble and calc-silicate layers may indicate that these rocks are 
volcaniclastic rather than volcanic in origin.  Both mafic and intermediate composition units are present 
(analyses 3, 4, 6 and 7, Table 5).  Layering, mostly likely transposed bedding, is near-vertical in these 
outcrops, with individual layers ranging from 1 cm to 50 cm thick.  Intermediate composition layers are 
best observed in faces on the west side of the road.  Near the centre of the east outcrop area, dark grey 
calcite marble, calc-silicate, and mafic gneiss are interlayered (analyses 1, 2 and 3, respectively, Table 5), 
and indicate that deposition of the mafic and felsic silicate rocks occurred while carbonate sedimentation 
was ongoing.  An attempt in 2007 to date the intermediate layers from this outcrop was unsuccessful, due 
to the lack of suitable zircon grains in these rocks.  Mezger et al. (1993) did extract a titanite from this 
outcrop, which yielded a U/Pb age of 1060±2 Ma, most likely dating the timing of regional 
metamorphism in northern Harvey-Cardiff subdomain.  Return to vehicles, continue north on 507. 

35.8-36.7 Road passes through additional exposures of mafic to intermediate metavolcanic and 
metavolcaniclastic rocks of northern Harvey-Cardiff subdomain. 

36.7-36.9 Rock cuts on the left (west) side expose deformed gabbros of Stop 14. 
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36.95 km Low rock cut in bush on left (west) side expose diopside-rich rocks of Stop 14. 

37.0 km Park on right shoulder of road by pullout.  (UTM pullout 707571E, 4967641N).  Three 
separate rock cuts on the left side of the road opposite and behind the vehicles constitute 
Stop 14.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE 
ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 14. Deformed Gabbro, Diopside Crystals, and Dolomite Marble, 
Northern Harvey-Cardiff Subdomain 

UTM outcrop area 1, west side of 507.  South end 707526E, 4967449N, north end 707563E, 4967544N. 

Outcrop area 1.  From a distance, this rock cut appears to expose mafic metavolcanic rocks similar to 
those at Stop 13.  However, closer examination of the rocks, especially in the weathered parts of the drill 
holes in the outcrop, or on the top surface of the rock cut, indicates that this is a highly deformed gabbro, 
possibly part of the Salmon Burn intrusive complex.  If this correlation is correct, then the host 
metavolcanic rocks are older than 1242 Ma.  Geochemically, the gabbro does bear some similarity to the 
mafic metavolcanic rocks present at Stop 13 (compare analyses 4 and 5, Table 5), and it is possible that 
they are contemporaneous.  Regardless, this cut indicates that the belt of metavolcanic rocks in northern 
Harvey-Cardiff subdomain also includes intrusive phases, which may not always be recognizable in less 
than ideal outcrop exposures.  At the north end of the outcrop, younger, brown weathering ankerite veins 
are present in the gabbro.  Assay samples from these veins showed no metal or gold enrichment.  Walk 
north along the west side of the road for approximately 60 m to outcrop area 2. 

UTM outcrop area 2, west side of 507.  South end 707568E, 4967604N, north end 707567E, 4967613N. 

Outcrop area 2.  Low outcrops in the bush just west of the road consist of pale green, large diopside 
crystals.  Locally, up to 60% of the rock is diopside, tremolite is also present locally.  These outcrops 
occur at the contact between the metavolcanic belt and a marble belt, and the large crystal growth may be 
related to hydrothermal fluids being channelled along this contact.  Walk north along the west side of the 
road for approximately 50 m to outcrop area 3. 

UTM outcrop area 3, west side of 507.  South end 707561E, 4967655N, north end 707531E, 4967702N. 

Outcrop area 3.  Tall rock cuts expose layered dolomite marbles, with minor amphibolite layers,  
similar to those observed at Stop 12.  Although assays obtained from this outcrop and the next outcrop 
area on the east side of the road showed no metal enrichment, to the west, dolomite marbles of this unit 
contain zinc, and were explored by St. Joseph’s Exploration Limited in the 1970s.  Return to vehicles, 
head north on 507. 

37.3 km Entering the southern margin of the Junction pluton. 

37.55 km Salmon Lake Road on left (west), continue north on 507. 

38.6 km Rock cut on left (west) is the location of the geochronology sample collected from the 
approximate centre of the Junction pluton, continue north on 507.  An age of 1221±1.6 Ma 
was obtained (Easton and Kamo 2008, 2009). 

39.0 km Park on right shoulder of road by pullout.  Rock cuts on both sides of the road ahead of the 
vehicles constitute Stop 15.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN 
CROSSING THE ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 
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Stop 15. Junction Pluton 

UTM east side of 507.  South end 707433E, 4969736N, north end 707433E, 4969402N.  West side of 
507, south end 707405E, 4969495N, north end 707404E, 4969524N. 

The rock cuts on the east side of the road show typical exposures of the medium-grained 
monzogranite that forms the Junction pluton, another syn-tectonic Methuen suite body in Cavendish 
Township.  As noted above, a U/Pb zircon age of 1221±1.6 Ma was obtained from the Junction pluton 
(Easton and Kamo 2008, 2009).  In contrast to the Galloway pluton, the Junction pluton is 
compositionally more homogeneous, which is one reason why it, rather than the Galloway pluton, was 
selected for geochronology.  Geochemically, it classifies as a volcanic-arc, anorogenic (A-type) granite.  
On the west side of the road, a 2 to 3 m wide fine-grained hornblende monzodiorite intrusion cuts the 
granite (analysis 7, Table 6).  Return to vehicles. 

This concludes Day 1.  Retrace route back to Buckhorn. 
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Table 3. Representative whole-rock geochemical analyses for rocks from the southern Harvey-Cardiff subdomain (from Easton 
2010b). 

Analysis 1 2 3 4 5 6 7 
Field 
Number 

07RME-0001 07RME-0002 07RME-0044 08RME-0158 08RME-3018 08RME-3019 07RME-0079 

Day–Stop 1-3 1-3 1-4 na 1-5 1-5 1-7 
Rock Type quartzofeld-

spathic gneiss 
mafic gneiss leucogabbroic 

gneiss 
grey gneiss grey gneiss saprolite grey gneiss 

        
SiO2 52.99 48.75 51.10 60.56 71.60 73.12 57.19 
TiO2 0.96 1.80 1.04 0.69 0.32 0.31 1.24 
Al2O3 14.84 17.34 18.49 16.81 11.25 12.00 16.66 
Fe2O3

total 9.86 13.56 8.19 5.45 7.03 5.70 9.34 
MnO 0.38 0.16 0.13 0.11 0.07 0.06 0.20 
MgO 3.38 5.03 5.52 2.33 0.11 0.09 2.70 
CaO 10.30 7.97 9.81 4.03 0.91 0.25 5.07 
Na2O 2.59 4.38 3.81 4.70 3.40 4.00 5.50 
K2O 3.80 0.33 1.03 2.64 4.91 4.37 1.78 
P2O5 0.27 0.33 0.17 0.18 0.02 0.01 0.46 
CO2 1.41 0.10 0.11 0.80 0.45 0.05 0.23 
LOI 1.81 0.78 1.36 0.77 0.71 0.57 0.70 
Total 101.80 100.43 100.65 98.27 100.33 100.48 100.84 
Mg # 40.4 42.4 57.2 45.9 3.0 3.0 36.4 
CIA 49.3 58.0 56.0 61.4 56.2 58.3 57.9 
        
Cr 333 72 180 37 8 6 5 
Ni 56 32 76 12 <2 <2 2 
Co 22 31 27 16 2 1 12 
Sc 23 27 20 9 1 1 13 
V 175 296 177 88 3 4 125 
Cu 15 54 6 47 8 4 5 
Zn 93 170 86 76 67 54 97 
Rb 97 6 16 56 141 114 33 
Ba 358 86 179 381 253 233 314 
Sr 174 478 513 461 15 12 385 
Nb 4 4 2 7 26 23 9 
Zr 116 106 70 181 730 656 230 
Y 27 27 18 18 121 120 45 
U 0.6 0.4 0.6 1.1 4.5 4.1 1.2 
Th 1.5 1.1 1.5 3.8 9.7 11.6 2.6 
Total REE 93 78 58 77 373 395 151 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982).  na = not applicable. 
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Table 4. Representative whole-rock geochemical analyses for marbles from Cavendish Township (from Easton 2010b). 

Analysis 1 2 3 4 5 6 7 
Field 
Number 

07RME-0097 07RME-0103 07RME-01128 08RME-0409 08RME-0063 08RME-0261 08RME-0260 

Day–Stop 1-optional na na na 1-12 na na 
Rock Type dolomite 

marble, SHCD 
calcite marble, 

SHCD 
host rock,  

VC, SHCD 
host rock,  

VC, SHCD 
dolomite 
marble, 
NHCD 

dolomite 
marble, 
NHCD 

calcite marble, 
BT 

        
SiO2 1.92 3.26 21.59 13.97 2.27 0.72 0.49 
TiO2 0.03 0.03 0.20 0.09 0.01 0.01 0.02 
Al2O3 0.41 0.36 2.86 0.83 0.33 0.28 0.14 
Fe2O3

total 1.16 0.43 1.56 0.64 0.20 0.55 0.10 
MnO 0.08 0.04 0.12 0.06 0.06 0.07 0.02 
MgO 19.57 1.04 18.63 10.55 21.07 20.23 3.36 
CaO 32.38 55.10 26.08 40.28 30.62 31.28 52.92 
Na2O <0.01 <0.01 0.09 0.06 <0.01 <0.01 <0.01 
K2O 0.21 0.21 1.54 0.30 0.05 0.03 0.07 
P2O5 0.01 0.02 0.04 0.05 0.02 0.02 0.01 
CO2 51.60 35.70 22.60 32.90 45.60 46.40 43.20 
LOI 45.40 41.97 28.05 34.01 46.01 46.78 44.21 
Total 101.17 102.46 100.76 100.84 100.64 99.97 101.34 
Mg # 97.1 82.7 95.9 97.0 99.5 98.6 98.5 
CIA na na 35.9 9.7 <1 <1 <1 
        
Cr 5 5 16 11 6 7 6 
Ni <2 <2 2 3 <2 <2 <2 
Co 1 <1 1 2 1 2 1 
Sc 1 <1 5 1 <1 <1 <1 
V 5 3 19 8 8 9 4 
Cu 2 <2 3 <2 <2 <2 <2 
Zn 13 12 26 16 12 27 7 
Rb 3 3 23 6 2 1 2 
Ba 4 184 198 72 67 28 74 
Sr 119 154 103 515 98 89 307 
Nb 0.1 0.2 1.0 0.7 0.1 0.1 0.1 
Zr 5 5 24 13 5 5 4 
Y 6 4 5 5 3 3 4 
Total REE 9.5 3.0 17.0 13.5 5.4 8.8 4.1 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982). 
Abbreviations: BT = Bancroft terrane, SHCD = southern Harvey-Cardiff domain, NHCD = northern Harvey-Cardiff domain, VC = Vermiculite 
Canada plant.  na = not applicable. 
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Table 5. Representative whole-rock geochemical analyses for metavolcanic and metavolcaniclastic rocks from the northern 
subdomain, Harvey-Cardiff domain, Cavendish Township (from Easton 2010b). 

Analysis 1 2 3 4 5 6 7 
Field 
Number 

07RME-0120 07RME-0121 07RME-0119 07RME-0165 07RME-0173 07RME-0166 07RME-0164 

Day–Stop 1-13 1-13 1-13 1-13 1-14 1-13 1-13 
Rock Type marble calc-silicate mafic 

metavolcanic 
mafic 

metavolcanic 
metagabbro intermediate 

metavolcanic 
felsic 

metavolcanic 
        
SiO2 17.19 40.86 42.49 43.46 43.39 55.96 62.65 
TiO2 0.76 0.76 3.12 3.03 3.09 1.46 0.72 
Al2O3 6.76 10.22 13.73 13.56 12.35 16.33 15.64 
Fe2O3

total 5.57 5.98 19.10 18.75 19.11 9.98 7.46 
MnO 0.51 0.22 0.32 0.32 0.26 0.14 0.17 
MgO 2.74 2.23 5.23 4.61 5.43 2.45 0.82 
CaO 36.55 21.10 10.53 9.69 11.16 5.02 2.74 
Na2O 0.37 1.49 2.50 2.51 2.59 4.67 4.27 
K2O 2.13 3.06 1.18. 1.38 0.30 1.50 4.10 
P2O5 0.13 0.15 0.37 0.52 0.27 0.33 0.18 
CO2 31.40 13.20 1.44 0.52 1.64 1.00 0.96 
LOI 27.81 14.13 1.63 1.41 1.18 1.01 1.08 
Total 100.52 100.20 100.20 99.24 99.13 98.85 99.83 
Mg # 49.4 42.5 35.2 32.8 36 32.7 17.9 
CIA 46.9 45.1 51.8 53.3 49.9 61.6 60.6 
        
Cr 43 50 54 31 37 13 12 
Ni 18 12 27 17 24 7 <2 
Co 15 7 45 42 49 20 3 
Sc 8 11 32 26 43 14 8 
V 79 82 485 362 520 72 7 
Cu 6 5 21 <6 171 49 9 
Zn 91 65 213 183 170 104 110 
Rb 66 53 25 35 6 46 63 
Ba 48 539 415 589 116 416 1282 
Sr 281 258 215 225 343 232 186 
Nb 12 16 8 11 4 7 16 
Zr 173 238 172 262 115 195 338 
Y 46 44 48 65 39 51 52 
Total REE 133 168 114 162 91 127 205 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982). 
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Table 6. Representative whole-rock geochemical analyses for metaplutonic rocks from Cavendish Township (from Easton 
2010b). 

Analysis 1 2 3 4 5 6 7 
Field 
Number 

07RME-0905 07RME-0906 07RME-0005 08RME-3014 08RME-3015 07RME-0182 07RME-0183 

Day–Stop 1-6 1-6 1-3 1-11 1-11 1-15 1-15 
Rock Type quartz 

monzodiorite 
monzogranite, 
Catchacoma 

suite 

monzogranite, 
Catchacoma 

suite 

granodiorite, 
Galloway 

pluton 

monzogranite, 
Galloway 

pluton 

monzogranite, 
Junction 
pluton 

monzodiorite 
dike 

        
SiO2 62.00 71.37 72.56 69.30 72.94 71.17 57.07 
TiO2 0.91 0.37 0.34 0.44 0.21 0.24 0.95 
Al2O3 15.14 14.30 14.38 14.62 14.21 15.65 16.14 
Fe2O3

total 8.82 2.81 2.72 4.29 2.46 2.27 7.16 
MnO 0.22 0.04 0.05 0.08 0.04 0.03 0.11 
MgO 1.18 0.60 0.46 0.77 0.35 0.51 3.81 
CaO 1.26 1.02 1.15 2.69 1.50 1.75 6.30 
Na2O 6.75 3.60 3.58 5.05 4.46 4.33 4.42 
K2O 3.78 5.59 5.54 2.16 3.63 3.79 2.06 
P2O5 0.27 0.09 0.07 0.13 0.05 0.07 0.32 
CO2 0.22 0.22 0.14 0.31 0.19 0.12 0.09 
LOI 0.75 0.79 0.67 0.75 0.53 0.43 0.49 
Total 101.08 100.58 100.52 100.29 100.38 100.24 98.83 
Mg # 21.0 29.7 25.1 26.2 22.0 30.8 51.3 
CIA 56.7 58.9 58.7 60.4 60.2 61.6 56.0 
        
Cr 17 17 8 21 14 16 45 
Ni 3 5 <2 <2 6 3 14 
Co 3 3 2 <2 2 3 20 
Sc 4 4 4 5 3 3 12 
V 2 19 15 31 13 16 94 
Cu 14 6 14 2 2 <2 5 
Zn 193 69 73 87 63 35 96 
Rb 62 217 218 66 91 131 72 
Ba 657 777 721 312 491 453 400 
Sr 60 169 171 149 113 166 412 
Nb 11 28 30 16 15 12 12 
Zr 380 486 465 231 281 162 226 
Y 65 105 103 73 66 21 25 
U 1.3 4.0 5.1 5.3 5.2 11.4 5.5 
Th 2.8 35.6 40.5 7.7 10.0 3.1 2.3 
Total REE 213 672 678 234 218 128 147 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982). 
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Figure 4. Location of field trip stops for Day 2.  For convenience, the location of Day 1 stops are also shown. 
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ROAD LOG, DAY 2, SALERNO CREEK DEFORMATION ZONE AND 
ROCKS OF BANCROFT TERRANE 

The purpose of day two is to examine rocks of the Salerno Creek deformation zone, which forms the 
boundary between the Bancroft terrane to the northwest and the Harvey-Cardiff domain to the southeast.  
In addition, we will examine some of the plutonic units present in Bancroft terrane.  Figure 4 shows the 
location of the trip stops for today. 

Geological map reference: Armstrong and Gittins (1968), Bright (1981b), Lumbers and Vertolli (2000b). 

0.0 km Start at traffic lights at the junction of Peterborough County roads 29 and 36 in Buckhorn.  
Set odometer to zero.  Drive north on County Road 36 toward Bobcaygeon. 

7.45 km Flynn’s Turn, turn right onto County Road 507 and head north past the gas station. 

37.3 km Entering the southern margin of the Junction pluton. 

37.55 km Salmon Lake Road on left (west), continue north on 507. 

39.0-39.2 Rock cuts on both sides of road are part of Stop 15, Day 1.  Continue north on 507. 

39.4 km Cross northern margin of Junction pluton. 

39.7 km Rock cuts expose marbles of northern Harvey-Cardiff subdomain. 

39.8-40.0 Rock cuts expose volcaniclastic and metasedimentary gneiss, and metagabbroic rocks of 
northern Harvey-Cardiff subdomain. 

40.1 km Rock cuts expose marbles and metagabbroic rocks of northern Harvey-Cardiff subdomain. 

40.4 km Pull over on shoulder and park by pullout by gated road.  Rock cuts to the south and to the 
north constitute this stop.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN 
CROSSING THE ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

 

Stop 1. Salerno Creek Deformation Zone 

UTM outcrop area 1, west side of 507.  South end 707740E, 4970500N, north end 707732E, 4979585N. 

Outcrop area 1.  This was stop 2.3 of the 2000 Friends of the Grenville trip (Carr and McMullen 
2000).  Henderson (1992) mapped in and around Horseshoe Lake, just to the north on County Road 507, 
for her BSc thesis research.  With respect to structures that predate the Bancroft shear zone, she found that 
in the northern region, corresponding to the Bancroft terrane, the structures were dominated by foliations 
and lineations consistent with those reported for the Central Metasedimentary Belt boundary thrust zone 
(CMBbtz).  The southern domain, corresponding to northern Harvey-Cardiff subdomain, is dominated by 
2 generations of northeast- or southwest-plunging folds with northwest vergence, typical of the Central 
Metasedimentary Belt rocks in the region (Bright 1987).  This is consistent with mapping by Carr (Burr 
and Carr 1994) indicating that the geology of the Harvey-Cardiff domain is dominated by polyfolding and 
interference structures that are younger than CMBbtz strain.  At the time of Henderson’s (1992) mapping, 
it was not realized that the rocks present in this rock cut were part of a more continuous high-strain zone 
that marks the boundary between Bancroft terrane and Harvey-Cardiff domain, subsequently named the 
Salerno Creek deformation zone (Easton 2007). 
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This spectacular roadcut exposes relationships between metagabbro likely derived from the Salmon 
Burn intrusive complex of northern Harvey-Cardiff subdomain (Photo 5), pink leucogranite mylonite, 
amphibolite (which could represent a strained and hydrated equivalent of the gabbro), and hybrid grey 
gneiss (which appears to be hornblende quartz monzonite to quartz syenite in composition).  Two phases 
of coaxial folds postdate mylonitic strain in the granite, forming spectacular interference patterns.  The 
high strain at this locality is not characteristic of the rest of the rocks in the region, and was likely 
localized by the southern boundary of the Glamorgan metagabbro to the north, and granitic and 
metagabbroic rocks of Harvey-Cardiff domain to the south.  Carr and McMullen (2000) proposed that the 
folding observed in this outcrop postdated northwest-directed shearing within the CMBbtz and is related 
to folding common to Central Metasedimentary Belt rocks in this area.  Samples of the deformed granite 
and cross-cutting syenite pegmatite dikes, which are generally undeformed and cross cut all other 
lithologies and structures, have been collected for U/Pb geochronology studies.  Cross highway and walk 
north along 507, past the gated driveway to the next large rock cut. 

 

 
 

Photo 5. Stop 1, Day 2, outcrop area 1.  A mafic block within the Salerno Creek deformation zone, showing metagabbro with a 
randomly oriented igneous fabric in the core of the block (bottom of photo).  The fabric becomes more intense and regular toward 
the margin of the block (centre of the photo), in conjunction with grain size reduction.  Host, intermediate composition gneiss 
(beneath the hammer head) constitute the matrix in which the metagabbro block is located.  Hammer handle is 30 cm long. 
 

UTM outcrop area 2, northeast side of 507.  South end 707724E, 4970630N, north end 707686E, 
4970975N. 

Outcrop area 2.  The eastern two-thirds of this outcrop are within a large lens of gabbroic anorthosite 
present within the Salerno Creek deformation zone.  The rock cut on the southwest side of 507 is also 
composed mainly of this rock.  The core of the lens, although recrystallized, preserves some igneous 
textures (Photo 6, left side), whereas the margins of the lens are highly strained and exhibit 
protomylonitic to mylonitic textures (see Photo 6, right side).  Many previous workers have interpreted 
this anorthositic gabbro to be part of the Glamorgan metagabbro, even though anorthositic phases are not 
present in the main part of the body, and the geochemistry of this rock (analysis 1, Table 7) bears no 
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similarity to other parts of the Glamorgan metagabbro (analyses 2, 3 and 4, Table 7).  At the extreme 
western end of the outcrop, we do observe a medium-grained metagabbro rock that is likely part of the 
Glamorgan metagabbro intrusion.  It is medium- to coarse-grained, and feldspar grains on fresh surfaces 
have a dull grey lustre to them, unlike the white colour of the feldspars in the anorthositic rock.  A zone of 
intermediate composition straight gneiss separates the 2 different plutonic rocks from one another.  
Return to vehicles, continue north. 

40.6 km Fox Lake Drive to right (east), on the Cavendish–Glamorgan township boundary. 

40.2-41.0 Road cuts through the Salerno Creek deformation zone. 

41.1 km Now into the southern margin of the Glamorgan Gabbro, north of the Salerno Creek 
deformation zone.  Pull over and park on the shoulder of the road.  Road cut on the right 
(east) side of the road constitutes this stop.  EXERCISE CAUTION WHEN EXITING 
VEHICLES, WHEN CROSSING THE ROAD, AND WHEN MOVING BETWEEN 
OUTCROPS. 

 

 
 

Photo 6. Stop 1, Day 2, outcrop area 2.  Gabbroic anorthosite block, showing partly preserved texture left of the hammer, and 
straight gneiss derived from the same rock to the right of the hammer.  Hammer handle is 30 cm long. 
 

Stop 2. Glamorgan Metagabbro - Recrystallized 

UTM east side of 507.  South end 707490E, 4970710N, north end 707405E, 4970795N. 

Alkalic mafic intrusive rocks form a large body exposed mainly in Glamorgan and Monmouth 
townships, named by Armstrong and Gittins (1968) the Glamorgan Gabbro.  It extends from Horseshoe 
Lake near the Glamorgan–Cavendish Township boundary eastward for approximately 7 km to the 
Trooper Lake area, near the eastern boundary of Glamorgan Township.  Although at Stop 4 we will see 
examples of partly preserved igneous texture and mineralogy within the Glamorgan Gabbro, this outcrop 
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is more typical of the bulk of the southern two thirds of the Glamorgan Gabbro, which is recrystallized to 
amphibolite facies and variably deformed (Henderson 1992).  Granite pegmatite veins cut through the 
foliated to gneissic metagabbro in several rock cuts on County Road 507 immediately north of this stop. 
Analysis 2, Table 7 is from this stop.  Return to vehicles, continue north. 

42.2-43.3 Road cuts on both sides of the road expose marbles of Bancroft terrane adjacent to the 
Glamorgan Gabbro. 

43.3-44.3 Road cuts on the right (east) expose marble mylonites locally overlain by relatively 
undeformed Glamorgan Gabbro.  Pull over and park on the shoulder near the middle of this 
rock cut.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE 
ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 3. Marble Mylonites 

This was stop 2.2 of the 2000 Friends of the Grenville trip (Carr and McMullen 2000).  The coarse-
grained graphite-bearing calcite marble present in this rock cut is typical of marble in the Bancroft 
terrane.  The marble may contain, in order of decreasing abundance, phlogopite, biotite, tremolite, 
diopside, apatite, plagioclase, spinel and scapolite, which may occur in layers that may reflect a 
transposed compositional layering (Henderson 1992).  Boudins of gabbro and quartz monzodiorite occur 
within the marble and a quartz monzodiorite layer, part of the Glamorgan metagabbro, overlies the 
marble. 

Mylonite to ultramylonite fabrics are heterogeneously developed throughout the exposure on the east 
side of the road and on flat outcrop surfaces exposed on the west side.  The foliation dips easterly and is 
folded locally by northeast-verging folds that have axes nearly parallel to the consistent southeast-
plunging stretching lineation present in the marbles.  Kinematic indicators are present in the strongly 
deformed, ~30 cm thick ultramylonite layers and the streaky white and grey mylonite layers.  Rotated 
porphyroclasts of diopside and fine-grained quartz have tails that consistently indicate southeast-directed 
shear.  Appendix 2 of Carr and McMullen (2000) provides a more detailed discussion of the mylonites 
and the Bancroft shear zone. 

Observations on the marble mylonites by Carr and McMullen (2000) confirm those of Carlson, van 
der Pluijm and Hanmer (1990).  The marble mylonites occur as thin, dark-coloured, fine-grained 10 cm- 
to metre-thick bands.  The mylonitic foliation generally dips southeasterly but is locally highly varied; it 
appears to be controlled by the geometry of the adjacent plutonic bodies, in particular the Glamorgan 
Gabbro.  The plunge of the stretching lineations in the mylonite ranges from easterly to south-
southeasterly.  Every where that kinematic indicators have been observed they indicate relative 
southeastward motion of the upper member of the shear couple.  The mylonites occur in segments that are 
interpreted to be en echelon.  The aggregate thickness of mylonite in each of these segments is less than 
30 m, and the mylonites are discontinuous along strike at both outcrop- and map-scale.  For 
displacements in the order of 10 to 12 km, the integrated shear strain required across a 30 m thick zone is 
330-400.  Even in weak marbles, such extremely high shear strains are not likely to have been developed, 
because the mylonite segments are discontinuous.  Strain related to the development of the mylonites is 
restricted to the marble units, except for locally developed brittle and ductile-brittle shear zones in 
adjacent gabbros and syenites that probably collectively accommodated several tens of metres, or at most 
a few hundred metres, of normal displacement.  Considering that the rocks in the hanging wall and 
footwall of the zone of marble mylonites have comparable lithology, structure and metamorphic grade 
(Henderson 1992), Carr and McMullen (2000) concluded that the displacement is not likely to have been 
greater than 1 or 2 kilometres. 
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Laser 40Ar/39Ar hornblende and biotite ages (Turner 1999) from five samples collected along a 6 km 
long north-south transect across the Horseshoe-Tamarack segment of the Bancroft shear zone are not 
consistent with large (10-12 km) displacement on the marble mylonites as suggested by Carlson, van der 
Pluijm and Hanmer (1990).  Hornblende dates were obtained from samples in the footwall (BG188; 
994.5±8 Ma), adjacent to the marble mylonite (BG9; 999.8±8) and in the hanging wall (AG6; 1015±8 
Ma), and represent the times that hornblende passed below the respective closure temperature of 
480±40°C.  A fourth hornblende age, obtained adjacent to AG6 gave a plateau age of 978±8 Ma; the 
significance of this sample is not known.  The age difference between BG188 and AG6 is greater than 
would be expected if there were no displacement across the Bancroft shear zone.  Minimum and 
maximum displacement were calculated assuming a simple thermal structure during cooling.  The 
structural positions of the samples and the minimum and maximum age difference including error (4.5-
36.3 Ma) for hornblende ages of BG188 and AG6 were taken into consideration.  On the basis of these 
data, dip slip displacement in the range of 0.4 to 4.5 km is permissible on the Bancroft shear zone.  Return 
to vehicles, continue north. 

44.3-45.4 Road cuts on both sides expose rocks of the Glamorgan Gabbro. 

45.1-45.3 Road cuts on the left (west) constitute this stop.  Pull over and park on the shoulder where 
possible.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE 
ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 4. Glamorgan Metagabbro – Partly Preserved Primary Features 

This was stop 2.1 of the 2000 Friends of the Grenville trip (Carr and McMullen 2000).  This augite-
hornblende±orthopyroxene±biotite-bearing leucogabbro outcrop is located in the northwestern part of the 
Glamorgan (Trooper Lake) Gabbro.  A U/Pb zircon age of 1246±3 Ma was obtained from metagabbro 
collected near Trooper Lake, to the east of this stop (Pehrsson, Hanmer and van Breemen 1996). 

In these outcrops, the gabbro which, as summarized by Armstrong and Gittins (1968) and Wenban-
Smith (1967), contains plagioclase laths that range from 1 to 3 cm long and show a swirled appearance, 
suggestive of turbulent flow.  Superimposed on this turbulent flow texture is a planar structure in which 
the feldspars are strongly aligned in narrow bands varying from a few centimetres to a metre apart, which 
may be suggestive of primary shear flow.  Many mafic dikes that cut the gabbro are aligned parallel to the 
aligned feldspar laths.  In thin section, the gabbro consists of about 35% plagioclase (An30-60) laths and 5 
to 20% recrystallized plagioclase; the primary laths are invariably clouded with minute inclusions 
(Wenban-Smith 1967).  Green hornblende occupies the spaces between the plagioclase laths and contains 
relict cores of clinopyroxene and occasionally orthopyroxene.  Hornblende also occurs in coronas around 
pyroxene.  Biotite-hornblende-garnet, titanite-biotite, and biotite coronas commonly form around oxide 
minerals in the gabbro.  Apatite is present as an accessory mineral. 

Major element chemical analyses by Armstrong and Gittins (1968) and Wenban-Smith (1967) of 10 
samples of the Glamorgan Gabbro are strongly olivine normative (5-25% Ol) and of fayalitic composition 
(Fa24.3-62.6; Wenban-Smith 1967), but no olivine appears in thin section.  Some samples are also nepheline 
normative (Wenban-Smith 1967).  Analyses 2, 3 and 4, Table 7 are from the Glamorgan Gabbro; analysis 
3 is from this stop. 

The Glamorgan Gabbro is one of a number of gabbro bodies that occur along strike.  Hanmer and 
McEachern (1992) and Pehrsson, Hanmer and van Breemen (1996) proposed that the gabbro once formed 
a regionally extensive sheet, which localized fluids and deformation in the underlying CMBbtz and was 
subsequently boudinaged into lens-shaped bodies that decorate the western margin of the Central 
Metasedimentary Belt.  Return to vehicles, continue north. 
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45.5-46.2 Road cuts on both sides of the road expose marbles of the Bancroft terrane. 

45.7 km Tamarack Lake Road to the right (east), continue north. 

46.3 km  Pull over and park on the shoulder of the road.  Rock cuts on both sides of the road constitute 
this stop.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE 
ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 5. Syenite Suite Rocks 

UTM east side of 507.  South end 706960E, 4974760N, north end 706951E, 4974772N.  West side.  
South end 706971E, 4974792N, north end 706940E, 4974772N. 

A belt of syenite and nepheline-syenite suite rocks that extends from north of Salmon Lake toward 
Tory Hill is transected by County Road 507 at this location.  Unfortunately, the belt is at its narrowest at 
this locality, and consists mainly of medium-grained syenite, showing evidence of both ductile and brittle 
deformation.  Several nepheline syenite quarries are located 1 km to the east of this stop (Armstrong and 
Gittins 1968), but nepheline-bearing rocks appear to be absent in this outcrop.  The eastern rock cut 
consists wholly of syenite, however, the western rock cut, from south to north, consists of calcite marble 
interleaved with whitish gneissic monzodiorite, which in turn is in contact with pink to reddish syenite.  
Nepheline syenite is well exposed at Stop 5 on optional route 3, on Highway 118 between Tory Hill and 
Bancroft.  Return to vehicles, continue north. 

47.2 km Community Centre Road on right (east).  Park and restrooms available. 

47.5 km Junction County Roads 507 and 503 in Gooderham.  Turn around and retrace route back 
south to Salmon Lake Road.  Reset odometer to 0 at Salmon Lake Road. 

0.0 km Turn right (west) and head west on Salmon Lake Road. 

3.0 km  Pull over and park on the shoulder of the road.  Rock cuts on both sides of the road constitute 
this stop.  EXERCISE CAUTION WHEN EXITING VEHICLES, WHEN CROSSING THE 
ROAD, AND WHEN MOVING BETWEEN OUTCROPS. 

Stop 6. Straight Gneiss and Potassium Feldspar Megacrystic Granite 
Within the Salerno Creek Deformation Zone 

UTM outcrop area 1.  North side, centre of outcrop area 704823E, 4967423N.  South side, centre of 
outcrop area, 704782E, 4967428N. 

At the north rock cut, outcrop area 1, we see rocks similar to those visited at outcrop area 1, Stop 1, 
today.  Three main rock types are present. From west to east these are: 1) augen gneiss derived from 
deformed potassium feldspar megacrystic granite; 2) a zone of intermediate composition, grey, straight 
gneiss; and 3) a zone rich in various sized inclusions of metagabbro.  In more heavily vegetated outcrop 
areas, commonly the only rock units observed are the more resistant gabbro inclusions, with the more 
deformed host rocks being less well exposed.  This is one of the reasons why the intensity of the 
deformation associated with this zone was not recognized by previous workers.  Walk west along the road 
uphill to outcrop area 2. 
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UTM outcrop area 2.  North side, east end 704721E, 4967443N, west end 704662E, 4967457N. 

These rock cuts expose a potassium feldspar megacrystic granite (Photo 7), originally mapped as the 
Salmon Lake porphyritic granite dike by Bright (1981a, 1987).  This body can be traced for roughly 1 km 
along strike, with a width of between 100 to 250 m wide (Bright 1981a), and is surrounded on both flanks 
by highly flattened gneisses similar to those observed at Stop 1 today, and just down the hill at outcrop 
area 1.  Igneous texture is well preserved in the centre of the outcrop area, especially on surfaces 
perpendicular to the lineation present in the outcrops.  Near the margins of the outcrop, deformation 
intensifies, and the rock becomes protomylonitic. 

 

 
 

Photo 7. Potassium feldspar megacrystic granite within the Salerno Creek deformation zone at Stop 6, Day 2. 

 

Megacrystic granites such as this are common in parts of the southern margin of the Central Gneiss 
Belt (e.g., Carr and McMullen 2000), and thus, this body was sampled at this locality for geochronology.  
The resultant concordant, U/Pb zircon age was 1211.3±1.5 Ma (Easton and Kamo 2007), suggesting this 
body is a Methuen suite intrusion, consistent with the geochemistry of this intrusion (e.g., analysis 5, 
Table 7).  This age places a maximum age on the formation of the Salerno Creek deformation zone.  
Return to vehicles, continue west. 

3.3 km Turn left (south) and either park on the south side of the road or 100 m further south in a 
large clearing.  The next stops are reached by hiking south along the Good-Pen snowmobile 
and ATV trail.  UTM of road junction 704465E, 4967540N.  THIS TRAVERSE SHOULD 
NOT BE MADE ALONE, AND SHOULD ONLY BE CONDUCTED USING 
APPROPRIATE FOOTWEAR AND FIELD EQUIPMENT. 

Optional Stop 7. The Salerno Creek Deformation Zone 

Outcrops by the road at the start of the trail consist of straight gneiss with metagabbro lenses, similar to 
outcrop area 1 at the previous stop, but not as well exposed. 
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Once ready, walk south on the Good-Pen trail.  For the first 200 m, the road passes through scrappy 
outcrops of calcite and dolomite marbles of the Bancroft terrane. 

Outcrop area 1 is roughly 300 m south of staging area.  Outcrops on the east side of the trail, from 
roughly UTM 704285E, 4967040N to 704250E, 4966970N, expose rusty weathering gneisses located on 
the extreme western margin of the Salerno Creek deformation zone.  A similar belt of sulphide-rich rocks 
is exposed on the eastern margin of the deformation zone, which is roughly 500 to 600 m wide at this 
location. 

The sulphide-rich rocks along the eastern margin are a good geophysical conductor, and an informal 
geophysical test-range was operated by the University of Toronto and the Geological Survey of Canada 
along the eastern margin of the deformation zone from the mid-1960s to the early 1980s.  Shallow 
diamond drilling conducted on the eastern margin of the deformation zone encountered massive pyrite 
and pyrrhotite, but no significant base metal mineralization. 

The outcrop consists mostly of highly flattened quartzofeldspathic gneiss, containing sufficient 
sulphide to be uniformly rusty weathering.  Rafts of amphibolite material are visible in parts of the 
outcrop (Photo 8).  The gneissic fabric is cut at a shallow angle by a younger, less rusty granodiorite vein, 
which is also deformed and metamorphosed.  A younger, metamorphosed but not obviously deformed, 
grey weathering dike cuts both these rock units.  The dike has unusual chemistry, and is an alkalic 
monzodiorite (analysis 6, Table 7).  A sample of the dike was collected for geochronology in order to 
obtain a minimum age for the deformation zone.  A concordant U/Pb titanite age of 1045.4±2.9 Ma was 
obtained (Easton and Kamo 2009), most likely dating the time of metamorphism of the dike.  It does 
serve to bracket the age of the deformation zone to between 1211 (the age of the granite at Stop 6 of 
today) and 1045 Ma. 

 

 
 

Photo 8. Mafic fragment in rusty weathering, mylonitized quartzofeldspathic gneiss, outcrop area 1, Stop 7, Day 2. 
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Continue hiking south along the trail. 

At 704235E, 4966928N, a large metagabbro block is present hosted in rusty weathering gneiss. 

At 704228E, 4966910N, a large area of rusty weathering gneiss is present. 

Outcrop area 2, UTM 704207E, 4966885N.  Here, isoclinal folding of the fabric in the rusty 
weathering gneiss is visible, similar to that observed on County Road 507 at outcrop area 1, Stop 1 today. 

Outcrop area 3, UTM 704192E, 4966832N.  Here, the rusty weathering is somewhat less intense, 
and the fabric, similar to that observed at outcrop areas 1 at Stops 1 and 6 today, is visible. 

Outcrop area 4, UTM 704187E, 4966827N.  Here, a sizable block of medium-grained gabbro, with 
partly preserved textures in the core and highly deformed margins, is present.  It is enclosed by rusty 
weathering gneiss. 

Outcrop area 5, UTM 704187E, 4966811N.  Here, the rusty weathering is somewhat less intense, 
and the fabric, similar to that observed at outcrop areas 1 at Stops 1 and 6 today, is visible (Photo 9). 

 

 
 

Photo 9. Gneissic fabric in rusty weathering mylonitized quartzofeldspathic gneiss, Salerno Creek deformation zone, outcrop 
area 5, Stop 7, Day 2.  Hammer handle is 33 cm long. 

 

Outcrop area 6, UTM 704170E, 4966789N.  Near the bottom of the hill, medium-grained 
granodiorite veins, like that seen at outcrop area 1 along the trail, cross-cut the gneissic fabric (Photo 10), 
but are themselves folded and disrupted.  Thus, although emplaced after development of the main fabric 
in the rusty gneiss, deformation continued after their emplacement.  No age or geochemical information is 
available from these dikes. 
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Photo 10. Granitoid dike cutting fabric in mylonitized quartzofeldspathic gneiss, Salerno Creek deformation zone, outcrop area 
6, Stop 7, Day 2.  Hammer handle is 33 cm long. 
 

End of Stop 7.  Retrace route to vehicles.  

If one continues south on the trail, for roughly another 150 m, the trail crosses a fault that shifts the 
deformation zone slightly to the east.  It then enters an area underlain by coarse-grained calcite and 
dolomite marbles of the Bancroft terrane (starting at 704023E, 4966659N).  Marbles persist until 
703912E, 4965821N (~1.25 km).  At that point, the trail crosses back into the deformation zone, and at 
703915E, 4965775N, the trail rises up onto a ridge underlain by potassium megacrystic granite which is 
the on-strike continuation of the body observed at outcrop area 2, Stop 6, today.  The southeastern margin 
of the megacrystic granite is crossed at approximately 703900E, 4965600N, and the trail crosses through 
mainly outcrops of variably deformed metagabbro and leucogabbro of the Salmon Burn intrusive 
complex. 

This ends Day 2.  Retrace route to Buckhorn. 
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Table 7. Representative whole-rock geochemical analyses for rocks from stops visited on Day 2 (from Easton 2010b). 

Analysis 1 2 3 4 5 6 
Field 
Number 

07RME-0189 07RME-0192 07RME-0810 07RME-0811 07RME-0205 07RME-0292 

Day–Stop 2-1 2-2 2-4 na 2-6 2-7 
Rock Type gneissic 

gabbroic 
anorthosite 

gneissic 
gabbro, 

Glamorgan 
Gabbro 

gabbro, 
Glamorgan 

Gabbro 

gneissic 
gabbro, 

Glamorgan 
Gabbro 

megacrystic 
granite 

monzodiorite 
dike 

       
SiO2 45.53 53.47 51.29 54.53 71.32 54.02 
TiO2 0.24 1.74 1.60 0.45 0.42 1.65 
Al2O3 25.13 17.64 17.16 23.96 13.84 16.01 
Fe2O3

total 4.17 7.50 9.89 3.21 3.45 9.25 
MnO 0.07 0.12 0.13 0.05 0.04 0.14 
MgO 7.48 2.90 4.66 1.57 0.45 4.15 
CaO 14.23 5.55 8.77 7.91 1.36 6.15 
Na2O 1.70 4.61 3.84 5.04 3.51 2.89 
K2O 0.27 3.66 1.46 2.77 5.34 3.53 
P2O5 0.01 0.80 0.39 0.11 0.09 1.02 
CO2 0.37 0.25 0.71 0.87 0.36 0.14 
LOI 1.42 0.99 0.97 0.30 0.55 1.07 
Total 100.25 98.98 100.16 99.90 100.39 99.88 
Mg # 78.0 43.4 48.3 49.2 20.5 47.1 
CIA 61.4 56.5 56.2 61.7 58.4 56.3 
       
Cr 265 19 95 31 29 45 
Ni 142 12 43 8 <2 48 
Co 29 18 34 9 2 29 
Sc 9 9 22 4 3 13 
V 57 98 160 48 15 143 
Cu 17 23 21 28 <6 30 
Zn 29 119 125 46 91 170 
Rb 5 92 60 83 163 105 
Ba 29 1507 340 1389 489 4682 
Sr 286 1374 355 2366 136 4337 
Nb 0.1 21 12 6 37 16 
Zr 10 669 263 87 385 450 
Y 3 25 40 2 84 23 
U <0.02 1.5 2.3 0.9 2.2 3.2 
Th <0.09 2.4 5.7 2.3 20.2 11.7 
Total REE 4.1 267 144 107 512 593 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982).  na = not applicable. 
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 Figure 5. Location of field trip stops for Day 3, Routes 1, 2 and 3, as well as Day 1 and Day 2 stops not in Cavendish Township. 
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DAY 3. OPTIONAL STOPS, ROUTE 1, ROCKS OF SOUTHERN 
HARVEY-CARDIFF SUBDOMAIN ON COUNTY ROAD 36 

See Figure 5 for location of field trip stops. 

Geological map reference: Morton (1983), Lumbers and Vertolli (2000a). 

0.0 km Start at Flynn’s Turn at the junction of Peterborough County Road 36 and County Road 507.  
Proceed west on County Road 36 toward Bobcaygeon (~16 km distant). 

0.6 km Road heads downhill as it crosses the Paleozoic-Precambrian contact. 

1.3 km Pull over and park on the shoulder.  Road cuts on both sides of the road form this stop. 

Stop 1. Highly Strained Gneisses of the Southern Harvey-Cardiff 
Subdomain 

UTM north side of 36.  East end 706569E, 4942937N, west end 706479E, 4942897N.  South side of 36, 
east end 706572E, 4942925N, west end, 706490E, 4942886N. 

Interlayered mafic and quartzofeldspathic gneisses similar to those seen at stop 3, Day 1.  Morton 
(1983), Bright (1981a, 1988) and Lumbers and Vertolli (2000a) all mapped rocks like these as mafic, 
intermediate and felsic metavolcanic rocks.  Analyses 1 and 2, Table 8 are from this outcrop.  Although it 
is possible that these are indeed metavolcanic or metavolcaniclastic rocks, the high strain present in these 
rocks, and the lack of any preserved primary features, makes protolith determination problematic. 

At the extreme west end of the north side rock cut, a sliver of red calcareous shale of the Shadow 
Lake Formation can be observed onlapping the Precambrian gneisses (UTM 706479E, 4942897N).  
Return to vehicles, continue west on 36. 

1.6 km Road heads uphill onto Paleozoic limestones. 

1.8 km Paleozoic roadcuts, both sides of road. 

2.1 km Paleozoic roadcuts, both sides of road. 

2.4 km Paleozoic roadcuts, both sides of road. 

2.7 km Gneisses similar to those seen at Stop 1 are present in roadcuts, both sides of road. 

3.15 km Pull over and park on the shoulder.  Road cuts on right (north) side of the road form this 
stop. 

Stop 2. Syenite Suite Intrusion 

UTM north side of 36.  East end 704932E, 4942082N, west end 704847E, 4942046N.  South side of 36, 
east end 704917E, 4942043N, west end, 704847E, 4942025N. 

These rock cuts expose a medium-grained, gneissic quartz monzonite that forms a 1.5 by 3 km 
intrusive body centred on this outcrop.  Large clots of magnetite±hornblende±biotite in the rock give the 
outcrop a speckled appearance.  According to Morton (1983), contacts with the adjacent highly strained 
gneisses vary from sharp to gradational.  Intrusion breccia zones are common along the margins of the 
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intrusion (Morton 1983).  Geochemistry from this intrusion (analyses 3 and 4, Table 8) show an affinity 
with syenite suite rocks from northern Harvey-Cardiff subdomain.  Return to vehicles, continue west on 
County Road 36. 

3.4 km Edwina Drive to the left (south).  Continue west on County Road 36. 

3.6 km Bridge. 

3.7-3.8 Syenite suite gneisses similar to those seen at Stop 2 (today) are present in roadcuts, both 
sides of road. 

3.9 km Kennedy Drive to the left (south).  Continue west on County Road 36. 

4.1 km Syenite suite gneisses similar to those seen at Stop 2 (today) are present in roadcuts, both 
sides of road. 

4.6-4.9 Layered, highly strained mafic to intermediate gneisses are present in roadcuts, both sides of 
road. 

5.2 km Layered, highly strained mafic to intermediate gneisses are present in roadcuts, both sides of 
road. 

6.0 km Pull over and park on the shoulder, roughly 150 m before the turnoff to Nichol’s Cove Road.  
Rock cuts on both sides of the road form this stop. 

Stop 3. Highly Strained Quartzofeldspathic and Intermediate Layered 
Gneiss 

UTM north side of 36.  East end 702336E, 4941299N, west end 702279E, 4941268N.  South side of 36, 
east end 702360E, 4941295N, west end, 702276E, 4941248N. 

Again, the outcrops here comprise gneisses similar to those found at Stop 3, Day 1, and Stop 1 of 
today’s route.  These particular rock cuts are of significance as they were the locale for the “Burleigh 
metasediments” samples dated by Rb/Sr techniques by Krogh and Hurley (1968) as part of their regional 
geochronological investigation of the Central Metasedimentary Belt.  They obtained a date of 1034±33 
Ma (decay constant adjusted), which is similar to U/Pb titanite and monazite ages from Harvey-Cardiff 
domain that cluster at approximately 1075, 1060, 1050 and 1033 Ma (Easton and Kamo 2009).  Thus, the 
Rb/Sr age reflects the timing of the end of regional metamorphism in southern Harvey-Cardiff domain, 
the same conclusion reached by Krogh and Hurley (1968). 

Two rock units are present in these outcrops.  At the west end, on both sides of the road, the light-
coloured felsic gneiss is homogeneous, and could represent a metasedimentary protolith (analysis 5, Table 
7).  At the east end of the rock cuts, layered, intermediate composition of unknown protolith 
(metavolcanic or metasedimentary, analysis 6, Table 8) is present.  Return to vehicles. 

End of route 1 stops.  Continue west 10 km to reach Bobcaygeon, or retrace route back to Flynn’s 
Turn and Bobcaygeon. 
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Table 8. Representative whole-rock geochemical analyses for rocks observed on Day 3, Route 1 field trip stops, southern 
Harvey-Cardiff subdomain (from Easton 2010b). 

Analysis 1 2 3 4 5 6 
Field 
Number 

07RME-0805 07RME-0815 07RME-0801 08RME-0802 08RME-0804 08RME-0814 

Day–Stop 3-1 3-1 3-2 3-2 3-3 3-3 
Rock Type layered felsic 

gneiss 
layered mafic 

gneiss 
quartz 

monzonite 
quartz 

monzonite 
felsic 

(quartzose) 
gneiss 

layered 
intermediate 

gneiss 
       
SiO2 56.07 52.92 63.68 61.66 71.49 61.75 
TiO2 1.58 1.61 0.52 0.67 0.46 1.15 
Al2O3 16.51 16.39 16.85 17.08 15.16 14.95 
Fe2O3

total 10.29 11.25 4.68 5.94 3.42 7.80 
MnO 0.24 0.38 0.08 0.10 0.02 0.31 
MgO 1.30 3.20 0.85 1.37 0.12 1.78 
CaO 4.22 3.87 2.05 2.53 0.42 4.45 
Na2O 5.67 4.51 5.97 6.00 6.82 4.37 
K2O 2.78 4.45 4.03 4.13 2.92 1.24 
P2O5 0.67 0.66 0.12 0.19 0.07 0.50 
CO2 1.09 0.84 0.03 0.80 0.13 1.39 
LOI 1.59 1.42 1.43 1.06 0.37 2.16 
Total 100.92 100.66 100.26 100.73 101.27 100.46 
Mg # 20.0 36.0 26.5 31.4 6.5 31.1 
CIA 58.8 57.8 60.0 59.0 60.2 63.3 
       
Cr 13 5 21 24 17 13 
Ni 3 11 30 8 6 7 
Co 9 19 36 9 <1 9 
Sc 8 8 4 5 7 12 
V 29 19 32 50 7 33 
Cu 6 20 127 5 3 4 
Zn 56 213 >2900 127 28 149 
Rb 62 107 78 111 49 32 
Ba 492 626 257 386 455 196 
Sr 180 159 104 240 112 193 
Nb 16 16 18 14 10 7 
Zr 518 528 555 367 380 286 
Y 83 88 65 61 61 71 
U 1.7 1.0 6.2 3.2 1.8 1.3 
Th 7.4 5.6 12.1 7.5 5.1 3.2 
Total REE 291 304 221 198 232 196 

Notes:  Major element oxides are in weight percent, trace element data are in ppm; Mg # = atomic Mg/Mg + Fe, where Fe = total Fe expressed as 
ferrous iron.  CIA = chemical index of alteration of Nesbitt and Young (1982). 

DAY 3. OPTIONAL STOPS, ROUTE 2, PRECAMBRIAN-PALEOZOIC 
UNCONFORMITY WEST OF BURLEIGH FALLS ON COUNTY ROAD 36 

See Figures 5 and 6 for location of field trip stops. 

Geological map reference:  Bright (1988), Lumbers and Vertolli (2000a), Morton (1983). 

0.0 km Start at traffic lights at the junction of Peterborough County roads 29 and 36 in Buckhorn.  
Set odometer to zero.  Turn right and follow County Road 36 toward Burleigh Falls. 

10.0 km Pull over on the shoulder.  Rock cuts on both sides of the road are part of this stop.  
EXERCISE CAUTION WHEN EXITING VEHICLES AND CROSSING THE ROAD. 
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Stop 4. Precambrian-Paleozoic Unconformity 

This stop was one of 3 Ontario Grenville stops included in the 1987 Geological Society of America, 
Northeastern Section Centennial Field Guide, produced as part of the Decade of North American Geology 
(D-NAG) (Easton 1987).  The outcrop has become more overgrown in the past 2 decades since that 
description was written, but is still a spectacular example of the Precambrian-Paleozoic unconformity in 
this area.  The following write-up is modified from Easton (1987). 

The regional geology of the stop is shown in Figure 6, adapted from Morton (1983).  The 
Precambrian rocks in the vicinity of the stop are migmatitic gneisses, gneissic monzogranite, and 
syenogranite pegmatite veins of the Burleigh Gneiss Complex.  At the stop, the gneisses dip east at 
roughly 45°.  The 500 metre long rock cuts expose, from west to east (up-section) sheared gneissic granite 
of the Grenville, overlain by 2 to 3 m of red and green, calcareous arkose, conglomerate and mudstone of 
the Middle Ordovician Shadow Lake Formation.  Figure 7 is a sketch showing the stratigraphy at the stop.  
The Shadow Lake Formation is in turn overlain by limestones of the Gull River Formation (Liberty 1969, 
Figure 8). 

The Precambrian basement rocks are sheared, probably due to a fault that passes to the west of the 
contact.  This faulting has contributed to the altered character of the basement rocks, although the 
hematite stain in the upper part of the gneisses may be related to a period of early Paleozoic weathering 
(Hewitt 1964).  The uneven nature of the Precambrian weathering surface can be seen by tracing the 
contact along the rock cut. 

Red weathering, arkosic and pebbly conglomerates of the Shadow Lake Formation immediately 
overlie the Precambrian rocks.  These sedimentary units contain large, subangular to angular grains of 
quartz and feldspar and were probably derived from weathering of granite pegmatite dikes in the area.  
The coarser clastic sedimentary units grade upward into red- and green-weathering, calcareous 
mudstones, with the occasional arkosic arenite interbed.  The mudstones are capped by a white-grey-
weathering, lithographic limestone of the Gull River Formation.  The contact between the Shadow Lake 
and Gull River formations in this area is interdigiting.  Further west, the contact is sharp.  Return to 
vehicles. 

End of Route 2 stops. 

To head to Bancroft or south to Highway 7, continue straight (east) for another 2.6 km to the 
junction of County Road 36 and Highway 28.  Turn left (north) to go to Bancroft.  Turn right (south) to 
go toward Highway 7.  Alternatively, retrace route to Buckhorn. 
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Figure 6. Geology in the vicinity of Stop 4, Day 3, Route 2 (from Easton 1987). 
 

 
 

Figure 7. Stratigraphy at Stop 4, Day 3, Route 2 (from Easton 
1987). 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 8. Regional stratigraphy at Stop 4, Day 3, Route 2 
(from Liberty 1969). 
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DAY 3. OPTIONAL STOPS, ROUTE 3, NEPHELINE SYENITE 
NORTHEAST OF TORY HILL ON HIGHWAY 118 

See Figure 5 for location of field trip stops. 

Geological map reference: Armstrong and Gittins (1968), Bright (1987), Lumbers and Vertolli (2000b). 

0.0 km Start at the junction of county roads 507 and 503 in Gooderham.  Head east on County Road 
503 toward Tory Hill and Bancroft.  Set odometer to zero. 

12.3 km Junction, County Road 503 and Highway 118 in Tory Hill.  Continue straight, road changes 
from 503 to 118. 

14.3 km Pull over on pullout at the southwestern end of the outcrop area, or on the shoulder of the 
road.  Rock cuts on both sides of the road are part of this stop.  UTM approximate centre of 
outcrop, south side is 716845E, 4984250N.  EXERCISE CAUTION WHEN EXITING 
VEHICLES AND WHEN CROSSING THE ROAD. 

Stop 5. Nepheline Gneiss and Associated Rocks — Carbonatite or 
Marble? 

The description of this stop is from Davidson et al. (2002), Stop 3-5. 

“Here we examine a rock unit whose origin has been a puzzle for some time.  Gneissic rocks of alkalic character, 
commonly undersaturated with respect to silica and containing nepheline, corundum and more rarely sodalite, are well known in 
the Bancroft area, where they and their associated rocks have been exploited for well over a century, mainly for industrial 
minerals and uranium.  Nepheline-rich rocks form several lenticular units near the structural top of Bancroft terrane along a strike 
length exceeding 200 km in Ontario; similar rocks have been identified 200 km farther northeast in Quebec.  Individual units are 
rarely more than a few hundred metres thick, but may be many kilometres in strike length.  Nepheline gneiss is locally involved 
in the extensional mylonitization illustrated at the last stop, and may form clasts in marble mylonite. 

The sequence of rock units present in this outcrop, from southwest to northeast consist of white weathering nepheline 
syenite [analysis 1, Table 9], pink weathering syenite [analysis 2, Table 9], white nepheline syenite, a distinctive calcite-biotite-
potassium feldspar (cc-bt-kf) rock [analysis 3, Table 9], nepheline syenite, cc-bt-kf rock, and in the next outcrop 100 m farther 
northeast, calcitic [analysis 4, Table 9] and dolomitic marbles with layers of cc-bt-kf rock.  Nepheline is readily visible on the 
weathered surface of the southernmost roadcut as it weathers recessively (UTM 716759E, 4984256N).  While examining this 
sequence of outcrops, ponder the question whether the nepheline syenites represent igneous rocks or a metasomatized evaporitic 
sequence. 

Although widely accepted as metamorphosed plutonic igneous rocks (e.g., Gittins and Miller 1978), interpreted to have 
been emplaced in an extensional or rift environment, these rocks have some aspects which make a metasomatic origin more 
appealing.  Among these are: 1) the lack of preserved intrusive relationships (although this may be due to subsequent 
deformation), except for remobilized alkalic pegmatite; 2) the sodic nature of many of these rocks, with albite being the main 
feldspar; 3) the close association with graphite-bearing calcite and dolomite marble, and as we see at this stop, a distinctive cc-bt-
kf rock; 4) locally, small-scale interlayering of nepheline-bearing and quartz-rich rocks; 5) the presence of halogen- and sulphur-
bearing minerals, particularly scapolite.  Appleyard (1974) espoused a metasomatic origin and was the first to suggest that 
evaporite and associated rocks may have been their ultimate source. 

Proponents of an igneous origin point to rock textures that can be interpreted as originally igneous, high concentrations of 
rare-earth and elements such as Zr, P, and Ti typical of alkalic complexes, and association with “more normal-looking” syenites 
and carbonate rocks interpreted as carbonatite (e.g., Lumbers et al. 1990).  Apart from a zircon age of 1219 +18/-12 Ma from a 
mafic gneiss associated with nepheline-bearing gneisses (Miller 1984) the age of these undersaturated rocks is poorly 
constrained, although many of these rocks and associated “carbonatites” yield zircon ages of 1050-1060 Ma, coincident with 
regional metamorphism in Bancroft terrane.  Isotopic results give scattered results atypical of mantle-derived melts, suggesting 
some degree of crustal contamination.  On the other hand, the lateral continuity of these thin units is remarkable; if they were 
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derived from a series of alkalic plutons, which in modern environments are relatively small, equant bodies, then considerable 
flattening would be required to produce the present distribution; this does not seem commensurate with the state of deformation 
exhibited by the enclosing rocks.  In summary, it is worth considering what might be expected during deformation and heating of 
evaporite-bearing sedimentary successions; one plausible outcome would be the early production of a highly reactive fluid phase 
that could cause widespread metasomatism and which would redistribute elements such as the REE, Zr, P, and Ti.” [e.g., analysis 
3, Table 9]   

Return to vehicles. 

End of Route 3 Stops. 

To head to Bancroft, continue straight (northeast) for another 1.8 km to the junction of Highways 
648 and 118.  Turn right onto 118 toward Bancroft. 

To go to Haliburton, retrace route, turn right onto Highway 118 at the junction in Tory Hill. 

To return to Gooderham, Buckhorn, or to continue on to Kinmount, retrace route to Gooderham.  
Turn left onto 507 to return to Buckhorn.  Continue straight on 503 to Kinmount. 
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Table 9. Chemical analyses from the nepheline syenite stop near Tory Hill, Day 3 Route 3.  Samples 1-4, Easton (unpublished 
data, 1998). 

Analysis 1 2 3 4 
Route-Stop 3-5 3-5 3-5 3-5 
Rock Type white 

nepheline-
syenite 

pink syenite calcite-biotite-
K-feldspar rock

siliceous calcite 
marble 

     
SiO2 47.99 60.48 44.91 20.24
TiO2 0.14 0.32 1.09 0.13
Al2O3 21.84 18.59 16.11 4.10
Fe2O3

total 8.27 4.55 11.54 1.69
Fe2O3 4.68 2.33 1.30 0.21
FeO 3.29 2.00 9.22 1.33
MnO 0.15 0.05 0.20 0.02
MgO 0.20 0.20 3.79 3.72
CaO 3.49 1.45 5.12 40.10
Na2O 8.52 6.78 2.79 0.47
K2O 4.37 5.73 7.96 1.97
P2O5 0.14 0.03 1.07 0.09
CO2 2.33 1.01 3.00 26.50
S 0.12 0.04 0.09 0.08
LOI 3.49 1.13 3.66 27.01
Total 98.60 99.31 98.24 99.45
   
Cr <10 10 7 16
Co 5 <5 23 <5
Cu <5 <5 8 10
Ni 6 <5 29 14
Pb 7 19 6 7
V 7 <5 147 34
Zn 171 89 206 40
   
Ba 2077 593 2691 132
Rb 87 83 218 37
Sr 642 211 1200 1901
Nb 6 4 10 1
Zr 79 82 218 34
Y 14 5 42 5
   
La 9.81 8.92 76.05 8.70
Ce 22.81 15.72 163.22 18.47
Pr 3.21 1.80 23.44 2.48
Nd 13.14 6.60 95.01 9.60
Sm 2.71 1.26 15.02 2.01
Eu 1.15 1.05 3.62 0.44
Gd 2.44 1.17 10.47 1.79
Tb 0.38 0.19 1.29 0.29
Dy 2.36 1.19 6.86 1.83
Ho 0.48 0.27 1.14 0.40
Er 1.52 0.86 3.22 1.12
Tm 0.25 0.14 0.44 0.17
Yb 2.14 1.01 2.93 1.10
Lu 0.40 0.18 0.48 0.18
Total REE 62.8 40.4 403.2 47.9

Notes:  Major element oxides are in weight percent, trace element data are in ppm. 
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

LENGTH
1 mm 0.039 37 inches 1 inch 25.4 mm
1 cm 0.393 70 inches 1 inch 2.54 cm
1 m 3.280 84 feet 1 foot 0.304 8 m
1 m 0.049 709 chains 1 chain 20.116 8 m
1 km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km

AREA
1 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm# 0.061 023 cubic inches 1 cubic inch 16.387 064 cm#
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m#
1 m# 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m#

CAPACITY
1 L 1.759 755 pints 1 pint 0.568 261 L
1 L 0.879 877 quarts 1 quart 1.136 522 L
1 L 0.219 969 gallons 1 gallon 4.546 090 L

MASS
1 g 0.035 273 962 ounces (avdp) 1 ounce (avdp) 28.349 523 g
1 g 0.032 150 747 ounces (troy) 1 ounce (troy) 31.103 476 8 g
1 kg 2.204 622 6 pounds (avdp) 1 pound (avdp) 0.453 592 37 kg
1 kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg
1 t 1.102 311 3 tons (short) 1 ton (short) 0.907 184 74 t
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg
1 t 0.984 206 5 tons (long) 1 ton (long) 1.016 046 90 t

CONCENTRATION
1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS

Multiplied by
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short)
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short)
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short)
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short)

Note:Conversion factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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