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ABSTRACT 

Late Carboniferous strata extend from northeastern New Brunswick to western Cape 

Breton Island underneath the Gulf of St. Lawrence, covering an area more than 200 000 km2
• 

On Cape Breton Island, these coal-bearing strata comprise the Port Hood, Henry Island, and 

Inverness formations of the Cumberland Group. Onshore successions of these strata are 

recorded in continuously cored diamond drill holes and exposed in coastal sections in western 

Cape Breton Island. The upper Port Hood Formation, or the Colindale Member, contains 

potential petroleum source rocks in the form of coals and organic-rich shales. Based on the 

correlation of stratigraphic sections, the total thickness of the Colindale Member exceeds 800 

m. The Co lindale Member is typified by thick intervals of dark grey and black organic-rich 

shales containing abundant fossils (bivalves and ostracods), with intercalated fme- to medium

grained grey sandstone bodies. Other fine-grained sedimentary rocks include grey mudstones 

characterized by blocky peds, slickensides, and root traces; laminated grey siltstone; thin 

fossiliferous limestones, and thin coal seams. 

Sequence stratigraphic and sedimentological studies have revealed stacked 

parasequences ( <1-15 m) and parasequence sets ( 10-1 00 m). The parasequences and sets are 

bounded by transgressive surfaces in the form of carbonaceous and fauna-rich strata. The 

parasequence sets are predominantly aggradational and progradational. Correlation of 

parasequence sets between the three coastal sections studied proved difficult, suggesting that 

local controls were prevalent during deposition. 

Organic matter within the sedimentary rocks of the Colindale Member is composed 

of Type III kerogen with admixtures of Type II kerogen (woody and cellulosic material of 

terrestrial plants) which is typically gas-prone. Total organic carbon values (average 2%) 

suggest that the Colindale Member has a fair to good generative potential to produce 

hydrocarbons. A combination of thermal maturity indicators (T max' vitrinite reflectance, 

thermal alteration index) suggest that organic matter in the Co lindale Member is in the early 

maturity stage of thermal diagenesis. Although thermal maturity results indicate that these 

rocks are immature in onshore areas, potential exists for more mature (within the oil window) 

sediments at depth. Rocks of equivalent age can be traced to a limited extent beneath the 
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southern part of the Gulf of St. Lawrence, implying that a viable regional hydrocarbon source 

may occur within the Gulf, if proper seal and reservoir parameters are met. 

. · . . . 
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CHAPTER 1: INTRODUCTION 

1.0 Introduction 

Late Carboniferous strata including coals and organic-rich shales that are highly 

prospective for hydrocarbons, extend from northeastern New Brunswick to western Cape 

Breton Island, underneath the Gulf of St. Lawrence of eastern Canada, covering an area of 

more than 200 000 km2
• Until recently, Late Carboniferous strata in this region have received 

little attention with data limited to 20 wells and variable-quality seismic reflection data 

offshore. Drilling during the 1970's and 1980's by the Nova Scotia Department of Mines and 

Energy, as part of a coal resource evaluation, penetrated Late Carboniferous strata in as many 

as 20 continuously cored diamond drill holes in onshore areas of western Cape Breton Island, 

adjacent to the Gulf of St. Lawrence. Coastal exposures extend along the western portion of 

Cape Breton Island (Fig. 1.1 ), where strata relevant to this project crop out at Co lindale, 

MacRaes Beach, Chimney Comer, CapLe Moine, and the access ramp of Evan's Coal Mine. 

The Co lindale Member of the upper Port Hood Fonnation (Late Namurian), a key unit 

in onshore exposures with large amounts of potential source rocks, is here investigated in 

detail for the first time. Rehill ( 1996) has suggested that the Co lindale Member is extensive 

under the Gulf of St. Lawrence, warranting a thorough study of this important unit in coastal 

sections and onshore drill core. A detailed understanding of the onshore Late Carboniferous 

successions may reveal untested hydrocarbon potential in the Gulf of St. Lawrence. 

1.1 Objectives 

The overall objectives of this project were to determine the sedimentology, sequence 

stratigraphy, and hydrocarbon potential within the Late Carboniferous Co lindale Member and 

whether these strata, if a potential source rock, may have yielded hydrocarbons. This may 

have important implications for assessing equivalent rocks that underlie the Gulf of St. 

Lawrence and for predicting where other source rocks may occur. In order to determine this, 

the following short-term objectives were met. 
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Figure 1.1 Location map of the Gulf of St. Lawrence region of eastern Canada showing the 
areas of study. -Rectangles indicate areas of principal study. Circles indicate correlative 
sections where Co lindale Member equivalent strata are known or suspected. 
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A) Detailed descriptions of drill core and coastal sections allowed for characterization of the different 

sedimentary facies within the Colindale Member and their lateral and vertical interrelationships. This 

enabled the succession to be placed in a sequence stratigraphic framework and served to delineate 

parasequence stacking patterns more fully. Parasequence patterns once identified act as valuable tools 

for predicting the distribution of potential source rocks within a succession. 

B) Characterization of the organic-rich shales within the Colindale Member was accomplished using 

total organic carbon content (TOC) analyses to determine the quantity of organic matter and Rock

Eval pyrolysis to determine the nature of the organic matter. In addition, Tmax, vitrinite reflectance, 

and thermal alteration indices (T AI) were employed to determine the stage of thermal maturity. 

Documenting the extent of these shales, both laterally and vertically, proved important in determining 

whether these rocks constitute a significant hydrocarbon source rock. 

C) Local correlations were made, where possible, between drill cores and coastal sections, using coal 

seams as controlling stratigraphic markers (see Hacquebard, 1951 and Hacquebard eta/., 1989)~ to 

determine the extent of the stratal bodies. Geophysical data (gamma ray and density logs), where 

available, aided in correlation of the rock units between drill holes and in exploring cyclicity within 

the Colindale Member. 

D) Establishment of the depositional setting of the Colindale Member is important to determine 

factors that may limit the distribution of the member (e.g. shallow lake versus delta). The depositional 

setting was determined by recording individual facies and their characteristics within the Colindale 
r· 

Member to ~uild a coherent depositional model. :A 
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1.2 Location of Sections 

1.2.1 Colindale 

The Colindale Member type section is exposed along the western coast of Cape 

Breton Island approximately 4 km northwest of the community of Port Hood (Figs. 1.2 and 

1.3a). Approximately 350m of strata are continuously exposed along the coast. These strata 

are primarily grey sandstone, shale, mudstone, siltstone, and coal, showing good 

representation of cyclic sedimentation. The section starts at an abandoned sandstone quarry 

at the end ofRoute 19 and continues along the coastline southward for approximately 2 km 

to the end of exposure almost at the Murphy's Pond wharf To access the base of the section, 

one must obtain permission from the land owners at the end of the paved portion ofRoute 

19. Beginning the section at the southern portion of the quarry one can walk through the 

lower part as far as the Cape Linzee sandstone where, except at the lowest tides, it is 

inaccessible. The remaining part of the section may be accessed from the south end where 

parking is available just beyond the wharf, on top of the hill. 

A major fault cuts through this unit and corresponds to the top of the section recorded 

by Gersib (1979). This fault removes or displaces an undetermined thickness of strata, possibly 

as great as 200m. South of the fault, exposure is limited. 

1.2.2 MacRaes Beach 

The MacRaes Beach section, St. Rose, approximately 12 km north of Inverness, Cape 

Breton Island, consists predominantly of dark grey to black shale and mudstone, with minor 

amounts of sandstone. The section contains approximately 570 m of strata and the largest 

proportion of shales in the Co lindale Member. The section is exposed over a 1.6 km interval 

along the coast, almost opposite Margaree Island (Figs. 1.3b and 1.4). The basal contact is 

exposed, with approximately 420 m of virtually continuous exposure above the contact. 

Stratigraphically higher in the section, north ofMacisaacs Brook, the exposure is intermittent 

with a gradual decrease in outcrop, northward. 
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Figure 1.2. An enlarged map of the Colindale- Port Hood coalfield showing the location 
of drill cores used in this study. The Colindale section is indicated between a and b.Note 
the B.H. drill hole series are those described in Norman (1935). The rectangle indicates 
the area enlarged in figure 1.3a. Coal seam labels from Hacquebard eta/., 1989. (Geology 
modified from Giles et al., 1997a). 
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Figure 1.3. Detailed location maps of measured coastal sections: a) Colindale and b) 
MacRaes Beach. The Co lindale Member is shaded light grey. A indicates the start of the 
measured section, while A' indicates the end of the section. 
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1.2.3 Evan's Coal Mine 

The access ramp to Evan's Coal Mine, St. Rose, Cape Breton Island, exposes a 

section approximately 50 m thick (Figs. 1.4 and 1.5a). Although this section is incomplete, 

the rocks are fresh with little cover. Lateral continuity of units can be observed here as beds 

are near horizontal. The No. 5 coal seam is presently being mined here through open-pit 

operations, and is a good stratigraphic marker for correlating this section with the others. 

1.2.4 Chimney Corner 

The Chimney Comer section, located approximately 20 km north of Inverness extends 

from Chimney Comer beach, northward for approximately 2 km (Fig. 1.4 and 1.5b ). This 

section contains an abundance of large multi-storeyed sandstones, containing abundant plant 

debris and logs, and intraformational mudchip clasts. 

The upper portion of the section can be accessed via Chimney Comer Beach where 

remnants of old mine workings are visible. A thickness of approximately 190 m is concealed 

where the beach occurs. This is believed to be where the No. 5 seam would crop out. 

Although the section continues beyond the headland on the west side of Chimney Comer 

Beach, the section is inaccessible by shore. An account of this inaccessible portion of the 

section beyond the large sandstone body at the west end of Chimney Comer Beach is 

described in Douglas and Goodman (1942). The graphic log in this thesis includes this portion 

of the section as well as a small portion of section that is not exposed today along the west 

end of Chimney Comer Beach. 

1.2.5 Cap Le Moine 

The CapLe Moine section (Fig. 1.6), 7.5 km north ofMargaree Harbour, contains 

an abundance of multi-storeyed sandstone bodies. This section contains the largest abundance 

of red beds (mudstone, shale, siltstone) of the sections measured. This section is highly faulted 

and parts of it appear to be repeated. The top of the section is marked at Cap Le Moine by 

a major fault that places the older Mabou Group adjacent to the Co lindale Member. Due to 

the large concentration of faulting in the section it was not used in the correlations. 
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Figure 1.4. An enlarged map of the St. Rose - Chimney Comer sub-basin showing the 
location of drill cores used in the study. The locations of the measured sections (MacRaes 
Beach, Chimney Corner, and Evan's Coal Mine) are also indicated. Rectangles indicate 
areasenlargedinfigures 1.3aand 1.5andb. (GeologymodifiedfromGilesetal., 1997b). 
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Figure 1.5. Detailed location maps 
of a) Evan's Coal Mine and b) the 
Chimney Comer coastal section. 
The Co lindale Member is shaded in 
light grey. A indicates the start of 
the measured section, while A' 
indicates the end of the section. 



MAP UNITS 
~ Colindale member- sandstones, 
~ grey shales & mudstones, coal 

Margaree member- sandstones, 
red shales and siltstones 

Pomquet Formation- red shales 
and siltstones 
Hastings Formation - grey shales 
and siltstones, thin carbonates 

undivided Windsor Group- limestones, 
dolostones, gypsum, red siltstone \ 

undivided Horton Group - conglomerates, 
29

l( 
grey and red sandstones and siltstones 

"I ( 
), ~j 

2s 1 
7 

3};/ . 1 ~v 

"f I "i 

Chapter 1: Introduction 1 0 

, \ 

Figure 1.6. Detailed location map of the CapLe Moine section. A indicates the start of 
the measured section, A' indicates the end of the section. (Geology modified from Giles 
et al., 1997c). 
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1.2.6 Drill Cores 

Sections obtained from drill core include NSDME drill holes PH-2 and PH-3 (Port 

Hood Island), drill hole PH-4 (mainland Port Hood); SR-2, SR-3, SR-8, and SR-12 (St. 

Rose); and CC-I and CC-3 (Chimney Comer). These sections were selected for detailed 

study due to their excellent recovery in drill core. All measured sections are of the Co lindale 

Member, upper Port Hood Formation, except PH-2 and PH-3 which also contain strata of the 

overlying Henry Island Formation. 

1.3 Previous Work 

Coal seams have provided a long history of coal production in western Cape Breton 

Island, with one mine currently in operation. In the Port Hood region, the only seam (the 6-

Foot seam) of mineable thickness was mined intermittently from 1865 to 1966 (Hacquebard 

et a/., 1989). In the Chimney Comer - St. Rose region two seams were of economic 

importance. Mining began in this region in 1867 and continues today at Evan's Coal Mine, St. 

Rose. This important resource has historically been the focus of many investigations, with 

little emphasis on the organic-rich shales although their presence has been noted in the upper 

Port Hood Formation. 

In the 1970's and 1980's numerous holes were drilled to a depth of 800 m in the coal

producing regions of western Cape Breton Island as part of a coal resource evaluation and 

inventory by the Nova Scotia Department of Mines and Energy (NSDME). The results were 

reported by Gillis (1975a,b), MacNeil (1985), Hacquebard eta/. (1989), and Beaton eta/. 

(1993) (Table 1 ). Gillis (1975b) presented a preliminary report of the Port Hood coalfield to 

investigate the 6-Foot coal seam. MacNeil (1985) studied the coal resources of the St. Rose 

coalfield, concentrating on structural geology. Hacquebard et a/. ( 1989) reevaluated the coal 

resources of western Cape Breton Island, including the St. Rose, Chimney Comer, Port Hood 

and Inverness coalfields. A recent study by Beaton eta/. (1993) addressed the geology, 

petrology, and geochemistry of coal seams from St. Rose and Chimney Comer, concluding, 

on the basis of petrographic indices, that the coal seams were deposited predominantly in wet 



Table 1.1 An outline of previous work completed on the Port Hood Formation, including coal resources, sedimentology, and 
stratigraphy. 

Author/year Major Contribution 

Norman (1935) -defined and mapped the Port Hood Formation of western Cape Breton Island 

Douglas and Goodman (1942) -measured, in detail, the upper portion of the Port Hood Formation at Chimney Corner 

Bell (1943) -correlated coals based largely on stratigraphic relationships within the St. Rose and Chimney Corner sub-basins 

Hacquebard (1951) -correlated the No. 5 coal seam between St. Rose and Chimney Corner coalfields by petrographic analyses 
(microlithotypes) 
-provides historic data about the coal mines 

Hacquebard and Donaldson -coal metamorphism/vitrinite reflectance data provided for Upper Paleozoic rocks of the Atlantic provinces 
(1970) (including St. Rose, Chimney Corner, and Port Hood). 

Carroll, et a/. ( 1972) -provided an outline of the Co lindale section for a field trip guide book 

Gillis (1975a) -analysis of coals from Chimney Corner, emphasis on No. 5 seam, also includes correlations and core descriptions 
and history of coal mining in the Chimney Corner region 

Gillis (1975b) -analysis of coals from mainland Port Hood and Port Hood Island 

Gersib and McCabe ( 1981) -defined sedimentary facies of the upper Port Hood Formation at Cape Linzee 

Vasey (1984) -study of bivalves from the Chimney Corner section 

MacNeil (1985) -analysis of coals in the St. Rose coal basin 

Dolby ( 1989) -palynology for Port Hood and Chimney Corner to compare with Joggins Formation. (Match with Coal Mine Point 
member of the Joggins Formation). 

Hacquebard et a/. ( 1989) -coal resource evaluation of Port Hood, St. Rose, Chimney Corner 
-presentation of drill core descriptions, correlations, and mining history 
-includes onshore and offshore correlations 

...... 
N 



Beaton et al. (1993) -geology, petrology, geochemistry of coal from St. Rose and Chimney Corner 
-provides vitrinite reflectance data 

Hacquebard ( 1993) -comparison of coals at Mabou Mines and Inverness with coals at Port Hood, St. Rose and Sydney, Cape Breton 
Island 

Keighley (1996) - studied architecture of sandstone bodies 
-measured sections of Port Hood Formation exposed along the coastline of western CBI, emphasizing sandstones 
-studied the ichnofacies of the Port Hood Formation 

Keighley and Pickerill (1996) -study of the evolution of fluvial systems in the Port Hood Formation 



Chapter 1: Introduction 14 

forest to reed moor conditions of a fluvial-lacustrine setting. 

Interpretations of the depositional environment of the Port Hood Formation range 

from a meandering river system to an upper delta plain. The Co lindale section previously was 

described by Gersib (1979) and Gersib and McCabe (1981), concentrating on the 

sedimentology of the upper Port Hood Formation. They concluded that the Port Hood 

Formation was deposited within a large, meandering river cutting across a flood plain. Carroll 

and others (1972) determined that the rocks of the upper Port Hood Formation at Colindale 

suggest a deltaic condition of deposition. The most recent sedimentological study is that of 

Keighley and Pickerill ( 1996) who addressed the architecture of major sandstone bodies 

within the Port Hood Formation, concluding that the sandstones in the upper portion are the 

product of low-sinuosity fluvial deposition of sandstones in the lower flow regime. 

1.4 Organization 

Chapter 2 describes the stratigraphy of the Co lindale Member and discusses its 

stratigraphic relationship to adjacent rock units. Chapter 3 is a detailed study of the lithofacies 

of the Colindale Member. Chapter 4 presents an assessment of sequence stratigraphy. 

Chapter 5 provides a discussion on the geochemistry of the organic-rich shales in terms of 

hydrocarbon source rock potential. Appendix A contains graphic logs representing each 

stratigraphic section measured and shows the positions of each sample analysed (total organic 

carbon content (TOC) and Rock Eval pyrolysis analyses). Graphic logs of the coastal sections 

demonstrating cyclicity are included in Appendix B. Detailed descriptions of each coastal 

section measured by the author have been included in Appendix C. Appendix D contains 

figures of coastal sections with paleoflow data plotted beside the columns. Source-rock 

evaluation methods are described in Appendix E. Appendix F contains all data retrieved from 

Rock Eval and TOC analyses. 
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CHAPTER 2: STRATIGRAPHY 

2.0 Introduction 

On western Cape Breton Island, Westphalian coal-bearing strata of the Cumberland 

and Pictou groups are divisible into the Port Hood, Henry Island, and Inverness formations 

(Fig. 2.1). The Port Hood Formation (latest Namurian to Westphalian A; Dolby, 1993, 1994, 

1995, unpublished reports for samples submitted for NATMAP by P.Giles; Late Namurian: 

Utting and Giles (1998)) comprises the basal portion of the Cumberland Group and is the unit 

of interest in this study. 

2.1 Geological Setting and Regional Stratigraphy 

During mid-Devonian time, deformation associated with compressional events of the 

Acadian Orogeny was followed by extension and the formation of a complex rift-valley 

system (Fundy Basin) throughout the Atlantic Provinces (Belt, 1968). Regional subsidence 

caused the formation of a series of connected intermontane basins (Hacquebard, 1972). The 

basins were bounded on one or both sides by north- to northeast-trending high angle faults 

that were active during sedimentation (Belt, 1965). From Late Devonian to Permian time, 

local and distant uplands supplied sediments to adjacent subsiding basins. 

During the Late Carboniferous, dextral movement took place on the east-west 

trending Cobequid-Chedabucto Fault system (Keppie, 1982) and the north to northeast

trending Hollow Fault (Yeo and Ruixiang, 1987) (Fig. 2.2). The Hollow Fault extends 

underneath the Northumberland Strait, running inland near Mabou, Cape Breton Island, and 

continues inland east of the Mabou Highlands separating the two outcrop regions of the Port 

Hood Formation (Port Hood, St. Rose -Chimney Comer) (Durling et al., 1995). 

Bradley (1982) stated that subsidence of the Magdalen Basin occurred in two 

distinctive phases: 1) early rift phase (late Devonian - Visean) and 2) thermal subsidence 

15 
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phase (Namurian- early Permian). The early rift phase involved stretching and thinning of the 

lithosphere, resulting in rapid subsidence and sedimentation into restricted fault bounded 

basins. The subsequent thermal subsidence (or cooling) phase consisted of more gradual 

subsidence in which the depositional basins expanded to bury early border faults and 

progressively younger sedimentary units onlapped the basement, widening the basins. These 

sediments accumulated in the basins as conglomerate, sandstone, and siltstone forming the 

Fisset Brook Formation as well as the Horton, Windsor, Mabou, Cumberland, and Pictou 

groups (Fig. 2.1 ). More recent stratigraphic and geohistory analyses (Gibling, 1995; Rehill, 

1996) indicate that the Windsor and Mabou Groups (Visean - early Namurian) are in large 

part a thermal subsidence phase following initial rifting; a major mid-Carboniferous tectonic 

phase, probably related to the Alleghanian Orogeny, was followed by rapid subsidence that 

decreased in rate through to the Permian (Cumberland and Pictou Groups). 

The earliest record of sedimentation in these fault-bounded basins includes 

conglomerates, sandstones, and shales of the late Devonian Fisset Brook Formation. 

Widespread volcanism resulted in the intercalation of basaltic flows and rhyolitic volcanic 

rocks. Horton Group sediments conformably to unconformably overlie the Fisset Brook 

Formation. Bell (1960) assigned the Horton Group a Tournaisian age based on its floral 

assemblages. More recently, the oldest Horton Group strata in the type area have been 

assigned to the Late Devonian (Martel eta!., 1993). The first deposits of the lower Horton 

Group include red to green conglomerates and arkosic sandstones deposited as alluvial fans. 

Overlying sediments include grey siltstone, shale, and fine-grained sandstone, as well as red 

and grey fluviatile sandstones of the upper Horton Group. Recent micropaleontological 

studies by Tibert (1996) of the finer-grained sedimentary rocks of the Horton Bluff Formation 

indicate that they were deposited within a marginal marine (lagoonal) environment. 

Subsequent deposition of the Windsor Group resulted in the accumulation of both 

marine and non-marine sediments. Deposits of the earliest Windsor Group are either 

disconformable or unconformable on uppermost Horton Group rocks (Utting et a!., 1989). 

The Windsor Group (Bell, 1929) is middle to late Visean in age as suggested by 

palynostratigraphic correlations with Western Europe (Utting, 1987). Windsor Group 
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sedimentary rocks include repetitive sequences, each consisting of marine carbonates, 

gypsum, anhydrite, and red non-marine clastic rocks. These rocks were deposited in an arid 

to semi-arid setting undergoing cycles of marine transgression and regression (Schenk, 1969). 

The Mabou Group (Belt, 1964) (formerly the Canso Group of Bell, 1944) 

conformably overlies the Windsor Group, representing a transition from marine to lacustrine 

and fluviatile conditions. Sedimentary rocks of the Mabou Group consist of grey and red 

siltstones, shales, interbedded sandstones, and thin carbonate rocks. The lowermost Mabou 

Group, predominantly grey, represents predominantly lacustrine strata with probable 

transgressions recorded by certain ostracods (Copeland, 1957) and eocarid crustaceans 

(Calder, 1988), that pass laterally and vertically into red fluvial strata (Crawford, 1995). 

Microfloral (spore) assemblages suggest a late Visean to Namurian A age for the Mabou 

Group (Utting, 1987; Neves and Belt, 1970). 

The coal-bearing Cumberland Group (Ryan et a!., 1991) (part of which was formerly 

named the Riversdale Group of Bell, 1944) unconformably overlies the Mabou Group. 

Sedimentary rocks of the unit consist characteristically of medium- to coarse-grained, grey 

to buff-weathered fluviatile sandstones in thick, multi-storeyed channel bodies and 

intercalated red, black, and grey shales. The Cumberland Group, assigned a late Namurian to 

Stephanian age (Ryan et al., 1991 ), contains abundant carbonised plant fossils and mineable 

coal seams. Shales from the Late Carboniferous Sydney Mines Formation of eastern Cape 

Breton revealed agglutinated foraminiferal and thecamoebian assemblages suggesting varying 

levels of marine influence during deposition (Wightman et al., 1994). The Cumberland Group, 

the unit of study, is divisible into the Port Hood, Henry Island, and Inverness formations in 

western Cape Breton Island (Giles et al., 1997a,b,c). 

The Stephanian to Permian Pictou Group concordantly overlies the Cumberland 

Group in western Cape Breton Island, where the strata are assigned to the Broad Cove 

Formation of Norman (1935). The Broad Cove Formation consists predominantly of red 

fluvial fine-grained clastic rocks and pebbly red sandstones. 
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2.2 Port Hood Formation 

The Port Hood Formation, attaining a thickness of 1400 to 3000 m, unconformably 

overlies the late Visean to early Namurian Mabou Group in western Cape Breton Island. The 

appearance of thick multi-storeyed channel sandstones marks the base of the Port Hood 

Formation above fine-grained strata of the underlying Pomquet Formation of the Mabou 

Group (Giles et al., 1997 a,b,c). The Port Hood Formation has been dated as late Namurian 

to Westphalian A (Dolby 1994; 1995). Most recent palynological study suggests that the Port 

Hood Formation lies totally within the Late Namurian (Utting and Giles, 1998). The Henry 

Island Formation (formerly included within the Inverness Formation of Norman, 1935) 

unconformably overlies the Port Hood Formation, and ranges in age from possibly 

Westphalian B to Westphalian C (Dolby, 1994; 1995). The contact relationship between the 

Port Hood Formation and the Henry Island Formation can be deduced only from two drill 

cores retrieved from drilling in the Port Hood area as the contact is not visible in the field. 

Norman (1935) defined the Port Hood Formation as consisting of massive, arkosic 

sandstone and interbedded red and grey shale. He subdivided the Port Hood Formation into 

two units, the lower of which consists of massive, grey to buff sandstone alternating with red 

shale. The upper unit is predominantly grey and consists of "an interbedded group of massive 

and cross-bedded sandstone, shaly sandstone, arenaceous shale, and carbonaceous shale 

locally containing coal seams." During the 1930s, Norman mapped the Port Hood Formation 

in the Lake Ainslie region of western Cape Breton Island as an undivided unit. 

Recent mapping by Giles et al. (1997 a,b,c) resulted in subdividing and mapping, for 

the first time, the Port Hood Formation as two lithologically different units throughout 

western Cape Breton Island. These two units are, in ascending order, the Margaree and 

Colindale members. 

The Margaree Member, exposed at many locations along the western coast of Cape 

Breton Island, reaches a maximum thickness of 2000 m in its type area near Port Hood. The 

Margaree Member has been dated as entirely Namurian (Utting and Giles, 1998). This 

member contains thick sandstone deposits with intercalated greyish red (5R 4/2) and 
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subordinate grey mudstones and siltstones that commonly possess little to no stratification and 

blocky fracture. Thinly bedded, very fine-grained, greyish red sandstones generally occur in 

association with the finer-grained sediments. These sandstones have abundant ripple cross

lamination and are ordinarily no more than 2m thick. Thicker, coarser sandstones, separating 

the fine grained intervals, are channel bodies, up to 30m thick, fine- to medium-grained with 

abundant plant debris, and are typically multi-storeyed. The sandstone bodies are believed to 

have been deposited by perennial fluvial systems of relatively low sinuosity (Keighley and 

Pickerill, 1996). 

The Co lindale Member comprises the coal-bearing strata within the upper portion of 

the Port Hood Formation. The Colindale Member consists predominantly of fine-grained 

clastic rocks with intercalated sandstone bodies. The finer-grained rocks are grey mudstones 

characterized by blocky weathering, slickensides, and root traces; black carbonaceous shales 

containing abundant bivalves, ostracods, and fish remains; laminated grey siltstone; and 

mineable coal seams. The sandstones represent low-sinuosity fluvial deposits with paleo flow 

values suggesting that a south to southeast transport direction persisted throughout 

deposition of the Port Hood Formation (Keighley and Pickerill, 1996). 

The Colindale Member is conformable with underlying strata. Its contact with the 

underlying Margaree Member, marked by a transition from red to predominantly grey 

overbank deposits, is exposed at several locations along the coast. The contact between the 

Colindale Member and overlying beds is less straightforward, as recorded in drill cores 

obtained from Port Hood Island (NSDME drill holes PH-2 and PH-3). 

In drill hole PH-3, the Colindale Member is overlain, apparently conformably, by a 

succession of predominantly red, fine-grained siliciclastic rocks with abundant pedogenic 

carbonate nodules, and a notable absence of thick sandstone bodies. These red strata are 

overlain in turn, by thick sandstones and associated red and less commonly grey siltstones and 

shales of the Henry Island Formation. The contact is placed at the base of the lowest thick 

channel sandstone above typical grey shale facies of the Co lindale Member. Known only from 

drill intersection, this problematic rock unit is not formally named, and is not assigned to 

either the Port Hood or Henry Island formation (P.S. Giles, personal communication, 1998). 
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Palynomorphs recovered from this informal rock unit suggest that it may be earliest 

Westphalian age (P.S. Giles, personal communication, 1998). In drill hole PH-2, in contrast, 

strata typical of the Co lindale Member appear to underlie basal beds of the Henry Island 

Formation without intervening red strata typical of this informal rock unit. Comparison of the 

contact interval between holes PH-2 and PH-3, based on correlation of the 6-Foot seam 

(Hacquebard et a!., 1989), suggest that the base of the Henry Island Formation is an 

unconformity, at which level at least a one hundred metre thickness of strata have been 

removed (PH-2) allowing the Henry Island Formation to sit directly on the Colindale 

Member. In drill hole PH-3, the same unconformity presumably separates the Henry Island 

Formation from the unnamed red unit which conformably(?) overlies the Colindale Member. 

These relationships are currently under investigation with detailed palynological sampling to 

better constrain the age relationships of these rock units, with preliminary results reported by 

Utting and Giles (1998). 

On Henry Island, approximately 400 m of Henry Island Formation strata are exposed. 

The Henry Island Formation, dated as Late Westphalian B to Early Westphalian C (Dolby, 

1994, 1995), lies unconformably on the Colindale Member in PH-2 and unconformably over 

the unnamed red beds above the Colindale Member in PH-3, as discussed above. Rock types 

of the Henry Island Formation consist predominantly of greyish-red mudstones and siltstones 

that contain calcareous nodules (approximately 1 em across). Fine-grained rocks show little 

stratification, blocky fracture, and contain intercalated red and grey sandstone beds (up to 50 

em thick). Higher in the unit, multi-storeyed pebbly sandstones and conglomerates with 

intercalated red fines are characteristic of the Henry Island Formation. Clasts within the 

sandstone and conglomerate bodies are predominantly extrabasinal and subangular to 

subrounded. 

2.3 Colindale Member 

2.3.1 Type section 

The Colindale Member type section, as defined by Giles et al., (1997a,b,c), is exposed 
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along the western coast of Cape Breton Island approximately 4 km northwest of the 

community ofPort Hood. Refer to section 1.2.1 for more location information. 

2.3.2 Extent 

The Co lindale Member occurs in two discrete regions on the western coast of Cape 

Breton Island. These two regions are the Port Hood sub-basin and the St. Rose - Chimney 

Comer (SR-CC) sub-basin. In the Port Hood sub-basin, the Co lindale Member conformably 

overlies the Margaree Member and is continuously exposed for approximately 2 km along 

the coast; beyond this the exposure is poor. The Colindale Member extends offshore and 

underneath Port Hood Island, to the west. Drill holes (NSDME PH-2 and PH-3) from Port 

Hood Island have penetrated Co lindale strata in contact with overlying strata. 

In the St. Rose- Chimney Comer sub-basin, the Colindale Member conformably 

overlies the Margaree Member, although the top of the section is faulted against Windsor 

Group strata. The Colindale Member crops out in two continuous exposures at MacRaes 

Beach and Chimney Comer, separated by 3 km of faulted strata (Hacquebard et al., 1989). 

Additional strata can be seen in a series of drill holes that exist in the area (CC-I to CC-4, SR

I to SR-12) and at the access ramp ofEvan's Coal Mine, St. Rose. 

2.3.3 Thickness 

The maximum thickness recorded for the Colindale Member (at Chimney Comer) is 

720 m, although there is a gap within the section at Chimney Comer beach in which 

approximately 180m is not exposed and the upper contact is also not exposed at that locality. 

Its total thickness is difficult to determine precisely as no completely exposed section is 

known in western Cape Breton Island. Correlations presented below suggest that the member 

may reach 850 m in thickness. 

2.3.4 Age 

Strata of the Colindale Member have previously been dated as Westphalian A from 

plant fossils (Bell, 1944) and spores (Barss and Hacquebard, 1967). A palynological study by 
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Dolby (1993, 1994, and 1995 unpublished reports for the Magdalen Basin NATMAP project) 

determined that the Port Hood Formation ranges from latest Namurian to Westphalian A. 

Most recent palynological investigations suggest that the Colindale Member lies entirely 

within the Late Namurian (Utting and Giles, 1998). The Namurian-Westphalian boundary 

witnessed few plant extinctions, however, and is difficult to define on the basis of paleobotany 

(Calder, 1998; Wagner, 1984). 

2.4 Correlations 

2.4.1 Local Correlations 

In the St. Rose - Chimney Comer sub-basin, drill cores have been correlated using the 

No. 5 coal seam (laterally continuous), ranging from 1.8 to 2.6 m thickness, as a datum 

(Appendix A). Other thinner coal seams higher in the section, numbered No. 1 to No.4 (Bell, 

1943), and also carbonaceous shale horizons have been correlated across the sub-basin (Gillis, 

1975a; MacNeil, 1985). The coal seams present in the St. Rose sub-basin have been 

correlated with those in the Chimney Comer coalfield, on the basis of petrographic evidence 

of microlithotypes (Hacquebard, 1951 ). Thick sandstone bodies, although variable in lateral 

and vertical succession can also be correlated across the St. Rose sub-basin, but with less 

certainty than the coals. Due to the tendency of the sandstones to terminate laterally, they may 

not be useful correlation tools over large areas. In some exposures, sandstone bodies that 

reach a thickness of 5 to 10 m gradually pinch out along the length of an exposure. Although 

the SR-CC sub-basin is faulted by an east-west trending fault between Chimney Comer and 

St. Rose, the sections nonetheless are comparable. 

Correlating the MacRaes Beach section with other sections in the St. Rose sub-basin 

is difficult due to this section's lack of major sandstone bodies and coal seams. The best 

stratigraphic control marker bed in the St. Rose sub-basin is the No.5 coal seam, which is not 

exposed in the MacRaes Beach section. No previous correlations are known that have linked 

the MacRaes Beach section with other sections in the St. .Rose sub-basin. The entire section 

is believed to underlie the No.5 seam (Appendix A). 
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Correlations have also been made in the Port Hood sub-basin using two drill cores 

from Port Hood Island and five drill cores from the mainland (four of which are compiled 

sections from Norman (1935)), and one coastal section (Appendix A). The Port Hood sub

basin has been correlated using the 6-Foot coal seam as a datum, after Gillis ( 197 5b). There 

are numerous thin coal seams and carbonaceous shales throughout the section, none of which 

is individually distinctive for purposes of local correlation. Hacquebard and others ( 1989) 

noted that there are four seams present at Port Hood (the 4', 3', 6', and 5' seams). Thick 

sandstone bodies are not reliable for correlation purposes due to their lateral and vertical 

variability, although some are reasonably persistent (Appendix A). 

The No. 5 seam (SR-CC sub-basin) and the 6-Foot seam (in the Port Hood sub-basin) 

are both on average 2m thick and have similar ranks (high volatile B/C bituminous). In both 

basins, these seams occur stratigraphically high in the Co lindale Member. There have been no 

previous suggested correlation between these sub-basins, but it is conceivable that these are 

correlative coal seams and Appendix A shows a provisional correlation of the two sub-basins 

based on this premise. This correlation between the St. Rose - Chimney Corner sub-basin and 

the Port Hood sub-basin suggests that the two had different depositional histories. 

The interval ofColindale strata (predominantly grey) above the No.5 seam in SR-CC 

sub-basin is considerably thicker ( + 100 m or more) than in its Port Hood counterpart 

(Appendix A). The top of the Co lindale Member is not exposed in any of the SR-CC sections, 

therefore the total thickness above the No.5 seam, although in excess of225 m, is uncertain. 

Between the No. 5 seam and the top of the section there are four coal intervals (Nos. 1 to 4) 

with many subordinate coals and carbonaceous shales. There are virtually no red beds in this 
I 

interval other than a few thin beds(< 5% of section). Thick sandstone units (10-20 m) also 

occur through this interval and can be traced across the sub-basin. Below the No.5 seam the 

member is approximately 600 m thick, giving the Colindale Member a maximum known 

thickness of 850 m. In this interval, there are a number of thick successions (especially at 

MacRaes Beach) of organic-rich shales. These successions have a low percentage of coaly 

strata, suggesting an inverse relationship between the occurrence of the shales and coals. 

In the Port Hood sub-basin, the interval above the 6-Foot seam is 100 to 150m thick. 
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This interval contains a large percentage of coaly material and a low percentage of sandstone 

compared to the basal portion of the section. In the Co lindale type section, although faults 

are present, the basal member contact is exposed suggesting that the maximum thickness 

below the 6-Foot seam is 350m. Thus, the section below the datum is approximately 250m 

thinner than in the SR-CC sub-basin. Below the 6-Foot seam there is a large proportion of 

multi-storeyed sandstones in comparison to lithologies in the SR-CC sub-basin. This implies 

that sediments were being deposited quickly in the Port Hood sub-basin, in some instances 

scouring out metres of thickness of the underlying fine-grained material, as indicated by the 

presence of erosional bases on the sandstone (e.g. Cape Linzee ). Coaly intervals are still 

abundant in this portion of the section. 

The Chimney Comer section with its abundance of alluvial strata may represent a 

position different from the other St. Rose - Chimney Comer sections in the sub-basin, 

probably a position within a channel belt. In contrast, the MacRaes Beach section with its 

thick shales may be more distal to any active channel belt. Following this reasoning, all the 

Port Hood sections represent positions closer to active channel belts. 

2.4.2 Regional Correlations 

Strata of approximately equivalent age and lithologic character to those comprising 

the Co lindale Member can be recognized at other localities in Nova Scotia (Fig.1.1 ). These 

sequences are exposed as the Joggins and Parrsboro formations in the Cumberland Basin of 

west-central Nova Scotia (Ryan et al., 1991) and as the Emery Brook Formation at Scotts 

Brook and the Strait of Canso (Giles, 1996), south central Cape Breton. The latter formation 

was originally assigned to the Mabou Group by Belt ( 1965). These strata are characterized 

by an abundance dark grey to black shales, rich in bivalves, with intercalated channel 

sandstones, red mudstones, and thin coal seams. 
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CHAPTER 3: LITHOFACIES 

3.0 Introduction 

The Co lindale Member is divisible into a number of different lithofacies based on grain 

size, fossil content, and sedimentary structures. The lithofacies are identified based on field 

descriptions from four stratigraphic sections of the Co lindale Member and are described 

below. Each facies is summarized in Table 3.1. All colours used are from the GSA Rock

colour-chart (Goddard eta/., 1970). In the following, the term shale is used in reference to 

fissile sedimentary rocks composed of clay-sized particles whereas mudstone is used in 

reference to sedimentary rocks that lack fissility but are composed of clay- and silt-sized 

particles. Total organic carbon content (TOC) values are included with the facies descriptions 

where the data are available. 

3.1 Mire 

A mire is a peat-producing wetland that may be either ombrogenous (raised bog) or 

topogenous (fen or swamp) (Gore eta/., 1984; Moore, 1987). Mires are preserved in the 

fossil record as coal or carbonaceous shale. 

3.1.1 Coal and Carbonaceous Shale 

Description 

Five laterally continuous coal seams have been documented within the St. Rose -

Chimney Comer basin, labelled as Nos. 1 through 5 in descending order by Bell (1943). Two 

of these seams, the No.2 and No.5 seams, have been mined in the past. The No.2 seam is up 

to 1.5 m thick, whereas the No. 5 seam ranges from 0.92 to over 2.6 m thick (MacNeil, 1985) 

and extends across the St. Rose- Chimney Comer sub-basin (5 km). Numerous thinner coals 

are present within the upper portion of the section, ranging in thickness from 5 to 80 em. 
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Table 3.1. A summary of the facies types ofthe Colindale member. 

Depositional Lithologic Sedimentary Features Fauna 
Facies Character 

Mire 

Coal black (Nl) -banded to dull-banded 
- high volatile 8 and C bituminous 
(0.55-0.69% Ro) 
-high sulphur (5-8%) 
-ash (12-18%) 

Carbonaceous -clay -slickensides -bivalves rare 
Shale -black to dark grey - fissile 

(Nl-N3) 

Bay Fill 

Laminated -silt, very fine sand -parallel to ripple cross laminated 
Sandstone -medium to light -well-indurated 
Siltstone grey -siderite nodules 
and Mudstone (N5-N7) -rare paired mud-drapes 

Fossiliferous -clay -calcareous -abundant bivalves 
Shale -greyish-black (N2) - fissile &ostracods 

to brownish-black (5 - finely parallel laminated -rare fish fragments 
YR 2/1) & serpulids 

Laminated -clay medium to- -calcareous -abundant 
Shale dark grey - siderite bands and nodules ostracods 

(N4-N5) - fine parallel laminae -uncommon 
-platy to conchoidal fracture bivalves 

-rare fish 
fragments & 
serpulids 

Organic Material Thickness 

-predominantly vitrinite 5 em-
-moderate inertinite 2.6m 

-compressed plant debris 1-60 em 
-thin coal bands ( 1-5 mm) 

-detrital organic matter 1.5 m- 7.0 
m 

-uncommon plant debris 10 em- 7.0 
-TOC -2% m 
-Types II and Ill kerogen 

-uncommon plant debris 3-7m 
-TOC- 2% 
-Types II and Ill kerogen 

Origin 

- peat formation in 
mire 
(histosol) 

- shallow bay over 
mire or vegetated 
surface 

- organic-poor bay 
fill 
-shallow bays with 
active bedload and 
suspension transport 

-organic-rich bay fill 
- standing water 
body 
- periodically anoxic 
- little detrital input 

- organic-rich bay fill 
-standing water body 

N 
00 



Depositional Lithologic Sedimentary Features Fauna Organic Material Thickness Origin 
Facies Character 

Limestone -micritic carbonate - well-indurated -abundant 2-50 em -organic-rich bay fill 
-greyish-black (N2) -pyrite abundant bivalves & -standing water 
to brownish-black (5 ostracods body 
YR 211) -rare fish - periodically anoxic 

fragments & - little detrital input 
serpulids 

Flood plain 

Sheet -fine to very fine - planar base and top -Beaconites - locally rooted in top 10 em- 4.2 -crevasse-splay 
Sandstone grained sand, silt - abrupt or transitional base -footprints: portion m -lacustrine delta 

-light grey (N6-N7) -coarsen or fine up temnospondylous -detrital plant debris -levee deposits 
- flaggy bedding 
- ripple cross-laminae 
- muddy interbeds 
- desiccation cracks 
- large-scale cross-sets 

Ganister -fine-medium -well-indurated -sand filled Stigmaria 40-185 em -silica-cemented 
grained sand - silica cemented casts abundant layers within well-
- medium - light grey -no stratification drained soils 
(N5-N7), rusty -nodular - irregular bedding -paleosol 
weathering -abrupt contacts 

Grey Rooted -clay - unstratified -carbonaceous roots 10-170 em -hydromorphic soil 
Mudstone -mottled, light and - rusty stain (seat earth) 

dak grey 

Grey -clay, silt - sub-spherical blocky peds -in situ Stigmaria 5 em -poorly drained soil 
Mudstone -medium grey - siderite nodules -macerated plant debris -5.5 m (paleosol) 

(N4-N5) - slickensides -carbonaceous root traces 
- concave-up joint sets 
- unlaminated 
-desiccation cracks 



Red Mudstone -clay, silt -unlaminated -sparse organic matter 20-580 em - well drained soil 
-greyish-red -angular blocky fracture -cumulative soils 
(5 R 4/2, 10 R 4/2) -scattered calcareous & siderite that occur on flood 
with pale blue green nodules (<50 em thick) plains 
mottling - mudcracks infilled with -seasonal variation 

sandstone 
- concave up and planar joints 
- slickensides 
-reduction zones 

Channels 

Sandstone -medium to coarse -pebbly lag deposits -logs and macerated plant up to 20m 
Channel Body sand, local lag -erosional bases debris (Calamites, 

deposits -multi-storied Lepidodendron) 
-light grey (N6-N7) -trough and planar cross-beds 

-primary current lineations 
-asymmetrical ripples at the top 
-mudchip and ironstone clasts 
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Freshly exposed coals (Nos. 4 and 5) can be seen in the Evan's Coal Mine (open pit 

operations), St. Rose. 

The coal seams at St. Rose and Chimney Comer are largely dull-banded to banded 

with a predominance of vitrinite (61 %), moderate inertinite (33%), and low liptinite (8%) 

concentrations (Beaton et al., 1993). The vitrinite is composed mainly of telocollinite and 

desmocollinite whilst the inertinite is predominantly semifusinite, inertodetrinite, and fusinite 

(Beaton et al., 1993). Coal seams at St. Rose and Chimney Comer are ranked as high volatile 

B and C bituminous, respectively, with high sulphur (5-8%) and moderate ash contents 

(MacNeil, 1985; Gillis, 1975a) (Table 3.2). These results are based on a total of6 samples 

of the No. 5 seam collected from 6 different drill holes in the St. Rose region and 20 coal 

samples from 3 drill holes in the Chimney Comer region, 2 from the No.2 seam, 4 from the 

No.4 seam and 15 from the No.5 seam. 

Coal proportions within the Port Hood sub-basin are higher than those of the St. Rose 

- Chimney Comer sub-basin. The main coal seam at Port Hood, the 6-Foot seam, 

approximately 2 m thick, once cropped out on shore at Port Hood but the coal has since been 

extracted and is no longer exposed (Hacquebard et al., 1989). Many thin (5 to 35 em thick) 

coals occur onshore within the Port Hood region, with the thickest of these reaching 70 em 

thick. This 70 em coal seam lies approximately 20 m above the base of the type section and 

old mine workings (timbers) can still be seen in the shoreface. The numerous thin coaly 

intervals within the Port Hood region are difficult to correlate between sections, causing 

uncertainty in the determination of their lateral extent. 

Carbonaceous shales are characteristically dark grey to black, fissile to brittle, with 

thin coal stringers (1-5 mm), and abundant traces of compressed plant debris. Bivalves are 

present in a few beds. In places, the shales have slickensides and are more friable, breaking 

into small irregular pieces. The shales are generally associated with coal seams. 

Coal seams and carbonaceous shales almost always overlie seat earths (rooted 

horizons) and are topped by either fossiliferous limestones and shales or erosive based 

sandstones. 
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Interpretation 

Coals generally originate as peat (histosols) which formed in swamps on low-lying 

ground in delta plains, alluvial plains, or coastal areas (McCabe, 1984). A swamp must either 

be drowned or rapidly buried by clastic sediment for coaly material to be preserved (McCabe, 

1984). The presence of limestone beds directly overlying coal seams suggests that peat 

development was terminated by a drowning event, whereas the presence of sandstone directly 

overlying coal suggests rapid burial (McCabe, 1984). The coals within the Co lindale Member 

are autochthonous, or derived from plant material that accumulated in situ, as indicated by 

carbonaceous root traces in mudstones and sandstones underlying coals and the presence of 

distinctive seat earths. Peat development in Nova Scotia during the Upper Carboniferous in 

Nova Scotia was mainly in rheotropic to mesotrophic mires, fed in part by groundwater 

(Calder, 1994). 

Location Port Hood Coalfield St. Rose Chimney Corner 
(Hacquebard et al., 1989; (Hacquebard et al., 1989; (Hacquebard et al., 1989; 

Gillis, 1975b) MacNeil, 1985) Gillis, 1975a) 

#samples 7 from 2 drill holes 6 (No. 5 seam in 6 drill holes) 20 (from 3 drill holes) 

rank high volatile B bituminous high volatile B bituminous high volatile C bituminous 

moisture 4.8% 3.5% 6.9% 

ash 14.7% 12.7% 17.7% 

volatile 34.4% 35.2% 29.4% 
matter 

fixed 46.1% 50.4% 42.95% 
carbon 

sulphur 7.7% 6.5% 5.6% 

calorific 26.3 Mj/kg 27.9 Mj/kg 24.7 Mj/kg 
value 

Table 3.2. Summary of coal analysis of the Co lindale Member. 

The carbonaceous shales comprise mixtures of detrital and organic material, and 

represent settings where organic accumulation was diluted by clastic detritus, as for example, 

from crevasse splays (McCabe, 1984 ). The abundance of carbonaceous shales suggests that 

potentially favourable conditions for vascular plant growth developed frequently but failed 



Chapter 3: Lithofacies 33 

potentially favourable conditions for vascular plant growth developed frequently but failed 

to produce economic coal seams, possibly because of the low tolerance of the low diversity 

Carboniferous flora towards groundwater fluctuations (Collinson and Scott, 1987). 

A fluvial to fluviolacustrine environment with fairly stable wet forest moor to reed 

moor conditions is well supported by petrography for the No. 5 coal seam at St. Rose and 

Chimney Comer (Beaton et al., 1993). Banding of the coal seams suggests that periods of 

subaerial exposure and increased oxidation alternated with periods when wet forested moor 

to reed marsh environments were established (Beaton et al., 1993). 

High sulphur contents (>3.0%) in coals is attributed to the invasion of brackish to 

marine waters into the swamp environment following peat formation, where pH levels are 

high causing an increase in the rate of bacterial degradation of sulphates to form sulphide 

(pyrite) (Williams and Keith, 1963; Bustin et al., 1983). The high ash contents may be a 

product of terrigenous supply or high rates of bacterial degradation of organic matter that 

result in the concentration of the inorganic fraction (Bustin et al., 1983). 

3.2 Bay Fill 

Fauna found within deposits of the upper Port Hood Formation have traditionally been 

interpreted as occupying freshwater to brackish environments (Vasey, 1984; Gersib and 

McCabe, 1981). Recently, poorly-preserved agglutinated foraminifera (Trochammina), that 

represent marine influence, have been identified within sedimentary rocks of the Colindale 

Member type section between Black Point and Murphy's Pond (Wightman, 1995). Within 

a few of the same samples, freshwater-dwelling thecamoebians were identified. Wightman 

( 1995) suggested that the specimens identified are indicative of a marginal marine 

environment of an upper estuary to marsh environment. 

Due to uncertainty about the salinity of the original waters, the following definition 

for bay has been used in reference to the subaqueous environments: a large, partially enclosed 

body of water that has a fairly restricted biota and can be variably fresh, brackish, or near 

normal marine salinity (Gibling, personal communication, 1997). 



3.2.1 Organic-Poor Bay Fill 

Description 
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Organic-poor bay fill deposits consist of finely laminated sandstones, siltstones, and 

mudstones (Fig. 3.1a). These units generally coarsen-up from underlying shale units. Coarser 

beds show parallel- to ripple cross-stratification, siderite nodules as either isolated or 

continuous bands, and possess platy to conchoidal fracture. Uncommon comminuted plant 

material is present within these lithologies. A sandstone body at MacRaes Beach with large

scale (wavelength 3 m) bedforms is unlike any other noted in the Colindale Member 

(Fig.3.1 b). The sandstone contains cross-beds, ripples, mudstone partings, and numerous 

syndepositional faults. 

Paired mud drapes (identified by M. Gibling 1996) were noted only in a ripple cross

laminated siltstone-sandstone interval within the Chimney Corner section (Fig. 3.2), albeit the 

other sections were not as rigorously searched. 

Interpretation 

This lithology with its platy layers, parallel laminae, general lack of in situ vegetation, 

and overall coarsening-upward sequences suggests that these sediments were deposited out 

of suspension into standing water bodies adjacent to channels. Additional evidence for a 

subaqueous environment is the presence of siderite nodules and ripple cross-lamination. 

Siderite nodules commonly form around root traces or areas of high productivity and 

nutrient supply; bedding planes are, likewise, common sites for siderite nodule growth, as 

nutrient rich pore waters and organic debris concentrate along these planes (Pye eta!., 1990). 

Siderite forms in reducing environments in which insufficient H2S is available to precipitate 

all the available reduced iron as FeS or pyrite (Curtis and Spear, 1968). The presence of 

siderite nodules is an indicator of anoxic environments lacking substantial sulphate reduction 

(Bahrig, 1989). Their presence also implies deposition during periods of poor drainage and 

an elevated water table. 

Paired mud drapes are believed to be diagnostic features of tidal environments and 

facies (Visser, 1980; Smith, 1988). Further research is needed to determine the overall 
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Figure 3. kSiltstones of the organic-poor bay fill facies from the Colindale type section. The 
siltstone is finely laminated with platy - conchoidal fracture and contains laterally continuous 
bands of siderite nodules ( < 5 em thick). Hammer is 28 em long. 



---

Figure 3.1 b. Large scale rippled dune sandstone at the MacRaes Beach section('"'"' 300m above base of section). The distance 
between crests (indicated by arrows) is ~3m and height from trough to crest is ~75 em. 

w 
0\ 
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Figure 3 .2. Paired mud drapes in ripple cross-laminated sandstone from the Chimney Comer 
section (adjacent to Mizies Brook on north sidle). Coin is 1.8 em diameter. 
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distribution and occurrence of these structures within the Colindale Member. 

3.2.2 Organic-Rich Bay Fill 

Description 

Thick organic-rich shales are common in the Colindale Member and comprise two 

lithofacies: fossiliferous and laminated shales. Fossiliferous shales are characteristically 

greyish-black to brownish-black, platy to fissile, commonly calcareous, and well-stratified 

(Fig. 3.3, 3.4). These shales contain abundant fossils including well-preserved bivalves 

(Carbonico/asp., Curvirimula sp., and Naiadites sp.), ostracods (Carbonita altilis and 

Hilboldtina evelinae), and annelid worms (Spirorbis carbonarius) with sparse plant and fish 

remains (Vasey, 1984; Gersib and McCabe, 1981; Belt, 1968). Samples of this lithology 

analysed for total organic carbon (TOC) have contents ranging from 0.32 to 5.73 wt.%. 

Fossiliferous shale successions may reach up to 15m thick, notably in the MacRaes Beach 

section. 

The preservation of the bivalve shells within the fossiliferous shales ranges from intact 

whole specimens, articulated to fragmental. Well-preserved unfragmented bivalve shells tend 

to occupy distinct layers within the shale while fragmental shells occur in others, although 

they may occur together. The ostracod shells occur as articulated specimens, well-preserved, 

and occur in thin wafer-like layers with the bivalves. Rare isolated fish fragments (most 

commonly scales) occur in association with the fossil-bearing shales. The shales tend to 

exhibit wavy lamination where there is a large concentration ofbivalve (and ostracod) shells 

present. The shells are variously orientations, sub-parallel to bedding and either occupy single 

bedding planes or are concentrated in particular intervals separated by fauna-poor intervals 

(laminated shales). Visible plant material in this lithology is rare to uncommon. 

Laminated shales, although closely related to the fossiliferous shales, can be easily 

distinguished from them. Compared to the fossiliferous shales, the laminated shales contain 

a lower abundance of fossils, possess wavy parallel lamination (mm-scale), are slightly lighter 

in colour (N4-N5), and have a platy- conchoidal fracture rather than being fissile. The TOC 

contents of this lithology ranges from 0.64 to 4.93 wt. %. Siderite occurs as thin laterally 
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Figure 3. 3 Fossiliferous shales of the bay fill facies from the MacRaes Beach section, St. 
Rose. Note the abundance of weB-preserved bivalves and ostracods. (Scale = $2 Canadian 
coin (2.8 em across)). 



Chapter 3: Lithofacies 40 

Figure 3. 4 Alternate layers of fossiliferous and laminated shale of the bay fill facies from the 
MacRaes Beach section, St. Rose. Note the alternation between layers where bivalves and 
ostracods are highly concentrated (approximately 2 em thick brown bands) and layers where 
the fossils are less abundant (grey, platy shales). (Scale= $2 Canadian coin (2.8 em across)). 
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continuous bands (generally 1-5 em thick), some parallel laminated, or as flattened nodules 

in discrete bands. Continuity of the siderite bands is seen at Evan's Coal Mine where bands 

appear continuous for tens of metres in outcrop. The two types of shale are intimately related, 

with 0.5 to 1 m of laminated shale alternating with 1 to 2m of fossiliferous shale. 

A variant of thinly laminated shales is locally present as thick successions (1.5 to 7 m) 

of medium grey (N4-N5), calcareous, finely laminated silty shales, notably in the MacRaes 

Beach section (Fig. 3.5). The percentage of fauna in these organic-rich shales is very low. 

They break into papery sheets, but are much better indurated than the other shales noted. 

The organic matter in these shales is largely comminuted material of Types II and III 

kerogen (further discussed in Chapter 5). The macerals identified in the organic-rich shales 

include woody, herbaceous (spores, pollen, cuticles), inertinite (charcoal-like), and 

amorphous (unstructured) matter. 

Interpretation 

The fossiliferous shales, best represented at MacRaes Beach, probably represent 

deposits that settled out from suspension in standing water deep enough to provide an 

environment amicable to bivalves, ostracods, and other faunal elements. Elements of this 

faunal assemblage suggest a brackish-water depositional environment (Duff and Walton, 

1973 ), although Gersib and McCabe ( 1981) inferred a freshwater setting. 

The dark grey colouring and excellent preservation of fossils and laminae within these 

shales suggests that reducing conditions prevailed with little to no pedoturbation or faunal 

reworking. Changes in the abundance of organic matter and siderite within the shales implies 

that the environment was periodically anoxic. The immense thickness of these shales suggests 

that the standing water bodies in which they were deposited were perennial, especially at 

MacRaes Beach. Variations in the preservation (whole versus fragmental specimens) and 

layering (distinct single layers versus dispersed) of the fauna implies that some of the material 

was deposited in place while some may have been reworked. 

Variations, although slight, between the fossiliferous and laminated including papery 

shales may represent changes in sediment supply, organic productivity, and CaC03, caused 
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Figure 3. 5 Laminated, highly calcareous shales of the bay fill facies from MacRaes Beach. 
These shales are characteristically parallel laminated, react well with dilute HCl, and break 
into papery layers. Hammer head is 18.5 em long. 
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by changes in water temperature, partial pressure of C02, and salinity. Thus, the thinly 

laminated, papery shales may be different from the other shales due a higher CaC03 

concentration. 

3.2.3 Limestones 

Description 

Thin, laterally continuous, carbonaceous limestones occur in association with the grey 

and black shales just discussed, and generally directly overlie coal seams or carbonaceous 

shales. These limestones are micritic with dispersed silt-sized grains in thin section and contain 

abundant bivalves and ostracods. The bivalve fossils are very concentrated and significantly 

compressed, giving the rock a wavy-stratified appearance (Fig. 3.6). The ostracods and 

bivalves commonly occupy distinct layers but also occur together locally. The shells are 

oriented sub-parallel to bedding, are well-preserved, and commonly infilled (or replaced) with 

sparry calcite and/or pyrite. Pyrite also occurs as distinct layers and clusters within the 

limestones. The limestones are greyish black to brownish-black and occur as resistant ledges 

within or below the fossiliferous shales, ranging in thickness from 2 to 50 em. 

The fossils present in these limestones appear to be of the same types that are found 

in the overlying fossiliferous shales. 

Interpretation 

The micritic nature of these limestones and the abundance of articulated shells 

suggests that they were deposited in a sub-aqueous environment with minimal detrital input 

and a lack of strong currents. The common occurrence of thin limestones overlying coal 

seams and carbonaceous shales suggests that the limestones formed in response to rises in 

groundwater level that drowned developing peat swamps. Limestones of similar character 

elsewhere in the Cumberland Group were inferred to have been laid down in interdistributary 

bays, with marine connections, or possibly in lakes (Duff and Walton, 1973; Gibling and 

Kalkreuth, 1991). 

The common presence of pyrite in the limestones suggest reducing conditions 
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Figure 3.6. Limestone containing abundant ostracods and bivalves from the Evan's Coal Mine 
section. Note pyrite layers at the top of the limestone. Coin = 1. 8 em diameter. 



prevailed periodically allowing for the reduction of sulphate. 

3.3 Flood Plain Deposits 

3.3.1 Sheet Sandstones 

Description 
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Sheet sandstones ranging from a few em to several metres thick occur throughout the 

Co lindale Member and are characterized by thin tlaggy beds ( 10-50 em) and lateral continuity 

across an exposure (Fig. 3. 7). These sheet sandstones consist of fine-grained sandstone and 

siltstone interbedded with the shales and mudstones. The sheet sandstones may either fine

or coarsen-upward on aggregate and possess either a transitional or an abrupt, non-erosional 

basal contact. Mud drapes, desiccation cracks, large-scale cross-sets, ripple cross

stratification (asymmetrical current ripples, climbing ripples), and evidence of vegetation in 

the form of well-preserved root traces at the tops of units characterise these deposits. 

The siltstones are generally medium grey (N 5) with fine parallel- to ripple cross

lamination, sparse comminuted plant debris, and bands of siderite nodules. They generally 

occur interbedded with sandstone in a coarsening-upward succession that grades up to a 

predominantly sandstone unit. 

In sheet sandstone deposits approximately 1 00 m below the Cape Linzee sandstone, 

Keighley and Pickerill (1994b) identified Taenidium baretti (Bradshaw) which are unwalled 

(or unlined) meniscate backfilled burrows (Fig. 3.8). A fossil skeleton of Romeriscus 

periallus, a limnoscelid reptile, was described from Cape Linzee by Baird and Carroll (1967). 

This skeleton was retrieved in 1959 from a 1.2 m sandstone body, interpreted by Gersib 

(1979) as a crevasse splay, between two coal seams (25 em and 10 em), between the base of 

the Colindale Member and the Cape Linzee sandstone (Carroll et al., 1972). Other fossils 

found in sandstone beds occurring within this interval include scales of the crossopterygian 

fish Rhizodopsis, Baropezia-like footprints of large temnospondylous amphibians, and 

vertebrae of a large embolomerous amphibian (Baird and Carroll, 1967). Footprints of 

temnospondylous amphibians were discovered on large sandstone blocks in scree at the 
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Figure 3.7. Sheet sandstone from the Colindale type section. Note the packages offlaggy 
bedding ofthe sandstone separated by intervals of grey mudstone. (Jacob staff is 1.2 m high). 
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Figure 3.8. Taenidium barretti (Bradshaw). These burrows are from the Colindale type 
section and are described in detail in Keighley and Pickerill (1994). Scale= 25¢ coin. 
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Co lindale section, stratigraphically higher than the Cape Linzee sandstone (as indicated on the 

Colindale section log, Fig. A2). 

Interpretation 

The sheet sandstones are interpreted as levee- crevasse splay deposits. Such deposits 

form as sediment is introduced into the backswamp environment by crevasse channels and 

deposited due to flow expansion and loss of flow power as discharge leaves the confines of 

the channel and spreads out as sheet floods (Miall, 1996). In examples in which siltstones and 

sandstones comprise coarsening upward successions they presumably represent parts of 

lacustrine deltas or crevasse splays that advanced into a restricted bay fill or shallow lake 

(Gibling and Bird, 1994). Crevasse splay deposits may be indistinguishable from lacustrine 

delta deposits (Miall, 1996). Generally, rooted zones occur on top of successions that coarsen 

up from platy shales and this suggests that standing water bodies were infilled by crevasse 

splay deposits allowing for vegetation to grow. In cases where the sandstones fine upward 

to siltstones, there was probably a reduction in the flow velocity across the floodplain by loss 

of material due to abandonment of the channel. The more abundant the proportion of sheet 

sandstone bodies in the section, the closer the depositional area is to the main channel. 

Characteristics of these sandstsones and siltstones that suggest that they are levee -

crevasse splay deposits include the absence of erosional bases, the presence of desiccation 

cracks, tetrapod trackways, and abundant roots within the tops of beds. These features 

suggest that these units were subaerially exposed, allowing for the establishment of 

vegetation. The local occurrence of siderite bands and ripple cross-stratification imply 

intermittently poor drainage to truly subaqueous conditions for these deposits. The 

preservation of invertebrate trace fossils suggests that the deposits did not dry out completely 

following their deposition, possibly implying the presence of permanently saturated swamps 

or ponds (Miall, 1996). The crevasse splays at Colindale were inferred to include both those 

built out onto a vegetated flood plain and into a body of water (lake or interdistributary bay 

fill) (Gersib and McCabe, 1981 ). 



3.3.2 Poorly-Drained Soil 

Description 
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Grey unlaminated mudstones, commonly silty, are medium (N5) to dark grey (N3) and 

mottled, notably where organic material is present. These mudstones consist of angular to 

sub-spherical blocky soil aggregates, or peds, ( ~ 1 em diameter) with in situ carbonaceous 

root traces, sand-filled Stigmaria casts, macerated plant debris, and lack any obvious 

stratification (Fig. 3.9). Characteristically, the peds are bounded by intersecting concave-up 

joint sets with slickensided surfaces, desiccation cracks, and small randomly oriented 

slickensides on the individual ped surfaces. Siderite and calcium carbonate nodules (up to 35 

em in diameter) occur scattered within these mudstones. 

Interpretation 

The presence of in situ root traces is one of the most diagnostic features of paleosols 

(Retallack, 1988). Intersecting joint sets, blocky peds, slickensided joint and ped surfaces, and 

desiccation cracks, common to these mudstones, suggest that they are vertisols. Vertisols 

form by the swelling and contracting of expandable clays in soils in response to alternating 

wet and dry conditions (Mack eta/., 1993). Repeated cycles of wetting and drying and 

biopedoturbation by plant growth resulted in the removal of all original stratification. 

Grey colouring of these mudstones may have resulted from a reduced soil that was 

positioned below the lowest groundwater level (gleyed soils) or due to reducing conditions 

formed by the downward percolation of overlying waters (Buurman, 1980). 

These paleosols represent poorly drained soils that may have developed within a 

floodplain environment experiencing fluctuations in the water table. The presence of crevasse 

splay deposits in the section attest to flooding on the floodplain which may have caused the 

soils to be periodically waterlogged. Seasonal variations or tidal influence may have also 

played a role in fluctuations in the watertable aiding in the development of vertisols. 
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Figure 3. 9. Poorly drained flood plain deposits of grey mudstone from the MacRaes Beach 
section. The mudstone is composed of blocky peds, lacks stratification, and possesses 
concave-up joint surfaces. Pencil is 14 em long 



3.3.3 Hydromorphic Soil 

Description 
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Heavily rooted claystones (and/or mudstones) are commonly observed in the 

Colindale Member generally underlying coal seams, possessing no stratification, and 

exhibiting crumbly to blocky fracture. These claystones are characteristic of seat earths (Fig. 

3.10). These clay-rich rocks are light to medium grey, generally mottled darker grey, and 

contain organic matter in the form of plant debris and carbonaceous root traces. Downward 

branching sideritic rhizoconcretions possessing calcitic cores occur in both vertical and 

horizontal orientations within some of these claystones. 

Interpretation 

Seat earths may represent either exposed soils formed below peat accumulations, later 

drowned during a rise in the groundwater table and/or weathered zones formed below an 

accumulating peat, with organic acids from peat contnbuting to their degradation (Huddle and 

Patterson, 1961; Gardner et a/., 1988). Insufficient evidence was available to choose between 

these alternatives. However, no evidence was observed that might suggest these were mature 

or well-drained soils (e.g. calcite nodules, sand-filled desiccation cracks), and the seat earths 

are tentatively ascribed to hydromorphic (poorly drained) paleosols. 

3.3.4 Well-Drained Soil 

Description 

A small percentage of greyish-red to greenish-grey mudstones occur within the 

Co lindale Member, attaining thicknesses of approximately 6 m, although generally much less. 

The red mudstones are much like the grey mudstones in character, breaking into angular 

blocky peds (0.5-4 em diameter), possessing no stratification, and are generally homogeneous 

(Fig. 3.11). These mudstones have concave up and planar joint sets, spaced 0.5 to 10 em 

apart, and can be traced laterally for many metres. Scattered calcareous nodules ( 1-1 0 em), 

in:filled mudcracks (<50 em deep), and sparse organic matter are other features common to 

these deposits. The mudstones possess drab or pale blue green ( 5BG 7 /2) mottling as 
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Figure 3.10. This photo, from the Evan's Coal Mine access ramp section, shows roots 
extending below a coaly unit. Stratification within the mudstone has been obscured by root 
action. Pen is 14 em long. 
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Figure 3 .11. Well-drained flood plain deposit of red mudstone from the Co lindale type 
section. The mudstone is homogenous, poorly stratified and breaks into small blocky peds. 
Coin is 2.8 em in diameter. 
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irregular patches around organic matter and rootlets. 

Interpretation 

Red mudstones are characteristically very similar to the grey poorly drained soils 

except for their red and drab colouring and the presence of calcareous nodules and thus, may 

be interpreted as vertisols. The red colouring in these mudstones likely represents a soil that 

experienced extended episodes of drying during formation on a flood plain (Kraus, 1997). The 

drab mottling is a distinctive feature of root traces found in red coloured paleosols (Retallack, 

1988). Evidence supporting this is that the drab mottled areas usually contain carbonaceous 

traces within their cores. 

3.3.5 Ganister 

Description 

Some sandstone bodies are grouped in a distinctive facies that, because of its resistant 

massive nature, forms prominent wave-cut surfaces in coastal sections. These sandstones 

contain abundant roots (Stigmaria) of lycopsid trees and show virtually no evidence of 

stratification. They are pale grey in colour and mottled, with a nodular appearance and rusty 

stain, and are very well indurated (Fig. 3 .12). They range in thickness from 40 - 185 em 

(average= 95 em), with top surfaces that are generally abrupt and irregular. They did not 

react to dilute HCl, suggesting that they are cemented with silica, rather than calcite. The 

ganisters overlie either coal and associated carbonaceous shale or interbedded sandstone and 

siltstones that show evidence of rooting. The ganisters are, in turn, overlain by coal and 

associated carbonaceous shale or mudstones representing poorly drained soils. These 

sandstones most commonly occur within the Co lindale section. 

Interpretation 

The presence of silica (Si02) cement within these sandstones suggests that they 

represent Si02 accumulation zones within well-drained soil profiles. An abundance of roots 

and absence of stratification suggests that, if any stratification had existed during deposition 
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Figure 3.12. An example of a siliceous sandy paleosol, or ganister, from the Colindale type 
section. Note the irregular top surface. Hammer is 30 em long. 
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of the sands, it was removed by intense pedoturbation. This silica replacement most likely 

occurred on a flood plain that experienced subaerial exposure following pedoturbation, as 

lycopsid trees required waterlogged substrates. 

These sandstones are components of immature paleosols within crevasse splay, levee, 

and channel deposits developing after channel avulsion and splay abandonment during 

pedogenesis (Gibling and Rust, 1992). 

3.4 Channels 

Description 

Although large sandstone channel bodies are prominent features within the Co lindale 

Member they were not the focus of this study. For more detail on the channel bodies refer to 

Keighley (1996). 

Major channel sandstone deposits in the Colindale Member reach up to 20 m in 

thickness, forming large headlands. Individual storeys, up to I 0 m thick, are separated by 

erosional bases. The main channel bodies have abrupt erosional bases that have notably 

incised up to 5 m of underlying red and grey mud-dominated floodplain deposits (Fig. 3.13). 

The sandstones are light grey with surfaces weathered light olive grey and consist of 

medium- to coarse-grained sand. Plant debris is common in these sandstones bodies, ranging 

in size from comminuted material to large logs (Calamites, Lepidodendron, and Sigillaria). 

Other, less common characteristics include grey mudchip and siderite intraclasts (up to 4 em 

diameter) concentrated in thin bands, the rare presence of pyrite nodules, specks ofhaematite, 

rill marks, as well as flute and other sole marks. 

Some channel bodies have basal conglomeratic deposits that consist of rounded 

carbonate and grey mudstone clasts, macerated plant debris and logs, within a coarse 

sandstone matrix. All of the material within these lag deposits appears intrabasinal in origin. 

Groove and tool casts are also visible on the bases of these sandstones. Locally the sandstone 

bodies exhibit large-scale trough cross-beds. The Cape Linzee sandstone, approximately 200 

m from the base of the section at Co lindale, is a good example of a major channel body (Fig. 



Figure 3. 13. Channel sandstone body with an erosional base from the Co lindale type section. The sandstone incised 5 m of underlying 
flood plain deposits. (Approximately 275 metres above the base of the section). 
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3.14). This multistorey sandstone complex contains a lensoidal basal lag deposit (1.8 m thick) 

above an erosional base that scoured through 2.5 m of underlying flood plain deposits. The 

sandstone overlying the lag deposit is cross-bedded and fines upward into finer-grained 

sandstone with abundant ripple cross-lamination (1-2 m thick). 

The bulk of the channel sandstones comprise deposits that generally fine upward 

overall, and contain planar (tabular) to trough cross-beds and cross-sets in the basal strata. 

Plane beds with primary current lineation are common in the middle of the channel bodies, 

having a consistent flow direction within a storey. The upper portions of these bodies are 

commonly ripple cross-laminated (asymmetrical current ripples) with the same general flow 

direction. Although paleoflow directions vary throughout a section, they generally show a 

consistent flow direction within individual channel bodies (discussed in section 3. 6). Channels 

at the Chimney Corner and Colindale sections contain intervals with convolut bedding. In 

these convoluted intervals remnant parallel- to cross-bedding is locally evident although 

primary structures have largely been destroyed. 

Lenses of grey mudstone, 1-2 m thick, occur between some storeys of the sandstone 

bodies. The mudstone within the lenses exhibits good to poor stratification and an undulatory 

contact with the bounding sandstone. Features at the base of the sandstone, directly overlying 

the mudstone lenses, include flute and rill marks and grey mudchip intraclasts incorporated 

within the sandstone. 

A large percentage ofthe channel sandstone bodies can be viewed at the Chimney 

Corner and Co lindale sections, although access around these bodies can be difficult. 

Interpretation 

These large sandstone bodies may represent fluvial channel sandstones deposited 

within a large, meandering river system cutting across a broad flood plain (Gersib and 

McCabe, 1981 ). Alternatively, Keighley and Pickerill ( 1996) suggested that, due to the 

absence of point-bar deposits, the upper Port Hood Formation was deposited within a low

sinuosity braided channel system, rather than a meandering system. They also proposed that 

sandstone bodies within the Chimney Comer section represent deposition predominantly in 



Figure 3. 14 Cape Linzee sandstone of the Colindale type section(~ 200m above base of section). Note the base that has scoured underlying 
floodplain deposits. 
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the lower flow regime, although in some cases sediment accumulation remained rapid. 

Keighley and Pickerill (1994a) interpreted the lenses of grey mudstone between the 

storeys of some channel bodies at Chimney Corner to be mud flows mobilized during burial. 

Alternatively, these mudstone lenses may represent abandoned channel fills or bar-top 

deposits; in support of this interpretation, stratification is well developed locally, and slump 

blocks with sandstone blocks and trees intermixed are present, with scouring evident ( Gibling, 

personal communication, 1996). 

In the sandstones displaying convoluted bedding, cross-bedding is obscured by soft 

sediment deformation. Gersib (1979) attributed this soft sediment deformation to post

depositional liquefaction as a result of earthquake activity related to adjustments of nearby 

faults. Alternatively, this deformation could have been triggered with the attainment of critical 

load due to rapidly accreting overburden (Keighley and Pickerill, 1996). 

Lag deposits at the base of these thick sandstone sequences represent material that 

was carried by the channel during peak flooding conditions. The presence of multiple storeys 

separated by erosional surfaces within the sandstone complexes suggest major flooding events 

or reoccupation of pre-existing channels or channel belts. This may indicate some measure 

of vertical aggradation. 

3.5 Marine Implications 

Sediments deposited in basins of western Cape Breton Island, during the Late 

Namurian, were laid down in a mixed marine and freshwater environment. Although no open

marine organisms have been identified, there are pieces of evidence that imply a marine 

connection or brackish-water environment. Evidence suggesting marine connections include 

the presence of paired mud drapes, high sulphur coals, Spirorbis, brackish-water trace fossil 

assemblages, and agglutinated foraminifera. 

As noted in section 3.1.1, coals analysed within the Co lindale Member have a sulphur 

content of5.6% to 7.7% on average. Coals with high sulphur levels long have been thought 

to represent invasions of coal swamps by marine waters that increased the availability of 
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sulfate ions (Williams and Keith, 1963). 

In the Joggins section, of comparable age and lithologic character to the Co lindale 

Member, Archer eta/., (1995) identified trace fossil assemblages (Plangtichnus, Treptichnus, 

and Haplotichnus) that are characteristic of strata with tidal rhythmites in some Carboniferous 

sections of the U.S.A. This suggests that part of the Joggins section was deposited in brackish 

water. Additional evidence of marine-water connection at Joggins includes the association of 

three genera of agglutinated foraminifera (Trochammina, Ammobaculites, and Ammotium). 

This foram assemblage is indicative of a brackish-water depositional environment (Archer et 

al., 1995). 

Agglutinated foraminiferal assemblages (Trochammina) have been identified in 10 out 

of 21 samples analyzed for fossil protozoans from the Co lindale type section (Wightman, 

1995). The foraminifera were noted in small numbers and only in the upper portion of the 

Co lindale type section, suggesting further work is needed to document their occurrence more 

fully. 

3.6 Paleocurrent Data 

Paleoflow directions compiled from previous studies suggest that a southeast flow 

direction predominated during deposition of the Colindale Member (Keighley and Pickerill, 

1994a,1996; Gersib, 1979) (Table 3.3). Although insufficient paleoflow data were obtained 

in this study to test the overall trends indicated by previous studies, the data indicate local 

variations of flow within individual sections. Paleo flow data, where obtained, are plotted 

beside each stratigraphic section to demonstrate variations in flow direction for each structure 

(Appendix D). 

General trends evident from paleoflow data, including primary current lineations, 

cross-beds, current ripples and other structures of the Colindale Member, suggest variations 

in flow direction for each of the sections. Each individual sandstone body within a particular 

section exhibits a characteristic flow direction. Data collected for this study indicated that 

most sandstone bodies interpreted as channel fill deposits, within a particular section, have 
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Table 3.3. Summary of compiled paleoflow for the Upper Carboniferous, Port Hood 
Formation. 

Author 

Bell (1943) 

Gersib ( 1979) 

Gersib and 
McCabe (1981) 

Keighley and 
Pickerill (1994a) 

Keighley and 
Pickerill (1996) 

Location 

Chimney Corner - St. Rose 
(Colindale Member) 

Colindale type section 
(Colindale Member) 

Colindale type section 
(Colindale Member) 

Port Hood Formation 
Chimney Corner to Margaree 
Harbour (Margaree and 
Colindale members) 

Port Hood Formation 

Paleojlow Direction 

currents ripples from the southeast to east-southeast 

trough cross-bedding = east to southeast flow 
direction 
PCL =southeast azimuth 
ripple lamination = flow direction to the southwest 
to southeast (most data retrieved from one 
sandstone body) 

sediments derived from the west 

data obtained predominantly from large scale 
cross-strata 
n=133, vector mean= 118° 

SE orientation persists with no readings taken 
that indicate flow towards the northwest -
northeast for the lower PHF (Margaree 
Member) 

SE orientations still persist in the upper PHF 
although paleocurrents originate from all 
quadrants of the compass (based on 206 
readings from Chimney Corner area) (Colindale 
Member) 

MacRaes Beach section (headland) = northeast 
to southeast flow ( n = 1 0) 

Summary of compiled paleo flow data for the Upper Carboniferous to Permian 

Gibling et al. late Westphalian A to the + 36 000 measurements of large-scale trough cross-
(1992) Early Permian strata indicate that a NE - E flow characterizes all 

Maritimes Basin west and south parts of the Maritimes Basin 
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very similar flow directions (Fig. 3.15). For instance almost all channel bodies within the 

Co lindale section have a consistent southerly flow direction. Sandstone bodies interpreted as 

either crevasse splays or lacustrine deltas within the same section show flow directions that 

are oblique to the interpreted channel deposits. Paleoflow data are plotted beside each 

stratigraphic section, where obtained, to show variations (Appendix D). 

3.7 Environmental Synthesis 

Several interpretations have been presented for the depositional environment of the 

Port Hood and correlative formations including a meandering river system, an upper delta 

plain, and a braided river system. Sedimentology of the Colindale Member was addressed by 

Gersib (1979) and Gersib and McCabe (1981) who proposed that the Port Hood Formation 

was deposited within a large, meandering fluviatile system cutting across a broad flood plain. 

They concluded that the upper Port Hood Formation was not deltaic in nature as no thick 

coarsening-upward sequence was present and no evidence suggests that sediments were 

infilling a large body of water. Duff and Walton (1973) concluded that rocks of equivalent age 

and lithologic character at Joggins, Nova Scotia were deposited on an upper delta plain with 

back swamps and shallow basins. Rust eta!. (1984) argued that part of the Joggins section 

was deposited as an anastomosing fluvial plain based on well-defined channels and the 

absence of marine fossils. Browne and Plint (1994) studied the Boss Point Formation of 

northern Nova Scotia and southeastern New Brunswick, also in part equivalent to the lower 

Port Hood Formation, concluding that it represents deposition in an alternating braidplain and 

shallow lacustrine environment. The most recent sedimentological study in western Cape 

Breton Island is that of Keighley ( 1996) who focused on the architecture of major sandstone 

bodies, without emphasizing the finer grained material. Keighley concluded that the 

sandstone bodies within the lower Port Hood Formation were deposited in a braidplain 

setting. During deposition of the upper Port Hood Formation (Colindale Member) 

paleocurrent trends were more variable, paleoslopes were more gentle, and discharge rates 

were less variable than the lower Port Hood Formation, although channel sinuosity remained 
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low (Keighley and Pickerill, 1996). 

Flood plain deposits, in the form of poor- to well-drained mudstones with mire and 

lacustrine deposits, make up most of the Colindale Member's sedimentary record. These fine

grained sediments are normally deposited during flooding events as fine-grained material from 

the channel is deposited out of suspension over the flood plain. 

At times the flood plain was well-established as suggested by the presence of well

developed paleosols and vegetation in the form of rooted horizons, vertisols, coal seams, and 

carbonaceous shales. Widespread coal seams also attest to sustained wetland conditions on 

the flood plain. Siderite nodules and continuous bands, grey paleosols, and bivalve- and 

ostracod-bearing limestones and shales collectively suggest that elevated water tables 

prevailed during deposition. The flood plain was subjected to periodic major flooding that 

terminated plant development and allowed subaqueous faunas to thrive. Transgressive 

surfaces in the form of thin limestones and black fossiliferous shales directly overlie coal 

seams and carbonaceous shales, marking these flooding events. Thick sequences of 

subaqueous deposits suggest that at least parts of the flood plain were inundated and 

subsequently flooded allowing standing water bodies to develop. 

Major flooding events caused lakes and marine embayments to be infilled with sandy 

deposits as the coarser material from the channel was carried further away from their 

conduits. During flooding sands infilled the standing water bodies forming coarsening-upward 

sequences that are commonly topped with a rooted horizon. 

The proportion of fine-grained rocks to sandstones can be used to indicate the 

proximity of the flood plain deposits to the main channel although thin intercalated sheet 

sandstones occur throughout the section. Some intervals in the Co lindale Member contain a 

higher concentration of sheet sandstones than others. These sheet sandstone-dominated 

intervals indicate periods when deposition occurred close to the main channel: when the 

channel floods over or breaches its side walls, the overriding sands have less distance to travel 

before being deposited. 

Evidence for subaerial exposure on the flood plain includes red mudstones and 

siltstones containing desiccation cracks, footprints, and rooted horizons. Thin intervals 
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characterized by subaerial exposure, alternating with black fossiliferous shales and limestones, 

argue for periodic changes in the water level. Vertisols also attest to short-term variation in 

the environment as alternating wet and dry conditions are necessary for their development. 

Discontinuity of channel sandstone bodies and abundance of mudstones, coal seams, 

and rooted horizons exclude deposition by a braided system (Rust et al., 1984 ). A meandering 

or anastomosing river system best accommodates the ratio of flood plain to channel deposits 

that form the Colindale Member. The main sandstone types in the member include sheet 

sandstones (crevasse - splays, levees, lacustrine deltas) and channel sandstones. Occasional 

high discharge in the system caused the channel to breach its course depositing sands on the 

flood plain as sheet sands and infilling inundated areas. Channel avulsion resulted in the scour 

of underlying flood plain deposits and the deposition of channel sands. 

Carbonaceous fine-grained deposits represent deposition in a forested wetland 

environment on the flood plain away from the main channel when soils were waterlogged, 

though not flooded. Conditions on the flood plain must have been stable for an extended time 

with no large fluctuations in discharge or base level allowing for the development and 

preservation of coal seams up to 2.6 m thick that extend for over 7 km. 
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CHAPTER 4: SEQUENCE STRATIGRAPHY 

4.0 Introduction 

Sequence stratigraphy provides a means to analyse cyclicity within rock successions, 

recognize individual cycles and subdivide them by identifying bounding surfaces created by 

either subaerial exposure, regression, or transgression. Initially, sequence stratigraphy was 

applied in the interpretation of marine sequences recognized in seismic sections (Vail et a!., 

1977). The concepts and principles of sequence stratigraphy were further defined (Table 4.1) 

and later applied to outcrop and well logs containing both marine and coeval nonmarine 

(fluvial) successions (Van Wagoner eta!., 1988, 1990; Posamentier et al., 1988; Shanley and 

McCabe, 1991). 

Recently, many authors have applied the concepts and principles of sequence 

stratigraphy to the study of continental successions, lacking marine evidence, with careful 

consideration of controls on base level and sediment supply (e.g., lacustrine, eolian, and 

alluvial systems) (Legarreta eta!., 1993; Shanley and McCabe, 1991, 1994). Studies by 

Shanley and McCabe (1991) on fluvial deposits coeval with shore face and offshore deposits 

demonstrated that the rates of relative sea level rise significantly affected the rate at which 

accommodation space was created in the fluvial realm. 

The challenge in sequence stratigraphic studies of continental strata is to discriminate 

the controls that influence depositional patterns and reflect autocyclic changes from those that 

are allocyclic in nature (Shanley and McCabe, 1994; Olsen et a!., 1995). Concepts of 

sequence stratigraphy attempt to determine how sedimentary systems respond to changes in 

base leveL sediment supply, accommodation space, tectonism, and climatic conditions. Based 

on the type of depositional environment under investigation, the effects of these controls will 

vary. 

The Co lindale Member contains a number of stacked cyclic successions that range 

from centimetres to tens of metres in thickness. These successions reflect changes in 

autocyclic and allocyclic processes that took place during sedimentation. This chapter 

67 



Chapter 4: Sequence Stratigraphy 68 

Table 4.1. Glossary of Terms 

Accommodation Space 
"the space made available for potential sediment accumulation" (Jervey, 1988) 

Base Level 
"the imaginary horizontal level or surface to which subaerial erosion proceeds" (Schumm, 1 993) 

Depos~onaiSequence 

"a stratigraphic unit composed of a relatively conformable succession of genetically related strata 
bounded at its top and base by unconformities and their correlative conformities" (Mitchum et al., 
1977) 

Eustasy 
"a world-wide change of sea level relative to a fixed point such as the centre of the earth" (Walker, 
1992) 

Maximum Flooding Surface 
the surface across which there is evidence of an abrupt increase in water depth. This surface records 
the maximum extent of marine drowning separating transgressive units above from regressive units 
below. (Miall, 1997) 

Parasequence 
"a relatively conformable succession of genetically related beds or bedsets bounded by marine 

flooding surfaces and their correlative surfaces" (Van Wagoner et al., 1988). For this study, 
parasequences are bound by flooding surfaces that are not necessarily marine in origin. 

Parasequence set 
" a succession of genetically related parasequences which form a distinctive stacking pattern that 
is bounded, in many cases, by major marine-flooding surfaces and their correlative surfaces" (Van 
Wagoner, 1985). For this study, parasequence sets are bound by flooding surfaces that are not 
necessarily marine in origin. 

Sequence 
"a relatively conformable succession of genetically related strata bounded at its top and base by 
unconformities and their correlative conformities" (Mitchum, 1977) 
A sequence may consist of stacked facies successions, each showing a gradual upward change in 
facies character that indicates a progressive shift in the local depositional environment (Miall, 1997) 

Sequence Boundaries 
"unconformities that separate younger from older strata, along which there is evidence of subaerial 
truncation or subaerial exposure, with a significant hiatus indicated" (Van Wagoner et al., 1988) 

Sequence Stratigraphy 
"the study of rock relationships within a chronostratigraphic framework of repetitive, genetically 
related strata bounded by surfaces of erosion or nondeposition, or their correlative conformities" 
(Van Wagoner et al. , 1988) 
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describes the different levels of cyclicity noted in the Co lindale Member and attempts to 

determine the controls that prevailed during deposition. 

4.1 Centimetre-Scale Cyclicity 

Within the bay-fill lithofacies cyclic sedimentation occurs at a centimetre scale. There 

is an alternation of 1 to 10 em intervals of fossil-bearing carbonaceous shales with 5 to 15 em 

intervals of fossil-barren carbonaceous shales containing siderite bands (1-5 em thick) (Fig. 

4.1). The fossil-barren beds are slightly coarser, due to higher silt content, and possess 

conchoidal fracture surfaces. The contacts between the intervals with and without fossils are 

transitional with no erosionally based shelly lags noted, suggesting a gradual change in 

depositional style. This scale of cyclicity is restricted to the bay-fill lithofacies that 

predominates in the MacRaes Beach section, where these repetitive cycles continue over 50 

m intervals. These centimetre-scale cycles occur within fauna-rich, organic-rich shales (1.5 -

3.5 m thick), intercalated with the fauna-poor blocky mudstone (50 em thick) (Fig. 4.2). 

These changes in the abundance of fossils within the shales may reflect local changes 

related to chemical and physical variations in the water column through which the sediments 

were deposited. Such variations include changes in temperature, sediment supply, salinity, and 

water depth, within a standing water body (Tucker, 1978). Slight variations in these factors 

presumably made the environment inhospitable to the fauna present (bivalves, ostracods, and 

fish). The appearance of siderite bands within the sediments also reflects a change in water 

chemistry and methanogenesis or oxicity (Bahrig, 1989). These changes may reflect rhythmic 

climate change. However, these deposits have not been subjected to quantitative cycle 

analysis, and consequently possible similarities with Milankovitch periodicities are unknown. 

4.2 Sequence Boundaries 

Genetic sequence stratigraphy, described by Galloway (1989), divides sedimentary 

packages by recognition of major flooding surfaces. Flooding surfaces, reflecting rapid rises 
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Figure 4.1. Centimetre-scale cyclicity at _MacRaes Beach section(~ 70 m above base). The 
brown layers (with arrows) consist of fauna-rich shale, whereas the grey layers consist of 
fauna-poor shaley mudstone. Scale = 28 mm diameter. 
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Figure 4.2. Detailed section indicating distribution of fauna-rich organic-rich shales and 
fauna-poor shales and mudstones showing em-scale cyclicityat MacRaes Beach ( ~ 160 m 
above base of the Colindale Member contact). 
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in stratigraphic base level, may be represented by marine horizons, swamp and marsh 

deposits, poorly drained soils, lacustrine and lacustrine delta deposits, or lacustrine carbonates 

(Shanley and McCabe, 1994). Flooding surfaces in the Colindale stratal succession are 

represented by fossiliferous limestones and shales, and where absent coals and carbonaceous 

shales. Where limestones are present in the section, they directly overlie coal seams, serving 

as distinctive bounding surfaces. Alternatively flooding may be marked by a transition from 

carbonaceous to fossiliferous shale. Although flooding surfaces are easily recognised in 

outcrop, they do not act as good sequence boundaries as they represent part of the continuum 

of deposition (Posamentier, 1991). Subaerial unconformities that mark major depositional or 

tectonic changes may occur between two successive flooding events (Embry, 1993 ). 

The recognition of unconformities and erosive surfaces as sequence boundaries would 

be more appropriate than flooding surfaces as the unconformities represent natural breaks in 

deposition. Depositional sequence boundaries may be identified as the following: regional 

truncation, angular discordance, onlap, incisement, evidence of subaerial exposure, changes 

in parasequence stacking patterns, and downward shift in facies (Donovan, 1991). Using 

unconformities as sequence boundaries can be problematic. For example, a fall in base level 

may not necessarily result in exposure and erosion, and in nonmarine sequences channel 

erosion surfaces may be equally as prominent as regional erosive surfaces in the stratigraphic 

section (Miall, 1997). 

In the Colindale Member, surfaces marking subaerial exposure include well-developed 

paleosols and surfaces exhibiting desiccation cracks, although these intervals are generally 

rare in the strata. Erosive surfaces in Co lindale strata are expressed as bases of sandstone 

bodies directly overlying mire and flood plain deposits, some of which are noted to have 

incised over 5 m of underlying flood plain deposits. In the Colindale Member these erosive 

bases are commonly accompanied by the presence of logs, intraformational mud chips and 

carbonate fragments concentrated at the base of the sandstone body. 

The Cape Linzee sandstone channel body is a good candidate for a sequence 

boundary. This sandstone body has an erosive base and a thick basal lag deposit containing 

abundant intraformational carbonate and mud fragments, suggesting that the sandstone 
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eroded previously underlying deposits following a break in deposition. The incision surface 

at the base of the Cape Linzee sandstone could not be correlated with certainty with major 

incision surfaces or mature paleosols in the MacRaes or Chimney Comer sections, and thus 

the regional significance of this surface remains uncertain. The apparent lack of expression 

of an erosional surface or break in deposition within the other sections may suggest that the 

event that caused incision at the base of the Cape Linzee sandstone was not regional. 

Although channel sandstone bodies represent potential unconformities within the 

Colindale Member, they are rare in some sections (e.g. MacRaes Beach) or show little 

evidence that they represent paleovalley fills. Therefore, the recognition of flooding surfaces 

is a more useful method of subdividing Co lindale strata into sedimentary packages. 

4.3 Metre-Scale Cyclicity 

Three sections have been chosen for sequence stratigraphic studies of the Co lindale 

Member due to their variability and excellent exposure along the coast. These include the 

MacRaes Beach, Colindale, and Chimney Comer sections (Appendix B). It is important to 

note that each of these sections represents a slightly different environment of deposition in 

relation to relative water depth, ranging from prevalent deep water deposition to an alluvial 

setting. Despite these differences between the sections, parasequences and parasequence sets 

are recognized in each, although lithologies representing them differ in each section (Figs. 4.3, 

4.4, 4.5). In all three sections flooding surfaces are expressed as fossiliferous shales and 

limestones, coals, and coaly shales, as discussed in the previous section. 

Detailed sedimentological studies of the Co lindale Member have revealed repeated 

cycles several metres thick that represent prograding, retrograding, and aggrading events 

separated by transgressive, or flooding, surfaces (Figs. 4.3-4.5). Progradation occurs when 

the rate of sediment supply exceeds the rate at which accommodation space is created (Van 

Wagoner eta!., 1988). Within Colindale strata, progradation is marked by shoaling-upward 

successions on the order of one to tens of metres thick. Progradation may be represented by 

parasequences (<1-15m thick), minor parasequence sets (10-35 m), and major parasequence 
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(T). This section begins approximately 60 m from the base of the Colindale Member. 
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Figure 4.5. Detailed sections from MacRaes Beach section illustrating prograding (P) and 
aggrading (A) parasequences separated by transgressive surfaces (T). Refer to Fig. 4.3 for 
legend. This succession is~ 150m above the top of the Margaree Member. 
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sets (50-100m thick). Major parasequence sets comprise a number of minor parasequence 

sets (Fig. 4.6). 

Progradational parasequences within the Colindale Member consist of thin mire 

deposits (coals and/or carbonaceous shales) overlain by fauna-rich limestones and shales or 

occasionally abrupt-based sandstone bodies (Fig. 4. 7). These fossiliferous shales, well

stratified and calcareous, are overlain by coarser mudstone and siltstone beds, containing 

siderite nodules and/or bands and possessing platy to conchoidal fracture. The coarser 

siltstones and mudstones are interpreted as organic-poor bay-fill deposits. Higher within a 

cycle the disappearance of fauna and increased abundance of siderite nodules within paleosol

like rocks suggest that water depth was decreasing. These deposits pass up into finely 

parallel- to ripple cross-laminated siltstones and sandstones, commonly rooted in the upper 

portion, and contain siderite nodules. This coarsening-up succession, from a fossiliferous 

interval at the base, is characteristic of a bay-fill assemblage in which a standing water body 

is gradually infilled by an influx of sediments (Table 4.2). 

Progradational parasequence sets, generally on the order of 50 to 100 m thick, 

comprise a number of parasequences (5-15) (Fig. 4.6). An excellent example of a 

progradational parasequence set with approximately 8 parasequences occurs in the MacRaes 

Beach section between 70 m and 245 m (Appendix B) that demonstrates a change from 

prevailing subaqueous sedimentation to alluvial conditions. 

Lithofacies Depositional Environment 

coal or carbonaceous shale mrre 

seat -earth flood plain 

mudstone (rooted, unstratified) flood plain 

siltstone flood plain 

sandstone (commonly rippled) crevasse splay 

siltstone (may contain siderite) organic-poor bay fill 

mudstone (may contain siderite) organic-poor bay fill 

shale (fossils, organic-rich, commonly calcareous) organic-rich bay fill 

limestone (carbonaceous~ fossil-rich) organic-rich bay fill 
Table 4.2 Summary of idealised prograding parasequences in the Co lindale Member, from a 



420 -

410 I 

400 

390 

300 

MacRaes Beach 
r-r- -

Boundary between major parasequence sets 

Top of the Margaree Member Land __,. 

T 

Chapter 4: Sequence Stratigraphy 78 
rcmmney Comer 

~ 

Q0 

~ 
f) 

Q; 
==:::;;:-~ 

8 1::. 

J 
~ 

/ij 
(J 

Q; 

8 1::. 

~: 
/ ". 
(' 

t I\· 

('· 

(!) 
z 
i5 
<( 
0:: 
(!) 
(!) 
<( 

PARASEQLEr£ESP.AJWiEQl.E~S 

Figure 4.6 Examples of parasequence sets from MacRaes Beach, Co lindale, and 
Chimney Corner sections. 



Chapter 4: Sequence Stratigraphy 7 9 

Figure 4.7 An example of a thin coal seam directly overlain by an abrupt planar-based 
sandstone body from the Colindale type section(~ 40 m above base of section). The hammer 
head is 20.5 em across. 
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limestone at the base. 
Prograding parasequence sets are followed up-section by aggrading or retrograding 

parasequence sets. Aggradation occurs if the rates of sediment supply and creation of 

accommodation space are balanced (Van Wagoner et al., 1988). Aggrading parasequence sets 

(50-100m thick) ofthe Colindale Member consist of numerous parasequences (<1-15m) that 

have prograded to approximately the same base level. Aggrading parasequence sets within 

the Colindale Member generally occur between prograding parasequence sets, although 

separating the two can be problematic due to subtle changes in the degree of progradation 

between successive parasequences. Aggradational parasequence sets are common in the 

Colindale Member (Fig. 4.6) and are noted in all three sections studied. These sets represent 

an overall prevailing equilibrium in the system at time of deposition. Abrupt drowning or 

incisement tends to occur at the end of aggrading and prograding parasequence sets, with 

gradual changes being uncommon. Retrogradation occurs when the rate of sediment supply 

is exceeded by the rate at which accommodation space is created (Van Wagoner eta!., 1988). 

Obvious retrograding parasequence sets are uncommon within the successions studied. Those 

noted are approximately 25 m thick and consist of a number of parasequences. Retrograding 

parasequence sets represent a gradual transition from continental red beds through shallow 

water deposition followed by a major transgression, indicating a slow rise in base level. 

In contrast to the rest of the Co lindale Member sections, within the MacRaes Beach 

section, parasequences are not easily recognized due to the anomalously thick shale packages, 

and a general absence of evidence of mire deposits in the section (Fig. 4.5). Prograding 

packages at MacRaes Beach generally consist of repeated shoaling-upward successions of 

fossiliferous shale and mudstone that pass up into siltstone and sandstone. Coals or distinct 

resistant limestone beds are rarely noted in the MacRaes Beach section causing difficulty in 

selecting distinct flooding surfaces. Much of the MacRaes Beach section appears to be made 

up of aggradational and progradational parasequence sets, each consisting of numerous 

smaller prograding parasequences made up of shale and mudstone with only slight variations 

noted (Fig. 4.5). In most instances in the MacRaes Beach section, progradational 

parasequence sets show a transition from deep water facies to shallow water facies and 

occasionally to red bed and coaly intervals at the top before the next flooding surface occurs. 
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The Chimney Comer section contains a large percentage of sandstone in the form of 

channel bodies. Finer-grained strata that occur in approximately 50 m intervals between the 

sandstone bodies are lithologically very similar to the Co lindale type section. The abundance 

of channel bodies and poor exposure in parts of the section makes correlation with 

neighbouring sections difficult as the channels may have removed or cover potential flooding 

surfaces. 

Other sections in the St. Rose basin contain comparable amounts of coal and 

sandstone to the Colindale section, suggesting shorter periods of submergence than the 

MacRaes Beach section. Although the Colindale and MacRaes Beach sections occur in 

different sub-basins, it is not probable that this is the reason for the distinctive change in 

depositional style, because other sections within the St. Rose basin contain lithologies more 

comparable to the Colindale section than to the MacRaes Beach section. Due to large 

differences in the lithologies dominating in the Colindale section (Fig. 4.6) and MacRaes 

Beach section, it appears that the two sections experienced different ambient base levels. Lack 

of mire deposits and the abundance of organic-rich bay fill deposits suggests that the MacRaes 

Beach section experienced more prolonged periods of submergence and perhaps overall 

deeper water. This may be related to varying rates of subsidence in the region causing the 

MacRaes Beach section to lie lower than the other sections relative to base level. 

Alternatively, the relative distance from the sediment source may also be reflected by the 

relative amount of sand deposited within each section. 

4.4 Correlation of Colindale Member sections 

4.4.1 Methods of Correlation 

Parasequences were identified based on lithological changes. Each parasequence, 

bound by a transgressive surface (coal, coaly shale, limestone, fossiliferous shale), was 

represented by a curve in the column next to the lithological representation of the 

stratigraphic column (Appendix B2). In the slim columns to the right of the parasequences 

are four columns, and from left to right these are: red beds, coaly units, limestones, and 
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fossiliferous shales. These categories were considered key indicators of relative base level 

(Table 3.1) and have been emphasized here. The red beds represent periods of prolonged 

subaerial exposure and oxidation, indicative of regressive parts of the section. The coals and 

associated carbonaceous shales represent periods of wetland deposition, when water level was 

sufficient to permit growth of rooted vegetation but shallow enough for long periods to allow 

such vegetation to persist. The limestones and fossiliferous shales, especially rich in bivalves 

and ostracods, represent standing water bodies too deep for rooted vegetation, probably with 

marine influence; they were considered together, although the limestones may imply the 

deepest water and an absence of much terrigenous input. 

In the next column to the right is a column that represents parasequence sets. This 

column was broken into segments, from left to right representing deeper water, shallower 

water, mire, and continental (red beds). Here the curves representing the parasequences were 

duplicated and placed relative to one another based on their degree of"wetness", with the left 

being the wettest and the right being the driest. It is important to note that the final curve is 

a precise representation of the actual lithological section with the addition of base level 

inferences as set out in Chapter 3. 

4.4.2 Correlation Results 

Three sections (MacRaes Beach, Colindale, and Chimney Corner) were chosen for 

sequence stratigraphic studies of the Colindale Member due to their variability and excellent 

exposure along the coast. Despite differences between the sections, parasequences, and 

parasequence sets are recognized in each, albeit lithologies representing them differ in each 

section. 

The coastal sections studied have been correlated using the top of the Margaree 

Member as the basal datum. The transition from the Margaree Member to the overlying 

Co lindale Member is marked by a change from predominantly red, fme-grained sedimentary 

rocks intercalated with channel sandstone bodies to coal-bearing grey, fine-grained 

sedimentary rocks. This datum is a mark of lithologic change and is mappable regionally, but 

may not be an isochronous surface. The top portion of these sections can also be correlated 
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lithologically. A reasonable correlation can be inferred between the No. 5 coal seam in the 

St.Rose-Chimney Comer sub-basin and the 6-Foot coal seam in the Port Hood sub-basin (Fig. 

A2), and thus seams lie a short distance above all these section tops. 

Correlations between sections can be proposed for major transgressive and regressive 

intervals. Each of the following sections represents a slightly different environment of 

deposition in relation to relative water depth, ranging from prevalent deep water deposition 

(MacRaes Beach) to a largely alluvial setting (Chimney Comer). Due to variations in 

lithologies representing similar events in each of these sections, reliable bed-to-bed 

correlations are not likely. Regressive events are apt to be represented by oxidized paleosols 

or deeply incised channels or valley fills. Transgressive events are represented by the presence 

of fauna-bearing limestones and shales. Correlations between sections are complicated by 

gaps in exposure and changes in thickness ( compactional variation). Actual correlations 

proposed by the author are shown in Figure 4.6 and Appendix B4. Correlations of four 

regressive intervals, marked by red beds or incision and four main transgressive zones, with 

reasonable thickness equivalencies, have been identified between the sections. 

Parasequence stacking patterns show some correlation at some levels, although these 

are not easily made. Major and minor parasequence sets have not provided convincing 

evidence for correlation. 

4.5 Controls on Cycle Development 

Strata within the Colindale Member show distinctive stratigraphic patterns that are 

explored in broader terms in this section. Large-scale (50-200 m) progradational or 

aggradational patterns are prominent, with little evidence of retrogradation. A series of 

progradational parasequences make up the larger-scale parasequence sets. These prograding 

parasequences display progressive shoaling with the development of carbonaceous material 

and evidence of established vegetation at the top. These carbonaceous units are generally 

abruptly overlain by flooding surfaces indicating an abrupt increase in water depth reflecting 

base level changes. Candidate sequence boundaries are rare. 
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Various authors have suggested that cyclicity in the rock record may be a reflection 

of changes in eustatic sea-level (Payton, 1977; Van Wagoner et al., 1988, 1990; Posamentier 

et al., 1988), tectonics (source area uplift), climate (rain and temperature), and sediment 

supply (related to both tectonics and climatic change) (Schumm, 1993; Wright and Marriott, 

1993; Schlager, 1993; Shanley and McCabe, 1994). However, separating out the dominant 

control(s) within an alluvial system may be difficult due to their interrelatedness. 

Possible controls acting during the deposition of the Colindale Member include 

changes related to eustasy, tectonism, sediment supply, and climate. Eustatic changes may 

have an effect on alluvial sequences that are coeval with marine deposition (Shanley and 

McCabe, 1994). Base level changes related to eustasy diminish upstream where other controls 

dominate, such as changes in discharge and sediment supply resulting from tectonism and 

climatic change (Miall, 1991; Shanley and McCabe, 1994). Most evidence suggests a 

nonmarine depositional environment for the Colindale Member, although there is some 

evidence (paired mud drapes, bivalves (Duff and Walton, 1973), spirorbids (Calder, 1998), 

and foraminifera (Wightman, 1995)) that suggest that periodic marine connections occurred. 

Thus, the controls affecting base level changes in Co lindale strata were presumably influenced 

by eustatic sea level changes, and these cannot be ruled out as important contributors. 

Variable sediment supply may generate stratigraphic sequences especially in fluvial 

systems that are far removed from sea-level induced changes (Schlager, 1993). During the 

Late Carboniferous there was active movement along the faults bounding the sub-basins, 

related to the Hollow Fault (Yeo and Ruixiang, 1987), causing material to be shed from 

adjacent and distal uplands (Belt, 1965). This activity may have resulted in episodic sediment 

supply during deposition of the Co lindale Member, leading to the development of stacking 

patterns, or parasequences, within Colindale strata. 

A tendency for major down-dropping events in these sub-basins due to fault 

movement could have been a major control on base level changes, thus a major cause of 

transgressions. Major transgressive surfaces between parasequence sets may be a result of 

tectonic adjustments, resulting in major base level rise. Minor transgressive surfaces may 

reflect smaller-scale movements related to faulting or may have resulted from unrelated 
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controls. Some flooding events may reflect autocyclic processes such as channel switching. 

The predominance of flooding events and parasequences in the sections is consistent with 

strong local tectonic control, expressed through fault movements of varying magnitudes. 

Prograding, aggrading, and retrograding parasequence sets could also be a reflection of 

superimposed eustatic fluctuations, variable subsidence rates, or variable sediment flux into 

the receiving basin. 

From the Middle Devonian through to the Late Carboniferous to Early Permian, 

episodic subsidence and basin development occurred in today's Cape Breton region. Episodic 

subsidence, causing adjustments in accommodation space, is a probable cause for cyclicity 

within the stratigraphic rock record for the Colindale Member. Continual subsidence in the 

sub-basins maintained accommodation space, allowing deposition to proceed. Without 

available accommodation space, sediment accumulation cannot occur (Jervey, 1988). 

Sediment supply is important in prograding basin margins where input must exceed the 

accommodation potential of the receiving basin (Galloway, 1989).To maintain continuous 

sediment supply, uplift of the sediment source area is necessary to rejuvenate the upper part 

of the fluvial system while base level lowering is important in rejuvenating the lower part of 

the fluvial system (Schumm, 1993). At times relative base-level lowering was rapid enough 

that base level dropped below sediment surface, allowing occasional incision events (e.g., 

Cape Linzee) and the development of mature paleosols. Such events can be explained readily 

with eustatic models, although other explanations are possible. 

Rainfall and temperature are primary controls in influencing the amount and type of 

vegetation that will be established within a region. Changes in the climate can affect 

vegetation and rainfall, which in turn, affects erosion, sediment source, and discharge in the 

sedimentary basin and in the highlands that act as a source for fluvial systems (Shanley and 

McCabe, 1994 ). Minor climatic cycles may lead to variations in discharge within a fluvial 

system (Miall, 1996). More dramatic climatic changes may lead to the development of major 

cycles as a result of regional continental glaciation. The formation and destruction of 

terrestrial and polar ice caps leads to global changes in base level, thus affecting cyclicity in 

the rock record. The Carboniferous to Early Permian corresponds to the time when major 
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continental ice caps were forming and retreating throughout the great southern Gondwana 

continent, while the areas where cyclothems occur lay close to the Late Paleozoic 

paleoequator (Miall, 1997). 

4.6 Conclusions 

Strata of the Colindale Member consist of recognizable centimetre-scale cycles and 

numerous metre-scale stacked parasequences (<1 to 15m), minor parasequence sets (10 to 

35 m), and major parasequence sets (50 to 100m). The centimetre-scale cycles are mainly 

restricted to the bay-fill lithofacies reflecting local chemical and physical changes in water 

column and small-scale climatic shifts affecting rates in sediment supply. The metre-scale 

parasequences and parasequence sets encompass all the lithofacies and occur on a much larger 

scale. Parasequences and parasequence sets are separated by flooding surfaces in the form of 

coals, carbonaceous shales, fossiliferous limestones and shales. Parasequences are stacked and 

represent prograding events, varying in thickness and composition. Groups of stacked 

parasequences showing larger trends, either aggrading, prograding, or retrograding, are 

referred to as parasequence sets. In the Co lindale strata minor and major parasequence sets 

are recognized. Correlation of parasequence sets between sections has not proved feasible 

with any certainty suggesting that prevalent controls during deposition varied between sub

basins. Regional variations in thickness and lithological composition of the individual 

parasequences, and of stacking patterns of parasequence sets, may be a reflection of local 

tectonic adjustments causing changes in sediment supply and accommodation space, or 

proximity to the source. Conceivably, regional controls also contributed during deposition, 

such as eustatic or continental-scale climatic changes, although such regional controls were 

likely overprinted by more local controls such as channel switching, variable subsidence rates, 

and variable sediment supply. 
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CHAPTER 5: SOURCE ROCK EVALUATION 

5.0 Lithotypes 

For this study different lithologies from the Co lindale Member were sampled to test 

for hydrocarbon source-rock potential. Tests employed for this study include Rock-Eval 

pyrolysis and total organic carbon (TOC) content analyses to determine which lithologies 

have the best source-rock potential. In addition, a selected suite of samples was analysed to 

determine their petrography. 

Thick shale successions of the bay fill facies possess the best hydrocarbon potential 

in the Co lindale Member. Characteristically these shales are dark grey to black with abundant 

invertebrate fossils, well-stratified, and may be calcareous. These shales, best represented in 

the MacRaes Beach section, are up to 15 m thick. The average TOC values obtained for the 

fauna-rich shales is 2.16 wt%, suggesting good source rock potential (Table 5.2). The 

averaging TOC value for associated laminated shales is 2.35 wt% and laminated mudstones 

is 0.83 wt%. 

Other rock types sampled to determine source-rock potential include blocky 

mudstones and siltstones of the flood plain and bay fill facies. The flood plain mudstones are 

medium grey (N 4-N 6) and are characterized by blocky fracture with small randomly 

orientated slickensides along the fracture surfaces, and abundant plant material 

(predominantly roots). TOC values for these mudstones are low, averaging 0.98 wt%. The 

flood plain siltstones are light to medium grey (N7-N5) and some are stained brownish grey 

( 5 YR 2/1) with parallel lamination and conchoidal fracture. TOC values for the siltstones are 

generally fair (average 0.6 wt%). 

5.1 Samples 

Two hundred and sixty-six samples from four separate sections of the Colindale 

87 
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Member have been analysed by Geochem Group (Appendix F). The sections sampled for 

TOC content and Rock-Eval pyrolysis analyses include: drill holes SR-8 (75 samples); SR-12 

(67 samples); PH-3 (71 samples); and the coastal section at MacRaes Beach (53 samples). 

Each of these sections represents either a lateral or vertical variation stratigraphically of the 

Colindale Member. Drill holes SR-12 and SR-8 from the St. Rose coalfield represent different 

stratigraphic levels, the top ofSR-8lies about 180m below the base ofSR-12. Drill hole PH-

3, representative of the Colindale Member in the Port Hood region, records the contact 

between the Colindale Member and overlying strata. The MacRaes Beach section was 

selected as this section contains the largest percentage of organic-rich shales in the Co lindale 

Member. 

5.2 Total Organic Carbon Content (TOC) 

Total organic carbon (TOC) content is the measure to indicate the quantity of organic 

matter in a potential source rock. Determining the TOC involves utilizing a simple, quick, and 

inexpensive technique that measures the amount of organic material in a small sample of 

approximately 1 gram of rock (or less). The content of organic matter in sedimentary rocks 

is commonly expressed in per cent by weight organic carbon and may vary between < I wt 

%to> 10 wt% (Bustin et al., 1983). The lower limit ofTOC for hydrocarbon source-rock 

potential appears to be 0.5 wt% (Waples, 1985) (Table 5.1). 

TOCvalue Source-Rock Implications 

<0.5 wt% negligible source capacity 

0.5- 1.0 wt% possibility of slight source capacity 

1.0-2.0 wt% possibility of modest source capacity 

> 2.0 wt% possibility of good to excellent source capacity 

Table 5.1. Indication of source-rock potential based on TOC values (from Waples, 1985; 
Peters & Moldowan, 1993). 

The TOC values obtained for the samples analysed from the Co lindale Member range 
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from 0.20 to 41.1 wt% in the St. Rose - Chimney Corner basin and from 0.24 to 5. 73 wt% 

in the Port Hood basin (Table 5.3). A larger number of samples were analysed from the St. 

Rose- Chimney Corner basin as there are more organic-rich shales present. Two samples 

analysed from SR-12, including one mudstone (blocky with plant debris) and one limestone, 

show anomalously high TOC values. 

Facies Type No. of TOC range TOC average TOC standard 

Samples deviation 

Mire 8 2.5 - 41.1 16.23 11.92 

Carbonaceous Shale 

Bay Fill 31 0.24- 13.0 2.56 3.04 

Laminated Siltstone 

Bay Fill 57 0.26- 3.89 0.83 0.77 

Laminated Mudstone 

Organic-Rich Bay Fill 81 0.32- 5.73 2.16 0.9 

Fossiliferous Shale 

Organic-Rich Bay Fill 23 0.64-4.93 2.35 0.89 

Laminated Shale 

Organic-Rich Bay Fill 3 1.4- 37.0 13.57 20.3 

Limestone 

Flood plain 4 0.28- 0.73 0.6 0.21 

Sheet Sandstone -Siltstone 

Flood plain 58 0.18- 5.25 0.98 1.14 

Grey Mudstone 

Table 5.2. Summary ofTOC averages for each lithotype of the Colindale Member sampled. 

TOC SR-8 SR-12 PH-3 MacRaes Beach 

average 1.26 4.29 1.22 2.28 

minimum 0.2 0.33 0.24 0.64 

maximum 3.74 41.1 5.73 4.93 

No. of 71 67 45 53 
samples 

Table 5.3. Average TOC values for each section sampled of the Colindale Member. 
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SR-12 

The SR -12 drill core, from St. Rose, is representative of the St. Rose basin and can 

be easily correlated with other sections in the region measured for the purpose of this project, 

including SR-2, SR-3, and the Evan's Coal Mine access ramp. The SR-12 drill hole intersects 

only a partial section of the Colindale Member, thus SR-8 was measured and sampled to 

extend coverage of the member. The top ofSR-8 lies approximately 180m stratigraphically 

below the base of SR -12 drill hole. A number of intervals in SR -12 contain rocks with a good 

hydrocarbon source potential. These intervals occur at depths of 163.03 to 164.57 m, 205.25 

to 218.36 m, 234.59 to 237.30 m, and 250.22 to 257.33 m (Fig. 5.1 ). Individual samples with 

high TOC values occur at 71.1, 118.15, 172.6, and 177.68 m depth. Within the interval 

163.03 to 164.57 m, the predominant lithology is carbonaceous shale, corresponding to TOC 

values of 12.0 to 19.30 wt%. Hydrogen indices are low in this interval, ranging from 55.2 to 

80.1 mg HC/g TOC. From 205.25 to 218.36 m the TOC values range from 3.94 to 11.60 

wt% with low hydrogen indices ranging from 51.4 to 97.8 mg HC/g TOC. The predominant 

lithology within this interval is plant-rich siltstone. Within the interval at 234.59 to 237.30 m 

the predominant lithology is dark brown to grey, parallel laminated siltstone. TOC values for 

this interval range from 1.65 to 13.0 wt% and hydrogen indices range from 147.7 to 341.8 

mg HC/g TOC (gas and oil prone). Between 250.22 and 257.33 m the predominant lithology 

is N3 silty mudstone possessing parallel lamination and conchoidal fracture. TOC values for 

this interval range from 1.34 to 41.10 wt%, hydrogen indices range from 71.9 to 274.5 mg 

HC/g TOC (gas and oil prone). One carbonaceous shale sample within this interval has an 

anomalously high TOC value of 41.10 wt% (at 252.31 m). 

SR-8 

The SR-8 drill core lies approximately 180m below the base ofSR-12 and is the only 

hole in the St. Rose basin that penetrates the succession of strata at this depth. Individual 

samples with good to very good source rock potential are present at down hole depths of 

40.5, 50.08, 104.96, 123.3, 126.5, 136.2, and 177.0 m (Fig. 5.2). In SR-8 the intervals from 

11.0 to 20.0 m and 113.82 to 118.7 m also have good source rock potential. Samples from 
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11.0 to 20.0 m have TOC values range from 1.17 to 3.29 wt% with hydrogen indices from 

94.0 to 312.8 HC mg/g TOC (gas and oil prone). For the samples from 113.82 to 118.7 m 

TOC values range from 1.35 wt% to 2. 78 wt%. The hydrogen-indices for this interval range 

from 96.3 to 160 mg HC/ g TOC (gas prone). The predominant lithology in these intervals 

is N2 shale containing abundant bivalves and ostracods. 

PH-3 

The PH-3 drill core, from Port Hood Island, intersects the Co lindale Member and the 

overlying red bed successions of the Henry Island Formation. Although PH-3 does not 

contain the complete Colindale Member succession it intersects 295m of the member. TOC 

values obtained from PH-3 are generally low, but range up to 5. 73 wt%. Samples with good 

to very good source potential are at 1434.6, 1856.4 to 1885.4, 1921.1, 1948.8, 1968.4 to 

2149.4, 2192.2, 2288.5, 2378.8, and 2472.0 (these values correspond to depth in feet from 

the original logs) (Fig. 5.3). TOC values within the interval1856.4 to 1885.4 range from 1.05 

to 5. 73 wt%, with corresponding hydrogen indices between 1 04.8 and 171.0 mg HC/ g TOC 

(gas prone). TOC values for the interval between 1968.4 to 2149.4 range from 1.80 to 2.69 

wt%, corresponding to hydrogen indices between 52.2 and 89.2 mg HC/g TOC (gas prone). 

The samples that did show good source rock potential are N2 fossiliferous (bivalves, 

ostracods) shales and mudstones. 

MacRaes Beach 

The MacRaes Beach section of the St. Rose basin contains a high percentage of dark 

grey to black fauna-rich shales. TOC values obtained from this section are consistently good 

to very good ranging from 0.64 to 4.93 wt%, with an average value of2.26 wt% (Fig. 5.4). 

Hydrogen indices obtained from MacRaes Beach samples range from 12.5 to 287.5 mg HC/g 

TOC, although most occur between 150 to 200 mg HC/g TOC (gas and oil prone). The shale 

successions are generally 5 to 1 0 m thick. 
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5.3 Kerogen 

Kerogen is the non-extractable sedimentary organic matter (including coal, asphalt, 

and bitumen) in rocks and coals that is insoluble in organic solvents (Durand, 1980). An 

increase of temperature and pressure (burial) of sediments results in a physicochemical 

transformation of the kerogen, and thus changes its elementary composition, infrared spectra, 

and thermal properties. Kerogen generally occurs in sedimentary rocks in the form of finely 

disseminated organic macerals (Killops and Killops, 1993). 

Major products produced during the three successive steps of kerogen evolution are: 

a) carbon dioxide and water; b) oil; and c) gas, with relative abundances depending on the 

composition of the original kerogen (Tissot eta!., 1974). As temperature and burial depth 

increase, the amount of hydrogen and oxygen decreases in abundance relative to the amount 

of carbon. The carbon content of kerogen continually increases at high levels of catagenesis, 

gradually approaching graphite in composition (Peters and Moldowan, 1993). 

Kerogen of coals and sedimentary rocks is divisible into four principal types (Tissot 

eta!., 1974; Harwood, 1977) based on elemental analysis from hydrogen and oxygen indices 

obtained from whole rock pyrolysis (Appendix E). The four types are Type I (very oil prone), 

Type II (oil prone), Type ill (gas prone), and Type IV (inert). These kerogen groups mature 

along different evolutionary paths on cross plots of hydrogen and oxygen indices (Tissot et 

a!., 197 4) (discussed later). 

Type I kerogen, dominated by liptinite macerals, is derived from bacterial reworking 

of lipid-rich algal debris, common to lagoonal and lacustrine settings. Botryococcus and 

similar lacustrine algae and their marine equivalents such as Tasmanites appear to represent 

major contributors to Type I kerogens (Peters and Moldowan, 1993). Type I kerogen is 

hydrogen-rich and relatively rare but has a high oil potential (Killops and Killops, 1993 ). It 

is formed in relatively fine-grained, organic-rich muds deposited under anoxic conditions in 

quiet oxygen-deficient, shallow water environments (Killops and Killops, 1993). 

Type II kerogen, dominated by liptinite macerals, originates from mixed 

phytoplankton, zooplankton, and bacterial debris, usually in marine sediments deposited in 
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reducing conditions (Killops and Killops, 1993). Type II kerogen may also form where 

macerals from lipid-rich higher plant debris (pollens, spores, and cuticles) together with plant 

membrane secretions (resins and waxes) become concentrated (Killops and Killops, 1993). 

Type II kerogen has a good potential for the generation of oil, condensate, and wet gas, 

accounting for most petroleum source rocks (Peters and Moldowan, 1993). 

Type III kerogen, dominated by vitrinite and inertinite macerals, is derived from 

woody and cellulosic material of vascular plants. Type III kerogen yields less hydrocarbons 

than types I and II during pyrolysis or burial maturation and is normally considered to 

generate mainly gas (Peters and Moldowan, 1993; Waples, 1985). 

Type IV kerogen (introduced by Harwood, 1977), dominated by inertinite macerals, 

may be derived from other kerogen types that have been reworked and highly oxidized, 

commonly by fire (charcoal; Scott, 1989). Type IV kerogen comprises primarily black opaque 

debris largely composed of inert carbon (Killops and Killops, 1993). This type of kerogen has 

little to no hydrocarbon-generating potential due to its deficiency in hydrogen. 

Wide variations in kerogen type and source potential are characteristic of many source 

rocks, thus it is generally not possible to assign a single kerogen type to a particular formation 

(Hunt, 1996). 

5.4 Source Rock Evaluation (Rock-Eval Pyrolysis) 

Rock-Eval pyrolysis, a whole-rock analysis procedure, provides information on the 

hydrocarbon potential of organic-rich rocks as well as the type and maturation of organic 

matter. This method is widely used as it is relatively inexpensive, quick, and mimics the 

natural hydrocarbon-generation process occurring in the subsurface. The cutoff point for 

disqualification varies, but is normally between 0.5 wt% and 1.0 wt% TOC (Waples, 1985). 

A disadvantage ofRock-Eval pyrolysis is that it provides only the present-day hydrocarbon 

generative capacity of kerogen. 

The most familiar method of classifYing organic matter type is through the portrayal 

of the results from Rock-Eval pyrolysis on a cross plot of hydrogen and oxygen indices 
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(HIIOI plot). This kind of plot is based on the van Krevelen diagram (1961) which was 

originally developed to characterize coals during their thermal maturation using H/C and 0/C 

ratios. Tissot eta!. (1974) extended the use of the van Krevelen diagram to include kerogen 

dispersed in sedimentary rocks. For this type of plot the hydrogen index, an indirect measure 

ofhydrogen content, (peak S2 normalized for TOC) replaces atomic H/C ratio, and oxygen 

index (peak S3 normalized for TOC) replaces atomic 0/C ratio of the original van Krevelen 

diagram. The indices are separate from organic content and are strongly linked to elemental 

composition of the organic matter (Smith, 1985). 

Maturation pathways followed by kerogens are similar to those seen in van Krevelen 

diagrams, with the oxygen index decreasing at the onset of maturation, followed by a decrease 

in the hydrogen index during hydrocarbon generation. In late stages of maturity, each kerogen 

type will be chemically nearly identical, possessing little to no remaining generative capacity 

(Waples 1985). 

On the HI/OI plot, values obtained for Co lindale Member samples plot between the 

type II and type III organic matter evolutionary paths, although most of the data plot closer 

to the type III pathway (Fig. 5.5). These values suggest that the organic matter within the 

sediments consists of type ill kerogen with admixtures of types ll and III kerogens. Typically, 

sedimentary rocks containing organic material of type III kerogen yield low hydrocarbon 

amounts in the form of oil although they are more likely to generate gas. The organic-rich 

shales tend to plot above the type III pathway, whereas the other lithologies tend to plot 

nearer the type Ill pathway. The points that plot between the evolutionary paths likely contain 

a mixed kerogen composition (Peters, 1986). To determine more precisely the nature of the 

organic matter, fourteen samples were chosen for detailed petrological study (maceral 

analysis, see below). Average hydrogen index values for each lithofacies of the Colindale 

Member sampled are listed in Table 5.5, while average oxygen values are listed in Table 5.6. 

The results of all samples analysed were also plotted on a cross plot of hydrogen index 

versus Tmax to differentiate maturation pathways (Fig. 5.6). A hydrogen index versus Tmax plot 

is used to determine whether or not the samples had anomalously high oxygen indices due to 

high S3 values resulting from oxidation of the organic matter or the presence of inorganic 
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Facies Type No. of Hydrogen Hydrogen Hydrogen Index 
Samples Index range Index average standard deviation 

Mire 8 55.2-139.7 97.16 32.68 
Carbonaceous Shale 

Bay Fill 31 7.7-341.8 123.06 101.09 
Laminated Siltstone 

Bay Fill 57 7.9-175.8 59.05 38.97 
Laminated Mudstone 

Organic-Rich Bay Fill 81 18.2-312.8 140.15 51.4 
Fossiliferous Shale 

Organic-Rich Bay Fill 23 12.5-287.5 158.51 59.5 
Laminated Shale 

Organic-Rich Bay Fill 3 102.1-274.5 179.5 87.54 
Limestone 

Flood plain 4 25-93.8 53.48 28.94 
Sheet Sandstone -Siltstone 

Flood plain 58 5.9-113.2 44.68 25.73 
Grey Mudstone 

Table 5.4. Hydrogen index range and average for each lithofacies sampled of the Colindale. 

Facies Type No. of Oxygen Index Oxygen Index Oxygen Index 
Samples range average standard deviation 

Mire 8 6.2-34.0 16.55 8.06 
Carbonaceous Shale 

Bay Fill 31 7.7-146.2 46.06 38.16 
Laminated Siltstone 

Bay Fill 57 3.8-248.6 64.64 51.69 
Laminated Mudstone 

Organic-Rich Bay Fill 81 2.6-177.8 45.5 39.3 
Fossiliferous Shale 

Organic-Rich Bay Fill 23 18.6-135 52.81 31.51 
Laminated Shale 

Organic-Rich Bay Fill 3 7.8-44.6 30.1 19.6 
Limestone 

Flood plain 4 35.7-123.6 87.68 38.15 
Sheet Sandstone -
Siltstone 

Flood plain 58 5.5-184.5 75.33 55 
Grey Mudstone 

Table 5.5. Oxygen index ranges and averages for each lithofacies samples of the Colindale. 

carbon dioxide (Peters, 1986). This type of plot eliminates the use ofthe oxygen index as a 
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kerogen type indicator (Hunt, 1996). On this plot the type of organic matter indicated is 

predominantly type III with a limited number of samples plotting in the type II region. The 

organic-rich shales plot closely together in the type III region whereas the other lithologies 

are more scattered. 

5.5 Petroleum Potential 

The genetic index (GI), or petroleum potential, is the percentage of oil and gas that 

the kerogen can generate if subjected to adequate temperature during a sufficient time period 

(Einsele, 1992). The genetic index varies between source rocks with different kerogen types. 

GI = S1 + S2 and is expressed in kg hydrocarbons per ton of rock (Table 5.6). 

GI(kgHC/t) Source Rock Potential 

<2 no oil source rock, some gas potential 

2-6 moderate source rock 

>6 good source rock 

Table 5.6. Classification ofthe source rock as suggested by Tissot and Welte (1984). 

The average hydrocarbon recovery potential has been calculated for each of the 

sections sampled and is displayed on a cross plot of generation potentials (S 1 + S2) versus 

TOC values (Fig. 5.7). The total petroleum potential is highest for the MacRaes Beach 

section, yielding 2.45 mg hydrocarbons I g rock I% TOC. 

5.6 Organic Petrography and Visual Kerogen Analysis 

Macerals are recognizable remains of different types of organic matter that show 

distinct petrographic properties (Peters and Moldowan, 1993 ). The different macerals are 

distinguished by different grey levels of reflectivity and by morphology. The three groups of 

macerals in coal and sedimentary rocks are: liptinite, vitrinite, and inertinite (Stach et a/., 

1982). The vitrinite group is commonly the most abundant group in humic coals consisting 
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of macerals derived from woody tissues and the bark of trees (Bustin et a!., 1983). The 

reflectance of vitrinite phytoclasts is used as an indicator of the thermal maturity for rock 

samples (Peters and Moldow~ 1993). Liptinite (exinite) macerals comprise coalified exines 

of pollen and spores, resins, cuticles, and algae (Bustin eta!., 1983) as well as secondary solid 

hydrocarbons; including fluorinite and bituminite. Inertinite consists of inert macerals, in 

particular charcoal (Scott, 1989). Inertinite macerals show higher reflectance values than the 

corresponding vitrinite of the same rank (Bustin eta!., 1983). 

Results from maceral analysis (P. Walko, 1996) suggest that the organic matter within 

the shales ofthe Colindale Member consists of admixtures of woody (vitrinite), amorphous 

(unstructured granular organic material), herbaceous (spores, pollen, and cuticles), and 

inertinite (inert) material (P. Walko of Geochem Group, 1997), in order of decreasing 

abundance (Table 5. 7). No algal-derived macerals were identified in the samples analysed. 

These results match with those on the I-ll versus OI and the Ill versus T max plots in which the 

data plotted closely around the Type ill and between the Type II and III kerogen evolutionary 

paths indicative of woody and herbaceous (spores, pollen, cuticles) material (Fig. 5.8). 

Maceral analysis by Beaton et a!. ( 1993) revealed that the organic matter in the coals 

from St. Rose consist predominantly of vitrinite (61 %), inertinite (33%), and subordinate 

amounts of liptinite (6%), and coals from Chimney Comer consist of vitrinite (70%), 

inertinite (25%), and liptinite (5%). 

5.7 Thermal Maturity of Organic Matter 

For hydrocarbons to be generated, kerogen must be subjected to thermal stress either 

via temperature or pressure (burial) in order to crack the hydrocarbon molecular bonds. The 

measure of organic matter maturity is a measure of how far thermal metamorphism of organic 

matter has progressed during subsurface burial (Hood eta!., 1975). During maturation of 

organic matter, hydrogen and oxygen are lost more rapidly than carbon, resulting in a 

progressive increase in the concentration of carbon (Waples, 1985). Chemical bonds are 

broken during catagenesis and transformed into more thermodynamically stable forms, 



Table 5.7. Summary from visual kerogen analysis from the Colindale member, Cape Breton Island (data, as is, obtained from Geochem 
Group). 

Sample# Organic Matter Particle Preservation Thermal Maturity 
>35%;10-35%;<10% Size TAl 1-10 

Scale Scale Am 

SR12-118.15 W;H;I F-C G 2- (?) 3(?) -

SR8-40.5 -;Am-H-W-1;- F-C G 2- 3 37 
widespread sapropelisation 

SR8-50.08 H-I;W;Am F-M G 2- 3 4 

SR8-114.13 Am*;W-I;H F-M P-F 2-(?) 3(?) 72* 
*finely disseminated, 
unrecognizable, not prime quality 

SR8-116.67 -;I-W-H;Am sapropelisation F-M G 2- 3 9 

PH3-1856.4 W-Am*;H;I F-C G 2- 3 33* 
*not typically oil-prone, includes 
completely developed material 

PH3-1885.4 W;Am*-H-I;- F-MIC G 2-(?) 3(?) 27* 
*not typically oil-prone, includes 
completely developed material 

PH3-1948.8 -;1-W-H;Am F-MIC G 2- 3 8 

REMAC-008 -;W-1-H;Am F-M G 2- 3 1 

Visual Estimate (%) 

AI H w 

- 10 89 

- 23 20 

- 40 16 

- 3 15 

- 30 30 

- 17 42 

- 20 43 

- 30 30 

- 31 35 
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40 

10 

31 

8 

10 

32 

33 

Facies Type 

Organic-rich 
Bay Fill 

(limestone) 

Organic-rich 
Bay-Fi11 (shale) 

Organic-rich 
Bay-Fill (shale) 

Organic-rich 
Bay-Fill (shale) 

Organic-rich 
Bay-FiJI (shale) 

Organic-rich 
Bay-Fill (shale) 

Organic-rich 
Bay-Fill (shale) 

Organic-rich 
Bay-Fill (shale) 

Organic-rich 
Bay-Fill (shale) 

~ 

- ~ 
r 

p 
i-

0 
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REMAC-012 -;W-1-Am-H;- F-M 

REMAC-035 -;Am*-W-1-H;- F-M 
*finely disseminated 

REMAC-037 -;W-Am*-1-H;- F-M 
*finely disseminated 

REMAC-045 -;H-1-W;Am F-M 

REMAC-048 Am*;W-H-1;- F-M 
*not typica1ly oil-prone 

Where, 

Organic Matter Type 
A= Algal 
Am= Amorphous 
H = Herbaceous 
I = Inertinite 
R =Resin 
W=Wood 

TAl Scale 1 
SCI 1-10 Scale 1 
Vitrinite Reflectance 

Preservation 
P =Poor 
F =Fair 
G= Good 

1 +to 2-
2 

<0.45 

2-
3 
0.45 

2 
4 
0.55 

T AI = thermal alteration index (developed by Staplin, 1969) 

G 2- 3 24 -

F-G 2- 3 32* -

F-G 2- 3 32* -

G 2- 3 9 -

G 2- 3 40* -

Size 
F =Fine <20 microns 
M = Medium 40-120 microns 
MIC =Medium/Coarse 120-250 microns 
C =Coarse 

2 to 2+ 
5 
0.72 

>250 microns 

2+ to 3-
6 
1.0 

3 
7 
1.3 

3+ 
8 
2.0 

SCI = spore coloration index (developed by Barnard eta!., 1976) 

13 35 28 Organic-rich 
Bay-Fill (shale) 

14 28 26 Organic-rich 
Bay-Fill (shale) 

12 38 18 Organic-rich 
Bay-Fill (shale) 

38 26 27 Organic-rich 
Bay-Fill (shale) 

23 27 10 Organic-rich 
Bay-Fill (shale) 

%Ro 
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Figure 5.8. A hydrogen versus oxygen index cross plot of samples from the Colindale Member selected for 
maceral analysis. Each of the samples consists of mixtures of herbaceous, woody, amorphous, and interinte 
macerals. 
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converting kerogen into hydrocarbons (North, 1990). 

Temperature (heat and thermal energy) and duration of exposure to various heat 

intensities are the most important factors controlling thermal maturation of organic matter 

(Kalkreuth and McMechan, 1988). As temperature increases, there is a darkening in the 

colour of kerogen (in transmitted light) due to an increase in the amount of carbon relative 

to oxygen and hydrogen (England and Bustin, 1986). This known change in colour of 

kerogen forms the basis of many thermal maturity studies, including T AI. 

An important application of the study of organic metamorphism of potential 

hydrocarbon source rocks is the determination of subsurface depths at which oil and gas are 

generated from kerogen of those rocks (Hood et al., 1975). The specific stage of organic 

metamorphism at which oil is generated in a given fine-grained source rock depends on the 

variety of organic matter within the source rock (Hood et al., 1975). 

5.7.1 Vitrinite Reflectance 

Vitrinite reflectance is one of the most useful measures of organic metamorphism and 

is used to define zones of potential hydrocarbon generation and destruction (Kalkreuth & 

McMechan, 1988). Interpretation of vitrinite reflectance data is based on the fact that vitrinite 

increases in reflectivity (rank) with increased degree of coalification. 

The reflectance of a coal sample is usually measured on the vitrinite macerals because 

this group of macerals show a fairly uniform increase of reflectance with increasing rank 

( Crelling & Dutcher, 1980). There are important stages of coalification or discontinuities with 

the increase in rank, from peat to coal, including an early stage of biochemical coalification 

and a later stage of geochemical coalification (Bustin et al., 1983). The conditions which 

cause the first and second coalification jumps are the same metamorphic conditions that result 

in the starting and ending, respectively, of the generation of petroleum in source rocks. The 

following table shows the correlation of reflectance with oil generation. 



~ax= 0.55% 
~ax= 0.8% 
~ax= 1.3% 
~ax =2.0% 
~ax =2.2% 
~ax =4.8% 

onset of oil generation 
onset of gas generation 
end of oil generation 
light oil preservation limit 
wet gas preservation limit 
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dry gas preservation limit (from Kalkreuth & McMechan, 1988) 

Data from coal resource evaluation retrieved from drill holes in the St. Rose -

Chimney Corner and Port Hood basins (Hacquebard and Donaldson, 1970; Beaton et al., 

1993) have vitrinite reflectance values of0.55 to 0.69% Ro (Table 5.8). Coal seams in both 

the St. Rose and Port Hood basins has been ranked as high volatile B bituminous, whereas 

coal in the Chimney Corner basin has been ranked as high volatile C bituminous (Hacquebard 

et al., 1989). These values approximately correspond to the Tmax values obtained through 

Rock-Eval pyrolysis of rocks (this study) from the same (and correlative) drill holes (as listed 

below). Thermal maturity values of the samples analysed from the Co lindale Member suggest 

that the organic matter is in the early maturity stage of the "oil window". 

Beaton et aL (1993) Hacquebard & Donaldson (1970) 

Location %Rmax Location %Ro 

SR-12 (No. 5) 0.65 Evan's Coal Mine (No.5) 0.66 

St. Rose (No. 5) 0.61 Chimney Corner Point 0.6 

CC (No. lA) 0.57 SW Point of Port Hood Island 0.69 

CC (No.1) 0.58 Harbourview Mine Pt, PH 0.68 

CC (No.3) 0.55 
Table 5.8. Compiled vitrinite reflectance data for the Colindale Member from Beaton et al. 
(1993) and Hacquebard and Donaldson (1970). 

5. 7.2 Pyrolysis Temperature (Tmax) 

Tmax, the temperature at which the maximum rate of pyrolysis occurs (at the top ofS2 

peak), is used as a maturity indicator, under the assumption that as maturity increases, T max 

increases (Table 5.9). T max is obtained automatically along with other pyrolysis data during 

Rock-Eval analysis. 
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Temperature of pyrolysis Thermal Maturity 

~435- 445°C beginning of the oil window 

~445- 450 oc peak of oil window 

~470°C end of oil window 
Table 5.9. Range ofT max values in relation to thermal maturity (From Peters and Moldowan, 
1993). 

T max values for small S2 peaks ( <0.2 mg HC/g TOC) are unreliable and should be 

disregarded (Peters, 1986). T max is affected by maturation, organic matter type, 

contamination, and the mineral matrix (Peters, 1986). As T max measurements are partially 

dependent on organic matter type, the conclusions regarding thermal maturity should be 

supported by other geochemical analyses, such as vitrinite reflectance or thermal alteration 

indicies (T AI) (Peters, 1986). 

Maturation Tmax (oC) Ro(%) Pl (Sl/(Sl +S2) 

Top oil window ~435-445 ~0.6 ~0.1 

Bottom oil window ~470 ~1.4 ~0.4 

Table 5.10. Relationships of different types ofthermal maturity data (From Peters, 1986). 

T max COC) and Production Index (S 1/(S 1 +S2)), both obtained by Rock Eval, are crude 

measurements of thermal maturity. They reveal that the potential oil shales of the Colindale 

Member are at an early maturity stage of thermal diagenesis. Collectively, the measured T max 

data from the Co lindale Member range from 315° to 567 oc (average T max= 438°C) (Table 

5.11), with most values occurring between 435° and 445°C (within the top of the oil window 

according to Peters (1986)) (Fig. 5.9). T max ranges and averages for each lithofacies analysed 

are listed in Table 5.12. Excluding T max values that correspond to S 1 + S2 (genetic index) 

values below 2 kgHC/t rock and therefore do not qualify as oil source rocks (Tissot and 

Welte, 1984) gives a Tmax average of 438.5 °C. Such an exclusion does not have a significant 

effect, although if one is assessing each section individually the values scatter less. 
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Figure 5.9. Tmax versus Depth, showing thermal maturity of samples from the Colindale 
Member. Hydrocarbon generation is dependent on the thermal maturity of the 
sedimentary rocks in which organic matter occurs. (T max' obtained through Rock-Eval 
pyrolysis, is the temperature at which the maximum rate of pyrolysis occurs, and is used as 
a maturity indicator, assuming that as maturity increases, T max increases). The oil window 
lies between approximately 435 and 470 oc (Peters and Moldowan, 1993), as indicated 
above (B =beginning of oil window, E =end of oil window). SR-12, SR-8, and PH-3, and 
MacRaes are all stratigraphic sections of the Co lindale member, western Cape Breton 
Island. 
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Calculations have been made to select for data in which the S2 peak is greater than 0.2 mg 

HC/g rock. Tmax values corresponding to S2 values below 0.2 are often inaccurate, showing 

temperatures below400° or above 500°C (Peters, 1986; Mukhopadhyay, 1991). The results 

from these plots show less scatter in the data. 

Section Tmax Tmax Tmax 
(all data) (excluding GI < 2) (excluding S2 < 0.2) 

SR-8 439.8°C 443°C 441.75°C 

SR-12 423°C 435°C 425.5°C 

PH-3 451°C 438°C 439.4°C 

MacRaes 437°C 438°C 438°C 
Table 5.11. Tmax data for each section analysed. (All of the above values are averages). 

Facies Type No. of Tmax range Tmax average Tmax standard 
Samples (oC) (oC) deviation 

Mire 8 421-440 429.8 5.73 
Carbonaceous Shale 

Bay Fill 31 358-546 447.35 35.91 
Laminated Siltstone 

Bay Fill Laminated 57 324-543 433.3 36.56 
Mudstone 

Organic-Rich Bay Fill 81 429-480 440.2 6.1 
Fossiliferous Shale 

Organic-Rich Bay Fill 23 429-442 437.5 2.81 
Laminated Shale 

Organic-Rich Bay Fill 3 421-441 433 10.58 
Limestone 

Flood plain 4 421-450 436.75 12.18 
Sheet Sandstone -Siltstone 

Flood plain 58 313-543 436.23 38.94 
Grey Mudstone 

Table 5.12. Averages and ranges ofT max values for each lithofacies sampled of the Colindale. 

5. 7.3 Thermal Alteration Index (TAl) 

Thermal alteration indices (T AI), obtained from spore and pollen colouration, are 

useful maturity indicators obtained from palynological preparations (Utting and Hamblin, 
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1991 ). The darkening of kerogen particles with increasing thermal maturity is used as an 

indicator of maturity (Waples, 1985). In order to minimize differences in colour caused by 

changes in the type or thickness of the kerogen particles, T AI measurements are carried out 

on bisaccate pollen grains whenever possible. If no pollen can be found, TAl values are 

estimated, with lower confidence, from amorphous kerogen (Waples, 1985). 

Disadvantages to the use of the colour indices for determining organic maturity is the 

subjectivity of the colour determination, although the use of standards reduces the severity 

of this problem (Peters eta!., 1977). Advantages to this method are that it is a rapid and 

inexpensive interpretation of small quantities of a sample (Peters eta!., 1977). 

The thermal alteration index obtained from PH-3 between 21.8 m and 676.5 m depth 

is T AI 2- (Utting personal communication, 1996; Walko, 1996). The T AI value 2- is 

equivalent to a vitrinite reflectance value of0.45 Ro% (Table 5.13) which occurs just below 

or at the threshold of the oil window (Utting eta/., 1991). These values suggest a slightly 

lower maturity value than the values obtained through T max analysis (this study) and vitrinite 

reflectance for coal seams in the Port Hood region (Hacquebard and Donaldson, 1970). 

5. 7.4 Production Index (PI) 

Kerogen is converted to bitumen during hydrocarbon generation with increasing 

maturity. During this conversion the S2 peak decreases and S 1 increases. The ratio of free 

hydrocarbons to total recovered hydrocarbons, or S 1/(S 1 + S2) should increase with 

increasing maturity (Table 5.14). This ratio, also called the Production Index (or Generation 

Index), is the amount of previously generated but unmigrated hydrocarbons expressed as a 

percentage of the sample's total ability to generate hydrocarbons (Barker, 1974). 

Average production index (Sl/(S1+S2)) values calculated for each of the Colindale 

Member sections (Table 5.15) suggest that they occur within the "oil window" (Peters and 

Moldowan, 1993). Oil formation starts at a PI value of approximately 0.05 to 0.1% with the 

maximum oil formation occurring at approximately 0.25% (Mukhopadhyay, 1991). 

Production indices calculated from the MacRaes Beach section may not be reliable as these 

rocks have probably been subjected to oxidation through weathering which tends to result 
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Thermal Alteration Vitrinite Reflectance Zones of Petroleum Generation and Destruction 
Index (Ro%) (Amorphous Organic Matter) 

1 

1+ 

0.3 

0.4 

2-

0.5 OIL "BIRTH" LINE 

2 

0.6 

2+ 

0.9 Peak oil generation 

1 Peak wet gas generation 

3- 1.2 Peak dry gas generation 

1.35 OIL "DEATH"LINE 

3 

1.5 

3+ 

4- 2 Wet gas floor 

2.2 

4 

3 Drv gas preservation limit 

Table 5.13. Comparison of Thermal Alteration and equivalent vitrinite reflectance values 
related to the zones of petroleum generation and destruction (based on amorphous organic 
matter). Data in columns 1 and 2 from Utting eta/., 1991; column 3 modified from Dow 
( 1977) and T eichmiiller ( 1986). 

PI value Maturity 

<0.1 immature - no oil as yet generated 

0.1-0.4 mature (oil window) - in thermal range of oil generation 

>0.4 over mature- all possible oil has been generated 

Table 5.14. Interpretation of maturation data (Sl/(S1 + S2)) (Peters, 1986) 

in lower than nonnal production index values (Peters, 1986). Overall, the PI values suggest 
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a slightly higher stage of maturity than the T max data, according to the correlation provided 

by Peters and Moldowan (1993) (Table 5.10). 

Section PI value (all data) Maturity 

SR-8 0.21 within oil window 

SR-12 0.21 within oil window 

PH-3 0.3 within oil window 

MacRaes 0.05 immature, results skewed due to oxidative effects 

Table 5.15. Average Production Index (PI) values for the Colindale Member. 

5.8 Conclusions 

Of the sections measured and sampled for this study, the MacRaes Beach section 

appears to be the most promising in terms of source-rock potential, as this section has the 

largest percentage of dark grey to black shales of the measured sections. These shales 

consistently display a good to very good source-rock potential based on total organic carbon 

contents. Shales of the same lithofacies as at MacRaes Beach, occurring in drill hole SR-12 

locally show good to very good source-rock potential. Overall, TOC values suggest the 

Co lindale Member has a fair to good generative potential to produce hydrocarbons. 

The data plotted on HI/OI plots as well as maceral analysis results indicate that the 

organic matter within the sedimentary rocks of the Colindale Member is dominated by type 

III kerogen with contributions of type II kerogen. This type ofkerogen consists of material 

derived from vascular terrestrial plants, and is typically considered gas-prone. 

Thermal maturity results obtained from T max' vitrinite reflectance, and T AI for the 

Co lindale Member suggests that these rocks onshore are relatively immature (just entering 

the oil window), hence there is potential for more mature rocks at depth. Rocks of equivalent 

age can be traced to a limited extent under the Gulf of St. Lawrence, implying that a viable 

source may occur within the Gulf, if proper seal and reservoir parameters are met. 
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CHAPTER 6: CONCLUSIONS 

The Colindale Member, of the Upper Carboniferous Port Hood Formation, 1s 

sporadically exposed over an interval of 50 km along the western coastline of Cape Breton 

Island from Port Hood, north to Cap Lemoine. The Co lindale Member has been previously 

studied with emphasis on the coal resources within the member. This study of the Co lindale 

Member focussed on the sedimentology, sequence stratigraphy, and source-rock potential of 

the fine-grained lithofacies, and has revealed several new findings, as listed below. 

1) A tentative correlation has been made between sub-basins containing the Co lindale 

Member, on western Cape Breton Island. Previous correlations have been made between the 

St. Rose and Chimney Corner (SR-CC) sub-basins using the coal seams as stratigraphic 

markers. Attempts at correlating strata of equivale~t age and lithologic character between the 

SR-CC and Port Hood sub-basins have not previously been recorded. The No. 5 coal seam 

of the SR-CC sub-basins has been provisionally correlated with the 6-foot seam of the Port 

Hood sub-basin based on similarities of these coal seams and related strata. 

2) The identification of lithofacies types within the Colindale Member was determined 

through detailed sedimentological studies of coastal sections and drill cores. Twelve different 

lithofacies have been identified within the Colindale Member, which fit into four broad 

categories: mire, bay-fill, floodplain, and channel facies. Based on the lithofacies and 

associated sedimentary structures identified within the Colindale Member, one can conclude 

that the strata were deposited on an alluvial plain and within a standing water body. 

Floodplains were periodically well-established as indicated by the presence of paleosols, 

desiccation cracks, vegetated surfaces for prolonged periods, as indicated by coal seams. 

Frequent flooding also occurred on the floodplain introducing an environment, periodically 

marine, favourable to bivalves, ostracods, and fish as represented by fossil-bearing shales and 

limestones. The salinity tolerances of the fauna are uncertain although similar taxa are 

associated with landward reaches of marine bands in the western European Carboniferous 

basin (Duff and Walton, 1973; Calder, 1998). The three coastal sections, which were studied 
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in the most deta.iL represent three slightly different environments of deposition. The MacRaes 

Beach section illustrates deposition in a prevailing subaqueous environment with very little 

coal development. Strata of the Colindale type section suggest a still largely drowned 

environment but with much shallower water depths than the MacRaes Beach section. Coal 

and carbonaceous material is common to the Co lindale type section, as well as channel bodies 

that are virtually absent in the MacRaes Beach section. The Chimney Corner section, also 

containing an abundance of carbonaceous material, displays more evidence of subaerial 

exposure and a larger percentage of incising sandstone channel bodies. 

3) Collective paleoflow analysis of the Colindale Member, based in part on previous studies, 

suggests that flow during deposition was predominantly southward. This study demonstrated 

local variations in paleo flow data both within individual sections and between sections. Major 

channel sandstone bodies within a section show consistent flow directions (e.g. Co lindale 

channel bodies suggest flow to the south) whereas sheet sandstone bodies commonly indicate 

a flow direction oblique to the main channel. 

4) Strata of the Co lindale Member demonstrate repeated cycles occurring at different orders 

of magnitude. The smallest scale of cyclicity noted within the Co lindale Member consists of 

mm- to em-thick rhythmites in the organic-rich bay fill assemblage. These cycles may reflect 

local changes in chemistry temperature, and sediment supply within the water body into which 

they were deposited. The second order of cycles, parasequences, consist of fossil-bearing 

limestones and shales overlain by blocky, grey mudstones with abundant siderite nodules and 

continuous bands, then interbedded siltstone and sandstone that are often rooted, capped by 

coals or carbonaceous shales. Major transgressive surfaces in the form of coals, fossiliferous 

shales and limestones have been identified between successive prograding, aggrading, or less 

commonly retrograding parasequence sets within Colindale strata. Differentiating factor(s) 

that most strongly influenced cyclicity during deposition are difficult to determine due to the 

interrelatedness and dependence of each control on one another. Regional controls such as 

eustatic or continental-scale climatic changes may have contributed during deposition, 
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although these controls were likely overprinted by more local controls such as channel 

switching and tectonic adjustments, in turn influencing subsidence rates and sediment supply. 

With no indications of local source, sediment supply effect is an unlikely explanation for local 

differences. Tectonic adjustments related to the Hollow Fault may have been a major control 

active during deposition of the Colindale Member. These adjustments likely affected sediment 

supply and accommodation space, in determining the volume of sediments supplied to the 

system and the amount of space available for sediment accwnulation. Imposed on this tectonic 

control, periodic climate change. 

5) The organic-rich bay-fill facies (shales) of the Colindale Member have been identified as 

containing admixtures of Types II and III kerogen. Visual kerogen analysis revealed 

predominantly vascular plant material with little to no evidence of algal remains. The shales 

are dark grey to black, fauna-rich to fauna-poor, and generally occur in association with 

blocky grey mudstones and fauna-rich limestones. 

6) The thermal maturity of the shales and associated strata has been determined through 

vitrinite reflectance (compiled from previous studies), T max' T AI, and hydrocarbon production 

index. All analyses imply that the shales are just entering the oil window, or are thermally 

immature. Similar strata are believed to underlie the Gulf of St. Lawrence at greater depths 

suggesting a higher maturity level, within the oil window, offshore. 
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Appendix A 

APPENDIX A: 

Stratigraphic correlation figures of St. Rose - Chimney Corner and Port Hood sub-basins. 

NOTE: The correlation diagram includes all sections of the Co lindale Member measured for this 
study. Note that the lateral distance between the sections is not to scale. A location map has been 
included to show the distribution of the sections relative to one another. 
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Figure A 1. Map displaying the location of sections plotted on the correlation diagram. 
(Modified from Giles et al., 1997a,b,c ). 
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Appendix B 

APPENDIXB: 

Graphic logs of coastal sections (Co lindale type section, MacRaes Beach, Chimney Corner) 
demonstrating parasequences in the sections. 
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AppendixC 

APPENDIXC: 

Descriptions of all coastal sections of the Co lindale Member for this study. 
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Chimney Corner Coastal Section 134 

Thickness Total Description 
(metres) Thickness 

117.3 878.31 Grey sandstone, rusty, some fossils, jointed 

3.66 761 .01 bluish grey shales, fragmental. Somewhat sandy at the base, some slickensides 

45.72 757.35 sandstone, grey, rusty jointed 

0.71 711 .63 grey clay, coal 

0.58 710.92 greyish brown clayey shale, black clayey shale 

0.46 710.34 cream clayey shale with some brown fossils, soft 

1.07 709.88 bluish grey fragmental shale, rusty 

3.05 708.81 grey sandy shale. Jointed and fractured, much rust 

0.91 705.76 bluish grey fragmental shale, rusty 

0.33 704.85 grey and black clayey shale, splint 

0.25 704.52 grey fragmental clayey shale, some chocolate coloured 

1.29 704.27 coal, clay, splint 

0.41 702.98 grey and bluish-grey soft fragmental clayey shale, much rust 

0.05 702.57 splint 

0.56 702.52 grey clayey fragmental shale with tinges of chocolate 

0.15 701 .96 black shale 

0.38 701 .81 bluish-grey fragmental clayey shale 

0.91 701.43 grey fragmental shale, some rust 

0.91 700.52 chocolate fragmental shale 

0.61 699.61 grey fragmental shale 

0.15 699 bluish-black shale, possibly some splint 

0.30 698.85 grey clayey shale 

20.0 698.55 sst mL, N7, large cross-beds (sets 15 ern, 68 em), soft sediment deformation, abrupt base, sulphur stained base 

1.45 678.55 mudstone, N4, platy weathering 

1.95 677.1 shale, N I, abundant bivalves, siderite bands, fissile, S-BED 184/36 

0.22 675 .15 coal 

0.20 674 .93 mudstone, N4, clay-rich, sulphur stain, rooted, no stratification, seat earth 

0.3 674.73 silty mudstone, N5, clay-rich, abundant roots, sulphur stain, no stratification 

0.50 674.43 sst vf, N7, rooted, abrupt top 

0.34 673 .93 mudstone, N4, clay-rich, crumbly, sulphur stain 

1.60 673.59 sst vf, N6, plant debris, asymmetrical current ripples, transitional with unit below 

1.90 671.99 siltstone, N5 , lenses of sst up to 50 em thick, platy, no stratification, in middle asymmetrical ripples 
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Thickness Total Description 
(metres) Thickness 

1.05 670.09 sst vf, N7, gradational base, fines upward, abundant asymmetrical ripples 

0.80 669.04 siltstone, NS, siderite nodules in discrete bands, blocky to platy fracture , fine parallel laminae 

0.60 668.24 shale, N2, ostracods, bivalves, well-indurated, rusty bands 

0.17 667.64 mudstone, N4, crumbly, clay-rich, sulphur stain along fractures, carbonaceous 

0.50 667.47 mudstone, N4-N3, rooted, no stratification, blocky fracture 

1.35 666.97 siltstone, N6, blocky fracture, siderite nodules, nodular bedding, rooted 

2.60 665 .62 sst fL , N7, thinly bedded, cross-beds, asymmetrical current & wave ripples (089, 077,054, 025, 153, 133, 044), 
convoluted bedding 20 em interval), abrupt base, fines upward 

2.20 663 .02 sandy siltstone, N6, blocky fracture, conchoidal, siderite nodules, basal 50 em is muddy 

0 .11 660.82 shale, N2, fissile, sulphur stain, compressed plant debris, carbonaceous 

0.18 660.71 shaly mudstone, N4, clay-rich, bivalves, platy, well-stratified 

0.33 660.53 shale, N2, coaly, compressed plant debris, ostracods 

0.37 660.2 mudstone, N5, clay-rich, blocky fracture, rusty stain 

0.28 659.83 shale, N2, carbonaceous, sulphur stain, clay-rich 

0.60 659.55 coal 

0.02 658 .95 carbonaceous shale, N I 

0.25 658 .93 sst, fines up to mudstone 

2.0 658.68 mudstone, grey 

1.85 656.68 mudstone, reddish-brown, crumbly-blocky, siderite nodules 

1.40 654 .83 siltstone, grey, no stratification 

0 .20 653.43 shale, N2, 6 em coal in this interval 

4.85 653.23 silty mudstone, N5, blocky fracture, siderite nodules, well-stratified 

0.30 648.38 shaly mudstone, N2, crumbly, no stratification 

0 .10 648.08 limestone, bivalves, ostracods 

0 .18 647.98 mudstone, N6, clay-rich, rooted, crumbly, sulphur stain 

3.25 647.8 sst fL, N7, siltstone partings, asymmetrical (climbing) ripples, vertical roots, fines upward 

0.80 644.55 siltstone, N4, conchoidal fracture, siderite nodules, plant debris, finely laminated 

1.30 643 .75 mudstone, N4, blocky to platy fracture, plant debris 

0.08 642.45 shale, NI, carbonaceous, sulphur stain, compressed plant debris 

0.10 642.37 mudstone, N5, clay-rich, crumbly 

5.49 642.27 light grey sandy shale, top tends toward a sandstone, soft 

3.05 636.78 Grey fragmental shale with some concretions 

0.33 633.73 Coal and clay 
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Thickness Total Description 
(metres) Thickness 

0.36 633.4 Greyish-black clay 

0.43 633.04 Coal and clay 

0.28 632.61 Coal 

0.15 632.33 Black clay and splint 

0.56 632.18 Grey clay 

1.68 631.62 Grey fragmental clayey shale, considerable rust 

1.37 629.94 Grey fragmental shale with concretions 

0.61 628.57 Grey clay 

1.07 627.96 Grey fragmental shale with concretions 

0.43 626.89 Grey and black clayey shale, coal 

1.68 626.46 Grey fragmental shale, a few concretions 

0.51 624.78 Grey sandy shale 

0.61 624.27 concretionary bed 

1.12 623.66 Grey fragmental shale with concretions 

1.22 622.54 Grey clayey shale 

0.10 621.32 Black clayey shale, some splint 

0.22 621.22 Grey clay with some carbonaceous material 

0.10 621 splint (5 em) and Grey clay with black top and bottom 

0.08 620.9 Coal 

0.15 620.82 Black clayey shale and splint 

0.18 620.67 Coal 

0.08 620.49 Black clay blending into grey fragmental shale with some rust 

9.75 620.41 Covered 

3.2 610.66 Sandstone, rusty, grey, some almost a sandy shale 

19.8 607.46 Covered, probably grey sandy shales 

3.96 587.66 Sandstone, rusty,jointed 

1.22 583.7 Grey sandy shale 

0.91 582.48 Grey fragmental shale with concretions 

1.12 581 .57 bluish shale 

1.07 580.45 grey fragmental shale with concretions 

150.0 579.38 CHIMNEY CORNER BEACH 
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Thickness Total Description 
(metres) Thickness 

9.4 429.38 sst fU, N7, large channel sst, grey mudchip intraclasts, plant debris (calamites), large cross-beds (bed sets 55 em), 
parting lineations (021, 160, 162, 122), abrupt base, thin beds (5-10 em), parallel laminae near base, fines upward 
S-BED 184/44 

0.60 419.98 mudstone, N2-N6, sulphur stain, crumbly, rich in plant debris, coaly? 

1.40 419.38 covered 

2.45 417.98 silty mudstone, 5 R 4/2, rusty stain, swaly structures, blocky fracture , no stratification, paleosol 

0.26 415.53 shaly mudstone, N3 , slickensides, rusty stain, blocky fracture 

0.36 415.27 siltstone, N5, blocky fracture, rooted, alternating with sst vf 

0.07 414 .91 limestone, greyish brown, abrupt base and top 

0.04 414.84 shaly mudstone, N3, clay-rich, carbonaceous 

0.34 414.8 mudstone, red with minor light greenish-grey , blocky fracture 

1.25 414.46 silty mudstone, 5 R 4/2, blocky fracture, minor reduction spots, poorly stratified, dolomitic nodules 

1.40 413.21 silty mudstone, N4, large siderite concretions and ball-like structures (ssts v:( N7) up to 80 em 

0.48 411.81 mudstone, N4, conchoidal fracture, platy, siderite bands, well-stratified 

0.3 411.33 shale, N3, platy to very fissile, bivalves, ostracods 

0.9 411.03 mudstone, N4, platy weathering, siderite nodules, thin rusty bands (calcareous) 

0.15 410.13 mudstone, N4, blocky to platy fracture 

0.07 409.98 sst v:( N6, plant debris, beds 2 em thick, pyrite nodules, irregular bedding, calcareous, sparse bivalves 

0.27 409.91 mudstone, N4, blocky to platy weathering, clay-rich 

0.40 409.64 alternating mudstone = red, blocky with concretions and v:( N5 sandstone, abrupt top & bottom 

0.75 409.24 silty mudstone, 5 R 4/2, conchoidal - blocky fracture, stratified, calcareous nodules 

0.21 408.49 sst v:( N7, very thin beds, ripple cross-laminated, transitional with units above & below 

0.35 408.28 siltstone, 5 R 4/2, blocky fracture, stratified, calcareous nodules 

0.20 407.93 sst v:( light reddish-brown, discontinuous, reduction spots, very thinly bedded, rippled 

0.95 407.73 silty mudstone, 5 R 4/2, minor reduction spots, notably in upper 40 em, blocky to platy fracture, stratified 

0.56 406.78 sst vf- fL , N7, thinly bedded, abrupt irregular top surfuce, gradational base, beds thicken upward, mottled, 
asymmetrical ripples, parallel laminations in the basal part, deformed stratification -convolute ripples 

0.37 406.22 mudstone, N4, siderite nodules, platy weathering, stratified 

0.14 405.85 siltstone, N4, cross stratified 

0.35 405.71 mudstone, N4, blocky to conchoidal fracture, plant debris, siderite nodules in a discrete band, poor stratification 

0.85 405.36 mudstone, N3, 5 R 4/2, mottled, (mostly grey), blocky fracture, slickensides 

0.21 404.51 sst v:( light greenish-grey, highly fractured (blocky) 

2.9 404.3 mudstone, 5 R 4/2, blocky fracture with minor reduction spots, no stratification 

1.45 401.4 silty mudstone, greenish-grey with reddish-brown, blocky fracture, no stratification, partially platy 



Thickness Total 
(metres) Thickness 

0.2 399.95 

0.25 399.75 

0.3 399.5 

1.15 399.2 

13.0 398.05 

1.0 385.05 

6.5 384.05 

2.0 377.55 

10.0 375.55 

3.25 365.55 

0.23 362.3 

5.35 362.07 

0.90 356.72 

0.54 355.82 

O.I2 355.28 

1.60 355.16 

1.30 353.56 

1.10 352.26 

0.56 351.16 

0.45 350.6 

1.14 350.I5 

0.85 349.0I 

1.83 348.16 

0 .7 346.33 

0.3I 345.63 

0.27 345.32 

0.18 345.05 

I.45 344.87 

4 .5 343.42 

1.0 338.92 

Chimney Corner Coastal Section 13 8 

Description 

shale, N2, sulphur stained, carbonaceous, compressed plant debris S-BED 189/46 

mudstone, N2, N6, crumbly, clay-rich, sulphur stain along fracture surfaces 

mudstone, N4, rusty stain, blocky fracture, paleosol 

silty mudstone, N4, conchoidal fracture , Stigmaria roots, transitional with overlying unit, paleosol 

sst fU, N7, cross-beds, rippled 

grey fines with intercalated sst lenses and trees 

sst fU, N7, large cross-beds, parting lineations, convoluted bedding, plant debris 

lens of grey mudstone 

sst fU, N7, abru~ base, plant debris- trees, large cross-beds, parting lineations (043°, 046°) soft sediment deformation, 
multistoried, no incisement at base, channel sandstone 

shale, N2, abundant bivalves and ostracods, siderite bands, fissile S-BED 190/44 

mudstone, N6, blocky fracture, no stratification, large irregular nodules, crumbly, paleosol 

silty mudstone, N3 with minor red, platy to blocky fracture, siderite nodules, roots (rhizoconcretions) near top, well
stratified S-BED I90/3 9 

mudstone, N4, blocky fracture, no stratification, calcrete nodules, paleosol 

shale, N2, bivalves, ostracods, siderite bands 

mudstone, N3, blocky fracture, rich in organic matter 

silty mudstone, grey with reddish-cast, blocky fracture, abundant roots in upper hal( poorly developed paleosol 

silty mudstone, N5, conchoidal- blocky fracture, abundant siderite nodules, plant debris, I 0 em thick sst at top of unit 

sst JL, N6, asymmetrical riwfes (032°), parallel laminations, thinly bedded, plant debris, top 30 em is rooted, thin beds 
(I-5 mm) 

sandy siltstone, N5, finely laminated, rippled, thinly bedded, conchoidal fracture 

sst vf- siltstone, N5, parallel to cross stratified, very thinly bedded, plant debris 

siltstone, N4, siderite nodules in a band 4-5 em thick, conchoidal to blocky fracture, finely laminated, well-stratified 

shaly mudstone, N4, conchoidal fracture, platy weathering, siderite nodules, well-stratified 

silty mudstone, N4, platy weathering, rusty, siderite nodules and bands, well-stratified 

shale, N I, plant impressions, abundant bivalves, well-stratified, rusty S-BED 183/44 

mudstone, N5, clay-rich, crumbly, rusty stain along fractures 

sst tL, N6, discontinuous, ganister? 

mudstone, N5, clay-rich, sulphur stain along fractures, crumbly 

silty mudstone, N5, blocky to crumbly, abundant siderite nodules, poorly stratified 

sst fU, N7, soft sediment deformation, abrupt scour base with small scour margin and rill marks, 2.2 m from the top 
is a I.8 m lense of grey mudstone and siltstone with siderite nodules and upright Calamites 

siltstone, N5, tense 
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Thickness Total Description 
(metres) Thickness 

3.5 337.92 sst fU, N7, large scour structures, plant debris (calamites), mudchip intraclasts on top of sst just underneath the 
siltstone lense, siderite nodules 

1.0 334.42 silty mudstone, N4, lensoidal (caught up in sst), conchoidal fracture 

5.65 333.42 sst fU-mL, N7, poorly cemented, load casts, plant debris, large cross-beds, asymmetrical ripples MIZIES POINT 
(HEADLAND) 

0.80 327.77 shaly mudstone, N4, well-stratified 

1.45 326.97 shaly mudstone, N4, bivalves, ostracods, clay-rich, sulphur stain, platy weathering 

0.10 325.52 shale, N2, bivalves, ostracods 

0.72 325.42 mudstone, N3, N5, clay-rich, crumbly, basal 35 em= coal 

0.40 324.7 mudstone, N4, rusty stain, blocky to crumbly fracture, clay-rich, heavily rooted 

0.48 324.3 shale, N2, thin coal seams(< 1 em), intercalated N4 mudstone, well-stratified 

2 .25 323 .82 silty mudstone, N4, blocky fracture , siderite bands (1-2 em) and nodules, transitional with underlying unit 

0.68 321 .57 shale, N 1, bivalves, ostracods, basal 9 em has thin coal seams ( 1 em), overlain by fossiliferous and pyritic limestone 

0.18 320.89 mudstone, grey, clay-rich, heavily rooted, crumbly; sulphur stain, carbonaceous 

0.66 320.71 siltstone, N5, rusty stain, vertical roots, no stratification, crumbly, seat-earth 

1.00 320.05 sst fL, N7, rooted, coarsens upward, rippled, transitional with underlying unit 

1.77 319.05 sandy siltstone, N4, plant impressions, well-stratified, blocky - conchoidal fracture, siderite bands and nodules 

0.30 317.28 sst vf: N5, massive 

3.07 316.98 siltstone, N4, fine parallel laminations, thin siderite bands and nodules, platy weathering, well-stratified 

1.56 313.91 shaly mudstone, N2, slightly dolomitic, bivalves, ostracods, well-stratified 

4.30 312.35 silty mudstone, N4, platy- blocky, siderite bands & nodules, well-stratified 

0.68 308.05 shaly mudstone, N3 , platy, well-stratified, bivalves, siderite bands at top 4 em, transitional with overlying unit 

0.90 307.37 siltstone, N5, blocky fracture, poor stratification, abrupt top, siderite nodules (1-5 em) 

1.80 306.47 sst fL, N7, climbing ripples, siltstone partings, abrupt top and base 

1.35 304.67 silty mudstone, N4, conchoidal-blocky fracture, well-stratified, finely laminated 

0 .22 303.32 sst vf, N5, rippled, abrupt base, fines upward, parallel laminations 

0.80 303 .1 mudstone, N4, platy to blocky fracture, well-stratified, siderite nodules 

0.46 302.3 sst vf: N6, thinly bedded, rippled, transitional with under and overlying units 

0.70 301.84 mudstone, N4, blocky fracture, poor stratification 

0.80 301.14 sst vf, N7, rippled, thinly bedded 

0.46 300.34 sst vf, N6, parallel laminated, very thinly bedded 

3.65 299.88 silty mudstone, N3, platy to blocky fracture, siderite nodules 

5.10 296.23 covered- Mizies Brook 

0.50 291.13 silty mudstone, N4, blocky fracture S-BED 195/44 
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Thickness Total Description 
(metres) Thickness 

5.15 290.63 siltstone, N5 , siderite bands and nodules, top of unit finer grained, well-stratified 

1.50 285.48 sst v( N6, asymmetrical (climbing) ripples (flow 238°), transitional at base and top, ball and pillow at base, possible 
paired mud drapes 

0.45 283 .98 siltstone, N5, blocky fracture- stratified 

0.33 28353 sst vt: N6, thinly bedded, well-stratified 

0.59 283.2 sst vf, N5, convoluted bedding, partially blocky and silty, ball and pillow structures at the base 

0.58 282.61 sandy siltstone, N5, interbedded sst ( 8 em), sst is N7, vfand rippled, parallel laminae 

0.26 282.03 silty mudstone, N5, siderite band at top, platy weathering, parallel laminae 

0.38 281.77 sst vt: N5, N7, parallel to ripple cross stratified, thinly bedded, abrupt base 

0.43 281.39 sandy siltstone, N6, finely laminated, conchoidal fracture 

0.28 280.96 sst vf, N6, abundant climbing ripples, abrupt top and base 

1.32 280.68 sst vt: N5, fine parallel and ripple cross laminae, siderite band in a mudstone parting 

0.43 279.36 sst v±: large scale climbing ripples, transitional base & top, paired mud drapes, well-indurated 

0.47 278.93 siltstone, vfsst, N5, fine parallel laminae, well-stratified 

0.36 278.46 sst vt: N6, large scale climbing ripples with paired mud drapes abundant, abrupt base, very thinly bedded 

0.83 278.1 siltstone, sst vt: N4, finely laminated, well-stratified, conchoidal fracture, siderite bands 5 em thick, siderite band on 
top 

0.26 277.27 sst vf, N6, climbing ripples, abrupt base, transitional with overlying units 

2.27 277.01 siltstone, conchoidal fracture, finely laminated, coarsens up to sst 

1.85 274.74 silty mudstone, platy weathering, siderite bands ( 50 em from base), transitional with overlying unit, well-stratified, 
sparse fuuna 

0.35 272.89 sst v±: silty, N5, rippled, thinly bedded 

1.50 272.54 sandy siltstone, N5, well-stratified, conchoidal fracture, thinly bedded, plant fragments, laminated 

0.05 271.04 sst vt: N6, rippled, calcareous, abrupt top and base 

0.76 270.99 siltstone -vfsst, N5, conchoidal fracture, top 8 em are siderite nodules, well-stratified, finely laminated 

0.17 270.23 sst vt: N6, asymmetrical ripples, abrupt base & top, thin beds(< lcm), fines- upward 

1.90 270.06 siltstone, N5, conchoidal fracture, well-stratified, fine parallel laminae, basal portion is platy 

0.15 268.16 sst vf, N5, calcareous, abrupt base, thinly bedded 

0.36 268.01 siltstone, N4, blocky fracture, well-stratified, fuint parallel laminae 

0.14 267.65 sst v±: N6, abrupt top and base, nodular, massive 

0 .36 267.51 siltstone, N4, blocky fracture, stratified 

0.55 267.15 siltstone, N5, blocky fracture, siderite nodules 

0 .48 266.6 sst vf, N5 , very thinly bedded, rippled, siderite nodules in a band 12 em thick, well-stratified, parallel laminated 

0.4 266.12 sst vf, N5 , abrupt base, rippled, soft sediment deformation, calcareous, gradational with overlying unit 



Thickness Total 
(metres) Thickness 

1.0 265 .72 

4.58 264.72 

3.95 260.14 

11.5 256.19 

2.55 244.69 

l.l5 242.14 

0.3 240.99 

2 .35 240.69 

2.75 238.34 

l.l 235.59 

0.30 234.49 

2 .65 234.19 

1.7 231.54 

1.55 229.84 

3.15 228.29 

1.14 225.14 

15.4 224 

1.4 208 .6 

0.8 207.2 

0.2 206.4 

0.26 206.2 

1.25 205 .94 

1.4 204.69 

1.85 203.29 

0.4 201.44 

4 .6 201.04 

0.9 196.44 

0 .9 195.54 

0.95 194.64 

Chimney Corner Coastal Section 141 

Description 

silty mudstone, N5, siderite bands(< 5 em), conchoidal fracture, basal 10 em is N5 calcareous sst vfand rippled with 
plant debris 

silty mudstone, N4, finely laminated, continuous siderite bands, conchoidal fracture, basal 50 em is sst vfN5 and 
rippled (cross-stratified), fines upward 

silty mudstone, N4, platy weathering, well-stratified, siderite bands & nodules ( < 5 em) with planar grooves (crest-
crest 5 em) S-BED 189/49 

covered 

siltstone, N4, conchoidal fracture, siderite bands, stratified 

mudstone, N4, conchoidal fracture, siderite bands 

silty mudstone, N4, calcareous, well-stratified, finely laminated, conchoidal fracture 

covered 

shaly mudstone, N3, conchoidal-platy fracture, calcareous, stratified S-BED 184/53 

shaly mudstone, N3, bivalves, sparse ostracods, well-stratified, banded, calcareous, finely laminated 

shaly mudstone, N4, sparse bivalves, blocky to pia~ fracture 

mudstone, N3, platy, very thin flaggy beds, well-stratified, finely laminated, sparse bivalves & ostracods, calcareous 
(Peters Limestone), banded 

silty mudstone, N4, thin siderite bands (l-2 em), platy weathering, bivalves, plant debris, ostracods 

covered 

shaly mudstone, N3, bivalves, ostracods, well-stratified 

shaly mudstone, N3, siderite bands (1-2 em), well-stratified, platy weathering, sparse bivalves, book-like 

covered 

shale, N 1, bivalve, ostracods, platy S-BED 195/55 

shale, N2, bivalves, ostracods, banded, well-indurated, wavy stratification, almost limestone, fissile 

silty mudstone, N5, blocky fracture 

shale, N2, thin (l-2 mm) discontinuous coal seams, carbonaceous, FS 

mudstone, N5, blocky weathering, rusty stain, rooted, no stratification 

shaly mudstone, N4, platy, transitional with underlying unit, well-stratified 

covered 

silty -sst vt: N5, transitional with underlying unit, very thinly bedded, rippled, siderite nodules on base, plant debris, 
beds< 1 em, vertical calamites (in situ), wavy stratification 

silty mudstone, N4, platy weathering, siderite nodules and bands, conchoidal fracture, plants, well-stratified, shaly 
appearance 

shale, N2, banded, well-stratified, thin clay beds (2 em), bivalves 

silty mudstone, N4, platy weathering, conchoidal fracture, well-stratified, finely laminated 

shale, N2, bivalves, ostracods, well-stratified, serpulids, fish plates, fissile 



Thickness Total 
(metres) Thickness 

2.4 193.69 

2.95 191.29 

0.9 I88.34 

2.0 187.44 

1.35 185.44 

1.45 184.09 

12.2 182.64 

1.9 I70.44 

I9 168.54 

7.5 I49.54 

1.25 I42.04 

I.45 140.79 

9.15 139.34 

0.3 130.19 

20 129.89 

0.10 109.89 

0.50 109.79 

3.5 109.29 

1.0 105.79 

2.8 104.79 

1.25 101.99 

2.0 100.74 

0.35 98.74 

1.40 98.39 

0.04 96.99 

0.60 96.95 

0.43 96.35 

0.60 95.92 

O.I7 95.32 

1.30 95.I5 

Chimney Corner Coastal Section 142 

Description 

silty mudstone, N5, abundant vertical roots, blocky fracture, lensoidal clay beds, no stratification, top 5 em = 
carbonaceous shale, paleosol 

mudstone, N4, conchoidal fracture in basal 20 em, siderite nodules ( up to 30 em), rusty stain, platy weathering 

silty mudstone, reddish-brown cast, also greenish-grey, blocky fracture, possible vertisol, no-stratification 

sst vt; N6, very thinly bedded, siderite nodules, abrupt top, climbing ripples (flow I40°) (abundant), transitional with 
overlying unit, well-indurated in part 

silty mudstone, N5, conchoidal fracture, platy, well-stratified, siderite nodules, abrupt base and top 

sst vf, N5, N7, thinly bedded (1-2 em), rippled, parallel and cross-laminated 

sst fU, N7, (X)Ofly cemented, abundant plant debris and trees, siderite and grey mudchips, cross-bedded, ripples, trees 
in base, at top sst very planar beds with parting lineations, multistoried, abrupt scour base 

silty mudstone, N4, this may be a lens or bed between 2 large sst, blocky fracture and variable thickness, grey and 
red, abrupt base and top, no stratification 

sst fU, N7, plant debris, coalified, silicified tree stumps, grey mudchips, cross-beds, bed sets 30 em, 14 em fines (red 
and grey) 0.95 m thick S-BED 184/44 

sst mL, very irregular base, plant debris, mudstone lenses up to I metre 

sandy siltstone, N4, plant debris, blocky to spherical fracture 

sst fl.AU, N6, thinly bedded, fine parallel laminations, fines upward S-BED 191/53 

shale, N2, bivalves, ostracods, siderite nodules CHARLIE DANIELS BROOK 

silty mudstone, light greenish-grey with a red cast, blocky fracture 

sandstone 

clay-rich carbonaceous material 

seat-earth, rooted, siderite, blocky 

silty mudstone, N4, platy, siderite nodules, abundant roots, well stratified 

Shale, bivalves, ostracods 

mudstone, N4, platy, siderite nodules 

sst, abrupt base, climbing ripples, thinly bedded 

siltstone, with mudstone, platy - conchoidal, continuous siderite bands, well-stratified, parallel-laminated 

mudstone, N4, platy 

shale, siderite bands in middle portion, bivalves, ostracods, alternating fauna rich and poor, coarsens up 

limestone, bivalves, ostracods 

mudstone, N3, slickensides, blocky, organic-rich, poorly stratified, rooted top 2 em= carbonaceous 

shale, N2, fissile, bivalves, ostracods, plant debris 

shale, N3, carbonaceous+ blocky mudstone, thin limestone (I em) on top of coal, rooted 

shale, carbonaceous, topped with I em coal 

mudstone, blocky, heavily rooted, siderite, paleosol, seat-earth 
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Thickness Total Description 
(metres) Thickness 

1.70 93 .85 mudstone, grey with red colouring, siderite nodules, no stratification, blocky, concave-up joint sets, paleosol 

0.60 92.15 siltstone, N6, siderite nodules (irregular and vertical I 0 em thick), blocky, no stratification, transitional with overlying 
unit, plant debris, vertical roots 

1.10 91.55 sst vt; N6, very thinly bedded, siltstone partings, laminated 

1.50 90.45 mudstone, N4, coarsens -up, platy - conchoidal, abundant siderite nodules up to 15 em thick in discrete layers, 
stratified, gradational with top 

0.10 88.95 limestone, micritic, bivalves and sparse ostracods 

0.06 88.85 shale, carbonaceous 

0.40 88.79 seat-earth 

1.10 88.39 mudstone, N4, platy, siderite nodules, rhizoconcretions abundant, scattered plant debris, poorly stratified 

0.35 87.29 sst vf, N6, current ripples, calamites, thin beds (I em), siderite nodules in top part, fines upward into next unit 

0.45 86.94 mudstone, N4, platy, siderite band (I em), stratified 

0.45 86.49 siltstone, N5, siderite band on top, nodules in discrete layers in mid-portion, parallel-laminated, conchoidal fracture 

0.30 86.04 silty mudstone, N4, platy, stratified, siderite band on top 

0.12 85.74 limestone and shale, bivalves and ostracods 

0.15 85.62 shale, carbonaceous and coal 

0.33 85 .47 seat-earth 

0.01 85.14 shale, carbonaceous 

0.15 85.13 seat-earth 

0.04 84.98 shale, carbonaceous 

1.47 84.94 mudstone, N4, platy- blocky, continuous siderite bands, poorly stratified, top 25 em= seat-earth 

0.10 83.47 shale, carbonaceous 

0.25 83.37 seat-earth 

1.50 83.12 sandstone fL, N6, siltstone partings, massive in basal 70 em (70 em relief on base), top 80 em= asymmetrical current 
ripples, concretions, multiple scours, very irregular top with - 50 em relief 

1.20 81.62 siltstone, conchoidal- platy, siderite bands, scattered plant debris, drowned 

0.07 80.42 shale, carbonaceous 
) 

0.10 80.35 seat-earth 

0.75 80.25 limestone and shale, bivalves and ostracods 

0.11 79.5 seat-earth with - 1 em carbonaceous shale on top 

0.80 79.39 sst, N6, siltstone partings, asymmetrical current ripples, siderite bands in siltstone 

1.0 78 .59 siltstone, N5, conchoidal fracture, siderite bands and nodules, parallel laminated, platy- blocky, rhizoconcretions 

0.65 77.59 sst fL , N7, rippled, very thinly bedded (beds 0.5-8 em thick) 

2.0 76.94 siltstone, N4, N5, conchoidal fracture, parallel-laminated, fines-up, continuous siderite bands and nodules just under 
sandstone, breaks into large pieces 



Thickness Total 
(metres) Thickness 

0.66 74.94 

0.12 74.28 

0.76 74 .16 

0.18 73.4 

0.06 73 .22 

0.70 73.16 

0.11 72.46 

0.22 72.35 

0.10 72.13 

0.09 72.03 

0.10 71.94 

0.05 71.84 

0.60 71.79 

1.50 71.19 

0.10 69.69 

0.25 69.59 

0.65 69.34 

0.34 68.69 

0.08 68.35 

0.5 68.27 

1.0 67.77 

0.24 66.77 

0.66 66.53 

0.17 65.87 

0.05 65 .7 

0.27 65 .65 

0.10 65.38 

0.04 65.28 

0.25 65.24 

2.25 64.99 

0.43 62.74 

0.34 62.31 

Chimney Corner Coastal Section 144 

Description 

limestone, mudstone, banded, flaggy bedding, bivalves and ostracods 

mudstone, N4, blocky- platy 

limestone, flaggy bedding, planar beds, fossil-rich, calcareous SAMPLE 

mudstone, N5 , platy, rusty, clay-rich 

limestone, N2, micritic, petroliferous, sparse ostracods 

shale, N2, fossiliferous, alternating fauna-rich and sparse units 

fossiliferous shale 

mudstone, N3, blocky- platy, organic-rich 

fauna-rich shale 

carbonaceous shale 

seat-earth 

carbonaceous shale 

seat-earth 

siltstone, N4, N5, blocky fracture, abundant rhizoconcretions, no stratification, concave-up joint sets 

carbonaceous shale 

seat-earth 

mudstone, N4, blocky- conchoidal, no stratification, rooted, irregular siderite nodules 

shale, N4, N5, organic-rich, abundant plant debris, sulphur stain 

carbonaceous shale with coaly bits 

Seat-earth (poorly exposed) 

siltstone, N4, N5, parallel to cross-laminated, abundant rhizoconcretions, scattered plants, siderite nodules 

mudstone, N3, dark grey mottling, granular 

mudstone, N4, platy- blocky, poorly stratified, siderite nodules, rhizoconcretions throughout 

shale, fossiliferous, carbonaceous S-BED 185/41 

limestone, rusty stain, fossiliferous, breaks into perfect squares and rectangles 

shaly mudstone, N2, bivalves 

shale, fauna-rich 

shale, carbonaceous 

mudstone, N6, clay-coated, sulphur stained, seat-earth 

siltstone, N4, N5, abundant siderite in bands of nodules, also vertical, conchoidal fracture , poorly stratified, parallel 
laminated, platy to blocky, rooted, rhizoconcretions and mudcracks at about the same level(- 50 em from top) 

mudstone, N4, conchoidal- blocky- platy, no stratification, peds -I em 

shale, N2-N3, fauna-rich 
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Thickness Total Description 
(metres) Thickness 

0.23 61.97 shale, N2, carbonaceous, in between N3 conchoidal shale 

0.25 61.74 mudstone, N5, blocky fracture, clay-rich, sulphur stain, rooted, seat-earth 

1.75 61.49 siltstone, p-edominantly greyish-red with drab mottling, sandy ledges, blocky - conchoidal, no stratification, concave-
up joint sets, scattered siderite nodules (some vertical), paleosol 

0.70 59.74 siltstone, mudstone, predominantly red, vertical drab mottling in top interval, very blocky, fines upward 

0.45 59.04 siltstone, N4, 5 R 4/2, transitional zone, blocky- conchoidal, parallel to cross-laminated, poor stratification, siderite 
nodules 

0 .62 58.59 mudstone, N4-N5, blocky fracture, no stratification, scattered plant debris, scattered siderite bands with discontinuous 
concretions, paleosol 

0.15 57.97 shale, N3 , platy to fissile, bivalves 

1.0 57.82 mudstone, N4, blocky- platy with conchoidal fracture, siderite nodules, rusty stain, paleosol 

1.0 56.82 silty, red-grey, blocky fracture, minor drab mottling, concave up swaley structures, siderite nodules in discrete layer 
just overlying grey interval (20 em thick) in middle of unit, fines upward (STREAM) 

0.4 55.82 sst vt; N6, light green cast, thin beds ( 1-2 em), siderite nodules with irregular shapes, current ripples, macerated plant 
debris 

1.40 55.42 siltstone, N4, blocky- platy with conchoidal fracture, poorly stratified, well-preserved plant debris, fines-up to silty 
mudstone, continuous siderite band 60 em from top ( 4 em thick) 

0 .8 54.02 siltstone, N4, blocky- platy, large (15-35 em) scattered siderite nodules 

20.0 53.22 sst fU, N6, basal metre has mudchi):l> and is lumpy, lenses of sandy siltstone and grey mudstone up to 1 mat the bases 
of channel scours, often overlying mudchips, siderite nodules, plant debris (carbonized trees), abundant cross-beds, 
abruJt pebbly base, flute casts, multistoried with a number of erosional bases, silicified trees, advancing foresets below 
planar beds flowing southerly (PL= 026, 197, 185) - channel sandstone 

12.4 33.22 sst fU, separated by grey mudstone lenses(- 1m thick) 

1.05 20.82 silty mudstone, reddish-brown, greenish-grey, blocky fracture, basal part is finely parallel-laminated, transitional with 
underlying unit 

7.0 19.77 silty mudstone, N4, blocky to platy weathering, thin siltstone beds, stratified, siderite concretions(< 5 em) 

0.2 12.77 siltstone, N5, thinly bedded, asymmetrical ripples (bed set 1.5-2 em), fines-up 

0.68 12.57 silty mudstone, N4, platy weathering, conchoidal fracture, well-stratified 

0.13 11.89 siltstone, N5, very thinly bedded, climbing ripples, fines up 

0.45 11.76 mudstone, N4, platy weathering, well-stratified, drowned 

0 .14 11.31 siltstone, N4, beds (0.5 - 1 em), rippled, transitional with under and overlying units 

0.68 11.17 silty mudstone, N4, platy weathering, well-stratified 

1.3 10.49 sst vt; N5, very thinly bedded, abundant asymmetrical current ripples, pyrite nodules, siderite nodules, trough cross-
beds (flow 320°) in basal part, small trickle 

1.12 9.19 silty- sst vf, N4, finely laminated, blocky to conchoidal fracture 

0.2 8.07 sst vf, N6, very thinly bedded, transitional with overlying unit 

0 .9 7.87 sst fU, N7, beds 1-1 0 ern, large cross-beds with ripples on back, cannon ball concretions (2 em dia. ), asymmetrical 
wave ripples 
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Thickness Total Description 
(metres) Thickness 

2 6.97 sst vt: thinly bedded, rippled 

0.55 4 .97 siltstone, N4, blocky to conchoidal fracture, almost paleosol 

0.87 4.42 sst fL, N5, basal60 em massive, top consists of ripples, thinly bedded, laminated 

l.l4 3.55 sst vtU, N6, asymmetric current and wave ripples, beds 1-2 em, top covered by till, S-BED 190/41 

0.65 2.41 sst fL, N6, beds 5-1 0 em thick, asymmetric current ripples, abrupt lower contact 

0 .1 6 1.76 silty mudstone, siderite nodules, clay-rich bands, well-stratified 

1.6 1.6 sst v( N5, abundant asymmetrical current and wave? ripples, thin discontinuous bands of mudstone ( < 10 em thick), 
transitional with overlying unit 

Section descriptions written in italics are taken from Douglas and Goodman (1942) for sections that are either 
poorly to not exposed today (at the west end of Chimney Corner Beach) or parts of the section that are 
inaccessible (beyond the Chimney Corner sandstone). 
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COLINDALE TYPE SECTION WESTERN CAPE BRETON ISLAND 
' 

Thickness Total Description 

(metres) Thickness 

5.5 374.84 sst tU-mL, N7, sandstone thickens from north to south, cross beds (northwesterly), mud chips, plant debris, thinly bedded, 

basal 50 em contains lenses of coal up to 7 em, abrupt scour base (below cow pasture) 

0.23 369.34 carbonaceous shale, NS, clay-rich, sulphur stains, coal (3-4 em thick and lensoidal) 

0.2 369.11 mudstone, N3, blocky weathering, wet-submerged, no stratification 

1.37 368.91 silty mudstone, 5 R 4/2, blocky weathering, minor grey, 1-5 mm coal strings, fines upward, no stratification, paleosol-like 

0.47 367.54 siltstone, NS, blocky weathering, rusty stain, sandstone beds: 2-4 em thick, tabular, interstratified 

0.13 367.07 sst vtU, NS, weathered black, lensoidal, abrupt top and base 

0.6 366.94 mudstone, N4, platy-blocky weathering, top 10 em clay-rich, mottled, no stratification 

0.36 366.34 shale, N 1 , fissile 

0.5 365.98 mudstone, N4, blocky weathering, rusty stain 

0.82-1.75 365.48 sst fU-mL, N7, massive, wedged- thickens to the south with a basal unit rich in plant debris (Stigmaria), top metre is 
massive with an irregular surface, abrupt nodular top, fuint parallel laminae, channel 

0.7 364.66 silty mudstone, 5 R 3/4 and N4, crumbly-blocky weathering, variegated, predom. red, no stratification, paleosol 

0.34 363 .96 mudstone, N4, blocky weathering 

0.33 363.62 sst vfU, N5, blocky to massive, nodular, rusty stain, gradational bottom and top, beds 1-10 em 

0.4 363 .29 mudstone, 5 R 4/2 mottled grey, blocky weathering 

0.42 362.89 mudstone, N3, blocky fracture 

0.18 362.47 siltstone, N4, blocky weathering, coarsens up 

0.37 362.29 silty mudstone, 5 R 4/2, minor grey, blocky weathering 

0.37 361.92 mudstone, N5, blocky weathering 

0 .14 361.55 mudstone, 5 R 4/2, blocky weathering, mottled red, green, silty 

0.1 361.41 mudstone, 5 B Y/1 , clay-coated, crumbly weathering 

0.74 361.31 sst vfU, N6, thinly bedded, alternating massive to blocky weathering 

1.25 360.57 mudstone, N3, purplish cast, blocky weathering, top 20 em is 5 R 4/2 

1.02 359.32 alternating sst vtU and siltstone, N5 (tabular sst beds up to 10 em), transitional with underlying unit, cross beds, 

asymmetrical current ripples 

1 358.3 mudstone, N4, purpulish cast, blocky weathering, reddish-brown, silty at top 

1.25 357.3 alternating, sst and mudstone, N5, vfU sst, beds up to 10 em, mostly sandstone 

0 .8 356.05 mudstone, N4, 5 R 4/2, blocky weathering, variegated 

0.4 355 .25 mudstone, N4, blocky weathering LITTLE TRICKLE 

1.85 354.85 sst fL, N6, massive, burrows on bottom surface, beds up to 15 em, top irregular surface, paleosol related, abrupt top and 

bottom, ganister 

0.77 353 sst vfU, N7, beds 20 em with shaly partings (12 em), rooted, abrupt base 

3.0? 352.23 mudstone, red-grey, blocky weathering, rhizoconcretions, no stratification 
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Thickness Total Description 
(metres) Thickness 

I 349.23 unexposed 

1.83 348.23 sandstone fL, N6, thinly bedded (2-5 em), irregular top, siderite nodules(< I em), rippled, ganister 

0.37 346.4 resistant nodular beds ofvfsst, N6 alternating with siltstone, plant debris, 

0.53 346.03 silty mudstone, N4, plant debris, rusty stain 

0.16 345.5 sandstone vfU, N6, abundant roots 

2.05 345.34 mudstone, N3, siderite nodules, blocky weathering 

0.29 343.29 silty mudstone, N3, 5 R 4/2, blocky weathering 

0.65 343 mudstone, N3, blocky weathering 

0.46 342.35 mudstone, N4, blocky weathering, transitional with overlying unit 

0.15 341.89 shale, N I, carbonaceous 

1.75 341.74 mudstone, N4, brown-purple cast, blocky weathering, patchy exposure 

0.44 339.99 siltstone, N4, blocky weathering 

0.7 339.55 mudstone, N4, blocky weathering 

0.45 338.85 mudstone, grey and red, blocky weathering, may match up with unit 399 

I 338.4 Covered 

4.11 337.4 mudstone/siltstone, N4, reddish in lower 40 em, patchy exposure 

4.2 333.29 sst tU, N7, burrows on bottom surface (or mudcracks), footprints in neighbouring scree, shaly partings, lenticular pebbly 
bed (10 em thick) 130 em from the base (clasts< I em), abrupt erosional base, fines upward 

0.29 329.09 mudstone, N4, 5 R 4/2, blocky weathering 

0.26-0.53 328.8 sandstone fU, N7, massive, planar top and base 

0.3 328.54 mudstone, N4, blocky weathering 

0.41 328.24 sandstone fL, N7, burrows on bottom, planar beds 

0.36 327.83 mudstone, 5 R 4/2 and sst fL, N7, burrows 

0.7 327.47 sandstone fL, N7, massive, cross-beds on base, load casts, planar bedded 

0.81 326.77 alternating, N4 mudstone, platy weathering and sandstone vfU, N6, (max. 5 em) finely laminated with burrows on the base, 
wave ripples 

0 .6 325.96 mudstone, N2, coaly in basal 5 em, crumbly 

0.23 325.36 mudstone, N4, clay-coated, sulphur stain, transitional with units above 

0 .28 325.1 3 siltstone, N5, blocky weathering, sulphur stain, plant debris, clay-coated 

0.74 324.85 sandstone N5, thinly tabular beds (2-4 em) with shaly partings, calcareous, burrows on bottom surface 

0 .68 324.11 sandstone vfU, N5, massive, calcareous 

0.23 323.43 mudstone, N4, blocky weathering 

0 .12 323.2 sandstone vf, N5 , calcareous 

0.08 323 .08 mudstone, N3 , blocky weathering 
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Thickness Total Description 
(metres) Thickness 

0.12 323 sandstone fL, N6, nodular 

2.3 322.88 mudstone, N4 

0.45 320.58 siltstone, N4/N5, blocky weathering 

0.32 320.13 mudstone, N4, blocky weathering, transitional with over and underlying unit 

0.16 319.81 mudstone, N5, clay-coated, sulphur stain 

0.28 319.65 mudstone, N2, clay-coated 

0.06 319.37 mudstone, N5, clay-coated 

0.57 319.31 sandstone fL, N6, thinly bedded (<15 em), nodular bedding, planar stratified 

0.05 318.74 mudstone, N3 , clay-rich, crumbly 

0.57 318.69 sandstone fL, N6, thinly bedded ( < 15 em), planar parallel laminated, 

0.26 318.12 siltstone/mudstone, N4, blocky weathering 

0.08 317.86 siderite band 

0.15 317.78 siltstone, N4, blocky weathering 

0.15 317.63 mudstone, N2, clay-rich, blocky weathering 

0.33 317.48 sandstone vfU, N6, beds 10-15 em, plant trash 

0.4 317.15 siltstone, N4, blocky weathering, rusty stain 

0.44 316.75 sandstone vfU, N7, thinly bedded (2-5 em), nodular, rusty stain, hair-like roots 

0.09 316.31 siltstone, N4, blocky weathering 

0.13 316.22 sandstone vfU, N6, thinly bedded 

1.22 316.09 siltstone-mudstone, N4, blocky weathering 

0.11 314.87 sandstone vfU, N5/N6, mottled 

0.85 314.76 mudstone, N4, clay-coated, blocky weathering 

0.2 313 .91 siltstone, N4, blocky weathering 

0.13 313.71 sandstone fL, N5, massive, blocky in part 

1.45 313.58 mudstone, N4, clay-coated, blocky weathering, 6 em thich resistant bed with ostracods, slightly calcareous, no stratification, 
drowned 

0.22 312.13 sandy siltstone, N4, fractured, poorly stratified 

1.14 311.91 sandstone, N4, thin tabular beds (-5 em), fine parallel laminations, mud drapes, fines upward 

0.5 310.77 mudstone/shale, N2, thin (mm) coal developing in top 5 em, rusty stain, blocky to fissile weathering 

0.09 310.27 limestone, N3 , micritic, resistant 

0.33 310.18 coal and coaly shale alternating at mm-scale 

0.64 309.85 mudstone, N3/N4 , clay-coated, blocky weathering, sulphur stain, no stratification 

0.2 309.21 shale, N 1, thin coal layers, resistant, carbonaceous 



Thickness Total 
(metres) Thickness 

l.l2 309.01 

0.8 307.89 

0.28 307.09 

0.19 306.81 

0.29 306.62 

0.37 306.33 

0.55 305.96 

0.75 305.41 

1.85 304.66 

0.83 302.81 

0.08 301.98 

1.2 301.9 

0.3 300.7 

0.4 300.4 

2 .25 300 

0.76 297.75 

0 .97 296.99 

1.44 296.02 

0 .18 294.58 

1.65 294.4 

8 292.75 

0 .88-5.5 284.75 

0.02 283.87 

0.29 283.85 

0.14 283.56 

0.23-0.57 283.42 

0.1-0.18 283.19 

0.66 283.09 

-20.0 282.43 

0.22 262 .43 

0.52 262.21 

0.29 261.69 
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Description 

mudstone, N3 , clay-coated, sulphur stain, thin coaly layers (<2 em), no stratification 

mudstone, N4/N5, clay-coated, sulphur stain, transitional with overlying unit 

sandstone fl., N5, abundant vertical roots, rusty stain, abrupt top and base 

mudstone, N5, clay-coated, crumbly 

coal 

mudstone, N I, sulphur stain, clay-coated, crumbly 

mudstone, N4, clay-coated, crumbly 

mudstone, N6, clay-coated, crumbly, rusty stain 

sst fl., N5, highly rippled, lots of plant trash (roots), thinly bedded 

mudstone, N4, platy weathering 

mudstone, N I 

mudstone, N4, clay-coated, mottled, green cast 

mudstone, N4, nodular, rusty stain 

mudstone, 5 R 3/4 and 5 G 6/1, crumbly, clay-coated, small siderite nodules 

siltstone, N4, finely laminated, poorly developed septarian nodules, siderite nodules 

sst v( N6, fine parallel- to cross-laminated, ripple drift cross-stratification (abundant climbing ripples) 

silty mudstone, N3, siderite nodules, conchoidal fracture, well-stratified 

mudstone, N3 , blocky to platy weathering, minor red in middle, siderite nodules 

shale, mudstone, N l, organic-rich, stratified 

siltstone, 5 R 3/4 and 5 G 6/l (predominantly red), poorly stratified 

sandstone fl., N6, shaly partings, abundant 3-D current ripples (205, 227, 195), planar bedded, base scoured out 3-4m 
of red and grey fines, pebbly at base, fines upward but abrupt top, channel margin 21 0 (axial orientation), incising channel 

mudstone, N4, rusty stain, blocky weathering, variable thickness, paleosol 

mudstone, N l, clay-coated 

mudstone, N4, blocky weathering 

shale, N l, carbonaceous 

sandstone vfU, N4, rooted, shaly partings 

shale, N 1, carbonaceous 

mudstone, N4, blocky weathering, Stigmaria roots (10 em dia.), pyrite 

sandstone tU, N6, base= plane bedded with parting lineations, upper 7 m sst is vf-grained, N5, rippled, thin planar beds, 
(fines up), trough cross-bedded in middle JX>rtion (northerly flow), scour base S-BED 114/13 HEADLAND 

mudstone, N2, clay-coated 

mudstone, N4, greenish-cast 

mudstone, N2, platy to blocky weathering, bivalves 



Colindale Coastal Section 151 

Thickness Total Description 
(metres) Thickness 

0.17 261.4 mudstone, N4, blocky weathering 

0.62 261 .23 silty mudstone, N5, siderite nodules 

1.05 260.61 shale, N2, greenish-cast, platy weathering, bivalves, rusty stain 

3.4 259.56 mudstone/siltstone, N4, rusty stain, platy weathering 

0.38 256.16 mudstone, N3, rusty stain, clay-coated, platy weathering 

4 .2 255.78 siltstone, N4, platy weathering 

3.3 251.58 shaly mudstone, N4, platy weathering, clay-coated, transitional with overlying unit 

l.l 248.28 sandstone fL, N6, fining up, beds- 35 em thick, shaly partings (5-10 em), small-scale cross-beds 

8 247.18 sst fU-rnL, N6, massive, thickly bedded, large-scale ( -2 m) trough cross-beds on top, thinner beds in bottom, few trees, 
forms a headland, scour base, channel body HEADLAND 

4.45 239.18 sst v:( N6, thin planar beds (<5 em), rippled, black layer underneath the sst 

0.51 234.73 sandstone vfU, N6, rippled 

2.95 234.22 mudstone, N4, platy weathering, rusty stain, top 50 ~m is N2 shale 

0.75 231.27 sandstone v:( abrupt base, transitional with overlying unit, ripple cross-stratified (southerly flow) 

1.65 230.52 mudstone, N3, mottled, blocky weathering, top 8 em N2 clay, poor stratification 

l.l 228.87 mudstone, N4, blocky weathering 

0.4 227.77 mudstone, N4, blocky weathering with deep red stain near top with nodules 

2.6 227.37 mudstone, N4, blocky weathering 

0.65 224.77 mudstone, N5, clay-coated, crumbly, transitional with overlying unit 

1.44 224.12 sandstone fL, N7, abundant vertical roots, massive to well stratified, top surfuce very irregular, lots of plant debris, thin 
planar beds (3-15 em) that thicken upward, transitional with underlying unit, basal half= parallel laminated, ganister 

1.06 222.68 silty mudstone, N4, with intercalated sst vfbeds (up to 3 ern), stratified, submerged 

0.2 221.62 mudstone, Nl, clay-coated, crumbly, no stratification 

0.08 221.42 coal, wood fragments 

0.33 221.34 mudstone, Nl, clay-coated, crumbly, no stratification 

0.36 221.0 l mudstone, N4, clay-coated, crumbly, sulphur stain, mottled 

0.66 220.65 siltstone, N6, rusty stain, sulphur stain, roots, blocky weathering, transitional with units above and below 

0.2-0.53 219.99 sandstone vfU, N7, rusty stain, hair-like roots, thin nodular bedding, scour base, thin beds 

1.9 219.79 mudstone, N4, blocky weathering, no stratification, paleosol 

0.47 217.89 mudstone, N5, clay-coated, rusty stain, crumbly, transitional with overlying unit 

1.88 217.42 shale, N l, fissile, bivalves, gypsum nodules, (N3 sst at base, 2 ern thick), well stratified, well-indurated, looks like 
limestone 

1.2 215.54 mudstone, N6, clay-coated rusty fracture surfuces, blocky weathering, rooted in upper 50 ern, 10 em sst N5 vfU wedge, 
transitional with overlying unit COL-22 

2.46 214.34 siltstone, N5, rusty stain, conchoidal-platy weathering, ripple cross-laminae, transitional with overlying unit 
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Thickness Total Description 
(metres) Thickness 

0.55 2Il.88 sandstone vf, N5, rippled, platy weathering, thinly bedded, well stratified 

18.0 211.33 sst fU, 5 m from base is a 1.8 m thick lensoidallag deposit (calcareous clasts) with large scale cross-beds, multi-storeyed, 
stories are variable in thickness with scour surfaces, massive, highly fractured, soft sediment deformation with remnant 
cross-bedding, plant debris, silicified trees in the middle portion, scour base, thick beds (-I m), abrupt top before becoming 
highly rippled (asymmetrical current ripples that flow southerly), CAPE LINZEE 

0.44 193.33 mudstone, N4, clay-coated 

0.16 I92.89 coal and coaly shale 

0.21 I92.73 mudstone, N I , clay-coated 

1.35 I92.52 mudstone, N4, clay-coated, sulphur stain 

0.26 I91.17 shale, N1 

0.1 190.91 resistant, N2, pyrite, bituminous, dolomitic ., 

0.09 I90.8I shale, carbonaceous, N I 

0.15 I90.72 mudstone, N I, clay-coated 

2 190.57 mudstone, N4, platy weathering 

0.56 188.57 shale, N2, compressed plant debris 

0.38 188.01 alternating N3 shale and resistant beds (up tp 2 em), bituminous, fossiliferous 

0.17 187.63 coal and carbonaceous shale (coal=6 em), fissile 

0.76 187.46 sandstone fL, N6, massive, irregular top, heavily rooted, abrupt base and top, ganister 

4 186.7 sandstone vf, N5, thinly bedded, rippled, siderite nodules, partially covered 

1.25 182.7 sandstone fL, N6, plant debris, thin ( <2 em) coal seams parallel to bedding, rippled, abrupt scour base, fines upward 

0.25 181.45 mudstone, N4, clay-coated 

0.25 181.2 shale, N I, fissile, coaly 

0.29 180.95 mudstone, N4, clay-coated, crumbly, sulphur stain 

0.4 180.66 siltstone, N4, siderite nodules, rusty stain 

0.22 180.26 sandstone vf, N6 

2.03 180.04 siltstone, light greenish-grey, clay-coated, rusty stain 

3.8 178.01 sandstone vfU, N6, parallel to ripple cross-laminated, siltstone partings 

2.05 174.21 siltstone, N4, siderite nodules, blocky weathering, in middle portion- a sst that pinches out, rippled 

2.5 172.16 sandstone fL, N6, rippled, vertical plant debris, FU on top to next unit, abrupt base, parallel stratified (beds 1-40 em) 

0.10 169.66 carbonaceous shale, N3 mudstone 

2.7 169.56 silty mudstone, N4, plant debris, platy weathering, few bivalves in top 35 em 

0 .07 166.86 limestone, N3, buffweathered 

0 .68 166.79 mudstone, N4, bivalves, plant debris, pyrite replacing shells 

0.19 166.11 shale, calcareous, bituminous, bivalves, ostracods, plant debris 
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Thickness Total Description 
(metres) Thickness 

0.14 165.92 shale, N4, bivalves, ostracods, fissile, well stratified, submerged 

0.53 165.78 shale, N 1 ,carbonaceous, pyrite nodules, top has 3 em coal 

0.17 165.25 coal, interstratified coaly shale 

2 165.08 siltstone, N4, plant debris 

1.35 163.08 sandstone, N6, top is cross-bedded, transitional with overlying unit, thin irregular bedding, planar bedded in basal 50 em, 
scour base that cuts out underlying units 

1.25 161.73 mudstone, N4, stratified, siderite nodules ( -10 em thick), abundant plant debris, conchoidal 

0.34 160.48 shale, dark grey, carbonaceous, compressed plant debris 

0.34 160.14 mudstone, N4, clay-coated, abundant roots, no stratification 

0.53 159.8 coal and coaly shale, top 10 em= limestone, bivalves and ostracods, compressed trees in shale, (coal 35 em) 

1.02 159.27 mudstone, N4, clay-coated, heavily rooted, Stigmaria, no stratification 

0.64 158.25 silty sandstone, N3 & N6, rippled, finely laminated, ~iderite nodules (40 em dia.), rooted near the top 

0.35 157.61 sandstone vf, thinly bedded ( 1-2 em), calcareous, rippled, scour base 

0.82 157.26 mudstone, light greenish-grey, finely laminated, siderite nodules (1 0 em thick) in top I 0 em (banded), stratified 

0.38 156.44 carbonaceous shale and minor amounts of coal 

0.75 156.06 mudstone, N3, clay-coated, crumbly, sulphur stain 

0.15 155.31 sandstone fL, N6 

0.08 155.16 mudstone, N4, clay-coated 

1.43 155.08 sandstone fU, N6, thinly bedded, in contact with coal at base, beds 2-5 em thick, abrupt top 

0.33 153.65 coal and coaly shale, coal in two seams: 5 em and 7 em 

0.77 153.32 shale, N2, plant debris, fissile, siderite band (2 em) near top, mm-size coal strips 

1.75 152.55 mudstone, N4, clay-coated, sulphur stain 

1.7 150.8 mudstone, N2, clay-coated 

0.18 149.1 coal and carbonaceous shale, (coal -Scm) 

0.48 148.92 claytone, N3/N4, no stratification, crumbly, seat-earth 

0.25 148.44 coal and carbonaceous shale 

0.16 148.19 mudstone, N2, no stratification, crumbly 

0.12 148.03 coal, sulphur stain 

2.45 147.91 silty mudstone, N4, siderite nodules, scattered roots 

0.22 145.46 siltstone, N4, nodular bedding, rusty stain 

0.09 145.24 silty mudstone, N4 

0.8 145.15 sandstone fL, N6, thinly bedded, irregular bedding on top, beds 1-10 em at top 
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0.64 144.35 siltstone, N4, finely laminated, blocky-conchoidal weathering 

0.14 143 .71 siderite band 

0.62 143.57 mudstone, N3, clay-rich, bivalves, carbonaceous, sulphur stain 

0.06 142.95 sandstone, N6, calcareous, heavily rooted, abrupt top and base 

0 .8 142.89 mudstone, N3/N I, clay-coated, sulphur stains 

0.10-0.25 142.09 coal with associated pyrite, sulphur stain 

0 .26 141.99 silty mudstone, N3 , no stratification, rooted 

4.34 141.73 silt or shale, N4, finely laminated, well stratified, rusty stain, platy-fissile, irregular siderite nodules 

0 .19 137.39 sandstone v( N4, thinly bedded, rippled, bed set 2 .5-3.5 em, base=planar laminae, transitional top and base 

0 .85 137.2 mudstone, N4, platy weathering, rusty stain 

0.85 136.35 shale, N2, platy weathering, sparse bivalves, well-stratified 

0.43 135.5 sandstone N5, massive, shaly partings near top, calcareous, vertically rooted, pyrite nodules, scattered bivalves, irregular 
bedding, abrupt top and base, beds 1.5-5 em, good levees (ganister) 

0.25 135.07 siltstone, N5, platy weathering 

1.0 134.82 sandstone fL, N6, calcareous, beds 5-10 em, heavily rooted, burrows, irregular bedding, abrupt top and bottom with shaly 
partings 

0 .22 133.82 silty mudstone, N2, blocky weathering, thin limestone, Beds parting 

0.24 133.6 sandstone, weathered buft: lensoidal coal seams parallel to bedding, banded, calcareous 

0.03 133.36 mudstone, N2 

0 .65 133.33 sandstone, N5, calcareous, beds 2-6 em, weathered buft: fine parallel-laminae-wavy, heavily vertically rooted, banded, 
thinly bedded, reworked tree, S-BED I 00116 

0.13 132.68 silty mudstone, N2, blocky weathering 

0.27 132.55 limestone (Resistant bed), N4, weathered buff, calcareous, ostracods, serpulids 

0.1 132.28 silty mudstone, N2, blocky weathering 

I 

0.04 132.18 limestone, N5, ostracods, lensoidal 

0.07 132.14 coal, poorly developed, lensoidal (tree?) 

0.13 132.07 limestone?, N2, calcareous, bituminous, well-indurated, sparse fossils 

3.3 131.94 mudstone, N4, siderite nodules (I O's of em, irregular shapes), vertical roots abundant, conchoidal fracture, drowned, 
stratified 

0.87 128.64 shaly mudstone, N4, platy weathering, thin discontinuous limestone lenses (2-3 em thick), ostracods and bivalves abundant, 
calcareous, weathers white, transitional with underlying unit 

0.39 127.77 shale/limestone, N1, bivalves, ostracods, well indurated to fissile (shaly on top) 

0.05 127.38 mudstone, N4, clay-coated 

0.29 127.33 sandstone fL, N5, calcareous, separated by 2 em mudstone band 
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0.41 127.04 mudstone, N2, thin siderite bands (<l em), platy weathering 

0.18 126.63 sandstone fL, N5, thinly bedded, burrowed, dolomitic? 

0.09 126.45 mudstone, N3 , clay-rich, blocky weathering 

0.19 126.36 sandstone fL, N5, calcareous, massive, burrows (or infilled mudcracks) on bottom surfuce 

0.05 126.17 mudstone, N4, blocky weathering 

0.1 126.12 sandstone fL, N5, calcareous, massive 

0.36 126.02 mudstone, N4, platy weathering, conchoidal fracture, siderite nodules in top I 0 em 

0.2 125.66 sandy siltstone, N4, irregular bedding, rusty stain, blocky weathering 

0.97 125.46 mudstone, N4, platy weathering 

0.37 124.49 mudstone, N5, clay-coated, crumbly, fines upward, top 4 em mudstone, clay-coated, Nl 

0.27 124.12 siltstone, N3, nodular bedding, blocky weathering, stratified, finely laminated, drowned soil 

0.38 123 .85 sandstone fU, N5, calcareous, vertical roots in top, thinly bedded with 2 em siltstone partings, abrupt base 

2.5 123.47 mudstone, N3-N4, platy weathering, siderite bands and nodules, stratified, drowned soil 

0 .1 120.97 sandstone fU, N4-N5, massive, calcareous, abrupt base and top 

0.3 120.87 silty mudstone, N4, crumbly 

0.2 120.57 sandstone fL, N5, thinly bedded, plant debris 

0.41 120.37 mudstone, N6, fmely laminated, blocky weathering, clay-coated 

0.10-0.30 119.96 sandstone fU, N7, massive 

0.13 119.86 mudstone, N4, clay-coated, platy weathering 

1.87 119.73 sandstone fL, N6, beds ( -40 em), massive, abrupt top and base 

0.64 117.86 mudstone, N4, blocky fracture, paleosol 

2.53 117.22 sandstone fL, N5, calcareous, shaly partings (beds <15 em), sandstone beds(< 25 em thick), burrows, abrupt top and base 

1.04 114.69 silty mudstone, N4, rusty stain, blocky weathering, top 8 em shale, paleosol 

0.13 113.65 coal (2 em) and carbonaceous shale 

0.6 113 .52 mudstone, N4, clay-rich, sulphur stain, crumbly 

1.6 112.92 sandstone tU, N5, thin tabular (planar) beds, top surfuce very irregular, calcareous, fines upward, desiccation cracks, abrupt 
top and base, shallow fill 

0.12 111.32 shale, N 1, fissile , and limestone, finely laminated, scarce fossils 

0.17 111.2 shale, carbonaceous, N l , sulphur stain and sandstone fL, N5 ,pyrite nodules, calcareous, plant debris 

2.0 111.03 sandstone fL, N7, massive, thick-thin tabular beds, beds 2-35 em thick (average bed thickness=I 0-15 em) banded with 
dark grey shale, load casts, Beaconities, desiccation cracks, hair-like roots, beds thicken upwards, top surfuce irregular 
and rich in roots 

0 .54 109.03 alternating massive sandstone fL , N6 and blocky N4 siltstone, sandstone max. thickness 20 em, siltstone max thickness 
l 0 em, hair-like roots 
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Thickness Total Description 
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0.24 108.49 shale, Nl, carbonaceous, abundant plant debris (no coal) 

0.33 108.25 siltstone, N4, blocky weathering, rooted, seat-earth, nice paleosol, drowned soil 

0 .88 107.92 sandstone fL, N6, massive, nodular bedding on top, rooted, shale interval (10 em) halfway, abrupt base 

5.66 107.04 silty mudstone, N3/N4, darker in top half, blocky weathering, slickensides, no stratification,(l20cm above sst = 
carbonaceous shale overlying silty mudstone) drowned paleosol 

0.63 101.38 sandstone vfU, N6, nodular bedding, rooted, coarsens up, rusty weathering, beds 5-10 em, abrupt base 

0.2 100.75 mudstone, N2, blocky weathering 

0.6 100.55 silty mudstone, N4, blocky weathering, paleosol 

0.7 99.95 sandstone fL, N6, rooted, massive, nodular bedding in top 12 em, levee 

0.26 99.25 coal and minor coaly mudstone, sulphur stain 

0.27 98.99 mudstone, N5, clay-coated, abundant roots, crumbly 

0.5 98.72 sandstone vfU, N6/N7, vertical roots abundant, rusty stain, well-bedded 

0.53 98.22 mudstone, N5, heavily rooted (vertical), clay-coated, rusty stain 

0.97 97.69 sandstone vf, N6, thinly bedded, rippled, transitional with overlying unit 

0.79-3.5 96.72 sandstone fL-fU, cross-bedded on top, transitional with underlying unit, deeply scoured base, some planar and ripple-cross 
stratification, pinches out northward, orientation of scoured margins of the channel are 126-37, 110-31, interdistributary 
channel (delta fill) 

0.9 95.93 sandstone vf, N5, thinly bedded (silty}, rusty stain, siderite nodules, coarsens upward, transitional with underlying unit, 
delta fill 

0.21 95.03 mudstone, N4, blocky weathering, 1 em coal, rooted, paleosol 

1.15 94.82 shale, N2, blocky-platy weathering, bivalves, ostracods, serpulids, limestone 

0.15 93.67 limestone, N1 , fossiliferous 

0.20 93.52 coal (basal 5 em = clay) 

0.25 93.32 mudstone, N2, clay-rich, crumbly 

0.8 93.07 limestone, NJ, banded (em-scale), blocky weathering, micritic, peloidal 

2.08 92.27 mudstone, N3/N4, blocky weathering, siderite bands (mm-size},fines upward, paleosol 

0.09 90.19 limestone, N4, massive micrite, peloids, banded, variable thickness 

1.35 90.1 mudstone, N2, platy-blocky weathering, scattered bivalves and ostracods, plant debris, paleosol-like 

0.09 88 .75 coal 

0.33 88.66 mudstone, N4, clay-rich, heavily rooted, rusty stain, paleosol 

0 .1 3 88.33 coal 

0.7 88.2 sandstone fU, N7, planar bedded, rusty stain, abrupt irregular top, heavily rooted (thin vertical beds}, abrupt planar base, 
well-indurated, fossilized tree parts, levee (ganister) 

0 .1 87.5 clay, sulphur stain 
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0.19 87.4 coal and minor coaly shale 

0.05 87.21 mudstone, N2, blocky weathering, clay-coated, paleosol 

0.2 87.16 sandstone vt: medium greenish-grey, weathered deep red on outer surface, thinly bedded 

0.17 86.96 mudstone, N2, blocky weathering 

5.9 86.79 siltstone, N4, siderite nodules (irregularly shaped), conchoidal fracture, platy-blocky weathering, fines upward to claystone, 
few roots, slight drowning, plant debris, stratified, fuint mm-laminae, gradational base - lacustrine delta 

0.2 80.89 coaly shale, Nl, mm-siz.e (max. 3 em) strings of coal, clay 

1.27 80.69 mudstone, N4, clay-rich, vertical roots, rusty stain, 2 em beds ofNl mudstone, paleosol 

1 79.42 sandstone fL, N6, thinly bedded, and mudstone, N4, fine planar to wavy stratification, few roots, abrupt base, not erosional, 
shaly partings, toe of a levee 

0.7 78.42 mudstone, N4, blocky weathering, clay-rich, coal layer at base (3 em), rusty stain 

0.06 77.72 coaly shale, N 1, platy weathering, sulphur stain 

1.02 77.66 silty mudstone, N4, rusty stain, blocky weathering, top 10 em clay, N2 

0.61 76.64 shale, N I , carbonaceous, blocky weathering 

0.18 76.03 mudstone, N3 , clay-coated, transitional with over and underlying units, organic-rich, paleosol 

1.5 75.85 mudstone, N4, clay-coated, rusty stain, paleosol 

0.12 74.35 sandstone vfU, N6, blocky, vf-grained, transitional 

0.09 74.23 mudstone, N4, blocky fracture 

0.7 74.14 mudstone, 5 R 4/2, blocky fracture, paleosol 

0.54 73.44 mudstone, N4, platy-blocky fracture, siderite nodules, paleosol 

0.1 72.9 siderite band 

2.3 72.8 mudstone, N4, clay-roated, siderite nodules (1-3 em), rusty stain, platy-blocky weathering, rooted, thin ( 1-5 ern) sandstone 
beds, paleosol 

0.21 70.5 silty mudstone, N4, with thin rippled sandstone beds, clay-coated, rusty, flattened coalified trees preserved 

0.12 70.29 coal (lensoidal) with clay, no obvious roots present (tree?) 

0.92 70.17 limestone with clay partings, N2/N3, bituminous, bivalves, ostracods, rusty stain 

0.75 69.25 mudstone, N4, clay-coated, rusty stain, thin coal strings, abundant roots, paleosol 

1.03 68 .5 sandstone, N5, finely laminated, thinly bedded (0.5-2 ern), transitional with units above and below, vertical roots, lacustrine 
delta sandstone 

3.75 67.47 silty mudstone, N4, platy weathering, continuous siderite bands(< 5 em), blocky weathering, conchoidal fracture, finely 
laminated, stratified, submerged 

1.02 63.72 limestone, N 1, alternating with shale, banded, bivalves, ostracods, fish plates, bituminous, fissile (25 em= 1st, 50 em= 
shale, 25 em= 1st) 

0.45 62 .7 carbonaceous shale, N2, blocky fracture 
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1.08 62.25 alternating sandstone vf and siltstone. Vertical roots, siderite nodules (2-1 0 em) in continuous layers, finely laminated, 
paleosol 

0.47 61.17 sandstone, N6, rippled to cross-laminated, vertical roots, thinly bedded, ripples ( 1-2 em sets), transitional with overlying 
unit and slightly transitional base, coarsens up, siderite nodule, lacustrine delta 

3.02 60.7 mudstone, N4, blocky weathering, conchoidal fracture, continuous siderite bands (l-3 em), stratified 

0.14 57.68 shale, N2, calcareous, bivalves and ostracods, well-indurated 

0.12 57.54 shale, N2/N3, abundant plant debris 

0.25 57.42 limestone, 5 GY 411, massive, nodular bedding, bivalves abundant, flooding surface 

0.12 57.17 siltstone, N4, top halfN2 mudstone 

0.36 57.05 sandstone fL, N7, massive, vertical roots 

0.28 56.69 sandstone vfU, 5 GY 6/1, roots, rhizoconcretions, nodular bedding, highly fractured, thinly bedded 

1.15 56.41 mudstone, N4, blocky fracture, few siderite nodules, possible vertical tree stumps 

0.25 55.26 shale, N 1, carbonaceous 

0.36 55.01 mudstone, N3, blocky weathering, rusty stain, clay-coated 

0.42 54 .65 sandstone fL, N4, rusty stain, massive, vertical roots 

0.46 54.23 mudstone, N4, rusty, clay-coated, 

0.16 53 .77 sandstone fL, N4, rusty, massive, ganister 

0 .3 53.61 silty mudstone, N3, blocky-crumbly fracture, rusty stain 

0.52 53.31 sandstone fL, 5 GY 611, massive, rusty stain 

0.44 52 .79 sandstone vfL, N7, N3, 5 RP 4/2, mottled, blocky fracture 

1.05 52.35 sandstone tU, N6, thick nodular bedding, well-indurated, fine laminations in top, largely bioturbate 

0.42 51.3 siltstone, red-green, mottled, blocky fracture 

0 .67 50.88 sandstone tU, N6, massive, erosional base, channel 

0 .1 8 50.21 siltstone, 5 R 4/2, blocky fracture, desiccation cracks 

0.2 50.03 sandstone vtU, N6, ripples, erosional base 

1.6 49.83 siltstone, 5 R 4/2, blocky weathering, conchoidal fracture, vertisol-like 

0 .15-0.56 48.23 sandstone vfU, variable thickness, fractured, symmetrical ripples, shaly partings where thickest, crevasse splay 

4 48.08 mudstone, 5 R 4/2, blocky weathering, conchoidal fracture, siderite nodules ( < 1 O's of em) occur in one band 

1.97 44 .08 sandstone fU, 5 R 4/2, mottled with green reduction spots, parallel laminated to very low angle cross-beds, thinly bedded 
with shaly partings, uwer portion lensoidal and thinly bedded (1-3 em), gravel lag at base, abrupt erosional base, channel 
fill of episoidic flow (sandstone alternating with mudstone) 

0.57 42 .1 1 siltstone, mudstone, 5 R 4/2, blocky fracture, top 6 em all grey 

0.41 41.54 silty- sandstone vf, 5 R 4/2 and greenish-grey (mottled), massive, top 10 em green and very irregular top (units 54-56= 
channel fill) 
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0.35 41.13 siltstone, dark greenish-grey, crumbly 

0.48 40.78 sandstone vfU, 5 R 4/2, thinly bedded, laterally discontinuous, mottled with light green 

0.5 40.3 siltstone, dark greenish-grey, top 10 em is reddish brown, transitional 

0.74 39.8 sandstone fl.J, N6, load casts (irregular to linear groove casts), cross-bedded (large planar fore sets - 80 em thick), macerated 
plant debris, ripple cross-lamination on top 20 em, lenticular beds of varying thickness, fine silt drapes, basal 20 em= 
planar parallel laminae, ganister on top, mudhcips at base 

0.33 39.06 coal, N1, sulphur stain, claystone (16 em in the middle), carbonaceous shale 

1.03 38.73 mudstone, N3/N4, clay-rich, sulphur stain, vertical roots abundant 

0.3 37.7 sandstone fL, N6, laterally discontinuous, plant debris 

2.1 37.4 siltstone, dark greenish-grey, blocky weathering, rusty stain, mottled red in upper quarter 

0.14 35.3 resistant bed, spherelitic, bright red, calcareous, brain-like surface 

0.43 35.16 silty mudstone, 5 R 4/2, conchoidal fracture, blocky weathering, mottled with green, very brightly colour red, sandstone 
tense comes through here coarsens northward up to 1m 

1.51 34.73 mudstone, N2-N4, crumbly, sulphur stain, rusty, conchoidal fracture, possible paleosol 

1.09 33.22 mudstone, N4, clay-roated, sulphur stain, crumbly, transitional with unit below 

0.97 32.13 siltstone, muddy, N5, rusty with black mottling, blocky fracture, paleosol 

0.11 31.16 clay, N2 

0 .5 31 .05 siltstone, dark greenish-grey, blocky fracture, slightly mottled, paleosol 

1.85 30.55 mudstone, 5 R 4/2, platy-conchoidal weathering, conchoidal fracture, large siderite nodules with plant cores (irregularly 
shaped), calcareous (suggests drying out), vertical roots, limestone on top of unit 38- massive micrite 

1.75 28.7 siltstone-shale, N5, conchoidal fracture, blocky weathering, siderite nodules occur in continuous bands, top 60 em 
mudstone with platy weathering 

1.65 26.95 sandstone fL, N5, thickly bedded, asymmetrical ripples, abrupt base but not erosional, ripple sets ( 14 em) within the basal 
1.2 m, top 0.45 m has planar laminae (no ripples) 

0.13 25 .3 silty mudstone, N4, blocky fracture 

0.32 25.17 sandstone vfU, N6, ball and pillow structure, abrupt top and base 

1.2 24.85 siltstone, N4, siderite nodules, blocky fracture, rusty stain 

1.58 23 .65 sandstone vfL, N5, thinly bedded, siderite nodules, ri~ed, cannon-ball concretions, top 20 em more massive with abundant 
vertical roots, possibly the top of an emergent unit, then drowning occurs 

0.12 22.07 sandstone vfU, N5, massive-appearing, fuint ripples, resistant 

0.74 21.95 sandstone vfL, N5, siderite nodule layers, finely laminated, thinly bedded 

0.18 21.2 1 sandstone vfU, N5, calcareous, ripples (cross-laminated), sparse siderite nodules (<0.5 em), transitional with unit below 

2 21 .03 siltstone, grey, siderite band, fine parallel-laminae (2-5 mm), conchoidal fracture, platy weathering, well-stratified, planar 
top and base 

0 .09 19.03 limestone, N2, bivalves and ostracods, bituminous, calcareous 
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0.7 18.94 coal, N I, thin strings of coal, splintery, OLD MINE WORKINGS (large timbers with nails poking out of them), basal 
10 em- shaly 

1.44 18.24 mudstone/siltstone, blocky/crumbly, clay-coated 

0.16 16.8 limestone, N2, resistant ledge, bituminous, bivalves and ostracods abundant, pyrite, massive micrite, gypsum crystals 

l.l5 16.64 silty mudstone, N4, deelply weathered, rusty, blocky-nodular weathering 

0.46 15.49 silty mudstone, 5 R 4/2 and greenish-grey, blocky weathering, variegated 

0.43 15.03 siltstone, 5 R 4/2, discrete bands of siderite nodules near to top of the unit, rusty, well drained red soils 

0.14 14.6 limestone, N3, resistant, SJEfSe ostracods, gypsum crystals, massive micrite, abrupt base, nodular, shallow lake carbonate 

0.92 14.46 siltstone, greenish-grey, p-edominately reddish-brown, variegated, blocky weathering, cutans, oxidized, rhizoconcretions, 
prolonged exposure, slickensides, manganese stain (onion skin weathering), predominantly red, paleosol 

l.l 13 .54 mudstone, N2, clay-coated, transitional with over and underlying units, rusty 

0.14 12.44 shale, carbonaceous, organic-rich (drowning to form shallow pond/ standing water), thin coal strings developed ( < 2cm ), 
gypsum crystals, sulphur stain 

0.46 12.3 mudstone, N4, clay-coated, mottled (light/dark grey), no-stratification, heavily rooted, paleosol, poorly drained soil 

0.56 11.84 sst fL,N5 , massive, vertical roots, rusty stain, irregular top surface, no stratification, abrupt base, ganister 

0.68 11 .28 mudstone, N3 , clay-coated, sulphur stain, carbonaceous, rooted, paleosol 

1.75 10.6 siltstone, light to medium greenish-grey, blocky weathering, rusty stain, heavily rooted, possible seat-earth, transitional 
with overlying unit, vertical rhizoconcretions, fines upward 

2.25 8.85 sandstone fL, laminated, erosional base, trace fossils of burrows or plants noted on bottom surface (<I em dia.) and load 
casts, shaly Jmtings, plant fragments, climbing ripples on top, tiny gulleys on base of sandstone 0.5-1 em across (rills) on 
a minor channel margin (25 em across), abandoned channel fill, (thickness 1-2.25 m) 

2.25 6.6 mudstone, greenish-grey, rusty stain, conchoidal fracture, siderite nodules (spherical, < 15 em), platy in top 1/3, basal 
2/3 more organic matter, conchoidal weathering rep-esents a shoaling upward almost to exposure directly under sandstone 

0.1 4.35 shale, N2, bivalves, ostracods, serpulids, possible fish scales, calcareous, bituminous, fissile, gypsum crystals on top 

0.13 4.25 limestone, bituminous, laterally continuous, bivalves and ostracods abundant 

0.6 4.12 mudstone, N3, blocky weathering, transitional with units above and below, rusty stain, clay-coated, sulphur stain, paleosol 

0.45 3.52 siltstone/mudstone, N4, rusty stain (oxidized), clay-coated, blocky weathering, carbonaceous root traces, slickensides, 
mottled, paleosol (gleysol) 

0.29 3.07 sandstone tu, N6, calcareous, variable thickness, black on top-organic-rich, shaly partings, fines upward, thin planar beds 
-Iensoidal, small scour structures 

0.20 2.78 silty mudstone, greenish-grey, blocky fracture 

0.35 2.58 mudstone, N3, rusty stain, blocky fracture, siderite nodules, jarasite stain (weathering of pyrite?) 

0.25 2.23 shale, N2, bivalves and ostracods abundant, serpulids, fish scales, fissile, transitional with underlying unit, calcareous 

0.28 1.98 I imestone, N l, abundant bivalves & ostracods (some replaced by pyrite), banded, well-indurated, fish fragments, change 
from carbonate to shale upwards, possible indication of change in water depth 

1.7 1.7 mudstone, N3/N4, chip-like-blocky fracture, siderite nodules, slickensides, almost shaly, organic-rich, hydromorphic soil 



Thickness Total 
(metres) Thickness 

2.00 52.9 

0 .89 50.9 

1.90 50.01 

1.0 48.11 

2.0 47.11 

0.68 45.11 

0.33 44.43 

6.15 44.1 

0.53 37.95 

0.31 37.42 

0.20 37.11 

2.10 36.91 

0 .17 34.81 

0.05 34.64 

0.42 34.59 

0.21 34.17 

0.08 33.96 

0.20 33.88 

0.84 33.68 

0.10 32.84 

0.04 32.74 

0.30 32.7 

1.85 32.4 

1.60 30.55 

13 .0 28.95 

1.95-6.0 15.95 

2.40 14 

0.20 11.6 

0.20 11.4 

0 .19 11.2 

1.92 11.01 

Evan' s Coal Mine Section 161 

Description 

sst 

mudstone, N4, crumbly-conchoidal weathering, thin siderite bands(< 2 em) 

coal, pyritic (@ 0.52-0.65 m and 1.10-1.25 m N3 shale bands) No.4 seam 

silty mudstone, N5, rusty stain, heavily rooted, seat-earth, basal 17 em finely laminated 

sst vfU, N7, vertical rootlets concentrated in upper 55 em, climbing ripples concentrated in basal 20 em, thinly bedded, 
tree imprints, parallel laminae 

mudstone, N4, conchoidal fracture, abundant siderite nodules (<32 em wide) & bands(< 5 em) 

sst vf, N7, parallel laminated, rusty stain, abrupt base 

mudstone, N4, conchoidal fracture , abundant continuous siderite bands(< 5 em) 

shale, N I, ostracods, bivalves, thinly bedded, well-indurated 

shaly mudstone, N3, conchoidal-blocky weathering, stratified, continuous siderite band (4 em thick)@ 0 .1 8 m 

alternating coal (6 em) and clay-rich carbonaceous shale, bivalves, plant debris 

mudstone, N4, conchoidal fracture, rhizoconcretions, rootlets in upper 55 em, siderite nodules, plant debris, poor 
stratification, abrupt top and bottom 

silty mudstone, N2, bivalves, well-stratified 

siderite band continuous 

Shale, N I, abundant bivalves, ostracods, carbonaceous, rusty bands up to I em 

mudstone, N4/N3, blocky-conchoidal fracture, clay-rich layer 2 em thick in middle 

siderite band, continuous, banded 

mudstone, N4, blocky-conchoidal weathering, siderite nodules and bands (-10 em), transitional with underlying unit 

shale, N I, banded, bivalves (large and small), fissile, carbonaceous, in basal 20 em pyritic bands ( < I em), well-stratified 

limestone 

mudstone, N4, abundant vertical roots, blocky-crumbly fracture, iron-stained, carbonaceous, seat-earth 

sst vf, N7, vertical roots, abrupt top and base 

silty mudstone, N3, siderite nodules, blocky-conchoidal fracture, poorly stratified 

sst vf, N7, faint laminations, nodules or ball and pillow structures, few roots 

sst fL, N7, thickly bedded, faint horiwntal laminations, scour base, climbing ripples in top portion, I m of grey shale 
3 m from the base within the channel 

silty mudstone, N4, conchoidal fracture, siderite nodules 

shale, N 1, bivalves, fish scales, ostracods, fissile, banded with rusty stain 

mudstone, N4, blocky- conchoidal weathering, clay-rich bands (I-2 em), paleosol? 

sst vf, N7, cross-stratified, climbing ripples, planar abrupt top 

mudstone, N4, platy, continuous siderite bands 

sst vf, N7, beds up to 50 em, tops of beds rippled-convoluted, ball and pillow structures, flame structures, climbing 
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6.50 9.09 silty mudstone, N3/N4, blocky-platy weathering, siderite nodules and bands(< I em), laminated beds up to 5 em thick 

0.09 2.59 limestone, N I, bivalves, ostracods, pyrite 

2.50 2.5 coal, pyrite (No.5 seam) 

Evans Coal Mine access ramp St. Rose, Nova Scotia 
Descriptions are in descending order, starting at the top of exposure, continuing down section to the 
No. 5 coal seam. 



Thickness Total 
(metres) Thickness 

0.63 m 603.24 

6m 602.61 

1.65 m 596.61 

10.8 m 594.96 

1.65 m 584.16 

0.32 m 582.51 

12.55 m 582.19 

0.23 m 569.64 

0.30 m 569.41 

0.17m 569.ll 

0.70m 568.94 

0.30m 568.24 

0.72m 567.94 

3.85 m 567.22 

2.25 m 563 .37 

2.25 m 56l.l2 

0.41 m 558.87 

0.28m 558 .46 

0.05 m 558.18 

0.20m 558.13 

0.18m 557.93 

0.88 m 557.75 

3.45 m 556.87 

0.2 m 553 .42 

0.33 m 553.22 

0.85 m 552.89 

0.40 m 552.04 

0.5 m 551.64 

0.31 m 551.14 

1.05m 550.83 

2m 549.78 

2.85 m 547.78 

MacRae' s Beach 

Description 

sst vf, N5, climbing ripples (bed set 2 em), extends out to sea, top & bottom not visible 

covered 

163 

Bed 
No. 

411 

sst fL, N5 , climbing ripples all over (bed set -1-2 em), very thinly bedded, extends out to sea, gradual base 410 

covered - shaly mudstone, N4, blocky-conchoidal fracture 409 

sst fL , N7, rippled all over (bed set -3 em), (climbing asymmetrical current ripples), abrupt base and 408 
transitional top, extends out to sea 

sst vi; N5, thinly bedded, rippled top I 0 em is N4 siltstone 407 

shaly mudstone, N3, partially covered, plant debris, well-stratified, fish scales, bivalves 406 

mudstone, N2, platy weathering, plant debris S-BED 268/31 405 

silty mudstone, N4, blocky fracture 404 

siltstone, N5 , blocky fracture , pinches out 403 

silty mudstone, N4, blocky fracture 402 

siltstone, N4, siderite nodules 401 

mudstone, N4, platy-blocky fracture 400 

cover STAIRS 

sst fL, N6, asymmetrical wave ripples, mudchips, thin tabular beds, abrupt base, extends out to the sea 399 

shale, N2, bivalves abundant, fissile, partially covered S-BED 265/33 398 

sst fL N7, parallel-laminated, thin tabular beds (<20 em), mudchips in basal 50 em, abrupt base and top 397 

mudstone, N4, platy-blocky weathering, continuous siderite bands 396 

sst vf, N6, massive 395 

silty mudstone, N4, blocky fracture 394 

sst fL, N7, massive, mudchip intraclasts (I em), abrupt top and base 393 

silty mudstone, N2, siderite nodules in discrete continuous bands, plant debris, bivalves 392 

covered 

siltstone, N4, blocky fracture 391 

sst fL, N6, massive to thinly bedded, plant debris, transitional with overlying unit S-BED 258/45 390 

partially covered, siltstone, N4, blocky fracture, rusty, and vfsst massive and discontinuous, coalified plant 389 
debris, parallel laminated 

siltstone, N5 , finely laminated, rippled, alternating with vfsst 388 

silty mudstone, N4, platy-conchoidal fracture , siderite nodules 387 

sst fL, N5, massive to rippled at the top, sandstone abruptly disappears, abrupt top and base 386 

silty mudstone, N4, blocky-conchoidal fracture, siderite nodules/bands (<5 em) 385 

cover 

sst fL , N5 , ripples (wave) on top of unit, tabular beds (<60 em), 5-10 em ofN2 shale with bivalves, abrupt top 384 



0.60m 544.93 

0.06m 544.33 

0.22 m 544.27 

0.54m 544.05 

0.07m 543.51 

0.25 m 543.44 

0.07m 543.19 

0.21 m 543.12 

0.57m 542.91 

0.43 m 542.34 

0.62m 541.91 

0.85 m 541.29 

-6m 540.44 

2.1 m 534.44 

1.0m 532.34 

1.2m 531.34 

1.2m 530.14 

0.25 m 528.94 

0.40 m 528.69 

0.30m 528.29 

0.10 m 527.99 

0.24m 527.89 

0.42 m 527.65 

0.33 m 527.23 

1.32 m 526.9 

4.31 m 525.58 

2.5 m 521.27 

1.37 m 518.77 

0.53 m 517.4 

0.12m 516.87 

0.98 m 516.75 

lm 515.77 

2.15 m 514.77 
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siltstone, 5R 4/2, platy-blocky fracture with thin sst beds (<5 em), parallel laminae 383 

silty mudstone, N3 , blocky fracture 382 

sst, vf, massive, mottled red/green 381 

sst vf, N6, blocky fracture , plant debris 380 

siltstone, N6/N4, parallel laminated in base 379 

siltstone, 5R 4/2, blocky fracture, rusty stain, banded olive grey 3 78 

siltstone, N5, blocky fracture 377 

sst vf, It green mottled red 376 

siltstone, 5R 4/2, blocky fracture, no stratification, paleosol 3 75 

siltstone, N5, blocky fracture, no stratification, paleosol 374 

siltstone, 5R 4/2, blocky fracture 373 

mudstone, 5R 4/2, platy-blocky weathering 372 

sst fU-mL, massive, rusty stain, trees, current crescents on base, sharp erosional base, fluvial channel fill , fines 371 
upward with abrupt top, HEADLAND at end of sandstone small gully exists 

silty mudstone, N4, platy, thin coal seams (<5 em) in top 30 em with no roots 370 

sst vf, N6, rippled, thinly bedded ( <20 em), parallel laminated S-BED 254/25 369 

siltstone, N4, thinly bedded, blocky-conchoidal fracture 368 

covered 

shale, N3/N4, fissile, few bivalves, well-stratified, laminated 367 

sst fL to mL in parts, N4, thin tabular beds (<10 em), runs out to the sea, parallel laminae, transitional with 366 
underlying units S-BED 288/25 

shale, N4, platy-fissile, bivalves, well stratified 365 

coaly shale, N 1 (thin mm strings of coal) 364 

mudstone, N4, clay-rich, sulphur stain, seat-earth, no stratification, crumbly 363 

sst vf, N6, very thinly bedded, vertical roots, cross stratification 362 

sandy siltstone, N5, rippled, rooted, transitional with overlying unit 361 

covered 

sst fL, N6, abundant climbing ripples, bed sets 2-4 em, rusty stain, very thinly bedded, plant debris, fines upward, 360 
runs out to the sea S-BED 270/27 

partially covered, siltstone, N5, platy-conchoidal fracture , siderite nodules (<10 em), coarsens upward 359 

shale, N2, fissile , bivalves, siderite bands, well-stratified 358 

mudstone, N4, platy, transitional with over and underlying units 357 

shale, N2, fissile, bivalves S-BED 282/25 356 

covered 

mudstone, N4, conchoidal fracture , siderite nodules, patchy exposure 355 

covered 



0.80m 512.62 

1.33 m 511.82 

0.13 m 510.49 

0.12 m 510.36 

0.52 m 510.24 

1.71 m 509.72 

0.85 m 508.01 

0.43 m 507.16 

O.IOm 506.73 

0.97m 506.63 

0.44m 505 .66 

5.22m 505.22 

0.26m 500 

0.45 m 499.74 

1.42 m 499.29 

0.74m 497.87 

2.03 m 497.13 

0.30m 495.1 

1.79 m 494.8 

0.70m 493.01 

2.64 m 492.31 

0.85 m 489.67 

3.04 m 488.82 

0.66 m 485.78 

1.32 m 485.12 

2.42 m 483.8 

0.64m 481.38 

1.4 m 480.74 

0.40m 479.34 

0.69m 478.94 

0.32m 478.25 

5.9m 477.93 
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shale, N3 , fissile , rusty stain (fossiliferous shale) 354 

sst fL, N6, beds up to 30 em with shaly (N3 ) partings, rusty stain, compressed plant debris, rippled, tabular beds, 353 
ball and pillow structures, faint parallel laminae S-BED 272/28 

coal and coaly shale, mostly coal (coal is 10 em thick) 352 

mudstone, N5 , clay-rich, crumbly, sulphur stain 351 

siltstone, N5, rusty stain, siderite nodules, thinly bedded, partially covered 350 

sst fL, rusty, soft sediment deformation, irregular top surface, extends to the sea, poorly cemented, ripples nearer 349 
top halt: bed set 2.5 ern, cross stratification, abrupt base 

siltstone and mudstone, N4, conchoidal fracture, siderite nodules 348 

sst v:t: N4, shaly partings, thinly bedded, beds 1-2 ern, finely laminated, abrupt base and top 34 7 

carbonaceous shale, N I, sulphur stain 

siltstone, N5, heavily rooted, fines upward (top 15 em clay-rich mudstone), blocky, no stratification 346 

sst vf, massive, gradational base and top S-BED 276/38 345 

alternating sst and silty mudstone, N5, sandstone ledges up to 20 ern, nodular bedding, mudstone is platy, plant 344 
debris, N4/N5, mostly fines, faint parallel and cross stratification 

sst vf: N5, massive S-BED 276/29 343 

silty mudstone, N4, minor 5R 4/2, blocky-conchoidal fracture, siderite nodules, partially covered 342 

sst vf: N5, rippled (bed set 2 em), thinly bedded 341 

alternating sandstone and siltstone, sst is massive, N6, rooted, fL , rippled, siltstone is N5, lumpy, transitional with 340 
overlying unit, coarsens upward S-BED 263/33 

silty mudstone, N4, conchoidal fracture, alternating mudstone and siltstone, plant debris, platy weathering 339 

sst vt: N6, thinly bedded (<2 em), rippled 338 

mudstone, N4, plant debris, blocky fracture, rusty stain, partially covered 337 

sst, N6, thinly bedded (1-2 em), heavily rippled, more massive at top, coarsens up 336 

siltstone, N5, platy-conchoidal fracture, transitional with overlying unit 335 

sst vt: N6, rippled, thinly bedded, tiny plant trash, fines upward S-BED 268/29 334 

silty mudstone, N4, clay-coated, conchoidal fracture, patchy exposure 333 

silty mudstone, N3/N4, few bivalves, stratified STAIRS 

patchy exposure, sst fL, N6, weathered light olive grey, thinly bedded to massive, S-BED 268/30 332 

covered 

sst vf: N5, very thinly bedded, rippled, poorly exposed 331 

covered 

sst, vt: weathered olive grey, very thinly bedded, not well exposed 330 

covered 

sst, v:t: N6, thinly bedded, olive grey weathering 329 

covered 
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1.8m 472 .03 sst, fL , N6, rippled, thinly bedded, S-BED 268/34 328 

2.8m 470.23 covered 

0.50m 467.43 sst, vf, N6, thinly bedded, rippled, in base of cliff 327 

10.1 m 466.93 covered 

0.64 m 456.83 sst, fL , N6, thinly bedded, crops out in beach (not cliff) S-BED 272/38 326 

33.9 m 456.19 covered 

2.14 m 422.29 shale, N3 , platy weathering, well-stratified 325 

3.65 m 420.15 mudstone 

7.45 m 416.5 siltstone mudstone, N4, clay-rich, crumbly 

5.15 m 409.05 mudstone 

1.9 m 403 .9 shale, N3 , platy weathering, calcareous, well-stratified, ostracods, finely laminated 323 

0.97m 402 mudstone, N4, blocky fracture 322 

8.6m 401.03 siltstone 

2.32 m 392.43 mudstone, N3, platy-blocky, pttchy exposure, finely laminated, calcareous, S-BED 275/38 321 

0.18 m 390.11 mudstone, N4, clay-rich, crumbly 320 

7.0m 389.93 shale, N3 , finely banded, calcareous, gritty, well-stratified, partially covered, calcite vein (2 em), beds slightly 319 
folded (kinked) 

4.1 m 382.93 shaly mudstone, N3, platy weathering, calcareous, few bivalves, pttchy exposure, siderite bands 318 

0.98m 378.83 mudstone, N4, blocky weathering 317 

0.17 m 377.85 shale, N4, rusty stain, deeply weathered 316 

0.17 m 377.68 mudstone, N4, crumbly, sulphur stain, clay-rich 315 

0.47 m 377.51 mudstone, N4, rusty stain, platy weathering 3 1 4 

3.1 m 377.04 shale, N2, calcareous, platy weathering almost fissile, gritty, banded, bivalves, ostracods abundant, at 2.5 m = 313 
continuous calcite vein (3 em thick) 

0.42 m 373.94 shale, N3, fissile, calcareous, transitional with unit below 3 12 

3.1 m 373 .52 shale, N2/N 3, calcareous, platy, few bivalves, banded ( mm-scale ), well-stratified, resistant 3 1 I 

0 .92 m 370.42 shale, N3, slightly calcareous, gypsum veins (or calcite), fibrous 3 1 0 

2 .13 m 369.5 shaly mudstone, N3, platy, ostracods, bivalves, calcareous, banded (mm-scale) 309 

0.50m 367.37 covered 

4 .45 m 366.87 shale, N3/N2, calcareous, ostracods, few bivalves, fissile, calcite veins up to 4 em thick 308 

3.8 m 362.42 shale, N3 , fissile bivalves abundant, siderite bands, veins (<4 em) 307 

0.91 m 358.62 shale, N 1, carbonaceous, COillJYessed plant debris, thin coal seams ( -4 em), basal 15 em bivalve and ostracod rich, 306 
banded, sulphur stain 

2.3 m 357.71 mudstone, N3 , blocky fracture , siderite bands and nodules (bands 2-25 em apart, 3-20 mm thick), bivalves in 305 
siderite bands, stratified 

2.0m 355.41 shale, N2, fissile, abundant bivalves and ostracods, siderite bands 304 



0.14m 353.4 I 

0.15 m 353.27 

0.35 m 353.12 

0.20m 352.77 

0.46m 352.57 

4.48 m 352.1 I 

2.8 m 347.63 

5.6 m 344.83 

1.80m 339.23 

2.16m 337.43 

0.74 m 335.27 

0.23 m 334.53 

0.57m 334.3 

0.20 m 333 .73 

0.35 m 333.53 

0.58m 333 .18 

0.26m 332.6 

0.05 m 332.34 

1.25m 332.29 

0.71 m 331.04 

0.42m 330.33 

0.09m 329.91 

0.23 m 329.82 

0.80m 329.59 

0.45 m 328.79 

0.90m 328.34 

3.5 m 327.44 

Im 323 .94 

0.41 m 322.94 

1.65m 322.53 

2.2 m 320.88 

0.85 m 318.68 

0.15 m 317.83 
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shale, N2, compressed plant debris, bivalves, well-indurated, siderite band at top 3 em 303 

mudstone, N4, blocky fracture , plant debris, siderite bands 302 

shale, N I, thin coal seams (1-3 mm), abundant plant debris, clay-rich, carbonaceous 30 I 

shale, N2, bivalves, ostracods, rusty, clay-rich 300 

shaly mudstone, N3 , siderite bands, rusty, few bivalves, clay-rich 299 

(Possible extension of underlying unit), shaly mudstone, N3 , siderite nodules and bands (1-2 em thick), fissile, 298 
well-stratified, laminated 

mudstone, N4, siderite nodules, patchy exposure, platy 297 

shale, N2, gritty, laminated, bivalves abundant, calcareous, banded with thin buffbands (<2 em), siderite bands 296 
full ofbivalves, fissile 

mudstone, N4, siderite bands (2-5 em thick), platy-conchoidal fracture , bivalves, laminated 295 

shale, N2, bivalves, ostracods, siderite bands up to 6 em thick 294 

silty mudstone, N3 , blocky fracture , slickensides, siderite nodules, possible vertisol 293 

shale, N2, bivalves, ostracods, well-stratified ridge 292 

mudstone, N4, blocky fracture 291 

mudstone, N5, blocky-conchoidal fracture, vertical siderite bands halfway up (30x4 em) 290 

mudstone, N4, blocky fracture, crumbly, some siderite, submerged flood plain 289 

shale, N3 , well-stratified, finely laminated, siderite nodules at the top 288 

shale, N2, bivalves, ostracods, well-stratified 287 

siderite band, banded 286 

mudstone, N3, blocky fracture, small siderite nodules, slickensides, potential paleosol 285 

shale, N2, bivalves, ostracods, fissile, well-stratified, run out of exposure at the top of this unit 284 

silty mudstone, N3 , blocky fracture, swaly structures, paleosol 283 

siderite band -continuous 282 

shale, N2, bivalves, fish scales 28 I 

mudstone, N3, blocky fracture 280 

mudstone, N3, clay-rich, crumbly 279 

shale/shaly mudstone, N3 , transitional with unit above 278 

stream (No exposure) GAP -6-7 m 

silty mudstone, N4, abundant rooted, rhizoconcretions?, siderite nodules (9 em thick), no stratification, conchoidal 277 
fracture 

coaly shale, N I, thin (lense) coal seams up to 2 em on top of unit, stratified, plant debris (compressed) 276 

silty mudstone, N4, blocky fracture, vertical roots in the top 50 em, no stratification, rhizoconcretions 275 

siltstone, 5R 4/2, N4, conchoidal fracture, rusty stain, mottled, patchy exposure 274 

sst vf, rippled, N5 , finely micaceous, parallel laminae, vertical roots 273 

siltstone, grey-red, conchoidal fracture 272 



0.22 m 317.68 

0.22 m 317.46 

1.5m 317.24 

1.44 m 315 .74 

0.08 m 314.3 

0.52 m 314.22 

0.09m 313.7 

1.4 m 313.61 

0.24 m 312.21 

0.2m 311.97 

1.5m 311.77 

0.7m 310.27 

0.16m 309.57 

0.82 m 309.41 

0.85 m 308.59 

1.80 m 307.74 

0.85m 305.94 

1.95 m 305.09 

lm 303 .14 

0.52 m 302.14 

3.95 m 301.62 

4.47 m 297.67 

0.56m 293.2 

0.72m 292.64 

0.43 m 291.92 

1.3m 291.49 

1.75 m 290.19 

0.35 m 288.44 

0.3 m 288.09 

1.08m 287.79 
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sst vf, 5R 4/2, N5, mottled, parallel laminae, transitional with underlying unit 271 

siltstone, 5R 4/2, conchoidal fracture 270 

siltstone, N4, conchoidal fracture 269 

sst fL, N5, rippled, extends out to the sea, parallel and cross stratification (bed sets <I em), abrupt basal contact 268 
S-BED 276/38 

coaly shale and mm-size coal, carbonaceous (coal <I em) 267 

mudstone, N4, blocky fracture , clay-rich, no stratification 266 

silty shale, Nl , coaly, plant debris, carbonaceous, well stratified 265 

mudstone, N4, clay-rich, plant debris, blocky fracture, no stratification 264 

shale, N4, clay-rich, folded? 263 

shale, N I, fissile, coaly, tightly folded, carbonaceous 262 

mudstone, N4, blocky-conchoidal fracture, patchy exposure, mottled with N2 261 

silty mudstone, N4, 5R 4/2, mottled, conchoidal fracture 260 

mudstone, clay-rich, crumbly 259 

sst vf, N6, rippled, bottom half is silty, patchy exposure 258 

sst, vf, N6, massive, rusty stain, climbing ripples (bed set 3 em), macerated plant debris, parallel laminations, 257 
papery S-BED 276/37 

sst vf, N6, ripples all over, very thinly bedded to massive 256 

siltstone, N4, conchoidal fracture, parallel and cross laminae, rippling 255 

siltstone, N5, finely laminated, very thinly bedded, finely micaceous, minor plant debris, thin sandstone beds up 254 
to 10 em 

gap in exposure 

sst vf, N6, finely micaceous, rippled all over, very thinly bedded (mm) 253 

sst, N7, fU, large cross-bedded (bed set 30 em), rippled, very thinly bedded, cannon ball structures, plant debris 252 
S-BED 266/33 

sst, fU, N6, asymmetrical current ripples, very thin tabular beds (2-30 em), macerated plant debris, parting 251 
lineations in various directions suggesting water depths of few em, parallel laminae in middle to top portion, dune 
ripples on top: wavelength=2-3 metres, height -75 em, HEADLAND 

sst vf, N5, very thinly bedded, rippled 250 

sst fL, N5, asymmetrical current ripples, climbing ripples, tabular beds 249 

shale, N4, siderite bands 248 

sst fL, N5, asymmetrical current ripples (bed set 4 em), parallel laminated on top, abrupt base, notable grainsize 24 7 
change 

sst vfwith siltstone, N5, parallel laminated ( 1-2 mm couplet), conchoidal fracture 246 

sst vf, N6, thinly bedded, asymmetrical current ripples 245 

sst vf, N6, very thinly bedded 244 

sst fL, N6, rippled, massive, cross-laminae (bed sets 1-2 em thick), asymmetrical current ripples abundant 243 
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1.35 m 286.71 siltstone, N5 , parallel laminated, thin siderite bands, massive in basal 85 em, top 50 em N6 sst vf, rippled, 242 
conchoidal fracture 

0.6m 285 .36 silty mudstone, N5 , conchoidal fracture 241 

5.25 m 284 .76 shale, N2, fossils rare 240 

8.35 m 279.51 shale, N2, bivalves, ostracods, siderite bands (up to 5 em thick), stratified, massive, parallel laminae 239 

2.9m 271.16 silty mudstone, N4, blocky fracture, slickensides, swaly structures, in discrete siderite bands ( 15 em thick or less), 23 8 
no stratification, paleosol 

0.14m 268.26 sst vf, N6, parallel lineations, macerated plant debris, transitional top and bottom (In scree= mudcracks) 237 

0.70m 268 .12 mudstone, N4, blocky fracture , slickensides, no stratification, paleosol 236 

1.63 m 267.42 alternating sst 1L (most abundant) and mudstone, sst is N5, massive, up to 25 em thick, mudstone (paleosol), N4, 235 
blocky fracture, up to l 0 em, non calcareous sandstone, scoured bases on sandstone and fmes up, top sandstone 
looks rippled 

0.80m 265 .79 mudstone, N4, blocky fracture , rusty stain, no stratification, perhaps rooted paleosol 234 

1.63 m 264.99 sst fL, with silty partings, sst is N5, massive, up to 30 em thick, thin tabular beds, mudstone is N4, up to 10 em 233 
thick, abrupt base and top 

0.20m 263.36 shaly mudstone, N3-N4 232 

1.4 m 263.16 shale, N2, bivalves and ostracods locally concentrated, parallel laminated, well indurated 231 

0.22m 261.76 shale, N 1, carbonaceous, 1.5 em thick coal stringer 23 0 

3.6m 261.54 siltstone, rhizoconcretions?, conchoidal fracture, irregularly shaped concretions, siderite nodules, roots in top 50 229 
em, slight stratification, parallel laminae (I mm) 

0.3 m 257.94 shale, N2-N l , bivalves, ostracods, well stratified 228 

0.4 m 257.64 mudstone, N4, conchoidal fracture, blocky, no stratification, siderite nodules in continuous band (15 em) 227 

1m 257.24 covered 

1.55 m 256.24 sst, fL , N6, massive, Calamites upright, siderite nodules, parallel laminae ( 1 mm), top rippled 226 

0.85 m 254.69 sst vf, N5, conchoidal fracture, Calamites in upright position, abundant roots, like sunshines, siderite nodules (25 225 
em), transitional with underlying unit 

0.57m 253 .84 mudstone, N4, conchoidal fracture, stratified, transitional with unit above, drowning 224 

0.18 m 253 .27 coaly shale, Nl , and thin coal seams (4 em) 223 

1.5m 231.97 silty mudstone, N4, blocky-conchoidal fracture, heavily rooted, paleosol 222 

3.95 m 230.85 alternating sst vf and siltstone, N5, finely laminated (2 mm), tree fossils upright with roots, siderite nodules, mostly 221 
sandstone-resistant, transitional to abrupt base, transitional with top 

0.32 m 227.45 silty mudstone, N3 , platy, stratified 220 

2.13 m 229 .53 silty mudstone, N4, blocky-conchoidal fracture, slickensides, siderite nodules, rusty stain, calcareous nodular beds 219 
(5-10 em) are continuous 

1.10 m 228 .92 silty mudstone, 5R 4/2, N4, blocky fracture, slickensides, mottled, possible vertisol 218 

1.10 m 229 .42 silty mudstone, N5, conchoidal fracture, rusty stain 217 

0.40 m 229 .8 covered 

0.70m 23 1.7 siltstone, 5R 4/2, N3 , conchoidal fracture, mottled, paleosol 216 

0.19m 231 .24 mudstone, 5R 4/2, N4, blocky fracture 215 
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0.54 m 231.46 siltstone, 5R 4/2 214 

0.31 m 233 .62 mudstone, 5R 4/2, N5 , blocky, paleosol 213 

0.67m 233.89 sst vf, N5 , parallel and cross laminae, gradational base 212 

1.85 m 234.88 silty mudstone, siderite nodules, conchoidal fracture , basal I 00 em is patchy exposure, no stratification 211 

0.18 m 234.41 sst vf, very thinly bedded, tiny plant debris, finely laminated 210 

0.33 m 238.15 silty mudstone, N4, conchoidal fracture , finely laminated 209 

0.12m 237.82 sst, vf, N6, finely laminated 208 

0.31 m 237.7 mudstone, N4, conchoidal, siderite nodules 207 

0.68 m 237.39 sst vf, N5/N6, thinly bedded, finely micaceous, climbing ripples 206 

0.65m 236.71 sandstone, N5, conchoidal fracture, minor plant debris, finely laminated 204 

0.60m 236.06 sst, vf, N6/N5, parallel to cross laminated, banded, mostly parallel laminations 203 

0.11 m 235.46 mudstone, N3 , clay-rich 202 

0.12m 235.35 shale, N2, ostracods, bivalves, plant debris, carbonaceous 201 

0.10 m 235.23 mudstone, N4, bivalves, plant debris, well stratified 200 

0.19m 235.13 N2, siltstone, blocky, well-indurated, bivalves, ostracods, well stratified 199 

1.92 m 234.94 silty mudstone, N4, roots, blocky to conchoidal fracture , patchy exposure. rhizoconcretions, no stratification 198 

1.22m 233.02 sst, vf, N5, massive (basal80 em), rippled (abundant asymmetric ripples: bedset 2-2.5 em, 5 em at bottom of unit 197 
and top half) 

0.4 m 231.8 siltstone, N4, siderite nodules, finely laminated, conchoidal fracture, transitional with overlying unit 196 

0.72m 231.4 mudstone, N4, conchoidal fracture, rusty 195 

0.12 m 230.68 limestone, N2, ostracodes, bivalves 194 

0.54m 230.56 silty mudstone, N3, platy-blocky, bivalves, thin N2 limestone 193 

0.25 m 230.02 sst, fL , N6, rippled, abrupt base, fines upward, parallel laminae at base 192 

0 .90m 229.77 siltstone, N5, finely laminated, conchoidal fracture, vertical rusty columns 2-3 em wide (infilled mudcracks), 191 
slightly stratified, platy weathering, coarsens-up 

1.34 m 228.87 mudstone, N4, conchoidal fracture, interval at 70cm from base ofN2 shale which is fossiliferous and 30 em thick 190 

0.60m 227.53 sst vf, N6, massive, roots, asymmetrical unidirectional current ripples, abrupt top and gradational base 189 

0.85 m 226.93 silty mudstone, N4, conchoidal fracture, laminated, rooted, 20 em thick sst in the middle, siderite nodules, fines 188 
upward 

3.65 m 226.08 siltstone, N4, conchoidal fracture, basal 48 em slightly finer grained, in upper metre large spherical blocks with 187 
fine curvy laminations, some stratification noted 

0.78 m 222.43 sst, fL , N5, massive, ripple cross-lamination (unidirectional asymmetrical current ripples), extends into water 186 

3.65 m 221.65 siltstone-mudstone, N5, conchoidal-blocky fracture, well stratified, siderite bands ( 1-2 em), bivalves 185 

0.15 m 218 shale, N2, bivalves and ostracods, well-stratified, plant debris, transitional with overlying unit 184 

1.75 m 217.85 silty mudstone, N4, conchoidal fracture, siderite bands, stratified, finely laminated 183 

0.20m 216.1 sst, vf, N6, massive, tiny plant debris, abrupt base and transitional top 182 
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0.62 m 215.9 silty mudstone, N4, blocky to conchoidal fracture, siderite nodules, stratified 181 

! .30m 215.28 siltstone, N4, parallel laminated, thinly bedded, transitional with overlying unit 180 

1.4 m 213 .98 sst, vf; N4/N6, coarsens upward, tiny plant debris, basal 30 em siltstone, parallel laminated, conchoidal fracture, 179 
gradational base and top 

0.77m 212 .58 mudstone, N4, a couple ofthin bands ofN2, shale in top 10 em , bivalves and ostracods, siderite bands (1-2 em 178 
thick) 

0.4 m 211.81 sst, v( N6, finely laminated-rippled, bottom half silty, gradational base and abrupt top 177 

0.25 m 211.41 mudstone, N3, shaly in the middle with ostracods, conchoidal fracture 176 

3.1 m 211.16 siltstone, N4-N5, siderite nodules, conchoidal fracture, transitional with overlying unit 175 

lm 208.06 mudstone, N4, platy weathering 174 

2m 207.06 covered 

0.72 m 205.06 sst with mudstone partings, N5, thinly bedded, abundant ripples, cross-laminated, green cast, transitional base 173 

0.60m 204.34 siltstone, N4, conchoidal fracture 172 

0.26m 203.74 sst, vf, N6, massive, rusty stain, finely micaceous, rippled, cross laminae, abrupt top and transitional base 171 

3.15 m 203.48 mudstone, N4, siderite nodules, fuintly laminated, siltier in top metre, conchoidal fracture, stratified, submerged 170 
shallow 

1.7 m 200.33 shale, N3 , fissile , siderite bands, sparse bivalves 169 

3.11 m 198.63 transitional with unit below, shale/mudstone, N3, siderite bands, rusty, calcareous 168 

4.23 m 195.52 shale, N2, bivalves and ostracods abundant, fissile, patchy exposure 16 7 

3.25 m 191.29 mudstone, N4, blocky-conchoidal fracture, continuous siderite bands at approx. every 20-30 em, slickensides, 166 
sparse bivalves (STAIRS) 

3.15 m 188.04 shaly mudstone, N2, bivalves, ostracods, few siderite bands (1-2 em), serpulids, well-stratified, banded 165 

1.45 m 184.89 mudstone, N3, bivalves, ostracods, well-stratified 164 

0.25 m 183.44 mudstone, N4, stratified, siderite bands, platy-blocky fracture 163 

0.30 m 183.19 sst, vf, N6, ripple cross-laminated (current, cross-sets 1-2 em) 162 

l.Om 182.89 siltstone, N6, siderite bands & nodules, conchoidal weathering, transitional with overlying unit 161 

3m 181.89 sst, vf, N6, very thinly bedded, climbing ripples, abrupt base, fines upward, macerated plant debris 160 

1.8m 178.89 siltstone, N4, platy-conchoidal fracture, siderite nodules and bands, upper 80 em is finely laminated 159 

4 .0m 177.09 shale, N2, bivalves, ostracods, - top 260 em unexposed 158 

1.10 m 173.09 mudstone, N3 , fuintly laminated, well-stratified, bivalves, ostracods concentrated in a few beds 157 

1m 171.99 mudstone, N4, conchoidal fracture, siderite bands (1-2 em) 156 

0.73 m 170.99 shaly mudstone, N3, faintly laminated in part, well-stratified, bivalves 155 

0.25 m 170.26 mudstone, N4, platy-conchoidal fracture , clay-rich in top 5 em 154 

3.9m 170.01 shale, N2, fissile, bivalves, ostracods, pyrite, well-stratified, thin siderite bands (l-2cm) 153 

2m 166.11 mudstone, N4, conchoidal fracture, platy, continuous siderite nodules and bands, bivalves 152 

1.2m 164.11 shale, N2, bivalves 151 
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0.80m 162.91 mudstone, N3 , conchoidal fracture, bivalves, well-stratified, siderite bands up to 2 em 150 

7.1 m 162.11 shale, limestone, N2, carbonaceous, banded, bivalves, ostracods, resistant, well stratified) 149 

0.15 m 155.01 mudstone, N4, blocky fracture 148 

O.IOm 154.86 shale, N I, coaly, carbonaceous 14 7 

1m 154.76 silty mudstone, N5, conchoidal fracture, rooted, blocky 146 

0.82 m 153.76 sst vf, N5, parallel laminated, rooted, unidirectional current flow 145 

0.14m 152.94 siltstone, N4, conchoidal fracture 144 

0.14m 152.8 sst vf, rippled, N5 143 

0.95 m 152.66 siltstone, N 5, platy-conchoidal fracture 14 2 

0.90m 151.71 shale, N2, bivalves, ostracods, compressed plant debris, serpulids, stratified 141 

0.28 m 150.81 limestone, N2, bivalves, ostracods, alternating with N2 shale (continuous lenses oflimestone full of ostracods in 140 
grey calcareous platy shale) 

0.12 m 150.53 shale, Nl , coaly, carbonaceous, mm-coal seams, stratified 139 

0.14m 150.41 mudstone/shale, N2-N5, clay-rich, crumbly, sulphur stain, well-stratified, carbonaceous 138 

0.43 m 150.27 mudstone, N5, blocky fracture, heavily rooted, sulphur stain and slickensides, paleosol 137 

1.5m 149.84 siltstone, N5, conchoidal fracture, siderite nodules 136 

0.5m 148.34 siltstone, N5, platy, siderite bands (continuous), transitional with above unit 135 

0.13 m 147.84 shale, N1, ostracods, bivalves, calcareous, coaly, plant debris, 3 em ofNl limestone 134 

0.06m 147.71 mudstone, N3, clay-rich, crumbly 133 

5.0m 147.65 mudstone, N4, platy-conchoidal fracture, siderite nodules and bands, not well stratified 132 

6.85 m 142.65 shale, N 1, ostracods, bivalves, banded, calcareous, few siderite bands 13 1 

0.98 m 135.8 mudstone, N5 , clay-rich, sulphur stain along roots, coalified tree fragments (up to 2 em diameter), incipient 130 
paleosol 

2.0m 134.82 mudstone, N4, conchoidal fracture, rusty, siderite nodules (spherical to irregular), plant debris 129 

0.66m 132.82 mudstone, N3-N5, clay-rich, crumbly, rusty stain, blocky weathering 128 

l .Om 132.16 shale, N4, platy fracture, well-stratified, clay-rich, ostracods and bivalves 127 

1.2 m 131.16 mudstone, N3-N4, blocky 126 

1.75 m 129.96 mudstone, N4, crumbly, clay-rich, patchy exposure 125 

0.95 m 128.21 mudstone, 5R 4/2, N4, mottled, no stratification, blocky fracture, predominantly red, nodular, paleosol 124 

1.6m 127.26 alternating sandstone and siltstone (more abundant), N6 sst- rippled, vf grained, very thinly bedded, silt - N4, 123 
blocky, transitional with over- and underlying units 

0.75 m 125.66 mudstone, N5, siderite nodules, (rounded-irregular), no stratification, blocky- conchoidal, shallow water 122 

0.28m 124.91 sst , vtl.J, N7, massive, wave-ripples (wavelength= 2 em), ripples suggest that the sandstone was not exposed- 121 
shallow water, cross lamination, beds 1-15 em thick 

1.10 m 124.63 alternating siltstone and vf sst, N6, very thinly bedded, siderite nodules, ripples (standing water - combined flow 120 
ripples, sets 1-2 em, sharp crested), transitional base 

0.63 m 123 .53 mudstone, N4, rusty, conchoidal fracture 119 



0.43 m 122.9 

1.05m 122.47 

4.4 m 121.42 

1.35 m 117.02 

0.11 m 115.67 

0.88 m 115.56 

0.20m 114.68 

0.25 m 114.48 

2.6m 114.23 

0.05 m 111.63 

0.50m 111.58 

0.33 m 111.08 

3.6m 110.75 

0.94m 107.15 

0.45 m 106.21 

6.2m 105.76 

1.18 m 99.56 

1.9 m 98.38 

2.25 m 96.48 

2.82 m 94.23 

5.2m 91.41 

4.6m 86.21 

0.72m 81.61 

0.85 m 80.89 

0.08 m 80.04 

79.96 
0.50m 

0.46 m 79.46 

1.98 m 79 

0.26m 77.02 

3.9m 76.76 

1.25 m 72.86 

0.46 m 71.61 
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mudstone, N3, bivalves, ostracods, plants, platy-conchoidal fracture 118 

mudstone, N4, conchoidal fracture, poor exposure 117 

shale, N2, bivalves, ostracods, fish-teeth, well-stratified, fissile, banded with thin beds of fossiliferous limestone, 116 
basal 30 em clay-rich mudstone 

mudstone, N4, rusty, slickensides, conchoidal, vertical roots with associated sulphur stain, blocky, paleosol 115 

mudstone, N3, rich in plant debris, thin coal strings, partially stratified, incipient paleosol 114 

mudstone, N5 , clay-rich, rusty, roots/plant debris, mm strings of coal //to bedding 113 

mudstone, N3 , blocky-conchoidal fracture 112 

alternating coaly shale, and mudstone- clay-rich, thin strings of coal (1-2 mm), 3 em limestone on top Ill 

mudstone, N3-N5, clay-rich, rusty stain, sulphur stain along fractures, plant debris is upper I m, siderite nodules, II 0 
platy 

coal/coaly shale, N I I 09 

mudstone, N4, crumbly, clay-rich, top 10 em sulphur stain 108 

mudstone, N4, rusty, blocky fracture I 07 

mudstone, N4, conchoidal fracture, siderite nodules in discrete bands, patchy exposure I 06 

mudstone, N5, clay-rich, crumbly, sulphur stain I 05 

mudstone, N4, platy~onchoidal fracture 104 

mudstone/shale, N2, sparse bivalves, conchoidal, siderite bands (up to 3 em thick) 103 

covered - small gully - black shales 102 

shale, N2, bivalves, ostracods, sparse plant debris, siderite bands, platy fracture I 0 I 

mudstone, N4, conchoidal fracture, slickensides, siderite bands, top 20 em heavily rooted, paleosol zone I 00 

mudstone, N5, clay-rich, crumbly, poorly developed paleosol 99 

shale, N2, bivalves, ostracods, well stratified, banded, shells more concentrated in some beds than others, rather 98 
abrupt base 

siltstone, mudstone, N4, blocky fracture, rum-thick coal 97 

shaly mudstone, N3, well stratified, bivalves, platy weathering, conchoidal fracture 96 

mudstone, N4, platy-blocky fracture, continuous siderite bands (<5 em thick), partially stratified 95 

mudstone, N5, dark grey, clay-rich, sulphur stain 94 

coaly shale (impure coal), N I, with minor N3 clay-rich mudstone S-BED 292/4 7 93 

mudstone, N5, clay-rich, sulphur stain, roots, plant debris, (potential seat-earth) 92 

mudstone, N4, conchoidal to platy-blocky fracture, siderite bands (continuous 1-3 em thick) 91 

mudstone, N5, clay-rich, sulphur stain 90 

mudstone, N3/N4, blocky fracture , nodular, not a good paleosol 89 

mudstone, N4 and 5YR 411 (brownish-grey), blocky fracture , predominantly grey, systems of nodules along 88 
bedding near base of unit, slickensides 

shale, N2, few bivalves (well preserved), partially silty 87 
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1.10 m 71.15 mudstone, shaly, N3 , platy, thin sandstone beds, paleosol-like 86 

0.90m 70.05 sst v( N6, irregular bedding, shaly partings in top 25 em, fines upward, the wavy stratification may imply tree 85 
presence, abrupt top, transitional base, nodular top S-BED 282/50 

2.75 m 69.15 silty mudstone, 5YR 3!2, N4, fines upward, Stigmaria roots parallel to bedding, no stratification, blocky fracture , 84 
paleosol 

0.41 m 66.4 sst v( N6, fractured, occasional concretions, beds slightly deformed in here 83 

0.43 m 65 .99 silty mudstone,5YR 4/ l and N5, mottled, predominantly reddish 82 

0.31 m 65.56 silty mudstone, N5, thinly bedded 81 

0.47 m 65.25 siltstone/mudstone, 5YR 4/ l , conchoidal fracture 80 

l.59m 64.78 sst fU, N7, fines upward, climbing ripples (asymmetrical current ripples in one direction= river, cross-sets <I em), 79 
abrupt base 

0.35 m 63.19 mudstone, N3 , clay-rich, organic-rich, stratified, carbonaceous compressed plant debris 78 

0.25 m 62.84 mudstone, N4, blocky fracture 77 

0.70 m 62.59 alternating shale and sst vf, N5 2-10 em thick, sandstone is nodular, blocky N3/N4 mottled mudstone with no 76 
stratification 

0.24m 61.89 mudstone, N4, blocky fracture 75 

0.30m 61 .65 mudstone, N3 , blocky fracture , and N2 shale with tiny rod shaped things 74 

2.1 m 61.35 silty mudstone, N4, blocky fracture 73 

5.8 m 59.25 mudstone, N5 and 5YR 5/2, blocky fracture, patchy exposure throughout the unit, plant debris, mottled, no 72 
stratification, predominately red, abrupt contact with overlying contact, signifYing drowning, paleosol 

0.62 m 53.45 sst, vf-grained, N7, very thinly bedded, climbing asymmetrical currents ripples, symmetrical wave ripples, finely 71 
micaceous S-BED 277/52 

0.37m 52.83 siltstone, N5, conchoidal fracture, stratified, siderite band 70 

0.52m 52.46 mudstone, N4, conchoidal fracture, transitional with unit above 69 

0.13 m 51.94 limestone, N2, calcareous shale on top, bivalves 68 

0.27m 51.81 sst, vf-grained, N4, thinly bedded, symmetrical wave ripples, transitional with underlying unit, laminated 67 

0.76m 51.54 siltstone, N4, finely laminated (like Hastings shale), well-stratified, calcareous 66 

0.96m 50.78 mudstone, N4-N5, platy- conchoidal fracture, siderite nodules, stratification 65 

0.21 m 49.82 mudstone, N3, clay-rich, rusty, clay-rich, stratification, drowned soil 64 

0.06m 49.61 coal and associated coaly shale (impure coal) 63 

0.16m 49.55 mudstone, N3 , clay-rich, crumbly, sulphur stain, rooted, no stratification, seatearth 62 

0.16m 49.39 mudstone, N4, clay-rich, crumbly, heavily rooted, thin layer (1 em) ofN1 shale with associated sulphur stain in 61 
middle of unit 

0.32 m 49.23 mudstone, N4, blocky-conchoidal fracture , large irregular siderite nodules, no stratification 60 

2.15 m 48.91 siltstone, N4, platy weathering, thinly bedded, finely laminated, transitional with units above and below, 59 
stratification S-BED 274/53 

0.55 m 46.76 mudstone, N4, blocky-conchoidal fracture, siderite bands (5 em thick), coarser near the top, stratification S-BED 58 
286/46 

2.95 m 46.21 covered 
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3.1 m 43.26 mudstone, N4, blocky fracture , nodular sandstone beds(< 5 em), patchy exposure, to end of exposure 57 

0.70 m 40.16 mudstone, 5R 4/2, blocky-conchoidal fracture, mottled, soil-type material 56 

1.06m 39.46 mudstone, N3-N4, alternating, blocky fracture 55 

0.19 m 38.4 sst vf-grained, N5, thinly bedded, mudstone parting 54 

0.36m 38.21 silty mudstone, N4, blocky fracture, paleosol 53 

0.04m 37.85 sst, vf-grained, resistant, N5 52 

0.30m 37.81 mudstone, N4, blocky, in part well-stratified, coaly streaks, drifted plant material , pyrite, drowned soils 51 

1.33 m 37.51 mudstone, N2-N5, clay-rich, sulphur stain, slickensides, carbonaceous shale near top, mottled grey 50 

1.20m 36.18 mudstone, N4, blocky fracture (patchy exposure) 49 

0.73 m 34.98 sandy siltstone, N5, vertical roots in top hal( thinly bedded, concretions 48 

0.16 m 34.25 mudstone, 5YR 3/2, reduction spots, rusty, siderite nodules, blocky fracture 47 

0.50m 34.09 siltstone, N5 , blocky to conchoidal fracture 46 

0.35 m 33 .59 mudstone, 5YR 3/2, blocky to conchoidal fracture 45 

0.38 m 33.24 silty mudstone, 5Y 4/1, conchoidal fracture 44 

0.22 32.86 mudstone, 5YR 4/1, platy to blocky fracture 43 

1.25 m 32.64 sandy siltstone, N4, very thinly bedded 42 

0.41 m 31.39 sst vtU, N6, thinly bedded in bottom hal( top half thicker and deformed (loading), faint ripples in top portion 41 
(deformed cross-laminae) 

0.20m 30.98 mudstone, N4, platy, conchoidal fracture, siderite nodules ( 1 O's of em), transitional with overlying unit 40 

0.10 m 30.78 sst, fL, N7, abundant plant debris parallel to bedding, very irregular bedding 39 

0.42 m 30.68 mudstone, N4, platy to conchoidal fracture, siderite nodules 38 

0.68m 30.26 sst tL, N6, thinly bedded (1-5 em), weakly stratified, abundant upright and flat lying Calamites 37 

0.70m 29.58 siltstone, N4, platy fracture, planar laminated, siderite nodules in upper 27 em, irregularly shaped but flat-lying 36 
(1 0 em), underwater 

2.0m 28.88 mudstone, N4, platy, conchoidal fracture, siderite nodules, thin silty laminae in lower 10 em 35 

1.13 m 26.88 alternating rippled sandstone tL, N6 and N3 shale. Desiccation cracks on top of sandstone, cross-laminated 34 
asymmetrically (subaqueous combined flow wave and currents), cross-sets <1 em (2 em spacing, amplitude= 0.5 
em), sandstone beds lensoidal (5-15 em), transitional with underlying unit, standing water body 

1.90m 25.75 siltstone, 5YR 4/1 andN4 (grey with a purple cast), blocky with swaley structures, blocky fracture, slickensides, 33 
coarsens upward, discontinuous sandstone beds up to 15 em thick, poorly developed soil 

0.33 m 23.85 siltstone, 1 OR 4/2, blocky fracture 32 

1.28m 23.52 sandstone, tL, N6 with shaly partings, thinly bedded (5-15 em thick), slight green cast, tabular bedding with 31 
nodular tops, small burrow or root-like structures in mudstone partings crosscutting bedding, abrupt base, tree 
on bottom 

0.84 m 22.24 silty mudstone, N4 (also purplish, greenish, greyish), Stigmaria roots, blocky with swaly structures, slickensides, 30 
conchoidal. Sandstone burrows crosscutting bedding, nodules- slightly calcareous in rusty parts not in grey parts, 
paleosol 

0.28 m 21.4 sst tL , lOR 4/2, resistant unit, shaly partings, thin tabular beds ( 1-4 em), abrupt base and top 29 

0.18 m 21.12 mudstone, 1 OR 4/2 and 5G 6/1 , mottled, blocky fracture, paleosol 28 



0.20 m 20.94 

0.15m 20.74 

0.40m 20 .59 

0.73 m 20.19 

1.67 m 19.46 

0.30 m 17.79 

1.22m 17.49 

0.60m 16.27 

l.Om 15.67 

0.5m 14.67 

0.98m 14.17 

0.55 m 13.19 

1.75 m 12.64 

0.20m 10.89 

0.04 m 10.69 

0.14m 10.65 

0 .27m 10.51 

1.72m 10.24 

0 .98m 8.52 

0.12m 7.54 

0 .46m 7.42 

1.58 m 6 .96 

0 .08 m 5.38 

l.Om 5.3 

0.38 m 4.3 

0.79m 3.92 

3.13 m 3.13 
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mudstone, N4, blocky fracture 27 

mudstone, N3, blocky fracture 26 

mudstone, N2-N5, clay-rich, crumbly, slickensides, slight drowning event 25 

alternating sandstone, fL, N6, heavily rooted, well indurated, nodular ( <22 em) sandstone and N4 mudstone, 24 
blocky fracture, mostly mudstone, roots most common in top 25 em, paleosol like (isolated nodular beds in 
separate bands forming around roots or organic matter separated by shale), ganister 

mudstone, N4, blocky -conchoidal fracture, slickensides, fines upward, carbonaceous root traces, paleosol 23 
material 

mudstone, transitional with unit below, N5, crumbly, rusty stain, abundant plant debris 22 

mudstone, N4, blocky fracture, rusty near top, slickensides, organic matter, paleosol 21 

mudstone, lOR 4/2 (greenish-grey), blocky-rubbly, slickensides, transitional with unit above 20 

sst fL, N6, nodular structures ( 5-l 0 em) 19 

siltstone, N4, platy, conchoidal fracture 18 

sst fL, N6 with elongate nodular structures crosscutting bedding, abrupt base, alternating sandstone and siltstone, I 7 
Stigmaria roots in fines, sandstone is rooted 

alternatingN4 mudstone, blocky, conchoidal fracture and sst tL, N4, parallel laminated. Sandstone beds up to 5 16 
em thick, stratification: tabular with wavy edges 

mudstone, N4, blocky, conchoidal fracture, siderite nodules, stratified 15 

mudstone, N3, platy-blocky, thin N6 mudstone overlying coal, subaqueous I4 

coal and coaly shale, poorly developed, fissile, lensoidal 13 

mudstone, N6, clay-rich, plant fragments, rusty stain, seat-earth, no stratification 12 

siltstone, N4, blocky fracture II 

mudstone, N4, blocky-conchoidal fracture, siderite nodules (<5 em) 10 

silty mudstone in lower hal( rest mudstone blocky fracture with thin nodular resistant silty beds ( <5 em), drifted 9 
pieces of plant debris, stratified 

mudstone, N3 , clay-rich, rusty 8 

siltstone, N4, sandy, tabular, resistant (ledge like), rusty stain, sharp base 7 

mudstone, N5, blocky-conchoidal fracture, stratified, siderite bands (continuous <2 em) 6 

mudstone, N4, clay-rich, rusty, flooding surface 5 

mudstone, N4, platy-blocky with continuous bands (<5 em) of massive micritic planar limestone containing 4 
bivalves and fish spines, some bivalves and plant debris in slightly stratified mudstone between the resistant beds, 
organic-rich, vertical light grey resistant beds (2-5 em), infilled desiccation cracks, slickensides, not quite paleosol, 

mudstone, N3 , clay-rich, crumbly-rubbly, rusty stain, paleosol-like 

silty mudstone, N4, blocky fracture 

sst, fL, N7, individual beds up to I m thick, roots (Stigmaria), pyrite nodules (I em), burrows abundant 
(perpendicular to bedding) S-BED 274/54 

CONTACT BETWEEN MAR GAREE AND CO LINDALE 

3 

2 

Starting at large channel sandstone/red siltstone headland at MacPherson's shore, measuring northward, up section. (Descending order) 
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0.40 m 26.39 siltstone in top I 0 em, rest sst fU, transitional change - blocky u 

0.72 m 25.99 sst fU, 5R 4/2 and 5Y 6/1 , mottled, shaly partings, rusty stain T 

0.45 m 25.27 sandy siltstone, N3/N5 , blocky fracture, finely laminated s 
0.34 m 24.82 siltstone, 5R 4/2 Q 

0.86m 24.48 sst fL, 5R 4/2 with reduction mottling 5BG 7/2, massive, nodular bedding p 

4.48 m 23.62 silty mudstone, 5R 4/2, blocky fracture, swaley structures, slickensides 0 

1.50m 19.14 sst vf, thin tabular beds, basal 5 em light green, top irregular surface with reduction spots N 

2.62 m 17.64 silty mudstone, 5R 4/2, blocky fracture, light green reduction spots, slickensides, possible vertisol M 

1.14 m 15.02 sst alternating with mudstone partings, N7, fL, porous, S-BED 276/52 L 

1.65 m 13.88 silty mudstone, 5R 4/2 and N6, blocky fracture , reduced spots K 

0.80m 12.23 sst fU, 5R 4/2 heavily mottled with 5BG 7/2, massive, nodular bedding J 

2.33 m 11.43 mudstone, 5R 4/2, blocky fracture, reduction spots, slickensides, vertisol-like I 

1.05m 9 .1 sst vf, 5R 4/2 and 5BG 7/2, roots in reduced areas, thinly bedded, mottled H 

1.90 m 8.05 silty mudstone, 5R 4/2 and 5BG 7/2, vertiso1, reduction spots, blocky fracture, swaley structures, roots in G 
reduced areas 

0.15m 6.15 sst vt: mottled 5R 4/2 and 5G 8/1, thinly bedded F 

0 .95 m 6 mudstone, 5R 4/2, blocky fracture with light green reduction spots E 

0.48 m 5.05 sst fU, 5G 8/1 and 5R 4/2, mostly red, mottled, irregular top surfuce D 

1.6 m 4 .57 siltstone, 5R 4/2 and minor 5G 8/1 mottled, blocky fracture, concretions c 

0.47 m 2.97 sst vt: mottled 5G 8/1 and dark red B 

2 .5 m 2.5 siltstone, 5R 4/2 and 5BG 7/2, blocky fracture, reduction spotting in irregular branching patterns A 

MacRaes Beach Section, St. Rose, Nova Scotia 11K/06-S4 
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Chimney Corner Coastal Section 
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Figure D 1. Paleocurrent roses plotted along side the Chimney Comer section illustrating 
the distribution of different paleo flow data. 
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Figure D2. Paleocurrent roses for the Colindale type section showing the distribution of 
the various paleoflow data. 
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Figure D3. Paleoocurrent rose diagrams plotted for the MacRaes Beach section, showing 
the distribution of the various paleoflowdata. 
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Appendix E: Source Rock Evaluation Methods 

Total Organic Carbon Content Analysis 

Total organic carbon content analyses are run on a Leco carbon analyser, which simply 

combusts a sample of powered, carbonate-free rock at very high temperature in the presence of large 

excess of oxygen. Samples (approximately 250 mg) are weighed into crubicles and treated with 1 0% 

(vol) concentrated HCl, heated to ca. 60°C to remove carbonate and then washed with distilled water 

to remove all traces of HCl. All organic carbon is converted to carbon dioxide, which is trapped 

within the instrument and then released into a detector when combustion is complete. The amount 

of C02 produced is proportional to the organic-carbon content of the rock. Carbonate is removed 

from the pre-weighed rock sample with hydrochloric acid prior to combustion, because carbonate 

minerals would also decompose during combustion to ):'ield C02 (Waples, 1985). 

Rock Evaluation Pyrolysis 

(The following method description is from Waples, 1985). 

In pyrolysis analyses a small amount of powered rock (-- 100 mg) is heated slowly in the 

absence of oxygen from a starting temperature of25°C to a maximum temperature of 550°C (at a 

rate of25°C per minute). During the slow heating, two slugs ofhydrocarbons are released from the 

rock. The first hydrocarbons, that comes off at or slightly above 250°C, represent hydrocarbons 

already present in the rock (Fig. E1). These hydrocarbons are analogous to the solvent-extractable 

bitumen, or hydrocarbons previously produced in the subsurface and present as such in the rock 

(Barker, 1974). The detector on the Rock-Eval pyroanalyser monitors the outflow of these 

hydrocarbons, producing a peak (S 1) on recording paper. 

As heating continues, the flow of preexisting hydrocarbons out of the rock diminishes. At 

temperatures above 350°C a second slug of hydrocarbons begins to emerge. This flux reaches a 

maximum when the pyrolysis temperature is somewhere between 420° and 460°C, and then declines 

through the remainder of pyrolysis_. This second batch of hydrocarbons (S2) represents those 

generated from the kerogen in the pyrolyser by thermal decomposition of the kerogen. It is taken as 

the most important indicator of the present-day ability of the kerogen to generate hydrocarbons 
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Pulses of Vapours Released During Pyrolysis 
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(After Espitalie eta/., 1977) 

T~2C x100 =HYDROGEN INDEX (HI) 
(m9 HC/ 9 TOC) 

T~C x100 =OXYGEN INDEX (01) 
(m9 C02 / 9 TOC) 

S 1 = free hydrocarbons, already generated and therefore volatolized below 300°C. 

S2 = hydrocarbons produced by cracking of the kerogen up to 550°C giving the residual 
petroleum potential or present-day ability of the kerogen to generate hydrocarbons. 

S3 = represents C02 derived from the organic matter (potential to generate hydrocarbons if 
buried deeper). 

Figure E 1. The evolution of hydrocarbons and C02 released from a sample during pyrolysis 
indicating measurements ofS 1, S2, S3, and T max· 
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(Waples, 1985). 

During the course of pyrolysis, carbon dioxide is also released from the kerogen. This C02 

is trapped during pyrolysis and then released into a second detector (S3) after all the hydrocarbon 

measurements are complete. The amount of C02 given off by the kerogen is supposed to be related 

to the amount of oxygen in the kerogen. Because high oxygen contents are related either to woody

cellulosic source material or to strong oxidation during diagenesis, high oxygen content of a kerogen 

is a negative indicator of hydrocarbon-source potential. (Waples 1985). 

The instrument used in these studies was the Delsi Rock-Eval II instrument which combines 

pyrolysis analysis with the capability of determining total organic carbon content. 

Vitrinite Reflectance 

Vitrinite reflectance measurements begin by isolating the kerogen with HCL and HF, and then 

embedding the kerogen particles in an epoxy plug. After the plug is polished, the microscopist, using 

a special microscope, shines light on an individual vitrinite particle. The fraction of the incident. beam 

that is reflected coherently is measured with a photomultiplier and recorded and stored automatically 

on a computer. If enough vitrinite particles can be found, between 50 and 100 measurements will be 

taken. At the end of the analyses a histogram of the collected data is printed, along with a statistical 

analysis of the data (Waples, 1985). Results are reported as~ values and are normally plotted against 

qepth to form a maturation profile. 
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Sample# 

SR-8 

RESR8-11 

RESR8-14 

RESR8-17 

RESR8-20 

RESR8-23 

RESR8-26 

RESR8-29 

RESR8-32 

RESR8-35 

RESR8-38 

RESR8-39.5 

RESR8-40.5 

RESR8-41 .5 

RESR8-42.5 

RESR8-45.5 

RESR8-50.08 

RESR8-51.17 

RESR8-52.45 

RESR8-60.5 

RESR8-63.52 

RESR8-66.7 

RESR8-72.5 

RESR8-75.5 

RESR8-78.78 

RESR8-83.16 

RESR8-85.94 

RESR8-89.4 

RESR8-93.1 

RESR8-95.56 

RESR8-102.02 

Depth 

11 

14 

17 

20 

23 

26 

29 

32 

35 

38 

39.5 

40.5 

41.5 

42.5 

45.5 

50.08 

51.17 

52.45 

60.5 

63.52 

66.7 

72.5 

75.5 

78.78 

83.16 

roc 

1.62 

2.75 

3.29 

1.17 

0.75 

1.08 

0.37 

1.35 

0.58 

0.67 

0.59 

3.74 

1.27 

0.46 

0.37 

2.36 

1.44 

1.04 

0.21 

0.38 

0.32 

0.22 

0.60 

0.32 

0.39 

85.94 0.95 

89.4 0.28 

93.1 0.56 

95.56 1.23 

102.02 0.41 

51 

0.11 

0.18 

0.38 

0.08 

0.02 

0.04 

0.03 

0.61 

0.04 

0.04 

0.20 

0.87 

0.08 

0.27 

0.21 

0.24 

0.07 

0.45 

0.03 

0.02 

0.15 

0.16 

0.49 

0.02 

0.24 

0.76 

0.03 

0.35 

0.44 

0.25 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P -Index H-lndex 0-lndex Tmax Facies Type 

3.42 

5.58 

10.29 

1.10 

0.39 

1.17 

0.16 

1.69 

0.26 

0.58 

0.59 

9.33 

2.08 

0.28 

0.21 

6.12 

1.96 

1.27 

0.04 

0.08 

0.14 

0.09 

0.19 

0.06 

0.13 

0.21 

0.07 

0.37 

1.30 

0.17 

0.80 

1.13 

1.63 

2.08 

1.01 

0.30 

0.92 

1.15 

0.70 

0.99 

0.76 

0.42 

0.31 

0.69 

0.60 

0.62 

0.53 

0.73 

0.36 

0.68 

0.56 

0.37 

0.06 

0.17 

0.18 

0.39 

0.10 

0.15 

0.27 

0.13 

3.53 

5.76 

10.67 

1.18 

0.41 

1.21 

0.19 

2.30 

0.30 

0.62 

0.79 

10.20 

2.16 

0.55 

0.42 

6.36 

2.03 

1.72 

0.07 

0.10 

0.29 

0.25 

0.68 

0.08 

0.37 

0.97 

0.10 

0.72 

1.74 

0.42 

0.03 

0.03 

0.04 

0.07 

0.05 

0.03 

0.16 

0.27 

0.13 

0.06 

0.25 

0.09 

0.04 

0.49 

0.50 

0.04 

0.03 

0.26 

0.43 

0.20 

0.52 

0.64 

0.72 

0.25 

0.65 

0.78 

0.30 

0.49 

0.25 

0.60 

211.1 

202.9 

312.8 

94 

52 

108.3 

43.2 

125.2 

44.8 

86.6 

100 

249.5 

163.8 

60.9 

56.8 

259.3 

136.1 

122.1 

19 

21.1 

43.8 

40.9 

31.7 

18.8 

33.3 

22.1 

25 

66.1 

105.7 

41.5 

49.4 

41 .1 

49.5 

177.8 

134.7 

27.8 

248.6 

85.2 

120.7 

147.8 

128.8 

11.2 

24.4 

150 

162.2 

26.3 

36.8 

70.2 

171.4 

178.9 

175 

168.2 

10 

53.1 

46.2 

41 .1 

35.7 

26.8 

22 

31 .7 

443 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

447 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

436 Organic-Poor Bay Fill 

443 Floodplain 

430 Organic-Poor Bay Fill 

441 Organic-Poor Bay Fill 

446 Organic-Poor Bay Fill 

438 Organic-Rich Bay Fill 

447 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

439 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

411 Floodplain 

444 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

444 Organic-Rich Bay Fill 

457 Floodplain 

507 Floodplain 

433 Floodplain 

377 Floodplain 

423 Floodplain 

445 Floodplain 

415 Floodplain 

426 Floodplain 

421 Floodplain 

436 Floodplain 

440 Organic-Rich Bay Fill 

443 Organic-Poor Bay Fill 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Mudstone 

Grey Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Laminated Siltstone 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Grey Mudstone 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Sheet Siltstone 

Grey Mudstone 

Fossils 

Fish scales,bivalves 

bivalves 

few bivalves 

bivalves 

carbonized plants 

bivalves 

bivalves 

lots of bivalves 

lots of bivalves 

bivalves,ostracods 

bivalves,fish bits, ostracods 

bivalves,ostracods 

ostracods,bivalves 

bivalves, ostracods 

bivalves, ostracods 

plant debris 

plant fragments 

Fossiliferous Shale ostracods 

Laminated Mudstone -00 
......... 



Sample# 

RESR8-104.96 

RESR8-109.5 

RESR8-113 

RESR8-113.3 

RESR8-113.63 

RESR8-113.82 

RESR8-114.03 

RESR8-114.13 

RESR8-114.4 

RESR8-114.74 

RESR8-115.25 

RESR8-115.54 

RESR8-115.84 

RESR8-116.14 

RESR8-116.43 

RESR8-116.67 

RESR8-116.98 

RESR8-117.27 

RESR8-117.56 

RESR8-117. 78 

RESR8-118.1 

RESR8-118.4 

RESR8-118.7 

RESR8-119 

RESR8-119.3 

RESR8-120.3 

RESR8-121 .3 

RESR8-122.3 

RESR8-1 23.3 

RESR8-124.3 

RESR8-125.5 

Depth 

104.96 

109.5 

113 

113.3 

113.63 

roc 
2.92 

0.59 

0.31 

0.27 

0.92 

113.82 1.90 

114.03 1.83 

114.13 2.87 

114.4 2.52 

114.74 2.09 

115.25 1.72 

115.54 1.91 

115.84 2.28 

116.14 1.95 

116.43 1.89 

116.67 2.68 

116.98 1.35 

117.27 2.29 

117.56 2.08 

117.78 2.82 

118.1 2.43 

118.4 2.35 

118.7 2.78 

119 0.58 

119.3 0.43 

120.3 0.35 

121 .3 0.60 

122.3 0.39 

123.3 1.86 

124.3 0.42 

125.5 0.52 

S1 

0.11 

0.03 

0.05 

0.04 

0.04 

0.07 

0.16 

0.14 

0.13 

0.38 

0.10 

0.16 

0.12 

0.13 

0.10 

0.16 

0.08 

0.15 

0.11 

0.16 

0.31 

0.10 

0.17 

0.07 

0.51 

0.04 

0.04 

0.02 

0.15 

0.04 

0.04 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P -Index H-lndex 0-lndex Tmax Facies Type 

3.07 0.42 3.18 0.03 105.1 14.4 441 Organic-Rich Bay Fill Fossiliferous Shale 

0.15 0.22 0.18 0.17 25.4 37.3 437 Organic-Poor Bay Fill Laminated Mudstone 

0.05 0.11 0.10 0.50 16.1 35.5 418 Organic-Poor Bay Fill Laminated Mudstone 

0.03 0.11 0.07 0.57 11.1 40.7 376 Organic-Poor Bay Fill Laminated Mudstone 

0.67 0.22 0.71 0.06 72.8 23.9 439 Organic-Poor Bay Fill Laminated Mudstone 

131.6 

133.3 

159.9 

146.4 

118.7 

112.8 

122 

135.1 

62.6 

5.5 

6.6 

30.6 

58.4 

51 .7 

54.5 

6.1 

32.3 

58.2 

2.6 

16.3 

27.5 

441 Organic-Rich Bay Fill 

445 Organic-Rich Bay Fill 

445 Organic-Rich Bay Fill 

445 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

445 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

445 Organic-Rich Bay Fill 

444 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

446 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

443 Organic-Rich Bay Fill 

444 Organic-Rich Bay Fill 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossils 

bivalves, ostracods 

bivalves, ostracods 

bivalves, ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves, ostracods 

bivalves,ostracods 

bivalves, ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves, ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves, ostracods, plants 

2.50 

2.44 

4.59 

3.69 

2.48 

1.94 

2.33 

3.08 

3.12 

2.18 

4.24 

1.30 

3.38 

2.78 

4.11 

2.54 

2.40 

3.56 

0.16 

0.46 

0.20 

0.21 

0.13 

3.27 

0.20 

0.29 

1.19 

0.10 

0.19 

0.77 

1.22 

0.89 

1.04 

0.14 

0.63 

1.10 

0.07 

0.22 

0.63 

0.50 

0.54 

0.80 

0.46 

0.56 

0.30 

0.49 

0.36 

0.40 

0.27 

0.23 

0.06 

0.10 

2.57 

2.60 

4.73 

3.82 

2.86 

2.04 

2.49 

3.20 

3.25 

2.28 

4.40 

1.38 

3.53 

2.89 

4.27 

2.85 

2.50 

3.73 

0.23 

0.97 

0.24 

0.25 

0.15 

3.42 

0.24 

0.33 

0.03 

0.06 

0.03 

0.03 

0.13 

0.05 

0.06 

0.04 

0.04 

0.04 

0.04 

0.06 

0.04 

0.04 

0.04 

0.11 

0.04 

0.05 

0.30 

0.53 

0.17 

0.16 

0.13 

0.04 

0.17 

0.12 

160 

115.3 

158.2 

96.3 

147.6 

133.7 

145.7 

104.5 

102.1 

128.1 

27.6 

107 

57.1 

24 

19.1 

32.9 

19.6 

20.1 

51 .7 

114 

431 Organic-Rich Bay Fill Fossiliferous Shale bivalves, ostracods, plants 

35 

33.3 

175.8 

47.6 

55.8 

102.9 

66.7 

69.2 

12.4 

14.3 

19.2 

440 Floodplain 

441 Floodplain 

444 Floodplain 

432 Organic-Poor Bay Fill 

443 Organic-Poor Bay Fill 

428 Floodplain 

434 Floodplain 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Grey Mudstone 

Grey Mudstone 

00 
00 



Sample# 

RESR8-126.5 

RESR8-127.5 

RESR8-128.5 

RESR8-132.75 

RESR8-136.2 

RESR8-155.48 

RESR8-1 58.34 

RESR8-162.5 

RESR8-165.4 

RESR8-167. 95 

RESR8-175.6 

RESR8-176.8 

RESR8-177 

RESR8-180. 9 

SR-12 

RESR12-26.36 

RESR12-31.5 

RESR12-35.1 0 

RESR12-38.10 

RESR12-65.2 

RESR12-68.1 

RESR12-71 .1 

RESR 12-82.85 

RESR12-86.6 

RESR12-107.8 

RESR12-110.9 

RESR12-114.5 

RESR12-118.15 

RESR12-121.5 

RESR12-124.5 

Depth roc 
126.5 3.02 

127.5 0.65 

128.5 0.60 

132.75 0.39 

136.2 2.48 

155.48 0.97 

158.34 0.53 

162.5 0.18 

165.4 0.25 

167.95 0.20 

175.6 0.48 

176.8 1.38 

177 1.95 

180.9 0.49 

26.36 4.73 

31.5 3.21 

35.1 4.44 

38.1 2.40 

65.2 0.64 

68.1 0.41 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
51 52 53 51+ 52 P - Index H-lndex 0-lndex Tmax Facies Type Fossils 

0.20 5.35 0.26 5.55 0.04 177.2 8.6 443 Organic-Rich Bay Fill Fossiliferous Shale bivalves, ostracods 

0.04 0.40 0.17 0.44 0.09 61 .5 26.2 442 Floodplain Grey Mudstone 

0.08 0.22 0.12 0.30 0.27 36.7 20 482 Floodplain Grey Mudstone 

0.04 0.13 0.08 0.17 0.24 33.3 20.5 471 Organic-Poor Bay Fill Laminated Mudstone 

0.10 3.97 0.56 4.07 0.02 160.1 22.6 444 Organic-Rich Bay Fill Fossiliferous Shale bivalves 

0.11 

0.07 

0.03 

0.05 

0.04 

0.05 

0.31 

0.13 

1.10 

0.25 

0.08 

0.06 

0.10 

0.09 

2.27 

3.05 

0.34 0.23 

0.29 

0.22 

0.18 

0.16 

0.15 

0.21 

3.42 

3.22 

0.70 

0.68 

0.34 

0.13 

0.36 

0.14 

0.24 

0.32 

0.17 

0.11 

0.13 

0.24 

0.27 

1.21 

0.32 

0.11 

0.11 

0.14 

0.14 

2.58 

3.18 

0.57 

0.09 

0.22 

0.27 

0.45 

0.29 

0.36 

0.12 

0.04 

0.60 

113.4 

47.2 

44.4 

24 

50 

18.8 

164.5 

156.4 

46.9 

37.1 

26.4 

133.3 

128 

85 

22.9 

9.4 

12.3 

55.1 

444 Organic-Rich Bay Fill Fossiliferous Shale bivalves 

443 Organic-Poor Bay Fill Laminated Mudstone 

398 Floodplain Grey Mudstone 

439 Floodplain Grey Mudstone roots 

470 Floodplain Grey Mudstone roots 

466 Organic-Poor Bay Fill Laminated Mudstone 

443 Organic-Rich Bay Fill Fossiliferous Shale bivalves, ostracods 

443 Organic-Rich Bay Fill Fossiliferous Shale ostracods, plants 

433 Organic-Poor Bay Fill Laminated Mudstone 

429 Organic-Rich Bay Fill Fossiliferous Shale 

435 Organic-Rich Bay Fill Fossiliferous Shale bivalves 

490 Floodplain Grey Mudstone plants 

433 Floodplain Grey Mudstone plant debris 

423 Organic-Poor Bay Fill Laminated Mudstone plant debris 

367 Floodplain Grey Mudstone 

71 .1 19.20 0.55 26.83 

0.93 

1.01 

1.00 

0.58 

0.22 

0.27 

2.82 

0.49 

0.56 

0.33 

0.26 

0.15 

2.90 

0.90 

0.82 

3.71 

3.44 

0.88 

0.84 

0.49 

0.34 

27.38 

0.60 

0.82 

0.44 

0.49 

0.18 

66.84 

0.59 

0.80 

0.08 

0.06 

0.20 

0.19 

0.31 

0.62 

0.02 

0.08 

0.52 

0.32 

0.29 

0.06 

0.10 

0.83 

0.71 

72.3 

100.3 

15.8 

28.3 

53.1 

31 .7 

139.7 

67.1 

53.4 

58.8 

74.5 

34.7 

161.9 

16.9 

17.4 

19.7 

31.5 

22.5 

24.2 

34.4 

65.9 

14.7 

59.8 

76.7 

64.7 

55.3 

30.6 

7.8 

429 Mire Carbonaceous Shale plants (coalified) 

82.85 0.82 0.05 0.55 

86.6 0.73 0.43 0.39 

107.8 0.51 0.14 0.30 

110.9 0.47 0.14 0.35 

114.5 0.49 0.01 0.17 

118.15 37.00 6.92 59.92 

121.5 0.59 0.49 0.10 

124.5 1.32 0.57 0.23 

152.5 

62.1 

445 Floodplain Grey Mudstone plant debris 

405 Floodplain Grey Mudstone calamites 

363 Organic-Poor Bay Fill Laminated Mudstone 

374 Organic-Poor Bay Fill Laminated Mudstone 

324 Organic-Poor Bay Fill Laminated Mudstone 

421 Organic-Rich Bay Fill Limestone bivalves,ostracod 

384 Floodplain Grey Mudstone 

326 Floodplain Grey Mudstone 



Sample# 

RESR12-163.05 

RESR12-163.8 

RESR12-164.57 

RESR12-167.3 

RESR12-170.25 

RESR12-172.6 

RESR12-177.68 

RESR12-186.67 

RESR12-191.15 

RESR12-194.12 

RESR12-202.04 

RESR12-205.25 

RESR12-209.80 

RESR12-218.02 

RESR 12-218.36 

RESR12-219.31 

RESR12-220.12 

RESR12-221.20 

RESR 12-222.50 

RESR 12-233.58 

RESR 12-234.59 

RESR12-235.19 

RESR 12-235.55 

RESR12-236.0 

RESR 12-236.33 

RESR 12-236.65 

RESR12-236.95 

RESR12-237.19 

RESR 12-237.30 

RESR 12-239.36 

RESR 12-240.64 

Depth TOC 

163.05 19.30 

163.8 16.30 

164.57 12.00 

167.3 1.11 

170.25 0.32 

172.6 3.89 

177.68 15.50 

186.67 0.27 

191.15 1.12 

194.12 0.38 

202.04 0.98 

205.25 3.94 

209.8 4.01 

218.02 5.84 

218.36 11.60 

219.31 0.43 

220.1 2 0.38 

221.2 2.02 

222.5 0.39 

233.58 0.47 

234.59 1.84 

235.19 1.97 

235.55 2.62 

236 4.51 

236.33 3.98 

236.65 1.65 

236.95 3.99 

237.19 13.00 

237.3 5.65 

239.36 0.99 

240.64 0.98 

Sf 

0.85 

0.52 

0.65 

0.25 

0.12 

0.08 

0.99 

0.02 

0.04 

0.40 

0.17 

0.56 

0.19 

0.18 

0.53 

0.31 

0.09 

0.55 

0.05 

0.13 

0.42 

0.20 

0.41 

1.23 

0.42 

0.20 

0.47 

1.05 

0.53 

0.17 

0.16 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P ·Index H·lndex 0-lndex Tmax Facies Type 

15.46 2.97 16.31 0.05 80.1 15.4 428 Mire Carbonaceous Shale 

13.89 

6.62 

0.18 

0.10 

0.85 

19.89 

0.04 

0.43 

0.43 

0.65 

2.56 

2.06 

5.71 

8.51 

0.15 

0.15 

4.73 

0.09 

1.06 

3.73 

3.04 

6.70 

14.87 

9.42 

5.64 

11.43 

19.20 

13.36 

0.47 

0.36 

2.52 

2.16 

0.92 

0.55 

0.62 

1.67 

0.42 

0.69 

0.55 

0.40 

0.70 

0.77 

1.16 

1.30 

0.41 

0.29 

0.60 

0.11 

0.09 

0.40 

0.55 

0.61 

0.59 

0.74 

0.51 

0.62 

1.04 

1.76 

0.20 

0.53 

14.41 

7.27 

0.43 

0.22 

0.93 

20.88 

0.06 

0.47 

0.83 

0.82 

3.12 

2.25 

5.89 

9.04 

0.46 

0.24 

5.28 

0.14 

1.19 

4.15 

3.24 

7.11 

16.10 

9.84 

5.84 

11.90 

20.25 

13.89 

0.64 

0.52 

0.04 

0.09 

0.58 

0.55 

0.09 

0.05 

0.33 

0.09 

0.48 

0.21 

0.18 

0.08 

0.03 

0.06 

0.67 

0.38 

0.10 

0.36 

0.11 

0.10 

0.06 

0.06 

0.08 

0.04 

0.03 

0.04 

0.05 

0.04 

0.27 

0.31 

85.2 

55.2 

16.2 

31.3 

21.9 

128.3 

14.8 

38.4 

113.2 

66.3 

65.0 

51.4 

97.8 

73.4 

34.9 

39.5 

234.2 

23.1 

255.5 

202.7 

154.3 

255.7 

329.7 

236.7 

341.8 

286.5 

147.7 

236.5 

47.5 

36.7 

15.5 

18.0 

82.9 

171.9 

15.9 

10.8 

155.6 

61.6 

144.7 

40.8 

17.8 

19.2 

19.9 

11.2 

95.3 

76.3 

29.7 

28.2 

19.1 

21.7 

27.9 

23.3 

13.1 

18.6 

30.9 

15.5 

8.0 

31 .2 

20.2 

54.1 

427 Mire 

431 Mire 

435 Organic-Poor Bay Fill 

387 Organic-Poor Bay Fill 

425 Organic-Poor Bay Fill 

421 Mire 

425 Floodplain 

439 Floodplain 

463 Floodplain 

440 Floodplain 

427 Mire 

423 Floodplain 

437 Organic-Poor Bay Fill 

433 Organic-Poor Bay Fill 

433 Floodplain 

358 Organic-Poor Bay Fill 

441 Organic-Poor Bay Fill 

445 Floodplain 

439 Organic-Poor Bay Fill 

442 Organic-Poor Bay Fill 

439 Organic-Poor Bay Fill 

442 Organic-Poor Bay Fill 

442 Organic-Poor Bay Fill 

442 Organic-Poor Bay Fill 

443 Organic-Poor Bay Fill 

440 Organic-Poor Bay Fill 

430 Organic-Poor Bay Fill 

437 Organic-Poor Bay Fill 

460 Organic-Poor Bay Fill 

430 Organic-Poor Bay Fill 

Carbonaceous Shale 

Carbonaceous Shale 

Laminated Siltstone 

Laminated Mudstone 

Laminated Mudstone 

Carbonaceous Shale 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Carbonaceous Shale 

Grey Mudstone 

Laminated Siltstone 

Laminated Siltstone 

Grey Mudstone 

Laminated Siltstone 

Laminated Siltstone 

Grey Mudstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Fossils 

coalified plants 

coalified plants, ostracods 

coalified plants 

compressed plant 

plants 

plants 

plants 

plants 

plants 

plant debris 

plant debris 

ostracods 

plants 

bivalves 

bivalves 



Sample# 

RESR12-241.42 

RESR12-244.16 

RESR12-247.08 

RESR12-247.38 

RESR12-247.70 

RESR 12-248.08 

RESR 12-248.48 

RESR 12-248.82 

RESR12-249.16 

RESR 12-249.52 

RESR12-249.87 

RESR 12-250.22 

RESR 12-250.50 

RESR12-250.90 

RESR12-251 .28 

RESR 12-251 .65 

RESR12-251 .88 

RESR12-252.31 

RESR12-257.33 

RESR12-257.95 

RESR12-258.78 

PH-3 

PH3-1385.9 

PH3-1398 

PH3-1425.4 

PH3-1431.3 

PH3-1434.6 

PH3-1515 

PH3-1601.8 

PH3-1605.3 

Depth 

241.42 

244.16 

247.08 

247.38 

247.7 

248.08 

248.48 

248.82 

249.16 

roc 
1.51 

0.51 

0.46 

0.80 

0.71 

0.64 

0.59 

1.00 

0.80 

249.52 1.35 

249.87 1.34 

250.22 2.25 

250.5 2.04 

250.9 2.72 

251.28 3.49 

251 .65 1.66 

251.88 2.31 

252.31 41.10 

257.33 2.90 

257.95 0.50 

258.78 0.33 

1385.9 2.27 

1398 0.73 

1425.4 0.72 

1431.3 0.65 

1434.6 4.18 

1515 0.39 

1601 .8 0.41 

1605.3 0.47 

S1 

0.13 

0.22 

0.09 

0.08 

0.19 

0.12 

0.14 

0.35 

0.41 

0.15 

0.16 

0.17 

0.13 

0.27 

0.40 

0.22 

0.34 

4.56 

0.15 

0.18 

0.03 

0.12 

0.39 

0.47 

0.12 

0.19 

0.09 

0.45 

0.45 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P ·Index H-lndex 0-lndex Tmax Facies Type 

0.55 0.60 0.68 0.19 36.4 39.7 444 Organic-Poor Bay Fill Laminated Siltstone 

0.18 0.16 0.40 0.55 35.3 31.4 333 Organic-Poor Bay Fill Laminated Mudstone 

0.21 0.09 0.30 0.30 45.7 19.6 340 Organic-Poor Bay Fill Laminated Mudstone 

0.46 0.23 0.54 0.15 57.5 28.8 438 Organic-Poor Bay Fill Laminated Mudstone 

0.49 0.40 0.68 0.28 69.0 56.3 437 Organic-Poor Bay Fill Laminated Mudstone 

443 Organic-Poor Bay Fill 

437 Organic-Poor Bay Fill 

436 Organic-Poor Bay Fill 

438 Organic-Poor Bay Fill 

438 Organic-Poor Bay Fill 

440 Organic-Poor Bay Fill 

440 Organic-Poor Bay Fill 

437 Organic-Poor Bay Fill 

438 Organic-Poor Bay Fill 

438 Organic-Poor Bay Fill 

436 Organic-Poor Bay Fill 

Laminated Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Siltstone 

Laminated Mudstone 

Laminated Mudstone 

Laminated Siltstone 

Fossils 

plants 

0.51 

0.40 

0.84 

0.54 

0.97 

1.09 

2.72 

2.26 

2.68 

4.49 

1.31 

6.34 

55.34 

2.09 

0.30 

0.07 

0.39 

0.28 

0.16 

0.31 

0.13 

0.52 

0.64 

0.23 

0.72 

0.68 

0.91 

0.05 

2.56 

0.16 

0.07 

0.58 

0.63 

0.54 

1.19 

0.95 

1.12 

1.25 

2.89 

2.39 

2.95 

4.89 

1.53 

6.68 

59.90 

2.24 

0.48 

0.10 

0.19 

0.26 

0.29 

0.43 

0.13 

0.13 

0.06 

0.05 

0.09 

0.08 

0.14 

0.05 

0.08 

0.07 

0.38 

0.30 

79.7 

67.8 

84.0 

67.5 

71 .9 

81.3 

120.9 

110.8 

98.5 

128.7 

78.9 

274.5 

134.6 

72.1 

60.0 

21.2 

60.9 

47.5 

16.0 

38.8 

22.2 

38.8 

28.4 

11 .3 

26.5 

19.5 

54.8 

44.6 

6.2 

5.5 

14.0 

175.8 

441 Organic-Rich Bay Fill Limestone bivalves,ostracods 

0.68 

0.36 

0.33 

0.61 

3.27 

0.07 

0.15 

0.16 

1.06 

0.78 

0.89 

0.55 

0.32 

0.49 

0.42 

0.20 

1.74 

1.14 

1.22 

1.16 

3.59 

0.56 

0.57 

0.36 

0.15 

0.52 

0.59 

0.16 

0.05 

0.56 

0.75 

0.74 

30 

49.3 

45.8 

93.8 

78.2 

17.9 

36.6 

34 

46.7 

106.8 

123.6 

84.6 

7.7 

125.6 

102.4 

42.6 

440 Mire 

438 Floodplain 

440 Floodplain · 

315 Floodplain 

421 Floodplain 

450 Floodplain 

435 Floodplain 

441 Floodplain 

441 Organic-Poor Bay Fill 

436 Floodplain 

433 Floodplain 

436 Floodplain 

Carbonaceous Shale 

Grey Mudstone 

Grey Mudstone plants 

Grey Mudstone plants 

Grey Mudstone 

Sheet Siltstone 

Sheet Siltstone 

Sheet Siltstone 

Laminated Siltstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

plant 

ostracods 

few bivalves 



Sample# 

PH3-1608.6 

PH3-1617.8 

PH3-1621.1 

PH3-1622.9 

PH3-1637.8 

PH3-1674.9 

PH3-1678.2 

PH3-1683.8 

PH3-1708.7 

PH3-1713.8 

PH3-1718.9 

PH3-1742 

PH3-1793 

PH3-1822 

PH3-1834.5 

PH3-1839.8 

PH3-1850.9 

PH3-1856.4 

PH3-1875.5 

PH3-1885.4 

PH3-1895.4 

PH3-1905.6 

PH3-1921.1 

PH3-1948.8 

PH3-1958.9 

PH3-1968.4 

PH3-2127.8 

PH3-2138 

PH3-2145.5 

PH3-2149.4 

PH3-2185.8 

Depth 

1608.6 

1617.8 

1621.1 

1622.9 

1637.8 

1674.9 

1678.2 

1683.8 

1708.7 

1713.8 

1718.9 

1742 

1793 

1822 

1834.5 

1839.8 

1850.9 

1856.4 

1875.5 

1885.4 

1895.4 

1905.6 

1921.1 

1948.8 

1958.9 

1968.4 

roc 
1.60 

0.51 

0.26 

0.24 

1.08 

0.44 

1.30 

0.34 

0.26 

0.96 

0.54 

0.37 

0.47 

0.29 

0.30 

2.33 

1.05 

5.73 

2.27 

2.93 

0.44 

0.41 

2.56 

5.25 

0.31 

2.50 

2127.8 2.69 

2138 1.80 

2145.5 1.93 

2149.4 1.83 

2185.8 0.28 

Sf 

0.64 

0.09 

0.08 

0.03 

0.11 

0.06 

0.32 

0.06 

0.05 

0.37 

0.05 

0.03 

0.02 

0.05 

0.08 

0.36 

0.28 

0.31 

0.1 2 

0.1 9 

0.05 

0.05 

0.12 

0.39 

0.04 

0.16 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P -Index H-lndex 0-lndex Tmax Facies Type 

1.23 0.06 1.29 0.34 76.9 3.8 439 Organic-Poor Bay Fill Laminated Mudstone 

0.31 0.33 0.64 0.23 60.8 64.7 442 Organic-Poor Bay Fill Laminated Siltstone 

0.02 0.38 0.40 0.80 7.7 146.2 543 Organic-Poor Bay Fill Laminated Siltstone 

0.07 0.33 0.40 0.30 29.2 137.5 544 Organic-Poor Bay Fill Laminated Siltstone 

0.66 0.22 0.88 0.14 61 .1 20.4 440 Floodplain Grey Mudstone 

0.67 0.74 1.41 0.08 152.3 168.2 452 Organic-Poor Bay Fill Laminated Mudstone 

0.86 1.94 2.80 0.27 66.2 149.2 443 Organic-Poor Bay Fill Laminated Mudstone 

0.02 

0.06 

0.80 

0.25 

0.06 

0.13 

0.11 

0.13 

2.62 

1.10 

7.58 

3.28 

5.01 

0.18 

0.21 

1.72 

3.37 

0.16 

2.23 

5.9 

23.1 

83.3 

46.3 

16.2 

27.7 

37.9 

43.3 

112.4 

104.8 

132.3 

144.5 

55.9 

30.8 

57.3 

37 

97.3 

83 

17.2 

53.3 

22.7 

35.2 

5.2 

28.2 

28.7 

93.2 

104.9 

46.1 

14.7 

96.8 

435 Floodplain Grey Mudstone 

455 Organic-Poor Bay Fill Laminated Mudstone 

440 Organic-Poor Bay Fill Laminated Siltstone 

430 Organic-Poor Bay Fill Laminated Siltstone 

449 Organic-Poor Bay Fill Laminated Siltstone 

546 Organic-Poor Bay Fill Laminated Siltstone 

477 Organic-Poor Bay Fill 

433 Organic-Poor Bay Fill 

443 Organic-Poor Bay Fill 

437 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

454 Organic-Poor Bay Fill 

438 Organic-Poor Bay Fill 

432 Floodplain 

432 floodplain 

445 Floodplain 

435 Mire 

Laminated Mudstone 

Laminated Mudstone 

Laminated Mudstone 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Laminated Mudstone 

Laminated Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Carbonaceous Shale 

0.11 1.57 

0.19 

0.08 

0.55 

0.20 

0.36 

0.39 

0.05 

0.16 

0.53 

0.37 

0.30 

0.64 

0.84 

0.41 

0.43 

1.18 

0.77 

0.30 

0.85 

0.58 

0.50 

0.04 

0.75 

0.26 

0.21 

0.14 

1.35 

0.45 

0.42 

0.52 

0.16 

0.29 

3.15 

1.47 

7.88 

3.92 

5.85 

0.59 

0.64 

2.90 

4.14 

0.46 

3.08 

2.15 

1.44 

1.62 

2.11 

0.43 

0.75 

0.45 

0.32 

0.17 

0.33 

0.13 

0.31 

0.38 

0.12 

0.20 

0.04 

0.04 

0.04 

0.22 

0.19 

0.07 

0.10 

0.20 

0.07 

0.07 

0.08 

0.06 

0.09 

0.26 

171 

40.9 

51.2 

67.2 

64.2 

51.6 

89.2 

58.4 

52.2 

81.9 

74.3 

60.7 

34 

21.6 

27.8 

53.9 

430 Floodplain Grey Mudstone 

0.08 0.94 

0.10 1.58 

0.14 1.36 

0.06 0.17 

41 

92.9 

430 Organic-Rich Bay Fill Fossiliferous Shale 

439 Organic-Rich Bay Fill Fossiliferous Shale 

436 Organic-Rich Bay Fill Fossiliferous Shale 

447 Organic-Poor Bay Fill Mudstone 

Fossils 

bivalves 

bivalves, ostracods 

calamites 

bivalves, plants 

bivalves, plants, ostracod 

bivalves, ostracods 

bivalves 

few ostracods 

bivalves 

plants 

little black rods 

bivalves, plants 

bivalves, ostracods 

abundant bivalves 

bivalves 



Sample# 

PH3-2192.2 

PH3-2206.3 

PH3-2215 

PH3-2224.1 

PH3-2283.3 

PH3-2288.5 

PH3-2298.6 

PH3-2308.4 

PH3-2314.8 

PH3-2317.8 

PH3-2338.3 

PH3-2371.3 

PH3-2372.4 

PH3-2373.9 

PH3-2374.9 

PH3-2376.2 

PH3-2377.4 

PH3-2378.8 

PH3-2379.6 

PH3-2399.1 

PH3-2439.3 

PH3-2442 

PH3-2444.6 

PH3-2450 

PH3-2462.2 

PH3-2463.8 

PH3-2465.8 

PH3-2468.8 

PH3-2472 

PH3-2474.8 

PH3-2491 .6 

Depth roc 
2192.2 1.90 

2206.3 0.47 

2215 1.55 

2224.1 1.40 

2283.3 0.32 

2288.5 3.05 

2298.6 0.38 

2308.4 0.38 

2314.8 0.58 

2317.8 3.85 

2338.3 0.32 

2371.3 0.36 

2372.4 0.49 

2373.9 0.63 

2374.9 1.88 

2376.2 0.73 

2377.4 1.57 

2378.8 2.92 

2379.6 0.69 

2399.1 0.39 

2439.3 0.44 

2442 0.38 

2444.6 0.39 

2450 0.50 

2462.2 0.41 

2463.8 0.38 

2465.8 0.36 

2468.8 0.33 

2472 2.92 

2474.8 1.68 

2491 .6 0.39 

S1 

0.10 

0.04 

0.12 

0.13 

0.06 

0.31 

0.70 

0.09 

0.05 

0.12 

0.08 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P -Index H-lndex 0-lndex Tmax Facies Type 

3.31 0.86 4.1 7 0.03 174.2 45.3 440 Organic-Poor Bay Fill laminated Mudstone 

0.26 0.66 0.92 0.13 55.3 140.4 432 Organic-Poor Bay Fill Mudstone 

1.43 0.45 1.88 0.08 92.3 29 436 Floodplain grey mudstone 

1.43 0.53 1.96 0.08 102.1 37.9 437 Organic-Rich Bay Fill Limestone 

0.11 

5.63 

0.27 

0.14 

0.08 

0.55 

0.03 

96.9 

15.1 

126.3 

136.8 

184.5 

8.8 

106.3 

437 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

408 Floodplain 

435 Floodplain 

477 Floodplain 

536 Floodplain 

543 Floodplain 

Fossiliferous Shale 

Fossiliferous Shale 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Grey Mudstone 

Fossils 

bivalves,ostracods 

few bivalves 

bivalves,ostracods 

bivalves scattered 

few fossil fragments 

0.15 0.05 

0.31 

0.46 

0.48 

0.52 

1.07 

0.34 

0.34 

0.27 

0.69 

0.55 

0.82 

0.74 

0.65 

0.88 

0.36 

0.40 

0.74 

0.31 

0.15 

0.14 

0.68 

0.21 

0.29 

0.44 

0.66 

0.59 

0.29 

0.42 

6.09 

0.75 

0.66 

1.15 

0.89 

0.37 

0.32 

0.81 

0.82 

3.56 

1.43 

2.63 

4.52 

0.64 

0.55 

0.89 

0.54 

0.34 

0.30 

0.79 

0.24 

0.37 

0.50 

5.61 

1.60 

0.69 

0.35 

0.05 

0.72 

0.39 

0.38 

0.18 

0.73 

0.75 

0.52 

0.21 

0.05 

0.14 

0.03 

0.04 

0.38 

0.42 

0.57 

0.26 

0.60 

0.59 

0.52 

0.67 

0.68 

0.77 

0.04 

0.07 

0.57 

34.4 

184.6 

71.1 

36.8 

13.8 

14.3 

9.4 

13.9 

24.5 

42.9 

145.7 

94.5 

126.1 

124.7 

40.6 

38.5 

34.1 

60.5 

48.7 

75 

140.8 

87.3 

43.6 

101.4 

41.4 

30.1 

52.2 

102.6 

168.2 

81 .6 

38.5 

543 Organic-Poor Bay Fill Mudstone 

0.13 0.12 

0.07 0.27 

0.14 2.74 

0.11 

0.07 

0.14 

0.17 

0.11 

0.20 

0.08 

0.29 

0.23 

0.12 

0.06 

0.17 

0.20 

0.18 

0.08 

0.54 

0.69 

1.98 

3.64 

0.28 

0.15 

0.15 

0.23 

0.19 

0.16 

0.11 

0.03 

0.08 

0.06 

4.95 

1.01 

0.40 

32 

26.8 

7.9 

22.2 

18.2 

169.5 

60.1 

102.6 

28 

165.9 

55.3 

80.6 

133.3 

22.6 

35.1 

74.4 

432 Organic-Poor Bay Fill Mudstone 

446 Organic-Poor Bay Fill Mudstone 

441 Organic-Poor Bay Fill Mudstone 

438 Organic-Rich Bay Fill Fossiliferous Shale 

436 Organic-Rich Bay Fill Fossiliferous Shale bivalves 

439 Organic-Rich Bay Fill Fossiliferous Shale biv,ostrracod,fish scale 

433 Floodplain Grey Mudstone 

430 Organic-Poor Bay Fill Laminated Mudstone 

429 Organic-Poor Bay Fill Laminated Mudstone 

445 Organic-Poor Bay Fill Laminated Mudstone 

486 Organic-Poor Bay Fill Laminated Mudstone 

522 Floodplain Grey Mudstone calamites 

423 Organic-Poor Bay Fill Laminated Mudstone 

520 Organic-Poor Bay Fill Laminated Mudstone 

444 Organic-Poor Bay Fill Laminated Mudstone bivalves 

480 Organic-Rich Bay Fill Fossiliferous Shale 

443 Organic-Rich Bay Fill Fossiliferous Shale bivalves,fish scales 

429 Organic-Rich Bay Fill Fossiliferous Shale bivalves 

433 Floodplain Grey Mudstone plants 



Sample# 

PH3-2496.5 

MacRaes Beach 

REMAC-001 

REMAC-002 

REMAC-003 

REMAC-004 

REMAC-005 

REMAC-006 

REMAC-007 

REMAC-008 

REMAC-009 

REMAC-010 

REMAC-011 

REMAC-012 

REMAC-013 

REMAC-014 

REMAC-015 

REMAC-016 

REMAC-017 

REMAC-019 

REMAC-018 

REMAC-020 

REMAC-021 

REMAC-022 

REMAC-023 

REMAC-024 

REMAC-025 

REMAC-026 

REMAC-027 

REMAC-028 

Depth roc 
2496.5 1.53 

319.7 

320.79 

321 .97 

323.24 

325.78 

327.14 

328.32 

331.22 

332.13 

333.49 

334.67 

335.75 

336.66 

341.19 

344.82 

347.54 

350.08 

355.7 

353.44 

357.29 

366.13 

363.41 

361.32 

1.23 

1.87 

2.70 

2.80 

2.63 

2.41 

3.13 

2.83 

1.79 

2.46 

2.21 

2.95 

2.75 

0.64 

1.56 

0.93 

1.95 

2.75 

2.66 

1.72 

2.92 

2.60 

2.47 

367.49 1.21 

382 2.66 

380.46 3.01 

379.28 1.77 

377.47 2.56 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
51 52 53 S1+S2 P -Index H-lndex 0-lndex Tmax Facies Type Fossils 

0.16 0.69 0.25 0.94 0.19 45.1 16.3 440 Floodplain grey rooted Mudstone plants 

0.20 

0.09 

0.14 

0.13 

0.11 

0.19 

0.17 

0.16 

0.05 

0.08 

0.13 

0.08 

0.10 

0.03 

0.10 

0.09 

0.17 

0.13 

0.09 

0.07 

0.14 

0.09 

0.13 

0.04 

0.09 

0.10 

0.06 

0.11 

2.03 

2.24 

3.96 

4.20 

4.24 

4.03 

5.12 

3.88 

1.62 

3.04 

2.75 

5.44 

3.49 

0.08 

1.12 

0.32 

1.23 

5.68 

4.35 

2.83 

5.06 

4.92 

4.57 

0.76 

4.78 

5.25 

3.52 

6.66 

0.84 

0.43 

0.75 

1.01 

0.77 

0.53 

0.97 

1.03 

2.13 

1.55 

0.79 

0.78 

0.58 

0.19 

1.69 

0.27 

0.48 

1.22 

0.49 

2.47 

1.13 

0.79 

0.79 

0.75 

1.10 

0.56 

1.93 

0.68 

2.23 

2.33 

4.10 

4.33 

4.35 

4.22 

5.29 

4.04 

1.67 

3.12 

2.88 

5.52 

3.59 

0.11 

1.22 

0.41 

1.40 

5.81 

4.44 

2.90 

5.20 

5.01 

4.70 

0.80 

4.87 

5.35 

3.58 

6.77 

0.09 

0.04 

0.03 

0.03 

0.03 

0.05 

0.03 

0.04 

0.03 

0.03 

0.05 

0.01 

0.03 

0.27 

0.08 

0.22 

0.12 

0.02 

0.02 

0.02 

0.03 

0.02 

0.03 

0.05 

0.02 

0.02 

0.02 

0.02 

165.0 

119.8 

146.7 

150.0 

161.2 

167.2 

163.6 

137.1 

90.5 

123.6 

124.4 

184.4 

126.9 

12.5 

71.8 

34.4 

63.1 

206.5 

163.5 

164.5 

173.3 

189.2 

185.0 

62.8 

179.7 

174.4 

198.9 

260.2 

68.3 

23.0 

27.8 

36.1 

29.3 

22.0 

31.0 

36.4 

119.0 

63.0 

35.7 

26.4 

21 .1 

29.7 

108.3 

29.0 

24.6 

44.4 

18.4 

143.6 

38.7 

30.4 

32.0 

62.0 

41.4 

18.6 

109.0 

26.6 

439 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

439 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

436 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

436 Organic-Rich Bay Fill 

441 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

423 Organic-Poor Bay Fill 

434 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

434 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

428 Organic-Poor Bay Fill 

438 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Laminated Shale 

Laminated Shale 

Laminated Shale 

Laminated Shale 

Laminated Shale 

Laminated Shale 

Laminated Shale 

Fossiliferous Shale 

Laminated Mudstone 

Fossiliferous Shale 

Laminated Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Fossiliferous Shale 

Laminated Shale 

Laminated Mudstone 

Laminated Shale 

Laminated Shale 

bivalves, ostracods 

bivalves ,ostracods 

bivalves,ostracods 

bivalves,ostracods 

ostracods 

ostracods 

ostracods 

ostracods 

ostracods 

ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves,ostracods 

bivalves, ostracods 

bivalves 

434 Organic-Rich Bay Fill Laminated Shale bivalves 

441 Organic-Rich Bay Fill Laminated Shale bivalves 



Sample# 

REMAC-029 

REMAC-030 

REMAC-031 

REMAC-032 

REMAC-033 

REMAC-034 

REMAC-035 

REMAC-036 

REMAC-037 

REMAC-038 

REMAC-039 

REMAC-040 

REMAC-041 

REMAC-042 

REMAC-043 

REMAC-044 

REMAC-045 

REMAC-046 

REMAC-047 

REMAC-048 

REMAC-049 

REMAC-050 

REMAC-051 

REMAC-052 

REMAC-053 

Depth roc 
375.65 1.81 

373.84 1.01 

393.15 1.35 

406.48 3.21 

154 3.47 

156 2.17 

158 3.36 

161.4 2.22 

163.67 2.90 

162.77 0.71 

165 1.14 

167 1.60 

170.02 1.53 

171 .83 2.46 

181.81 0.89 

183.62 2.34 

189.31 2.87 

191.31 2.17 

193.12 1.80 

195.11 3.46 

197.02 2.23 

257.77 4.93 

285.16 2.89 

281.98 2.06 

279 2.29 

S1 

0.28 

0.07 

0.13 

0.23 

0.20 

0.12 

0.26 

0.14 

0.14 

0.04 

0.10 

0.11 

0.17 

0.15 

0.14 

0.12 

0.17 

0.14 

0.15 

0.26 

0.19 

0.23 

0.22 

0.22 

0.16 

Compilation of all Rock-Eval and TOC data for the Colindale Member 
S2 S3 S1+S2 P- Index H-lndex 0-lndex Tmax Facies Type Fossils 

bivalves 3.32 1.20 3.60 0.08 183.4 66.3 439 Organic-Rich Bay Fill Laminated Shale 

1.19 0.76 1.26 0.06 117.8 75.2 436 Organic-RichBayFill LaminatedShale 

1.80 0.86 1.93 0.07 133.3 63.7 437 Organic-Rich Bay Fill Laminated shale ostracods 

9.23 1.30 9.46 0.02 287.5 40.5 439 Organic-Rich Bay Fill Laminated Shale 

6.34 

3.52 

7.17 

4.55 

5.24 

0.61 

0.93 

2.63 

2.62 

2.93 

1.19 

4.30 

5.79 

4.24 

3.56 

6.06 

4.33 

10.45 

5.01 

2.87 

2.75 

1.62 

3.25 

0.66 

0.67 

0.98 

0.34 

0.47 

2.26 

0.68 

1.62 

0.48 

0.65 

1.85 

0.95 

1.03 

1.20 

1.26 

1.24 

1.21 

2.78 

0.33 

6.54 

3.64 

7.43 

4.69 

5.38 

0.65 

1.03 

2.74 

2.79 

3.08 

1.33 

4.42 

5.96 

4.38 

3.71 

6.32 

4.52 

10.68 

5.23 

3.09 

2.91 

0.03 

0.03 

0.04 

0.03 

0.03 

0.06 

0.10 

0.04 

0.06 

0.05 

0.11 

0.03 

0.03 

0.03 

0.04 

0.04 

0.04 

0.02 

0.04 

0.07 

0.06 

182.7 

162.2 

213.4 

205.0 

180.7 

85.9 

81.6 

164.4 

171.2 

119.1 

133.7 

183.8 

201.7 

195.4 

197.8 

175.1 

194.2 

212.0 

173.4 

139.3 

120.1 

46.7 

149.8 

19.6 

30.2 

33.8 

47.9 

41.2 

141.3 

44.4 

65.9 

53.9 

27.8 

64.5 

43.8 

57.2 

34.7 

56.5 

25.2 

41.9 

135.0 

14.4 

435 Organic-Rich Bay Fill Fossiliferous Shale bivalves,ostracods 

abundant bivalves 

abundant bivalves 

bivalve,ostracods 

bivalves 

441 Organic-Rich Bay Fill Fossiliferous Shale 

440 Organic-Rich Bay Fill Fossiliferous Shale 

441 Organic-Rich Bay Fill Fossiliferous Shale 

442 Organic-Rich Bay Fill Fossiliferous Shale 

435 Organic-Poor Bay Fill 

429 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

441 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

431 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

437 Organic-Rich Bay Fill 

440 Organic-Rich Bay Fill 

436 Organic-Rich Bay Fill 

438 Organic-Rich Bay Fill 

435 Organic-Rich Bay Fill 

442 Organic-Rich Bay Fill 

436 Organic-Rich Bay Fill 

436 Organic-Rich Bay Fill 

Laminated Mudstone 

Laminated Shale 

Fossiliferous Shale bivalves 

Fossiliferous Shale bivalves 

Laminated shale bivalves 

Fossiliferous Shale bivalves 

Fossiliferous Shale bivalves 

Fossiliferous Shale bivalves,ostracods 

Fossiliferous Shale bivalves,ostracods 

Fossiliferous Shale bivalves 

Fossiliferous Shale bivalves 

Laminated Shale 

Laminated Shale bivalves 

Laminated Shale bivalves 

Laminated Shale bivalves 

Fossiliferous Shale bivalves 








