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INTRODUCTION

The geology of Nova Scotia, Canada, records 
a dynamic tectonic history that is characterized 
by continental collision and terrane accretion 
during the middle Paleozoic Era (Murphy and 
Keppie, 2005).  This diverse geologic setting 
provides an ideal context for research into the 
interplay between tectonics, magmatism, and 
biotic evolution.  The province is divided by a 
large fault into two geological zones with very 
different histories (Fig. 1).  

The southern zone belongs mostly to the 
Meguma terrane, which was once part of 
northern Gondwana (Murphy and Keppie, 
2005).  The Meguma sequence in Nova Scotia 
is dominated by clastic sedimentary and 
metasedimentary rocks of Pre-Cambrian to 
Cambrian age and is intruded by Devonian 
granitoids of the South Mountain Batholith 
(Keppie, 2000).  

Figure 1. Generalized geologic map of Nova Scotia. Avalon and Meguma Terranes are juxtaposed along the Cobe-
quid-Chedabucto Fault system. Locations of individual study areas are described in the text. After Keppie (2000).
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The northern zone consists of the Avalon 
terrane, or ‘Avalonia,’ which formerly sat off the 
coast of Laurentia (Williams, 1979; Fig. 2).  

The geology of Avalonia is a patchwork of 
fault-bounded blocks, with several metamorphic 
complexes and volcanic deposits interbedded 
with both marine and non-marine sedimentary 
layers.  The Meguma and Avalonia terranes 
were joined during the Acadian Orogeny.  The 
terranes were joined by the Devonian (Murphy 
and Keppie, 1998), but possibly earlier (Keppie 
and Krogh, 2000).  Post-Devonian deposition 
includes late Paleozoic shallow marine, fluvial, 
and alluvial deposits (some coal-bearing) in 
both zones (Fig 1).

Many questions remain about the exact timing 
of the Acadian orogeny in the Canadian 
Appalachians.  One view favors accretion of 
Avalonia, as a single terrane, to Laurentia as 
early as the Late Ordovician (Murphy et al., 
2004, Murphy and Keppie, 2005).  In contrast, 
it has been proposed that the Avalonian terranes 
were accreted piecewise and that outboard 
terranes of the Appalachian orogen were not 
emplaced until at least the Silurian (MacDonald 
et al., 2002). Central to this discussion is the 
nature of Paleozoic sedimentary basins and 
volcanic rocks in Nova Scotia, which is the 
focus of our research.

PROJECT GOALS

This was the first Keck project in Nova Scotia. 
The geologic diversity of the province made 
for many opportunities to examine an array of 
geologic time periods and processes recorded 
in the rocks.  After an introductory field trip 
to show the project participants some key 
Paleozoic and Mesozoic rocks of the province, 
we divided into a sedimentary/paleontology 
group that worked in the Arisaig and Mabou 
areas of the Avalon terrane, and an igneous 
petrology group that focused on the South 
Mountain Batholith in the Meguma Terrane.  
Together, the work of both groups contributes to 
the continually unfolding story of Nova Scotia’s 
geologic history.

RESEARCH

Arisaig and Mabou: Basins as Recorders of 
Biologic and Environmental Evolution

Projects of the sed/paleo group include 
examining the genesis of Silurian-aged volcanic 
rocks in the region of Arisaig and using fossils 
to explore paleoenvironments in the Silurian and 
Carboniferous sections.  The result is a series of 
snapshots of Paleozoic marine ecology within a 
context of volcanic and sea level history.
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Figure 2. Geologic map of the Arisaig area. Formation thicknesses and age are described in Table 1. Modified with 
permission from Melchin and MacRae (2005) after Boucot et al. (1974).
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The Arisaig group (Fig. 2; Table 1), exposed 
along the Northumberland Strait, comprises 
over 1800 meters of mostly Silurian-aged 
shallow marine and marginal marine deposits 
interbedded with several K-bentonite layers.  
It has been well mapped, and a general 
sedimentologic and biostratigraphic framework 
exists (Boucot et al, 1974; Bergstrom et al., 
1997; Bambach, 1998).  In Nova Scotia, the 
sedimentary basins of the Silurian record 
a balance between sediment supply and 
subsidence rate, so their waters remained 
relatively shallow even during global sea-level 
rise (Waldron et al., 1996; Bambach, 1998).  
The Arisaig Group houses a rich array of 
marine invertebrate fossils such as brachiopods, 
bryozoans, bivalves, crinoids, trilobites, and the 
enigmatic tentaculitids. 

The most recent interpretation of sea-level 
history of the Arisaig Group finds good 
correspondence between global highstands and 
highstands recorded in the Arisaig sediments 
(Bambach, 1998).  An exception to this is in the 
Upper Beechhill Cove and Lower Ross Brook 
Formations.  Bambach (1998) has described 
persistence of deep basinal sediments through

these sections, with no sign of the global 
eustatic lowstand.  Other workers have 
interpreted the Upper Beechhill Cove Formation 
as deepening upward from relatively shallow 
marine to deep basinal conditions in the lower 
Ross Brook Formation (Melchin and MacRae, 
 2005).  To shed light on the paleoenvironmental 
conditions of the Ross Brook, Blair Burgreen 
used geochemical analyses to interpret ocean 
circulation at the time of deposition.  She 
examined trends in concentrations of U, Mo, 
V, and other elements that are indicative of 
regional shifts in ocean redox state.  This trace 
elemental analysis combined with K-Ar dating 
of K-bentonites in the Arisaig Group provide 
insight into the timing of the closure of the 
Iapetus Ocean. 

Emily Seider’s work fits in with that of 
Burgreen, providing details of the Arisaig 
Group’s tectonic history by “fingerprinting” 
the volcanic eruptions represented by the 
K-bentonite layers.  Emily used an electron 
microprobe and X-ray fluorescence to examine 
mineralogy and trace element geochemistry 
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Table 1.  Stratigraphic formations of the Arisaig Group.  These correspond with the map in Figure 2.  Approximate 
thicknesses of formations are from Boucot et al. (1974).
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of bentonites; her results include newly 
recognized occurrences of sulfate and sulfide 
minerals in the bentonites. In order to refine the 
stratigraphic context, she attempted to locate 
and verify the forty bentonite layers identified 
by Bergstrom et al. (1997).

Abigail D’Ambrosia also looked at sea-level 
history in the Arisaig Group.  She studied the 
fossil-rich Moydart Formation, paying particular 
attention to the occurrence of bryozoan 
buildups.  She used petrographic point counts 
to shed light on changes in paleoecology as 
the basin underwent transgressive-regressve 
cycles, comparing her results with the cyclicity 
proposed by Bambach (1998).

Further contributing to Silurian basin analysis, 
Jacalyn Wittmer focused on tentaculitid-
bearing beds distributed within the Arisaig 
strata.  She used digital image analyses to 
record the orientation of fossils to interpret 
paleocurrents.  Her work also addresses 
taxonomic problems of the tentaculitids, whose 
classification is uncertain.

In the Carboniferous of Nova Scotia, 
fossiliferous marine limestone, marginal 
marine and lacustrine deposits, and 
commonly occurring evaporites, indicate 
paleoenvironmental cyclicity.  Recent 
investigations of microfossils have 
suggested that some of the Carboniferous 
paleocommunities described as marine 
actually represent freshwater ones (Tibert 
and Scott, 1999).  Andrew Gonyo studied 
the Carboniferous section exposed at Mabou, 
Cape Breton Island.  He sampled ostracode 
microfossils from layers representing 
shallowing upward cycles.  He analyzed oxygen 
and carbon isotopes of ostracode shell material, 
to help interpret the transition from marine to 
non-marine environments.

South Mountain Batholith: Evaluating 
Contamination Processes in Peraluminous 
Magmas 

The South Mountain batholith is renowned 
for its peraluminous granitoids and is the 
largest (>7300 km2) magmatic province in the 
Appalachians (MacDonald, 2001; Clarke et 
al. 2004).  The batholith has been the subject 
of intense research because it represents a 
magmatic “pulse” at the culmination of the 
Acadian orogeny.  The aluminum rich magmas 
that formed the batholith originated from 
melting of supracrustal rocks in the batholith 
source; Meguma Group psammites and pelites 
have contributed to the geochemistry of the 
batholith as well (MacDonald, 2001; Clarke et 
al. 2004).  High aluminum concentrations and 
reducing conditions in these magmas resulted 
in a spectacular diversity of accessory minerals 
that include cordierite, garnet, muscovite, 
andalusite, topaz, rutile, and anatase.  While 
the batholith is well mapped and a wealth of 
published data exists (MacDonald, 2001), 
many questions remain as to the nature of 
contamination of the batholith. 

As a whole the igneous petrology group 
concentrated on finding and documenting 
evidence of magma-magma interaction and 
contamination in the eastern and central part 
of the batholith.  The Halifax and Boot Lake 
plutons were the two principle field areas (Fig. 
1). Evidence of contamination and magma 
mingling is widespread here in the form of 
various inclusions (Fig. 3).  These inclusions 
consist of mafic enclaves (Fig. 3A & B), highly 
digested xenoliths (Fig. 3C) and xenocrysts 
(often partially reacted garnet, Fig. 3D), and 
angular xenoliths showing relict bedding and 
low-pressure metamorphic mineral assemblages 
(Fig. 3E–H), which are consistent with 
derivation from the upper crustal wallrocks 
of the batholith.  Such contamination cues 
and evidence of magma mingling frame the 
questions posed by each student’s project. 

In considering the various kinds, morphologies, 
and mineralogies of inclusions, Hina Imtiaz 
conducted a study of mafic enclaves and 
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xenoliths occurring within the Peggy’s Cove 
monzogranite in the Halifax pluton. Her study 
evaluated the mineral and modal make-up 
of xenoliths as well as evidence for reaction 
of these xenoliths and the host magma. This 
contribution serves to provide a classification 
scheme for enclaves and xenoliths used by the 
rest of the group. 

Figure 3. Inclusions in the South Mountain batholith. 
Types include microgranular mafic enclaves (A & B); 
partially reacted xenoliths (C) and xenocrysts (D); and 
angular metasedimentary xenoliths showing varying 
degrees of interaction with magmas (E–H).
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Sarah Hale and Jessica Hark investigated 
garnet occurrences in the batholith.  In 
particular, they concentrated on the 
geochemistry of garnet that appeared texturally 
magmatic, xenocrystic origin (Fig. 3D), 
contrasting it with metamorphic garnet. 
Sarah looked at zoning of major and minor 
elements in garnet from several localities in the 
batholith.  Her work included detailed sampling 
of magmatic and xenocrystic garnet.  An 
experimental component to her study considers 
the reactivity of metamorphic garnets with host 
magmas.  Jessica conducted an oxygen isotope 
study of garnet, using the fact that oxygen 
isotopes are sensitive recorders of host rock 
composition in which garnet crystallizes.  She 
presents results discussing how δ18O of garnet 
correlated with garnet lithology and location.

Brain Mumaw and Kendra Murray focused 
on the magmatic and contamination history of 
the Boot Lake granodiorite and Peggy’s Cove 
monzogranite, respectively.  The Boot Lake 
pluton contains abundant xenoliths that are mm 
-to km-scale bodies likely representing roof 
pendants.  Combined whole-rock geochemical 
and oxygen isotope analyses were used to 
evaluate the upper level contamination history 
of this pluton.  Kendra’s study of the lateral 
variation in magma geochemistry in the Peggy’s 
Cove pluton considered how the monzogranite 
and intermediate composition enclaves 
contained within it were related.
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