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Abstract

This studyinvestigates the sedimentology, provenance, diagenesis, and reservoir
characteristics oLate Triassic synrifsuccessions from the Wolfville a@hedabuctdormations
along themarginsof the MinasBasinand Chedabucto Bandthe Eurydice Formation ioffshore
subsurfaceregions of the Orpheus Graben. The stratare examinedin outcrop andwith thin
section petrography, Xay fluorescence, and handheld permeabilty and gamma ray
(radioactivity) tools.

Outcrop examination revealed different stages of rifting and fluvial sedimentation
depositedin successions at Rainy Cove (early stage rifting) and McCaul Island (early to middle
stage rifting). Synrift successions from the Eurydi@é Bell in the Orpheu&raben revealed finer
grained successions with evidence suggesting sedimentation occurred within an estuarine
environment during the late stages of rifting.

X-ray fluorescence revealed thate fluvial Wolfville Formation (Rainy Cove) samples plot
inthe Bl O1 SQ= Wt A (&I NIRWMAte Sédlan WolfHle FomnatiofRed Heayl
samples pre YA Y I y i f & LI 2 INS ¥igld, 8l 8¢ Ghaddbiudtol Forihation plots
LINBER2YAY Il yGfe Ay (KS Wa dzoMajolekmatBoyhpoditomplotof R W A {
sandsdiscriminate between passive margin, active continental margin, continental arc, and
oceanic arc tectonic setting. Points from the fluwéblfville Formationare generally spread
within or nearthe active continental marginidld. Whereasthe 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 shothat the aeolian and fluvial successions from the Wolfville and
Chedabucto formations all plot within the recycled orogen fields of gh&venance indicator
ternary diagramsQtFL classification after Folk (1968) reveals that the fluvial Wolfville Hormat
L 26a Ay GKS WEiAGKFNBYAGSQ (G2 WFStRaLI GKAO f A
Wadzoft AGKIF NBYAGSQ FASEREZ yR (KS / KSRIo0dzOG2 C2N
fields.

Thin section microphotographs show portysand reservoir quality for samples from each
of the study areag he 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 vefipe to coarse grain size, are moderately sorted, aad 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&alcitecement.Secondary porosity is froaiteration of feldspar grains in the fluvial
Wolfville FormationThe 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 lintroduction

Middle to Late Triassic (Anisian to Norian) sediments from the Fundy Basin and Orpheus
Graben (Nova Scotifffigurel.l) reveal synrift successions comprising allufaal, braidfluvial,
aeolian, lacustrine, ahestuarine type depositdrevious studies of the Wolfville, Chedabucto
and Eurydice formations hawexamined their sedimentology and paleoenvironments, e.g. Klein
(1960, 1962), Hubert and Mertz (1980, 1984), Tanner and Brown (1999, 2003), and Leleu et al.
(2009, 2010and have shown that the two basiase structurally linkedhrough the Minas Fault
Zme (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 sypritsalt) 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 sedimewgital and stratigraphic characteristics of

equivalent offshore subsurface successions in the underexplored Scotian r{faggirel.2).

The Fundy Basin igr@partite 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 margirof Nova Scotia, just south of Cape Breton Island. The nartitenks of both
basins contairtheir respective border faults, which are an individual faults belonging to a larger
fault complex known as the Minas Fault Zone (MFZ). In addition to beingwstuligtrelated, the

basins comprise similar synrift sedimentary unigy(rel.2) (Wade et al., 1996).

This study examines the sedimentology and reservoir charatitasri@rovenance,

diagenesis, and porosity and permeability) of these three formations to provide new insight into



their stratigraphy, stratigraphic relationships, paleoenvironments, and hydrocarbon reservoir
potential. The rocks are exposed in cliff facethe MinasBasin(Figurel.3) (Rainy Cove and Red
Head, Minas Basin), and Orpheus Graffggurel.4) (McCaul Island, Chedabucto Bagsg well

as conventional corand cuttings from the Eurydice 35 offshore well Orpheus Graben.

Methods and collected data for the present work have been summariz&dbiel.l.

As noted above \arift successions along the margins and offshore regions of Nova Scotia
have been studied for decades, but questions pertaining to their local and regional
developmen, 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 MinagrBand Orpheus

Graben, Nova Scotidhe objectives of this research are as follows:

1 To develop a local and regional understanding of the distribution of depositional facies
and architectural elements of marginal sedimentary successions of active rifisbasi

1 To better understand the sedimentological evolutiand active paleoenvironments
duringearly (Rainy Cove), middle (McCaul Island) and Eaieyfice F36) active rifting.

1 To test the validity of the broad terrane hypothesifsRussell (1880)e. oncelarger
sedimentary basins are now smaller remnants due to upheaval and erosion of
connecting successions

1 To quantify the reservoir characteristigggvenancepermeability, and porosity) of the

variable stages of synrift sedimentation
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Figure 1.1: Generalized lithostratigraphic chadf the Scotian and Fundy basifmodified from Weston et al., 2012)
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Figure 1.2: Satellite map view of Nova Scoshowing the four general locatis of study for this proje¢Red Head,
Rainy Cove, McCaul Island, and the offshore Eurydik36Rvell). All four locations are along strike and are
structurally related to the Minas Fault Zone (yellow dashed line in cepéma of figure). Red Head and Rainy Cove
are located in the Minas Basin (west flank) while McCaul Island and Euryd8&well are location in the Orpheus
Graben (east flank).
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Tablel.1: Summary of data collected for this work.

Formation Sample Figurel.D. Field View and Measured Thin Section XREAnalvsis TinyPerm Scintillometer
Name Number Location Section/Core Point Count Y Analysis Analysis
Multiple - -
Eurydice analyses - -
Formation Tom - Figurel.2 Figure2.5 - Table3.10 Table3.10
(Eurydice 36, EUI’ydICG P
Orpheus Graben) 36 core - -
(CNSOPB) - -
GW301-2012 1
GW3022012 2
GW3032012 3
GW304-2012 4
Chedabucto _ .
(McCaul Island, GW-305-2012 5 Figurel.7 Figure2.3  Table3.6 Table3.1 Table3.10 Table3.10
Orpheus Graben) GW3062012 6
GW307-2012 7
GW3082012 8
GW309-2012 9
RHPBase 1
RHP1 2
Wolfville  RHP2 3
Formation RHR3 4
Figurel.6 - Table3.7 Table3.2 Table3.10 Table3.10
(Top)  RHP4 5
(Red Head, Minas
Basin) RHP5 6
RHPF7 7
RHP8 8




GW-02-RC
GW-03-RC
GWO06-RC
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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 understandingrefjional 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 reservoicharacteristics (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 Satig

This section covers the specific areas chosen for field mapping and saraplingpre
sampling for this workSee Appendix A for summary descriptions of each of the collected

samples and thin sections.

1.2.1 Field Mapping and Sampling

Field mapping andocksampling was completed on synrift cliff exposures in the Minas
Basin areaof Rainy Cové-igurel.5) and Red HeaFigurel.6) andalong the western margin
of Chedabucto Bay nedtcCaul Islan@Figurel.7). Measured sections and facies analysis were
completed for the Rainydve and McCaul Island locations while rock samples were collected

from all three locations.
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Figure 1.5: (A) Map viewof Rainy Cove within the Minas Basin, Nova Scai) Satellite nap view of the study area at Rainy Co&eows show the location and orientation of
photographs of field view imagd€ & D) Field view of the studied Wolfville Formation at Rainy Cove aitelof the samples taken for analysis. (C) Southwestern side of the
promontory (D) Notteastern side of the promontoNoted the circledjeologist (1.7 m heighfpr scale
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Figure 1.6: Satellite locationmapand field view of the aeolian successions at Redd Five Islands Provincial ParkA) Map view showing Five Islands Provincial Park. (B)
Map view of the study area at Five Islandhe bottom of the image shows the intertidal zone which was traversed to gain access to the cliff face. (C & D) Fietk\savdied
aeolian successions and location of the eight samples taken for analysis. Image (C) captures the westera aidphifitbatre 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 Islandi/A$1ap 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 inteviliahzeas traversd 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 thelstddimac@ Formation and location of the nine rock
samples taken for analysis. Image (C) capsusuccessions from the beginning of the outcrop and image (D) captures successions of stacked fine and coarse gmieed sandst
higher in the section.



1.2.2 Core Sampling

Core sampling was completed on the Eurydiez6Rvell from the Orpheus Graben at the
Canagrb 2 @1 { O20GAl hTFTakK2NB t SONRf SAONSOPBIGRBRQa DS2 3
Dartmouth, Nova Scotia. This well drilled approximately 2965 m (9728 ft) of Late Triassic
evaporites and redbeds, with the basal 572 representing the Eurydice Formatesdgton
(Williams et al, 1985). Approximately 8.8 m (28.8 ft) of core was collected at the base of the well
between 2956; 2965 m (969& 9728 ft) composed of fine grained, red and yellow consolidated

sands and silts that was describgtgurel.8).
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Figure 1.8: Core collected from the Eurydice3® well A total of eight boxes of core are shown andeled. A meter
scalei s pl aced between the two boxes in each image for scal

Dartmouth, NS. The top of the core is at theledpand base at the botten’ght.GGOlogiC Overview
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1.3.1 Regional Geologic Setting

During the early Mesozoic, likely tharly toMiddle Triassithe Pangean
supercontinent began to fracture as a massive rift zone formed within its intéfigurel.9).
Rifting was underway throughout the entire supercontinent by the Late TrifSgiarel.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 ofhe 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 an@&b8};,
which comprises a series of interconnected, buried and exposed rift basins extending nearly

3000 km from Florida (USA) to offshore Newfoundland (Can@laen, 1997)gurel.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 wajewithin all three segments. However,
the end of rifting andeginning 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 Cretaous (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; Witinjalc

Schlische, 2005; Withjack et al. 2009

Rift basins within the eastern North American rift system developed alongxysting
compressional structures from Paleozoic and older orogenic belts, causing thrust faults to be

reactivated as normal and #te slips basin border faults during rifting (Swanson, 1986; Withjack
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et al., 1998). Most of the rift basins developed as asymmetriedraliens striking generally
northeastsouthwest with gentle to moderate normal dips along their border faults. Howéfver,

the pre-existing structures were oriented obliquely to the forces of extension;dralbens with

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

(Olsen and Schlische, 1990; Schlische, 2003, Withjadk 2009).
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Figure 1.9: A paleogeographic map of North America during the Early Triassic (245 W& white line indicates the
palecequator and the red circle indicates the palecation of Nova Scotia. Rifting was underway and incursion of
marine waters from the eaistoccurring during this timeg 2014 Colorado Plateau Gepstems Inc.used with
permissioi.

17



L LateTriassicZ10Ma) g

=

Figure 1.10: A paleogeographic map of North America during the Late Triassic (210TWa)red circle indicates the
paleclocation of Nova Scotia. Rifting of tlkangean supercontinent is still underway and incursion of marine waters
from the east is occurring. Endorheic basins, separated from marine waters and from one anagemay

highlands are well developedithin the interior of the Pangean supercoetin(© 2014Colorado Plateau Geosystems
Inc., used with permissign
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1.3.1.1 Tectonics andtratigraphy of the Scotian Basin

Tectonics and Basin Setting

The Scotian Basin is a submarine rift to passive margin basin that extends from the
easternflanks of Georges Bank to the central Grand Banks, covering a distance of 1200 km and
an area of nearly 300,000 Krf\Wade and MacLean, 1990). The basin formed during rifting of the
Pangean supercontinent and now lies along the northern most part of thealesegment
within the eastern North American rift system (Roberts and Bally, 2012). The basin is described
as an accreted wedge of Mesoz@enozoic sediment collected in a series of interconnected
subbasin depocenters which are flanked by large baserf@attires in the northeast, northwest,
and southwest (Jansa and Wade, 1975; Wade and MacLean, I®@Q0ubbasins strike
southwestnortheast and, from the south to north, are known as the Shelburne Subbasin,
LaHave Platform, Mohican Graben Complex, SafdieAbenaki subbasins, Banquereau Platform,
and Laurentian Subbasin. The wesist 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; Wauahel MacLean, 1990).

Regional data from the Scotian Basin suggests that rifting and synrift sedimentation
began sometime in the Middle Triassic manifested as a northeastling complex of grabens
and half grabens. Similar to other basins of the eastesrtiNAmerican rift system, border faults
of these graben and half graben rift basins formed through the reactivation and reversal of
Paleozoic compressional structures during regional northwsestheast extension with the
basins filled with synrift siliclastics, evaporites, and volcanics (Wade and MacLean, 1990).
During the riftto-drift transition the rift basins wer@eneplaned in response to basimersion

and marine regressiomesulting in erosion of the upper synrift strata and the formation @ th
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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 ShellfBable, 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 thedative 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 counteregional faults along their south margins and filled with synrift

sediments and evapdes. 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 Grabe@omplex 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 southeryounded large halfrabens within the central LaHave Platform.
Sediments @b 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 easterhplunging rift basin located between the Canso and Scatatiges. It in
response to extensional reactivation along the eastern flank of the Minas Fault Zone (MFZ)
comprising some combination of normal and stril{p movement along this border fault system
(Keppie, 1982; Murphy et al., 2011; Wade and MacLea@)}1$eismic 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 flaarkd 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 redbedwere deposited during rifting the synrift phase, their origin and relation to
the othersynrift 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 #hasin named the Chedabuc8ubbasin

(Tanner and Brown, 1999).

Stratigraphy

Stratigraphy of the Scotian Basin comprises up to 16 km of MesGewsiozoic
successions overlying a crystalline basement of early to middle Paleozoic schists, phyllites,
quartzites of the Meguma Supergroupdplutonic granites of the South Mountain Batholith.
The oldest sediments within the basin are the Norian to Hettan§i@emurian continental
redbeds of the Eurydice and Chedabucto formations and evaporites of the Argo Formation
(Wade and MacLean, 199®ift 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 fldelshicdeposits 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 Wyandotdtioms. 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 suessions of Late Triassic to Early Jurassic age.
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The oldest dated strata from the Scotian Basin is Norian to Hettat®&jrmmurian
synrift successions of the Eurydice and Chedabucto formations composed of continental
siliciclastics and evaporites of the Ar§ormation (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. Thse successions were deposited synchronously with rifted grabens and half grabens
under seasonally arid to serarid climatic conditions in fluvial, lacustrine, aeolian, and coastal
marine to sabkha environments (Klein, 1962; Jansa and Wade, 1975; Walaeahean, 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 paitee 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 Meah, 1990; Tanner and Brown, 1999).

The type section for the Eurydice Formation is found in the Euryda&@wrell between
the depths of 2392965 m (Williams et al., 1985). The Eurydice Formation is dated
palynologically as Rhaetigrarly Hettangian to @ Hettangiarearly 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 mor 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 Gidtere
penetrations of the Eurydice Formation, most notably from the SamB&well in the Mohican

Graben Complex, the synrift strata comprise a much coarser material comprising 378 fine
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mediumgrained sandstone, 28% red siltstone, and 35% red gkiédele and MacLean, 1990).
These strata significantly differ from the Eurydik@mationand future study may determine

that they should exist as a separate lithostratigraphic unit. Seismic data from the Scotian Basin
suggests the Eurydideormationand swccessions 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 th 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 variabiligd@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, sémuks, 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 seval 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 nevetljorma
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 supportedssames (82%), reddish
brown mudstones containing desiccation cracks and root traces (10%), claystone with

slickensides (5%), and finigward clastsupported conglomerates (3%) (Figure 2.7). These
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sediments are interpreted to have deposited in saiah braided stream system flowing

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

The Argo Formatiois coeval with anaverlies the Eurydice Formation (Wade and
MacLean, 1990). The type section is found in the SH&8l\well drilled in the OrpheuSraben,
between 23053085 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 acnasanhydrite, 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, duto 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 andbtratigraphy of the Fundy Basin

Tectonics and Basin Setting

The Fundy Basin is an offset Mesozoidxdfsin 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 16,00@Kade et al., 1996: Chenin and
Beaumont, 2013). Similao the Scotian Basin, the Fundy Basin developed during rifting of the
Pangean supercontinent as a series of interconnected and structurally relategrabén 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 lowangle, NEstriking normal extensional faults that was originally compressive
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Subbasin, is bounded by a lditeral strikeslip extensional fault. Likewise, the Minas Subbasin
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with its northern margin defined by-Eo ENEstriking steeply dipping normal and ldéteral
strike-slip extensional faults that togker 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 underwayhroughout 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 namarine fluvial and lacustrine sedéentary 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 kiter fault system led to post depositional basin
inversion with significant alteration to the structure and stratigraphy of the Fundy Basin. In
addition to numerous largscale folds and faults that formed during inversion, approximately 2
km of the uppernost Early to Middle(?) synrift playjtacustrine 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 Bréaknations These succesms were
deposited in avarietyof depositional environments within an endorheic (lalodked) basin

under semiarid to subhumid climatic conditions.
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The Wolfville Formation comprises stratified coatgemediumgrained arenites and
arkose, subarkose, drorthoquartzites, usually characterized by large scale estraification.
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 fromiowe
Carboniferous metasedimentary strata (Williams et al., 1985). These were deposittalvied
fan sandstonedjuvial sandstaes, aeolian duneediments (Williams, 1985; Leleu et al., 2009).
Based on seismic dataseatbthe Fundy Basin, Wade et al. (B)%uggest that the Wolfville has
laterallyequivalent 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, 20@yurel.1). The Wolfville Formation unconformably overlies the
Cambrian to Ordovician Meguma Supergroup, the Middle Devonian South Mountain Batholith,
the Lower Ceboniferous 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
laterallyfor 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, claystonefi{saodes
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 tetrajeodains (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 Wol&vidind 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 ie FHlands Provincial Park are
consideredpart of theupper limits of theWolfville FormationThese successions have been
informally named by Hubert and Mertz (1984), Olsen (1997), and Olsen et al. (2003) and were
considered to be eithepart of the uppeWolfville Formation or the lower Blomidon Formation.
Sues and Olsen (201¢gfined these successions as the Red Head Member of the Blomidon
Formationin accordance with thé&lorth American Stratigraphic Caodehey maintaivariations
in lithology and grairsize drastically differ from the Wolfville Formation and that these aeolian
successions outcrop directly on Carboniferous strata with the completenabse the Vélfville
Formation, as their evidendbat the aeoliarstrata at Red Headre part of the lover Blomidon
Formation. However, these authors, as well as Leleu et al. (2010), recommzasing levels of
eolian sandstone layers within the fluvial and alluvial strata ofEbenomy Member of the
Wolfville Formation speculating that reworking of the fluvial Wolfville Formation by winds
produced overlying aeolian strata. At Red Head, weeseetly this relationship, series of
aeolian successions deposited above a tomgratic, fluvial succession. In contrastelieve
that the aeolian strata at Red Head are part of the upper Wolfville Formatiaglomeratic

fluvial strata whicthave been reworked by wil.
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Chapter 2Facies and sedimentary architecture of Mesozoic synrift
infill 7 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 lithologicagscription of individual basins within the offshore and
onshore margirareas 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 (Rus&8B0
which states that adjacent basins are remnants of a once larger connected basin which
underwent upheaval and erosiohwill test this hypothesis by examining the sedimengital
nature and distribution of facies and architectural elements along the margins and off shore

areas of the Minas Basin and Orpheus Grafpegurel.2, Figurel.3, andFigurel.4).

This study involves the characterization of facies and architectural elements from Middle
to Late Triassic synrift successions from three locations onshorerandftshore Nova Scotia,
Canada Facies from the Wolfville and Chedabucto formations were classified using a modified
GSNAE A 2y 1978 faeies Eldsdifitadion $ystem, while the Eurydice Formation was classified

using the clastic coastal ternary diagram from Ainsworth efall {).

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 Orpheusaben.Locations of each area can be found in Chapter 1 of this

project. The following dscribes in detail the I@tion and access teach of the study areas:
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1)

2)

3)

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 whereelatly continuous outcrop is exposed in 20+ m

high coastline cliffs which are accessadydytraverse along a rocky beach.

Chedabucto Bay is located along the eastern margin of Nova Scotia near the community of
Guysborough, approximately 200 km northeagHalifax. 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 ewed property located on the south side of Parker Hart

Road.

The EurydiceB6 well is located offshore Nova Scotia in the Orpheus GratieA{981 -

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

to test a salt and basementelated structural closure on the northern Scotian margin

(MacLean and Wade, 199&)ore collected during drilling was accessed through the
I'yFrRAFY b2@lF {O2AF hFFakKz2NBE t SGNRBf Sdzy . 2 N
(GRC)inDartmot ' yR ¢Stf FAE{Sa IyR RFdGlF GKNRdzZZK {KSE

Center (DMC).
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2.2 Methods and Data

The lowermost Wolfville Formation and the Chedabucto Formatiordaseribed here
from coastal outcropsWithin the Wolfville, numerous intr&riassic unenformities are mapped
that representlaterally 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 thedsalong the outcropgTanner and Brown
1999). The Eurydice Formation is constrained to a single well core from the EuraficedH.
The core is 9 m in length and provides visual information on the physical and biogenic

sedimentological features.

Collected datdrom these field sites and corased 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 3$atigraphic Sections

Stratigrahic sections were measured 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 othertigiraphic 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 getof the lowermost Wolfville Formation
outcrop. At McCaul Islan@ne representative sectiomas measured orhie Chedabucto
Formation outcrop through 80 m of stratRalesflow measurements were recorded at both

outcrop locationsand measured from troughed axe directions when present.
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2.2.2 Measured Core

Core analyzed for this work was accessed through the Caada Scotia Offshore
t SONRE Sdzy . 21 NRQa DS2a0ASyO0S wSaSlk NOK / Sy iNEB
Avenue, Suite 27 Dartmouth, Nova Scotiaredom the Eurydice 86 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 seimentary structures, biogenic sedimentary structures, and all surfaces or
boundariedfollowing the nethodology present in Appendix Zore 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 phafggg were captured using a Nikon
DSLR camera. These photographs were merged into panoraagedza A y 3 aA ONR &2 F i
panoramic images were uselgfineinterpreted facies, architectural and structural elements,
and bounding surfaces of the architecalielements of the Wolfville and Chedabucto formation
outcrops.CorelDraw®vas used in the digitization of each of the photopans to make schematic
diagrams upon which were applied the lithofacies, architectural elements, and bounding
surfacegddefined onthe photo pans. Designated lithofacies and architectural elemesegsl here
were modified from works bivliall (1978, 1985, 1996) and can be foundrable2.1 and Table
2.2. Bounding surfaces of the channel belts were maodified from work completed by Leleu et al.

(2009).
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Table2.1: Lithofacies classification (modified from Miall, 1985)

Lithofacies classification for the Wolfville and Chedabucto formations

Facies Code Lithofacies

Sedimentary Structures

Interpretation

Gmm

Gem

Gh

Gt

Gp

St

Sh

Ss

Sm

Fl

Fsm

Fr

Matrix-supported, massive
gravel

Clastsupported massive
gravel

Clastsupported, crudely
bedded gravel

Gravel, stratified

Gravel, stratified

Sand, fine to v. coarse,
may be pebbly

Sand, fine to v. coarse,
may be pebbly

Sand, fine to v. coarse,
may be pebbly

Sand, fine to coarse

Paleosol carbonate

Sand, silt, mud

Silt, mud

Mud, silt

Weak grading

Horizontal bedding,
imbrication

Trough crossbeds

Planar crossbeds

Solitary or grouped trough
crossbeds

Horizontal lamination

Broad shallow scours

Massive or faint
laminations

Paleosol carbonate

Fine laminations, small
ripples

Massive

Massive, roots

Plastic debris flow (high
strength)

Pseudoplastic debris flow
(inertial bedload, turbulent
flow)

Longitudinal bedformdag
deposits, sieve deposits

Minor channel fills

Transverse bedforms,
deltaic growths from older
bar remnants

Sinuouscrested and
linguoid (3D) dunes

Plane bed flow (super
critical flow)

Scour fill

Sediment gravityflow
deposits

Paleosol carbonate

Overbank, abandoned
channel, or waning flood
deposits

Backswamp or abandoned
channel deposits

Root bed, incipient soil
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Table2.2: Architectural elements in fluvial and abandoned channel and ovkrtd@posits (modified from Mial2016

Channel and overbank architectural elements

Element Symbol Principle facies Geometry and relationships
Channels CH Any c_omblnat|on Fm_ger,dans, sheetscale and shape highly
of facies variable
Gravel bars and GB Gem, Gh, Gt, Gp  Lensblanket
bedforms
Sandy betbrms SB St,Ss Lens, sheet, blanket, wedge
Downstream accretion Lens resting on flat or channelized base
DA Gt, Gp, St and an upper bounding surface. Accretio
macroforms ;
surfaces orientated downstream
Sediment gravity flows SG Gmm Sm Lobe, sheet
Laminated sand sheet LS Sh Sheet, blanket
Floodplain fines or FE Sm. Fsm. Fr Extensive lateral dimensionglp to 9m

abandoned channel

thick.
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2.3 Facies and Facies Associations of the Wolfville, Chedabucto, and

Eurydice formations

Thischapter 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 elesnelfysis.

2.3.1 Faciesand Facies AssociatioimdDefinition and Use

The term facies is attributed to Gressly (1838) and Reading ($886¢quenthdefined
FIOASa +ta al o02Reé 2F NRO1ZI 6KAOK Yl @& AyOfdzRS |
specific§ i 2F OKIF NI OGSNARaGAOa NBFESOGAYy I | LI NI A Od
A facies may be defined on the basis of colour, bedding, composition, texture, sedimentary
structures, and fossils. Depending which primary feature is used to dékneck facies,
different prefixes may be used on the term facies. When placing emphasis on the physical and
chemical structures, the terdithofaciesis used. When placing emphasis on the fossil content,
the termbiofaciesis used. When using thin semti to identify rock characteristics, the term
microfaciesshould 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. turbiditfacies), 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 associationfReading (1996) recognized thatlividual 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 foegositional 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 summarizedlable2.3. The facies are then related to

architectural elements in the following section
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Table2.3: Summary of facies arfdcies associations from the Wolfville, Chedabucto, and Eurydice formatidgotal 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 & &igaiation.

Facies

Facies

Facies and facies associations from the Wolfville, Chedabucto, and Eurydice formations

Formation Lithology Description Interpretation Facies association
Name code
Matrix supported ‘Weakly stratified to completely chaotic, 0.75 m (average) thick beds comprising poorly sorted, angular to sub-
1 G intrabasi pl? Jasti angular, 1 to 10 cm metasedimentary clasts in a red, silty fine- to coarse-grained sandstone matrix. Gray redox The matrix supported breccia was deposited by low Alluvial fan
mm intra -asma -elastic spotting, small {cm scale) reddish-white nodules, and sub-rounded pebbles are present in the upper portion of strength, viscous debris flows
breccia .
this facies.
Clast- to matrix- Crudely visible trough and planar cross-stratified, 1 to 3 m thick beds comprising poorly sorted, pebble to cobble, ~ The clast- to matrix-supported conglomerate deposited
F2 Gem, Gh supported, crudely rounded to sub-angular clasts of variable lithology in a fine- to coarse-grained red silty-sandstone matrix. Clast in mixed sheet floods and debris flows representing Alluvial fan to fluvial
stratified conglomerate ~ content typically decrease upward. synchronous alluvial and fluvial deposits,
. Horizontal to trough cross stratified, 0.5 to 1 m thick beds comprising poorly sorted, angular to rounded, pebble " .
Wolfville F3 Gh, Gt Matrllx supported to cobble sized clasts of variable lithology in a silty fine to coarse-grained sandstone matrix. Beds typically show fhila;;l:-riuEZ:;i‘ijnm#f:?;}.ﬁ;at;;?op:med by sheet Fluvial
conglomerate normal grading with bedding-parallel clast fabrics. P e P
Pebbly to clean !‘dear-hor\z?ntal planar f:ross—stratif\ed, 0.5t0 5 m lhiclj: beds comprising angular‘tn—) round, mixed Iithn\og_y pebbles Pebbly to clean sandstones represent bedload and )
F4 St, Ss, Sh in a yellowish-red, medium- to very coarse-grained fining upward sandstone matrix. Pebbles may comprise up to N N Fluvial
sandstone . suspension deposits formed in a braided channel system
20% of the unit.
Carbonat dule-rich Featureless 0.5 m thick beds comprising a series of carbonaceous nodules in a mottled, silty-sandstone matrix.
F5 P arbonate-nacule-ric The nodules increase in size and number upwards until passing into a thick (5 cm) carbonate crust of coalesced Mature paleosol Fluvial
paleosol
nodules.
Matrix supported Featureless to vaguely laminated, 0.05 to 1 m thick beds comprising guartzitic to mafic, angular to subrounded, Traction current bedload or debris flow deposits related . .
F6 Gh, Gp - . Alluvial fan to fluvial
conglomerate randomly oriented, 1 to 10 cm clasts hosted in a fine to coarse grained silty sandstone. to a braided river system
7 Stand S Fine to coarse grained Planar to trough cross stratified, 0.2 to 1.2 m thick beds comprising rounded to sub-rounded, granular to pebbly Bedload deposits formed in lower energy areas of a Fluvial
andsp pebbly sandstone clasts in a yellow-brown or greenish-gray, fine lower to coarse upper sandstone. braided river system
Chedabucto
Featureless t faint t h tratified and llel laminated, 0.3 to 3 m thick bed! rtainil - . . .
Featureless fining eaturetess to very-aint lrough cross stratilied and parafiel laminated, 9.3 1o = m tick beds containing we Bedload and suspension deposits formed in shallow
F8 Smto Ss dsil d rounded, granular to pebble sized clasts occur along bedding planes within a yellowish-red or gray, very fine- to channels of a braided channel systems Fluvial
upward silty-sandstone .1 coarce prained, fining upward sandstone facies form beds which are. ¥
Fl, Fsm, . Blocky te fissile, 0.5 to 9 m beds containing reddish-broewn clay-siltstone, The unit centains vague bedding marked  Overbank to abandoned channel floodplain deposits
F9 Blocky clay-siltstone - . . . . R A - ) Fluvial
and Fr by jointing, occasional zones of grayish-green mottling (reduction spots), small (1 cm) nodules, and slickensides. with indications for incipient soil formation
F10 Wave Cross-stratified Cmss-s_tratmed, 2 1o 45 cm thick beds comprising very fine- to fine-grained, sub-angular to sub-rounded, Wave-dominated — tidal flat deposits Wave-tidal
sandstone yellowish-brown sandstone.
- . Heterolithic sandstone Alternating sandstone and siltstone, 5 to 50 cm thick beds containing reddish-brown, featureless siltstone and Tidal dominated — mixed-energy tidal-bar (tidal- " N
Eurydice F11 Tidal 3 ) y ) y Tidal-fluvial
and siltstone yellowish-brown, very fine- to fine-grained, well sorted sandstone. channel) deposits
Poorly stratified to Poorly stratified to featureless, 1 m thick beds containing reddish-brown siltstone, very fine-grained sandstone, Tidal dominated — suspended sediment settling in low-
F12 Tidal featureless sandy- v N g Al g ! P 2 Tidal

siltstone

and small (1-3 mm) anhydrite nodules.

energy mud flat deposits




2.3.2 The Wolfville Formation

Fve representativdaciesformingtwo facies associations are recognizedowermost
part of the Wolfville FormatiorF-acies codes for this section have been identified using a
Y2RATFTASR @S W78 Rges @aSsifieatlofTdblieX1) A summary of the facies and
facies associations can be fouimdTable2.3 and representative photographs of each facies can

be found inFigure2.2.

Faciesl: Matrix supported intrabasinallastic breccia

Description

Facies Tomprises wakly stratified to completely chaotic, 0.75 m (average) thick beds
containingpoorly sorted, angular to suangular, 1 to 10 cm metasedimentary clasts in a red,
silty fine- to coarsegrained sandstone matriigure2.2). An upvard fining in clast size and clast
abundance is evident, with larger clasts preferentially deposited near the base of the beds. Gray
redoxspotting, smallcm scaleyeddishwhite nodules, andub-rounded pebbles are present in
the upper portion of thigacies No biogenic structures are present. The average bed thickness is

approximately 0.75 m.

Interpretation

Vaguely stratified to chaotic matrix supported breccia (facies caaher) are interpreted
as low strength, viscous debris flowiéll, 1978; Blair and McPherson, 1994; James and
Dalrymple, 2010). Angular clasts, from the underlying Horton Group, suggest the debris flows
were likely shortravelled. Sukrounded pebbles, of an unknown source, suggest an influx of
extrabasinal clasts, peaps indicative of a more extensive alluvial sediment transport system

within the region, or, erosion of an older similar facies (basal Horton Group?). The reddish
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nodules are most likelseworkedcarbonate deposits (caliche), suggesting depositiothenn

semtarid climatic conditiongJames and Dalrymple, 2010

Facie®: Clastto matrix-supported, crudelstratified conglomerate

Description

Facies Zomprises mdely visible trough and planar cressatified, 1 to 3 m thick beds
containingpoorly sorted, pebble to cobble, rounded to sahgular clasts of variable lithology
(dark metasediments, sandstonegjartzites, siltstones, and granifgsosted in a fineto
coarsegrained,red siltysandstone matriXFigure2.2). Clast content typically decreasepward,
changing from a clastupported to matrixsupported conglomerateThe beds typically have

erosivebasal contacts recordinrgpmeerosioral reliet

Interpretation

The clastto matrix-supported, crudely stratifiedonglomerate(facies codéstto Gmm)
represent traction current bedload deposits (channel infill or bar deposits) from a braided river
system(Miall, 1978;James and Dalrymple, 2010’ he maximum clast size and presence of
trough crossstratification together represent subaqueous, meditsoale dunes (bar deposits)
formed duringmaximum discharge within a braided channel sys{&shley, 1990James and
Dalrymple, 201p Planar crosstratified units represent progradatiofsteel and Thompson,

1983 or lateral accretior{Ramos and Sopefia, 1988 the fluvial barforms and will usually have

a decrease in pebble content downstream.

Facies3: Matrix supported conglomerate

Description
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Facies Zomprises brizontal to trough cross stratified, 0.5 to 1 m thick bedsitaining
poorly sorted, angular to rounded, pebble to coblig to 50 cm}kized clasts of variable
lithology in a silty fineto coarsegrained sandstone matrffFigure2.2). The beds typically show
normal grading with clasts forimg beddingparallel fabric The beds typicallhave an erosive

basal contact with evident erosion.

Interpretation

The natrix supported conglomeratffacies codésmm) represents a delis flow
comprising sheetlood, clast poor units with debriow clastrich conglomeratic unitéMiall,
1978;Blair and McPherson, 199dames and Dalrymple, 201Qarger clasts and coarser sands
were transported and deposited as bedload and saltation material during higher transport
velocities, while finer grained sandeere deposited from suspension during periods of slower

transport velocities and waning flood condit®@ames and Dalrymple, 2010

Faciest: Pebbly to clean sandstone

Description

Facies £omprises par-horizontal planar crosstratified, 0.5to0 5 m thick beds
containingangular to round, mixed lithologiglark metasediments, sandstones, quartzites,
siltstones, and granitgpebbles in a yellowished, medium to very coarsegrained fining
upward sandstone matrifFigure2.2). Pebbles may comprise up to 20% of the amnitl are often
preserved alonghe base of bedding planeshe basal contacts of the beds aifther 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 systdrall{ 1978; James and Dalrymple,
2010). Beds containing preservidugh crossstratification are organized into multistory
stacked units which represent channel infill or parts of bar deposits (Ramos and Sopefa, 1983;
Miall, 1996). Neahorizontal planar or parallel crosdratification beds represent upper flow

regimeplane bed, fluvial channel depos{ttames and Dalrymple, 2010

Facies: Carbonatenodulerich paleosol

Description

Facies Tomprises éatureless 0.5 m thick bed®ntaininga series otalcareousiodules
in a mottled, siltysandstone matrix. The nodules increase in size and number upwards until
passing into a thick (5 cm) carbonate crust of coalesced psdkigure2.2). The bed developed
gradationallyat the top of afining upward sandstone layer amslaterally extensive excefi

areas of erosiomelow overriding sandstone or conglomeratic beds.

Interpretation

The arbonatenodulerich paleoso(facies code P) representsature calcic paleosol

layers(James and Dalrymple, 2010

Facies Associations

The alluvial fan facies association constitutes rougb®p of the section, formbkedsets
4 to 6m in thickness, and comprises breccifagigesl) with carbonate nodulesféciess). The
coarsegrained, poorly sorted breccias, and some conglomeratese deposied by alluvial
debris flows in topographic lows that cut into the underlying Carboniferous Horton Gidp.

carbonate nodules indicate perio@d$ incipient soil formation under serairid climatic
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condition.Breccia deposits are limited to the basal 4 to 6 meters of the Rainyr@easured

sections(Figure2.1).

The fluvial facies association constitutes the remainiofg &f the section, i85 m thick,
and comprisesnostconglomeratesfécies2 and 3), sandstonesagcies4), andcarbonate
nodulerich paleoso(facies5) successionsThis facies association overlies the alluvial fan facies
in the area(Figure2.1). The conglomerates and sandstanare interpreted as traction current

bedload deposits from a higénergy braided river system.
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Lithology

o.o| Mature calcic paleosol

. *| Pebbly to clean sandstone

-=.7] Matrix supported conglomerate
== 1 to pebbly sandstone

Clast to matrix supported
conglomerate

'-:_f,_;"_ Matrix supported breccia

- Carboniferous metasediments

Sedimentary structures

M Mottling
@ Mature calcic paleosol

——] Convex bedding

\\\ Planar to trough cross-beding

E Horizontal cross-bedding

SFCGC
VEMVC P

Figure 2.1: A detailed sedimentary compositg of the Late Triassic Wolfville Formation section at RainyeCdova

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 erodntra-Triassic UnconformitylTU) are major

unconformity suiaces with multmeter (7 m) erosion relighat can be traced locally for ~100.m
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Figure 2.2: Representativéaciesfrom the Wolfville Formatiomear Rainy Cove, NS. &Aaciesli matrix supported
intrabasinalclastic 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
fromthe HortonGroup 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@&main size chart for scale. Bjacies2 and 3i' clast to matrix
supported conglomerate. The imaf®ws a contact between lowsratrix supported and uppetlast supported
conglomerate. Clasts from the upper section are rounded and of mixed lithologies which show imbrication and vague
stratification. C)Facies31 matrix supported conglomerate. Roudd#asts in a coarsgrained, mildly crosstratified
sandstone matrix. @nd E) Facies3 and 4i Matrix supported conglomeratic deposits scouring into pebbly to clean
sandstone depositB) Facies5 i carbonatenodulerich paleosoloutlinedwith yellow ctted line) The bottom halbf

the image shows a carbonaieh, sandy zone capped by a 5 cm thick carbonate crust. Pebbly sandstone to matrix
supported conglomeratic material deposite 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 secti@iigure2.4). Facies codes for this section havehe

identified using& 2 RA T A SR @S U7X fagles @aSsifiatiolTdblie2X1 )

Facies: Matrix supported conglomerate

Description

Faciess comprisedeaturelesso vagudy laminated, 0.05 to 1 m thick beds containing
guartzitic to mafic, angular to subrounded, randomly oriented, 1 to 10 cm clasts hosted in a fine
to coarsegrained silty sandstond-{gure2.4 F). Clasts typically comprise D% of the beds, but

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

Interpretation

Matrix supported conglomeratfacies codé&smm) represent traction current baload
deposits (channel infill or bar deposits) related to a braided river system or debris flow deposits
from local faultingMiall, 1978 Ashley, 1990James and Dalrymple, 201®andom grading
within the units are characteristic of debris flow depositewever fluviallyderived bedforms
are present above and beneath the successions, suggesting some fluvial reworking during

deposition(Tanner and Brown, B®)

Facies/: Fine to coarse grained pebbly sandstone

Description

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

rounded to subrounded, granular to pebbly clasts iryallow-brown or greeniskgray, lower
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fine- to uppercoarsegrained sandstone with a single 10 cm clast preséigre2.4 DandE).

Occasional parallel laminations and jointing alomgathered surfaces arevident

Interpretation

Fne- to coarsegrained pebbly sandston@acies codéstand Sp represent bedload
deposits formed in deeper parts of a braided channel syqtdiall, 1978;James and Dalrymple,
2010. The crosstratified bedforms represent subaqueous dune formation in a relatively high
discharge current and, together with pebble lags and erosive basalasntepresent
deposition of sediment in multhannel streams with significant dischar@all, 1978;Miall,

1996

Facies3: Featureles$o fining upward siltysandstone

Description

Facies8 comprises datureless to veryaint trough crosstratified and parallel
laminated,0.3 to 3 m thicksandstone bedsHigure2.4 B, C, and p Well-rounded, granular to
pebble sized clastsccuring along bedding planesithin ayellowishred or grayvery fine to
very coarsegrained fining upward sandstonéacies 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 erosionalReduction haloand carbonate nodules areare and usually occur on pinch
out sections. Small faults, possibly sedimentary, are evident withisome of the beds. Rb

traces are present but rare

Interpretation

Featureless tdining-upward sandstongfacies codesmto S9 units represent bedload

and suspension deposits formed in shallow channels of braided channel syeatis1978;
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James and Dalrymple, 201Channel migration and abandonment resuliedhe finingupward
sequences. Vaguely preserved sedimentary structures suggest depositional processes such as
debris flows(Blair and McPherson, 199sowever 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 variabl&rength of discharge associated with the deposits

and nortmarine setting

Facie®: Blocky claysiltstone

Description

FacieQ is composed of locky to fissile0.5 to 9 m beds containing reddibhnown clay
siltstone(Figure2.4 A). Theunit containsvague bedding marked by jointingccasional zones of

grayishgreen mottling (reduction spots), small¢fin) nodules, and slickensides

Interpretation

The reddiskbrown, blocky, muddysiltstones (facies cod&lto Fsn) represent overbank
to abandoned channel floodplain deposits with indications for incipient soil forméhitail,
1978) Pedogenic slickensides and calcareous nodules indicate the onset of soil formation under

sub-humid to semiarid climatic conditiongTanner and Brown, 1999

Facies Associations

The alluvial fan facies association constitutes roughly 5 to 10 % of the sections and
comprises matrix supported conglomerate (fadsThe matrix supported conglomerate was
deposited as alluvial debris flows in topographic lows, driven bysegimentay faultingalong

the basin margirand climatic influences.
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The fluvial facies association constitutes between 90 to 95 % of the sections and
comprises matrix supported conglomerate (fadi@spebbly sandstone (faci&3, siltysandstone
(facies8), and tay-siltstone (facie®). The conglomerate and sandstone facies were deposited
as traction bedload deposits during high to low energy output in fluvial channels. The clay
siltstone facies (facie®) wasdeposited as fines in a fluvial overbank or abandocieannel

floodplain setting
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Figure 2.3: A detailed sedimentary log of the Late Triassic Chedabucto Formation section near McCayliNsiaad
Scotig (left) a lithology log showing bed intervéidickness, sediemtary structures, and faultingmiddle) a gamma

ray log showing the gama ray values of selected beftfght) a chart showing fieldecorded permeability values with
a brief description of the bed lithology
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Figure 2.4: Representative facies from the Chedabucto Formayjpe section near McCaul Island, NS.FRcies9 i
reddishbrown blocky muddy siltstone. The unit appears fissile to blocky and contains a thin layer of reductid) spots.
Facies9 and81 The lower and upper portions of the image are of the blocky, muddy siltstfamées 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 Bacies7 and81 The lower section of the photo shows a red, fine to cegnaieed

pelbly sandstone. Thiged is mildly laminated and contains small clasts (see bottom left cornegrapdpots of
reduction. Separated by a sharp contact,libd aboves a fining upward sandstone that is gray in colour (hammer for
scale). D) Zoom of imag@ highlighting thecoarsergrain size of the sandstone bedsFagies7 1 crossstratified

pebbly sandstone containing pebbles marking estrsga. Clasts are generally rounded and variable in nature (50 cm
long scale bar in image) Fjacies6 i The unerside 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 ggaised sandstone matrix. A sharp

contact with an underlying featureless silty sandstone marks the base wfith
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