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SAFETY INFORMATION 
General Information 
The Geological Association of Canada (GAC®) and the Mineralogical Association of Canada (MAC) recognize that their field trips 
may involve hazards to the leaders and participants. It is the policy of the GAC® and the MAC to provide for the safety of 
participants during field trips, and to take every precaution, reasonable in the circumstances, to ensure that field trips are run 
with due regard for the safety of leaders and participants. 
 

Field Trip Leaders are responsible for: insisting on adherence to the provisions of the GAC®/MAC Safety Policy and Program on the 
field trip; planning for all aspects of field trip safety; identifying and providing for mitigation of hazards; ensuring that the trip has an 
appropriately trained person responsible for first aid and that participants are accompanied at all times while in the field; ensuring 
that participants have and know how to use any required PPE; taking action to minimize any unsafe action or condition while the trip 
is in progress; and implementing emergency procedures in case of an incident.  
 

Field trip participants are responsible for: acting in a manner that is safe for themselves and their co-participants; following the 
safety instructions of the field trip leaders during the trip; using PPE when necessary; and informing the field trip leader of any 
matters of which they have knowledge that may affect their health and safety or that of co-participants. 
 

Participants should be prepared for a wide range of temperatures and conditions, typical of Nova Scotia in May and especially at 
field stops in coastal areas. Please take suitable clothing including layers, rain wear, gloves, warm hat in case of cold, wet weather as 
well as sunscreen and sun protection. 
 

Specific Hazards 
While most of the field stops will be at vineyards, several field stops will be at other geological sites of interest, on or adjacent to 
roads or parking lots, and one stop at a coastal locality.  
 

Coastal localities present several specific hazards and participants must behave appropriately for the safety of all. Access to the 
coastal section will require a short hike along a beach (~ 500 m), in some cases over rough, stony, or muddy and wet terrain and 
including saltwater pools, seaweed, and mud. It may also be possible to cross small brooks and uneven rock surfaces on the beach. 
There is a possibility that participants will get their feet wet. Waterproof sturdy footwear is recommended for this site.  
 

The timing of the coastal field stop was planned taking the local tide levels into consideration. Field trip leaders will provide more 
information regarding the local tide at that stop. Participants must keep a safe distance from the ocean and be aware of the 
magnitude and reach of ocean waves. Participants should stay on dry sections of outcrops that lack any seaweed or algal deposits 
and stay well back from the oceanΩs edge. Remember that wave-washed surfaces may be slippery and treacherous and avoid any 
area where there is a risk of falling. The cliffs along the coastal section are extremely dangerous, and participants must stay clear of 
the cliff edges at all times, stay with the field trip group, and follow safety instructions from field trip leaders. Most of the coastal 
section is actively eroding, and participants must be aware of the constant danger of falling debris. 
 

Several field stops are located on or adjacent to roads or parking lots. At these stops, participants should make sure to stay off the 
roads, and pay careful attention to traffic, which may be distracted by the field trip group. Roadcut outcrops hazards from loose 
material and should be treated with the same caution as coastal cliffs; be extremely careful and avoid hammering or removing 
material beneath any overhanging surfaces. The hammering of rock outcrops is generally unnecessary and represents a significant 
flying debris hazard. Participants are asked to inform the leaders if they have a reason to collect a sample and make sure that it is 
done so safely and with regard for others. 
 

Other Hazards 
Lyme disease is a bacterial infection transmitted to humans and pets by a bite from a Black-legged tick but not all ticks carry the 
bacteria. The Black-legged tick has been found in all areas of Nova Scotia and are common throughout the area of this field trip. The 
tick that carries the bacteria can only transmit Lyme Disease after it has filled itself with blood, which takes at least 24 hours. In most 
cases, the first symptom of Lyme disease is a rash near the tick bite that may look like a bǳƭƭΩǎ ŜȅŜ ǘŀǊƎŜǘΦ ¢ƘŜ ōƛǘŜ ƛǎ ƻŦǘŜƴ ǇŀƛƴƭŜǎǎΣ 
so you may not even know that you have been bitten. The rash usually appears 7 to 10 days after the bite, but ranging from 3 to 30 
days. Antibiotics are used to treat Lyme disease. Early treatment almost always results in full recovery. 
Cover as much of your skin as possible when walking in areas where ticks are found and use insect or tick repellent. Wear enclosed 
footwear, tuck your shirt into your pants, and tuck your pants into your socks. Light-coloured clothing with a tight weave allows ticks 
to be more easily seen. Check yourself after walking in grassy or wooded areas. Inspect all parts of the skin, including arm pits, groin, 
and scalp. Remove ticks as soon as you find them using a tick removal tool or tweezers to carefully grasp the tick as close to the skin 
as possible. Gently and slowly pull the tick straight out without jerking, twisting or squeezing it. Disinfect the site to prevent other 
infections.   
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OVERVIEW 

This one-day field trip explores the local geology, soil characteristics, groundwater characteristics, and of 

course the wines of the southern Nova Scotia terroir of the eastern Annapolis Valley, one of CaƴŀŘŀΩǎ 

emerging wine regions! Here distinctive Nova Scotia mesoclimates, proximity to the moderating influences of 

the Bay of Fundy and Atlantic Ocean, and landscapes and soils shaped by multiple glaciations create a complex 

interplay of climate, soil, geology, and groundwater that influence the character and quality of grapes, thus 

creating a unique terroir.  We will also explore the importance of groundwater resources to the vitality of the 

Town of Wolfville and Fundy area and the vulnerability of these resources to the effects of climate change. 

At the time of preparation of this guidebook there are at least 13 vineyards in the Annapolis Valley wine 

region. The field trip route includes several stops to local vineyards and related sites of geologic interest to 

sample the wines and learn about the geology and local terroir (Figure 1). Vineyards were selected to 

showcase a wide diversity of geological settings. Field trip leaders and vintners will present a short 

presentation on their particular expertise and current research. Transportation and on-board guide is being 

provided by the Magic Winery Bus.  

ITINERARY 

 

8:30 am - Depart Halifax Convention Centre  

10:00 am - Grand Pre Look-Off (field stop 1) 

10:30 am - Domaine de Grand Pré (2) 

11:30 am - [Ω!ŎŀŘƛŜ ±ƛƴŜȅŀǊŘǎ & lunch (3, 4) 

12:30 pm - Benjamin Bridge Winery (5) 

1:30 pm - Outcrop: White Rock (6.) 

2:00 pm - Outcrop - Kingsport Beach (7) 

3:00 pm - Blomidon Estates Winery (8) 

4:00 pm - Millstone Harvest Brewhouse (9) 

4:40 pm - Depart Wolfville for Halifax 

6:00 pm - Arrive Halifax Convention Centre 

 

!ƴ ŀōōǊŜǾƛŀǘŜŘ Ψ{ǘƻǊȅ aŀǇΩ ǾŜǊǎƛƻƴ ƻŦ 

the field trip guide can be accessed by 

scanning this QR Code 

(https://storymaps.arcgis.com/stories/e

cb1b6c6e23e4371982e8ad03a10d243 

 

  

https://storymaps.arcgis.com/stories/ecb1b6c6e23e4371982e8ad03a10d243
https://storymaps.arcgis.com/stories/ecb1b6c6e23e4371982e8ad03a10d243
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Figure 1: Itinerary and location of field trip stops.  The geological base map is modified after 

Moore et. al., 2000. Legend: LTFb (light brown) = Triassic Blomidon Formation, LTFw (medium 

brown) = Triassic Wolfville Formation, ECHh/m (yellow-green) = Mississippian Horton Bluff 

Formation, LSK (blue) = Silurian Kentville Formation, OSw (yellow) = White Rock Formation, 

COMh (blue-green) = Cambro-Ordovician Halifax Group. 
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INTRODUCTION 

Nova Scotia was one of the first regions in North America to 
grow grapes for wine. Acadian settlers started growing 
grapes starting in the early 1600s in the Annapolis Valley and 
La Have River areas. It wasn't until the early 1980s, however, 
that wine-grape related research and commercial cultivation 
started in Nova Scotia. Since then, Nova Scotia has rapidly 
emerged as a wine region with wines based on varietals and 
hybrids expressing a unique style that reflects our unique 
terroir. The complex interplay of climate, soil, geology, and 
groundwater influences the character and quality of grapes in 
the region.  In particular, the Annapolis Valley, an important 
agricultural area of Nova Scotia, has emerged as a focus for 
grape growing and wine production in the province. 

In recognition of its unique setting and terroir, the Winery 
Association of Nova Scotia (WANS) in 2011 created an 
appellation of origin for a white wine blend produced in the 
province.  The Tidal Bay appellation identifies wines 
produced from specified grape varietals under strictly 
defined processes and grown in Nova Scotia. To be given the right to this appellation, submitted 
ǿƛƴŜǎ ŀǊŜ ŀŘƧǳŘƛŎŀǘŜŘ ōȅ ŀ ǇŀƴŜƭ ƻŦ ŜȄǇŜǊǘǎ ǘƻ ōŜ άŦǊŜǎƘΣ ŎǊƛǎǇΣ ŘǊȅƛǎƘΣ ǎǘƛƭƭΣ ǿƘƛǘŜ ǿƛǘƘ ŀ ōǊƛƎƘǘΣ 
ΨǎƛƎƴŀǘǳǊŜ bƻǾŀ {ŎƻǘƛŀΩ ŀǊƻƳŀǘƛŎ ŎƻƳǇƻƴŜƴǘέΦ On this trip participants will be given the 
opportunity to sample these wines from several wineries representing different geographic and 
geological settings and taste the differences! 

Terroir can be a simple concept or a very complex one. Translated from French, the term 
ǎǳŎŎƛƴŎǘƭȅ ƳŜŀƴǎ άǎƻƛƭέ όIŀȅƴŜǎΣ нлмуύΦ IƻǿŜǾŜǊΣ ǘƘŜ ŀŎǘǳŀƭ ǊŜƭŀǘƛƻƴ ǘƻ ǘƘŜ ŎƻƴŎŜǇǘ ǿƛǘƘ 
viticulture is quite complex. Terroir can be broken down into five naturally contributing factors: 
meteorological, physiographic, pedological, geological, and viticultural (Hamblin, 2018; Haynes, 
2000). All of these dynamically interact to impact grape growth. The following definitions are 
provided verbatim from Geology and Wine 1: Concept of Terroir and the Role of Geology by 
Simon J. Haynes, 2018:  

Meteorological ς temperature maxima and minima, hours of sunlight, wind conditions, and 
rainfall 

Physiographic ς type of landform, elevation, slope aspect and gradient, and slope drainage 

Pedological ς composition and porosity of overlying soils, soil mineralogy and chemistry, soil 
grain size and texture, and clay mineralogy 

Geological ς geology of the subsoil and the geochemistry, petrology and texture of individual 
strata, surface water and ground water flow rates and chemistry 

Photo courtesy of Bruce EweǊǘΣ [Ω!ŎŀŘƛŜ ±ƛƴŜȅŀǊŘǎ 
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Viticultural ς Trellising method, row spacing, grape-bunch thinning and allowable production, 
fertilizing, mechanical addition of soils or rock material, systematic tile-draining, and 
irrigation. 

The Eastern Annapolis Valley wine growing area includes the Grand Pré National Historic Site 
situated along the Minas Basin. Grand Pré (Great Marsh) was designated as Canada's first rural 
historic district of national significance in 1995, and later designated as a UNESCO World 
Heritage Site in 2012. This site was once the epicentre of Acadian culture and is now a 
memorial to their ΨƎǊŜŀǘ ǳǇƘŜŀǾŀƭΩ, where they were deported from Nova Scotia between the 
years 1755 and 1763. Across the Minas Basin is the new Cliffs of Fundy UNESCO Global 
Geopark. 

The Annapolis Valley area is home to several Mi'kmaq First Nations, the founding people of 
Nova Scotia, including Annapolis Valley First Nation and Glooscap First Nation.  For the Mi'kmaq 
aboriginal people, today's Grand Pré was known as Setnog or Chdnouk, ǿƘƛŎƘ ƳŜŀƴǎ ΨŜȄǘŜƴŘƛƴƎ 
ƻǳǘ ƛƴǘƻ ǘƘŜ ǎŜŀΩ (Landscape of Grand Pré, 2022). According to Mi'kmaq traditions, the 
legendary figure Kluscap (Glooscap), who is responsible for the creation of many landscape 
ŦŜŀǘǳǊŜǎ ǘƘǊƻǳƎƘƻǳǘ aƛΩƪƳŀƪΩi, kept watch over his people from his lodge on Cape Blomidon 
(Fig. 1). The Mi'kmaq lived off the natural resources of the Minas Basin area when it was a 
fresh-water lake. Around 3000 to 4000 years ago, it is believed that there was a breach in a 
large gravel barrier located near Cape Split that allowed seawater from the Bay of Fundy to 
flood the lake and transform it into the Minas Basin (Landscape of Grand Pré, 2022; Shaw et al., 
2010).  

PHYSIOGRAPHY 

The Annapolis valley forms part of the Appalachian physiographic region and is bounded by the 
south-facing slopes of North Mountain and the north-facing slopes of South Mountain (Roland, 
1982). South Mountain is underlain by Paleozoic metasedimentary and granitoid rocks. North 
Mountain, comprising Triassic-Jurassic basalt, is a cuesta typically with a sharp scree slope 
facing the Valley and a gently dipping slope facing the Bay of Fundy. The shelter provided by the 
North and South mountains allow the Valley to have earlier spring and hot summers, making it 
one of Nova {ŎƻǘƛŀΩǎ most productive agricultural and viticultural areas. 

The Annapolis Valley is underlain by red fluvial sandstones of the Triassic Wolfville Formation, 
and by the conformably overlying fluvial and lacustrine mudstones of the Blomidon Formation. 
The Valley generally has a flat to gently undulating topography and is drained by two main 
rivers, the Annapolis and Cornwallis rivers. The Annapolis River flows southwest to the 
Annapolis Basin and the Cornwallis River flows northeast to the Minas Basin. The high tides of 
the Bay of Fundy affect both basins and have formed extensive areas of tidal salt marsh. Most 
of this marshland, which is now protected from tidal flooding by a system of dykes, is used for 
agriculture (described in more detail in the Hydrogeology research section).  
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CLIMATE 

ά²ƘƛƭŜ ǘƘŜ ƭŀƴŘǎŎŀǇŜΣ ƎŜƻƭƻƎȅΣ ŀƴŘ ǎƻƛƭ ǎǘǊƻƴƎƭȅ ƛƴǘŜǊŀŎǘ ǘƻ ƛƴŦƭǳŜƴŎŜ ŀ ǾƛƴŜΩǎ ōŀƭŀƴŎŜ ƻŦ 
nutrients and water, it is the climate that is critical because it is this that limits where wine 

ƎǊŀǇŜǎ Ŏŀƴ ōŜ ƎǊƻǿƴ ŀǘ ōƻǘƘ Ǝƭƻōŀƭ ŀƴŘ ƭƻŎŀƭ ǎŎŀƭŜǎέ  

Gregory V. Jones. The Climate Component of Terroir published in Element 

Vineyards located in northern latitudes, such as the Annapolis Valley, obtain less direct sunlight, 
however, during the growing season receive longer daylight hours (Meinert and Busacca, 2000). 
The region also benefits from the moderating effect of the Atlantic Ocean, Bay of Fundy, Minas 
Basin, and Annapolis Basin, all of which moderate potential extreme temperatures. These 
bodies of water act as heat sinks, re-radiating heat during colder evenings in the valley and 
extending the growing season. Additionally, they reflect sunlight, increasing sunlight exposure 
of the vineyards (Hamblin, 2018).  

Topography plays a major role in the climate for the Annapolis Valley creating a uniquely 
temperate to semi-humid climate ideal for agriculture and viticulture in Nova Scotia (Rivard et 
al., 2012). These bounding landforms shelter the valley from the colder Atlantic winds. The 
Annapolis Valley has the highest average temperature in Nova Scotia, with a historical annual 
average air temperature of 6.9°C compared to the provincial historical average of 6.4°C (Rivard 
et al., 2010). The Annapolis Valley receives the second lowest amount of annual precipitation in 
all of Nova Scotia (1181 mm), compared to the provincial average of 1352 mm; with the winter 
months being the wettest and the late summer and fall period being the driest (Climate Change 
Nova Scotia, 2014; Environment and Natural Resources, 2021; Rivard et al., 2010). The ideal 
amount of precipitation for grape cultivation is approximately 700 mm annually, with most of 
the precipitation occurring in the spring and dry conditions prevailing in the summer and fall 
(Hamblin, 2018). The Annapolis Valley receives about 605 mm of precipitation over the spring 
and summer months alone (30-year mean) with a projected annual increase in precipitation 
over the next century (Hamblin, 2018; Climate Change Nova Scotia, 2014). The Valley therefore 
tends to be wetter than ideal conditions for grape cultivation. 

Degree days are used in agriculture to quantify and measure productive growing temperatures. 
Standard degree days are the amount of time a region experiences air temperatures above 
10°C. The Annapolis Valley vineyards were found to have an average of 984 to 1007 growing 
degree days (above 10°C) between 2004 - нллуΣ ǿƘƛŎƘ ƛǎ ƭƻǿŜǊ ŎƻƳǇŀǊŜŘ ǘƻ /ŀƴŀŘŀΩǎ ƻǘƘŜǊ 
winery regions, Niagara, Ontario, and Okanagan, British Columbia, which have an average of 
1471 and 1181 growing degree days respectively (Lewis, 2018).  

Climate change will alter current and future grape growing regions. Many traditional growing 
regions are harvesting earlier, changing the flavour profiles of their wine and climate change is 
threatening in-situ grape varieties. However, marginal growing regions are now suitable for 
wine grape cultivation, and grapes can now be grown commercially further than 50° latitude 
(Nicholas, 2015; Hamblin, 2018). The Annapolis Valley will benefit from rising temperatures 
allowing additional warm climate grape varietals to be grown, however, wetter than ideal 
conditions will need to be managed. Sea level may also reduce the area available for cultivation 
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for those existing vineyards that extend to the coastal interface. Opportunities and risks with 
respect to the impacts of climate change on the sector were recently explored as part of the 
AgriRisk pilot project (Robicheau et al., 2018; Nova Scotia Federation of Agriculture, 2018). 

 

GEOLOGY 

άLƴ ǘƘƛǎ totality of elements, geology dictates the overall landscape, rock type, the landform, 
the exposure, soil, subsoil, and drainage. The climate invites distribution of the vine, the 

ǎŜƭŜŎǘƛƻƴ ƻŦ ǘƘŜ ǾŀǊƛŜǘȅΣ ŀƴŘ ƛǘǎ ŎǳƭǘƛǾŀǘƛƻƴ ōȅ ƳŀƴΦέ 

James E. Wilson 

ά¢ŜǊǊoir ς ¢ƘŜ wƻƭŜ ƻŦ DŜƻƭƻƎȅΣ /ƭƛƳŀǘŜΣ ŀƴŘ /ǳƭǘǳǊŜ ƛƴ ǘƘŜ aŀƪƛƴƎ ƻŦ CǊŜƴŎƘ ²ƛƴŜέ 

Geological Setting 
¢ƘŜ ǎǘƻǊȅ ƻŦ bƻǾŀ {ŎƻǘƛŀΩǎ ƎŜƻƭƻƎƛŎŀƭ ŜǾƻƭǳǘƛƻƴ ς and in a broader sense that of the 
Northeastern Appalachians ς is one of amalgamation of disparate crustal blocks from far-flung 
locations, and later break-up and separation through rifting. This has resulted in a complex 
mosaic of various geologic terranes separated by faults that formed in different geologic 
settings. They were later buried under a blanket of sediments, and following 175 million years 
of erosion, the exposed remnants of these basement rocks now define upland regions. Thus, 
this interplay of tectonics, erosion and sedimentation has, over the vast expanse of time, 
created the varied terrain of highlands and lowlands, shorelines, shelfs and basins existing 
today.  
The following is a very broad overview of the complex processes that created Atlantic Canada 
and specifically Nova Scotia over geologic time. Emphasis is made to those successions that 
have a direct relevance to sites visited on this field trip: Silurian-Devonian Rockville Notch 
Group, Mississippian Horton Group, and Triassic-Jurassic Fundy Group. The following summary 
ŘǊŀǿǎ ǳǇƻƴ ǘƘŜ ŜȄŎŜƭƭŜƴǘ ǇǳōƭƛŎŀǘƛƻƴ ά¢ƘŜ [ŀǎǘ .ƛƭƭƛƻƴ ¸ŜŀǊǎέ ό!ǘƭŀƴǘƛŎ Geoscience Society, 
2001). 

Bedrock Geology 
Neoproterozoic Era to Late Devonian Period (~750 to ~375 Mya) 
About 750 million years ago, during the Neoproterozoic Era, two continents ς Laurentia and 
Gondwana were created through the rifting of the supercontinent Rodina. Each were 
composed of an amalgam of large chunks of continental crust, micro-continents, and island arcs 
separated by major faults and subduction zones. Over the following 60 million years, this rift 
basin broadened through seafloor spreading and within it formed the Iapetus Ocean. In the 
Lower Cambrian, plate tectonic motion initiated the closing of the ancient Iapetus Ocean 
through an extended period of collision, accretion, and consolidation of various geologic 
terranes on the eastern margin of North America. In the Atlantic region, this collision involved 
Laurentia (North America) and fragments from Gondwana (Northwest Africa and Western 
Europe), with seafloor spreading from ocean ridges driving these fragments towards the 
[ŀǳǊŜƴǘƛŀƴ ƳŀǊƎƛƴΦ CƻƭƭƻǿƛƴƎ DƻƴŘǿŀƴŀΩǎ ƛƴƛǘƛŀƭ ŎƻƭƭƛǎƛƻƴΣ ƛǘ ƳƻǾŜŘ ŀǿŀȅ ŦǊƻƳ [ŀǳǊŜƴǘƛŀ 
creating the Rheic Ocean that similarly directed isolated island arc complexes and continental 
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Figure 2. Geological terranes of the Northeastern Appalachians, Atlantic Canada. After Hibbard et al., 2006. 

 

fragments towards Laurentia. As these terranes collided, each underwent tectonism, structural 
deformation, plutonism, metamorphism, and metallogenesis unique to each terrane and 
bounded by major faults. Figure 2 illustrates the current distribution of these terranes in 
Atlantic Canada.   

Middle Cambrian to Middle Devonian Periods (~513 to ~385 Mya) 
The Early Cambrian to Early Devonian Meguma terrane makes up the southern half of Nova 
Scotia and is the most outboard of all Appalachian terranes. It was deposited as a thick 
succession of deep-water sandstones and shales, and following an erosional event, deposition 
of shallower water shelf sandstones, shales and bimodal volcanics. During the Early to Middle 
Devonian, the Meguma collided with several Avalon composite terranes along the eastern 
North American margin. Its sediments were subjected to compressional deformation in the 
form of harmonic folding and related faulting and creation of a series of northeast-southwest 
trending anticlines and synclines.  Meguma rocks were then intruded by large granitic plutons. 
This regional metamorphism altered the succession to varying metamorphic grades.  
This approximately 11 to 13 km thick stratigraphic and magmatic succession is known as 
Meguma Terrane, and is subdivided into three groups. In ascending order these are the 
Goldenville, Halifax and Rockville Notch groups and within each a number of subordinate 
formations and members are defined (White, 2007; White et al., 2007) (Figure 3).  The 
following is a brief summary of these three groups based on the descriptions by White and Barr 
(2012, 2012a), Pothier et al. (2015), and White et al. (2018).  

The Goldenville is dominated by thick, massive bedded metasandstones, metasiltstones and 
slates. The rocks were deposited as sand-rich turbidite fans and channel complexes in an upper 
to middle slope in a deep-water basin along a continental margin. The Halifax Group sediments 
are dominantly fine-grained metasiltstones and slates that were originally deposited as deep-
water shales and siltstones in turbidite fan complexes on a continental rise to upper slope and 
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outer shelf setting. The Rockville Notch Group is the thinnest of the three groups and rests on 
the angular unconformity above the Halifax Group. Its siliciclastic and minor carbonate 
sediments, and felsic and mafic volcanic rocks, record deposition in a much shallower water 
setting, interpreted as a prograding continental shelf, with sediments representing shelf storm 
to nearshore deposits. 

 

Figure 3. Stratigraphy of the Meguma terrane in the Wolfville region, Central Nova Scotia. Modified after Pothier et 
al. (2015). The stratigraphic position of field trip Stop 5 (Benjamin Bridge Winery) and Stop 6 (outcrop at White 
Rock) are indicated by the red stars. 
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Late Devonian to Middle Triassic Periods (~385 to ~240 Mya) 
By the mid-Devonian, Atlantic Canada consisted of an amalgamation of several different peri-
Gondwanan crustal fragments, assembled during the Late Precambrian to middle Paleozoic, 
through the closing of the Iapetus and Rheic oceans and the creation of the supercontinent 
Pangea.  Each terrane is separated from adjacent ones by deep crustal faults, has its own 
unique geological history, and forms the bedrock upon which later sedimentary rocks were 
deposited. Following terrane assembly, the region underwent several stages of tectonism from 
the Late Devonian to Early Permian, and Middle Triassic to Early Jurassic. The sedimentary 
succession of the Maritimes and Fundy basins respectively record these events and was greatly 
influenced by the new tectonic elements (Appalachian Mountains), paleolatitudinal position 
(equatorial), and ongoing tectonism (transpression, extension and salt deformation).   

The Horton Group is the oldest unit in the thick Carboniferous-Permian succession in the 
Maritimes Basin (Figure 4). Martel (1990), and Martel and Gibling (1996) defined five 
depositional stages within the Horton Group, four of which are members of the basal Horton 
Bluff Formation, and the fifth the overlying Cheverie Formation (Figures 4 and 5). The overall 
trend observed in the Horton is one of a gradual but persistent infilling of the basin in a tropical 
(equatorial) continental setting. The Horton in the Minas Basin area was deposited in a large 
north-dipping half graben basin bounded by the Cobequid-Glooscap (Minas) fault system to the 
north. In the western and southern part of the basin it is well exposed along the Avon River and 
in coastal sections.  

 

Figure 4. Distribution of Carboniferous-Permian sediments in Eastern Canada and their distribution over underlying 
Appalachian accretionary terranes (Snyder and Waldron, 2016). Note the presence of major transpressional faults 
that define the terrane boundaries. The red box covers the area of the Windsor-Kennetcook-Shubenacadie-
Musquodoboit basins, and easternmost Annapolis Valley. 
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¢ƘŜ ƻōǎŜǊǾŜŘ ŎȅŎƭƛŎƛǘȅ ƛƴ ǘƘŜ IƻǊǘƻƴ .ƭǳŦŦ CƻǊƳŀǘƛƻƴΩǎ ƭŀŎǳǎǘǊƛƴŜ ǎŜǉǳŜƴŎŜǎ ƛǎ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ 
these rocks and was probably influenced both by climate (precipitation >> evaporation) and 
basin subsidence. Based on the classification of lake systems by Carroll and Bohacs (1999) the 
Horton succession represents a water lake system that fluctuated subtly between being 
overfilled to slightly balancedςfilled.  

Conformably overlying the Horton Bluff Formation is a thick sequence of sandstones, 
conglomerates, and mudstones of the Cheverie Formation. The Cheverie records the basinΩs 
response to uplift along its margins, with the source area dominated by material shed from the 
Middle Devonian South Mountain Batholith to the southwest (Gibling et al., 2008). Proximal to 
the basement, the Cheverie is very coarse-grained, conglomeritic and highly arkosic, with 
abundant feldspar clasts (Conrod, 1987). It transitions into very coarse planar to cross bedded 
quartz-rich fluvial sandstones and associated muddy overbank deposits. The lacustrine 
sequences represent deposition in a hydrologically-open fresh water lake system that 
fluctuated subtly between being overfilled to slightly balanced-filled (Bohacs et al., 2002).  

During the Early Mississippian, there were incursions of marine water into the rift basins.  
Transgressive basal carbonates were formed within these restricted basins and were then 
overlain by fluvial sandstone (Macumber Formation over Cheverie Formation). Increasing 
volumes of marine waters in this hyper-arid setting resulted in hypersaline conditions and the 
deposition of thick deposits of gypsum, halite and related evaporites (Lower Windsor Group). 
Over time, the salinity of the marine incursions decreased and resulted in a repetitive 
succession of shallowing upwards cycles of shallow marine limestones, minor evaporites, and 
fluvial-alluvial siliciclastics (Upper Windsor Group). The driver of this cyclicity was orbitally-
forced (eccentricity) expansion and contraction of major continental ice sheets in the southern 
hemisphere of Gondwana (Giles, 2009). The basins then transitioned back to continental 
siliciclastic alluvial-fluvial-lacustrine sedimentation (Mabou Group), followed in the 
Pennsylvanian by regional transpression and later thick sequences of fluvial-lacustrine 
sediments with abundant coals (Cumberland Group) within which the famous Joggins 
succession ς a UNESCO World Heritage Site ς is located. 

Compressional tectonism resumed reflecting the final adjustments to Pangea (Variscan 
Orogeny) and subsequent erosion of older rocks. By the late Pennsylvanian, the Maritimes 
Basin had moved north of the paleo-equator into the arid climate belt with the deposition of 
fluvial and eolian sediments of the Pictou Group (Early Permian).  From then to Middle Triassic, 
this now-central Pangean region underwent a period of stasis with little deposition and limited 
erosion for a period of about 50 Ma.  

Middle Triassic to Pleistocene Period (~240 to 2.58 Mya) 
After tens of millions of years of quiescence, in the Middle Triassic the Pangean supercontinent 
became tectonically active.  This process initiated the break-up of Pangea and formation of the 
proto-Atlantic Ocean, with the Atlantic still expanding to this day. In Nova Scotia, geological 
evidence of this event are recorded in fluvial redbed strata on the north shore of Minas Basin.  
Its location adjacent to the deep crustal Cobequid-Glooscap fault system ς that defines the  
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Figure 5. Stratigraphy of the Horton Group in the Windsor and Kennetcook subbasins, central Nova Scotia (Snyder & 
Waldron, 2016). Horton Group stratigraphy is from Martel and Gibling (1996). The siltstones, mudstones and shales of 
the Blue Beach Member compose the bedrock of the Domaine de GǊŀƴŘ tǊŜ ό{ǘƻǇ нύ ŀƴŘ [Ω!ŎŀŘƛŜ ό{ǘƻǇ пύ ǿƛƴŜǊƛŜǎ 
with their relative stratigraphic positions shown as red stars.  
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boundary between the Meguma and Avalon terranes ς resulted in the succession being tilted 
and faulted as the Meguma Group strata began to move slowly to the east in relation to the 
Avalon strata moving to the north. Nova Scotia was now in an extensional tectonic regime.  

At the beginning of the Late Triassic, the rifting process accelerated, with thermal uplift of the 
Appalachian region from Nova Scotia to the U.S. Carolinas. Pre-existing thrust faults and ramps 
formed during the Permian Variscan Orogeny were reactivated but now in an extensional 
setting and created rift basins. Most of these basins are half grabens, though some, such as the 
Fundy, Minas, and Chignecto basins, have been variously influenced by major strike-slip faults. 
Each basin exhibits a trend in which its long axis is parallel to the main bounding fault, into 
which thousands of metres of continental sediments and basic volcanic rocks were deposited 
over a period of about 45 My (Olsen, 1997). The basins of the Fundy Rift System represent the 
largest (~14,000 sq. km), northernmost exposed remnant of Triassic-Jurassic synrift 
sedimentation along the east coast of North America and northwest Africa.  

In the Minas Basin area, four formations are exposed in coastal cliff sections, and much less 
commonly in stream and road cuts, especially along its north shore (Figure 6).  On the south 
side of the basin, alluvial and fluvial sandstones and conglomerates of the basal Wolfville 
Formation are well exposed but limited to headlands and to the east its lateral extent away 
from the shore can be measured in the tens of meters.  This side of the basin is the ramp/hinge 
margin and as such in a number of cases the base of the formation is spectacularly exposed in 
angular unconformity with near-vertical bedded Early Carboniferous Horton Group lacustrine 
strata. This is the rift onset unconformity and represents the start of the rifting process.  

In the Cape Blomidon area near Wolfville, playa-lacustrine mudstones and siltstones of the 
conformable and younger Blomidon Formation are well exposed at its type area and capped 
(and preserved) by hard tholeiitic basalts of the North Mountain Formation. In the eastern 
Annapolis Valley (west of the Avon River) the strata are very close to horizontal with generally 
an unconformity with near-vertical bedded Early Carboniferous Horton Group lacustrine strata. 
This is the rift onset unconformity and represents the start of the rifting process. In the eastern 
Annapolis Valley (west of the Avon River) the strata are very close to horizontal, with generally 
a gentle 4 to 5 degree dip to the northwest (Moore et al., 2000). At its western end at Rossway 
ό{ǘΦ aŀǊȅΩǎ .ŀȅ / Digby area) area, the dips are up to 15 degrees (White et al., 2012). 

Capping the Blomidon are extrusive tholeiitic basalts of the North Mountain Formation. This 
continuous succession of lava flows was sourced from fissure-type eruptions and are about 300 
m thick at onshore locations. Offshore, the NMF is about 1000 m thick in the basin depocentre 
southeast of Grand Manan Island in the western part of the Bay of Fundy (Wade et al., 1996).  
At Scots Bay (located north of the Annapolis Valley on the Fundy shore), a thin (9 m) interval of 
lacustrine sandstones and limestones is present (Scots Bay Member). These sediments were 
deposited in depressions on the top of the last cooling basalts flows and are of earliest Jurassic 
ŀƎŜΦ ¢ƘŜ {Ŏƻǘǎ .ŀȅΩǎ ŎƻŜǾŀƭ ŜǉǳƛǾŀƭŜƴǘ ƻƴ ǘƘŜ ƴƻǊǘƘ ǎƘƻǊŜ ƻŦ aƛƴŀǎ .ŀǎƛƴ ƛǎ ǘƘŜ aŎ/ƻȅ .Ǌƻƻƪ 
Formation. Its lacustrine, alluvial, fluvial and eolian siliciclastic strata are over 230 m thick 
(Tanner, 1996) and offshore at least 3000 m in the basin depocentre (Wade et al., 1996). 
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Figure 6. Stratigraphy of the Fundy Group, Bay of Fundy and Minas Basin region (onshore and offshore). Modified 
after Sues and Olsen (2015).  The fluvial sandstones of the upper Wolfville Fm. are observed at Kingsport (Stop 7) 
and compose the bedrock of the Blomidon Estates winery (Stop 8) and Millhouse Harvest Brewhouse (Stop 9). The 
red stars show the relative stratigraphic position of the Stops. 

 
SURFICIAL GEOLOGY 

The surficial geology and geomorphology of the Annapolis Valley, like much of Canada, are the 
product of multiple glacial advances and retreats throughout the Quaternary, the latest being 
the Wisconsinan Glaciation, 70,000 ς 11,000 years ago (e.g., Stea et al., 2011). In Maritime 
Canada, a series of local ice centers and divides developed during the Wisconsinan, referred to 
as the Appalachian Glacier Complex; a summary of which is provided in Figure 7. These 
glaciations produced a wide variety of surficial deposits which form the parent materials for 
most soils in Nova Scotia. The upper surface of these deposits has been altered by pedogenic 
(soil-forming) processes during the Holocene to form the modern soils that sustain agriculture 


