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Alluvial Fan Deposits of the Carboniferous Grantmire Formation in Drill Hole PE
83-1, Sydney Basin, Nova Scotia

Melanie Oakes
Department of Earth Sciences, Dalhousie University, Halifax, Nova Scotia B3H 3J3,
Canada

The Early Carboniferous (Tournaisian) Grantmire Formation belongs to the Horton
Group and is ~800 m thick, based on exposures and drill core in the northern part of the Sydney
Basin onshore. The 503 m measured section of the Grantmire Formation in drillcore PE 83-1 is
dominantly pebble conglomerate with interbeds of siltstone and minor beds of sandstone. The
conglomerate (facies 1) is light to medium red, polymictic, poorly sorted, and clast supported
with subangular to subrounded clasts. Conglomerate beds reach 15 m thickness with a maximum
recorded clast size of 22 cm. They are divided into three subfacies: interbedded pebble
conglomerate/sandstone, pebble to cobble conglomerate, and small boulder conglomerate. The
other facies are sandstone (facies 2), siltstone with multiple sandy layers (facies 3), coarse
siltstone (facies 4), and fine siltstone (facies 3). Siltstones are medium reddish brown and in two
facies have calcareous nodules with green reduction patches and/or envelopes suggesting paleosol
or shallow groundwater origin. Macroscale patterns suggest coarsening upward sequences-on the
10-50 m scale and a rare 100 m scale are the result of fan progradation as indicated by thickening
upward trends and increasing clast size. Siltstone-rich intervals suggest distal fan or interfan
conditions. Mesoscale (<5m) coarsening upward sequences may represent small lobe or levee
progradation whereas large-scale fining upward sequences (5-10 m) are channel fills.

The Grantmire Formation has been interpreted as the clastic fill of fault-bounded basins
within the region of the Sydney Basin. Currently, the Grantmire Formation is the only mapped
unit of the Horton Group in the Sydney Basin. The presence of black shales in the Horton Group
is important for hydrocarbon potential regionally; they are not presently identified in the Sydney
Basin. The main clast types in the Grantmire Formation are chert, sedimentary lithoclasts,
quartzite, volcanic clasts, and granitic clasts. Chert is derived from an older sedimentary source
than the siltstone and sandstone clasts. Volcanic clasts are dominantly rhyolite with minor basalt
that could have primary or reworked origins. Acidic plutons are the origin of granitic clasts and
likely provide a significant proportion of sand-sized quartz, feldspar, and mica.

Grantmire paragenesis begins with deposition of sand- and gravel-sized clasts with iron-
rich clay. The clays were oxidized at the surface or in the shallow subsurface early in the
depositional history forming hematite grain rims. Calcite nodules with fine mosaic textures in
siltstone, are linked to shallow groundwaters. A locally pervasive poikilotopic calcite cement was
emplaced prior to significant burial. Calcite commonly partially replaces potassium feldspar
grains, possibly around the same time interval or subsequently. Dissolution of some grains, clays
and calcite cement post-dates consolidation and has generated secondary porosity.

Porosity of sandstones and conglomerates averages 9.6% and ranges from 4.2 to 15.7 %
and permeability averages 2.26 md and ranges from 0.06 to 7.72 md. Reservoir quality ranging
from poor to good is likely controlled by. variable amount of detrital clay, authigenic minerals,
carbonate cement, paleosol development, and irregular laminae of finer material.
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CHAPTER 1: INTRODUCTION

1.1 Geological Background

1.1.1 Introduction to the Grantmire Formation

The Early Carboniferous (Tournaisian) Grantmire Formation belongs to the
Horton Group and is ~800 m thick, based on exposures and drill core in the northern part
of the Sydney Basin onshore (Fig.1.1). Paleontological dating from recovered spore
assemblages from gray shale in the upper parts of the Grantmire Formation were
correlated with similar spore assemblages found in the Cheverie Formation of mainland
Nova Scotia (Utting et al., 1989).

The Grantmire Formation has been interpreted as alluvial fan to braided stream
depositional suites (Boehner & Giles, in review) of fault-bounded basins within the
region of the Sydney Basin where it is currently the only mapped unit in the Horton
Group. The coarse polymictic conglomerate is associated with upper fan proximal
deposition to the highlands and mid to lower fan deposition grading into finer distal
facies (Boehner & Giles, in review). The 503 m measured section of the Grantmire
Formation in the vertical drillcore PE 83-1 is dominantly pebble conglomerate with
interbeds of siltstone and minor beds of sandstone. The lithology and stratigraphy of the
Grantmire Formation from PE 83-1 is recorded in a detailed stratigraphic chart
(Appendix A).

The Sydney basin fill is divided into six basic lithologic packages (Fig. 1.2) and is
dominated by a heterogeneous sequence of continental siliciclastics consisting bf coarse
boulder-pebble conglomerates, sandstones, minor siltstones. A major section of coal-

bearing strata and finer grained facies including siltstones and sandstones are present near
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Figure 1.2 The stratigraphic column for the Sydney Basin is divided into six major
lithological units: (1) pre-Carboniferous basement and McAdam Lake
Formation, (2) Horton Group, (3) Windsor Group, (4) Mabou Group, (5)
Morien Group, (6) undivided Permo- Carboniferous redbeds of the Pictou
Group (modified from Boehner and Giles, in review)



the top (Boehner & Giles, in review).

The presence of black shales in the Atlantic Canadian Horton Group is important
for hydrocarbon potential regionally, although they are not presently identified in the
Sydney Basin. The current exploration in the Maritimes Basin for hydrocarbons by oil
companies (Hunt Oil and Mobil Oil are two major participants) initiated the main focus
for this thesis on the assessment of the hydrocarbon potential for the Grantmire
Formation, rather than base metal resources.

1.1.2 Structure of the Sydney Basin

The Sydney Basin is a large Carboniferous structural basin (Boehner & Giles, in
review) defined by a fault-truncated synclinorium consisting of a series of open folds
extending north easterly into wide synclinal offshore basins. Together with strata onshore
across Atlantic Canada and under the Gulf of St. Lawrence, these rocks constitute the
Maritimes Basin fill (Hamblin & Rust, 1989). The Maritimes Basin (Fig.1.3) is a non-
genetic term referring to a complex intermontane successor basin approximately 150,000
km’ in area, with a suite of intracontinental depocentres that received sediments during
the latest Devonian to the early Permian (Williams, 1973; Poole, 1967).

A prominent northeast-southwest structural trend in Namurian and older rocks is
characteristic of the Sydney Basin (Boehner & Giles, in review) and adjacent Glengarry
Half Graben (Hamblin & Rust, 1989) in addition to other Carboniferous basins in
Atlantic Canada. This trend reflects the regional Appalachian structural fabric and is
manifested by basement highland blocks, fault suites and major basin-bounding faults

(Hamblin & Rust, 1989).




Figure 1.3 Map of the Maritimes Basin of Atlantic Canada to show onshore
Carboniferous-Permian rocks (shaded). Sub basins are numbered: (1)
Windsor, (2) St. Mary’s, (3) Moncton, (4) Antigonish, (5) Cape Breton South,
(6) Cape St. Lawrence, (7) Bay St. George, (8) White Bay, (9) Cumberland,
(10) Sackwville, (11) Shubenacadie, (12) Musquodoboit, (13) Magdalen,
(14) Sydney, and (15) Deer Lake (from Martel & Gibling, 1996)




An east-west trend is observed in the late Westphalian strata in the eastern part of
the Sydney Basin, as shown by the Cape Percé Anticline, the Morien Syncline, and the
major basin-bounding fault — the Bateston Fault (Boehner & Giles, in review). Late stage
Alleghanian transpression resulted in linear folds, normal faults, thrust faults, strike slip
faults and numerous basement blocks bounded by high-angle faults that locally overprint
any record of Early Carboniferous tectonic events, as noted elsewhere in Cape Breton by
Hamblin & Rust (1989).

1.1.3 Geology of the Sydney Basin

The Sydney basin fill (Fig.1.4) is divided into three main tectono-stratigraphic
units (1-3) separated by three prominent bounding surfaces (A, B, and C). The shaded
area underlying the Sydney Basin fill is Hadrynian-Devonian basement rock consisting of
stratified metasedimentary and volcanic rocks with small intrusions of granitoid plutons
and porphyry (Boehner & Giles, in review). Contact A is a regional unconformity with
areas of complex faulting in the basement rock. The coarse grained, alluvial fan-
dominated sequence of redbeds of the Horton Group (Unit 1) is dated as Carboniferous,
from the middle Tournaisian to early Visean. Maximum known thickness of the Horton is
approximately 750-800 m in offshore areas and the strata are part of a locally extensive
alluvial fan complex (Boehner & Giles, in review).

A rapid marine incursion represented by Windsor Group carbonates resulted in
local onlap onto exposed basement highs not covered by alluvial fan deposits. The Visean
Windsor Group (unit 2, lower part) concordantly and conformably (contact B) overlies
the Grantmire Formation with a complex succession of interstratified evaporites

(gypsum, anhydrite, salt, and potash), fine to coarse-grained redbeds and fossiliferous




marine carbonates that reach a maximum thickness of 1000 m (Boehner and Giles, ir
review).

As the basin stability increased and the climate continued to be relatively arid
the Visean to early Namurian, the fluvial and lacustrine strata of the Mabou Group (u
2, upper part) were dominated by gray mudrocks, and red sandstones and mudrocks
(Boehner and Giles, in review). A basal unconformity (contact C) separates the coal
measures of the Morien Group and overlying Pictou Group redbeds (unit 3) from the

undertying Windsor/Mabou (unit 2) strata.

Figure 1.4 Generalized cross-section of the lower units of Sydney Basin fill with major contacts,
based on seismic profiles tied to wells offshore Sydney. Units: pre- Carboniferous
“basement (shaded), Horton Group (unit 1), Windsor and Mabou Groups (unit 2),
Morien and Pictou Group including the coal measures (unit 3). Confacts: (A) ang ar
unconformity, (B) marine transgression, conformable, (C) unconformity (Pascucci,
unpublished).



1.2 Previous work

The Grantmire Formation is currently assigned to the Horton Group in the Sydney
Basin as the only recognized unit (Boehner & Giles, in review), although other units
(Hamblin & Rust, 1989) possibly exist in subsurface extensions. Exposure of the
Grantmire Formation is generally poor, with modest outcrops (Boehner & Giles, in
review).

The term Grantmire Member was first introduced by Bell (1938) as the lowest
rock unit of thick successive red conglomerate deposits underlying marine limestone and
sandstone that comprise the basal section of the Windsor Group. Weeks (1954) formally
raised the conglomerate unit to the Grantmire Formation, comprising “all conglomerate
members that form the base of the group, regardless of whether they are Lower to Upper
Windsor in age”. Kelley (1967) discovered in the Baddeck and Whycocomagh map areas
that strata previously assigned to the Grantmire Formation (Bell, 1938; Weeks, 1954)
were erroneously allocated to the Windsor Group, and clarified that they were typical of
the Horton Group.

Boehner (1981, 1983, 1985) and Prime & Boehner (1983) showed that coarse-
grained conglomerate units of the Grantmire lithology commonly occur as tongues and
wedges in the Windsor Group, dominantly as local interbeds in the lowermost units of the
Windsor Group. Smith and Collins (1984) interpreted local conglomerate units
(Coxheath, Glen Morrison etc.) to be overthrusts of Horton Group. Currently, most
authors follow Giles (1983) restricted definition of the Grantmire Formation as “the
succession of brick red to maroon conglomerate, sandstone and shale extending from the

pre=Carboniferous unconformity to the base of the Macumber or Gays River Formation



of the Windsor Group”.

The Point Edward vertical drillcores (PE 83-1 and PE 84-1) were drilled by the
Nova Scotia Department of Natural Resources (NSDNR) from November 1983 to
February 1984 using core size HQ from 22.45-214.3 m, NQ from 214.3-464.9 m, and
464.9-761.3 m in PE 83-1, and core size HQ from 7.5-412.5 m and NQ from 412.5-448.5
m in PE 84-1. Boehner and Giles (in review) first logged both cores, focusing on the
Windsor Group and published this research in the NSDNR open file report 93-005. In the
summer and autumn of 1998, the author logged PE 83-1 in a detailed bed-by-bed
analysis, focusing on the Grantmire Formation. The Point Edward drillcores (PE 83-1 and
PE 84-1) are presently stored at the Drill Core Library in Stellarton, Pictou County, Nova
Scotia.
1.3 Objectives

The purpose of this thesis is to examine in detail the sedimentological and
stratigraphic features of the Grantmire Formation using drillcore PE 83-1 to provide the
first in-depth description of this conglomerate unit. Based on these observations and thin
section work involving major clast type descriptions, textures and diagenetic features, a
detailed facies model is presented describing the facies successtons, cyclicity, and
depositional environment. Porosity and permeability analysis on core sections provides
insight into the hydrocarbon reservoir potential of the Grantmire Formation.

The sedimentological evidence is used to interpret more fully the alluvial fan
depositional environment previously inferred by Boehner (1981), and Boehner and Giles
(in review). Unfortunately, the spatial variation of Horton Group strata is poorly

understood (Boehner and Giles, in review), so a basinal analysis based on drillcore PE
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83-1 and PE 84-1 is currently not possible. The lack of detail also hinders any further
interpretation on possible fan shape without reviewing drill core 84-1 (located < 4 km
northeast of PE 83-1; Fig.1.5) and other cores and outcrops in the same detailed bed-by-
bed analysis conducted on drillcore 83-1. The facies model is based on the data collected
during this project (core PE 83-1), previous work on core logs PE 83-1 and PE 84-1 by
Boehner, previous work on the Horton Group elsewhere, and evidence from authors
studying similar modern depositional environments and their ancient analogues
elsewhere.
1.4 Scope

This thesis will closely examiné the strata of the Grantmire Formation. Two
drillcores, PE 83-1 and PE 84-1 (Fig.1.5) are available for study of the Grantmire, but PE
83-1 was chosen because it contained a distinct portion of the unit measuring 502.59 m
out of a total 761.3 m without penetrating the underlying basement rock, and had a sharp
contact with the overlying Windsor Group. Boehner and Giles (in review) noted that the
boundary between the Windsor Group and Grantmire Formation of the Horton Group is
problematic because the typical basal carbonate — Macumber or Gays River Formation -
is generally not identifiable, thus making definition of the Grantmire Formation difficult.
Drillcore PE 83-1 was also selected in part to add a detailed bed-by-bed description of the
entire section to expand upon the initial drillcore description recorded by Boehner &
Giles (in review).

This thesis presenfé descriptive accounts of the sedimentology, stratigraphy, and
petrographic observations and will not present any paleontological analysis, geochemical

properties or mineral chemistry. The goal is to present the first detailed analysis of the
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Grantmire Formation and determine if it has suitable porosity and permeability to act as a
potential reservoir, especially in view of the black shales known in other parts of Atlantic
Canada and current economic interest in the reservoir potential of the formation offshore

Sydney.
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CHAPTER 2: SEDIMENTOLOGY AND FACIES INTERPRETATION
2.1 Introduction

The drillcore DDH PE 83-1 measured for the present study penetrated 761.3 m of
strata, with the lower 501.59 m belonging to the Grantmire Formation (Horton Group)
and the upper 259.71 m belonging to the Windsor Group. Boehner and Giles (in review)
suggested that conglomeratic units of the Grantmire Formation record early stages of a
continental basin with piedmont alluvial fans and fluvial deposition. Similar
conglomerates are present as marginal facies of the lower and locally parts of the upper
Windsor Group. The basin was rapidly inundated by the Windsor sea in the early Visean
(Boehner and Giles, in review). The author agrees with Boehner and Giles (in review) in
their placement of the Windsor/Horton boundary at ~260 m depth where finely
laminated, gray and locally dolomitized limestone and laminated shale first appear. The
Grantmire Formation in lower parts of the core had no interbedded dark shale or
limestone. This drastic shift in rock type correlates with the Windsor marine
transgression and corresponds lithologically with the Macumber Formation (Boehner and
Giles, in review).

A detailed stratigraphic column of drill core 83-1 was produced (Appendix D) to
represent the different facies proportions and to define cyclic mesoscale and macroscale
patterns. The Grantmire section of core consists primarily of red conglomerate with
interbedded red sandstone and medium reddish brown siltstone.

The core section can be divided into three lithofacies groups: (1) conglomerate,
(2) sandstone, and (3) siltstone (Table 2.1; Fig.2.1). The conglomerate lithofacies group

contains interbedded pebble conglomerate and sandstone (facies 1A), pebble to cobble
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Name

Description

Siltstone facies

Facies 5
Fine siltstone

Fine grained siltstone, medium reddish
brown, unstratified, + calcareous matrix, +
green reduction patches

Facies 4

Coarse siltstone

Fine-grained to coarse siltstone, medium
reddish brown, unstratified, & green
reduction envelopes/patches, + calcite
concretions, t+ calcareous matrix, +
laminations

Facies 3

Sandy siltstone

Fine-grained to sandy siltstone, medium
reddish brown, interstratified fine-grained
to medium sandstone, + green reduction
envelopes/horizons, + calcite concretions, +
calcareous matrix, * laminations

Facies 2 Interstratified fine/medium/coarse
Sandstone facies Medium to coarse sandstone, light/medium red, +
sandstone crossbedding, + laminations, + calcareous
matrix
Facies 1 Sub Clasts <0.5 cm, light/medium red, poorly
facies A | sorted, polymictic, subangular/subrounded
Inter- clasts, + green reduction envelopes/
bedded horizons, * calcareous matrix, + localized
sandstone . .
& pebble white calcite cement
congl.
Conglomerate facies Sub Clasts 0.5 cm - <2 cm, light/medium red,
facies B poorly sorted, polymictic,
Pebble to | subangular/subrounded clasts, + calcareous
i‘:}l:;lle matrix,  localized white calcite cement
Sub Clasts > 2 cm, light/medium red, poorly
facies C | sorted, polymictic, subangular/subrounded
Small clasts, * calcareous matrix, + localized
boulder white calcite cement
congl.

Table 2.1 Lithofacies table identifying general characteristics that define the facies and sub-facies

conglomerate (facies 1B), and small boulder conglomerate (facies 1C). The sandstone

lithofacies group (facies 2) is the least abundant lithology present, and is generally

laminated. The siltstone lithofacies group contains interlaminated siltstone and sandstone

with calcareous concretions (facies 3), fine-grained to coarse siltstone with calcareous







Table 2 .2: Conglomerate lithofacies

Facies Type Range of | Predominant Bed Style Sedimentary Hydrodynamic
Bed Clast Size Structures Interpretation
Thickness
Interbedded 0.15mto <0.5cm Numerous clast-supported Minor lamination, High energy flow regime
pebble 8.72m conglomerate units with imbrication Critical current velocity
sandy to silty interbeds, required: ~20-170 cm/sec
conglomerate interbedded pebble to cobble
/sandstone conglomerate common,
localized white calcite
cement, commonly part of
fining upward sequence
(FUS) or coarsening upward
sequence (CUS)
Pebble to 0.12mto 0.5cm -2.0cm Dominantly clast supported Imbrication High energy flow regime
cobble 335m pebble to cobble . Critical current velocity
conglomerate, localized white required; ~50-350 cm/sec,
conglomerate calcite cement, commonly localized debris flows
part of fining upward (strength of flow depends on
sequence (FUS) or coarsening viscosity and thickness of
upward sequence (CUS), flow)
localized matrix supported
conglomerate with silty
matrix
Small 0.10 mto >2.0cm Clast or matrix supported High energy flow regime,
boulder 1.64 m small boulder conglomerate, Critical current velocity
commonly part of fining required: ~130-1000 cm/sec
conglomerate
upward sequence (FUS) or
coarsening upward sequence
(CUS)

ot
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Figure 2.2 The Hjulstrém diagram, as modified by Sundborg, showing the critical current
velocity required to move quartz grains on a plane bed at a water depth of 1 m
(Boggs, 1995). Used as a guide to approximate critical velocity of currents required in
the hydrodynamic interpretation for the different lithologies represented in the
Grantmire Formation.

The conglomerate lithofacies is represented by thin (0.12 m) to thick (14.75 m) beds that

are light to medium red depending on the abundance of calcite, quartz and matrix. The

greater abundance of quartz and/or calcite lightens core colour, whereas a higher content

of reddish brown matrix results in a medium red core colour.

The three subfacies reflect the average clast size, and the clast sizes were selected
for convenience to reflect the general range of sizes encountered (Figure 2.3). Generally,
conglomerate clasts in facies 1A are less than 0.5 cm in apparent diameter, as seen in core
(Fig 2.4). Conglomerate clasts in facies 1B range from 0.5 cm to 2 cm (Fig. 2.5).
Conglomerate clasts in facies 1C are greater than 2 cm (Fig. 2.6). These size ranges

represent the predominant clast size, but clasts up to cobble and small boulder size are

also present (in subfacies 1B and 1C respectively).
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In some cases, discrete beds contained mainly one clast size grade. Where the
conglomerates are poorly sorted and the clast size is too diverse to categorize, measured
units were assigned clast-grade percents. For example in Figure 2.7, bedsets of
interbedded sandstone, pebble conglomerate, and pebble to cobble conglomerate could be
assigned proportions of 15% sandstone, 45% interbedded sandstone and pebble
conglomerate (facies 1A), and 40% pebble to cobble conglomerate (facies 1B). The
matrix comprises less than thirty percent of any conglomerate bed and is silty to sandy.
Localized patches of white calcite cement exist within matrix-dominated areas, but the
matrix is predominantly medium reddish brown calcareous siltstone.

Fine conglomerate beds (facies 1A) vary from 0.15 m to 8.72 m in thickness.
Medium conglomerate beds (facies 1B) vary from 0.12 m to 3.35 m in thickness. Coarse
conglomerate beds (facies 1C) vary from 0.10 m to 1.64 m in thickness. The
conglomerate units appear massive and have few sedimentological features. Rare
conglomerate/ siltstone contacts show imbrication (Appendix D). The restricted surface
area of core makes observations of larger scale features such as bedding, cross-bedding,
and slumps difficult. Bed surfaces were divided as boundaries between two different
lithofacies and generally show similar orientation to the drill core axis as the local dip (0
to 16 degrees) in the Point Edward area (Fig. 1.6). Maximum apparent clast size is
limited to the size of the core barrel used. In numerous cases, a single boulder formed up
to 20 cm of core, yielding oﬁly a minimum size estimate. The importance of noting the
maximum clast size is to infer the minimum energy required to transport a bedload of
sediment with boulder-sized clasts. The average current critical velocity required to

transport clasts greater than 20 cm is 400-1000 cm/sec (4/10 m/sec).
















2.4 Siltstone Lithofacies (facies 3-5)

The three siltstone lithofacies share many common characteristics (Table 2.2),
they are all reddish brown with localized calcareous patches. They are mainly
distinguished by differences in grain size, the presence or absence of reduced horizons
and calcareous concretions, and the type of stratification.

The sandy siltstone (facies 3; Fig.2.9) is a coarse reddish brown siltstone with
interstratified sandstone beds and localized calcareous patches. Bed thickness ranges

from 0.09 m to 3.34 m. Facies four is a coarse reddish brown unstratified siltstone that
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lacks sand-sized material; bed thickness range from 0.07 m to 2.40 m. The sandy siltstone

(facies 3) has moderately developed laminae and stratification whereas the coarse

siltstone (facies 4) has poorly developed laminae and is weakly stratified. Both siltstones

may have green reduction patches and/or calcareous concretions with green reduction
envelopes and localized calcareous matrix. Calcareous concretions and reduction
envelopes are better developed in the coarse siltstone facies (facies 4; Fig.2.10).
Calcareous nodules/concretions with or without green reduction envelopes were
developed in situ, rather than being transported clasts, as indicated by the lack of other
coarse material in the siltstone facies. Minor sections in both siltstone subfacies have
floating clasts up to 0.5 cm in diameter.

The fifth facies is a medium reddish brown fine-grained siltstone with bed
thickness ranging from 0.10 m to 1.25 m. Occurrences are massive with localized
calcareous patches and may have minor reduction patches (Fig.2.11). The fine siltstone

appears to be relatively unmodified by later pedogenic or groundwater cementation,

whereas the sandy siltstone (facies 3) and coarse siltstone (facies 4) have (facies 5) been

somewhat modified.




Table 2.3: Siltstone Lithofacies

Facies Type Range of | Grain Size Bed Style Sedimentary Hydrodynamic
Bed Structures Interpretation
Thickness
Sandy 0.09 mto Coarse silt to Localized calcareous rich Minor lamination, Low energy flow regime,
siltstone 334m medium sand | matrix, interbedded siltstone cross lamination, flows dissipating, critical
and sandstone units, green reduction current velocity required:
discontinuous bands of patches and ~20-50 cm/sec
conglomerate A/B, minor envelopes, calcareous
floating clasts concretions
Coarse 0.07 mto Fine to Localized calcareous matrix, Minor lamination, Low energy flow regime,
siltstone 240m medium silt interbedded fine to coarse cross lamination, flows dissipating, critical
siltstone, minor green reduction current velocity required:
discontinuous bands of patches and ~20 cm/sec
conglomerate A/B, minor envelopes, calcareous
floating clasts concretions
Fine siltstone 0.10 mto Fine silt Localized calcareous matrix Unstratified, green Low energy flow regime,
1.25m reduction patches flows dissipating, critical

current velocity required:
~20 cm/sec

144
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Sandstone facies (2) resembles Miall’s (1996) Sh: horizontally bedded fine to
coarse sand with horizontal laminations. Rare pebbles emplaced by sand traction currents
may correlate with minor sandy matrix-supported conglomerate beds within the
Grantmire (Fig.2.11). The sedimentary structures are interpreted as plane beds of the
upper flow regime (Miall,1992) at the transition from subcritical to supercritical flow,
and the sandstones may be deposited during single dynamic events, such as flash floods
where flow conditions remain critical for a period of time (Miall, 1996). The inability to
distinguish between low-dipping laminations and low-angle cross-bedding in core makes
Miall’s (1996) S! lithofacies another possibility. It represents similar hydrodynamic
settings where current conditions are unidirectional and transitional to upper flow regime.
The interpretation for low angle cross beds are commonly scour fills, washed-out dunes
and antidunes (Miall, 1992). High-angle crossbeds identified in sandstones (facies 2) may
be attributed to local dunes (facies St of Miall, 1996).

The three siltstone lithofacies — sandy siltstone, coarse siltstone, and fine siltstone
fall under Miall’s (1996) F1 lithofacies of laminated sand, silt, and mud with scattered
pedogenic nodules. The interlamination of three siltstone facies is common in overbank
areas, and represents deposition from suspension and from weak traction currents (Miall,
1996). Siltstone facies, dominantly 3 and 4, have green reduction patches and reduction
envelopes in addition to calcareous concretions. These features suggest paleosol
development or shallow groundwater effects. Reduction probably took place mostly in
the sub-surface, and calcareous nodules or concretions might have developed around

roots, although no root traces were observed in the concretions.
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CHAPTER 3: FACIES SUCCESSIONS AND CYCLES

3.1 Introduction

The Grantmire Formation has been interpreted as the coarse clastic sediments of
alluvial fans and braided streams deposited in a fault bounded extensional basin (Boehner
& Giles, in review). The pebble to small boulder, polymictic conglomerates are
lithologically similar to the coeval Ainslie facies of the Horton Group elsewhere in Cape
Breton (Hamblin, 1989b) and suggests similar depositional conditions near fault margins,
extending a short distance towards basin centers. Compilation of data from drillcore PE
83-1 is summarized in Appendix D as a detailed stratigraphic column. Mesoscale and
macroscale patterns are identified in the Grantmire section of drillcore PE 83-1, and
indicate fan and lobe progradation, channel and/or flooding events.
3.2 Facies Successions and Cycles

3.2.1 Mesoscale Patterns
3.2.1.1 Fining Upward Sequences

The Grantmire Formation has stacked fining upward sequences (FUS) that are
divided into two categories: (1) <2 m thick and (2) 5-10 m thick. Category 1 FUS are <2
m thick, moderately to poorly developed cycles (Fig. 3.1). Rarely are FUS sequences
well developed with a conglomerate base that gradually progrades into finer material
(facies 2 sandstone and facies 3-5 siltstone). Abrupt contacts between facies are more
common. The small-scale fining upward cycles are interpreted as the fills of small
channels or as flood events within channels or on overbank areas.

Category 2 FUS are 5-10 m thick with moderately to well developed cycles

(Fig.3.2). All three subfacies of conglomerate are normally represented, but the
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sequences may completely lack the sandstone facies before proceeding into the siltstone
facies (3-5). Contacts are commonly abrupt between conglomerate, sandstone and
siltstone facies, but are normally gradational between conglomerate subfacies. Where
sandstone (facies 2) is present, it commonly grades upward into sandy siltstone (facies 3);
contacts between the siltstone facies (3-5) are gradational. These thick cycles can contain
small-scale fining upward sequences, as part of an overall upward progression. Larger
scale FUS are interpreted as the fills of large channels because they show, on aggregate,
progressively finer sediment laid down as flows wane and flow competence decreases.
These larger channels are suggested to be proximal because they contain the largest
clasts, including the largest recorded clast size (21.5 cm).

Facies 3-5 (siltstone) generally follow each other vertically with the coarse
siltstone at the base and grades into sandy siltstone and fine siltstone. The stratification in
the coarse siltstone (facies 4) indicates that bed sediment transportation was occurring,
whereas the lack of stratification and finer material in facies 5 suggests gentle settling of
particulate matter, or the breakdown of stratification due to bioturbation.
3.2.1.2 Coarsening Upward Sequences

Coarsening upward (CUS) mesoscale sequences can be divided into main two
categories: (1) 10-50 m, and (2) <5m,; rarely a third poorly defined mesoscale sequence of
200 m occurs, representing a siltstone-rich member. Facies contacts in category 1 are
abrupt and commonly have interstratified coarse and fine material, but the overall
sequence 1s evident from thickening upward beds and/or increasing clast size (Fig. 3.3).
The depositional setting is interpreted as fan progradation, as coarser material progrades

over finer grained sediments due to lobe advance through channels and sheet floods,
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Figure 3.2 An example from Appendix D, demonstrating multiple fining upward
Sequences 5-10 m thick. Grain size increases from left to right. Maximum
clast size shown or each bed. Larger fining upward cycles are shown to the far
right. Scale in meters. '
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Figure 3.3 An example from Appendix D demonstrating multiple 5-10 m coarsening upward
sequences. Grain size increases from left to right. Maximum clast size shown for each
bed. 5-10 m coarsening upward cycles are shown to the right. Scale in meters.

forming coarsening upward sequences. Proximal deposits commonly contain large
coarsening upward sequences tens to hundreds of meters thick, recording increasing
source-area relief and depositional slope during active tectonism (Miall, 1992).

Category 2 mesoscale CUS are generally <5m (Fig.3.4), and commonly do not
contain all facies (from conglomerate to siltstone). Basal contacts are sharp and
coarsening up beds are moderately to well developed. CUS beds normally grade from a
sandy siltstone to sandstone or interbedded pebble conglomerate and sandstone.
Progression from finer material into slightly coarser material on a scale of a few meters is
common in small lobes and levees that are undergoing progradation (Miall, 1992,

Reading, 1986).
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3.3 Cyclicity of Facies Successions

3.3.1 Macroscale Patterns

Figure 3.5 is a schematic representation of the detailed stratigraphic column in
Appendix D to identify macroscale patterns in drill core PE 83-1. The macroscale
patterns are interpreted in terms of fan morphology, for which justification is provided
later in this chapter. From 760-592 m, large-scale (category 1) coarsening upward cycles
are clear and commonly have interspersed smaller scale fining upward and coarsening
upward sequences. The conglomerate/siltstone ratio is 6:1 verifying that facies 1
(conglomerate) is dominant. The abundance of conglomerate and modest abundance of
finer fractions is indicative of a medial to distal fan.

An abrupt contact separates these beds from the overlying siltstone-rich interval,
from 592-488 m. In contrast to the previous interval, this clear ~100 m unit is
approximately 50% siltstone and 50% conglomerate (Fig.3.6). The greater representation
of siltstone facies is evident and, carbonate nodule (calcareous concretion) beds and
reduction zones occur. The lesser abundance of conglomerates, the decreased clast size
and greater abundance of silty material suggests a lower fluid competence. A depositional
interpretation of interfan to distal fan is suggested where these finer sediments are
predominant.

The siltstone interval grades into a poorly defined coarsening upward sequence
from 488-288 m. This 200 m interval has large fining upward (category 2) bodies and
rare siltstone facies (~5%). The larger fining upward sequences are interpreted as the fills
of large mesoscale channels on a proximal fan where the lack of finer material indicates

that sand and silt are readily transported in the high-energy regime leaving the coarser
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Figure 3.5 Schematic representation of macroscale patterns from Appendix D.
Conglomerates are dominantly clast-supported. Scale in meters.

conglomerate facies.

An abrupt contact separates the third and fourth interval, from 288-260 m. This
~30 m interval is similar to the siltstone-rich interval, with comparable conglomerate/
siltstone proportions and nodules indicating an interfan to distal fan environment. At 260
m an abrupt contact occurs between the red Grantmire conglomerates (Horton Group)

and the overlying dark gray limestone and shale of the Windsor Group.
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3.4 Facies Model (Depositional Environment)

The Grantmire Formation has been interpreted as the coarse clastic fill of
extensional fault bounded basins (Boehner & Giles, in review; Hamblin, 1989). Such
coarse successions are commonly attributed to alluvial fans. An alluvial fan is part of a
distributary fluvial system, and much of the Grantmire Formation could have formed
where rivers emerged from confined, mountain valleys onto the Sydney Basin floor and
deposited sediments in channels and sheetfloods (Miall, 1992). Most alluvial fans are
dominated by water laid deposits, predominantly horizontally stratified gravel facies (Gh)
in the proximal reaches (Miall, 1984, 1996).

An alluvial fan environment for the Grantmire Formation is supported by the
presence of fault-bounded basins (Gibling ez al., 1999), where flow from adjacent
uplands is confined until the apex or intersection point where sediments are rapidly
deposited due to swift lowering of shear stress and the sudden drop in velocity, capacity,
and competency (Bull, 1972; Blair, 1987). The great thickness (>500 m) of the Grantmire
Formation conglomerates indicates that sediments were not simple axial river deposits,
but implies a fan system where great wedge thickness is common (Blair and McPherson,
1994). A river delta system is unlikely because the typical sediment mode transports
smaller sediments because of low fluid competency and moderate capacity.

Full justification for an alluvial fan system requires a regional analysis of the
Grantmire Formation by mapping facies trends, grain-size trends, and conducting a
paleoflow analysis. Not all required information can possibly be derived from one core
for a regional analysis. Hamblin (1989a) confirmed alluvial fans in the Ainslie and Cabot

Sub-basins through regional mapping and paleoflow analysis thus providing fan models
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Figure 3.6 An example from Appendix D of a siltstone-rich member in the Grantmire
Formation representing an interfan to distal fan environment
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for other Horton areas in Cape Breton sharing similar lithology, sedimentary features, and
structural history.

The morphology of an alluvial fan (Fig.3.7) would promote supercritical water
flow conditions to entrain pebble- to boulder-sized clasts which would be deposited
rapidly basinward as slope decreases, flow competency decreases, flow depth decreases
and flow width increases (Blair and McPherson, 1994). The angularity and immaturity of
gravel clasts argue for a nearby source, consistent with an alluvial fan environment
(Fig.3.8). The competence of the flow is indicated by the grain size of sediment that was
transported. The largest measured recorded boulder clast diameter of 22 cm suggests that
proximal energy flow would have to be a minimum of 400 cm/sec (Fig.2.2).

Mesoscale patterns with coarsening upward sequences on the 10-50 m scale are
interpreted as the result of fan progradation, as indicated by thickening upward trends and
generally increasing clast size. Smaller scale (<5m) coarsening upward sequences are
probably due to small lobe or levee progradation. The rapidity and magnitude of flow
attenuation on all fans and resultant drop in competency and capacity is a fundamental
difference distinguishing a fan system from a river system (Blair and McPherson, 1994;
Fig.3.9).

The Grantmire Formation is a coarse clast-supported conglomerate or
fanglomerate that is part of an ancient basin margin where stream flow deposition
resulted from channels that may have been braided. Large-scale coarsening upward
sequences commonly reflect prograding fans as sheets or lobes. Minor occurrences of
pebble to cobble sized clasts in a siltstone matrix could have been the product of a debris

flow; or-a high-energy flow that had greater competence than initially indicated by the
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Figure 3.7 A schematic alluvial fan model representing the progression from coarse to
finer sediments with distance from the source (McGowen & Groat, 1971).
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Figure 3.8 A qualitative diagram representing the relationship between textural maturity,
sedimentary environment, and sedimentary volume. Note that alluvial fans are
high volume, immature sediments (Ehlers and Blatt, 1982).
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Figure 3.9 Comparison of typical morphological, hydraulic, and sedimentological
properties of alluvial fans, rivers and river deltas in sedimentary basins (Blair
and McPherson, 1994). The properties in the Grantmire Formation generally
support an alluvial fan system.
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siltstone matrix. The availability of gravel-sized clasts may have been restricted locally.
However, debris-flow deposits do not appear to have been dominant in the succession.
Decreasing flow capacity and competency results from fan morphology where slope
decreases, channels are wider and shallower and unable to confine sediment loads,
contributing to an increase in sheetflooding and deposition of finer material downfan
(Bull, 1972; Blair and McPherson, 1994). The distal fan has the gentlest slope, and silt
accumulation is common where flow attenuation is too low to transport coarser material.

The red colour potentially identifies the climate conditions under which
sediments were deposited. Walker (1967) suggested that the red pigment in alluvial fans
forms in situ where oxygen-rich moisture alters iron-bearing minerals within the
sediments (predominantly hornblende and biotite) to hematite, thus staining the fan
sediments throughout. Walker further states that clay minerals and calcium carbonate are
other products of such a chemical attack. Hand samples and thin sections (Chapter 4) in
the Grantmire Formation show variable amounts of calcite cement and clay minerals,
which could be in part by-products of altering iron-rich silicates. Redbeds are commonly
associated with evaporites, and the generally accepted association indicates that
sediments were deposited in a semi-arid to arid environment (Walker, 1967). The
development of calcareous concretions in reddish brown siltstone is another indication of
a semi-arid to arid climate experiencing seasonal precipitation (Boehner & Giles, in

review).
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CHAPTER 4: PETROGRAPHY AND TECHNICAL PROPERTIES

4.1 Methods

The objective of this chapter is to evaluate the mineralogy and texture of the
sediments on a microscopic scale and conduct a limited study on the reservoir quality of
the Grantmire Formation in DDH PE 83-1. The current hydrocarbon exploration by Hunt
Oil in the region of the Sydney Basin initiated the author’s contact with Doug Hostad
(Hunt Oil, senior exploration geologist). An agreement was reached, and Hunt Oil funded
a porosity and permeability analysis and thin section description on several samples from
the Grantmire Section and would provide the author with an unpublished report. The
author was permitted to use the data from the report and incorporate the information into
her thesis.

Steve Nagy from CoreLab Calgary completed the Hunt Oil report (unpublished
report, 1998) on the reservoir quality of Grantmire Formation rocks at Point Edward,
Cape Breton divided thin sections 1-8 by gravel size, matrix size and authigenic minerals
to calculate clast percentages. The methodology for clast percentage calculations was not
outlined in the report. The Hunt Oil report (1998) was supplemented with an additional
analysis by the author on the same pre-described thin sections, in addition to eleven more
thin sections. The same clast type and size categorization was used to estimate mineral
abundances by qualitative observation and recorded in chart 4.2.

A porosity and permeability analysis was conducted by CoreLab (Calgary) on
eight core samples from the Grantmire Formation portion of PE 83-1 using methods
listed in Appendix B, and results recorded in Appendix C. Seven of these samples were

conglomerates and the eighth was sandstone. Sampling was not reflective of the full
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succession because only the lower 100 m (Appendix D shows location on stratigraphic
column) of the core was chosen for testing. Samples were selected based on facies type
and visible porosity (evident only in lower 100m, and not evident). More conglomerate
samples were chosen (7 in total) because facies 1 predominates in the Grantmire drill
core 83-1. The conglomerate samples were selected according to differences in clast size,
matrix material, presence of calcite cement, and pore space. One well sorted sandstone
sample without laminae or pervasive calcite cement was chosen because sandstones are
generally ideal reservoirs if they have a caprock (North, 1985).

Thin sections 1-8 were prepared at CoreLab, and thin sections 9-19 were prepared
at Dalhousie University. Thin sections 1-8 were prepared by first impregnating the
samples with blue epoxy to identify porosity. One half of each sample was stained with
Alizarin Red and potassium ferricyanide to distinguish calcite (pink) from dolomite (non-
stained) and ferroan (iron-bearing) carbonates (blue), and the other half was stained with
sodium cobaltinitrite to identify alkali feldspar (yellow). None of the thin sections
prepared at Dalhousie were stained.

4.2 Petrography
4.2.1 Conglomerate Lithofacies

Thin sections 8-12, 14, 18, and 19 are immature, very poorly sorted
conglomerates consisting of mineralogically diverse granules to pebbles that are clast-
supported and polymictic with minor silty to sandy matrices (Fig 4.1, 4.2). These samples
represent the conglomerate facies (facies 1) and belong to the interbedded pebble

conglomerate and sandstone subfacies.
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Figure 4.1 Clastic textural classification for PE 83-1 thin sections 1-8 (based on Folk,

1968; diagram from Hunt Oil, 1998).
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Framework mineralogy of the gravel portion (>2 mm) is predominantly chert (5-
31%)), followed by sedimentary and metasedimentary lithoclasts (0-23%) that consists of
sandstone, siltstone and quartzite (0-15%). Rhyolite (0-12%) and other volcanic (basalt)
(0-2%) Iithoclasts are present in most thin sections. The presence of relatively unstable
pebbles such as sandstone and volcanic clasts suggests that these clasts represent a first-
generation deposit. The unstable sutured quartz grains in quartzite from thin sections 2 &
7 and presence of chalcedony indicates metamorphism in the source area.

The mineralogy of the muddy to sandy matrix includes primarily monocrystalline
quartz (9-30%), chert (7-25%), polycrystalline quartz (4-15%), and lesser sedimentary (0-
8%), plutonic (trace-10%), and volcanic (trace-6%) lithoclasts. Accessory alkali feldspar
(trace-4%) and trace plagioclase feldspar, mica, and heavy minerals are present. Detrital

Authigenic minerals are predominantly calcite (0-25%) and hematite (trace-6%).
Matrix clay (trace-9%) is unevenly distributed and likely consists of illite and kaolinite
(Hunt Oil, 1998). with trace overgrowths of quartz and kaolinite occur on hematite
rimmed clasts (Hunt Oil, 1998). The abundance of hematite varies slightly with the
matrix type. A muddier matrix generally has slightly higher proportions of hematite than
a sandy matrix. Calcite abundance varies considerably and calcite is present as both a
cement (particularly TS 5 & 19, Fig.4.3) and as a grain-replacing mineral. In thin sections
13 and 17, calcite has twin lamellae. Hematite cement rims grains, but also occurs as a
pervasive filling within grains. Trace authigenic euhedral quartz occurs in large open
pore spaces and on hematite rims surrounding framework grains.

Alteration of primarily alkali feldspar occurs through dissolution or partial to full

replacement by calcite. Hematite inclusions within chert and sedimentary and volcanic
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filling intergranular and intragranular pores and is likely an alteration product of iron-rich
clays because of the reddened colour.

Alteration from dissolution affects chert and alkali feldspar, resulting in partial to
complete replacement of these grains by calcite. Hematite inclusions within chert are
common. Varying degrees of alteration of biotite to chlorite are present in the sandstone
lithofacies.

4.3 Porosity and Permeability

Recorded porosity from the samples was assessed using Table 4.1 to predict
reservoir quality. Conglomerate samples that yielded fair to good reservoir quality (Table
4.2) were sandy conglomerates (litharenites) that had visible pore space in hand sample.
Samples with negligible to poor reservoir quality (Table 4.2) had a combination of one or
more of the following factors: pervasive calcite cement, hematite cement occluding pore
space, greater abundances of detrital clay, and irregular laminae of finer material.
Porosity is divided into effective porosity and total porosity. Effective porosity is a
measure of the void space that is sufficiently interconnected to yield potential oil and gas
recovery whereas total core pore space includes all types of pore space (effective and
non-effective) (North, 1985). The total core space is always greater than the effective
porosity (Table 4.2) but in some cases, there is little difference between the two (i.e. all
pores are well connected). The porosity difference can be influenced by the nature of
porosity, depending if porosity is primary or secondary. The shape of pores are strongly
dependent upon the shapes of the grains (North, 1985), therefore the poorly sorted
subangular grains and variable clast sizes can reduce the porosity. Primary porosity is the

original porosity the rock possesses at the end of its depositional phase, on first burial.
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Secondary porosity is additional pore void space due to post-depositional or diagenetic
processes (North, 1985).

Intergranular porosity (Fig.4.6) is present in many thin sections as the main pore
type, and a close agreement occurs between the thin section (effective) porosity and core
(total) porosity. Secondary porosity (Fig.4.7) occurs after dissolution of calcite, feldspars,
and chert but is largely non-effective because of pervasive hematite rims that remain
around pores after the grain has been dissolved. Minor microporosity (Fig.4.8) occurs in
most samples with detrital clay and minor to trace kaolinite clay.

Sample MO-98-095 (TS 9, Fig.4.9) shows dissolution of alkali feldspar and
calcite. The only remnants of these original minerals are small relict fragments that have
not yet been leached. Hematite rims preserve the original grain shape; their uncollapsed
shapes indicate late stage dissolution and lack of recent diagenesis. The abundance of
non-effective secondary porosity and microporosity in detrital clay lowers the total
effective porosity in many samples. Intergranular pore spaces may be original primary
porosity or from dissolved minerals resulting in secondary porosity.

Permeability in the Grantmire Formation varies considerably depending on the
amount of pervasive calcite cement, hematite cement occluding pore space, greater
abundances of detrital clay, and irregular laminae of finer material. The calculated
permeability is assessed in Table 4.3 to predict reservoir quality. The results are listed in

Table 4.4 and the permeability assessment ranges from poor to fair.
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Table 4.3 Generalized reservoir quality based upon permeability (North, 1985)

Qualitative description K — value (mD)
poor to fair <1.0-15
moderate 15-50
good 50-250
very good 250-1000
excellent >1000

Table 4.4 Permeability and reservoir analysis for the Grantmire Formation

TS 1 TS 2 TS3 TS 4 TS S TS 6 TS 7 TS 8

Permeability | (.04 0.07 0.19 7.42 0.06 6.24 2.82 1.25

(md)
Reservoir Poor to Poor to Poor to Poor to Poor to Poor to Poor to Poor to
Quality fair fair fair fair fair fair fair fair

4.4 Overall Reservoir Quality

The average porosity is 9.6% and ranges from 4.2 to 15.7 % therefore reservoir
quality is poor to good.. The average permeability is 2.26 md and ranges from 0.06 — 7.72
md, and therefore the reservoir quality is poor to fair. The average permeability reveals a
slightly lower prediction for reservoir quality than permeability, and emphasizes the need
to base reservoir quality on more data to determine better averages and define
anomalously high or low averages. Reservoir quality is controlled by variable amounts of
detrital clay, authigenic minerals, irregular laminae (TS 4,7,8,11,13, & 17) of finer
material, carbonate cement (TS 2, 5, 19), and paleosol development (TS 9, 11, 16, 17).
Calcite cement is the greatest factor in poor reservoir quality, with detrital clay and
hematite further reducing porosity and permeability. Extensive hematite cement and
detrital clay in sandstone and siltstone isolate pore spaces, contributing to poor
permeability. Laminae of finer material can also reduce reservoir quality to fair. The best
reservoir quality occurs within samples that have well preserved intergranular porosity

and limited detrital clay (TS 4 & 6) — generally sandy conglomerates. Porosity and




57

permeability information from Table 4.2 and 4.4 are combined in Table 4.5 to predict
reservoir quality, and are graphically represented in Figure 4.10, which shows reasonable
linear correlation of porosity and permeability.

Table 4.5: Reservoir Quality

TS Rock Type Thin Section Core Kair (md) Reservoir
Porosity (%) Porosity Quality
(%)
1 Muddy sandstone 7 9.9 0.04 Poor
2 Sandy conglomerate 2 4.1 0.07 Poor
3 Muddy sandy 3 6.3 0.19 Poor
conglomerate

4 Sandy conglomerate 13 15.7 7.42 Poor - Good
5 Sandy conglomerate 2 55 0.06 Poor
6 Sandy conglomerate 10 12 6.24 Poor - Good
7 Sandy conglomerate 11 12.1 2.82 Poor - Fair
8 Sandy conglomerate 9 11.3 1.25 Poor - Fair




Porosity (%)

oo G1 1
Perreability (nd)

Figure 4.10 Eight samples from drill core PE 83-1 showing a general linear correlation
of porosity and permeability
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4.5 Discussion

4.5.1 Source Rocks

Clast type abundance is listed in Appendix B and reveals a general trend in clast
proportion. The following are main the gravel types listed in order of decreasing
abundance: (1) chert, (2) siltstone/sandstone, (3) quartzite, (4) volcanic clasts, and (5)
rare granitic clasts. Chert occurs as pale, silicified turbid grains, and as dark, altered
(possibly effected by hydrothermal processes) oxide-rich volcanic clasts, and is dominant
in most thin sections. Generally, an equally abundant gravel-sized clast is polycrystalline
quartz (original quartzite rock). The variation in the degree of alteration is not linked with
the diagenetic history, but with the metamorphism of original rock. The volcanic rocks
present are dominantly rhyolite with quenching and/or devitrification textures, also
present are minor amounts of trachyte and basalt. Thin section 3 has an euhedral olivine
phenocryst, and its mineralogy and fine-grained texture are consistent with unaltered
basalt. The only well preserved granitic clast with quartz, muscovite and minor feldspar
is in thin section 9. Alkali feldspar (dominantly orthoclase and microcline), multiple
twinned plagioclase, chlorite (primary and as an alteration product), biotite, muscovite
and pseudomorphed amphiboles are minor gravel-sized monomineralic constituents.

A detailed petrological study was beyond the scope of this thesis, but it was
important to identify major clast types, approximate proportions, and degree of sorting to
suggest proximity and type of depositional environments and to assess reservoir quality.
An in-depth study may be useful in identifying source rock origins for the Grantmire
Formation by correlating the mineralogy to similar rock types located in the local region.

Without a better analysis and comparison with local rocks with similar mineralogies, only
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generalized source rock origins can be proposed. Chert is likely derived from an older
sedimentary source than the siltstone and sandstone clasts because the latter easily break
down during extended transportation. Quartzite represents the metamorphic effects on
sedimentary rocks. Volcanic clasts are dominantly rhyolite that could have young or
reworked origins. Rhyolite clasts commonly have fresh quenching or micrographic
textures, devitrification, and plagioclase phenocrysts in less altered samples. Acidic
plutons are the origin of phaneritic granitic clasts and likely provide a significant
proportion of sand-sized quartz, feldspar, and mica clasts.

4.5.2 Paragenesis of the Grantmire Formation

Textural relationships within the thin sections reveal paragenesis linked to relative
time rather than depth of burial. Grain suturing, mosaic textures and strain fabrics within
clasts randomly vary within the PE 83-1 core suggesting that metamorphism and
deformation occurred in the source area(s) before clasts were encompassed in the
Grantmire Formation.

A simplified assessment of Grantmire paragenesis (Fig.4.11, Fig.4.12) begins
with the deposition of sand- and gravel-sized clasts with iron-rich clay. The iron-rich
clays were oxidized at the surface or in the shallow subsurface early in the depositional
history. Clay proportions vary, but low or negligible amounts of clay are correlated with
the absence of hematite rims. Carbonate nodules with fine calcite mosaic textures in
siltstone facies 3 and 4, are another indication of near-surface conditions of groundwater
infiltration. Surficial or near surface carbonate-rich waters introduced locally pervasive
poikilotopic calcite cement with coarse mosaic textures prior to significant burial. In

calcite-cemented areas, clasts appear to barely touch in a two-dimensional thin section,
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indicating that cementation took place prior to significant compaction. Commonly around
the same time interval, calcite partially replaces potassium feldspar grains.

Partial dissolution of the clay matrix and calcite cement created intergranular
(secondary) porosity and promoted local grain collapse. Partially leached chert and
volcanic clasts are present, with minor dissolution of alkali feldspars. The presence of
uncollapsed hematite rims where grains have dissolved suggests the material was
consolidated at the time of dissolution and experienced little later diagenesis.
Development of intergranular porosity allowed silica-rich fluids to form euhedral
authigenic quartz in open pore spaces. Minor kaolinite clay was also deposited in pore
spaces. Mica pressure shadows in matrix (sand-sized) material suggests minor

deformation during diagenesis and bent mica is attributed to minor compaction.
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Compaction

Calcite replacement of alkali
feldspars

Dissolution of clay matrix, chert,
volcanics, and possibly calcite cement

Local grain collapsc

Hematite rims remain indicating
consolidated materials

Authigenic, euhedral quartz in open pore

space

Figure 4.11 Simplified paragenesis model for the Grantmire Formation




Figure 4.12 Mineral associations in thin section supporting the paragenesis model (H
0il,1998). Clasts are hematite rimmed, with euhedral quartz in open pore
space. Calcite developed sequentially, and in the lower left of the slide,
quartz is enveloped in calcite.

it
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CHAPTER S: RESOURCE POTENTIAL

5.1 Introduction

Horton sedimentary rocks represent the basal nonmarine coarse clastic fill
deposited in fault-bounded extensional basins in western and northern Cape Breton,
following the Acadian Orogeny (Hamblin, 1989b). The alluvial fan deposits were later
overlain by Windsor Group clastics, evaporites and carbonates. Base metal occurrences
with minor amounts of copper, lead and zinc are widely scattered along the Windsor-
Horton contact (Kirkham, 1978). The presence of major thrust repetition of parts of the
Horton Group and offset of the basin margin potentially creates suitable structural traps
that might have allowed petroleum migration into suitable clastic reservoir rocks along
the basin margin.
5.2 Oil and Natural Gas Potential

5.2.1 Regional Background

Deposition of the Horton Group in northern and western Cape Breton (adjacent to
the study area) occurred in two fault-bounded extensional sub-basins (the Ainslie and
Cabot Sub-basins) that have been interpreted as adjacent half-grabens in a regional linear
tectonic system (Hamblin, 1989b). Within these basins, the Horton Group is divided into
three main stratigraphic megafacies: (1) the lower Craignish, (2) middle Strathlorne, and
(3) upper Ainslie (Murray, 1960). The Craignish Formation can be 2000 m thick and
consists of red or gray alluvial fan conglomerate and sandstone and red mudflat-playa
siltstone (Hamblin, 1989b) and unconformably overlies metamorphosed Acadian
basement. The Strathlorne megafacies has assemblages of gray or green basin-center

open lacustrine mudstone, with red and gray fine sandstone, deposited along a prograding
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shoreline and fault margin adjacent to sandstone and conglomerate (Hamblin, 1989b).
The Strathlorne Formation is up to 300 m thick, conformably overlies the Craignish
Formation, and thins towards the margins of the basin (Utting & Hamblin, 1991). Red
and gray fault margin pebble conglomerate, red fluvial sandstone, and basin center fluvial
sandstone and siltstone comprise the upper Ainslie megafacies (Hamblin, 1989b), and is
compositionally similar to the Grantmire Formation. The Ainslie Formation gradationally
overlies and intertongues with the Strathlorne Formation and reaches a maximum
thickness of 700 m.

Differences exist between basin margin and basin center lithofacies; to date, no
three-dimensional lithofacies analysis has been conducted on the Grantmire Formation to
reveal if conglomerates pass basinward into finer facies, and basin margins and centers
are unknown. Extensive lithological studies on Horton sedimentary rocks in the Ainslie
and Cabot sub-basins (Hamblin, 1989a/b, and Hamblin and Rust, 1989), and seismic
work (V. Pascucci, unpublished data) can be used as temporary models to assist in
understanding the Grantmire Formation depositional history.

No Strathlorne or Craignish megafacies equivalents have been identified in the
onshore part of the Sydney Basin. Assuming the Ainslie and Grantmire are coeval
lithofacies equivalents, the base of the PE 83-1 core might be within ~300 m of the
Ainslie/Strathlorne boundary, if Strathlorne-type rocks are present, based upon maximum
thickness presently recorded for the Grantmire Formation (Boehner & Giles, unpublished
report). Using the Ainslie lithofacies as a model for position within the basin, the
Grantmire is dominantly a proximal alluvial fan facies along the basin margin (Fig.5.1).

The predominant red Grantmire conglomerates correlate with Hamblin’s (1992) Ainslie
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Figure 5.1 Depositional environment and facies distribution inferred for the Grantmire
Formation based on a model for the Ainslie facies which is lithologically
comparable (Hamblin, 1989b)
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Table 5.1 Depositional systems and facies assemblages of the Horton Group on Cape
Breton Island as defined by Hamblin (1989b). Used to approximate the
Grantmire Formation position in the onshore Sydney Basin.
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facies of red/gray pebbly coarse sandstone to conglomerate (assemblage 1, Fig.5.1). The
Grantmire siltstone fraction generally correlates with facies assemblage 2, approaching
the basin center. Little to no basin center facies, as represented by assemblage 3, is
represented in the drill hole of PE 83-1.
The macroscale patterns determined for the stratigraphic column of PE 83-1 suggests that
two or three fans are potentially represented because medial/distal fan patterns appear
twice and are separated by probable interfan sediments. A third fan is potentially
represented at the top of the Grantmire, but is terminated by the inundation of the
Windsor Group seas.

5.2.2 Hydrocarbon Potential of Fault-Bounded Basins

North (1985) recognized the hydrocarbon potential of fault-bounded basins
because they are characterized by abundant potential source rocks(organic-rich shales),
potential reservoir rocks, have short migration paths between source and reservoir rocks,
and have a widespread sealing sequence. Hamblin (1989b) suggested that the
juxtaposition of dark fine grained facies and red coarser grained facies, confined in a
localized structural basin and overlain by a regionally continuous carbonate/evaporite
unit, the Windsor Group, are all favorable characteristics for the resource potential of the
Horton Group.

The identification and interpretation of two sub-basins as half grabens is
important in determining areas with suitable petroleum reservoir or mineral host facies,
facies pinchouts, potential source rock facies and potentially advantageous structural

features (Hamblin, 1989b). In fault-bounded basins, abrupt vertical and lateral facies
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changes create many reservoirs (Robbins, 1983), secondary porosity is common
(Ethridge & Wescott, 1984), and such basins have relatively high geothermal gradients
because they represent an external environment of the formation and multiple structural
trap possibilities (North, 1985).

5.2.3 Source Rock Potential

The presence of fault zones and/or major thrust repetition of parts of the Horton
Group and offset of the basin margin would potentially create an environment that would
allow petroleum rich sources to migrate into suitable clastic reservoir rocks along the
basin margin. Periods of peak subsidence generate source rock facies in the axial zone
near the main controlling fault where clastic input is limited to a narrow belt adjacent to
the margin (Hamblin, 1989b). Following these events are periods of tectonic quiescence
when there is rapid accumulation of reservoir facies near the margins (Quanmao &
Dickinson, 1986).

Organic rich lacustrine shales of the Strathlorne megafacies are potential source
rocks for petroleum generation if they occur in the area. Palynological samples of spores
collected from the Strathlorne Formation (Fig. 5.2) reveal a Thermal Alteration Index
(T.A.I) of 2 to 3-, which falls within the oil window (Hamblin, 1989a). Higher, more
mature T.A.T values of 3 to 4- lie within the gas window, and are located close to
basement blocks at sub-basin margins (Hamblin, 1989a). Samples from the Horton Group
Ainslie sub-basin have vitrinite reflectance (Ro) values ranging from %R 0.5-2.11. These
values range from within the oil window to overmature (Table 5.2).

Although no source rocks have been proven onshore in Sydney, using a locally

similar tectono-stratigraphic model outlined by Hamblin and Rust (1989), the Grantmire
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has coeval Ainslie-type facies that are possibly underlain by Strathlorne-type organic rich
lacustrine shales. Source rocks and oil showings in other areas of the Horton Group

(Fig.5.3) (Utting and Hamblin, 1991; Hamblin, 1989a; Hacquebard and Donaldson, 1970;
Martel and Gibling, 1996) indicate that Horton sediments commonly contained precursor
kerogens, which potentially could have developed into hydrocarbons on thermal maturity

(Tissot and Welte, 1984).




Figure 5.2 Thermal Alteration Indices and isopleth lines of equal thermal alteration for
Cape Breton, Nova Scotia (Utting and Hamblin, 1991)
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Table 5.2 Predicting petroleum generation and destruction by comparing thermal
alteration indices and vitrinite reflectance values (Utting et al., 1989; and
column 4 modified from Dow, 1977 and Teichmiiller, 1986)




Figure 5.3 Simplified geological map of western Cape Breton Island, showing the
distribution of pre-Carboniferous basement, Horton, Windsor and post-
Windsor Groups, with oil shows from Horton Group rocks (from Fowler e#
al., 1993).
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5.2.4 Reservoir Rock Potential

Fault-bounded basins have thick clastic sedimentary sequences near their margins
and in their upper parts (Quanmao & Dickinson). The Grantmire is a potential reservoir
rock because it may be located near the margins one of the many smaller Horton basins
(Gibling et al., 1999) within the larger Sydney Basin. Although no source rocks have
been identified within the formation, the fault-bounded basin environment was ideal to
form organic rich shales and generate hydrocarbons. The reservoir rocks may overlie or
be interbedded with source rocks and are commonly overlain by a regional seal of
carbonates and evaporites in the Windsor Group (Hamblin, 1989a). Seeps and oil
produced from Horton Group equivalents, and the presence of dark organic shales in
Cape Breton (Hein et al.,1993; Fowler et al., 1993) and the presence of oil shows in the
Lake Ainslie area, indicate that suitable reservoir rocks are available in the Horton
Group.

Sandstone reservoirs with uniform high porosity and permeability are usually
ideal because they have excellent continuity and predictability (Candido & Wardlaw,
1985). The sandstone facies comprise less than 7% of the Grantmire Formation in DDH
PE 83-1, and has localized calcite cement which has reduced permeability. The dominant
conglomerate facies (facies 1) has negligible to good porosity and permeability, but may
be potentially more suitable towards basin centers where sediments are likely to be better
sorted. Porosity and permeability fluctuates according to pervasive calcite cement,
hematite rims and cement, irregular laminae of finer grained material, and the dissolution

of alkali feldspars and calcite, creating secondary porosity. No siltstone facies (facies 3-5)
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were analyzed for porosity and permeability, the finer laminae of material, higher percent
of hematite cement and detrital clay likely make these unfavorable reservoir rocks.

5.2.5 Trap Possibilities

Fault-related and fold-related structural traps are likely found in the Horton Group
and concentrated near the footwall scarp margin of half-graben segments (Hamblin,
1989a). Stratigraphic traps may also occur throughout the fault-bounded half grabens,
and are closely related to the structural evolution of the sub-basins. Fault-related (Fig.5.4)
and fold-related (Fig.5.5) structural traps may differ in relation to strata type. Fold-related
structural traps (Fig.5.5) encompass rollovers on the hanging wall of listric normal faults
and anticlinal drape over rotated basement blocks primarily in the Strathlorne and Ainslie
megafacies (Hamblin, 1989a). Rollovers on thrust-reactivated listric faults near sub-basin
centers are also common in the Ainslie megafacies (Hamblin, 1989a).

The greatest potential for hydrocarbon accumulations is in the pinch outs of the
extensive sandy shoreline tracts, and another known trap occurs in the fluvial channels in
high sinuosity fluvial facies. If the Grantmire is equivalent to Hamblin’s (1989a,b; 1992)
Ainslie megafacies, the Starthlorne megafacies should be underneath, and would be a
potential source rock for hydrocarbon generation. The entire Ainslie depositional system
(alluvial fan/braidplain to high sinuosity fluvial) overlies the Strathlorne and could form a
stratigraphic trap that represents the final filling phase of the Horton sub-basins
(Hamblin, 1989a,b). The final potential stratigraphic trap type occurs as an unconformity

trap near sub-basin margin faults (Hamblin, 1989a).
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Figure 5.4 Fault-related structural traps that may be present in the Horton Group rocks

on Cape Breton Island (Hamblin, 1989a)
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Figure 5.5 Fold-related structural traps that may be present in the Horton Group Rocks

on Cape Breton Island (Hamblin, 1989a)
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CHAPTER 6: CONCLUSIONS

The Grantmire Formation belongs to the Horton Group and is up to 800 m thick,
based on exposures and drill core in the northern part of the Sydney Basin onshore.
About 500 m of the Grantmire Formation is represented in DDH PE 83-1. Palynological
evidence collected from gray shales in the upper part of the Grantmire Formation was
correlated with similar spore assemblages found in the Cheverie Formation and reveals
an Early Carboniferous (Tournaisian) age.

The Grantmire Formation is represented by three lithofacies groups: dominantly
(1) conglomerate (72%), (2) sandstone (5%), and (3) siltstone (23%). The conglomerate
lithofacies group is divided into three subfacies according to the dominant clast size.
Facies 1 is an interbedded sandstone and pebble conglomerate with average clasts of <0.5
cm. Facies 2 is a pebble to cobble conglomerate with average clasts of 0.5 cm to 2 cm.
Facies 3 is a small boulder conglomerate with clasts >2 cm. The sandstone lithofacies
group (facies 2) is the least abundant lithology present, and is generally laminated. The
siltstone lithofacies group contains interlaminated siltstone and sandstone with calcareous
concretions (facies 3), fine-grained to coarse siltstone with calcareous concretions (facies
4), and fine-grained siltstone (facies 5).

An alluvial fan environment is supported by the known presence of fault-bounded
basins confining flow until the apex or intersection point where sediments are rapidly
deposited due to swift lowering of shear stress and the sudden drop in velocity, capacity,
and competency (Bull, 1972; Blair 1985). The thickness (>500 m) of the Grantmire
indicates sediments were not simply river deposits, but implies a fan system where great

wedge thickness is common (Blair and McPherson, 1994). The angularity and
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immaturity of pebble to cobble sized clasts also argue for an alluvial fan environment for
deposition.

Mesoscale patterns suggest coarsening upward sequences on the 10-50 m scale
and a rare 100 m scale are the result of fan progradation as indicated by thickening
upward trends and increasing clast size. Smaller scale (<5m) coarsening upward
sequences may represent small lobe or levee progradation. Large-scale fining upward
sequences (5-10 m) were formed where channels deposited finer material as flow
capacity and competency decreased and flows began to wane. The Grantmire Formation
of pebble to small boulder, clast-supported, polymictic conglomerates (fanglomerates)
suggests deposition proximal to the Cape Breton Highlands (upper fan) that grades into
finer siltstone facies (mid to lower fan), corresponding to changing flow competence and
capacity as slopes decline on the alluvial fan. Proximal, distal and possible interfan
successions are inferred from facies changes on tens to hundreds of meters scale.

The main gravel type clasts in the Grantmire Formation are listed in order of
decreasing abundance: (1) chert, (2) siltstone/sandstone, (3) quartzite, (4) volcanics
(rhyolite is commonly devitrified and has a quenched texture and is in greater abundance
than basalt), (5) rare granitic clasts, in addition to minor alkali feldspar (orthoclase and
microcline), plagioclase, chlorite (primary and as an alteration product), biotite, and
muscovite. Chert is likely derived from an older sedimentary source than the siltstone and
sandstone clasts that easily break down during extended transportation. Quartzite
represents the metamorphic source area. Volcanic clasts are dominantly rhyolite that
could have first generation or reworked origins. Rhyolite clasts commonly have fresh

quenching or micrographic textures, devitrification, and plagioclase phenocrysts in less
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altered samples. Acidic plutons are the origin of granitic clasts and likely provide a
significant proportion of sand-sized quartz, feldspar, and mica.

Grantmire paragenesis begins with deposition of sand- and gravel-sized clasts
with iron-rich clay. The clays were oxidized at the surface or in the shallow subsurface
early in the depositional history forming hematite grain rims. Calcite nodules with fine
mosaic textures in siltstone, are linked to shallow groundwaters. A locally pervasive
poikilotopic calcite cement was emplaced prior to significant burial. Calcite commonly
partially replaces potassium feldspar grains, possibly around the same time interval or
subsequently. Dissolution of some grains, clays and calcite cement post-dates
consolidation and has generated secondary porosity.

The hydrocarbon potential of fault-bounded basins is characterized by abundant
potential source rocks, and reservoir rocks, with short migration paths between source
and reservoir rocks, and a widespread sealing sequence. The juxtaposition of dark
lacustrine sediments and red coarser alluvial/fluvial sediments, confined in a localized
structural basin and overlain by a regionally continuous Windsor Group with carbonates
and evaporites, are all potentially favorable characteristics for the resource potential of
the Horton Group.

Porosity and permeability tests from eight samples from PE 83-1 reveal poor to
good reservoir quality. The average porosity is 9.6% and ranges from 4.2 to 15.7 %
whereas the average permeability is 2.26 md and ranges from 0.06 — 7.72 md. Porosity is
dominantly intergranular (secondary) and is largely ineffective because of variable
amounts of detrital clay, authigenic minerals, carbonate cement, paleosol development,

and-trregular laminae of finer material..
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Although no source rocks have been proven in the onshore area of Sydney,
evidence of oil seeps in other parts of the Horton Group in the Maritimes Basin suggests
potential hydrocarbon generation. Palynological samples of spores collected from
onshore areas elsewhere in Cape Breton reveal Thermal Alteration Index (T.A.J) of 2 to
3-, which falls within the oil window (Hamblin, 1989a). Higher, more mature T.A.I
values of 3 to 4- lie within the gas window, and are located close to basement blocks at
sub-basin margins (Hamblin, 1989a). Vitrinite reflectance values range from 0.5-2.11%,
which varies between the oil window, to overmature for oil generation but within the gas
window (Hamblin, 1989a).

Sufficient trapping mechanisms are possible or have been identified in the Horton
Group regionally to trap hydrocarbons. Fault-related and fold-related structural traps are
concentrated near the footwall scarp margin of half-graben segments (Hamblin, 1989a).
Stratigraphic traps may also occur throughout the fault-bounded half grabens, and are

closely related to the structural evolution of the sub-basins.
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FUTURE WORK

In the future to provide a better interpretation of the Grantmire Formation, it is
important to log the second Point Edward drill core PE 84-1 to begin forming a basinal
analysis. To improve facies descriptions, outcrop and a geophysical line should be
studied in detail to describe sedimentary depositional features such as imbrication, dip
angles, bedding, stratification, et cetera, which were obscured in core. More detail on the
petrography is important to record in attempt to locate the source region(s) of the alluvial
fans, and link them to older rocks in Cape Breton. It would also be interesting to extend
the PE 83-1 core another few hundred meters to see if any Strathlorne-like rock types
exist below. If the Grantmire has a similar depositional model as the Cabot and Ainslie

Sub-basins, the potential for hydrocarbon generation greatly increases.
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APPENDIX A

Lithological Chart for DDH PE 83-1




Interval - Thickness (m) Lithology Basal Contact Colour Max. Degree Support Sedimentary Structures Other
(nir) {(matrix) Clast of Clast Natris
Size Sorting
(em)
NOT CORED, overburden
228 - 221 Limestone Sharp, erosional Light grey, light bedding 85°CA
4.49 brown
4.49 - 6.1 1.61 Sandstone Sharp, erosional Medium reddish Irregular laminations, Calcareous
brown to dark grey bedding 85°CA
6.1-6.38 0.28 Limestone Sharp Light grey to white Clay matrix at top, mottled,
irregular styolitic/massive
limestone
638-73 0.92 Fine siltstone, coarse siltstone, Sharp Light/medium Generally coarsens upward,
sandstone reddish brown, mottled limestone at base,
grey scattered irregular calcareous
concretions, green silty
reduction patches at top
73752 0.22 Limestone Sharp Light grey brown Dense, hard, crystalline,
arenaceous
7.52— 1.7 Coarse siltstone, sandstone Sharp Medium reddish Moder- Scattered itregular calcareous
9.22 brown ate concretions, green reduction
patches
9.22 - 1.86 FUS, conglomerate A fines Sharp Light/medium red 7.8 Moder- v Irregular laminations, Basal conglomerate
11.08 into sandy siltstone ate bedding 85°CA
11.08 ~ 1.02 Sandy siltstone Sharp Medium reddish Well Bedding 85°CA Minor calcareous concretions
12.1 brown with green envelope
12.1 -~ 0.38 Limestone, minor Sharp Light grey, light Well Pale red mottle and silty Large, blobular calcareous
12.48 interstratified fine siltstone reddish brown stringers concretions, green reduction
envelopes
12.48 — 4.5 Fine siltstone, interstratified Gradational Medium reddish Well Calcareous concretions, green
16.98 coarse siltstone brown reduction envelopes
16.98 — 3.93 Fine siltstone Gradational Medium reddish Well Large, blobular, calcareous
2091 brown concretions, green reduction
envelopes
20.91 - 3.15 Limestone (blobular), fine Gradational Light grey, Well Lower bed increasingly
24.06 siltstone medium reddish abundant in calcareous
brown concretions until solid, blobular
limestone beds form
Top red siltstone bed prominent
with calcareous concretions
24.06 — 6.13 Interstratified fine siltstone, Gradational Medium reddish Well Dark grey, sheared shale Calcareous concretions
30.19 coarse siltstone B brown bed @ 25.58m, bed 50cm
30.19 - 1.66 Sandstone, minor Sharp, erosional Medium reddish 5.0 Moder- / Minor calcareous concretions
31.85 interstratified conglomerate A brown ate with green reduction envelopes
31.85- 4.21 FUS, conglomerate A fines Gradational Medium reddish 0.5 Moder- V4 Calcareous concretions with
36.06 into fine siltstone brown ate reduction envelopes, dark green
reduction patches
36.06 — 0.7 FUS, conglomerate B fines Sharp Light/medium Moder- v Minor green reduction patches,
36.76 into conglomerate A reddish brown ate white calcite cement
36.76 1.25 Fine siltstone Gradational Medium reddish Well Calcareous concretions with
38.01 brown reduction envelopes, green

reduction patches




Interval 2 Thickness (m) Lithology Basal Contact Coalour Max. Degree Suppoit. Sedimentary Structures Other

(m) (matrix) Clast of

Spiting Clast Matrix

FUS, conglomerate A fines Sharp Light/medium red . v Laminations Conglomerate A @ base of
41.13 into coarse siltstone ate each cycle, minor green
reduction patches, white calcite
cement
41.13 - 11.17 Multiple FUS, conglomerate Sharp, erosional Medium/dark L5 Moder- v Black laminations Calcareous concretions with
52.3 B @ base, fines into fine reddish brown ate and w/o reduction envelopes,
siltstone green reduction patches
523 - 4.87 FUS, conglomerate B, Sharp Light/medium 8.1 Poor V4 Local patches of white calcite
57.17 sandstone, interstratified fine reddish brown cement, green reduction
siltstone patches @ conglomerate A/
sandstone interface
57.17 - 3.01 Multiple FUS, sandstone fines Sharp Medium reddish 0.8 Moder- V4 Green reduction patches,
60.18 into fine siltstone, brown ate calcareous concretions with
interstratified coarse siltstone green reduction envelopes
60.18 — 5.28 Sandstone, interstratified Sharp Light red 14 Very v Laminations, cross 15% clast conglomerate C size
65.46 conglomerate A/B Poor bedding, interstratified in conglomerate A/ sandy
coarse siltstone with matrix, local patches of white
sandstone calcite cement in conglomerate
matrix
65.46 — 1.2 FUS, sandstone, fines into fine Sharp Medium reddish 4.0 Moder- / Nodular limestone in green
66.66 siltstone brown ate reduction envelopes
66.66 — 6.06 Multiple FUS, conglomerate Sharp, erosional Medium reddish 18 Very v Cycles 30-100 cm thick
72.72 C fines into sandstone brown Poor
7272 — 1.04 Fine siltstone, interstratified Sharp, erosional Medium reddish 37 Poor ‘/ Minor calcite cement in matrix
73.76 conglomerate A brown
73.76 — 1.7 Fine siltstone, interstratified Gradational Dark reddish 5.6 Poor V4 Dark green reduction patches,
75.46 conglomerate A/B brown nodular limestone
75.46 — 3.88 Conglomerate A Sharp Dark reddish 32 Poor V4 20% conglomerate B sized
79.34 brown clasts
79.34 — 1.51 Fine siltstone, interstratified Sharp, erosional Dark reddish 7.0 Poor v Laminations Dark green reduction patches,
80.85 conglomerate A, brown nodular limestone
conglomerate B
80.85 — 0.94 Conglomerate A Sharp Medium red 2.9 Poor V4
81.79
81.79 — 1.64 FUS, sandstone, fines into fine Sharp Medium reddish 1.9 Moder- / Dark green reduction patches,
83.43 siltstone brown ate nodular limestone
83.43 — 4.09 Multiple FUS, conglomerate Sharp, erosional Medium reddish 3.0 Poor V4 Interstratified coarse Cycles 30-60 cm, sharp basal
87.52 B fines into coarse siltstone brown siltstone with coarse contacts between sequences
sandstone/conglomerate A
87.52 — 12.28 Fine siltstone, interstratified Sharp Medium reddish 3.7 Poor / <20% clasts, minor interbeds
99.8 sandstone, conglomerate A brown
99.8 — 55.45 Multiple FUS, conglomerate Sharp Light/'medium red 10 Poor v Coarse siltstone Cycles 30-100 cm thick, green
155.25 C fines into sandstone interstratified with reduction patches, nodular
sandstone limestone with green envelopes
155.25 - 18.52 Multiple FUS, conglomerate Sharp Light/medium red 6.7 Poor V4 Coarse siltstone Green reduction patches,
173.77 B fines into sandstone interstratified with nodular limestone with green
sandstone envelopes
173.77 - 1.01 Sandstone, interstratified Sharp Light/medium red Moder- v Cross laminations
174.78 coarse siltstone B ate




Interval Thickness (m) Lithology Basal Contact Clolour Max. Degree Sedimentary Stroctureés Other
() (natrix) Clast of
Size Sorting Clast Matrix
{cm)

Suppert

Multiple FUS, interstratified Sharp Medium reddish Cycles 30-100 cm thick, green
193.18 conglomerate A, brown reduction patches, calcareous
conglomerate B, fines into concretions with green
sandstone envelopes
193.18 — 0.3 Limestone, interstratified Gradational White/ green Moder- v Limestone nodules, green
193.48 coarse siltstone ate siltstone
193.48 — 0.67 Sandstone Sharp Medium reddish 12 Poor V4
194.15 brown
194.15 - 0.25 Coarse siltstone, interstratified Sharp Medium reddish 0.1 Poor Green reduction envelopes,
194.4 sandstone brown calcareous concretions
194.4 - 2.77 Conglomerate A, Gradational Medium reddish 3.9 Poor V4 Laminations, average dip Localised white calcite cement
197.17 interstratified coarse siltstone brown 24°CA
197.17- 0.16 Fine siltstone, interstratified Gradational Medium reddish 0.1 Poor ‘/ Green reduction envelopes,
197.33 coarse siltstone brown calcareous concretions
197.33 - 0.36 FUS, conglomerate A, coarse Sharp Medium reddish 3.7 Poor /
197.69 siltstone brown
197.69 - 0.94 Mutltiple FUS, conglomerate Sharp Medium reddish 43 Poor V4 Parallel laminations FUS cycles €20 cm
198.63 B fines into coarse siltstone brown
198.63 - 0.58 FUS, conglomerate A fines Sharp Medium reddish 2.1 Poor V4
199.21 into sandstone brown
199.21 - 0.98 FUS, conglomerate B fines Sharp Light/medium 2.5 Poor V4 Laminated sandstone White calcite cement
200.19 into sandstone reddish brown
200.19 - 0.23 Interstratified conglomerate Sharp Medium reddish 0.5 Poor V4 Interbedded shale <0.5¢m Green reduction envelopes,
200.42 A, fine siltstone brown calcareous concretions
200.42 - 0.8 FUS, conglomerate A fines Medium reddish 12 Moder- V4 Laminations
201.22 into sandstone brown ate
201.22 - 0.18 Interstratified sandstone, Grey, medium 0.1 Moder- v Grey sandstone/siltstone grades
201.4 coarse siltstone, fine siltstone reddish brown ate into red siltstone, calcareous
concretions
201.4- L5 FUS, conglomerate C fines Sharp Medium reddish 4.0 Poor v
202.9 coarse siltstone brown
2029 - 0.86 FUS, conglomerate B fines Sharp Medium reddish 5.1 Poor v
203.76 into coarse siltstone brown
203.76 - 0.65 FUS, conglomerate B fines Sharp Medium reddish 32 Poor v
204.41 into siltstone brown
204.41 - 0.6 FUS, conglomerate A fines Sharp Medium reddish 0.8 Poor v Poorly developed sequence,
205.16 into fine siltstone brown calcareous concretions
205.16 - 0.75 FUS, conglomerate B fines Sharp erosional Medium reddish 2.8 Poor v
205.91 into conglomerate A brown
20591 - 0.67 FUS, conglomerate C fines Sharp erosional Medium reddish 4.2 Very V4
206.58 into coarse siltstone brown poor
206.58 — 1.11 FUS, conglomerate A fines Sharp erosional Medium reddish 0.3 Poor V4 Cycles 20-30 cm each
207.69 into sandstone brown
207.69 - 0.35 FUS, conglomerate C fines Sharp erosional Medium reddish 2.8 Poor V4 Interlaminated fine
208.04 into sandstone brown sandstone and coarse
siltstone
208.04 - 0.23 FUS, conglomerate B fines Sharp Medium reddish 11 Poor v Fines into medium grained
208.27 into sandstone brown, light sandstone, white calcite rich
reddish brown cement




“ Sapport

“Iaterval -~ CThickness (in) Lithology Basal Contact Colour Max: Degree. Sedimentary Structures Other
(m) tas of
Size . Serting - Clast . Matrix
(G11]

Fine siltstone Sharp Medium reddish Calcareous concretions
209.24 brown
209.24 - 0.43 CUS, coarse siltstone coarsens Sharp Medium reddish 3.0 Poor v
209.67 into conglomerate A brown, white
209.67 - 0.89 Conglomerate A, Gradational Light reddish 1.9 Poor v Well developed White calcite cement in
210.56 interstratified sandstone, brown laminations conglomerate matrix, scattered
coarse siltstone green reduction envelopes,
calcareous concretions
210.56 - 1.99 Conglomerate A, Gradational Light reddish 2.0 Poor V4 White calcite cement in
212.55 interstratified sandy siltstone brown conglomerate matrix, scattered
green reduction envelopes,
calcareous concretions
212.55- 492 Multiple FUS, conglomerate Sharp Medium reddish 1.0 Poor V4 FUS sequences ~1.5 m,
217.47 A fines into coarse siltstone brown scattered green reduction
envelopes, calcareous
concretions
217.47 - 1.09 Sandy siltstone Sharp Medium reddish 2.0 Moder- V4 One 5cm bed of Green reduction patches
218.56 brown ate conglomerate B
218.56 - 1.14 Conglomerate B, Sharp Medium reddish 42 Very v Calcareous concretions
219.7 interstratified coarse siltstone brown Poor
219.7 - 0.77 Fine siltstone, interstratified Sharp Medium reddish 0.3 Poor One 8cm horizon of Calcareous concretions
220.47 sandy siltstone brown conglomerate A
220.47 - 1.89 Conglomerate B Sharp Light reddish 3.2 Poor V4 White calcite cement in matrix
22236 brown
22236 - 0.4 Conglomerate A Sharp Light reddish 0.2 Poor V4 White calcite cement in matrix
222.76 brown
222.76 - 3.64 Multiple FUS, conglomerate Sharp Medium reddish 1.0 Poor V4 Scattered green reduction
226.4 A fines into coarse siltstone brown envelopes, calcareous
concretions
226.4 - 0.7 Coarse siltstone, interstratified Sharp Medium reddish Well Calcareous concretions, white
227.1 sandstone brown calcite cement in coarse
siltstone
2271 - 2.14 Fine siltstone, interstratified Sharp Medium reddish 0.3 Moder- <5% floating clasts, white
229.24 sandy siltstone brown ate calcite cement in sandstone
matrix, calcareous concretions
229.24 - 1.18 Conglomerate A Sharp Medium reddish 0.5 Well Silty matrix
230.42 brown
230.42 - 2.38 Sandy siltstone Gradational Medium reddish Well High angled fractures Calcareous concretions
232.8 brown (~80"), laminations
MO-98-078
232.8 - 1.22 Sandy siltstone Sharp Medium reddish Well MO-98-076, medium Local green reduction
234.02 brown angled fractures (40-60%) layers/beds
234.02 - 1.05 Coarse siltstone Sharp, erosional Medium reddish 0.1 Well Laminations White calcite clasts floating in
235.07 brown silty matrix
235.07 - 2.07 Fine siltstone Gradational Medium reddish Well
237.14 brown
237.14 - 0.15 Sandstone Sharp Medium reddish Well Local green reduction
237.29 brown layers/beds, reduction

envelopes




Interval
(m)

Thickness (im)

Lithology

Fine siltstone, interstratified

Basal Contact

Sharp

Colour (matrix)

Medium reddish 7

Mux.
Clast
Size
(em)

Degree
of

Sorting

Clast

Sedimentary Structares

Convoluted beds and

Other

Silty matrix

23791 coarse siltstone brown laminations
23791 - 039 Conglomerate A Sharp Medium reddish 0.3 Poor MO-98-075
2383 brown
2383 - 0.36 Conglomerate A Sharp Mediun/light 5.0 Poor v Interstratified red matrix
238.66 reddish brown and white calcite cement
238.66 - 0.19 Sandstone Sharp Medium reddish Well Green reduction envelopes
238.85 brown
238.85 - 0.25 Conglomerate A Sharp, erosional Medium reddish 4.8 Poor V4
239.1 brown
239.1- 1.07 Fine siltstone Sharp Medium reddish Well Green reduction envelopes
240.17 brown
240.17 - 1.9 Fine siltstone, interstratified Sharp Medium reddish Moder- Dipping beds, 16°CA,
242.07 shale brown, dark grey ate MO-98-070
242.07 - 123 Shale, limestone Sharp Medium/dark grey Well Dipping beds, 14°CA, high Sulphides, calcareous nodules
254,37 angled shears, laminations, Beginning of
cross laminations, BASE OF WINDSOR
25437 - 0.71 Fine siltstone Sharp Medium reddish Very Calcareous concretions
255.08 brown Well
255.08 - 3.63 Shale Sharp Medium/dark grey Very Multiple high angle shears, Basal contact of
258.71 Well laminations BASE OF WINDSOR
25871 - 0.52 Fine siltstone Sharp Medium reddish Very Calcareous concretions
259.23 brown Well Top of the GRANTMIRE
FORMATION
259.23 - 0.07 Limestone Sharp Light grey Very
259.29 Well
259.29 - 0.88 Conglomerate A Sharp Medium reddish 1.0 Well <5% clasts, floating in Green reduction beds, reduction
260.17 brown matrix envelopes
260.17 - 0.21 Conglomerate B Sharp Light reddish 72 Poor v White calcite cement
260.38 brown
260.38 - 0.23 Conglomerate A Gradational Medium reddish 0.8 Poor <10% floating clasts in
260.61 brown silty matrix
260.61 - 0.39 Fine siltstone Sharp Medium reddish Very Laminations
261 brown Well
261 - 0.24 Fine siltstone, interbedded Sharp Medium reddish Moder-
261.24 sandstone brown ate
261.24 - 0.16 Sandstone Sharp Medium reddish Very Laminations
261.4 brown Well
261.4- 0.56 CUS, coarse siltstone coarsens Sharp Medium reddish 9.2 Poor <5% floating clasts in silty Coarsens from <0.5cm clasts
261.96 into conglomerate A brown matrix into ~4cm clasts
261.96 - 0.48 FUS, conglomerate C fines Sharp Medium reddish 58 Poor V4
262.44 into conglomerate A brown
262.44 - 1.29 Conglomerate A Sharp Medium reddish 2.1 Poor N4
263.73 brown
263.73 - 0.57 FUS, conglomerate A, fine Sharp Medium reddish 1.4 Poor V4 Green reduction envelopes
264.3 siltstone brown




Intervat
()

Thickness (m)

Lithology

Basal Contict

Calour

Degree
of
Sorting
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Clast

Matrix

Sedimentary Stractures

Other

Coarse siltstone Sharp Medium reddish Green reduction layers
264.44 brown
264.44 - 0.15 Conglomerate A Sharp Medium reddish L5 Moder- N4 Green reduction envelopes
265.59 brown ate
265.59 - 1.95 Multiple FUS, conglomerate Sharp Medium reddish 1.9 Poor V4 FUS sequences ~1.0m
267.54 B fines into coarse siltstone brown
267.54 - 0.1 Fine siltstone Gradational Medijum reddish Very
267.64 brown Well
267.64 - 0.66 Conglomerate A, Sharp Medium reddish 2.0 Poor v
2683 interstratified conglomerate B brown
2683 - 0.69 FUS, conglomerate B fines Sharp Medium reddish 1.8 Poor V4
268.99 into coarse siltstone brown
268.99 - 0.93 FUS, conglomerate B fines Sharp Medium reddish 25 Poor V4
269.92 into conglomerate A brown
269.92 - 1.05 Fine siltstone, interstratified Sharp Medium reddish Well Green reduction envelopes,
270.97 sandstone brown calcareous concretions
270.97 - 0.91 Conglomerate A Sharp Medium reddish 3.1 Poor v
271,88 brown
271.88 - 1.41 Sandstone Sharp Medium reddish 0.9 Moder-
273.29 brown ate
273.29 - 1.55 Conglomerate A Sharp, erosional Medium reddish 0.8 Poor V4 <2% green reduction
274.84 brown envelopes, silty matrix
274.84 - 3.4 Multiple FUS, conglomerate Sharp Medium reddish 52 Poor V4 Laminations FUS sequences ~60cm each
278.24 B fines into coarse siltstone brown
278.24 - 0.8 Fine siltstone, interstratified Sharp Medium reddish 0.5 Moder- Green reduction envelopes,
279.04 sandstone brown ate calcareous concretions
279.04 - 0.54 Conglomerate C Sharp Medium reddish 83 Poor V4
279.58 hrown
279.58 - 0.22 Fine siltstone, interstratified Sharp Medium reddish 1.8 Poor V4 Green reduction envelopes,
279.8 conglomerate B brown calcareous concretions
279.8 - 0.53 Conglomerate A Sharp Medium reddish 7.0 Poor v
280.33 brown
280.33 - 0.67 Fine siltstone, interstratified Sharp Medium reddish 2.0 Poor V4 Cross laminations
281 conglomerate A brown
281 - 1.65 Coarse siltstone Erosional Medium reddish Well N4 MO-98-061 Green reduction envelopes,
282.65 (gradational?) brown calcareous concretions
282.65 - 0.37 Fine siltstone, interstratified Sharp Medium reddish 1.1 Poor J
283.02 conglomerate A brown
283.02 - 1.98 Fine siltstone, interstratified Sharp Medium reddish 0.4 Poor J Green reduction envelopes,
285 conglomerate A brown calcareous concretions
285 - 0.57 FUS, conglomerate B fines Sharp Medium reddish 1.5 Poor V4
285.57 into conglomerate A brown
285.57- 0.43 Conglomerate A Sharp Medium reddish 0.8 Moder- V4
286 brown ate
286 - 0.57 Coarse siltstone, interstratified Sharp Medium reddish 2.1 Moder- /
286.57 conglomerate A brown ate
286.57 - 0.31 Coarse siltstone Sharp Green, medium Well Red silty patches

286.88

reddish brown
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287.24 interstratified coarse siltstone brown
287.24 - 0.46 Conglomerate A Sharp Medium reddish 3.0 Poor v <10% clasts floating in Green reduction envelopes,
287.7 brown sifty matrix calcareous concretions
287.7 - 0.45 FUS, conglomerate B fines Sharp Medium reddish 4.6 Poor v
288.15 into sandstone brown
288.15 - 0.9 FUS, conglomerate B fines Sharp Medium reddish 2.5 Poor V4 FUS not well developed
289.05 into conglomerate A brown
289.05 - 2.07 Conglomerate C, Sharp Medium reddish 4.7 Poor v Green reduction patches, silty
291.12 interstratified coarse siltstone brown matrix
291.12 - 1.64 Conglomerate C Sharp Medium reddish 4.5 Poor V4
292.76 brown
292.76 - 1.32 FUS, conglomerate C fines Sharp Medium reddish 5.0 Poor v
294.08 into sandstone brown
294.08 - 137 FUS, conglomerate C fines Sharp Medium reddish 4.6 Poor v 25% siltstone matrix
295.45 into sandstone brown
295.45 - 0.86 Conglomerate C Gradational Medium reddish 17.4 Very v
296.31 brown Poor
296.31 - 0.72 Conglomerate B Gradational Medium reddish 42 Poor v
297.03 brown
297.03 - 0.72 Conglomerate B Gradational Medium reddish 3.0 Poor V4 Red silty matrix
297.75 brown
297.75 - 2.75 Conglomerate C Gradational Medium red 6.4 Poor ‘/ Average clast size <4cm,
300.5 reduction envelopes
300.5 - 1.56 Conglomerate B/C Gradational Medium red 13.8 Very V4 Calcareous
302.06 Poor
302.06 — 0.39 Conglomerate C Gradational Medium red 3.8 Very v White calcite cement, sub-
302.45 Poor rounded clasts
302.45 - 1.75 Conglomerate B Gradational Medium red 42 Poor V4 MO-98-060 Green reduction patches
304.2
304.2 - 1.9 FUS, conglomerate C fines Sharp Medium red 4.9 Poor V4 Red siltstone matrix, green
306.1 into conglomerate A reduction patches
306.1 — 0.28 Conglomerate A Sharp Medium reddish 0.5 Poor 4 Green reduction patches
306.38 brown
306.38 — 0.92 Conglomerate A/B/C Sharp Medium red 52 Very N4
307.3 Poor
307.3 29 Multiple FUS, conglomerate Sharp Medium red 12.1 Very v Four FUS cycles , cycles ~50-
310.2 C fines into conglomerate A Poor 100cm each
310.2 - 5.25 FUS, conglomerate C fines Sharp Medium red 17.7 Poor v Well developed FUS sequence,
315.45 into sandstone matrix and clasts progressively
fines upward
315.45 - 0.45 Conglomerate A Sharp Medium red 0.6 Poor v
3159
3159~ 3.35 Conglomerate B/C Sharp Medium red 9.2 Very v
319.25 Poor
319.25 - 6.05 Multiple FUS, conglomerate Sharp Medium red 6.2 Very V4 Cycles 80-100 cm
3253 C fines into conglomerate A Poor
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3253 —

Conglomerate A,

Sharp, erosional

Medium red

Very

~6 beds of interstratified

333.22 interstratified conglomerate C Poor conglomerate, average
thickness 1.8m
33322~ 0.06 Sandstone Sharp Light/medium red 03 Poor v Calcareous
333.29
333.29 - 0.09 Coarse siltstone Sharp Medium reddish 2.0 Poor Clasts sub-rounded to sub-
333.38 brown angular
33338~ 0.21 Conglomerate A Sharp Medium red 2.2 Poor V4
333.59
333.59 - 1.47 FUS, conglomerate C fines Gradational Medium red 8.1 Very V4
335.06 into conglomerate A Poor
335.06 - 8.72 Conglomerate A Sharp Medium red 7.9 Very v MO-98-059
343.78 Poor
343.78 — 0.11 Coarse siltstone Sharp Medium reddish Well Green reduction envelopes,
343.89 brown calcareous concretions
343.89 — 0.28 Conglomerate A Sharp Mediumred 5.4 Poor V4
344.17
344.17 - 0.22 Conglomerate B Sharp Medium red 1.5 Poor v Sub-rounded clasts
344.39
344.39 - 0.41 Conglomerate A Sharp Medium red 1.8 Poor V4 One 11.5 cm bed of
344.7 conglomerate C at bottom
344.7 - 0.17 Conglomerate A Sharp Medium red 37 Poor v
344.87
344.87 - 0.44 Conglomerate B Sharp Medium red 3.1 Poor V4
345.31
345.31- 1.19 FUS, conglomerate C fines Sharp Medium red 4.3 Very V4
346.5 into coarse siltstone Poor
346.5 - 1.5 Conglomerate A Sharp Medium red 4:6 Very V4
348 Poor
348 - 0.66 CUS, conglomerate A Sharp Medium red 3.0 Poor v
348.66 coarsens into conglomerate
B/C
348.66 — 038 Conglomerate A Sharp Light red 0.5 Poor v White calcite cement
349.04
349.04 - 0.69 Conglomerate C Sharp Medium red 6.8 Poor v ~30% conglomerate clasts in
349.73 very coarse sandstone matrix
349.73 - 1.22 Conglomerate B, coarse Sharp Medium reddish L5 Moder- Laminations, <20% Green reduction envelopes,
350.95 siltstone brown ate conglomerate clasts limestone nodules
350.95 - 0.97 Conglomerate B Sharp Medium red 5.9 Poor v
351.92
351.92 - 0.93 Conglomerate A, Sharp Medium red 3.8 Poor v
352.85 interstratified sandstone
352.85 — 1.54 FUS, conglomerate B fines Sharp Medium red 5.2 Poor ‘/ White calcite cement
354.39 into sandstone
354.39 - 0.41 FUS, conglomerate C fines Sharp Medium red 8.5 Very v Poorly developed sequence
355 into sandstone Poor
355~ 0.35 Conglomerate A Sharp Medium red 5.0 Poor v

355.35
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{(cim)
FUS, conglomerate B fines Sharp Medium red
356.16 into conglomerate A
356.16 - 0.14 Conglomerate A Sharp Medium red 0.4 Poor V4 MO-98-058, <10% floating Green reduction layer,
356.3 clasts calcareous, sandy to silty
matrix
3563~ 0.29 Coarse siltstone Sharp Medjum red 0.7 Poor
356.59
356.59 - 1.72 FUS, conglomerate A fines Gradational Medium red 49 Poor v Gradual shift into a more
358.31 into sandstone silty matrix
35831 - 0.40 Coarse siltstone Sharp Medium red Green reduction envelopes,
358.71 calcareous concretions <2.5 cm
358.71 - 1.29 Conglomerate A/B Sharp Medium red 4.8 Very v
360 Poor
360 — 6.27 Multiple FUS, conglomerate Sharp, erosional Medium red 14.7 Very V4 Poorly developed FUS, 2
366.27 B fines into sandstone Poor cycles, bottom 1.5 m, upper
477m
366.27 - 1.03 Coarse siltstone, Sharp Medium reddish 0.2 Poor V4 Minor laminations Interbedded conglomerate A/B,
367.74 interstratified conglomerate brown ~10 cm thick each
A/B
367.74 - 1.22 Conglomerate B Sharp Medium red