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Abstract 

This study investigates the sedimentology, provenance, diagenesis, and reservoir 
characteristics of Late Triassic synrift successions from the Wolfville and Chedabucto formations 
along the margins of the Minas Basin and Chedabucto Bay and the Eurydice Formation in offshore 
subsurface regions of the Orpheus Graben. The strata were examined in outcrop and with thin 
section petrography, X-ray fluorescence, and handheld permeability and gamma ray 
(radioactivity) tools. 

Outcrop examination revealed different stages of rifting and fluvial sedimentation 
deposited in successions at Rainy Cove (early stage rifting) and McCaul Island (early to middle 
stage rifting). Synrift successions from the Eurydice P-36 well in the Orpheus Graben revealed finer 
grained successions with evidence suggesting sedimentation occurred within an estuarine 
environment during the late stages of rifting. 

X-ray fluorescence revealed that the fluvial Wolfville Formation (Rainy Cove) samples plot 
in the ΨǿŀŎƪŜΩΣ ΨƭƛǘƘŀǊŜƴƛǘŜΩΣ ŀƴŘ ΨCŜ-ǎŀƴŘΩ field, the aeolian Wolfville Formation (Red Head) 
samples predƻƳƛƴŀƴǘƭȅ Ǉƭƻǘ ƛƴ ǘƘŜ ΨǎǳōƭƛǘƘŀǊŜƴƛǘŜΩ field, and the Chedabucto Formation plots 
ǇǊŜŘƻƳƛƴŀƴǘƭȅ ƛƴ ǘƘŜ ΨǎǳōƭƛǘƘŀǊŜƴƛǘŜΩ ŀƴŘ ΨƭƛǘƘŀǊŜƴƛǘŜΩ ŦƛŜƭŘǎΦ Major element composition plots of 
sands discriminate between passive margin, active continental margin, continental arc, and 
oceanic arc tectonic setting. Points from the fluvial Wolfville Formation are generally spread 
within or near the active continental margin field. Whereas the aeolian Wolfville Formation 
generally plot in or near the passive margin field. Points from the Chedabucto Formation are 
spread but generally can be found in the passive margin to active continental margin fields. 

Point count analyses show that the aeolian and fluvial successions from the Wolfville and 
Chedabucto formations all plot within the recycled orogen fields of the provenance indicator 
ternary diagrams. QtFL classification after Folk (1968) reveals that the fluvial Wolfville Formation 
Ǉƭƻǘǎ ƛƴ ǘƘŜ ΨƭƛǘƘŀǊŜƴƛǘŜΩ ǘƻ ΨŦŜƭŘǎǇŀǘƘƛŎ ƭƛǘƘŀǊŜƴƛǘŜΩ ŦƛŜƭŘǎΣ ǘƘŜ ŀŜƻƭƛŀƴ ǎǳŎŎŜǎǎƛƻƴǎ Ǉƭƻǘ ƛƴ ǘƘŜ 
ΨǎǳōƭƛǘƘŀǊŜƴƛǘŜΩ ŦƛŜƭŘΣ ŀƴŘ ǘƘŜ /ƘŜŘŀōǳŎǘƻ CƻǊƳŀǘƛƻƴ Ǉƭƻǘǎ ƛƴ ǘƘŜ άǎǳōƭƛǘƘƛŎ ŀǊŜƴƛǘŜΩ ǘƻ ΨƭƛǘƘŀǊŜƴƛǘŜΩ 
fields.  

Thin section microphotographs show porosity and reservoir quality for samples from each 
of the study areas The Eurydice Formation is dominated by silt sized grains, contains some large 
lithic clasts and sand grains, and shows very poor porosity. Within the Chedabucto Formation, 
sand dominated beds show very-fine to coarse grain size, are moderately sorted, and can be well 
cemented with no porosity to highly porous with no indication of cementation. The fluvial 
Wolfville Formation comprises coarse grained, subangular to angular sands that are typically well 
cemented in a calcite cement. Secondary porosity is from alteration of feldspar grains in the fluvial 
Wolfville Formation. The aeolian Wolfville Formation comprises very fine to very coarse grained 
sands, that are subangular to subrounded and show high porosity with sparse calcite and iron 
oxide cementation.  
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Chapter 1: Introduction 

Middle to Late Triassic (Anisian to Norian) sediments from the Fundy Basin and Orpheus 

Graben (Nova Scotia) (Figure 1.1) reveal synrift successions comprising alluvial-fan, braid-fluvial, 

aeolian, lacustrine, and estuarine type deposits. Previous studies of the Wolfville, Chedabucto 

and Eurydice formations have examined their sedimentology and paleoenvironments, e.g. Klein 

(1960, 1962), Hubert and Mertz (1980, 1984), Tanner and Brown (1999, 2003), and Leleu et al. 

(2009, 2010) and have shown that the two basins are structurally linked through the Minas Fault 

Zone (Keppie, 1982; Tanner and Brown 2003; Murphy et al., 2011). However, no continuous 

outcrop exists between the two basins and an integrated analysis of the synrift successions from 

each basin remains incomplete. With recent global recognition of synrift (pre-salt) rocks as 

having huge potential for oil and gas plays (Santos and Campos basins of Brazil), and with scarce 

outcrop and few offshore well penetrations, the synrift exposures in the Minas Basin and 

Orpheus Graben offer a window into the sedimentological and stratigraphic characteristics of 

equivalent offshore subsurface successions in the underexplored Scotian margin (Figure 1.2). 

The Fundy Basin is a tripartite basin located on the western margin of Nova Scotia 

containing three structurally linked rift basins known as the Fundy, Chignecto, and Minas 

subbasins (Wade et al., 1996). The Orpheus Graben is a rift basin which formed along the 

eastern margin of Nova Scotia, just south of Cape Breton Island. The northern flanks of both 

basins contain their respective border faults, which are an individual faults belonging to a larger 

fault complex known as the Minas Fault Zone (MFZ). In addition to being structurally related, the 

basins comprise similar synrift sedimentary units (Figure 1.2) (Wade et al., 1996). 

This study examines the sedimentology and reservoir characteristics (provenance, 

diagenesis, and porosity and permeability) of these three formations to provide new insight into 
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their stratigraphy, stratigraphic relationships, paleoenvironments, and hydrocarbon reservoir 

potential. The rocks are exposed in cliff faces in the Minas Basin (Figure 1.3) (Rainy Cove and Red 

Head, Minas Basin), and Orpheus Graben (Figure 1.4) (McCaul Island, Chedabucto Bay), as well 

as conventional core and cuttings from the Eurydice P-36 offshore well Orpheus Graben. 

Methods and collected data for the present work have been summarized in Table 1.1. 

As noted above, synrift successions along the margins and offshore regions of Nova Scotia 

have been studied for decades, but questions pertaining to their local and regional 

development, and their reservoir quality and role as potential reservoir analogues, remain open 

for discussion. This research contributes to a better understanding of the sedimentological 

evolution and reservoir characteristics of the synrift units from the Minas Basin and Orpheus 

Graben, Nova Scotia. The objectives of this research are as follows: 

¶ To develop a local and regional understanding of the distribution of depositional facies 

and architectural elements of marginal sedimentary successions of active rift basins. 

¶ To better understand the sedimentological evolution and active paleoenvironments 

during early (Rainy Cove), middle (McCaul Island) and late (Eurydice P-36) active rifting. 

¶ To test the validity of the broad terrane hypothesis of Russell (1880) i.e. once larger 

sedimentary basins are now smaller remnants due to upheaval and erosion of 

connecting successions. 

¶ To quantify the reservoir characteristics (provenance, permeability, and porosity) of the 

variable stages of synrift sedimentation. 
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Figure 1.1: Generalized lithostratigraphic chart of the Scotian and Fundy basins (modified from Weston et al., 2012)  
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Figure 1.2: Satellite map view of Nova Scotia showing the four general locations of study for this project (Red Head, 

Rainy Cove, McCaul Island, and the offshore Eurydice P-36 well). All four locations are along strike and are 

structurally related to the Minas Fault Zone (yellow dashed line in central part of figure). Red Head and Rainy Cove 

are located in the Minas Basin (west flank) while McCaul Island and Eurydice P-36 well are location in the Orpheus 

Graben (east flank). 

 

 



 

 

Figure 1.3: A geologic map of the early Mesozoic synrift successions found along the margins of the Minas Basin, NS. The areas of study are shown highlighted by their name and 

a black arrow.   
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Figure 1.4: A geologic map of the early Mesozoic synrift successions found along the margins of Chedabucto Bay, NS. The area of study is shown highlighted by its name and a 

black arrow
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Table 1.1: Summary of data collected for this work.  

         
Formation Sample 

Name 
Figure I.D. 
Number 

Field View and 
Location 

Measured 
Section/Core 

Thin Section 
Point Count 

XRF Analysis 
TinyPerm 
Analysis 

Scintillometer 
Analysis 

Eurydice 
Formation 
(Eurydice P-36, 

Orpheus Graben) 

Multiple 
analyses 
from 
Eurydice P-
36 core 
(CNSOPB) 

- 

Figure 1.2 Figure 2.5 

-  

Table 3.10 Table 3.10 

- -  

- -  

- -  

- -  

Chedabucto 
(McCaul Island, 

Orpheus Graben) 

GW-301-2012 1 

Figure 1.7 Figure 2.3 Table 3.6 Table 3.1 Table 3.10 Table 3.10 

GW-302-2012 2 

GW-303-2012 3 

GW-304-2012 4 

GW-305-2012 5 

GW-306-2012 6 

GW-307-2012 7 

GW-308-2012 8 

GW-309-2012 9 

Wolfville 
Formation 

(Top) 
(Red Head, Minas 

Basin) 

RHP-Base 1 

Figure 1.6 - Table 3.7 Table 3.2 Table 3.10 Table 3.10 

RHP-1 2 

RHP-2 3 

RHP-3 4 

RHP-4 5 

RHP-5 6 

RHP-7 7 

RHP-8 8 
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Wolfville 
Formation 
(Rainy Cove, 
Minas Basin) 

GW-02-RC 1 

Figure 1.5 Figure 2.1 Table 3.8 Table 3.3 Table 3.10 Table 3.10 

GW-03-RC 2 
GW-06-RC 3 
GW-08-RC 4 
GW-04-RC 5 
GW-07-RC 6 
GW-05-RC 7 
GW-09-RC 8 
01-GW-RC-
2015 

9 
02-GW-RC-
2015 

10 
03-GW-RC-
2015 

11 
04-GW-RC-
2015 

12 
05-GW-RC-
2015 

13 
06-GW-RC-
2015 

14 
07-GW-RC-
2015 

15 
RC-DO-2014 16 
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1.1 Thesis Format 

This thesis consists of the integration of two projects, related through their study of early 

Mesozoic synrift successions from the Fundy Basin and the Orpheus Graben, Nova Scotia. Each 

produces new contributions to the understanding of regional synrift paleoenvironments and 

reservoir characteristics, and are an examination at two scales; (1) the basin scale examining 

facies and architecture of fluvial and estuarine deposits in outcrop and core and (2) the grain 

scale, examining reservoir characteristics (porosity and permeability) and provenance of 

collected samples from outcrop and core. Both projects use well known sedimentological and 

geochemical techniques and integrate regional data into a single document. 

1.2 Field Mapping and Core Sampling 

This section covers the specific areas chosen for field mapping and sampling, and core 

sampling for this work. See Appendix A for summary descriptions of each of the collected 

samples and thin sections. 

1.2.1 Field Mapping and Sampling 

Field mapping and rock sampling was completed on synrift cliff exposures in the Minas 

Basin areas of Rainy Cove (Figure 1.5) and Red Head (Figure 1.6) and along the western margin 

of Chedabucto Bay near McCaul Island (Figure 1.7). Measured sections and facies analysis were 

completed for the Rainy Cove and McCaul Island locations while rock samples were collected 

from all three locations. 



 

 

 

Figure 1.5: (A) Map view of Rainy Cove within the Minas Basin, Nova Scotia. (B) Satellite map view of the study area at Rainy Cove. Arrows show the location and orientation of 

photographs of field view images. (C & D) Field view of the studied Wolfville Formation at Rainy Cove and site of the samples taken for analysis. (C) Southwestern side of the 

promontory (D) Northeastern side of the promontory. Noted the circled geologist (1.7 m height) for scale. 
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Figure 1.6: Satellite location map and field view of the aeolian successions at Red Head, Five Islands Provincial Park. (A) Map view showing Five Islands Provincial Park. (B) 

Map view of the study area at Five Islands. The bottom of the image shows the intertidal zone which was traversed to gain access to the cliff face. (C & D) Field view of the studied 

aeolian successions and location of the eight samples taken for analysis. Image (C) captures the western side of the amphitheatre and image (D) captures the interior of the 

amphitheatre from the south. 
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Figure 1.7: Map location and field view of the Chedabucto Formation at McCaul Island, NS. (A) Map view showing the general location of McCaul Island in the western margin of 

Chedabucto Bay. (B) Map view of the study area just north of McCaul Island. The bottom of the image shows the intertidal zone which was traversed to gain access to the cliff face. 

The numbered circles identify the locations of nine rock samples gathered for this study. (C & D) Field view of the studied Chedabucto Formation and location of the nine rock 

samples taken for analysis. Image (C) captures successions from the beginning of the outcrop and image (D) captures successions of stacked fine and coarse grained sandstone 

higher in the section.
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1.2.2 Core Sampling 

Core sampling was completed on the Eurydice P-36 well from the Orpheus Graben at the 

Canada-bƻǾŀ {Ŏƻǘƛŀ hŦŦǎƘƻǊŜ tŜǘǊƻƭŜǳƳ .ƻŀǊŘΩǎ DŜƻǎŎƛŜƴŎŜ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ (CNSOPB GRC) in 

Dartmouth, Nova Scotia. This well drilled approximately 2965 m (9728 ft) of Late Triassic 

evaporites and redbeds, with the basal 572 representing the Eurydice Formation type section 

(Williams et al, 1985). Approximately 8.8 m (28.8 ft) of core was collected at the base of the well 

between 2956 ς 2965 m (9698 ς 9728 ft) composed of fine grained, red and yellow consolidated 

sands and silts that was described (Figure 1.8). 
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Figure 1.8: Core collected from the Eurydice P-36 well. A total of eight boxes of core are shown and labeled. A meter 

scale is placed between the two boxes in each image for scale. The core can be viewed at the CNSOPBôs GRC in 

Dartmouth, NS. The top of the core is at the top-left and base at the bottom-right.Geologic Overview 
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1.3.1 Regional Geologic Setting 

During the early Mesozoic, likely the Early to Middle Triassic, the Pangean 

supercontinent began to fracture as a massive rift zone formed within its interior (Figure 1.9). 

Rifting was underway throughout the entire supercontinent by the Late Triassic (Figure 1.10) 

(Olsen, 1997). Rifting ultimately led to the breakup of Pangea and the formation of the 

continental configuration as seen today along the margins of the North and South Atlantic. 

Remnants of the massive rift zone now remain along the conjugate margins of the Atlantic 

Ocean (Olsen, 1997). The rift remnant preserved along the western margin of the North Atlantic 

is known as the eastern North American rift system (Olsen, 1997; Roberts and Bally, 2012), 

which comprises a series of interconnected, buried and exposed rift basins extending nearly 

3000 km from Florida (USA) to offshore Newfoundland (Canada) (Olsen, 1997) (Figure 1.11). 

The eastern North American rift zone can be divided geographically into the southern, 

central, and northern segments based on the age of preserved synrift strata (Withjack and 

Schlische, 2005). By the Late Triassic, rifting was underway within all three segments. However, 

the end of rifting and beginning of drifting occurred in the southern segment at the end of the 

Triassic, in the central segment during the Early to Middle Jurassic, and in the northern segment 

during the Early Cretaceous (Withjack and Schlische, 2005). During the transition from rifting to 

drifting, the southern and central segments underwent basin inversion in which the original 

basin geometry and stratigraphy was significantly altered (Withjack et al. 1995; Withjack and 

Schlische, 2005; Withjack et al. 2009). 

Rift basins within the eastern North American rift system developed along pre-existing 

compressional structures from Paleozoic and older orogenic belts, causing thrust faults to be 

reactivated as normal and strike slips basin border faults during rifting (Swanson, 1986; Withjack 
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et al., 1998). Most of the rift basins developed as asymmetric half-grabens striking generally 

northeast-southwest with gentle to moderate normal dips along their border faults. However, if 

the pre-existing structures were oriented obliquely to the forces of extension, half-grabens with 

steep dipping strike slip border faults developed (e.g. the northern boundary of the Fundy Basin) 

(Olsen and Schlische, 1990; Schlische, 2003, Withjack et al., 2009). 
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Figure 1.9: A paleogeographic map of North America during the Early Triassic (245 Ma). The white line indicates the 

paleo-equator and the red circle indicates the paleo-location of Nova Scotia. Rifting was underway and incursion of 

marine waters from the east is occurring during this time (© 2014 Colorado Plateau Geosystems Inc., used with 

permission).  

Early Triassic (245 Ma) 
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Figure 1.10: A paleogeographic map of North America during the Late Triassic (210 Ma). The red circle indicates the 

paleo-location of Nova Scotia. Rifting of the Pangean supercontinent is still underway and incursion of marine waters 

from the east is occurring. Endorheic basins, separated from marine waters and from one another by regional 

highlands, are well developed within the interior of the Pangean supercontinent (© 2014 Colorado Plateau Geosystems 

Inc., used with permission). 

Late Triassic (210 Ma) 
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Figure 1.11: Major Paleozoic contractional structures, early Mesozoic rift basins (red) of eastern North America, and 

key tectonic features of the eastern North Atlantic Ocean (modified from Withjack et al., 1998). 
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1.3.1.1 Tectonics and Stratigraphy of the Scotian Basin 

Tectonics and Basin Setting 

The Scotian Basin is a submarine rift to passive margin basin that extends from the 

eastern flanks of Georges Bank to the central Grand Banks, covering a distance of 1200 km and 

an area of nearly 300,000 km2 (Wade and MacLean, 1990). The basin formed during rifting of the 

Pangean supercontinent and now lies along the northern most part of the central segment 

within the eastern North American rift system (Roberts and Bally, 2012). The basin is described 

as an accreted wedge of Mesozoic-Cenozoic sediment collected in a series of interconnected 

subbasin depocenters which are flanked by large basement features in the northeast, northwest, 

and southwest (Jansa and Wade, 1975; Wade and MacLean, 1990). The subbasins strike 

southwest-northeast and, from the south to north, are known as the Shelburne Subbasin, 

LaHave Platform, Mohican Graben Complex, Sable and Abenaki subbasins, Banquereau Platform, 

and Laurentian Subbasin. The west-east trending Orpheus Graben is Chedabucto subbasin 

located between the Canso Ridge and Burin Platform along the northern flank of the Scotian 

Basin (Tanner and Brown, 1999; Wade and MacLean, 1990). 

Regional data from the Scotian Basin suggests that rifting and synrift sedimentation 

began sometime in the Middle Triassic manifested as a northeast-trending complex of grabens 

and half grabens. Similar to other basins of the eastern North American rift system, border faults 

of these graben and half graben rift basins formed through the reactivation and reversal of 

Paleozoic compressional structures during regional northwest-southeast extension with the 

basins filled with synrift siliciclastics, evaporites, and volcanics (Wade and MacLean, 1990). 

During the rift-to-drift transition the rift basins were peneplaned in response to basin inversion 

and marine regression, resulting in erosion of the upper synrift strata and the formation of the 
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Breakup Unconformity (Wade and MacLean, 1990). During drifting, the basins intermittently 

subsided due to increased sediment influx and loading, and a passive margin began to evolve. 

This process resulted in thick accumulations of sediments in the Shelburne, Sable, Abenaki, and 

Laurentian subbasins, with more than 12 km of strata deposited and a maximum of 18 km in the 

Laurentian (Wade and MacLean, 1990). The LaHave Platform and Canso Ridge have considerably 

thinner strata not exceeding 4 km due to their relative positive relief through geologic time. The 

basement surface within the platform and ridge is broken into a series of half graben basins 

bounded by major counter-regional faults along their south margins and filled with synrift 

sediments and evaporites. The northern Burin Platform offshore Newfoundland contains even 

less strata of only 2 km in thickness, though its synrift faulting and sedimentation history is less 

well understood due to limited datasets (Wade and MacLean, 1990). 

The Mohican Graben Complex and the Orpheus Graben are two similar but distinct rift 

depocenters that formed in the Scotian Basin. The Mohican Graben Complex is a southwest-

plunging series of southerly-bounded large half-grabens within the central LaHave Platform. 

Sediments dip toward the south and generally comprise synrift siliciclastics and salt and are 

capped by basaltic flows (Wade and MacLean, 1990). The Orpheus Graben is a narrow, elongate 

fault-bounded easterly-plunging rift basin located between the Canso and Scatarie ridges. It in 

response to extensional reactivation along the eastern flank of the Minas Fault Zone (MFZ) 

comprising some combination of normal and strike-slip movement along this border fault system 

(Keppie, 1982; Murphy et al., 2011; Wade and MacLean, 1990). Seismic and well data suggest 

the graben contains up to 10 km of Lower Jurassic and Upper Triassic strata, with approximately 

3 km of synrift redbeds and 5 km of evaporite facies (Jansa and Wade, 1975; Wade and 

MacLean, 1990). Along its western flank and along the southern side of the MFZ are a series of 

redbed outcrops presumed to be of Late Triassic age (Tanner and Brown, 1999). Although it is 
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clear these redbeds were deposited during rifting the synrift phase, their origin and relation to 

the other synrift equivalents within the Scotian Basin remains enigmatic. It is thought these 

successions may be lateral / marginal equivalents to the deepest (oldest) Orpheus Graben 

redbeds, or instead were deposited in a juxtaposed mini-basin named the Chedabucto Subbasin 

(Tanner and Brown, 1999). 

Stratigraphy 

Stratigraphy of the Scotian Basin comprises up to 16 km of Mesozoic-Cenozoic 

successions overlying a crystalline basement of early to middle Paleozoic schists, phyllites, 

quartzites of the Meguma Supergroup and plutonic granites of the South Mountain Batholith. 

The oldest sediments within the basin are the Norian to Hettangian-Sinemurian continental 

redbeds of the Eurydice and Chedabucto formations and evaporites of the Argo Formation 

(Wade and MacLean, 1990). Rift deposition ceased sometime in the Early Jurassic (Sinemurian?) 

and was succeeded by coeval deposition of continental clastics and shallow water evaporitic 

dolostones of the Mohican and Iroquois formations. As the Atlantic Ocean widened, a passive 

margin setting evolved with the deposition of fluvial and shallow marine clastics of the Mohawk 

and Mic Mac formations, and establishment of the Abenaki Formation carbonate reef margin 

along the basin margin hingeline, and in deep water. Thick fluvial-deltaic deposits of the 

Missisauga and Logan Canyon formations characterized the Early Cretaceous prograding across 

the margin followed in the Late Cretaceous by transgressive marine shales, minor limestones, 

chalk, and marls of the Dawson Canyon and Wyandot formations. The mudstones, sandstones, 

and conglomerates of the Banquereau Formation comprise the latest Cretaceous to Neogene 

sediments within the Scotian Basin (Wade and MacLean, 1990). The following paragraphs will 

focus the stratigraphy of the synrift successions of Late Triassic to Early Jurassic age. 
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The oldest dated strata from the Scotian Basin is Norian to Hettangian-Sinemurian 

synrift successions of the Eurydice and Chedabucto formations composed of continental 

siliciclastics and evaporites of the Argo Formation (Williams et al., 1985). Due to the limited 

regional stratigraphic control within the basin depocenters, some authors (e.g. Kent et al., 2000; 

Olsen et al., 2000) have suggested synrift successions may have deposited as early as the 

Permian. These successions were deposited synchronously with rifted grabens and half grabens 

under seasonally arid to semi-arid climatic conditions in fluvial, lacustrine, aeolian, and coastal 

marine to sabkha environments (Klein, 1962; Jansa and Wade, 1975; Wade and MacLean, 1990). 

Synrift successions are separated from overlying postrift sediments by the breakup 

unconformity. Stratigraphically, the Chedabucto Formation is thought to be equivalent to the 

oldest Eurydice Formation successions within the deepest parts of the Orpheus Graben while the 

Argo Formation deposited synchronously with youngest Eurydice Formation sediments (Tanner 

and Brown, 1999). The type section for all three of these formations is found within the Orpheus 

Graben (Williams, 1985; Wade and MacLean, 1990; Tanner and Brown, 1999). 

The type section for the Eurydice Formation is found in the Eurydice P-36 well between 

the depths of 2393-2965 m (Williams et al., 1985). The Eurydice Formation is dated 

palynologically as Rhaetian-early Hettangian to late Hettangian-early Sinemurian and consists of 

reddish shales and siltstones with some feldspathic sandstones deposited under seasonally arid 

continental conditions. Williams et al. (1985) identifies the formation comprising primarily of 

shale (96%) with minor siltstone and sandstone (4%) with a clay matrix stained by iron oxide. 

Wade and MacLean (1990) suggest the formation consists of 45% red, silty shale, 45% sandstone 

and siltstone, and a 10% mixture of limestone, evaporites, and green shale. In other offshore 

penetrations of the Eurydice Formation, most notably from the Sambro I-29 well in the Mohican 

Graben Complex, the synrift strata comprise a much coarser material comprising 37% fine- to 
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medium-grained sandstone, 28% red siltstone, and 35% red shale (Wade and MacLean, 1990). 

These strata significantly differ from the Eurydice Formation and future study may determine 

that they should exist as a separate lithostratigraphic unit. Seismic data from the Scotian Basin 

suggests the Eurydice Formation and successions of similar age are widespread with variable 

thickness along the margin, with approximately 3 km of strata within the Orpheus Graben, 1600 

m within the Mohican Graben Complex, and thousands of meters within tilted blocks along the 

hinge zone of the LaHave Platform (Wade and MacLean, 1990). Overall the regional stratigraphic 

control of the Eurydice Formation is limited, which is evident as the thickness, areal extent, and 

lithology are often reported as estimations or have significant variability (Wade and MacLean, 

1990).  

The Chedabucto Formation crops out along the western coastline of Chedabucto Bay, 

Nova Scotia (Klein, 1962; Williams, 1985; Tanner and Brown, 1999). The formation comprises a 

series of noncyclic brown to red shale, siltstones, sandstones, conglomerates, and agglomerates 

which strike northeast at 030° to 050°, and dip to the southeast at 20° to 40°, thus obscuring 

lateral facies relationships (Williams et al., 1985; Tanner and Brown, 1999). The lower part of the 

section contains several small reverse faults, with meters of offset, and gentle anticlinal folding 

(Tanner and Brown, 1999). The type section, which outcrops along McCaul Island, has a 

minimum thickness of 65 m and was originally identified by Klein (1962) but was never formally 

described. Tanner and Brown (1999) were the first to formally describe the Chedabucto 

Formation and interpreted the type section as consisting of nine interbedded, but noncyclic, 

facies consisting of featureless, fining upward, and clast supported sandstones (82%), reddish-

brown mudstones containing desiccation cracks and root traces (10%), claystone with 

slickensides (5%), and fining-upward clast-supported conglomerates (3%) (Figure 2.7). These 
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sediments are interpreted to have deposited in sand-rich braided stream system flowing 

eastward into the Orpheus Graben (Tanner and Brown, 1999).  

The Argo Formation is coeval with and overlies the Eurydice Formation (Wade and 

MacLean, 1990). The type section is found in the Shell F-38 well drilled in the Orpheus Graben, 

between 2305-3085 m depth and is dated as Rhaetian to early Hettangian (Williams et al., 1985). 

The formation consists of finely crystalline dolomite and massive beds of coarsely crystalline salt 

which are separated by zones of red shale and occasional anhydrite, both of which become more 

frequent near the top of the unit (Williams et al., 1985; Wade and MacLean, 1990). The 

thickness of the formation varies considerably within the Scotian Basin. In the type well the 

formation is 780 m thick but, due to halokenisis over time, the unit may be absent or exceed 

1830 m locally along the basin (Jansa and Wade, 1975; Williams et al., 1985).  

1.3.1.2 Tectonics and Stratigraphy of the Fundy Basin 

Tectonics and Basin Setting 

The Fundy Basin is an offset Mesozoic rift basin formed within the northern part of the 

eastern North American rift system central segment, located between the provinces of Nova 

Scotia and New Brunswick covering an area of roughly 16,000km2 (Wade et al., 1996: Chenin and 

Beaumont, 2013). Similar to the Scotian Basin, the Fundy Basin developed during rifting of the 

Pangean supercontinent as a series of interconnected and structurally related half-graben rift 

basins known as the Fundy, Chignecto, and Minas subbasins (Olsen and Schlische, 1990; 

Withjack et al., 1995; Wade et al., 1996). The main Fundy Basin is bounded along its northwest 

margins by low-angle, NE-striking normal extensional faults that was originally compressive 

ŘǳǊƛƴƎ ǘƘŜ ƳƛŘŘƭŜ ǘƻ ƭŀǘŜ tŀƭŜƻȊƻƛŎ ό²ŀŘŜ Ŝǘ ŀƭΦΣ мффсύΦ LǘΩǎ ƴƻǊǘƘŜǊƴ ŜȄǘŜnsion, the Chignecto 

Subbasin, is bounded by a left-lateral strike-slip extensional fault. Likewise, the Minas Subbasin 
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with its northern margin defined by E- to ENE-striking steeply dipping normal and left-lateral 

strike-slip extensional faults that together form a border fault system and make up the western 

extension of the Minas Fault Zone (Withjack et al., 1995; Wade et al., 1996; Withjack et al., 

2009).  

Age control taken from synrift successions within the Fundy Basin suggest that rifting 

was underway throughout the entire basin by the Middle Triassic, however some data suggests 

rifting may have started as early as the Permian (Withjack et al., 1995; Olsen et al., 2000). The 

associated depocenters were filled with non-marine fluvial and lacustrine sedimentary rocks and 

basalt flows. Rifting ceased in the Early to Middle Jurassic during continental breakup and the 

onset of seafloor spreading (Withjack et al., 1998). During the transition from continental rifting 

to drifting, reverse movement along the border fault system led to post depositional basin 

inversion with significant alteration to the structure and stratigraphy of the Fundy Basin. In 

addition to numerous large-scale folds and faults that formed during inversion, approximately 2 

km of the uppermost Early to Middle(?) synrift playa-lacustrine strata of the McCoy Brook 

Formation was later eroded and removed from the basin (Wade et al., 1996; Withjack et al., 

2009). 

Stratigraphy 

Synrift successions of the Fundy Basin lie unconformably on Carboniferous and older 

metasediments and igneous rocks of the Meguma and Avalon Terranes, and in ascending order 

the Wolfville, Blomidon, North Mountain, and McCoy Brook formations. These successions were 

deposited in a variety of depositional environments within an endorheic (land-locked) basin 

under semiarid to subhumid climatic conditions.  
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The Wolfville Formation comprises stratified coarse- to medium-grained arenites and 

arkose, subarkose, and orthoquartzites, usually characterized by large scale cross-stratification. 

At the base of the formation are pebbly and conglomeratic units with extrabasinal clasts derived 

from nearby metamorphic and granitic highlands and from material eroded from Lower 

Carboniferous metasedimentary strata (Williams et al., 1985). These were deposited as alluvial-

fan sandstones, fluvial sandstones, aeolian dune sediments (Williams, 1985; Leleu et al., 2009). 

Based on seismic datasets of the Fundy Basin, Wade et al. (1996) suggest that the Wolfville has a 

laterally equivalent lacustrine succession in the basin depocenter. Based on gathered remains of 

mollusks, reptiles, and amphibians, the Wolfville Formation has been age dated as Anisian to 

Carnian (Sues and Olsen, 2015) (Figure 1.1). The Wolfville Formation unconformably overlies the 

Cambrian to Ordovician Meguma Supergroup, the Middle Devonian South Mountain Batholith, 

the Lower Carboniferous Horton and Windsor groups, and the Upper Carboniferous Canso 

(Mabou) Group within the Fundy Basin (Williams et al., 1985). The formation reaches a 

maximum thickness of up to 3000 m within the Fundy Subbasin and intermittently extends 

laterally for nearly 240 km from the Fundy Subbasin to the Minas Subbasin (Wade et al., 1996), 

of which 27 km of laterally continuous strata have been described along the southeastern flank 

of the Minas Subbasin along the shoreline of Minas Basin (Leleu et al., 2009). 

The type section for the Blomidon Formation was designated by Klein (1962) as the 

section exposed between Cape Blomidon and Paddy Island, within the Minas Subbasin. Here, the 

Blomidon Formation is described as evenly bedded red shales, claystones, and siltstones 

predominantly deposited as lacustrine sediments in an endorheic basin under arid climatic 

conditions (Williams et al., 1985). The formation was deposited during the Late Triassic (Norian 

to Rhaetian) based on studies of palynomorphs and tetrapod remains (Sues and Olsen, 2015). 

The formation comfortably to unconformably overlies the Upper Wolfville Formation and 
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underlies the tholeiitic basalts of Lower Jurassic North Mountain Formation throughout the 

region. Within the Minas Subbasin, the Wolfville and Blomidon formations may locally 

interfinger, and the Blomidon Formation may be in fault contact with the Lower Carboniferous 

basement rocks (Williams et al., 1985). 

1.4 Aeolian Strata at Red Head 

In this work the aeolian strata located at Red Head in Five Islands Provincial Park are 

considered part of the upper limits of the Wolfville Formation. These successions have been 

informally named by Hubert and Mertz (1984), Olsen (1997), and Olsen et al. (2003) and were 

considered to be either part of the upper Wolfville Formation or the lower Blomidon Formation. 

Sues and Olsen (2015) defined these successions as the Red Head Member of the Blomidon 

Formation in accordance with the North American Stratigraphic Code. They maintain variations 

in lithology and grain size drastically differ from the Wolfville Formation and that these aeolian 

successions outcrop directly on Carboniferous strata with the complete absence of the Wolfville 

Formation, as their evidence that the aeolian strata at Red Head are part of the lower Blomidon 

Formation. However, these authors, as well as Leleu et al. (2010), recognize increasing levels of 

eolian sandstone layers within the fluvial and alluvial strata of the Economy Member of the 

Wolfville Formation, speculating that reworking of the fluvial Wolfville Formation by winds 

produced overlying aeolian strata. At Red Head, we see exactly this relationship, a series of 

aeolian successions deposited above a conglomeratic, fluvial succession. In contrast, I believe 

that the aeolian strata at Red Head are part of the upper Wolfville Formation conglomeratic 

fluvial strata which have been reworked by wind. 
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Chapter 2: Facies and sedimentary architecture of Mesozoic synrift 

infill ï examples from the Fundy Basin and the Orpheus Graben 

2.1 Introduction 

Recent sedimentological work on the Nova Scotian Early Mesozoic synrift successions has 

largely focused on the lithological description of individual basins within the offshore and 

onshore margin areas examining the large and small scale lithological and architectural elements 

distribution and paleoenvironments (Tanner and Brown, 1999, Leleu et al., 2009; Leleu and 

Hartley, 2010; Broom, 2015). This study will test the broad terrane hypothesis (Russell, 1880) 

which states that adjacent basins are remnants of a once larger connected basin which 

underwent upheaval and erosion. I will test this hypothesis by examining the sedimentological 

nature and distribution of facies and architectural elements along the margins and off shore 

areas of the Minas Basin and Orpheus Graben (Figure 1.2, Figure 1.3, and Figure 1.4).  

This study involves the characterization of facies and architectural elements from Middle 

to Late Triassic synrift successions from three locations onshore and one offshore Nova Scotia, 

Canada. Facies from the Wolfville and Chedabucto formations were classified using a modified 

ǾŜǊǎƛƻƴ ƻŦ aƛŀƭƭΩǎ ό1978) facies classification system, while the Eurydice Formation was classified 

using the clastic coastal ternary diagram from Ainsworth et al. (2011). 

2.1.1 Study Area and Location 

The study areas for this paper are located within and along the margins of the Minas 

Subbasin and the Orpheus Graben. Locations of each area can be found in Chapter 1 of this 

project. The following describes in detail the location and access to each of the study areas: 
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1) The marine Minas Basin is a northeastern extensional arm of the Bay of Fundy and is 

located approximately 100 km northwest of Halifax. The study area is located along the 

southwest margin at Rainy Cove where laterally continuous outcrop is exposed in 20+ m 

high coastline cliffs which are accessed only by traverse along a rocky beach. 

2) Chedabucto Bay is located along the eastern margin of Nova Scotia near the community of 

Guysborough, approximately 200 km northeast of Halifax. The study area is located 75 m 

north of McCaul Island along the western margin of Chedabucto Bay. Outcrop is exposed 

along 5+ m high cliff faces for approximately 500 m. The outcrop is seasonally accessible 

(summer only) through a privately owned property located on the south side of Parker Hart 

Road.  

3) The Eurydice P-36 well is located offshore Nova Scotia in the Orpheus Graben (45.42981, -

60.07972). The well was drilled by Shell Canada in September of 1971 as an exploratory well 

to test a salt- and basement-related structural closure on the northern Scotian margin 

(MacLean and Wade, 1993). Core collected during drilling was accessed through the 

/ŀƴŀŘƛŀƴ bƻǾŀ {Ŏƻǘƛŀ hŦŦǎƘƻǊŜ tŜǘǊƻƭŜǳƳ .ƻŀǊŘΩǎ ό/b{ht.ύ DŜƻǎŎƛŜƴŎŜ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ 

(GRC) in DartmoutƘ ŀƴŘ ǿŜƭƭ ŦƛƭŜǎ ŀƴŘ Řŀǘŀ ǘƘǊƻǳƎƘ ǘƘŜ /b{ht.Ωǎ ƻƴƭƛƴŜ 5ŀǘŀ aŀƴŀƎŜƳŜƴǘ 

Center (DMC).  
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2.2 Methods and Data 

The lowermost Wolfville Formation and the Chedabucto Formation are described here 

from coastal outcrops. Within the Wolfville, numerous intra-Triassic unconformities are mapped 

that represent laterally continuous minor and significant erosional events (Leleu et al. 2009). 

Within the Chedabucto Formation, stacked sequences can be mapped but their lateral 

distribution is obscured due to the high dip in the beds along the outcrops (Tanner and Brown 

1999). The Eurydice Formation is constrained to a single well core from the Eurydice P-36 well. 

The core is 9 m in length and provides visual information on the physical and biogenic 

sedimentological features. 

Collected data from these field sites and core, used to address the research objectives 

include: (1) measured stratigraphic sections and sample collection, (2) measured core, and (3) 

photographs and panoramic photopans with schematic diagrams.  

2.2.1 Measured Stratigraphic Sections 

Stratigraphic sections were measured at the Rainy Cove and McCaul Island field 

locations. Descriptions for each bed were completed by analyzing grain size, sedimentary 

structures, contacts between beds, bioturbation, and any other stratigraphic features. The 

measured sections were used to document facies and facies associations within the channel belt 

successions. At Rainy Cove, five representative sections, between 10 to 20 m in height, were 

measured and used to create a composite section of the lowermost Wolfville Formation 

outcrop. At McCaul Island, one representative section was measured on the Chedabucto 

Formation outcrop through 80 m of strata. Paleo-flow measurements were recorded at both 

outcrop locations and measured from trough bed axes directions when present.  
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2.2.2 Measured Core 

Core analyzed for this work was accessed through the Canada-Nova Scotia Offshore 

tŜǘǊƻƭŜǳƳ .ƻŀǊŘΩǎ DŜƻǎŎƛŜƴŎŜ wŜǎŜŀǊŎƘ /ŜƴǘǊŜ ό/b{ht. Dw/ύ ƭƻŎŀǘŜŘ ŀǘ нлм .Ǌƻǿƴƭƻǿ 

Avenue, Suite 27 Dartmouth, Nova Scotia. Core from the Eurydice P-36 well comprises a total of 

eight boxes which were put on rolling rack display at the GRC. The core was described and 

photographed using a Nikon DSLR camera. Core description consisted of examining grain size, 

lithology, physical sedimentary structures, biogenic sedimentary structures, and all surfaces or 

boundaries following the methodology present in Appendix D. Core notes were recorded and 

digitized using CorelDraw® and were made into a digital core section. Photographs of 

representative lithologies and sedimentary structures were captured using a high zoom macro 

lens attached to a Nikon DSLR camera attached to a tripod.  

2.2.3 Photographs and Panoramic Photopans with Schematic Diagrams 

At Rainy Cove and McCaul Island, a detailed photographs were captured using a Nikon 

DSLR camera. These photographs were merged into panoramic image ǳǎƛƴƎ aƛŎǊƻǎƻŦǘ L/9ϰΦ ¢ƘŜ 

panoramic images were used define interpreted facies, architectural and structural elements, 

and bounding surfaces of the architectural elements of the Wolfville and Chedabucto formation 

outcrops. CorelDraw® was used in the digitization of each of the photopans to make schematic 

diagrams upon which were applied the lithofacies, architectural elements, and bounding 

surfaces defined on the photo pans. Designated lithofacies and architectural elements used here 

were modified from works by Miall (1978, 1985, 1996) and can be found in Table 2.1 and Table 

2.2. Bounding surfaces of the channel belts were modified from work completed by Leleu et al. 

(2009). 



33 

 

Table 2.1: Lithofacies classification (modified from Miall, 1985) 

Lithofacies classification for the Wolfville and Chedabucto formations 

Facies Code Lithofacies Sedimentary Structures Interpretation 

Gmm 
Matrix-supported, massive 
gravel 

Weak grading 
Plastic debris flow (high-
strength) 

Gcm 
Clast-supported massive 
gravel 

- 
Pseudoplastic debris flow 
(inertial bedload, turbulent 
flow) 

Gh 
Clast-supported, crudely 
bedded gravel 

Horizontal bedding, 
imbrication 

Longitudinal bedforms, lag 
deposits, sieve deposits 

Gt Gravel, stratified Trough crossbeds Minor channel fills 

Gp Gravel, stratified Planar crossbeds 
Transverse bedforms, 
deltaic growths from older 
bar remnants 

St 
Sand, fine to v. coarse, 
may be pebbly 

Solitary or grouped trough 
crossbeds 

Sinuous-crested and 
linguoid (3-D) dunes 

Sh 
Sand, fine to v. coarse, 
may be pebbly 

Horizontal lamination 
Plane bed flow (super 
critical flow) 

Ss 
Sand, fine to v. coarse, 
may be pebbly 

Broad shallow scours Scour fill 

Sm Sand, fine to coarse 
Massive or faint 
laminations 

Sediment gravity-flow 
deposits 

P Paleosol carbonate Paleosol carbonate Paleosol carbonate 

Fl Sand, silt, mud 
Fine laminations, small 
ripples 

Overbank, abandoned 
channel, or waning flood 
deposits 

Fsm Silt, mud Massive 
Back-swamp or abandoned 
channel deposits 

Fr Mud, silt Massive, roots Root bed, incipient soil 
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Table 2.2: Architectural elements in fluvial and abandoned channel and overbank deposits (modified from Miall, 2016) 

Channel and overbank architectural elements 

Element Symbol Principle facies Geometry and relationships 

Channels CH 
Any combination 
of facies 

Finger, lens, sheet; scale and shape highly 
variable 

Gravel bars and 
bedforms 

GB Gcm, Gh, Gt, Gp Lens, blanket 

Sandy bedforms SB St, Ss Lens, sheet, blanket, wedge 

Downstream accretion 
macroforms 

DA Gt, Gp, St 
Lens resting on flat or channelized base 
and an upper bounding surface. Accretion 
surfaces orientated downstream 

Sediment gravity flows SG Gmm, Sm Lobe, sheet 

Laminated sand sheet LS Sh Sheet, blanket 

Floodplain fines or 
abandoned channel 

FF Sm, Fsm, Fr 
Extensive lateral dimensions. Up to 9 m 
thick. 
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2.3 Facies and Facies Associations of the Wolfville, Chedabucto, and 

Eurydice formations 

This chapter summarizes the synrift stratigraphy of the lowermost Wolfville Formation in 

the Minas Subbasin, and the Chedabucto and Eurydice formations in the Orpheus Graben. The 

stratigraphic analyses and interpretations rely on facies and architectural element analysis. 

2.3.1 Facies and Facies Associations ï Definition and Use 

The term facies is attributed to Gressly (1838) and Reading (1996) subsequently defined 

ŦŀŎƛŜǎ ŀǎ άŀ ōƻŘȅ ƻŦ ǊƻŎƪΣ ǿƘƛŎƘ Ƴŀȅ ƛƴŎƭǳŘŜ ŀ ǎƛƴƎƭŜ ōŜŘ ƻǊ ŀ ƎǊƻǳǇ ƻŦ ƳǳƭǘƛǇƭŜ ōŜŘǎΣ ǿƛǘƘ ŀ 

specific sŜǘ ƻŦ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǊŜŦƭŜŎǘƛƴƎ ŀ ǇŀǊǘƛŎǳƭŀǊ ǇǊƻŎŜǎǎΣ ǎŜǘ ƻŦ ŎƻƴŘƛǘƛƻƴǎΣ ƻǊ ŜƴǾƛǊƻƴƳŜƴǘέΦ 

A facies may be defined on the basis of colour, bedding, composition, texture, sedimentary 

structures, and fossils. Depending which primary feature is used to define the rock facies, 

different prefixes may be used on the term facies. When placing emphasis on the physical and 

chemical structures, the term lithofacies is used. When placing emphasis on the fossil content, 

the term biofacies is used. When using thin section to identify rock characteristics, the term 

microfacies should be used. In addition to a descriptive type facies, a geologist may choose to 

use an interpretive type facies nomenclature. These are often based on interpretations of 

processes (e.g. turbidite facies), environments (e.g. fluvial facies), or tectonic settings (e.g. post-

orogenic facies) (Reading, 1996).  

The grouping of facies into genetically or environmentally related assemblages produces 

facies associations. Reading (1996) recognized that individual facies have limited interpretive 

value as, for example, a cross stratified sandstone bed may belong to one of many depositional 

environments. By collectively grouping adjacent and genetically related facies into facies 

associations, evidence for depositional environment interpretations is made easier and holds 
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more argumentative strength compared to when considering individual facies in isolation 

(Reading, 1996). 

Within the stratigraphic successions under investigation, thirteen facies were defined. 

Each facies is described based on its physical and biogenic sedimentary structures, mean bed 

thickness, and other defining characteristics. These descriptions, and interpretations on their 

formation, are found below and are summarized in Table 2.3. The facies are then related to 

architectural elements in the following section. 

 



 

 

Table 2.3: Summary of facies and facies associations from the Wolfville, Chedabucto, and Eurydice formations. A total of twelve facies were identified; five (F1 to F5) in the 

lowermost Wolfville Formation, four (F6 to F9) in the Chedabucto Formation, and three (F10 to F12) in the Eurydice Formation.  

 

 

3
7 
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2.3.2 The Wolfville Formation 

Five representative facies forming two facies associations are recognized in lowermost 

part of the Wolfville Formation. Facies codes for this section have been identified using a 

ƳƻŘƛŦƛŜŘ ǾŜǊǎƛƻƴ ƻŦ aƛŀƭƭΩǎ (1978) facies classification (Table 2.1). A summary of the facies and 

facies associations can be found in Table 2.3 and representative photographs of each facies can 

be found in Figure 2.2. 

Facies 1: Matrix supported intrabasinal-clastic breccia 

Description 

Facies 1 comprises weakly stratified to completely chaotic, 0.75 m (average) thick beds 

containing poorly sorted, angular to sub-angular, 1 to 10 cm metasedimentary clasts in a red, 

silty fine- to coarse-grained sandstone matrix (Figure 2.2). An upward fining in clast size and clast 

abundance is evident, with larger clasts preferentially deposited near the base of the beds. Gray 

redox spotting, small (cm scale) reddish-white nodules, and sub-rounded pebbles are present in 

the upper portion of this facies. No biogenic structures are present. The average bed thickness is 

approximately 0.75 m. 

Interpretation 

Vaguely stratified to chaotic matrix supported breccia (facies code Gmm) are interpreted 

as low strength, viscous debris flows (Miall, 1978; Blair and McPherson, 1994; James and 

Dalrymple, 2010). Angular clasts, from the underlying Horton Group, suggest the debris flows 

were likely short-travelled. Sub-rounded pebbles, of an unknown source, suggest an influx of 

extrabasinal clasts, perhaps indicative of a more extensive alluvial sediment transport system 

within the region, or, erosion of an older similar facies (basal Horton Group?). The reddish-white 
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nodules are most likely reworked carbonate deposits (caliche), suggesting deposition under 

semi-arid climatic conditions (James and Dalrymple, 2010). 

Facies 2: Clast- to matrix-supported, crudely stratified conglomerate 

Description 

Facies 2 comprises crudely visible trough and planar cross-stratified, 1 to 3 m thick beds 

containing poorly sorted, pebble to cobble, rounded to sub-angular clasts of variable lithology 

(dark metasediments, sandstones, quartzites, siltstones, and granites) hosted in a fine- to 

coarse-grained, red silty-sandstone matrix (Figure 2.2). Clast content typically decreases upward, 

changing from a clast-supported to matrix-supported conglomerate. The beds typically have 

erosive basal contacts recording some erosional relief. 

Interpretation 

The clast- to matrix-supported, crudely stratified conglomerate (facies code Gt to Gmm) 

represent traction current bedload deposits (channel infill or bar deposits) from a braided river 

system (Miall, 1978; James and Dalrymple, 2010). The maximum clast size and presence of 

trough cross-stratification together represent subaqueous, medium-scale dunes (bar deposits) 

formed during maximum discharge within a braided channel system (Ashley, 1990; James and 

Dalrymple, 2010). Planar cross-stratified units represent progradation (Steel and Thompson, 

1983) or lateral accretion (Ramos and Sopeña, 1983) of the fluvial barforms and will usually have 

a decrease in pebble content downstream. 

Facies 3: Matrix supported conglomerate 

Description 
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Facies 3 comprises horizontal to trough cross stratified, 0.5 to 1 m thick beds containing 

poorly sorted, angular to rounded, pebble to cobble (up to 50 cm) sized clasts of variable 

lithology in a silty fine- to coarse-grained sandstone matrix (Figure 2.2). The beds typically show 

normal grading with clasts forming bedding-parallel fabric. The beds typically have an erosive 

basal contact with evident erosion. 

Interpretation 

The matrix supported conglomerate (facies code Gmm) represents a debris flow 

comprising sheet-flood, clast poor units with debris-flow clast-rich conglomeratic units (Miall, 

1978; Blair and McPherson, 1994; James and Dalrymple, 2010). Larger clasts and coarser sands 

were transported and deposited as bedload and saltation material during higher transport 

velocities, while finer grained sands were deposited from suspension during periods of slower 

transport velocities and waning flood conditions (James and Dalrymple, 2010) 

Facies 4: Pebbly to clean sandstone 

Description 

Facies 4 comprises near-horizontal planar cross-stratified, 0.5 to 5 m thick beds 

containing angular to round, mixed lithology (dark metasediments, sandstones, quartzites, 

siltstones, and granites) pebbles in a yellowish-red, medium- to very coarse-grained fining 

upward sandstone matrix (Figure 2.2). Pebbles may comprise up to 20% of the unit and are often 

preserved along the base of bedding planes. The basal contacts of the beds are either sharp or 

erosional in nature.  

Interpretation 
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The pebbly to clean sandstone (facies code St, Sp, and Ss) represent bedload and 

suspension deposits formed in a braided channel system (Miall, 1978; James and Dalrymple, 

2010). Beds containing preserved trough cross-stratification are organized into multistory 

stacked units which represent channel infill or parts of bar deposits (Ramos and Sopeña, 1983; 

Miall, 1996). Near-horizontal planar or parallel cross-stratification beds represent upper flow-

regime plane bed, fluvial channel deposits (James and Dalrymple, 2010). 

Facies 5: Carbonate-nodule-rich paleosol 

Description 

Facies 5 comprises featureless 0.5 m thick beds containing a series of calcareous nodules 

in a mottled, silty-sandstone matrix. The nodules increase in size and number upwards until 

passing into a thick (5 cm) carbonate crust of coalesced nodules (Figure 2.2). The bed developed 

gradationally at the top of a fining upward sandstone layer and is laterally extensive except in 

areas of erosion below overriding sandstone or conglomeratic beds. 

Interpretation 

 The carbonate-nodule-rich paleosol (facies code P) represents mature calcic paleosol 

layers (James and Dalrymple, 2010). 

Facies Associations 

The alluvial fan facies association constitutes roughly 20% of the section, forms bedsets 

4 to 6 m in thickness, and comprises breccias (facies 1) with carbonate nodules (facies 5). The 

coarse-grained, poorly sorted breccias, and some conglomerates, were deposited by alluvial 

debris flows in topographic lows that cut into the underlying Carboniferous Horton Group. The 

carbonate nodules indicate periods of incipient soil formation under semi-arid climatic 
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condition. Breccia deposits are limited to the basal 4 to 6 meters of the Rainy Cove measured 

sections (Figure 2.1). 

The fluvial facies association constitutes the remaining 80% of the section, is 25 m thick, 

and comprises most conglomerates (facies 2 and 3), sandstones (facies 4), and carbonate 

nodule-rich paleosol (facies 5) successions. This facies association overlies the alluvial fan facies 

in the area (Figure 2.1). The conglomerates and sandstones are interpreted as traction current 

bedload deposits from a high-energy braided river system. 
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Figure 2.1: A detailed sedimentary composite-log of the Late Triassic Wolfville Formation section at Rainy Cove, Nova 

Scotia.. Nomenclature for bounding surfaces has been modified from Leleu et al. (2009). S surface (S1, S2, and S3) can 

be traced regionally and are major boundaries with evident erosion. Intra-Triassic Unconformity (ITU) are major 

unconformity surfaces with multi-meter (7 m) erosion relief that can be traced locally for ~100 m.  
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Figure 2.2: Representative facies from the Wolfville Formation near Rainy Cove, NS. A) Facies 1 ï matrix supported 

intrabasinal-clastic breccia. The image shows the unconformable contact between the metasediments of the 

Carboniferous Horton Group and the overlying clastic synrift sediments of the Wolfville Formation. Angular clasts 

from the Horton Group are concentrated at the base of the unit and are sporadically found in the upper section. The 

clasts are angular and range in size from 1 cm to 15 cm. Grain size chart for scale. B) Facies 2 and 3 ï clast to matrix 

supported conglomerate. The image shows a contact between lower, matrix supported and upper, clast supported 

conglomerate. Clasts from the upper section are rounded and of mixed lithologies which show imbrication and vague 

stratification. C) Facies 3 ï matrix supported conglomerate. Rounded clasts in a coarse-grained, mildly cross-stratified 

sandstone matrix. D and E) Facies 3 and 4 ï Matrix supported conglomeratic deposits scouring into pebbly to clean 

sandstone deposits. F) Facies 5 ï carbonate-nodule-rich paleosol (outlined with yellow dotted line). The bottom half of 

the image shows a carbonate-rich, sandy zone capped by a 5 cm thick carbonate crust. Pebbly sandstone to matrix 

supported conglomeratic material deposits are above this layer. 
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2.3.3 The Chedabucto Formation 

Four representative facies forming two facies associations are recognized in the 

Chedabucto Formation type section (Figure 2.4). Facies codes for this section have been 

identified using a ƳƻŘƛŦƛŜŘ ǾŜǊǎƛƻƴ ƻŦ aƛŀƭƭΩǎ (1977) facies classification (Table 2.1). 

Facies 6: Matrix supported conglomerate 

Description 

Facies 6 comprises featureless to vaguely laminated, 0.05 to 1 m thick beds containing 

quartzitic to mafic, angular to subrounded, randomly oriented, 1 to 10 cm clasts hosted in a fine- 

to coarse-grained silty sandstone (Figure 2.4 F). Clasts typically comprise 10-20% of the beds, but 

may comprise up to 60% locally. The beds have both erosional and sharp basal contacts. 

Interpretation 

Matrix supported conglomerate (facies code Gmm) represent traction current bedload 

deposits (channel infill or bar deposits) related to a braided river system or debris flow deposits 

from local faulting (Miall, 1978; Ashley, 1990; James and Dalrymple, 2010). Random grading 

within the units are characteristic of debris flow deposits; however fluvially-derived bedforms 

are present above and beneath the successions, suggesting some fluvial reworking during 

deposition (Tanner and Brown, 1999) 

Facies 7: Fine to coarse grained pebbly sandstone 

Description 

Facies 7 comprises planar to trough cross stratified, 0.2 to 1.2 m thick beds comprising 

rounded to sub-rounded, granular to pebbly clasts in a yellow-brown or greenish-gray, lower 
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fine- to upper coarse-grained sandstone with a single 10 cm clast present (Figure 2.4 D and E). 

Occasional parallel laminations and jointing along weathered surfaces are evident. 

Interpretation 

Fine- to coarse-grained pebbly sandstone (facies code St and Sp) represent bedload 

deposits formed in deeper parts of a braided channel system (Miall, 1978; James and Dalrymple, 

2010). The cross-stratified bedforms represent subaqueous dune formation in a relatively high 

discharge current and, together with pebble lags and erosive basal contacts, represent 

deposition of sediment in multi-channel streams with significant discharge (Miall, 1978; Miall, 

1996). 

Facies 8: Featureless to fining upward silty-sandstone 

Description 

Facies 8 comprises featureless to very faint trough cross stratified and parallel 

laminated, 0.3 to 3 m thick sandstone beds (Figure 2.4 B, C, and D). Well-rounded, granular to 

pebble sized clasts occurring along bedding planes within a yellowish-red or gray, very fine- to 

very coarse-grained, fining upward sandstone facies. In areas of increased silt, a blocky texture is 

present (similar to facies 1). Upper contacts are gradational to sharp while basal contacts are 

sharp to erosional. Reduction halos and carbonate nodules are rare and usually occur on pinch-

out sections. Small faults, possibly syn-sedimentary, are evident within some of the beds. Root 

traces are present but rare. 

Interpretation 

Featureless to fining-upward sandstone (facies code Sm to Ss) units represent bedload 

and suspension deposits formed in shallow channels of braided channel systems (Miall, 1978; 
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James and Dalrymple, 2010). Channel migration and abandonment resulted in the fining-upward 

sequences. Vaguely preserved sedimentary structures suggest depositional processes such as 

debris flows (Blair and McPherson, 1994), however the general featureless character of the beds 

may be due to outcrop weathering. Complete destruction of sedimentary structures due to 

bioturbation is unlikely due to the variable strength of discharge associated with the deposits 

and non-marine setting. 

Facies 9: Blocky clay-siltstone 

Description 

Facies 9 is composed of blocky to fissile, 0.5 to 9 m beds containing reddish-brown clay-

siltstone (Figure 2.4 A). The unit contains vague bedding marked by jointing, occasional zones of 

grayish-green mottling (reduction spots), small (1 cm) nodules, and slickensides. 

Interpretation 

The reddish-brown, blocky, muddy-siltstones (facies code Fl to Fsm) represent overbank 

to abandoned channel floodplain deposits with indications for incipient soil formation (Miall, 

1978). Pedogenic slickensides and calcareous nodules indicate the onset of soil formation under 

sub-humid to semi-arid climatic conditions (Tanner and Brown, 1999). 

Facies Associations 

The alluvial fan facies association constitutes roughly 5 to 10 % of the sections and 

comprises matrix supported conglomerate (facies 6). The matrix supported conglomerate was 

deposited as alluvial debris flows in topographic lows, driven by syn-sedimentary faulting along 

the basin margin and climatic influences.  
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The fluvial facies association constitutes between 90 to 95 % of the sections and 

comprises matrix supported conglomerate (facies 6), pebbly sandstone (facies 7), silty-sandstone 

(facies 8), and clay-siltstone (facies 9). The conglomerate and sandstone facies were deposited 

as traction bedload deposits during high to low energy output in fluvial channels. The clay-

siltstone facies (facies 9) was deposited as fines in a fluvial overbank or abandoned channel 

floodplain setting.  



49 

 

 

Figure 2.3: A detailed sedimentary log of the Late Triassic Chedabucto Formation section near McCaul Island, Nova 

Scotia; (left) a lithology log showing bed interval thickness, sedimentary structures, and faulting; (middle) a gamma 

ray log showing the gamma ray values of selected beds; (right) a chart showing field-recorded permeability values with 

a brief description of the bed lithology. 
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Figure 2.4: Representative facies from the Chedabucto Formation type section near McCaul Island, NS. A) Facies 9 ï 

reddish-brown blocky muddy siltstone. The unit appears fissile to blocky and contains a thin layer of reduction spots. B) 

Facies 9 and 8 ï The lower and upper portions of the image are of the blocky, muddy siltstone of facies 9. A 20 cm thick 

lens of featureless silty sandstone extends horizontally through the center which represents an isolated channel between 

two interfluve events. C and D) Facies 7 and 8 ï The lower section of the photo shows a red, fine to coarse-grained 

pebbly sandstone. This bed is mildly laminated and contains small clasts (see bottom left corner) and gray spots of 

reduction. Separated by a sharp contact, the bed above is a fining upward sandstone that is gray in colour (hammer for 

scale). D) Zoom of image C highlighting the coarser grain size of the sandstone beds. E) Facies 7 ï cross-stratified 

pebbly sandstone containing pebbles marking cross-strata. Clasts are generally rounded and variable in nature (50 cm 

long scale bar in image) F) Facies 6 ï The underside of a matrix supported conglomerate bed. Clasts are variable 

lithology, 1 to 10 cm in size, rounded, and are held in a medium to very coarse-grained sandstone matrix. A sharp 

contact with an underlying featureless silty sandstone marks the base of this unit. 




































































































































































































































































































