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" ABSTRACT e

s

_The cqal—beariﬁgIUpper'Ca;boniferous»Baraphois“Group of
0westérp Newfou@dlandbéonsiSEs 6ftfhe'youngest known Tocks in
the St.‘Géorge's Bay'Lowlands.v These#lowlénds éfe part of"
the Bay St. George Subbésin} which, ip tqrn{,is pa}t'of a
network of Carbonife:ouélgepositiOnai areas in ea#éétn
Canada. A_detafled sedimentologiéal sguﬂy pf the ﬁarachois
GrQup. was undertakén as part of a more general study$
.(inbolviﬁé geology and.geophysics) to assess the\foSsil—fue;“
potentiél,of‘thé'@esﬂéin Newfoundland Carboniferaus
qubasiﬁsi : -
Cores and egposurés of the Bargchdis]GrQup‘infbhe St.
_George's Bay Lowlands define a ldwer'coarse unit and an

1y

upper fine unit. ‘The coarse unit consists of alternating

red-brown mudstone-dominated units and gtey sandstone and

conglomerate-dominated units. The fine unit consists of

.thick grey or red-brown mudstone-dominated units )

)

interspersed sandstone units. Eleven facies (A to K) are

witn

e

recognized id the two units. The facies are drganizedlinto.
three facies-assoéiatiOns and éight subassociations. Facies
association I jincludes fluvial channel sandstones and |
congldmerates'fpund in outcropé and the BSGEl core
-(subassoéiation IA) and channel and minof’sheétflood

. deposits found in the FB2-76 core (subassociation IB).

Facies association II comprises sandstones and mudstones
) . _

Cii
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" southeast, east, and north of the study area.

-deposited in proximal crevasse channel and levee

environments (subassociaéion'IIA), in undifferentiated

. . &
creVasse splay, levee, and floodplain environments

(subassociatlon IIB), and by progradatlon of crevasse splay,-

levee. and delta env1ronmants Csubassoc1at10n IIC)‘

*association III includes mudstone-dominated subasséciations

which represent the;deposifg of floodplain lakes

ISUbassoc1at10n IIIA), poorly dralned swamps (subassoc1atlon

I11B), and well- dralned swamps (subassoc1atlon 111C). SR

»

‘Sandstones of-the Barachois Group are cla551f1ed

Fac1es

féldspar.

silica.
v

mudstone.

'prgdomlnantlyhas arkose a

minerals, such as kaolinit

Sandstone minera

dlstinctive'prOVenance.

could haxe-lnoluded sever

The sandstoneq

intrusiVe'complexes in th

nd subaf&ose,'wlth up to 65%
1nc1ude a variety of authxgenicf
e, thlorite, illite, calcite, and’

logy does not identify any

Potential sburces of the arkoses

al of the presently exposed 1gneous

é Long Range Mountaxns located

-

»

X-ray diffractionaoflthe <2 micrometer fraction- shows

|

'mixed-layff clay'minérals.

mudstones;

o

that -mudstones contain illite, chlorite.'kaOIinite and

Illite predomlnates in non-grey

chlorite is the most abundant clay mineral in grey
Varxations in clay mlneralogy are, dUe to a

‘ combinatldn of 1n1t1al detrxtal mineralogy and relative

stabillty lof clay m1nera1§ through a variety of dep051txonal

and dlagenetxc envxronments. : \j

iii




.

Kerogen types in the Barachois Group are .dominated by -

_woody‘(type III) kerogen with iesseﬁ amounts of amorphous
and herbaceous types. Thermal~matbration indices and -
kerogen type. 1nd1¢ate that mudstones have a falr gas ‘

potential,: butupotehtlal reservoxr rocks exhlblt poar to

—

fair porosity. 011 shales are lean and coals exhibit

considerable varlatlon both between and uxthxn seams Ln

. terms of ash and sulfur contehts._ OiL shdles. and poAls

‘appear to be of limited lateral extent and coals are

commonly faulted.
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CHAPTER } - INTRODUCTION

K

'

Objectives and Rationale

The Upper Carboniferous_ sedimentary rocks of Atlantic

canada contain important deposits of coal in Nova Scotia and

New Brunswick (Haédxlebard, 1972). . Strata equivalent to some
of tht older Wes}:phalian A coals on the mainlénd are exposed
in western Newfoundland, and ra‘re named the Barachois Group
in the- Bdy St. George Subbasin and the Howlcy Formation in
the Deer Lake Subbasin (Fig. 1.,1). Both areas contain coal
seams which were mmed in the nlneteenth ctntury; In the
St. Ge,orLge's Bay Lowlands (Fig. 1.2), th1q past- produc\lung
area" is informally known as 'the St. George's Coalfield
(Hayea, 1949). ‘

‘d detailed study of the qqf‘xmentolnqy of the Barachois .
Group in the St. George's Bay Lowlands (Fig. 1.3) 1is ’

necessary to better understand the coal distribution,

thickness, and quality. This study is part of a joint

'research effort involving the Department of Earth. SNem,es‘

at Memorxal Unxversu:y of Newfoundland and the Mineral
Deposits Section of the Newfoundland Department of Mines and
Energy. The overall aim of the project is to bet-ter asseass
the fossil fuel pntentlal of- the western Newtoundland

Carbcmiferous hasins. Specifically, the objectives of this

thesis are: 1)  to descrxbe the fac1es and Ve[‘tlLdl saguences

of the Baracheis Group in the St. George s Bay Lowlandq' 2).
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Figure 1.1: Distribution of Carboniferous Strata in the
Maritimes Basin. After Knight, 1983.
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» _ ' .
' Figure 1.2: Geomorphic subdivisions ot the Bay St.
George Subbasin. After Knight, 1983.

3




BLANCHE BROOK

'ﬁf/

@

?

PENINSULA

. 48° 30

BAY ST. GEORGE

BAY ST
GEORGE
SUBBASIN

.: . .E.,';. . /«
o - /@Q’

A

//é’ ¥
//\,o‘p
Od#— 7 ¥
- 7t BARACHOIS GROUP

}-48°00
-
o™~ —=2
. —— BARACHOIS & CODROY GROUPS
F o

7~ MILES N

/ (0] 8 @T
. e ' . 3
T 7TRAINVAING 6 i3
KILOMETERS

- ¢ //‘3\ BROOK

58°30'

58°00'
=1

Distribution of the Barachois Group in the
After Knight,

Figure 1.3:
Bay St. George Subbasin.
1983.



. Y ' .
to reconstruct its environment of deposition; and 3) to

evaluate its fossil fuel resource potential.

Geological Setting of the Barachois Group

»

The Bay St. George Subbasin is part of an extensive
syseem of Carboniferous basins and higﬁs‘collectiQely termed
the Maritimes Basin (Williams, 1974; Knight, 1983) (sece Fig.
1.1). -Other naﬁes, such as ?undy Basin (Belt, 1964), Fundy
éeosyncline (Poole, 1967f} Fundy epieugeosyncline
{Hacquebard, 1972; prie and éarss, 1975), and St. Lawrence
basin (Geldsetzer, 1979) have been used for this feature.
Thé name Mafitimes Basiﬁ.is preferred here for the same
reasons given by Knight (1983); i.e., it is used in a
'geographical sense, whicﬁ pérmit§ bﬂe inclusion of all the

_ ; .
impoértant featdres of the Carboniferous of the area, and
does not allude to the presence or absence of defO{matiop.
The Méritimes Basin undetliesvmdéh of ﬁoﬁa Scotia, New

v

Brunswick and the”Gulf of st. Lawrence, with sediment
thickness reaching ; maximum of about 9 km in the Gﬁlf of
St. Lawrence (Howie and Barss, 1975).

The Bay St. George Subbasin ‘is present{y bounded to the
north by a v%riety of iéneous, metamorphié, ana Rgdimentary'
rocks. These include‘gneisses, granites, anérthosites,

diabase dikes of Precambrian (Grenvillian) age, deép water

Cambro-Ordovician siliciclastic rocks,. carbonate rocks of

the Cambro-Ordovician platform, allochthonous volcanic and




A

ophiolitic rocks, and greenschist grade metasecimentary
tocks -(Williams et al., 1972 and 1974). It is bounded to

the southeast by dismember ed ophiolites, metamorphic,

« I3 N ’ l . . i
‘volcanic, sedimentary, and intrusive rocks of the Dunnage

and Gander Zones (Williams, 1978; Chorlton, 1984).

_Basin Hishory

\

The most rec ant and extﬁn ive deological survey of the

Bay St. George Bay\Su is that of Xnight (1983). The

following basin h1story is sumﬁarized from his report. The
Bay St. George Subba;in was. probably producea by
right-lateral strike-slip fau1t1ng which began sometime 1n
the Devonian and contxnued at least untxl early or mlddle
Visean time. The basin fill consxsts of three approxxmately
3000 meter-thick sequences of preacominantiy fluvial,
lacustrine, and deitaic sediments, Marine érrata are only
present in ;he Codroy Group. The Anguille Group and the
basal Codroy Group were deposited in 'a roughly 30 km wide
graben, which Qidéned to about 60-km by thé time strike-slip
moti&ﬁ cea;ed. Marine incursions which occurred in Visean
time resulted in.the deposition of salt and marginal marine
deposits (Codroy Road_FormaLiOn and the Jeffrey's'villaqe
Member), and were followéd Sy renewed continental
sedimentation.that persisted through the debosition of the

Barachois Group. Seismic evidence suggests that as much as

6 km of Codroy and D3arachois Group sediments were deposited




in the regibh-bénea;h St. Gedfée‘slBay (Hobsonlﬁnd Overton,
1973). The Barachois Groﬁp caontains the youngesﬁ known
régks in the basin. "The rocks in the.basiniwere deftormed by
renewed right-lateral strike-slip and vertical hovcments

during the Late Pennsylvanian Maritime Disturbance (Poole,

1967; Knight, 1983).

N ’ t

Distribution of the Barachois Group and its

Relationship to other Units

The major occurrences of the Barachois Group are
located in the Codroy Lowlands® (along the coast between
Larkin Point and the mouth of the Grand Codroy River), (Fig.

1.3) and in the St. George's Lowlands (the undifpided.

Tl
i

L . . ' ' . ) o
Barachois Group). The former loFatxon 1s the Yype sectiin

Oof the Searston Formation which was described:_n detail by
Kﬁight (1983). This. thesis will focus o; the less well
known exposures in the St. George's Lowlands, including the
St. Georyge's Coalfield. Minor occurrences of the Barachois
Group are found at Ceal Brook and near Trainvain Brook.in
the Codroy Lowlands, and along Blanche Brook northwest of
Stephenville (Fig. 1.3).

THe Barachois Group in the St. Gecrge's Lowlands
occupies a northéast¥trending, doubly plunging syncline
(Fig. 1.4). It is bounded to the west by the Crabbe's Brook

Fault; to the south and southeast it conformably(?) overlies

the Robinson's River Formation (Codroy Group), although
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parts of the eastern boundary may'be faulted. 1t is in
conformable and/or fault contact Qith the Brow Pond Lentil
(Codroy Group) to the north and northeast,

Previous Work: Coal Evaluation

'The.eatly stud&es of the'Baracho;s Group were spurred by
fhe Presénce of(coa} which} accordihg tp Baker (1927), was
fiist‘?epdrted in 1822.by W.E. Cormack. During the last
quarter of the gjnetéenth century, several coal prospectiné
expeditions to the St. Geotge s Coalfields were undertaken
by thé”Geologiéai SurQey of Newfoundiand (summarized in
Howley, 1896). These surveys involved trenching and opening
coal seams for Gistances up to apout 400 m. A totai df 12
coal seams were reported, nine of which were destribed as
being thicker than 0.3 m.‘ published reports throuaghout the
twentizth century‘record a graduai diminut;on of thelcoal
prospects in western Newfndndland. Dowling (1920) egtiméted
that the mineable coal reserves in the St. George’s
Coalfieldslare approximately 455,000 tonnes demongtratcd
and as much as 2,000,000 tonnes possible.

.Baker (1927) produced thHe first geclogical map of the

.coalfields and supervised the drilling of eight closely

spaced borehole:s which were nsed to provide evidence for the
economic potential of the coalfield. He was undaunted by

the steep dips and by the lateral variability of the seams

displayed in the cores and suggested that the -gently dipping




strata to thé:eést of the exbosed seams probqbly éontained
considerable\quaptities of éoal.' |

erhe‘exposed coal seams wérg described in detail by Bryan
(1938), who coﬁcluded that although "constderable tonnage;
of coal is present, extraction is neither practical nor
economic, due to the variability of coélvquality, the
structural complexity of the strata, and the distanée to
marketsf Baséd on the inability to correlafe coal seams and
the splitting of seams in eleven more diamond drill holes. jin
the St. George’'s Coalfiela (Summers, 19487%, Hayes (1949)

corpoborateé the findings of Bryan (1938). He suggested

tﬁat-ih addition to the strucppfél problems, the stable’

‘depositional conditions necessary for the formation of

thick, continuous coals were not present during Barachois

Group deposition.

Howse and Fleischman ('1982) examined the coq1¥béaring

outcrops along the Middle Barachois Brook and found evidence

"of only two seams. Electrical resistivity was used to map
L

faults, although it was ineffective in tracing coal seams.

Scintillometer readings were 2-3 times background in

vcarbonaceous rocks and soils.

Xnight (1979, 1983) summarized the history of the St.

Gforge's Coalfield exploration and the information contained

-in previous reports. Mapping by Fong (1976) and Knight

(1983) has not led to a full understanding of the s

controlling structures and extent of the coal deposits, so




rocks .n the Bay St. George Subbasin 1s complicated by rap1d .

.1983). particular difficulties noted by.Fnight (1983) are

‘coal measures, and measured secti'ons in the coalfields.

" and structure of the Carboniferous rocks, and proposed three

that Kn19ht (1983) has advocated more detaxled napping,
structural analysis and further core crxlllng to confirm the

presence or absence of a m1neable coalfield.

.

Y

Previods work : étrétigraghy, Age,. and Sedimentology

The stratxgraphy of the Upper Carboniferous sedxmentary
lateral facies changes and-diachronous boundaries (Knight,
the definition of the Barachois Group/codroy Group contact

and 11thosrratxgraphlc def1n1t10n 1n the upper part of thpr'

Codroy Group. These problems are’ compounded in the §St,

George’s Bay Lowlands by poor exposure,

~Early wofkers (Jukes; 1843; Murray, ly73; Howley, 1896,
1913; Bakéf, 1927; Bryan,.193s) reported the occurifnce og
Cafboniferouslrocﬁs in the Bay Sg Georqge area, subéivided

them inteo Miszizsippian andCUr strata and pennsylvanian
ttayes énd’Johnson (1938) described the general sedimentology

series names;~includ;ng the Barachois series of Late
Car%oniferous age. The contact between.the Barachols Series
and the underlyinq Codroy Series was fbund‘to bepoorly
defined. A Westphalian A age was .obtained from the

megafloral remains in the coal measures. Bell (1948)

followed the same nomenclature, but d1fferent1ated the

ll . Ce




. Searston Beds from the Barachnis.Serieé."The Searston Beds

-,CodroQ”series‘and the Barachois‘series. Baird and Cote

‘Middle Pictou Group strata (Westphalian C age) in Nova

¢ -
.

were dated as early Namurian based on megafloral remains, -

> -

and it was suggested that they were transitional -between the
(1964) redefined the.series as gfoups.

Hacduebard et al. (1961) identifiedBMhree
biostratigraphié’divisions based on' palynomorph assemblages

within the Barachois Grouﬁ and suggested the use of the term
. . n . ! ) .

"Howley Beds" to refer to strata of Westphalian A agz'which : .
. Y ‘

oveflie the Searston Bgds, but are olher than the St.
Gedrge;S’Lowland c&éls. The term has not found its way 1into
common usagé in this context. The Searston Beds were found
to:contain an qarly Namur;aﬁ'paiynomgrph assemblagg which
was equivalent to the Canso G{oup in Nova Scotia. WOrkiﬁg
in the same areca, Utting (1966) provided additional o
pélynological evidence for a Némurian AAagé fo? the'Sea;stsn

Beds and the Westphalian A”age of the cgal—bééring‘strafa,in

the Codréy‘Lleands.‘ Spores fromlBaracﬁois Group'strata on

'Blanche Brook near’Stgpheﬁville suggest agcotrelation with

Scotia (Riley, 1962). : :

‘.Thé type section'of.the~Barachois~Group was designaﬁed-
in the St. George's Coalfiéld by Belt (1969), who also™-
described lithofacies aésemblages, sedimentation pattérns,
and the.tectonic>framework for the Carboniferous rocfs 6f

-

easterp Canada (Belt, 1968, 1969}, ‘Hé included the Searston

a - «
i
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Beds in the Barachois Group and suggested (as did Knight,
. . . ]
1983) that the source of the sediments in the Group as a

whole lay somewhere southeast of the Long Range Fault. The
T

St. George's Bay Lowlands were mapped by Fong (1975). He

~divided the Barachois Grdup into a lower sequence of coarse

) . . . )
sandstones and conglomerates and an upper sequence of tiner

grained clastics‘with caliches and carbonate concretions.
He also included the cénglomeratic Brow Pond Lentil (Fig.

l1.4) as part of the Barachois Group because it appears to

- ovérlie both Barachois and Codroy Group strata and becausc

of the presence of Codroy Group pebbies. “However, the Brow

Pond Len:il was sdbsequently assigned to the Codroy Group by

Ty

Knight (1983).

Knight (1983) mapped the sedimentary rocks of the

-

Anguille Mountains and the Codroy -Lowlands in thke most
detailed report to date. Table 1.1 illustrates Knight's

(1983) stratigraphy of the St. George'!s Bay Subbasin and its
. ' o

correlation with European and American Stages, Most of

Knight's (1983) work in the Bé(&thois Group focused on- (1),

‘the well-exposed Searston Beds (which he elevgted'to

formatibn staﬁrs), and (2) on the Barachois Group within the

Codroy Lowlands. The Searston Formation is at least 2500 m
thick in the type section and was interpreted as the deposit
of meandering rivers during a time when the climate was

rclatfvely humid. Previous authors .(Hayes and Johnson,

1938; Utting, 1966; Belt, 1968, 1969) ha{g noted the fluvial .

- 13
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Table 1.1: Carboniferous stratigraphy of the Bay St.
George Subbasin. After Knight, 1983.
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character of the‘Ba'rvachoisGr'oup is well,

The previous investigations of the coal deposits of the
St. Georée's Co-a'lfields have ‘concentrated 6n the area in the
vicinity of Middle Barachois Bforok (Fig. 1.4). The BSG#l
borehole was drilled and cored in 1983 along the axis 'of‘ t he

_ )

coalfield as mapped by Baker (1927, his Fig. 1) in order to
see if the coal seams exposed at Midgle Barachols Brook are
laterally cont ir;uoubs‘ br if new seams could be encountered.
The fact that only three-=thin, ((5 Ccm) occurrences Of coal
were found in the’core suggests that past pessimistic
appraisals of the 5t. Geo.rge's Coalfield are correct. - These
ri:éw data, along witﬁ the .la:):k of detailea mapp;ng of the
Barachois Group in the St. George s Loy«lands proviced the
impetus and direction for the study on which this thecnu is
based.' , DetailedAsedimenktologi'cal studies were requirea to
interpret the depositional hist@ey of the Barachois Group in
the St. George s Qay Lowlands and to evaluate the controls
on the deposition of oréanic—riéh sedirents. This study, 1n
conjunction with basinwide thermal maturation ‘invest igat ions
and sédimenﬁological research in other Carboniferous basins
in Newfoundland (i.e; D'eer‘ lake Basin), will help to
élucidate the teétqnic history as well as the fossil fuel
potential of the regfoh. ‘ ‘. | -

Methods of sStudy

Facies and veltical facies sequences were described 1in

Ys




thé field and in tv;o con;inuous}y cored bo’rebol&s.,' one
drill~ed in the centre of the basin as phart of this project
(BSG#1l, 343 m) and c.)ne drilled in the northwestern corner és
" part of an-' exploration program for salt by Amax Exploration
Inc. -(FB2-76, 794 m) (see Fig. 1.4 for ,t:he locatioq of
Boreholes). buring the drilling of FB2-76, a fault was
crossed resulting in the inadvertent coring of 522-'m of
'possible Barachois Group' sediments (Knight,l_ 1‘983).

s

" Exposure of the Barachois Group in the field is limited
to river courses which flow perpeh‘dicular to the general
strikew of the beds. Unconsolidated Quaternary deposits (55
m thick. in BSG#1) form the river banks and often obscures

bedrock putcrops. Sections are best exposed alonpg the

Middle Barachois Brook and were measured ‘with Jacob's staff,

tape,v or pace dependi_’ng on the attitude and quality of the

, exposure and the water depth. ?:he locations of outcrops
.which were measured or examiﬁed are shown in Figure 1,.5.
Outcrops became better exposed throughout the field season
as water levels dropped. In general, sections are short,
‘and coarser units are pfeferentially exposed. The sections
provide a'disclo.ntinuous vievw of the entire section from the
faulted western margin and the cenformable(?) eastern margin
of" the outcrop to the centre of ﬁhe sy‘ncline‘. | .

There are no knéwn marker‘bed's in the Barachois Group,
~and megafloral rema.ins are long-ranging, sb there is no

obvious basis for correlation of borehole and .outcrop

g 16




sections. Palynolegical sample§ were collectéd, but
det:ailed subdivision of the Barachois Group based on
palynomorphs has not been unde;’taken as part of this study.
Petrographical and clay.mi_n,eralogical studies we.re .
undertaken in order to help el‘ucidate the depositional
history and to examine the possibility that differences in
the amounts and/or types oAf minerals could aid in
correlatior;:

Sections were .subdivided into facies which were then
grouped 1into 'ass\bciations., The facles associations were
then interpreted.in terms of theiz" deposition_al environment,
étable carbon isotopic data ‘obtai_ned for some of thé

RS

sediments provided additional clues as to their environment

e

of deposition. g

The assessment of fossil fuel (gas; oil, coal)
potential is based on.several types of data. Porosity
A

estimates were made from well logs recorded in the BSG#)

borehole. The suitability of the shales as source rocks was

evaluated by measuring their total organic carbon content

and 'their extractable carbon content. General estimates jof
the quantities of coal and petroleum sdurce rocks were made
on the basis of their relative proportion in the vertical

‘'sections and predications of their.lateral exterit, based on

inferred environments of deposition.

17
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CHAPTER 2 - STRUCTURE AND .GENERAL DESCRIPTION OF

. ’ BARACHOIS GROUP STRATA

Structure

A cross-section of the Barachois Group éxposed along
Middle Barachois Brook was constructed from daté collected
,fop this study (Fig. 2.1) and shows an overall §ynclinal
structure. Gentler dips on the eastern;limb of the syncline
. result in the exposure of copsiderably less vertical- section .
Shan in the more steeply dipping wesgern limb. The gecometry
- of the synclinal structuré suggests that the easternmost
exposurés arq approximately equivalent (stratigraphically)
to rocks exposed at outcrops 20-25 (Fig. 1.5). ~

Faults_and'small folds occur at ééveral locations along
Middle Barachois Brook._ In most cases offse@ along the
faults and the attitgde of fault planes are unknown, In
gare caseé, centimeter-éqalé displacements on faults are
observed (e.g. outcrop 92). Beds are commonly not traceable
across -the faqlts bgcause of poor exposure. -

There is, however, no evidence for large-scale fault
movements within the Barachois Group, and this together with
generallj_consistentlfacing_directions suggest that the
sectioﬁs from the margins to the axis of the basinal
syncline are arranged in a younding sequeﬁce. Smail dip

angles (10 to 40 degrees) throughout much of the section,

"
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imply that vertical changes in lithology reflect changes due
to basin location as well as temporal changes in

deposition.

General Description of BSG#l Core

The BSG§l borehole was ‘drilled and cored to a total

’

depth of 343 m. Coring operations commenced after drilling

55 m of overburden. The B3G#l core (Appendix A, Fig. 2)

consists of approximately 4% conglomerate, 38% sahdstone,

and 58% mudstone. Grey and drab beds predéminate, but

reddish-brown beds become more comméndtoward the top of the’
core. Thin (up to 5 cm) beds of dirty coal occur at 256.7
‘a, 250.0 m, and 220.1 m. Lean 0il shales up to 1.5 m thick |
occur at 326 m, 256.5 m, 225 m, and 222 m. Oil'shaies
contain a restricted fauna of fresh to brackish w;ter
HliéfaCOdes and gastropods (C. Dewey,.pers. comm. ).
Slickensided fault surfaces,.ca{cite—filled Eractuées.
and dips of 20 to 40 degreeé from horizontal are common
throughout the core. | |

»

General Description of FB2-76 Core

Thé FB2-76 borehole was drilled and cored to a total
Sipth of 794.2 m. Coring Fommenced at 272 m following the
discovery of gyps;m.in the drilled cuttings (AHA#, 1976).
The FB2-76 core (Appendix A, Fig. 3? consists of 25%

conglomerate, 36% sandstone, ana 39% mudstone. The basal

19




56.5 m 6f’the‘core.are dominated by red and grey mudsgones.
At‘737.5 m an -abript transition to conglomerate-dominated

sedimentation takes place. Apparent maximum clas{ {AMC)
size varies throughout the éore. AMC size decreases from
4.7 cm in the lower part of the core (737.5 m to 445 m) to
2.4 cm in the upper section (445 m to the'top of the core).

‘The coarsest clasts (up to 10 ¢cm apparent long axis) occur

in the interval 544 m to 525 m.

Coaly laminations and cqal beds up to 2 cm thick occur

. o ) o
at 778 m, 71925 m, 715.3 m, and 629 m; coaly debris is most

common in the lower half of the core. Calcified logs (up to
about 12 c¢m in diameter) occur at 570.5 and 287.5 m,
Slickensided surfaces and calcite-filled fractures occur

throughout the core; dips vary between 20 and 70 degrees

from horizontai.

In general, ;he’quality of the F82—76-Eor 's'poor due
to prolonged o&ﬁdoor stbrage. Many of the shale its have
.bepn reduced to rubble as a result of,freeze-' ctivity.'
Gypsum and halite-filled ffaétures were noted at 583—?84 i
by well—site'pérsonnel (AMAX, 1976). These minerals are no
longer present. Lithostratigrbphically,yphe occurrence of

<4

these minerals sugéést a correlation with the Codroy Group

-
General Description of Middle Barachois Brook Strata

The stratigraphically lowest exposures along the Middle

Barachois Brook are dominated by sequences of grey

20
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conglomerate and sanﬁstone which alternate with sequences of
red-brown mudstone and sandstoae. Stratigraphiéal[y Higher
exposures become progressiQely richer in mudstone,
particularly grey muastone. Coals and oil shales are
confined to a zone bétween outcrops 21 and 51 (Fig. 1.5),
althoudh coalified woody debris is found in sandstones at
all stratigraphic levels. With the exception of two
exposureé of ostrécdde-bearlng limestone and two exposures
of gastropod- and“ostracode-bearing oil shales, the only
known fossils present in the Ba;achois Group are plant
reTains and spores.

Two generalized paleofioQ directions emerge from
orientation measurements on cross-bedding. Flow was from
the north in the stratigraphically lowest exposures (i.e.

{

between outcrops 38 and 28 on the west limb and between
N\ . .

ouférops 68\$nd 75 5n the east limb of the syncline).
Paleoflow wés mQ%e variable, but ;enerally northerly
directed in the stratigfaphically higher exposures (ile,
petween outcrops 28 and BS).

Exposures along Middle Barachois Brook vary
coﬁsiderably in length and gquality. Much of the outcrop is
dpderwater (i.e. in the_streambedl. ﬁeasured sections
illustrated in Appendix A range from less than 10 m (outcrop

10) in strétigraphic thickness up to almost 200 m (outcrop

13/14).
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Age and Correlation

Since no marker beds are available with which to
correlate sections; 45 samples of grey mudstones were
‘collected and processedhfor palynomorphs. Although 35
samples yielded .spores, only four were eQéminéd as part of
‘this thesis. Speclies and genera 1dentified from four
samples are listed (albng with their épproximate ranges) in
Tablesﬁz.l to 2.4. The goungest assemblage‘is found in the
sample fron 349.2‘m in the BSG#l‘borehole. The presence of

Florinites pumicosis, F. similis, Punctatosporites species,

Raistrickia saetosa, and—Calamagpora cf.breviradiata

‘indicate that it is probably Westphalian A-in age (Clayton

r

et al.;, 1977; Braman and Hills, 1977; Smith and Butterworth,

"

1967). ‘Spore content (Hacquebard et al., 196l)and”

macrofloral evidénce (Bell, 1948) indicate that the

)

coal-bearing beds 2long the Middle Barachois Brook are also

-

Westbhalian A in age.

Most palynomorphs from a sample taken at 774.4 m from

the FB2-76 core range from Visean to Namurian in age (e.g.

convolutispora ampla, CrassisSpora maculosa) (smith and
Butterworth, 1967). This.sample probably represents thé
oldest assemblage examined. )
Diversewpalynomorph assemblages which contain éommon
wQSEphalian—age spores are present in saﬁple P13 from .
outcrop 38 (the stratigraphically lowest outcfop) and from

278.6 m in the FB2-76 core. Botn of these samples, are

22




TABLE 2.1: MIOSPORES FOUND IN BSG#1 340.2 m

Microreticulatisporites cf. M. microreticulatus
Knox 1950 (Namurian) .

Raistrickia saetosa (Loose) Schopf, Wilson, and
Bentall 1944 (Westphalian A to B) '

Calamaspora cf. breviradiata Kosanke 1950
{Westphalian A) ‘ ~

Radiizonates cf. R.striatu5 {Knox) Staplin, and
Jansonius 1964 (Westphalian A to B)

Anaplanasporites globulus Butterworth and Williams
emend. Smith and Butterworth 1967 {(Namurian P)

Florinites pumicosis {Ibrahim)#®Schopf, Wilson, and
Bentall 1944 (Westphalian A to D}

F. similis Kosanke 1950 (Westphalian A to D)

Lycospora pellucida (Wicher) schopf, Wilson, and
Bentall 1344 {Visean to Westphalian D)} °

"Punctatosporites minutus Ibrahim 1933 (Westphalian A)

Crassispora kosankel {(Potonie and Krenmnp) 3haradwa) 1957
emend. Smith and Butterwgrth 1967 (Namurian to
Westphalian D) , ,

Granulatisporites cf.G. minutus Potonie and Kremp 1955

~ (Westphalian A to C) :

Cyclogranisporites multiqranus emend. Smith and
Butterworth 1367 (Westphalian A to B)

Schopfipollenites sp. :

Stenzonotriletes sp. .

Campotriletes sp.

JPunctatasporites sp.

Digtyotriletes sp.

Punctatisporites sp. )

Knoxisporites sp. . (

Apiculatisporis sp.

verrucosisporites sp.

Lophotriletes sp.

23
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TABLE 2.2: MIOSPORES FOUND IN OUTCROP 38 (Pl3)

~Dictyotriletes hireticylatus (Ibrahim) emend. Smith and
T Butterworth 1067 (Westphalian A to C) ' ‘

Lycospora noctuina Butterworth and Wllllamg 19J8
(Visean to Westphalian D)

Cyclogranisporites cf. minutus Bharadwaj 1957
(Namurian_ A to Westphalian D)

Lycospora pysilla (Ibrahim) Schopf, Wilson, and
Bentallk}944 (kaean to Westphalian D) :

crassispora kosankei (Potonie and Kremp) Bharadwaj 1957
emend. Smith and Butterworth 1967 (Namurian
to Westpiralian D)

Savitrisporites nux Butterwvorth and Williams emend.

v smith and Butterworth 1967 (Namurian A to Westphalian)

Knoxisporites cf. K. cinctus (Waltz) Butterworbh and
Williams 1958 (Namurian A) '

Laevigatosporites cf. L. vugaris Ibrahim 1933

' {(Westphalian B?)

?Convolutispora florida Hoffmelster. staplin,
and Malloy 1955 (Visean)

verrucosisporites cf. V. cerosus (Hcffmeister,
Staplin, and Malley) Butterworth and Williams 1958
{Visean to Namurian)

Calamaspora sp.




TABLE 2.3: MIOSPORES FOUND IN FB2-76: 278.6 m .

Qranulat1spor1tesggranuratus Ibranlm 1933 (V1sean to
westphalian C). ‘
Lycospora pusilla (Ibrahim) bchopf, Wilson and’
Bentall 1944 (Visean to Westpalian D) |
Cyclogranisporites minutus Bharadwaj 1957 (Namurian to
Westphalian D) . v
Verrucosisporites cerosus (Hoffmeister, staplin, ‘and
Malloy) Butterworth and Williams 1958
{Visean to Namurian)
?Stenzonotrileres bracteolus Buttérworth and williams
comb. nov. Smith and Butterworth 1967 (Visean to Namurian)
Savitrisporites nux-Butterworth and Williams emend.
Smith and Butterworth 1967 (Visean tc Namurian A)
Lophotriletes commissuralis (Kosanke) Potonie |
and Kremp 1955 ( rian to Westphalian D) .
Apiculatisporis latigrafifer (Loose) Potonie
and Kremp 1955 {(Westphalian)
w¥1t21spora polita Hoffmeister, Staplin and Malloy comb.
nov, Smith and Butterworth 1967 (Visean to Namurian)
Florinites cf. F. junior (broken): POtOﬂle and Kremp 1955
(Westphalian) .
Raistrickia fulva Artuz 1957 (Westphallan)
Lycospora pellucida (wWicher) Schopf, Wilson,
and Bentall 1944 {Visean to Westphalian D)

‘L. noctuina Butterworth and Williams 1958

(Visean'to Westphalian D) '
Microreticulatisporites cf. M.'nobilis (Wicher) Knox 19595
(Westphalian)
Converrucosisporites armatus Dybova and Jachowicz

emend. Smith and Butterworth 1967 (Westphalian A)
Knoxisporites cf.K. triradiatus Hoffmeister, Staplln,
and Malloy 1955 (Visean ta Maurian) -
Endosporites ornatus Wilson aid Goe 1940 (Westphalian?)
Pustulatisporites cf. P. papillosus (Knox) Potonie
and Kremp 1955 (Namurian A)
?Krauselisporites sp.
Cirratriradiates sp.
Dictyotriletes sp.

Puntatosporites sp. : - o -

?Laevigatosporites sp.
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TABLE 2.4: MIOSPORES FOUND IN FB2-76: 774.4 m

~

Cenvolutispora ampla Hoffmeister, Staplin and .
Malloy 1955 (Visean to Namurian)
Densosporites cf. D. pseudoannulatus Butterworth and

Williams 1958 (Visean to Namdrian) -
Pustulatisporites cf. P. ‘papillosus (Knox) Potonie and
Kremp 1955 (Namurian A)

‘Punctatisporltes arearius Butterworth and Williams 1958

{Namurian)

'Granulatlsporltes granulatus Ibrahfm 1933 - ¢

(Visean to Westphalian C) -
Lycospora pusilla (Ibrahim} Schopf, Wilson and Bentall 1944
~ {Visean to Westphalian D) :
Crassispora maculosa (Knox) Su111van 1964
{Visean to Namurian) .

'Convolutlspora cf. C. venusta Hoffmeister, Staplin and

Malloy 1955
Microreticuatisporites mxcroretlculatus Knox 1950
(Namurian) .
Verrucosisporites sp.
Convolutispora sp. .

A
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Namurian to Westphalian in age although they contain Few

palynomorphs in common. These two samples may be

intermediate in age between the lower part of the FB2-76

core and the BSGI_I core.

In the Maritime provinces of Canada, Euraopean Stdge
are used thh rock- stratlgraphxc units as xllustratud in.
chapter 1 (Table 1.1). Baéed on balynologicdl evidence, the
apparentlx youngest fample (WestphaJlan age) dabbpl 340,2
m) is equlvalent to the RLVersdale Group of the Maritimes;
the other three samples are probably equxvalent to Cansoan
strata (Knight, 1983; Hacquebard ét-al.,‘l96l)gx'

Lists of generic miospore aséembléges prgvided by
Hacquebard et al.v(1961),and Utting {1965/ for the Haritime
‘provinces of Canada and for Barachois G;oup'strata in the
Codroy Lowlands respectively, are similér to generic
assemblage llsts presented in Pables 2.1 to 2 4. According
to the biostratigraphic zonation developed by Hacduehard'gg

al.(1961), strata from which the samples were taken are .
— ) .

assigned an age‘between the Namurian A and the Westphalian
vA. v

Based on miospore aésembléges, the rocks in the FB2-76
borehole appear to be equ1valent in age to theégggpgt dnigs
of the Searston Formatlon (i.e. earliest Namuri !f ‘Knlghi.
1983). Tﬁis‘informatioh corrdboratés Knight's (1983)
suggestion that the sgfata in the”FBZ-?G_Borehole he
included in the Bafaéﬁois5Gronp. The, presence of

K.
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evaporite- f1lled fractures in the core (as mentloned
earlxer) may be due to the proxmuty of the bOrehole to the

Crabbe's’ Brook Fault and associated- thxck salt -structures as

w

opposed to belng evidence in favor of xnclusxon in the

For the purposes of this»study\,

underlying Co'dr‘,oy‘Group.
, the rocks in the FB2-76 borehole are included in the
Further elucidation of the stratigraphg} in

. N
the Barachois Group awaits more detailed palynalogical-

" Barachois Group..

biost rat_igraphié information.

-
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CHAPTER 3 - FACIES DESCRIPTIONS

Introducrion : Lo .

ed from the cores and the outcrops. Each facies 1is
ovided in Appendix A.

Facies A: Conglomerate «

DESCRIPTION. This facies is characterized by . _-
stra;:ifi-ed, structureless and in rare éases trough |
cross-stratified conglomerate (Plate 3.1). Individual |
clésts afe generally <2 cm (maximum of 10 cm) in size
{measured along the apparent long axis}), i‘m‘bric:atgd, and
moderately well rounded to subangular. Clasts are usually
well sorted and they are set in a medium to very ccarse sand .
r'natrixr., Both ‘matrix a;ud_grain supp'or.ted-‘conglomerat'e occur.
Pebble Ifthologies include, microlitic and porphyritic
:ro.lcanics, chert, qgartz—muécovite and sericite schists,
gr'allxite, and quartz,

Intraformationél mudstone and limestone cl'aists are
present locally. Cong-lom?;aies may cd‘ntain coalvifiédv "(‘fi‘eld
sections) or calcified (F82-76'.) plant remains to 25 em in
diameter. Thin. (<5 Acml) _bé.d'é of mudstone with sharp. 'contr_acts

occur within this facies. Massive conglomerates-are rare in
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Plate 3.1A: Facies A - stratified conglomerate.
P1 FB2-76 borehole, 706.1 m.
ate 3.1B: Facies A - massive conglomerate with a
cross-section through a calcified log at
the top of the core. FB2-76 borehole, 632.4 m.
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the field sgctions} but they are corﬁmon in the cores.
Cross-stratifica_tio'nA in conglomerates is q:y.,y ‘reéognizabler
in the field sections _whére trough crossiséts are generally
less than 0.5 m tf‘liCkA. In the field sections and in the BSG
tleborehole, rocks assigned tofthis. facies are qgrey in'
colour and accoun.t for O- to 15% of the section. 1In the
FB2-76 borehole, rocks. assigned to facies A are ei_th;er red’
or grey and ac€ount for 23% of t;-ne section.
PROCESS-INTERPRBTATION. Therlack of muddy and érlty
matrix in 'phe rocks corrnpr'ising facies A suggests that these

deposits formed - in'relatively high velocity ‘flows in which

fines were winnowed out by the current. The absence of

' vertical clasts, clasts whicﬁ 'projec"t above the beds, and -
the general imbrication of clasfs suggests that ‘de‘b‘ri's ‘f_foﬁs'
were not responsibie for deposiﬁing the'st"rat'ified a*nd‘
massive conglome;ates (Rust ar;d Koster, 1984). Lagq dei)os'it;s
are indicated- by the.presence‘ of basal 3coured‘surfacés a_rid
,mudclasts.I Cross-stratified conglo‘merate is formed z:\s5 ' .
scour-fill or by the migratian of gr‘avelv bars with develop'ed‘
slipfaces (.Rustf, 1975). The abrupt upward gradation to
finer’ g.rairn size and the presence of muddy drapeIS' in_d_'icat'e
that flow generally waned rapidly rather't.t‘lan g}adua‘lly.'

The structureless or massive grav{els'in the cored ‘
intervals may only appear strucitureless.on the scale at’

which they were examined. The core is 50 to 90 mm in

diameter, so that maximum clast sizes approach the core

~

-
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-diameter, making it difficult to discern sedimentary

-

structures. The fact that massive 'gravels are rare in the,
field sections suggest that -stratification may be more

common in the core than is apparent.

Facies B: Intraformational mudclast conglomerate.

DESCRIPTION. _Rpcks'comprising facies B are present in.
both the outcrop and in the cores. 'These deposits consist
of asmixture of locally-derived red cor qrey mudclasts,qnd
éxtraformdtional pebbles in'a matrix of fine to coarse sand
(Plate 3.2). The mudcla§ts range in size from less tban'I
cm to 10 ém and form approximately 20-50% of the faciés.
Clasts are either rounded'or preserved as 1-2 cm loné, thin
(several mm thick) flékés. Facies B rocks may be
cross-stratifiea, horizontally stratified, or massive.

Faclies B 1is rarely more than 10 cm'thick. An excep;ion
is in the interva) 344-348.4 m in the FB2-76 core. Thicker
beds and beds with mote well rounded clasts tend to be

rd -

’assoc1ated with pebbles {2-3 cm in_diameter) and coarse
sand. Fac1es B never comprlses more,than ;1 of a sectlon..

. . PROCESS INTERPREIATION. ‘Thls facies is probably the
product of depositién in—erosive scours of locaily derived,
_unllthlfled but cohésiveu muddy material. It is llkely
that more well rounded clasts were tfansported as bedload
Flume experiments (§mith, 1972a) suggest that such

] . . /o T ; : o
intraformational cflasts could not survive transport of more

~J
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Plate 3.2: Facies B - Intraformational conglomerate
made up of dark grey mudstone flakes in a
medium to coarse sandstone matrix. BSG#l

borehole, 266.5 m.
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N 7/ ’ )
than hundreds of meters. Thin flakes associated with finer

sediments may have been transported in suspension.

Facies C: Cross-stratified sandstone.

DESCRIPTION. Facies C strata consist of centimeter to

decimeter scale, trough cross-stratified, fine-grained to

very coarse~grained sand and pégbly sand (pPlate 3.3). This:

fécies i3 gradational iﬁto facies A (cfoss—stratified
conglomerate). Decimeter-scale cross-stratification is
.recognized in the cores by non-parallel strata which suggest
converging cross;bed fqresets. -The differentiation between
planar and trough cross-stratification depends upon
three-dimensional exposures (Reineck and .Singh, 1980, p.98).
The lack of such-éxpesure in’'the core and in most outcrops
necessitates grouping all cross-bed type; into one facies;
In several field'examples, trough croés-beds are exposed in
plan view (see plate 3.4).

Lenses of coarser or finer material are interspersed
throughout facfes C. The coafser lenses have erosive bases ]
and giadational tops, and may contain intraformational
mudclasts. The finer lenées have sharp bases and tops. Grey
shale drapes (¢5 cm thick)'are present, but uncommon within
facies C (e.g. BSG#l, 210 to 212.5 m and outcrop 62). Rare
examples of planar tabular cross-strata (up tovo,slm thick)
'occur at 106 m, 176 m, and 182 m in outcrop 14 and at 8 m at

outcrop 5lb in red or grey, medium- to coarse-grained




Plate 3.3: Facies C - cross-stratified sandstone.
FB2-76 borehole, 599 m.

35




-—ng

Plate 3.4: Facies C - trough cross-stratified sandstone
in plan view (outcrop 69). The staff is
1.2 m long.
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 sandstones. Apparent dips of planar foréset laminae avefagé Q
- .. \

‘dbout 20 degrees. Mudclasts occur at the base of one unit
and hematitic plant remains are interspersed throughout
‘aﬁother. |

Coalified Organié matter is common in facies (C: it
occurs as both discrete plant remains Or as orgénic—rich
laminations. Hematite-stained plant casts (Calamites and
stigmaria) occur in the vicinity of Coalibearing‘outcrobs;-
Locally, within facies C, bedding is convoiuted: At 176—178
m in BSGEl, bedsvof.facies.c are thinly interbeéded wiﬁh

mudstones and contain convolute bedding. ) ;/”
Spheriéal, calcite-cemented concretions occur wj
facies C at séveral exposures. (ross-strata ar continuohs
through the concretions. The concretions are simiiar to
thosendescfibed by other authors as ”cénnonball' concretions
" (Belt, 1965; Ufting, 1966).
Facies C is common in both cores and in the field
exposures. It accounts for QB% of the thickness of the

FB2-76 cor®, 26.5% of the BSG#l Core, and between 6% and 49%

(mean of 24%) of the field sections.

PROCESS INTERPRETATION. Cross;beds in facies C are

formed by the migration of three—dimensional megaripples in’
the cése of trough cross-stratification and by t he migration
of two-dimensional bedforms (i.e. §andwaves} transverse

bazs; or straight-crested megafipples) in thé‘casé of planaf

cross-stratification (Harms et al., 1982). Megaripples




(duhesi form at minimum mean'flow Qelécities oanbout 40
‘cm/sec (Harms et al., 1982) for medlum— to cg rse-graiﬁed
sand. The presence of fxner and coarser depos1ts within the
éréss-stratlfxed units }ndlcates that/current'strength
varied dufing thé'depoéition of tha unil, and, with the
deposition of mudstone and brganié-rich drapes, must have
slackened con51derably at times to allow deposition of

. suspended material to occur. Scour and fill were
responsible for the coatSer-grained interbeds, wﬁereas a
waning of current strength resulted in flner lenses being
deposited. For the plana; tabular units, dep051txon from
avalanching bedload, with very little suspension logd input
is indicated by the angular basal contact of the foreset
laminae and the lack of fine grain sizes (Jopling, 1965},
Convoluted bedding may be due to penecontempéraneous |

deformation such as liquefaction.

Facies D: Parallel-laminated sandstone. ) |

QESCRiPTION. Facies D :angeé frpm‘very.fine—‘to véfy
coarse¥gkained‘and pebbly Sands; but is most cbmmon in the
very fine to medlum sand s;zes. Parallel 1am1nat10n and
parting 11neat10n are the only visible sedlmentary
structures (Plate 3.5). The laminae are defined by gréiﬁ
size differences and micaceous layeré in thelsandstone; |
Mudstone rip—up clasts are locaily present. o

Units of facies D range from 0.2 to 2.0'm thick.
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Plate 3.5: Facies D - parallel-laminated sandstone.

BSG#1l borehole, 156.6 m.
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parallel lamination in facies D occurs in both red and grey
units. vInAmost sections, facies D accounfs fdrvless than,2%
of the total thickness, but’reaches 9% in3outcrops 15 and'
51. In some corés, this facies 1is difficuif to distinquish
from facies C due to changes .in stratal dip angles.

PROCESS INTERPRETKfION. Facies D resultg Erom flow over
a flat bed in either the upper or lower flow regime. For,
fine sand, flume studies show that parallel lamination forms
only in the upper flow regime (mean'flow velocities of at
least 60'Em/sec'for,flou depths » 8 c¢m) (Harms et al., 1982).
‘Fot grain sizes 0.45-0.55 mm (medium tb coa;ée sénd) flow
ve;écities o§ about 1.1 m/sgc. are required to form uppef
.pLane beds, regardless of flow depth (Harms ét al.,.l982).
.HérizonEal lamination fdrms in Silté and very fine sands
_ which afe deposited_direétly from suspension. BHarms et al.
(1982) suggest that lower flow»regime plane beds will
probably not reéult in subqténtial thicknesses of
éa:allel:laminated deposits due to the low rate of transport
of ébarse grains (0.7 mm) at low flow ve}ocitigs. In cases
where parting lineatiqn is present, parallel lamination must

have resulted from upper flow régime conditions (Harms et

al., 1982). -~

- . ! .
4

Facies E: Structureless, convoluted and

‘irreqularly-laminated sandstone.

DESCRIPTION. Facies E consjigts of very finé~ to
o
coarée-grained red or grey sandstone with either no

’

.40
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discernible primary sedimentary structures (Plate 3.6A)'or

.« %

with. convoluted or 1rrequ1ar lamlnatlons (Plate 3’6%)

hi

Structureless units of very fine- to medium- gr;1néd
sandstone are less than 30 cm thick, and are-xntetbedded
with éhales, mudstones, and ripple croés—lamynatéd '
sandstones and siltstones Qitn convolutévlaminationsr(BSGFI
260-263 m and Joe Mackay s Bronk_074 m). In one case |
(BSGFI, 198 m), yertica}lyielongate carbénate—céménted zones
.with coalified organic material 1n their cores are present.

Rare coarse-grained, strqctureless sandstOne units'are .
red or grey _and attain a maximum thickness of.1 m. A single

occurrence of massive, poorly sorted, coarse sandstone with

a nuddy hematite-rich matrix was noted at’ outcrop 5la (at 2

m; sample F7é). Coarse-grained units 1in FB2-76 (542-543 m )

and 566-%567 m) overlie shales and mudstones and undetlie

cross-stratified sands or qravels. Imn BSG#l, one coarse
, . o

example of facies E lithology at 323.5 m to 324.5 m is

faulted

Convoluted and-irregularly- lamlnated sandstones are

v /

common in the, cores, but rarely observed in the outcrops.
Irreqularly-laminated sandstones are very fine- to
! : l“ P ® - .
coarse-grained, 20 cm to 70 cm thick and may contain

. dlssemlnated organlc materxal concentrated along beddlng

. planes and abundant coa;y material. whlch dxsrupts
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Plate 3.6A Plate 3.6B

Plate 3.6A:

Plate 3.6B:

Facies E - massive sandstone. BSG#l
borehole, 153.8 m.

Facies E - convoluted sandstone. BSG#1l
borehole, 254 m.
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.-laminations.” In some cases organic debris is not present

and laminae ‘have a churned appearence.

PROCESS INTERPRETATION. Thé lack of megaécopic primary

.sedimentary structures 'in.-structureless sandstone and the
~ disruption of .primary sedimentary structures in

irréqularly'—‘lam‘inated sandstones may be the'resuit'of their

complete or partial destriction by plant or ‘animal

bioturbation or liquefaction. Johhson (1984) and Gersib and

- McCabe (198l) both a’ttribﬁté the lack of structure in fine-

) . L ) . ‘ - . )
t o coarse-grained sandstones to both of these . mechanisms.

Alternatively, rapid sedimentation f'ro‘m’high concentration
flows may result in a lack. of visible sedimentary structures
(e.g. Lowe, 1982). In the finer-grained structureless

sandstones,the elangate carbonate-rich zones with coalified

cores are interpreted @s root traces (Klappa, 1980). In

these cases, phytoturbation is the ptoba’bie explanation for

the lack of sedimentary structu‘re.' Coaly traces in the

irreqularly-laminated sandstones strondgly suggest that the

T

disruption of primary sedi'mventary structures was caused by
either interference witl vegetation during deposition
(Coleman and Gagliano, 1965) or by roots after deposit ion.

Chdrning of the sediment where no evidence of plant activity

18 present may be due to animal activity. Where e_vidence

for root structures in structureless sandstone is lagking,
liquefaction, and/or rapid deposition may provide the best

explanations for these sandstones. 'Distortion of
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laminatioﬁs in convoluted sandstones vma'}; ﬂbe caused by
lique’fac_tion or dewateriné {cf. Low_e, 1975). It:Ais pqssible
in some cases that the textural homogeneity of coarser units
of structureless sandsténe, or subsequent- tectonic |
zdiét}i‘rk;ancés, make.it difficult to discern the 'prﬁimary

: : , 7/ . .
sedimentary structures. ' '

‘Facies F:.Crpss-laminated sandstone and si’ltstdne.

. DESCRIPTION. Facies F consists of red or grey, 5
cross—-laminated, very fine- to fine-grained s?hdstone and
siltstohé (e.g., Plate 3.7, Plate 3.8). ‘Whece present,
ripple form-sets _are asymmetric. In éome units, rjipples
climb “with éxamples of both stoss-—sid_e erosion and

.

presefrvat\ion being present.A In other ,uhits, ripples are
draped by Qarﬁng amounts of mica or muds‘and are flaser to
lentiléu.l'ar bedded inr part.'"i Facies F may contain all or some
o‘f'the following at any given 6c§urrenc;: coali.fied rootlets
.and plant ‘debris, gr'eeni.sh‘ reduction spots, plantA
impressions and casts, calcium f:arbona,té nodules, and
eviden(c'e of bidturbation. ‘No symmetrical or flat topped
| ripples were obse;ved. The base of this facies is usually
" . sharp - and locally either scoured or gradational.

PROCESS INTERPR‘ETATIQN.‘ Facies F was proba\bly formed
by the migration'gf sma.ll current ripples; however, itA is

_ not possible to completely rule out its ,formation in some

cases by migration of wave-current ripples (Harms, 1969).
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Plate 3.7: Cross-laminated sandstone (facies F) scoured
into parallel-laminated sandstone (facies D).
The hair-like subvertical lineation in the
upper centre of the core is a coalified
rootlet. BSG#1l borehole, 181.1 m.
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Plate 3.8: Facies F - ripple cross-laminated sandstone
at outcrop 51b, 12 m. The book is 18 cm long.
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(1] ) . . ‘

éurreni ripples may form thréughout a wide Egnge 6f flow
velocities, flow deéths; and grain sizes. 'Clihbi;g ripples
indicate high rates of vertical deposition relative to the
rate of downcurrent sediment E;ansport {e.g. Harms et al.;

1982) . S

Facies G: Interbedded sand, silt, and mudstone

DESCRIPTION. Facies G consists of red or.gfey,

interbedded, cross-laminated, parallel-laminated,

" convoluted, or massive sandstone and laminated or massive

. .. &
mudstone (see Plate 3.9). In some cases.climbing ripple

cross-laminations occur, with examples of both wstoss-side //
. ' . . /
erosion and preservation being present. Sandstone beds o

exhibit scoured contacts with underlying‘mudstones,‘ubper
contacts of sandstones are commonly gradational:

Laminations are several millimeters thick, while individual
- o

sandstone beds range from less than one centimeter to
several tens of centimeters thick. Graded pedsinoteq in the

BSG#1 core are 1 to 2 cm thick and grade fromﬁcoacse-graingd

or fine-grained, moderately-well sorted sandsione up to j
siltstone. One of these graded beds (BSGF1 241.8 ﬁ) isjf

cross-laminated and contains abundant shale.and siltstahe

clasts. qeds containing some of the following featurgs were
' /

also observed: calcium carbonate nodules, plant impressions

~and casts (principally Stigmaria),‘coalified plantcéebris,

rooted horizons, burrows (e.g. BSG#) 88.3 m) and

soft -sediment deformation features (e.g. convolute laminae),
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Interbedded mudstone, siltstone
and sandstone. In this case sandstone and
mudstone are massive; micaceous siltstone is

cross-laminated. BSG#1l, 104.3 m.
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Plate 3.9: Facies G -



Facies G accounts for 12% to 60% of the individyal
sections. |

Plate 3.10 illustrates a field example of facies G. A
hackly weathering éhalebis interbedded with |
centimeter;scale, silica-cemented, c?oss-laminated; very
fiqg ained sandstone. As seen on béading planes, the-
sandstohe weathers knto roughly rectangular blqcks (
approximately 20 cm long and 10 cm wfde.

PROCESS INTERPRETATION. The cross-laminated beds were

p;obabiy deposited by current ripples, but as was the case

-

for facies F, the possibility of wave rippling applies here

as well. .Currents of low velocity and competence are
,responSLble for the de0051t;on of the small-scale ripple
cross-lamination seen in \hls facies. Relatlvely high rates
of vertical deposition {relative to downcurrent transport
rate) are indicated by the presence of climbing ripples.

The laminated siltstones and mudstones represent slow
depasition from suspensioh~while the massive deposits ma§
result from root bioturbation, water escape or a combingt:on
of the two. The lack of muddy matrix in the thin graded
beds suggests that they are probably the deppsits of waning,
matrix-free currents rather than tU[bldlty curgents (Reineck

ahd Slngh, 1980, p 118). ~\_///(

v

The presence of Stxgmar1a ‘casts, coal1f1ed rootlets, and

calcium carbonate nodules suqﬁests that, in some cases,

(




sediments represented by facies G formed a vegetated
rudimentary soil.

.

Facies H: Mudstone

DESCRIPTION. Facies H‘consisés’of light to dark gtey
(N1 to N5), grey-brown (SQR to 10YR), or red (5R) to
fed-bfdwn (10R) mudstone which may be fissile, massive or
léminated (Plates 3.10, 3.%1, and 3.12). Néﬁ—grey and grey
colours may grade from onerpé the other (i.e. 172 m BSG#1);
motﬁles of one colour can be present in the other.' (S
Laminations on a millimeter. scale are present in
organic-fich unité and consist of bright or dull coaly
bands. Calcium-carbonaté nodules andvsegregations generally
less than 1 cm in diaméter are common-in both red‘and grey
units, but pyrite is restricted.to the dark grey zones.
Carbonate nodules are.commonly oblateland appear to
bifurcdte downward in some caseé (Plate 3.11). At several
locations (#.g., outcrop 38). they are cored with
carbonapeous material. Larger calcium carbonate nodules a:é

: §
discussed in detail in the section on facies association

111,
1]
Dark grey units contain varying amounts of" organic
carbon, up to a maximum of 21% (sample F67 outcrop 2a).
Ca{ponacéous shales (i.e. shales whicH contain the remains

of higher planté and unidentified coaly debris) are’ common

in the vicinity of coal seams and in the BSG#l core. They
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Plate 3.10: Facies G (interbedded mudstone and sandstone)

overlying
are soft,
are hard,
The staff

facies H (grey mudstone. Mudstones
friable and rusty weathering. Sandstones
siliceous, and cross-laminated.

is 1 m long. Outcrop #6.

al
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Plate 3.11: Facies H - red-brown mudstone with cylindrical
and oblate-shaped calcium carbonate nodules
which, in some cases, contain carbonaceous
cores (arrow). The nodules are interpreted as
rhizocretions (sensu Klappa, 1980). Outcrop #1.
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Plate 3.12: Facies H - laminated grey and grey-green
mudstone. BSG#l, 229.3 m.
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are present, although rare in the older exposures and in the

FBé:76 core. Facies H accounts for between 1% and 38% of
the individual outcrops, 28% of BSG#l, and 7% pﬁ.F82~76.
: PROCESS'INTERPRETATION. The general lack of |
cﬁrrehp—generated stpuctures indicates that sedimgzs
comprising facies H was deposited from suspensioq(in quiet
water. Fissility ﬁgy Se dependent on the cuantities of
organyc matter (Gersib énd McCabe; i981), or silt, -or the
intensity of bioturbation (Byers, 1974). The darker grey
colour is an indication of the higher'orgahic content of
those units kPotter et al., 1980). Carbonaceous laminations
represent variations in the proportions of organic and
clastic detritus, possibly resdlting_from seasonal or longer
term climatic variations. Calcium carbondate nodules and
segregations are generally interprétéd as resulting from
pedodiagenetic calcite accumulation (Wieder and Yaalon,
1982). The nodules are discussed in detail in Chapter 4.

I

‘Facies 1: Sapropelic mudstone/oil shaie.

.

DESCR{PTION. This facies consists of dark grey to blaék
INl to N3) shales or mudstones with pyrite, calcium
carbohate léminae, ostracod%f,‘planispiral gastropods, and
racre fish scales (the latter three occur together). séQeral
sanples were processed and examined for conodonts, b&£ none
were founq; The mudstones and shales are laminated té ‘

massive, calcareous, and characterized by a brown streak,
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‘low density (1.89-2.55 g/cc; average = 2.33 g/cc; 9

samples), and abundant disseminated organic material.
Laminat;ons’consist of lighter and darker colour bands

relq}ed to variations in the amount of qalcium carbonate and -

rd
~

probablx to oFganic carbon content. The térm oil shale
refers specifically to rocks which produce oil upon'
pyrolysis (Maéauley, 1984). The field identi”ication of
mudst one which contains sapropélic organic macter.(defihed
by Hunt, 1979-as the decomposition and>polymeri2ation
producﬁﬁ oﬁ'ﬁigh—lipid organismns, such as spores and
planktonic algae, and’baéterial bodies) was primarily based
upon the' lack of identifiable coaly or woody debris.

The fossils were examinéd by é. Dewey (pers. comh.,

1985), who identified;the ostracode genera: carbonita and.

tentat ively Chamishaella. The specimens range between

0.3-1.0 mm in length and ar¢€ commonly seveqely crushed:. The

- wy

disarticulated, intact valves are scattered on bedding
surfaces. Both genera are notably devoid of ornamentation
and have thin walls. The valves are rarely infilled with
pyrite. The gastropods were not identified as to qends or
species, but are 0.3-1.0 mm in }ediameter, loosely coiled -
and, in some cases have.é very constricted ornamentétion.
Analyses performed for this study:indicatéfih;l the

stalbes contain a maximum of 31.86% total organic carbon’

(Table 8.1 in Chapter 8). Extraction of one sample with




the presence of undisturbegd laminations indicates that

v

organic solvents yielded 700 micrograms of Cl5+ extrécl.ables_
per gram of organic matter (Table 8.2 in Cﬁapter 8). The
oil shales aré brown when powdered and will yield L\p to c.
80 ’litrcs of oil/tonne of rock by pyrolysis“('ra.ble 8.4 in
Chapter 8). Single ‘beds.of sapropelic mudstone réach a
max.imum thickness of approximaﬁely 1.5m (224.5 to 226 m in
BSG#1). This facies was only observed at one location in
the field (between outrcrops 15>.and 15a). 0Oil sh_ales ’or
sapropelic mudstones are found at 257.5 m, 226 m, and 222 m
in the ESG'QI core.:’ Oil shales aré not present in the FB2-76

‘core. .

L}

PROCESS INTERPRETATION. Abundant preserved organic

matter and'thé lackrof current generated structures suggests

~that facies I was deposited from suspension in a

sediment-starved' eﬁvironment. Dark/light laminations
probably reflect variations in the supply of organic

material and calcium carbonate, caused by variations in

water temperature and partial pressure of carbon dioxide.

Both factors may have vbe-enA the result of seasonal climatic
vaz;iatidns such as changes iVn air tempetature and ‘
pgec‘ipitatiqn.. o

T)-;e p‘xfesehce'o'f a‘generally benthonic fa.una_ (gastfopods A
and o‘s'tr_aéodes-)' sugge‘st.thatA reducing conditions were |

present only below the sgdiment water interface. However,
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either fauna did not burrow into the sediment or that the
the organisms were transported to their depositional site

after their death.

" Facies J: Coal.

. DESCRIPTION. The coals “? the Barachois Group are

“black, blocky, vitreous, in'pl_éces banded, and have a rank .
ranginé from high to low volatile bituminous (Hayes, 1949).
They are composed prim'arily‘of vitrai_n"dnd clafain with
minof arx;punﬁs of fusain and durain (R. Hyde, pers. cvofnn;.).

_The thickest'.exposed 'coal js located '1_n the north bank of
the Middle Barachois Brook at ou-tcrop 17. 1t is about 1.0 rn-

_-thick and becomes increasingly intefbedded with grey shalé '

upsection.

\

P

ryan ,(,'1'5;38) describes eight-c.;oal occurrences within
thé Bar.’a’éhoié Group, six of which were exposed along the ‘
Middlé Barachois Brook . Thps‘e along Middle Barachois Brook
~are ;{améd: Murray, Tom Diamond, Gale's.workings, Furlong,
Jukes, ‘»'and Cleary. 'I‘hé Howley Seam is locate'd-'on‘
‘Robin'so.[i's.‘ Riyér; Shear's Seam is located on the Northern
Feeder. Thrée of the seams on the Middle Barachois Brook
- appear té.be 'preseﬁily exposed: Tom biamond Seam’ (outcrop
51, .4'm), Murray Seam (oﬁtcrop 21, 13 m), and Cleary Seam,
(outc‘rqp 16, 7 m). Sev;ral other thin’ (1 to 10 cm) dirty
coal (or very cérbonaceous shalg) occurrences were noted "in

.the cores and expqsures.




The thickest ;:oal seams consist of up to 57 ¢m of coal
over lain by an additional 60 cm of interbedded coal and
shale (Bryan, 1938). A'summary of analyses of these‘séam§
is provided in Table 3.1. The analyses ipdicate that the-
coals vary considerabiy in quality. Most seams are ':epo'rted
ﬁo be-frractured and discontinuous due tu subdequent tectonic
deformation o.r stratigraphic pinch-out. <Core 1logs prdvided
by Hayes aﬁd Johnson- (1938) tend to corrocborate M;‘is
conclusion. .

PROCESS INTERPRETATION. FCoal 15 the pr)oduct of peat

deposition in guiet shallow water and water-saturated bogs

isolated from detrital input. The abundance of clarain and_
vitrain'indricat.es that woody tissue formed much of t he
.original organic matter (Bustin et al., 1983), although
degraded plant r‘e‘mains, spore and pollen ‘evxi.nes‘, and algal
material are locally .siqnificant. The presence qf banding
(interbedded clarain and vitrain) signifies 'a varyging
depositional environment, possibly thé result of kwater-table
fluctuations. Shale beds and sandstone lenses within the |
"¢oals (Bryan, 1938) and'the compositional variability of the
coal seams indicate that organic sedimentatior.{ was .
perio_dically disturbe‘d by influxes_ c;f clkastic material.

High ash (>10%) and higlh sulfur (>1%) contents may I.:>e
attributabie, in patt‘, t o peat fofmation at pH \ialﬁes close
to neutrél rather than under highly acidic conditions (_éf. ‘

‘Cecil et al., 1985).
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Table 3.1

Proximate Analyses of Coals CL
hl . .
o Fixed Volatile
Seam Carbon Ash Sulfur Matter
a Jukes 57.12% 6.67% 1.95%  36.21%
a Furlong (West of Joe MacKay's Brook) '
Upper 18cm 57,78 4.77 0.95 37.45
Lower_ 15cm 54.21 14.30 4.32 31.49
a Furlong (East of Joe MacKay's Brook) o
Upper 18cm’ 55.64 8.78 3.20 3s5.58
Lower 15cm 47.03 24,32 8.30 28.65.
a Murray - 54,20 10.26 2.80 35.54
b Cleary . 55.23 6.38 3.95 30.90 -
b Jukes 60.14 .4.52 1,96 30.34
b Howley 54.47° 10. 43 3.05 29,78 °
b Shears (58.21). “3.16° 0.44 33712
b Cleary 62.16 7.39 --- 30.45
b Jukes 57.5 8.00 0.91 . 34,50
b Howley 61.7 : 6.9 --- - 31.70
b Cleary 60.79 . 6.76  --- 32.45 |
b Howley .  63.24 . 5.56 . ~-- 31.20
¢ Jukes 70.11 " 1.35 2,70 (29.89)
.d Cleary 60.02 . 7.48 4.11 29.40
d Cleary 57.71 9.20 5.74 30.64,
d Cleary 50.61 20.24° 7.29 26,78
~d Cleary 58.34 8.54 4.31 ° 30.48
d Cleary 54,20 15.01 * 7.63 28,17
d Cleary 58.05 8.22 3.91 -29.41
d Murray(P10) 41.11 37.14  5.39 19.42
d Outcrop 16 49,89 11.83 1.24 28.39
~d Dutcrop 15 48,59 20.81 7.43 27.43
d Mine Dump 57.31 9.73 2.21 . 28.84
d BS5G220.4m 39.68 31.02 3.85 27.23
d BSG257.0m 23.16 59.09 3.1I 15. 29’

1

‘Sources of Data:(a) Baker (1938);(b) Hayes and Johnson

(1938);(c) Hayes (1949);(d) Bonnell (1984).

Howley Seam refers to coal seam on Robinson's Rlver'
(Hayes and Johnson, 1938). :
Shears Seam refers to coal seam on Northern Feeder .

- Hayes and Johnson, 1938).

--<: Sulfur not analyzed. :
BSG257.0: the ash content denotes a carbona eous shale.
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Facxes K: Ostracodal micritic limestone.

DESCRIPTION Facies K is a dark grey (N4) .to olive
grey (5!4/1); micritic, argiflacedus,'faintly laminated
limestone containing abundant,‘intact-articulated and
disarticulated, ag well as broken thin—walled ostracodes
/hate 3.13}. The ostracode valves are 0, 5 mm long and
‘dlssemlnated evenly ‘throughout the mxcrxte w1thout preferred
) orlentatxon. This facxes occurs only in outcrop 51 as twor
‘10 cm beds separated by 1.0 meter of dark grey’ flSSlle. |
Shale, all within a 4 0 m- tthk unit of 1nterbedded dark

grey shale and micaceous siltty shale. A 5‘% value obtaxned

for the micrite as part of this study is -4.4(per mll.- The

‘only carbonate mineral is calcium carbbnatef(ae identified

L]

- by X-ray dxffraCtlon) .
Ouartz graxns with corroded edges are scattered in one
thxn band several mm 's thxck. In thin sectxon, the texture
of the m1cr1te is unxform to somewhat clotted with traces of
structured organlc matter present. . X
. .PROCESS ~‘INTERPR-1‘JTATICN. | The micrite Am.ay be an .
inordanic precipitate or may have formed as a result of
'biological adtivity. ’In.either case, the presence aof:
11mestone 1nd1cates an alkaline (pH>7) geochemical
environment, and 11ttle detrital input at the time of

depos;tion. Intact, but disarticulated, thin-walled

ogstracode valves imply lack of strong currents. The
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Plate 3.13: Facies K - faintly laminated ostracodal,
micritic limestone. Outcrop #51.
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ostracodes have not been identified, but they atre similar to

those identified in the sapropelic mudstones as Carbonita: a

fresh water.genus.




CHAPTER 4 - FACIES ASSOCIATIONS

Introduction

-

Facies associations are groups:of facies that t;nd to
" occur together and which'are genetically o;'e;vironmentally
related (Reading, 1978). In the Barachois Group, they fall
}nto two broad categories : the traction-dominated deposits
of faciqs:association I;'and the mixed suspension and
traction deposits of‘facies associations‘ll and IIIX. .
Difgerences.in'grain size, proportions of facies, colour,
and‘organic content provide thevbasis for further
éubdivisionfinto eiéht subassociations (IA, IB, IIA, 11B,
11Cc, 1IIA, IIiB, énd II;C). The description of each facies
association is follbwed by a-genetic'intgrpretation. The
legend provided iﬂ figure 4.1 contains the‘symbols which are
common to all stratigraphic sectioﬁs in this and subsequént
-chapters ahd‘in Appendix A.

S

Facie8 Association I: Sandstone- and Conglomerate-

£

DominatedvDeposits

Facies association I is representéd Sy'qn assortment of
complex multistory and relatively simple single-story
sandstonevand conglomerate bodies with minor thin mudstone
interbeds. This facies association is subdivided into two

subassociations: subassociation IA is present in the field
' 63
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Figure 4.1: Legend for stratigraphic sections.
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exposures ‘and in the BSG*l'borehole, subassociation IB is
present only .in the 582-76 borehole. On qeoéhysical lbgs in
the BSG#1 borehole (Hoffe, 1985), facies association I is
tecoqni;ed by highiresistivity, and low spontaneous
potential, gamma ray, and dehsity.

Few outcrops were syfficiently well exposed to allow
ex'tensive,paleocurrent measurements toéw taken, For this
reason, systemetic evaluation of changes in palebcurrént

direction between stories in multistory sandstone and
conglomerate bodies was not>;ttemp£ed. Whére exposures were
suitable, paleocurrent measurements werg made,'pr}dominantly
on cross-bed foresets and along trough cross—ﬁed axes {(Figure
1.5). Péleocurrents are generally southerly éirecteq from
outcrop 38 to outcrop 23 and from outcrop 69 to 75 (along:the
eastern and western edges of the basinal syncline).
Paleocurrents are more variable, but general&y northerly and

northeasterly directed, at the reéédnde:.of the outcrops.

-

Subassociation IA: Multistory and Single Story

Sandstone Bodies in Qutcrops and the BSG#] Borehole

.

Subassociation IA consists of multi;tory (Fig. 4.2A;
Plate 4.1) and single-story bodies (Fig. 4.2B; plate 4.2{
which are characterized by an erosive basal contact.
Single-story sandstone bodies account for 76% of the

occurrences of this subassociation. Massive, stratified, or
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Figure 4.2A: Subassociation IA - multistory channel sandstone
and conglomerate comprised of successive fining-

upward sequences separated by erosion surfaces
or thin mudstone beds.

Figure 4.2B: Subassociation IA - single story channel sandstone

with an erosive base overlain by a fining-upward
sequence.

Letters represent facies and Roman numerals followed by
letters represent facies subassociations.
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Plate 4.1:

Subassociation IA - multistory channel sandstone,
base is at left. Note the irregular, erosive
base and the gradational top. See also Figure
4.2A. Outcrop 38.
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Plate 4.2: Subassociation IA - single story channel sandstone
sequence at outcrop #38. Top to right.
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L'y
cross-stratified pebble and intraformational conglomerates

{facies A and B) and cross-stratified, medium- to
. '
coarse-grained sandstone (facies C) overlie the erosive

basal surface. Facies A and B may occur within local scours
as well,’ Trough cross-stratification (as in facies C) s
the dominant cross-bed type in the sandstone'bodics

described in the field., Ripple cross-laminated sandstone
4 ‘ . / .

(facies F) occurs in the upper parts ot individual stories,

whereas parallel-bedded and structureless sandstones (facivs
. ,
D and E) may occur in the upper and lower parts.

Sequences of sandstone and minor conglomerate facies
are separated by erosion surfaces to form stories. 'In the
field sections, the erosion surfaces between stories have

centimeter-scale relief and are .usually ové}lpin by

intrafogmational conglomerates. The discontinuities are
generally of undetermined lateral extent; .although
occasionally more extensive/j}posufe allows them to be

identified as logal scours.” In areas of restricted

.
s

exposure, and in cores, stories are défianJpx sharp or

erosive contacts overlain by intraformational and

extraformational onglomefates (facies A.and Bf.' Within
thick sandstone sequences,-siﬁblé and ﬁpitistory un;ts are
commonly séparateq érom each‘other by 2 to 1Q cm thick
mudstone layerst(facies G and H) with sharp lower contacts
and erosive upber qoptacts. As many as seven succossife 2--3

m thick tingle-story sandstone umits can be stacked, with
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-only several ce/ftunetors ‘of - mudstone bet,ueen each unit
7(0utcrops 28-29), Conglomerates and sandstorntes which
overlie the erosion surfacés frequent‘ly contain rip-up

clasts of the underlying material. Thin lenses of grey

L

mudstone (1 to 5 cm thick) occur within-sandstone uhits, but
are not conﬁnon (é g.?‘dutc::op-‘tla, outcrop 38 at 5 m)..

. Individual storles of multlstory un1ts 1nvarlqb1y fme
:upward-. They vary f-rom about 0.5 m to 5 0 m thick, but are
usually less r.han 4, 0 m thlck. Single-story sandstone
bodies ‘range from 0 75 - to 10 m thick but most are 2 to 4 m -
t_h1ck. _ They are’ characterlzed by sharp or erosive basal
'su;faces overlam by m_tra- or extraforma_ltxonal
conglomerates (rarely more than 0 S m thick) followed by
larqa scale (trough?) crous-stratxfxed. coarse gralned, and
pebbly sandstone (facies C). Locally, parallel-lamlnated,
t'sa~ndstone (f-acies D). is interbedded with, or ovetlies, -
Eaciés C. Thin, p'ebble-rik'ch beds with gradatrional contacts
may o;:.cur within facies C. Fine- to mediun’x-rgrained.
si‘n_gle-;tc;ry saﬁdsténe' units commonl.y contain thin (1 to 5
¢cm) mudsténe' beds with sharp upper and .lower.éontactsa."

[

These mudstone interbeds are most common towards the top of

.

't.he‘ units, Convoluted bedding also dccurs near the éop of

the units, Planar tabular cross-stratification is rare, but

" it does occur locally. At '£v0»1ocat'ions’ (outérop 13/14 at

177 m and 185 m) it overlios scoured surfaces. and forms the'

-basal. coarse-graxned sandstone unit of. meter-scale
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fining—upwarq sequences. - At a third location (outcrop
'13_/;14. 106 ﬁl), it occurs near the top of a 'fini-ng‘-up\-fard-‘
séquence in which it is sharply underlain and overl-ain_by\
ripple c:oss—lamiﬁa;ed lsand.i 7

Most ‘si_.r-xgle_—story units fine upward, ‘although upward
fining i‘s not necessarily co'n'ti‘nuoﬁsior gradatipnal‘. .Fin‘ingi..»lé.”_.
ui)ward can t;a’ke pl'ace by a simple decrease in grain sizg. o;
a decrease-in the.arﬁount of extraformational ‘clasts. In
outgfdp 82, a single story sand body is ab.ruptly overlain by
a 'chalnnel-sha“ped body of red-brown, massive, very,
fine-grained sand and silt.

Subassociation IA is almost uniformly drab), ,_(;rey, or
‘grey-green in cqlour, .but may be more pink Ot.' green
depending on the mineralogy of the dominant grains. More
arkosic ‘units tend to be pinker than quar‘t:_zose units
Red-brown.‘hematitq stained units occur infrequently and are

invariably less than 2 m thick (e.g. BSG#1 between 180 m and

L4

210 m). . -

Subassociation IB: Multistory and Single‘ Story

Sandstone and Coﬁglomerate Bodies in the FB2-76
Borehole | .
‘ Subassociation IB consists of‘. an erosive base overlain
b-y-seqﬁences of grey sarndstone (facies C, D, E, and F) and
conglomerate (facies A and B). Several 1 to 2 cm thick

coéls underlain by sandstone (facies C)‘or conglomerate
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(facies A) are also present. Stratified and massive
H -

conglomerate facies -comprise approximately 50% of ébe',

‘subassociation, however the proportion of sandstone facies -

increases upward ‘in the core. The appax:ent abundance of
EVE )
hOtlzontally stratified conglomerates in séct ions of the

- core may be a functlon of the s1ze of sed1men'gary structures

relative to the core chameter- the stratlflcatlon may, in

fact, be part of a cross- bed.. S1m11ar1y, some massxve units

may actually be sttat1f1ed on a scale not v151ble in the

core. ' o - .. - e

Multi‘stbry units are comprised of between 2 and 4 - .
individual' stories defined by shéré and erosive co'ntaéts;
Sequences of single and multistory units are commonly
separat_ed by 1 to 10 cm,.-thick beds of grey mudstone _(f'acies
G and/or facies H)‘. Siﬁgle-stofy units account for 65% of

the occurrences of subassociation IB. Single stories and

“individual stories in multistory units may fine or coarsen

upwa’rd (Fig. . 4.3; Plate 4.3). The coarsening-upward

sequences are approximately 0.757m to 2.0 m thick, and they

are characterized by an upward gradation from facies C to

facies A and sharp upper and lower contacts. Fining-upward
sequences typically consist of transitions from massive or

horizontally stratified conglomerate to cross-stratified or ™

' parallel-laminated sandstone and pebbly sandstone (Fig. 4.4;

Plate 4.4). Fining-upward may also be charactetiéed by a

gradual reduction irn the abundance of pebbles.'

o
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FB2-76 519.7 m to 545.3 m: Facies Subassociation IB
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Figure 4.3: Subassociation IB - multistory conglomerate and
sandstone channel deposits. FB2-76, 520-545 m.
Letters represent facies.
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Plate 4.3: Subassociation IB - multistory conglomerate and sandstone channel
deposits. FB2-76 737.2 m to 729 m. Base is at lower left, top is at right.
Core boxes are 1.5 m long.
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Figure 4.4: Subassociation IB - single story channel sandstone
deposits. FB2-76, 601 to 594.5 m.

Letters refer to facxes, Roman numerals followed by letters- .,
refer to subassociations ‘
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Plate 4.4: Subassociation IB - single story channel sandstone deposits. Basal
erosion surface is at lower left, top is at upper right. Core boxes are 1.5 m
long. FB2-76, 601 m to 597 m.



Thicknesses of roék units coﬁprising facies in
subassociation 1B are highly variable. Facies A and C
strata range from 0.1 m to more than 5.0 m, but are
generally 1 fo 3 m’ﬁhick. Rocks of facies B are rarely'more
than 20 cﬁ thick, but at 349 m, 4.4 m of facie; B strata.
occurs. Individual stdries ih multistory units and s;nglé
story units vary fromJO.S to 7.5 m thick, but most are'l td‘
3 m thick, :Multiétory'sghd bodies range in ;hickneSs from'Z
to 10 m. 'Thgy are éebérated by -finer uni;s (faciés
associatiéns II and III) which réhge'from several
:centimelers'to 18 m thick. Tﬁe;rocks #hi@h comprise
'léubaééociationvIB are typically gfeyrétrérey-greeh in
cblourf although; within the interval 340 m to 390 m,

several red-brown examples were recorded.

Subasgociatfon IA: Inéerpretation

Subassociatibnaxh is interpreted as‘fluvialrchannelA

~deposits, a cdnclusion based on the following evidence:-

1. chanhéling is indicated by basal erbsion,surfaces and
sharp banklike contacts with adjacent sedtments.(the
latter are rarely exposed) along with lég deposits
coésisting of coalified wooqy debris, intrafbrmational
conglomerates, aﬁa're§orked concretions, -

2. the presence of coal, along with paleosols, and lqcally
_abundang terrestrial planﬁ‘impressions, cqsts,»roofzefq} )

and coalified remains in associated deposits,

7




3; the presence of non-marine ostracodes, gastropodéband
palynomorphs and.the lack éf,any marine fossils in
associatea deposits. |

In modern fluvial channels, basal lag deposits are
overlain by the deposits of channel bars (e.q. point bars,

10ﬁgitudinal bars, transverse bars, diagonal ba;s, and sandy .

intelbar depoéits). The surfaces of active bars are molded

rintb three- and two-diﬁensional bedforms (megaripples and
sandwaves respectively) (e.g: Doeglas, 1962; williams and

‘Rust, 1969; McGowen and Garner, 1970; Bluck, 1971; Jackson, .

1976b; Levéy, 1978). The iﬁternal structure of the bérg is

often complex, reflécting a complicated accretionarx

history. For instance, bars may undergo sevecral cycles of

deposition and erosion, they may be actively migrating or

-

stationary, and dne bar type may evolve into another type
(Reineck and Singh, 1980, p. 262).. | .

" Facies A and B (massive and stratified extraformational
and intraformational'conglomerate) commonly form the basal

unit of subassociation IA. -They. are interpreted as lag or

scour pool deposits. .

+

Trough croséfstraﬁified,sandstone and cpnglbme:ate '
(facies C and A respectibely) overlying thé basal lag ’
» -depositg in the field exposures were probably deposited by
three-dimensional megaripples migrating over or bet¥een
- channel bars. C(Cross-stratified sands formed by the

migration of three-dimensional megarfpples form the major

4
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rt of sdme point bar sequences (Jacks&n. 19763)1( %hey are
commonly associated with the other types of Ehannelﬁbars,
suah asréide bars (Collinson, 1970K'and lateral baés {Bluck,
1974), The uncommon presence of isolated sets of relaéively
large, planar tabuiar, éross strata at the top of
fining-upward sequences (e.g. outcrop l4 at 166 h) may
represent deposits of chute bars (McGowen and Garner, 1970)
or scroll bars {Jackson, 1976b). Erosive-based éété of
-planar‘cross-strata which form Qhe bases of fiﬁing-up&ard
sequences (e.g. outcrop 14 at 177 m) are either the deposits
left by the migration of transverse bSrs,"or by the lateral
growth of larger Sar forms (e.g. side bars, bolliHSOn,
1970).

Parallel-laminated sandstone with parting lineation (as
in faciele) interbedded with cross-stratified sandstone
indicates episodes?bf upper and lower flow regime within a
single bar deposit. Thié variation in flow régime is
propably due to velocity fluctuations of the flow rather
than depth changes. DéBosits of interbedded cross-laminated
and pafallel-lamﬁnated fine—-grained gandstoneloccurring in
_the upper parts of fining-upward sequencgsxgﬁggest shallow
‘and/or waning flows. The sequence of /

"horizontal-stratification overlain by ripple

1
3

cross-lamination is found on upper bar surfaces in the Rio
' Grande River (Harms and Fahnestock, 1965). Ripples are

found on many bar surfaces during periods of low flow (if
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- grain size is sufficiently small) and they may be
superimposed on larger bedforms (Coleman, 1969; Karcz,
1972). |

'Drapéévand iﬁterbeds_of massive, léminated and
cross—laminated mudstone with shérp contacts indicate abrupt

‘reductions in current-velocity.- Channel reactivation, as
evidenced by partial erosion of the>finer.grained interbeds
and the dgpéSition.of coarser sediment, hay have been

.gréaual or éb;upt. ‘Since the upper &ontact petween.fine and

‘coarse sediment is'er;si;e, the total thickness and types of

-sediments between'épisodes of chennel activity is not knowrn.
The presencé of scoured surfaces overla?n by mudclast-rich

. unité within multistory sandstone suggests that inudstone

layefs'were presént énd were completely desiroyed by channel

. . - . X
reactivation. 'In some cases, the mudclasts were probably
derived from the collapse of cohesive river bahks. Abfupt
changes in current velocity may be caused by the abandonment
of channelé or segments of channels as a result of 1) cﬁute

'6r neck cut-off; 2) avulsion; 3) répid channel switching by

choking -with debris; and 4) periodic floods. The same

processes may produce gradual changes in current_yelocity as
well,

The facies‘sequencgs observed in subassogiation IA are
not diagnostic of any one fluvial channel patté;n. Upward

grain size variations depend on the direction of lateral

migration of channel bars with varying texture and the

.
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" position of a vertical section on-a bar aeposit (Bluck,
1971;-Jacksong 19f6: Briége, 1985). Fining—upward sequence§
are common in both siﬁgle and multistory sandstone units in
sub&ssociation_IA. Fining-upward seduences are formed by
changes in curreht velocity and depth. In poi;:“Ba:
deposigs, shear stress (related‘ﬁo mean veiocity and. depth)
. varies with position on'thé”bér. As the bar accretes
laterally, adjécgnt facies formed by bed response to the
locél shear stress will be stacked vertically forming a
variety of vertical sequences of which the "fully developed”
fining-upward sequence is but one (Jackson, 1975).
Occasional breaks in seaimentation caused by low flow

rates,. and/or minor erosion_produced by flogds may be
preserveq as lateral accretioq‘éurfaces (epsilon érosé
stratifiéatioﬁ, Allen} 1985).. Discontinuities which
separate fining-upward'sequences in. the multistory -
sandstones of subassociation IA may represent lateral
accretion surfaces. However, the crit%cal factor in the
recognition of lateral accretion deposits is their lateral
extent (on the order of 10's of meters) (Bridge, 1980). In
restricted outcropé and|cores lateral accretidn surfaces
cannot be unequivocally)diﬁferentiated from local or
large-scale scours..

- Fining—upwgrd sequences are also produced as @ result

of gradual abandonment offchannels (e.g.,éolemap; 1969) and

lateral ac¢cretion of sidé bars Ke.g.-Collinson;k}970), The
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multistory character.of some deposits in—subassociation’fA
may be a résult of superpo;itibn of"channel?bars or éhannel
belts due to a combinétion of agg:adation and migration or
avulsion (tfpicaI'of all types of channel patterms), or due
to aggradation and rapid channel switching (typical of
braided and ephemeral streams).

The grey colour of mést rocks which comprise
subassociation IA is atttibgtable to the presence of
relative réducing conditions withiﬂ the deposits. The rare

red—coloured'bedslmay tecord regional water table

fluctuations (possiblj due to climatic change) or instances

of local river incisement, which would act to lower the

local water table and to promote oxidation.

Subassbciation IB: Interpretation

v

peposits. of subassdéiat;on IB are interpreted as
nonkmarine'alluyéum for;the same ;eésonslas subassociation
IA, but the abundahée of éonglomergte shows that there were
, differences in the grain siZe oF sediment supply and/or f£18w
characteristics of the depositional agentl(s). Whe;éas; in
outcrops, the occurrence;of basal erosion surfacés with
meter—sca}e relief and the prwsencé of rare visible channel
margin§ suggest deposition inrehannels, the inability to
recognize channel margins in the core fur;her complicates.
the interpretation of the deposits of subassociation IB due

to the poséibility that unconfinéd flow played an important

role. Sheetfloods on alluvial fans are high magnitUde,'low
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frequency events which originate onISIQpes cbmmonly qfeater
than 20 degrees and spread out over relatlvely flat suﬁtaces

(slopes of less than 10 degrees) (Hoqq,.198‘). sheetﬁloods

are on the order of l mor less in depth and flow velocxtiesdé."

T

may range up to 10 m/s (Hogg, 1982). Qla;ts )ﬂto‘}o cm in
%iameter {in the range .of those fodnd in subassociation‘xa)
tan be transported by flow velocities between 3-6 m/’s for
flow depths of 1-6 m (Gusravson, 1978) The stable bedform
for medxum to very coarse sand (the sx;e of the matrix) at
those velocities and depths are predomxnantly up;er }low
regime plane peds. &lthouqh the plane bgd is consistent
with both a sheetflooa‘of channelized oriéin,.only in modern
sheetf}ood and'éphemeral stream envird&hents are they t he |
dominant bedform {e.q:; Niksen, 1952; Tuﬁbridqe. 1981;

Reading, 1978, p. 18; Ballance, 1984). xncergrﬁdatlcn

. between sheetflood and stream channel deposits is expoctnd

due to-the fact that deposxtxonal surfaces on uhxch
sheetfloods are deposited are composed of shallow channels .
and bars (wélker, 1484 p. ?6), and where sheét(looq? entet
regions of’topograppic relief on fans o%xpiedmonts they
become chaﬁnqliged;, In sectiénsbbf the éore where
subassociation 1B consists of thinly interbedded (beds T 1 m
thick) massive 'and stratified conglomerates and

patallel-stratified sandstone with mxfor cross-stratified

sandstone {(e.g. 658 m t0o"654 m; 715 m to 710 m) ceposition
" r .




could be attributable to sheetfloods.
The lack' of evidence for debris flow depoéité in the

conglomerates (e.g. péBble imbri;atiori, the lack of

3

_vertically—orien'ted pebbles, clasts are rounded rather- than .
angular, an'd“the laék of clasts projecting abové the beds.) ‘
‘tends to mitigate against arid/}semi-arid.;‘lluvi"al fan
environment of deposition (Nilsen, 1983; ‘Walke:‘r, 1984 p.
60).1‘ However, in stream-dominat.ed fans of more humid
climatic regimes, debris flows ﬁend to be important only in
upper (mos\ﬁ proximal) fan areas (Gole and Chit;.ale. 1966;
.Sch.umm, 1977), sp th\?t sections near fan toes may not
contain a recqrd of debris-flow actiAvity. -It may not be
'possibrle to differentiate _betﬁeen the deposits of hufnid
alluvial fans (which are dominated by braided stream
depositiod) and the deéos'its of braided stfeams on alluvial
plains. N_luddy drapes aﬁd thin pebble beds with abrupt
contacts probably reprelsent short térm discharge
fluctuétions. Rapid discharge fluctuations, and the coarse .

bedloads imply a braided origin for the deposits of

subassociation IB (Morisawa, 1985 p.106). However, rapid
and extreme discharge fluctuations ,_and a coarse bedload algo-
characterize the Nueces River., Texas; a sinuous, singlg
¢hanne1 river (Gustavsén, 1978). Differentiation between
coarse-—-graine_é p’oint bar deposits and braid bar deposits on
the basis of vertical faéies sequences alone does not appear
to be possible. (Rridge, 1985; Jackson, 1978; Miall, 1985).
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- Coarse-grained point bar aepos'its are composed primarily of

‘cross-bedded and hotizontally—bedded gravel with, in some

cases, little or no sandy matrix (Gustavson, 1978).

Vertical sequences in coarse-qrained point bars are typified

by ;\pward fining fron gravel lags to trough crloss_-strat'ified
and _parallel—-lamina&d séndy gravels to cross-laminated .
finer sands (Levey, 1978; 'Mé\‘Gowen and Ga'fner, %9'70';
Gustavson, 1978). Ndnetl.'l'e"less, fining-upward is not a
diagnostic criterion of coarse-grained point ®bars; vertical

trends depend on the.grain size of the sediment being

\ . .
transported and the location of the vertical section on the

- point bar ('e.g.‘Jackson, 1976). 1In some cases,

!

rcoarse—gra'ined, pla’nar‘ cross-stratified sands de'posited by

.
)

chute bars occur-‘at.the'.top’of the sequence (McGowen and
Garﬁe;, 1970). Vertical sequences in modern braided
deposits have been reviewed by Miall (1977, 1978) and Rust

(1978). They are characterized in general by abundant

coarse sand and gravel and a variety of facies sequences,

some of which are similar to sequences found. in the FB2-76

borehole. These include meter-scale fining—upwara and

'coatsening—upwar/d cycles of gravels to cross-stratified.

sands.

Alternations of facies A and C (conglomerate and-
cross-stratified sandstone) are the most common transitions

which occur in subassociation IB. Fining-upward from facies

\
’

',A' to C may reflect waning floods or bar migration and'
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\deposits. -

~

. (Jackson, 1976). CrOSs-stratified sandstones,intg:bedded . ¢

from facies-A to C separated by erosion surfaces (i.e.

lateral accretion. Repetitive sequences of upward fining

multisﬁory units) could result from rapid channél switching
(as in low.sinuosity, multiple channei riveréﬂ or variations.
in aggrédqtion rate and avulsion f;equencieg (cf. Allén, o

19747 1978; Leeder, 1978; Bridge and'Leeder; 1979)'

ovérp:intéé on the déposits of low or high sinuosity,

multiple or single channel syste%s. In thé case of sinuous,
single chénnel systems, confinement of channels within ' ' .
restriéted belts by downcutﬁing followed by a period 5%

aggradation would:-tend to create mdlfistorx'Sands and

gravels by the downstream migration of meande}s (e.é. Nijman

.~ ” .
and Puigdefabregas, 1978): The upper, finer sections of »

point bars would be eroded away leavirig 6nly t he

coarse-grained sand and gravel lags and lower point-bar

Coarsening-upward sequences may represenf the migration”,
of the coérser—grained\upstream portion {(the ®"head™) of a
bar over_thg_finer—grained'downstream portion {(the "tail")
(Bluck, 1971; Smith, 1974), gradual reactivation §f

abandoned channels (Costello and Walker, 1972), the,

X

migrétion of a gravel bar 'into a sandy scour, or a section

through the upstream end of a coarse-graihed point bar

~with stratified conglomerate may represent sand %gdges

deposited at lateral margins during falling stagés of'fioods‘
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(Rust, :1972). 2

The t&in coals underlain by sandstone and conglomerate
which occur in the cores are interpreted as allochthonous

peat mats or pieces of coalified woody debris. 'This

interpretatidn is based on the lack. of a seat-earth or

- -
underclay and the presence of coal in contact with coarse

clastic material. B
1 . 4
:Interpretation of Facies Association I: Suhmary
\

.....

The deposits of facies .association I are interpreted . ¢

primarily as fluvial channel deposits. In a few cases,
deposition from unconfined flows (i.e. éheetfloods) may hévew
been responsible for deposits 6f subassociation IB. Due to’
limitations of dat; édilected from restricted outcrops and
cores, inférhationkby which to rgcbnstruct paleochannel
patterés is lacking. River systems were aggrading and
channel abandonment occurred gradually in some instgncef and
abruptly in others. Multistory deposits are thickgr,
coarser and are more common than ;inéle-story units in
subassﬁciation }B-. |

Facies Association II: Mixed Sandstone, Siltstone

and Mudstone Deposits

[

Facies association II consists of interbedded

mudstones, siltstones, and sandstones. The deposits form
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‘three‘sugassdgiations:.IIA, 11B, and IIC. On geophysical
logs run in the BSGPl borehole (goffe, 1985), facieé e
associatioﬁ I1 is characterized by a spiky apbearance on all
four iogs (resistivitx, gémma ray,vspontaneous”potentiai;

and density). S el 3 ’

-Subassdciatiop T1IA: Staéked Fining-Upward Deposits
Subassociation 11§’CQnsists of atackéd'f}ning—upward
'éequences.edch of which is q;5~m t0‘2.0 m éhick (e.g, Fig. \
4.55._.Totplrthickhess'of-t gvétaéked units rangeg from 2 m

to 17 m. _Fining—hp&ard seqﬁénées héve'sharp or erosive

lower boundaries aa@:gfadétibnalluppér boundaries.

Sequences of-ﬁaéies afg\variable and ihclude the following ,
'tran51t10ns' | “

1) facxes C to fac1es F (e.g. BSG+], 66:68 m!}

2) facies C to fac;gs‘ (e.g. outcfop 25);;

-,

or H (e.g. BSGHK1, 83-86 m);

G
'3) facies D to facies G (e.g. outcrop 44);
4) facies F to facies G ..g

‘ G

5) facies E tp facies {e.g. outcrop 92b

6) facies 'C to ﬁaéies E (outcrop 52).

: - . . S T
The coafsest grain size in the flnlnq—upward ynits is,

coarse sand but most unlts are comprlsed of flh@- to very

2

fine- gralned sandstone and 51ltstone. Intraformatlonal
mudstOne clasts may occur Just above scour surfaces.
Mudstones (fac1es H) are very thxn (1- chm) whereuthey are

present between fining- upward unxts. Sedimentary structures

.

|
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Figure 4\._5:

senvironments. Letters refer to facies; Roman
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are-dominated by cross laminatiod, which in some cases

r

"~ exhibit climbing foresets,'and parallel lamination. 'The.

upper parts of sonexof’the'indiVidual-fining-upward;

sequences contain carbonaceous filaments and greenish

t

mortlesmwhicn‘prooabiy-represent rootlets. Small'(;Z cm)
calciun:caroonate;noau}esiano ca;clum—carbonate-cemented
horizons'areforeSent.ih»some-settions. The colours of roc;s
wnich‘comprise snbassociation 1IA are red, grey or a mottléd
. mixtUre'of‘the rwo-colours.; In all cases,-rocks asslgned to

this subassocratlon aré contlnuous on tire’ scale of the

’ H

outcrops examxned Lmerers‘to tens of meters)«

P ‘e

1

— - .’;-»' ) . .
Subassorxatxon IIB- Hererogeneousloeposits"

5ubassoc1atron TIB consxsts of a verrxcally

heterogeneous sequence of - cross stratlﬁ{ed, structureless,
B R \

parallel- and cross lamlnated Sandstqne and/sxltStOne

r

(facres C, D, E, and F). and nas sive tO\iamlnated siltstone

and mudstone (fac1es G and H) (e.qg. Flgs 4.6 and '4.7).

L

These facles are 1nterbedded on a centlmeter to dec1meter

scale 1n sequences wh1ch ranqe up to teéns of neters thlck

.y —-—

All types of contacts are present sharp, ergsive, and
gradat1onal andstones range from very fine- to
coarse gralhed and’ are poorly sorted.. Small
(mllllneter—scale) 1ntraformat10nal clasts and coallfxed

woody debrrs are commonly present in sandstones.

hid 1

siltstones and mudstones contain plant casts and
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Figure 4.7: Subassociations 1A,

channel,

lake environments respectivley.
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nodules are locally abundant and genetally_rest:icted-to'the

impressions, coaly debris, and rootlets—(pfééetved.as coaly

‘. traces, as green mottles in red—coloured rocks, and as

™

casts) (Plate 4.5)1‘ Desxccat1on cracks are f0und in some

siltstones'and mudstones. 1mp1e,vun11ned burrows"ﬁ'

(?Planclites) and what may be elther feedxng traces or .

burrows (Plate 4.6) are present in some sectlons (e.ga"

outcrops 21-25; outcrop 52)- w1th1n ma551ve to

,cross stratlfled sandstone and mudstone (fac1es C,_Ei”andf’

G). Load casts and convoluted beddlng are present in

‘several lntervaI# (e.g. outcrop‘SI). Calcium carbonate

k)

mudstones. However, calcite-cemented concretions (up to 0.5

m in dlameter) are present in several sandstone beds (e. g.a

]
outcrop 11).

Lobally} f1n1ng upward sequences comprlsed of

'parallel lamlnated, cross- lamlnated and/or masslve

sandstone and siltstone jfacxes D, F, and G) occur.
Fining-upward sequences are 10 cm to 100 cm'thick and are

51m11ar to those descrlbeﬁ in- subassoc1at1on IIA but d1ffer"

in that they are separated by decxmeter— to, meter—thxck

'mudstone or 1nterbedded mudstone/sandstone units. - Th1s typen"

LI

of sequence is Yommon in_FB2?76L(see Fig. 4.6%.
‘Tne,predominant colour'of 511 litholbgies_which

cnmpriSe subassociation IIB is red-brown (eccasionaliy

mottled with grey—gfeen)‘in the FBZ-?E:borehble-and:uest of

outcrop 44 in the field. East of outérop 44 énd‘in the
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Plate 4.5:

Calcite root cast oriented vertically just above
the pencil (arrow) in grey mudstone (facies H).
Root casts (or rhizocretion) are found in

facies associations II and III.
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Plate 4.6: A feeding trace or burrow consisting of matrix-
free sandstone (arrow) within a massive, dirty
sandstone The section from which the sample is
taken consists of thinly interbedded
sandstones and mudstones. Outcrop #52.
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BSG#1 borehole, the colours are variable and may be -

;ed-brown, or mottled. ‘ o -

Rocks assigned to,subéssociatioq IIB. are laterally

continuous on the scale of the dutcrops measured (meters to

- -
- -

10's of meters), but in some cases they pinch out within 50

-

m into coarser sands.

\
N
a

. = -
Subassociation IIC: Coarsening-Upward Deposits’

Subassociation IIC consists of a variety‘ot facies
types arranged in detimeter-to meter-scale coarsening-upward
sequences (Eigs.,4.8A and 4.8B). .Meter-scale sequences’of
subassociagiqn I11C range from 2.0 m to ¢c. 10 m thick.A
Decimeter-scale coarsenlng-upyard 'sequences may.be stdckedv
in units up to 4_ﬁ tﬁick. . .

Stackedi decimeter-scale coarsening-upward sequences
(e.g. outcrop, 90, Q—3.§ m; outcrop 15, 12—14“m} have
gradational bases and sharp tops. The grain size of the

- . . L4 N ‘ .
coarsest units is fine-grained sand. °"Most occurrences of

A s

decimeter-scéale coarsening-upward units consist of the

transition from mudstone (facies H) to ¢cross-laminated

sandstone or siltstone (facies F). At one locatiaon (BSG#l,

60~-58 m) massive siltstorie and very fine-grained sandstone

(facies G) coarsen upward to cross-stratified fine;qrained

sandstone (faries C). - o v

Meter-scale éoarsening—upwird sequences typically

commence with grey or red (or rarely mixtures of grey-.and
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IITA
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Subassociations IIIB and IIC denote poorly-

drained swamp and prograding crevasse/levee
or delta environments, respectively.

4

Subassociations IIIA and IIC denote floodplain
lake and deltaic environments, respectively.

Letters refer to facies; Roman numerals followed by letters
refer to subassociations.
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red),'cross-larﬁinated and/or parallel—iaminated, very

fine-grained sandstone or siltstone (facies F, D, and/or G)

with climbing ripple cross-lamination and mudstone
. - . .8

interbeds. These beds are 'gradationaliy overlain by grey or

red, cross-stratified, cross—laminated, parallel-laminated,

or structureless very fine- to medium-grained sand (facies

c, F, D, or E). Small (0.75-2 m thick) chadnels occur at

the top of several meter-scale coarsening-upward sequUences

(e ., d‘u'tcrop 11). Meter-scale coarsening-upward sequences

are ‘commonly ‘c'apped by trough (and in one ‘case planar) .

cross-stratified sandstones with erosive -bases (ea.g.,

outcrop 5lb, see Fig. 4.8R). - K\
Calcium carbonate nodules, r-not'lets, _and'desi‘écation' .

cracks are present, but uncommon, in the upper beds of

meter—-scale sequences and Within the decimeter-scale units.

Calcium carbonate nndufes several centimeters in diameter,
load structures, convoluted peds. rare rootlets, 'and locally
important cérbonaceous de{‘bris are pres'en't‘in the loweAr beds
of meter-_s_cale' sequéﬁcié. Occu_r.rences of facies sequences

which comprise subassociation IIC are most common hetween

outcrops 11 and Sl and iy the BS#1 core. Subassociation
\ i

IIC is not recognized west (5f\Qutgr.Qp 43 or in the FB2-76
— ,

+ - ~

core.,

- -

Subassociation I1A: Interpretation . N

- Gtacked, meter-scale fining-upward sequences ‘w}th sharp
. ¥ v

.
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or erosive bases overlain by a variety of upper and 1owe_r
flow regime sedimentary structur.es, resemble the deposits of
levees and crevasse channels associated with flooding in
modern rivers (e.g. Coleman, 1969; Elliot, 1974; Ray, 1976;

Kumar and Singh, 1978). The presence of rootlets and

- pedogenig calcium carbonate nodules suggest that the

environment of .deposition was either shallow subaqueous,
. i - i ! \
periodically, or normally subaerially exposed. ‘In some

cases, especially whére rootlets sebarate fining-upward

. sequences, a.,single sequence is probably attributable to one

flood cyclé. Al thoug vei‘t‘ical sedimentary:sequehces_
present in the fi_niniupward sequences of subassociation IIA
are simil_af to both levee ané crevasse channel sandstones, a
crevasse chlannel origin'is favored whe;e éhe base of each
fining—upwa'rd'un‘i‘t is scoured {(e.g. outcrop 44). Overbank
flows w,bief;l form levees are not channelized and therefore .
/_c,rmf;i;:t's between units tendl.to be abrupt, but not erosive.
Crevasse channels are formed when, flood waters leave the

~

main channel through well-defined breaches -(crevasse

'éhannel.s)’ in the river banks. These channels tap deeper
regions of the riverffhl.c.)w.than overbank floods and therefore
generally é;arry coarser material.

In some types of river systems it may not be. possible
to differe.ntiate between levee and crevasse splay deposits.
For instance, .levee deposits of the Brahmaputra River are

comprised primarily of coalesced crevasse channel fills each

39




of which consxst of dec1meter— to meter-scale fining- upwird

sequences of fine sand and silt (Coleman, 1969). Sedimentary
structures found in the Brahmaputra levees incluje ripple
1am1nétion,ltrough cross-stratification, climbind ripples,‘
and siumping. However, in rive systems ﬁperé overbank '
flooding is more-important'than crevaséing, crevasse channels
are recognized as relatively coar;;: lenses within the - finer
jevee deposits (Reineck and Singhd‘1980 p.292).

In ong case (outcrop 51), the stack?d fiﬁing—upward
sequences of subassociation IIA.are overlain by ah inferred
channel sandstone. :This sequerice may represent coalesced
c;evasseAchannel deposits. The crevasse channel
progressively carried larger proportions of the river flow

'
until it enlarged (via avulsion) to become a main channel
(cf. Bridge, 1985). In sone respectgvthe Séacked
fining-upward sequences are simiiar to the deposits which
comprise stacked tinlnq‘updafd sequenécs in subaszsocration
IA. The differences are primarily ones of scale (p.g. finer
g;ain size and thinner sequences 1in the deposits of
subassociation 1TA). it can be difficult to differentiate
between tﬁe deposits of cmall streams traversing the
flcodplains of laréer rivers and the deposits of overbank
floods of the larger riQersr(Colliﬁson, 1978; Bri@ge, 1985).

In some cases, the fining-upward units of subassociation IIA

may represent small, ephemeral or perennial strears.

’
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subassociation I1B: Interpretation

The vertically heterogeheous deposits of interbedded

sandstone, siltstone ‘and mudstone of-subaSsociatibn IIB are

.

interpreted generally as the deposits of leyees, crevasse

splays and ovérbank,{unchannelized) floods. The lateral

‘relationships between overbank deposits and their areal

extent and geometry are critical in differeﬁtiabing between
alluvial environments. This inférmation i1s often unavailable
in .restricted outcrops aﬁd cores maging interprétatlbn’of
fhese deposits somewhat egquivocal.

Leveés are deposited parallel to the river channel by

floods which leave the channel by oveftopping the r}ver

. - . -
banks. Deposition results from a loss of competence as flows

spread out and decélerate. Although déposits generally are

coarsest close to the channel, coarse sand and gravel can be

carried considerable distances during extreme fleod events

”~

(e.g. Jahns, 1947). 1In modern humid climates, levees and

‘floodplains are vedetated and may contain'organic debris; in

more arid climates flood deposits may contain culcium
carbonate concretions (Walker and Cant, 1984).

Levee deposits of modern rivers exhibit a variety of
sedimentér? structures and textures. The lower Mississippi
River leQees consist of centimeter- to decimeter—scaie
fining-upward vouplets of ripple laminated sand and silt

(Elliott, 1974). Upper Mississippl River levee deposits are

4
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' composed of decimeter-scale, coarsening— and fining-upward

’

sequences of cross-laminated, cross-stratified,
parallel-laminated, convoluted and massive sands and silts
{Ray, 1976). As mentiohed'previously, levee deposits of,the.

Brahmaputra River—{Coleman, 1969), consist of decimeter- to

! S

meter-scale fining-upward sequeﬁces of fine sand and silt
witf ripple lamination, ﬁrough-cross stratlficatipn.
climbing ripples, and slumping: ,

overbank flood depo;its consist primarily of
fining-upward sequences éf fine sands, silts, and muds with
a variety of upper and lower flow regime bedformé deposited
by episodic, waning currents (Happ et al. 1940; Jahns, 1947;
Schumm and Lichty, 1963; McKee et al., 1967).- In stable
river systems with well—differentiated floodplains Lhe>
overbank flood deposits p;;gressiyely fine away from the
river banks. However, in actively migrating ;iver systems
floodplain deposits are not easily d}fferentiable into
discrete environments such as levee ot crevasse sp}ay.
Deposits of overbank floods from actively migrating:fiver
systems are referred'to by Allen (1965) as undivided
topstratum depositéa In this thesis, they are caliéd
undifferentiated overbénk deposits. The variety of primary
sedimentary strucﬁures in levee and overbank flbod deposits
¢can be attributed to‘éariat}ons in flow velocity, gréin

size, concentration of suspended load, and the nature'of

flow deceleration in a single flood cycle (Bannerjea,
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1977).
In the Barachois Group; where the sandstone and
mudstone sequences of subassociation IIB overlie the

inferred channel deposits of facies association I (e.g.,

Fig. 4.6, BSG#1, 164.5-166.5 m) they are interpreted as

!

. levee deposits similar to those of modern rivers.: This

interpretation is based oh the position within the
: \ .
large-scale sequence, as well as the similarity of scale. and
€
sedimentary stxuctures in vertical facies sequences. Where

these deposits dh\ng overlie
. .

annel deposits they may

represent levees wﬁ@ch R rograded over the adjacent

floodplains, distal parts of crevasse splays, and/or

undifferentiated overbank deposits.

¥

Fining-upward sequences and centimeter- to
decimeter*scale‘beds'of cross-laminated, paréllel-laminéted,
and massive sand which characterize facies associaticon I1 in
FB2-76 (e.g. Fig. 4.5) and oﬁtctops 38-43 resemble the
undifferentjated floodplain deposits of modern, actively
migrating rivers. Individual fining-upward unit thicknesses
k30 cm to 100 cm) are comparable to thicknesses of modérn
flood deposits which form in a matter of hours or days

(Jahns, 1947; McKee et al., 1967). The gradual change from

mudstone-dominated sequences containing cross-laminated,

fining—upward sandstones with calcium carbonate nodules to
coarser and more abundant sandstone (with parallel

lamination) is illusgyated in Fig. 4.5. This change may be

1n3




due to gradually increasing flow velocities ahd flood

frequencies in subassociation Iiéf Increasing flow
vel&cities and flood frequencies could represent
progpadation of a channel belt complex over the floodplain,
or g adﬁally increasing proximity to the source of the .
floods. In general, suba§sociation IIB in FB2-76 borehole
does not/appear to be divisible into crevasse or levee
environments. o . ' ‘ ' .
Fining-upward sequences which contailn sédimentary
structures typiﬁal of undifferentiatea floodplain deposits
also occur as channel-fill, channel-bar, and overbank |
déposits in sandy ephemerai stream environments (e.qy.
Williams, 1971; Picard and Hiqh; 1973; Karcz, 1972; parkash
et_al., 1983). Bridge et al. (1980) suggest that the
similarity between undif ferentiated floodplain deposits and
rphemeral streams is entirely consistent with the ephemeral
nature of overbank flows, although ephemeral stream depos}ts
are commonly associated with aeolian deposits,. evaporites,
and other depqsits of desert or alluvial fan environments
(Reineck and Singh, 1930 p. 310). Desiccation_crackn and:'
raindrop imprints are common in modern ephemeral stream
environments. Desiccation polygons can be centimeters to
meters in diameter, therefore they may not be recovered in
cored intervals. In addition, thin, desiccateﬁ muddy‘d?apes‘
may be obliterated by wind erosion within a week (Karcz,

1972). The presence of coaly evidence of abundant
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vegetation (rpoﬁs, plant fragments), the lack of adeolian

deposits. and the general lack of desiccation features seen

.in exposures of the Barachois Group suggests that ephemeral

stream debositioh was probably of minor importance.
However, where céal and other evidence for extensive
vegéﬁation afe‘gére (i.e., in the FBZ—%G borehcle},
ephemeral sﬁfeam deposition cannot be ruled out.

SubasSociation IIC: Interpretation

Céﬁasening—upward sequences .in the Barachois éroup were
probabl} %ot%edﬁag\floods and splays progradedlover
floodpla;hs or intilled depressions on the floodplain
surféce-(e.g. ab;ndoneg channels and lakes) (cf; Fielding,
1984; Scott, 1978; Faréuharson, I982).} As sediment was
added to the toes of crevasse splays and levees during
f loods. or was dumped‘into lakes, the pfeviously‘most,distal
{and therefore finest) sediments are overlain by .
progregsiQQIY more proximal sediments. This procesé
probably continued until the crevasse system betame
inactive,ithe floodplain depression (or lake) was filled in,
or the local channel compiex supélying the sediment was
abandoned. Differences beﬁween decimeter- and meter-scale

a

sequences are probably related more to the lo%gtion on the

‘floodplains and the depth of the depressions being filled

than to differences in the filling mechanisms.
Progradation of splay/delta deposits into dominantly
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subaqueous environments is indicated where evidence for
subaerial exposure is .lacking or where the deposits overlie
idemonstrably lacustrine_sediments (e.g; micrites or oil.
shales). The drab coloured, meter -scale coarsenlng upward
qequence with convoluted beddlng,,whxch overlles 1nferred
lacustrine mar} deposits (Fig. 4.7, outcrop 51, 12-14.5 m),
is interpreted as a small mouth bar-type delta which
prograded into a lake (as in Elliot, 1974; Colémanf 1966);’
wWhere. coarsening-upward deposits exhibit evidence for
emergence (i.e. desiccation cracks, red colour, pedogenic
nodules) they probably represent the progradation of
dominantly subéeriai-crevasse splay and/or levee depqsits
over floodplains (e.g., outcrop 11, 22-32 ,; outcrop 90, 0-3
m)c(cf. Gersib and McCabe, 1981). In many cases, def{nitivo
evidence for deposition in permanent lakes or for deposition
above the mean annual water table is lacking (e.g. Ftig. 457,
6-8.5 m; BSG#l, 242-241 m). o
The’laminated‘ﬁnd cross~laminated mudstones which form
the lower parts of coarsening-upward u;its were depbsited
‘from suspension or by weak currents either in permanenf
lakes or from poﬁded floodwaters. Gradual introduction of
coarser materxal thh mudstone interbeds records
alternatxons of current activity (flooda or crevasse splays)
with peribds of quiescence. Upper beds of coarsening-upward

units contain trough cross-stratification indicative of

- . f',-/- !
higher velocity flows (i.e., relatively m?ﬁﬁyéroximal to the
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sedihenﬁ source)} érosive scours, ana evidence of shallow °
water (rootlets) and_emergehce Xrare desicca£ion cracks).
Small channels and erosive-based éross—stratified sandstohes
at the top of heter—scale coarsening-upward'séquencés may
representﬂcrevésse channels yithin progradinq levees o? |
fluvial/disﬁributary channels overlying deltas and~cre§assel
splayvlobes. Mirror-image goarsen;ng/fininé—upward

sequences (e.g. Fig. 4.7, BSGPl, 243-240.5 m) cculd record

~gradual infill of a depression and subseqguent gradual

abandonment of the infilling system,.

Interpretation of Facies Associatiopn 1I: Summary

The deposits which comprise facies association II are .

interpreted generally as the overbank deposits of rivers,

Subassociation IIA probably represents proximal levee,

crevasse channel and crevasse splay aeposits. In some tases

the stacked fining-upward sequences of subassociation IIA ]

may have been deposited by small streams which traversed the

-

floodplains of larger river systems. Subassociation I1IB
represéhts the deposits of levees, po;sibly crevazsé splays
and undifferentiated overbank floods. Undifferﬂntiated
overbank flood deposits arn'espeéially fmpoqtant in the
FB2-76 borehocle. The sequences which comprise

subassociation 11C were probably depoéited in"prograding

crevasse/levee or delta systems.
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Facies Association III: Mudstone-Dominated Deposits

% “

»

- ~

. Facies assotiatijon III is similar to and gradational

with faciés association II. The deposits of both facies

lassqcfations consist,of interbedded mudstone, siitstone,
shaie. and sandstoﬁé. Intervals composed primarily of
ﬁu@étone;.oil éhale, coal; and limestone (facies H, 1, J,
and K) aré assigned to facies association IIl. Facies
association iII is subdivided intg thra2e subassociations
(Subaésoci;tions ITIA, I[1IB, and IIIC) based on colour -and
EHQ amounts and typés of organic.material present in them:
:Althoﬁgh subassociations are described as end members, they
are, to some extent, gradational. After the three
subaésoéiétions.are desqribed, and interpreted, the
impliqapions éf calcium carbonate nodules in the
'suﬁassociations are discusséd.

,‘.bn geophysical logs run in the BSG#L barehole (Hoffe)
i985), facies association 111 is characterized by low
resistivity response and high gamma ray, density, and
spontaneoug potential responses. 0il shales wnich aretthtckP‘

enough to be recorded by the density tool (i.e. 222-226 m)
exhibit slightly lower density and higher gamma ray

[ 4 : .
responses than associated shales with less organ%c matter.

\
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Subassociation IIIA: Grey Mudstone-Dominated Segquences

‘Including Sapropelic Beds

This subassociation consists of grey. to black massive

"to fissile mudstone (a's in facies G and H) interbedded with

.sapropelic mudstone and oil shale .(facies I) (Figs. 4.7 and

4.88B). The'orgapic~riéh fécies contain a restricted fauna
of ost;acodés and gastropods with scattered fish scalés.
Alsp included in this subassociatipn are argillaceous
ostracodal mitrites ‘(fagies K). The micrites occur in one
sectioni(outcrop 51) as two 10 cm thick beds. Thin (U.5 to
20 cm) interbeds of laminated tg ﬁassive,-gfaded,‘or
cross-laminated siltstone and very fing—'to<§oarse;grained
gandstone (as fn tacies ' and G), in some cases with
convolute bedding are present, but uncommon . 2
Subassociation IIIA attains a maximum thicknessdof-6 m
(e.g. outcrop 51, BSG#1l) and ranges down to c. 1 m. The
organic-rich beds range from several ééﬁtimeters to 1.5 m
thick. 1In general, fipid éxposureg are too restricted to
assesg the lateral continuity of the oiganic—rich memberg.
However, in one location (cutcrop 15), a seam of sapropelic
mudstone (facies I) {(poorly exposed underwater) appears to-
pinch out‘into mudstone .(facies H) within 50 mete;s, |
Organic-;iqh'members of subassocliation IIIA are

restricted to locations.in the vicinity of the coalfields,

and are also found in the BSG#1 borehole.
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Subassociation IIIB: Grey Mudstone-Dominated Sequences,

With Common Coal or Carbonaceous Beds

Facies types in éubassociation II11B are massive to
fissile grey (ra{ely green) mudstone, ‘carbonaceous mudstone
A(facies H) and coal beds (facies J) up to 57 cm thick (Fig.
4.9). The mudstones contain calcium*carbon@tg nodules and.
segregations (pPlate 4.7), stigmaria and Calamjtes Pruseryed
as impressions (Piate 4.8), coalified plant‘debris, and
calcified and/or.coalified rootlets. calcite- and silica-
cemented cross-lamiriated and massive sand and silt (fac;pn ¥

and G) with coaly debris are pregent, but not cummon.

Desiccat ion cracks are not abundant, but were observed at

several localities (e.g., Plate 4.8). Coal seams and lenses '

are present between outcrops 25 and S1. Thin cOal'des and
laminations within shale and mudstone units are Egmmon in

y .
the BSGul borehole and rare in-the FB2-76 boretole. "At 257
m in BSG#l, 0.2 rm of oil 5ha}e~direct1y ove;livs.s‘cm of

carbonaceous shale representing a rapid transition from

= ..

subassociation IITR to IITA. B . ¢1d
Segregations of calcium carbopaee are several mm to 2.0
cm in.diameter. The seqregétions consist of‘oblate'blcbg
with gradational boundaries iﬁ which‘calcium carborate has
replaced the clay wmatrix (cf; Wright, 1982). In contraste,

nodules (Plate 4.9) have wéll~d9finpd boundaries with the

s ‘

110

~




Plate 4.7:

Closely-packed calcium carbonate nodules in
grey mudstone (facies H). The nodules are
lighter grey than the surrounding mudstone.
The rock hammer is 33 cm long. Outcrop #51b.
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Plate 4.8:

Grey mudstone (facies H) with desiccation cracks
and a 1 m long, curved Stigmaria impression
situated below the pencil. The pencil

is 19 cm long. Outcrop #lla.
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Plate 4.9: Calcium carbonate nodules containing curved
spar—-filled fractures which define soil peds.
The nodule on the right is from outcrop 51;
the nodule on the left 1is from outcrop 78.
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-Outcrop 18 6 mto 10 m
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Figure 4. 9. Subassocfatxons IIIB, I111C, and 1IC xllustratc
the probable transition from coal swamp (I11B)
to well-drained swamp (IIIC) and gradual
infilling by a prograding crevasse/levee
complex (1IC). The cross-stratified sandstone
at the top of the section may represent a .
crevasse channel. Letters denote facies; . : :
Roman numerals followed by letters denote ) :
subassocxatxons.
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surrounding sediment. They are .1 cm to 20 cm in diaméter,
and contain spar-filled fractures which surround and define
areas of dense argillaceous micrite. The micritic zones

.+exhibit a clotted texture and contain coalified plant
mgterial and scsttered floétinq, corroded quartz sand
grains. Nodules and seqgregations are commonly widely °
dispersed; however, in one location (outcrop 51 at 15 m)

ithey are closely packed and protrude downwa}d into grey

mudstone (Plate 4.7).

Subassociation IIIC: Red-Brown Mudstone-Dominated

Sequences

Subassociation IIIC is distinguished from the other
subassociations by its f@d, red-brown or mottled red-brown
and grey colour, and the lack ofjbresérved drqanic-rich
facies {e.qg. Figs. 4.2, 4.4, 4.55 and 4.9). The red colour
appears to be due to disseminated hematite. The mudstones
which comprise the subassociation,a}e mostly silty,’
micaceous, and massive, and commonly contain abundant
cdlcareous nodules, gfeen, calcareous reductidn spots with
and without coalified cores, disseminated coaly debris, and
the remains}@f Calamites preserved as hematite coated casts
{in the vicinity of coai—bearing units only). Des{ccatioh
ctacks are rarely observeda Thin (3-20 cm thick) beds of

cross-laminated, massive, and cross stratified sile and sand

{facies F), octurmsporadically. Calcium-carbonate nodules
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are generally 1 to 2 cm in diameter.-and |oblate.
Characteristics of nddules are generally the sameé as those

¢ ' )
described in subassociation LIIB. The small, oblate nodules

appear to bifurcate downward and usually contain a thin core

of coaly material (e.g., Plate 3.ll)f

Rocks of this subassociation ordinarily occur between

successive cﬁannel sequences, and are commonly trunéated by
a shérp or erosive surface. Lower boundarieé‘are
gradational. Less coﬁmonly. subassociation ITIC u;derlies
several coarsening-upwafd sequences and, in such cases, has
a gradaticnal top and a sharp base. . It is often poorly
exposed and partdially covered, but -is found in both cores
‘and many of the field éections as weil {e.g. outcrops 43,
14, 16, 72, 90). The thickness of subassociation [ILC

‘ranges from about S cm to 7 m,

+

Subassociation IIIA: Interpretdtion

-

s The lack of desiccation qracks in subassociation IIIA
suggests deposition in a subasueous environment with Iittlé
subaerial exposure. The presence of a terrestrial aquatic
fauna (fish scales, ostracades and gastropods) strongly
suggests a lacustrine depositional environment. The
pfesence of a benthonic fauna and a general lack of pyrite

tindidéte that strongly reducing (i.e. anoxic) conditions
were not common atithg lake or pond_bottom. The presence of

calcium carbonate in the form of fossiliferous and calcium
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carbonate-rich laminae indicates that pH, -as well as calciunm
and bicarbonaﬁe-ion concentrations were high enough so that
biogenically precipitated calcium carbonate was not )

dissolved at the site of deposition.

Carbonates similar to the ostracodal micrites of the

Barachois Group are found in many pre-Modern and ancient
lake deposits (e.g., Sherwobd et al., 19é4; flores, 1981).
The isotopic composition of the micrite (—4.@0 per mil,
Table 8.5, Chapter 8, pg. ) is®consistent with a
‘freshwater origin (Hudson, 1977). In modern lgkes endogenic
precipitaﬁion’of calcium carbon;te 1s attributed to high
seasonal elgal préductivity and/or to high concéntrations of
calcium and bicqrbonate ions (Haganson and Jansson, 1982
PpP.103). Hiéh productivity consumés carbon dioxide, thd§
reducing its cohcentratibn and, in some cases, raises the
pPH. Both facéorf lead to enhanced precipitation of calcium
‘carbonate. Since tée micrites are only prese t one
location it is difficult to interpret theig orig '
unequivocally. Thfir proximity to carbonace ds ard
dark grey cglour suggesté that organic material was loéaxly
abundant. it is possible that concentrations of ioﬁs.
increased locally as lakes or ponds evaporated. However,
the lack of desiécation featares and evaporites iﬁ this ‘
subassociatjpn indicate that this is unlikely. The
ostracodal micrites may %ave been formed during occaéionél

interludes of high algal productivity. This explanation 1is

.not inconsistent with the presence of oil shales.

117




Mud;tohes and shales. which are capablehof'producing
liquid hydfocarbéns when pyrolyzed.(oil»shalés).cbntain"
kerogens derived predominantly from high lipid organic
material such as pianktonic aigae, spores, and'bécéeriél
cell wélls (Hunt, 1979). O0il shales are known to occur
pri@arily in_thrée_types of deposits: l)'contineﬁtal
lacustrine deposits (e.,g. the Green River oil shales), 2)
deposits of bogs and smallllakes associated with‘coal swamps
(e.g. Permian beds of western Europe, Cenbéic iqte;montanu
basins of Thailqnd), and 3) the deposits of shal low Sgas
(e.qg. Miocene shales of California)‘(Tissot and Welte, 1978

b. 229-230). The relationship between oil shales and coals

¥n the Barachois Group suggests that the oil shales formed

‘

in small lakes and bogs close to or within coal swamps}

The facies énd facies relationships which charac£erize
Cehozoic‘oil shales within small intermontane basins of |
Thailand\lsiblinq et al., 1985; Gibling et al., 1980) afe in
some ways similar to thosé of the oil shaleg in the
Barachois Group. The oil shales 1in Thailand are da:k Qrey

to greyish brown, lean (18 to 122 litres/tonne), slightly

fissile, and contain the remains of plants, and fish. As in

——

the Barachois Group, the Thai oil shales are aséociatedeith

mudstone, massive marlstone, coal, carbonaceous mudstone and

. calcareous mudstone (with gastropods) and are ppstulated to

have formed in shallow lakes (Gibling et al., 19B5).
Barachois Group oil shales are relatively lean k(éq l/tonne)

and are characterized by somewhat higher densities than the
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Thailand oil shales (average densities are 2.33 g/cc for the
Barachois Grgup oil shales vs. 1.95 g/cc for the Thai oil
shales). .

Subassociation IIIB: Interpretation

The presence of beds of pédogenic calcium carbonate
nodules (discussion to follow) and rare examples of
desiccétion cracks in subassociation I1IB suggest that it
was deposited Clogé to (and‘ét\times above) the‘mean'annual
water table, The felationship between coals and mudstones
with Stigmafia_and rooted horizons in subassociation 1118,
providesvaaaitional evidence for deposition in a higher
position relative to the meanaannual water table than
§ubass§ciation IIIA; Banding 1n the thick coal seam at
outcrop ‘16 suggests that water table fluctuation; occurrgd
during éeat deposition (Stach et al., 1982 p.376). The
~gradual increase in clastic matérial suggeéts tha£ peat
deposiﬁion was terminated by drowning as the water table
rose or the swamp subsided.

Apparently in situ rootlets and Stigmaria casts in grey,
relatively organic-poor mudstones indicate that the

depositionalrregion'was vegetated, but preservation of

organic remains was poor. Vegetation with little organic

matter preservation occurs in present-day, well-drained
swamps and floodbasins (e.g. Coleman, 1966; Reineck and

Singh, 1980). The relative lack of organgc matter (compared

to poorly drained . swamps) is attributed to oxidati%gugggjng
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periods of emergence. Carboﬁéceous mudstonesrwere‘fotmed in’
locations where organic debris was deposited and preserved
along'with abundant fine clastic material. Such locations
may have been common at the edqés of coal swamps Wwhere
Clastic material was filtered out and deposited prior to
reaching the swamp. Modern poorly drained swampg
(per%nnially saturated) are characterized by!muds which .
contain abundan;(pyriteﬁ organic matter, osﬂracodes and
gastrqpods,'and fewer calcium carbonate nodules tHan the
well-drained swamp (Coleman, 1966). The carbonaceous‘
mudstones‘were likely formed in an enviconment éimjlar_to
the poorly drained swamp., Thin beds of cross-laminated
silts anc sands are commor in some modcrn peat-forming
N B

environments. (e.g. Styan and Bustin, 1984). .Similar thin .
beés of sandstone and siltstone in subassociation IT1B were
probably deposited by distal crevasse splays and(of overbank
floods.

In general, humic coal déposits are attributed to
depositior in peat swamps in w@ich woody ordanic material is

. ’ -3 i
preserved with little or no clastic 4nput. It has been

suggested thatkdepositional environments provided by

. & : . . - L
low-lying swamps are an ipappropriate model for deposition

of thick, low-ash coals due to the likelihood that abundant.
clastic detritus would be'incorporated with the peat

resulting in high-ash coals and carbonaceous shales {McCabe,

1984).

Three alternative explanations for the relatively low




ash content of coals ére‘citéd (McCabe, 1954} . Tﬁese are:

1. the chemistrf of peat waters resulted in flocculation of
clastic‘material at swaﬁp margins and/or dissofution of
clastic material in tpe sWwamp;
peat formation in floating or raised swamps similar to
those now forming in Borneo (Anderson, 1964)7
clastic supply was cut-off dufing swamp deposition.
lThe thickest Barachois cocals have variable, buﬁ

relatiVéiy high sulfur values (0.44-5.3%) and generally.high

to mederate ash contents (1.35-24.3%). Péats qf raised -

.swamps "are chatacterized by very lcw sulfur contents

(<0.15i) and well preserved plant tissues as well aé low ash

éontent (6.5%) (Stach et al., 1982 p.30). Although high

sulfur values in Baracheois ,Group coals could be related to

" underlying evaporiteé'(M. Gibling, pers. comm.), the

relatively high ash contents suggest that deposition toik

place in low-1¥ing peét swémps cut-off froﬁ?élastic
deposition and/or with highly acid waters. which acted to
flocculate or dissolve clastic material rather than:in

1

raised cwamps.

Subassociation IIIC: Interpretation .

Rare desiccation cracks, red-brown colour caused by iron
oxides, pedogenic calcium carbonate nodules, and a relative

lack of organic matter indicate that subassociation




I11C was deposited under generally oxidlzing conditions in
an énvironment which was periodically submerged. The
environment was vegetated as evidenced by rhizocretions and
root traces. Recent floodbasing are characterized by
élternating perionds of emergence and submergence (Al@en,
1965; Relneck and Singh, 1980.p..296) due to overban ﬂ
flooding. Deposition of suspendéd”sediments pccurs froum

-ponded flood waters. Thin beds of cross-laminated siltstone

and sandstone were probably deposited by distal crevasse

splays and/or overbank floods.

Soils developea on floodbasin sediments'in ;emi—arid
conditions (i.e.'undér relatively oxidizing‘conditions)
_typically are reddish in colour, contain only small aﬁountg
‘of o;ganic magtér,.and often Containkpédogénic calcium |
c;rbohate nodules (caliche) (Reineck and Singh, 1980 p.
297). In some cases, where evidence of subaerial exposure
is lackiné {e.g. BSG#l }Q9f322 m), subéSsqciation 111C could .
represent deposition in small, but perennial and
 we11—aerated-1akesw

e .

Implications. of Calcium Carbonate Nodules

As discussed in the descriptions, the nodules in

subassociations IIIB and IIIC are comprised of spar-filled

fractures which delimit zones of argillaceQUS'micrite with
clotted texture, and which contains carbonaceous debris and

" floating and-corrodéd sand grains. These characteristics
4 -

¢ ) v
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-in diameter resemble stage II or III caliches of Gile et

are indications of pedogenic formatlon'(BreWer, 1964;
Goudie, 1983 p. 106-107). The spar-filled fractures were
probably formed by repeated wetting and deying of the
sedimenl (Brewer, '1964). Closely packed nodbles up to b cm
al. (1966) and type A or B of Allen (1974).

Calcium carbonate seqgregations (gradational boundaries
with thé ﬁatrix) are present in subasscciations IIIA énd

I1IB. Freytet and Plaziat (1982, p.76) draw a diztinction

between carbonate'concentrations,dnveloped on well-drained

soils (which they refer to as caliches) and hydromorphic A
segreqations formed in the zone of water table fluctuationéf
1t seems likely thét gradations between, and mixing of the
two types.of carbonate ;egregatibns occur as well-drained

horizons subside below the water table.‘ This‘would lead teo

the occurrence of similar nodule types in dissimilar

erivironments.

X-ray diffraction results on powders ffom six noduleé
(FB80, F7i,.F77, F72, F21i, F12) show that calcité is the pnly
carbcnate species present. ‘Quartz, feldspar, and clay
minerals are presenf in-vaxjiﬁg amounts., Stable carbon
isotope determinations for the nodules-range from S’&C i
baiues of -7.973 te--20.552 per mil relativé to PDB (refer
to Table B.5 for a summary of the vaiués). These.vglues are

consistent with carbon isotopic compositions determined for

soil calecites and diagenetic concretions (Hudson, 1977;
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Salomons «t 51.,-1978[ and contrast with the more positive
—"

value of the lacustrine micrite (-4.40 per mil).

3

The formation of calcium carbonate nodules as caliches

is a process in which calcium-carbonate 1s tranéported in

solutton from upper layers of a soil protile and cedepgﬁited
. . . TN

\

at a lower level. The deqgree of calichification is \\
dependent Uupon sedimentation rate, depth énd range ut'watoF\\
table fluctuation, climate,‘availabilxi;ydf calcium and
bicarbonate ions and the partial pressure of carbon diuxide;
Klappa (in press) emphasizes t he intechtiuﬁ_bctweun

climate, calcium carbonate suppiy, permeabilxty.mf

subStrate, and biolobgical activity in the formation of

caliche., variations in nodule siXe, abundauncesand degree ot
segregation fronm the matrix result‘from the interplay

between these processes., Recent work sugge ts that
' T .. -
decreases in partial pressure of cnrbon leXLde dun to

seasﬁnal droug t and tzansp1ratxon through roots may play a
’ 51qn1f1cant rofle in the prec1p1tat10n of pedonpnxc cul<1um-
carbonate (sc le51nger, 1985) ‘The 1-2 cm Oblate-ghade

nodules Wlth coaly cores, found in subassocxat1on 11fc «

-

‘erongly suggest that roots played a. part in thelz_

formation. According to Klappa (1980) these nodules would

,_j?xed as rhizocretions; a term used to describe
n

1Y

etic accqmulatxons around l1ve or dead roots.

.

An analysis of the mlcromorphology of nodules by Wieder
and Yaalon (1982) has led to a model for the formation of-

carbonate nodules in a varlety of’ substrates. Their mode ]

o
L}
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for nodule formation within muddy non-calcareoué soil
materials f(as in facies association III) ié divided into
 thtee stéges, In stage dne the nodules form within soil
voids and do not include skeletal particles. " AS carbonate
;;recipitation continues the nodules begin to include grains
from the surrournding ‘fabric and blocky peds are w'ell‘-defined.
(stage two). Precipitation occurs within the larger

7 -interpedal voids. Pedoturbati‘on (churning of Ebe‘soil by
soil biota an_d"by' répéated wetting and drying;Jongerius,
1970) results in repeated dissolution and reprecipitation
gith increased .incorporation and zeplaceme'né of clays.
Total recrystailization of"/ the nodule (stage thfee) 1s the
end result of these procésses. In this model nodule
formation can. occur wi_t'hout signifiéant biogenic'influence.

N

Nodules occurring around live roots (crhizomorphs in the
- terminology of Wieder and Yaalon, 1982; rhizdcretions of
Klappa, 1980) are generally micritic due &to rapid

precipitation of calcium carbonate as soil water evapsrates,

thus reducing the high partial pressure of carbom dioxide in

the i‘mmediate vicinity of roots.

In lighi: of _this' model as .well .as more generalized
models of caliche formation, ‘the nodules and segregations _
formed in .the Barachois Group are of probable pedogenic
origin. Mod‘ern climates 'in which nodules are common are
often describéd as w'arm, with limited precipitation '(400-600
nm/yr.) le.g. G.o'héie,_ 1983, p.93). However, van de Poll

1 (1983) argues that the pfesence of calcium carbonate
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concretions in Carboniferous rocks may be less a cAlimaticv
indicator than a r‘eflection of thé probable concentration of
flora in swampy lowlands énd a consequent lack of yeqetative
cover in the getter—dra‘ined uplands (van &e Ppoll, 1983).

The formation of calcium carbonate concretions would
therefore be a result of high.'e\_aaporatilon rates and low
partial pressures in pooriy vegetated soils ratﬁer tha‘n an
indication of arid or semi—afid climat:.e {van d.e-Poll, 1983).
This suggests’ that caution should be exe‘r'cised in the usq of -

caliche as a paleoclimatic indicator-

. : : ' . C
Interpretation Of Facies Assoclation I11: summary

1 . '

[rhe deposits which comprise facies association III are
dominat_ed by‘r mgdstvones and shales., and cghtain most of t.he :
organic-rich facies found in the 2arachois Group. Calciumn
carbonate nodules 'fo‘und in this facies a.'s.sociatién are
~generally attributed to p'edog;anic processes witk_] some
biogenic input. Modern envirlonments in which similar
nodules are found are often described as warm, with limited
prec-ipiﬁé:iqn (GoUdie; 1983 p. 9;3), however, it may not be
pos'sibl.‘e to extrapolate modern climatic _co'nditioné of nodule
formatidn back to Ca.rbon'iferous time. Suba‘ssqciatibn RESL.
contains oil shales and thin limestone beds and is |
-attributed to deposition in perennial lakes. -SUVbass.,ociva't‘ion
ITIB records', deposition iﬁ poorly-drained and we:ll—d'rained‘ o
swamps in which carbonacéovus muds and peats wege :depoéited.

Fludtuations of the water table in swamps were :pr'obably
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common. Subassociation IIIC represents sediments whioh were

deposited from ponded floodwaters on relatively well-drained .

parts of the floodplains. Orcanic material which was

probably present in these localities wa‘s oxidized and

. destroyed. Thin beds of coarser material deposited along
o =,

with the mudstones record high-magnitude overbank flood

deposits and distal crevasse splay deposits.




CHAPTER 5 - MARKOV CHAIN ANALYSIS

-

‘ Background

Sequences in the twd.boreholes weré.tésted'fbr the
presence or absencegof‘cyciicity ('memor?’) dsiﬁg Markov
chain analyisis and a chi-sqyared.tesﬁ (Miall, 1973; Ha;pér,
;984). Qutcrop sequences were too short or poorly exposed
and therefore were not statisticallylanalyseé. Markov-éﬁain
analysis compares‘the qumber of observed upward transitions

- & . . .
between facies (the observed transition malrix) to a maﬁrix
of expected transitions. Calculation'of the ehéécged
transition natrix is’ based on the aséumption that facies
states are mutuaily independent (i.e..that any. facies has an
equal probability of passing upward to any‘other.facies).
it is also assumed that no facies cén pass upwaéds to
itself. ' Since this violates the principle of independence
between faciés, a model of quasi-inéependence between
successive Tgcies states is required and the expected values
matrix must‘therefore be calculated using iterative
proportional fitting (Carr, 1982; Powers and sasterling,
1982).

The statistic used to test the hypothesis of:
quasi—indeﬁendence has -a chi-squared distribution. The teét.
statistic is calculated byradding t he duotients of the |
square of the difference: between che-observedvvalue and the -
cxpectéd value divided by the expected value of each cell in

-
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the observed transition matrix. Deviations from the

hypothe51s of quasi-independence are ascertaxned by
comparison with values from tables of the chr~squareé.
distribution. The larger the calculated chi-squared
stetistic (for a given degree of freedom), the stronger the
‘ eQidence against the hypotheeis of quasi-inaependenee
" (Powers arrdv'Eas‘terling; 1982). |
Further-anaiysrs of the Markov. property invoives'the
Vrecognition of the eutliers (preferred transitions) whichf
are respons1ble for the non-random behavior. Since tHe
normallzed dlfferences between the observed and expected
‘matrices are approximately normally distributed, outller
recognition méy be performed‘by phoosing a level »of
significance and extracting trapsitions which exceed that
level of sigifigance (Powers and Easterling, 1982).
However, this nethod of'purlrer recogntton may declare
either to0oo many or too few outiiers, especially if one very
-"large anomaly is present (Bradu and Hawkins, 1982; Harper,
1984). Other methods of outlier detecriod‘include a
multi—step techiquefin which ettreme normalized differences
are removed from the matrix one at & time unptil the
chi-squared stétistir indicates that the natrix 15 r andom
(Carr, 1982). This method is highly susceptxble to 'masklng
errors' in which fewer outllers are declared than actually

exist (Harper, 1984). Oytlier recognition using median

tetrads and half normal plots’ (Bradu and Yawkins, 1982) is

suggested by Harper/(1984) as a supplement to the techniques
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cited abo&e.

For the borehole sequenceé in the.Barachois Gfoup,
using the observed tfansition matr;ces werévtallied, an?,the
expected transtion matrices, difference matrices, and |
norhalized difference~hapri¢és were calculated using a BASIC
brogram written for this study (see Appendii‘B).‘ The
test-statistic was calculatéd using a standard equation
(powers and Easterling, 1982:,Billingsley, 1961, p.17;

_ Gingerich, 1969, p. 339). The observed, expécted:and
\\Q?rmalized difference matriée§ are illustrated in Tables S.1

'~

-and 3.2).

19

Fesults and Interpretation: BSG:1

The BSG 1 borehole sgquence is statistically non-random
at the 99% hﬁ@l of significan?e.' Phe value of the
test;statispic is 146.4 with 7i degrees of freedom, which ﬂ,
exceedg the chi-squared statistic from statis;ical tables
(118.6 with 75 degrees of freedoﬁ) at that level of
significance. Positive {i.e. upward) trénsitiohs with
normalizea differences which aré greater than 1.645 (i.e.
exceed the 90% level of significance) are‘from facies: J to
I, AtoC, BtoD, Bto A, Cto A, I to E, Il to B, H to J.
Of these eigﬁt transitidns, four (J to I, B to A, B to D, i\:
to E) occur fewer than three times in the séction and the

one with the largest dormalized difference (J to I) (and

hence the largest contributor to the chi-squared statistic)

occurs only once. These significant, but infrequent, facies
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Facies I does net occur in the.FB2-76 borehole.
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transitions probably represent rare events on the alluvial
surface which are not necessarily important in evaluating
normal sedimentary relationships. The remaining four

transitions may provide some insight into facies

L

relationships occurring in the BSG#l sequences. - For

\J
instance, the reciprocal transtions from C to A and A to C

represent transitions betwen the major constituents of
facies association I (the channel sequences). ‘The
transition from facies H to B records the relationship

between intraformational conglomerates (facies B) and the

P

mudstone -(facies H) from which they are derived. The

transitions from facies H to J indicate that coal invariably
overlies mudstone. y

Resuylts and Interpretation: FBZ2-76

The test-statistic for the FB2-76 borehole is 155 with
55 degrees of freedom, which exceeds the chi—squated-
statistic from statistical ﬁableé at ;he 99% level of
signiﬁ;cance. Upward transitions which exceed,1.645 are
from facies: A-to:C, Cto A, BtoJ, Fto A, F ﬁo G, and G
to H. The transition facies B tb JA(intraformational' '
~conglomerate to coal) occurs only one.time and 1s not
considered in this analysis. The mos£ frequent significant
transitions are from facies A to C (c&ngjomerate and '

cross-stratified sandstone respectively) and fromrfécies C

to A. AS in the BSG#l borehole, these transitions represent

transitions between the main constituents of facies
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association I; the channel association, 'Tranéitions‘from
facies F (cross-laminated s;%détoné and siltsténe) to G

]
(iAterbedded sandstone, siltstone and muditone) and from. Q
facies G to H (mudstone) record fining-upward séquences

typical of facies associations IIA and IIB (crevasse/levee

or undifferpntﬁated floodplain deposits).

Conclusions
; Markov Chain anglysis as deséribed in‘phls section wés
used to evaluate the tendency of the borehole sequences to
deviate frbm the hyoothesis of tota{ly.random.trangitions
bethen faciesyand to determine those transitions mpsg
,responéible for the deviation. Doth boreholes deviated from
the hypothesis of randomness at the 99% level of
significancé. -Some of the non-random behavior can be
'agtributed to transitions which occur too few times to be of-
much sedimentological interest., Other, more frequent
transitions between facies corroborate trans;tions which
help to define facets of the facies associationg. The most
"_frqu;nt, statistically significant (at the 90% level)

transition ;n both boreholes was from facies A to C

(conglomerate to cross-stratified sandstone). Alrost as

frequent and significant is the reciprocal transition from

facies C to A. ‘Thesé transitions reflect interbedding of
conglomerates and sandstones in facies -association I. ' The
observation that transitions between most facies states

G

apparently occur more or less at random in the borehole

134




L 4

séquences suggests that mést facies 6ccur in a variety of
different floodplain environments and thus appear to occur
raﬁdomiy through phe section, For example, facies G

(interbedded sandstone, siltstone and mudstdne) occurs in

facies, associations I and II {(channel and overbank deposits

respectivély). It is likely that the apparent random nature

of thé vertical transitions found in the bareholes also is
also present in the ocutcrops, but exposures were t0o poof to

‘test this hypothesis.




CHAPTER 6 - PETROGRAPHY

Introduction

"Thirty three samples of sandstone from the cores and

outcrops were thin sectioned and stained tor ralcium and

potassrdm feldspars using the technique of Norman (1974) as
modified by Quinn (1985). A minimum of 300 point counts
" provided data on composition. This number of counts .insures

that the volume of observed constituents is within plus or

minus 5% of the actual volume with-a 95 % level of

confidence (Van der Plas and Tobia 1965). bDetrital

constituents countéd were cateqgorized as tollows: quartz
(poly- and monocrygtalline), feldspar (pyagioclase and
K-feldspar), rock!fragments (volcanic, metamorphic and
sedimentary), micas& opajues, and miscellaneous minerals
(including heavy minerals). -Matrix, porosity and cement
were counted as well. Results of the point counts are
summarized in Table 6.1l. Several samples were polishea,
coated with carbon and éxamined in a scanning electron

— microscope (SEM) eguipped yith‘a back>scattered electron

\

(BSE.) detector and an energy dispersive xtray analysis unit

(EDX). The degree of back-scattering is measured in terms
of the back-scatter electron coefficiént which is 1n turn
/

dependent upon mean atomic number Hf the specimen. The

.

higher the mean atomic number, the brighter the mineral

appear.s in photomicrographs and on the SEM screen (White
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Table 6.1 -

Pointcount Percentages

ret
o

_ Sample QP CM P K v LM LS ‘M D M MA C P
F70 8 §1 3 20 0 0 10 8 0 9 0. t 1
F73 16 32 13 14 ¢ t 8 6 1 4 4 1 1
F76 6 40 10 10. 0 t 3 8 1 10 8 3 ¢t
F54 22 21 19 12 t.- 2 9 2 t-3 4 0 6
F78 9 32 3 17 0 0 s 2 2 7 18 t 3
"FS56 11 26 8 73 0 0 t- 3 t 5 t 22 t
F60 30 13 13 6 0 2 6 t. .t 4 .0 231
F36 7 30 9 2000 0 t 14t 2 13 0 3
F85 12 27 25 14 0 2 2 10t 2 1 5t
F24 13 29 12 20 0 O 4 5 t 8 3 2 3
F21 3 34 6 22 0 0 3 4 t 11 o 3 2
F13 24 29 -6 4 -0 O 13 3 't t -t 13 6
Fb 1?7 53 7 0 .t t 14 2 0 3 0 0 3
F45 4 s§. 5 .3 0 ¢t 9 3 1 4 3 "0 6
F63 15 44 5 8° 0 t 14 2 0 .5 6 1 't
F39 - 12 41 3- S5 t t 5 4 0 5 8 115
F52 9 33 8 3 t 6 5 6 t 4 1 17 2
FB273.3 11 45 5 0 0 0 4 S t t t 16 3
FB390.3 6, 64 2 3.0 0 & t 0 1, 0 185
P3416.7 16 60 3 4 0 t - 20 9 1 3 3 9
FB481.5 12 42 {3 7 0 t 4 3 0 1 2 t 15
FBS27.6 16 42 7 7 0 t t 1 10t 8 t 6
FB600 . 8 - 54 12 1 o t. -7 1 ¢t 1 2 6 7
FB725 26 35 10 9 t 2 t 6 0 0 8 t 4
FB779 4 39 23 3 0. t 1 7 ¢ 1 0 14 7
BASG63 5 44 29 3. 0 t t 3 t 1 0 5 "B
BSG108 10 54 14 4 0 0 2 1 t ¢t 6 4 4
BSGl46 5 42 22 6 0 0V 6 .3 1 1 1. 10 5
BSG218 22 41 18 2" 1 t 2 21 4 't 6 t
BSG254 _t 33 38 7 ¢t 0 1 100 4 t 301
BSG265 1S5 38 20 3 0 2 4 2 t t 2 8 6
BSG285 13 45 20 4 0 t 2 2 t 3 .t 8 3
2 0 o0 2 5 1 4. 2 7 5

SSB85F3 ¢ 24 46

3

QP: polycrystalline quartz; QM: monocrystalline quartz;
P: plagioclase; K: potash feldspar; LV: volcanic rock
fragment; LM: metamorphxc rock fragment; LS: sedxmentary
rock fragment; M: mica; D: opaque minerals;

MI: miscellaneous heavy minerals; MA: matrix; C: cement; -

PO: potosity; t: trace. xY
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et al., 1984}. The BSE image and the EDX unit'were useé in

conjdnc;;qpxwléh the conventional optical. microscove to help
rego}éggg%zll—scale orvamb;gudbs structures and
minéfaloqiés.'r | .

-Efforts were made to djstinguish'betyeen marrix-and.

, . .
~pseudonatrix (Dickinson, 1970) and to reconstruct the
original composgtion of thé>sandst6nes hy iﬁterpretiﬁg and
cqgnting altered grains as their unaltered starﬁan
cbmponents.‘ Difficulties eécountered'dgp to alteration of
samples suggests that to some degreaw couhtingtnrrors are
unavoidable.

The data generated were used to provide detrital modes
(Table 6.2)" for use in quartz-feldspar-lithic fragment
diagrams (QFi.-diagram, Fig. 6‘1). Sémplgs were classitied
agcording to Folk (1980). Using tnis Rcheme,'most samples
are classified as arkose ané subarkose; the remainder are
sublithafenite, lithic arkose, and feldspathic litharenite,
Séqutones examined by ¥Knight (1983Y\from bgth the Seargton
Formation and the undivided Barachois Group wefg S
comwusitional arkoses and -subarkoses. Alﬁhough all samples
exam;ned for this study are concentrated aiong the »
~uartz-feldspar leg of the ternary diagram, thero is
considérable vartrability in the abundance of all of “the
compoﬁents plotted. _-However, the average,p:oportion of
quart z abpeats to Be'greater and the average proportion of

feldspar appears to be less.in samples from the FBZ-76

. borehd%e than in samplés from other locations. This is
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Table 6.2

. Detrital Modes
Sample O/C# Quartz Feldspar LRF's Grain size Sorting
F70 . 69 60% 28% 12% c - W
F73 82 58 32 10 - m/ve
F76 87 67 29 : 4 f/m
F54 51 51 37 12 m/c
F78 51 82 30 8 vE/c
F56 52 54 46 t - f/m
F60 64 60 28 12 c .
Fie 17 56 44 B 4 vE/m
F85 15 :48 48 4 vi/m
F24 14 53 41 6 m/c
F21 14 54 41 - £
P13 10 70 ©-13 m/c
F6 5 76 8 - m/c
F45 32 78 10 m/c
‘7763 .28° 68 15 f/c’
" k39 21 79 12 vE/m
E52 ° 43 , 66 '17 . vi/f
Mean 62.14 28.2
5.D. : 9.6 13.5

wn

Lo
[ SN

| el
~z
333 <€ €«335330338H

U W[ \C
. e |~d

FB273.3" 75 20
FB390.3 92 8
FB416,7 89 8
FB481.5 69 26
FB527.6 : 79 19
FB600 75 16
FB725 ; 73 Co23
FB779 ' 61 36
. Mean : . . 19.5
S.D. I . 9.3

[

33303 €LEE

Nwwo\owmwﬁm
.
N0

BSG63 . 60 - 38
BSG108 76 - 21
BSG146 58 35
BSG218 74 23
BSG254 42 57
BSG265 .. 64 28,
BSG285 69 -
Mean 63.3 32.9
s.D, 11,6 12.2

e
mg

R R EER

m/c

DWW =Wy Wwr

[ Y
.-

/m

~N

SS85F3 © 33 265

0/C#: Outcrop number; LRF: Lithic.rock fragment;

w: well sorted; m: medium sorted; p: poorly sorted;

vf: very fine grained; f: fine grained; m: medium grained;
c: coarse grained; vc: very coarse gramed,

S.D.: standard deviation
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DETRITAL MODES (Q-F-L DIAGRAM)
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Figure 6.1:

fragment (QFL) diagram.
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confirmed at the 90% level of significance by a Student’s

T-Test of the null hypothesis thfat the means are-equal.

Description of Framework Grains

ﬁom‘crystalline‘ quartz is invariably more abundant than
pol'ycr‘yk\sbtal],ine quartz. Extinction is normal to unduloAs‘e.
Myrmekitic quartz occurs in sevéral samples (FB527.6) and 1in
four samplec (F36, F76, F78, and F56) quartz is
microf‘ractured (Plate 6A.l). '

Both plagioclase ana potassium feldspars_are present in
all but one sampvle. Feldspars are rareiy fresh, aithoggh
‘they. appear generally less altered in samples from ﬁhe FB2-76
boreholé than in samples fromeither the outcrops.or" from the
BSGEL Vborehole. _Microcl'ine and perthitic feldspars are
comman. Altegat ion of feldspars cqnsists of sezicitizatioﬁ,
vacu'cA)ljlzation( albitization lof plagioclase grains, and
replacement b'y_ calcite and kaolinite. In the BSGtl core,
‘,'éi{ag"iecla‘se is always more abundant than potash feldspar
(Fig. 6.2). 1In the outcfop samples, relativevabundances are
‘ variable, howeyér, potash feldspar is usually more abundant‘
., t’han'plaqioclase. There is also a decreiase in the proportidn
-of feldspar relative to ql}artz and rock fragments west of
outcrop 14. In the FBZ—76‘bo_rehoie, plagioclase'is more
:abun'dan(: at the top and bottom of the core, t;ut the two

feldspar varieties ate approximately equal -

2




Plate 6.2: Chlorite, kaolinite and calcite grain
replacements in sample F13, outcrop-+#10.

Backscattered electron image, X60.
Scale: 1 centimeter = 160 micrometers. C=calcite,

Q=quartz, K=kaolinite, Ch=chlorite,
F=feldspar.
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Plate 6.2: Chlorite, kaolinite and calcite grain
' replacements in sample F1l3, outcropgelo
Backscattered electron image, X60.
Scale: 1 centimeter = 160 mlcrometers. c= calc1te,
Q=quartz, K=kaolinite, Ch= Cth[lte, :
F=feldspar.




\

in the middle samples. Total feldspar fontent increases

i

/
with depth below 417 m (Fig. 6.2).

Lithic fragments are Eoncentrated in the medium- to
coarse—gr@ined samples. Mafic vo}canic rock gragments may
be underrepresented due to the dégree of diagenetic |
alteration of theé™rocks. W@ere recognized, Oolcaniérrock
fnagments consist of plagioclase laths (which may 5e altered
to sericite}’in a fine—grained chloritic gréundmass. Most
other lithié fragments are’ intraformational mudstone and
siltstone frégments, Rare metamorphic rock fragments are
mica schisgs: ' P

- Other detrital components vary unsystematically with
régard to depositibnal.environment and stratigraphic level.
Heavy minerals recognized in thin section and with the use |
of energy dispersivé x—ray-analysis (EDX) include zircon,.
sphene, rutile, pyrite, apatite (BSG265 only), rare epidote,
and possibly gérnet. Biotite and muscovite may be

- : .
intergrown with calcite, or pyrite. Biotite is commonly
chloritized, . .

)

Description of Matrix and Cement

' Matrix exceeds the 15% cut-off between arenites and
wackes (Pettijohn et al., 19173, p.)58) in only one sample
(F78). The matrix in’thisfsamble'consists of red.hematite
and clay. Sample F36 contéins a similar matrix (13%).

‘-Ruthigenic silica, calcite, and phyllosilicates
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VARIATIONS IN FELDSPAR PROPORTIONS
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| Figure 6.2: Variations in feldspar proportion in BSG#l
borehcle (top), FB2-76 borehole (middle), and
along Middle Barachois Brook (bottom).
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(kaplinite,-illite and chlofiée) océur aé cements and grain
rebiacemen:s to some degreé in all samples (e.q., Plate
6.2). Pore-filling chlorite, kaolinite, chlorite-illite
mixtures, and chlofite—kaolinite mixtures were idéhtiffed
using the BSE detector and EDX analysis. QUaitz overgrowths

are difficult to recognize due to a general lack of dust

rims on grains; sutured and straight contacfy between grains

colyld \pe due to overgrowths or microgjuartz cementation.
Silica Znay replace 4drains or line pores as well (Piate‘6.3).
Albite overgrowths on feldspars occur in several samples
(e.g.,lsample F54);.‘Calcite replacemeﬁt‘of feldspar graiﬁs
is common and may be recognized by calciée crystals in the
feldspar grain (e.gh, in albite in F54 - Plate 6.4).
Authigenic pyrite'occurs in méhy samples, but 1s only

’

abundant in sample FBS27.6 (c. 10%). EDX analysis permitted
the identificationfof hair-iike_batite veins iﬁ'onp sanple
(BSG#1, 139 n), and intergrown chlorite and apatite in
another (BSG#1, 264.6 m). Rare instances of iron oxide cor

pyrite growing displacively between mica layers were noted

te.q., sample F13).

Grain Size and Porosity

size in samples ranges from very fine- to

.

Gra;n
coarse-grained, but most are medium~- to coarse-grained
{Table 6.2). Sorting in most samples is estimated to be

moderate, but ranges from poor to well-sorted (Table 6.2).
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Plate 6.3:

reh

&

A

.
i

Iy

[
e

N

. .
S
A

Pore-lining silica and pore-filling kaolinite

in sample F13, outcrop #10. Crossed-pnolars. X10.
Scale: 1 centimeter = 230 micrometers.

S=silica, K=kaolinite, Q=quartz.
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Plate 6.4:

Calcite replacing sodium feldspar in sample
F54, outcrop #51. Backscattered electron
image, X130,

Scale: 1 centimeter = 74 micrometers.
C=calcite, A=albite, QO=quartz.
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Efforts to ihpreénate the thin sections with coloured epoxy
1n order to point count porosity and recoﬁnize grainkplucking‘
were unéuccessful, probably due to a lack of permeability.
Therefore, estimates of porosity (trace to 15%) ‘are. maxima.
Porosity estimates from geophysical logs run in the BSG#I,‘
boreh¢le range from tr;c;s to a maximum 6f 15% (Hoffe, 1985).

Visual estimates from hand.specimens fall in the same.rahge.

Interpretation

The apparent unsystematic stratigraphic and areal
variability of sandstone mineralogy of the Barachois.Group
suggésts that local gource areas and dfainage basins prbbably
cxercised considerable control over detrital composition.

For exaﬁple, the extremely high proportion of plagioclase
feldspar in a sample from the Stephenville area (SSBSFB)
probably results from its proximity to the Indian Head
Anorthosite Cqmplex (Williams, 1985). Rapid rates of
erosion, rapid subsidence and/or slow rates of weathering are
implied by overall abundances of feldspars'(Folk, 1980; Blatt
et al., 1980). Arkoses gqneraily siéhify.tectonically actiQe

source areas to provide the necessary relief for rapid’

erosion.

;}i decreases in the proportion of'feldspar (apparently

unrelated to grain size) in exposures west of outcrop 14 and

the lower avérage feldspar proportion in the FB2-7% borehole




are likely causedva lgcélizéd source areas ahd/or by

V climatic and dfainage characteristics preéént during the
deposition of those sediments. Ih poorly drained areas,
weathering of sed}ments is retarded by high water tables,
‘thds reducing the rate of destruction of relatively uns;able‘
minerals such as feldspar (Todd; 1968). This mechanism is
consistent with the abundance of ?eldspars in samples
assocliated with co;l—bearihg units (i.e sample F85, F24,.and

the BSG#1 boreholé). Differences in the rates of~weathering

of potassic and sodic feldspars and hence their relative
abundancerhas begn thought to Be an indicator of

* palaeoclimate (Todd, 1968). However, recent work (James et
al., 1981) suggests that paleoclimate is not a significant
factor in tﬁe relative abundance of feldspar types.
Plaéioclase appears to yeather more wapidly than potassium
féldspa; in both arid aﬁd hﬁmid'ciimates.

} Rockg which probably contributed detritus to the
plagioclase—rich ark;ses of the Barachois Group include
diqriteg,igabb;ds} éranites, and anorthosites from the Long
Rahge’IgneOUS and Metamorphic Complex and the Soutﬁwest
Brook In;rusivé Suite (Riley, 1962, wWilliams, 1985). These
crysta{liné técks presently‘lie to the nofth and egst of the
study area; there are other pre-Carboniferous igneous rocks
which lie to the'éoutheaét {Chorlton, 1984) wﬁiqh’could have
contributed detritus as well. Knight (1983), noting the

" presence of granitic and silicic volcanic rock”fragments .in
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sandstones from the sﬁ. George 's coalfield, suggésts that
the rocks were derived from a suite of. undeformed cranites
and felsic volcanics similar to the‘Siluro—Devoniad Topsaiié
Igneoué Complek (Taylor et al., 1980) or,the-Lloyd;s River
" Intrusive Suite (Knight, 1983) e fhese récks now lie tb the
northeast of the subbasiéﬁ/but may have extended' o ‘
'soutthstward towards the subbasin margin (Knight, 1983r{

Autbigenic chlorite, illite, and kaolinite are typical"
of non-marine di&génetic assemblages which contain small
amoudps_of»vdlcanic Gebris and moderate amounts of feldspar
(carrigy andVMellon, 1964). In ﬁon—marine’environments
meteoric waters are usually $1ightly acid and ﬁnde;;éturated
'with respeét to most ions (ﬁjorlykke, 1983). Instabi;ity of
minerals such as mica and feldséar_refative to the
“undersaturated meteoric waters may result in their heing
leached and degradedf Silica released during the
degradation of feidspars maf be repieciptatéd a5 overgrowths
on quartz gfains, |

Quartz overgrowths and pore-liring suggest that some of
the silica cementation occurred early in the,diageneﬁic
history. 1In one sample (F13), a silic%4coated pore (Plate
6.3) bears a resemblance to one forhed in a moderq
petrocalcic soil (cf. Plate 10 in Flach et_al., 1951).'
Calcite cementation énd authigenic cléyfmiheral cements
record later episodes of diagenesis. |

The assemblage of authigenic minetalé in the Barachois

Group is quite similar to that described fronm sandstone
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cores recovered from 700-1700 m depth 1n a well which

_penetrated age-equivalent strata in the Cabot Strait; north

of Cape Breton, Nova Scotia (Shell et al. North Sydney Gflif

Hicks, 1984). | o
g |

- Sumpmary of Petrographic Results and Conclusions

. m———m

The primary conStituents of the Barachois Group.

~sandstones are {in order of abundarice: quartz, feldspar,
lithic fragments, micasg, and miscellaneous vpague and '
heavy minerals. Most of the sandstones are. classitied ac

arkose and suparkase.

Common authigenetic components are silica, kaolinite,-

"chlorite, .dllite and calcite. Barite and apatite are

‘rare.

The general lack of apparent systematic stratiqgraphic and

geographic varliations in sandstone mineralogy sugqgests

{

that 'local source areas excercised an overriding contenl

on detrital compositions. Relative decreases in unstable
) Al

-mineral proportions could have been caused by climatic

-

and/o; drainage conditiqns._ .
Authigénic minerals are typical of non-marine early
.diagenetic assemblages; Farly pore-lining silica cement
méy indicate artive pedogenic processes.

From the available data, sandstone nineralogy does noat

identify any one distinctive provenance. Several of the

-
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presently exposed igneous intrusive complexes in the Long

Range Mountains to the southeast, east and north are

potential source terranes.




CHAPTER 7 - CLAY MINERALOGY

Samp'le Preparation

Thirty mudstone samples collected from the two
available cores (BsSGrl and EB2 76) and from the field were’
-crushed to 2-5 mm. The crushed samples were cleaned
ultrasonically, then disadgregated in a dispersing ‘agent (1%
Sodium hexametaphosphate) by applied ultrasound for three
minures After standing for Eive minutes, the suspension

was decanted into con:stricted glass tubes and allowed to
settle for four hours. The remaining suspension was
de,canted, Flocculated with magnesium Chloride {which

. éaturares, the clair minerals with magnesiun}).‘ and centritfuged

to recover the <2 micrometer fraction. Amorphoys iron was

removed i.ising the met)‘iod of Mehrarand Jackson (1960i in

order to mlnimize its X-ray absorbing effects

| Two orlented mounts (0.01g per mount)} were prepared by
suctioh'onto gel :filrers. One mount wa\s acidified by'
.allowing the clay suspenswn to stand in 6N hydrochloric
acid at 90 degrees Ccelsius for 15 minutes in order to

| dissolve chlorite and allow calculation of the respect*ive
-contribu‘tions of-cthritve and kaolinite to riie 0.7 nm pea.k§
'i'In some cases acid treatmedts of u’p to one hour were
necessary to remove all of the chlorite. The other moun't

was X-rayed untreated. then exposed to ethylene glycol vapor

at 70 degrees Celsius for 3 to 12 hours and re- -4 - rayed in




order to detect clay minerals capable of forming complexes
with glycol. Four of the samples were heated to 550 degrees
Celsius in order to destroy kaol“inité a:nd thus confirm thel
pz"esence of chlorite.:

All dlffractogramf were obtained us1ng a Phillips
,dlffractometer operating at 40 kLlovolts and 20 milliamperes
generating copper K-alpha radiation. A time constant 'of
four, ‘diverg'ence slit of 1 degree énd receiving slit of 0.2
degrees were used. The oriented mounts were scanned from 3
to 28 degrees‘2—‘theta at 1 degree 2-theta per minuté and. the
X-ray couhts were outp&t to a conventional paper strip chart
.recorder run at 1 centimeter per minute.

Several samples were rerun to evaluate the precision of
the diffractometer. Other samples‘uere reprocessed 'ahd
rerun in order to evaluate the precision of the processing
method. A third group of samples Qere_ reru‘n without the

iron removal step in order to assess the effect of that

tech"nique on clay mineral quantification.

Mineral Identification

Clay minerals were iden}ified by their characteristic
XRD basal reflections. The 'clayv mineral ‘grouyps identified
are illite, c,hlbrite,.kaol.inite, and "mixed-layers". No
discrete sm‘ect‘ite was found, hoﬁever, an interstratified

chlorite-smectite was detected in one sample (F35)..

Illite is identified by reflections which occur at 1.0
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nm, 0.5 nm, and 0.33 nm (e.g., Fig. 7.1) and whiéh.are
unaffected by acidification'or ethylene gljcol squation;
Although the 0.33 nm tgflecgion coincides with tﬁat ot
quartz, the other reflection; are generally stronﬁ aﬁd well

R
resolved. i

Kaolinitg,and cblorite both have strong reflections at
0.71 nm aﬁd O.iS-nm. The presence of‘chiorite ;s indicated
by a 1.4 nm peak which is unaffected by éphyleﬁe glycél
sélvatron (i.e. not smectite orL$Qelling chlorite).. 1In
addition, the presence df both kaolini&e andichlor;té may bé
recoqnized by the dissolution of chlorite in warm-GN
hydrochloric‘acid {e.g. Figs. 7.2 and 7.3), although
magnesium=rich chlorites teﬁd to be less soluﬁle thdﬂ r}on‘
chiorites (Brownlénd Brindléy, 1980 pg. 323). Heating

chiopite and kaolknite mixtures at 550 to 600 degrees
Celsiu; may destroy the kaolinite (Cafrol, 1970), but the
‘thermal behavior of the two species may be variable and/ér
bverlap at critital‘temperatUresr(Kodama and Oinuma, 1953).
,.A relative decrease in~intehsi£y of the 0.71 aqd ihe.
0.35 nm peaks and the disappearance of the 1.4 nm peak (in

the absence of swelling clay minerals) aftei”acidification

supports the contention that the chlorite is removed from,_'

the sample and that both chlorite and kaolinite are

present.

Characterization of .mixed-layer clay minerals can be

difficult due to the many combinations of two or more
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X-RAY DIFFRACTOGRAM - P12
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Figure 7.1: X-ray diffractogram of sample P12, outcrop #38,
a grey mudstone underlying a coarse sandstone.

Clay mineral proportions: 19% illite,
7% kaolinite, 74% chlorite.

157



2 X-RAY DIFFRACTOGRAM - P9
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Figure 7.2: X-ray diffractogram of sample P9, outcrop #17),
a light grey mudstone. Clay mineral
proportions: 45% illite, 25% kaolinite,

30% chlorite.
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X-RAY DIFFRACTOGRAM - F51
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Figure 7.3: X-ray diffractogram of sample F51, outcrop £43,
a red mudstone. Clay mineral proportions: .
75% illite, 14% kaolinite, 11% chlorite. There
is probably a significant proportion of
unquantified mixed-layer illite-smectite
present as suggested by the large hump between
the 1.403 nm peak and the 0.983 nm peak on
the untreated diffractogram.
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coqstituents'which are possible. In thi§ study mixed-layer
clays were identified by a plateau orrbrbad hump Between 1.6
and 1.4 nm or a shoulder on the low-angle side of the 1.0 nm
peak or on the high-angle side of the 1.4 nm peak (Biscaye,
1965; Brindley, 1981) (e.qg. Fig. 7.2). The hump was either
reduced or had migr;ted under the 1.4 nm peak after exposure
to ethyiene Qlycol, and intensified ahd centereb at
approximately 1.1 nm after Aéidification. Mixed-layer clay
minerals with similar behavior are thought to be
interstratified illi;e-smgctite (cf. Lee and Chadhuri, .
1976). The amorphous nature- of ﬁhe peaks precludés
quan£ification. Thé broad, intense péak at 1.1 nh qfter
acidiéjcatiop is probably due to the lossibf potassium Erom
interlayer posibibns in mixed-léyer illite;smeétite.clays
{Ostrum, 1961).

In all hﬁét-treated samples the 1.4 hﬁ péaks broadened
- slightly and either migrated to very élightly lower _
d—séadings. or did not mlgfaté. fn sample BSG162.5, twa
peaks developed after heating, one at 1.38 nm and oné'at
1.33 nm. The vefy slight tendency of the 1.4 nm peak to
migrate to larger 2-theta positions on'heating. with.no’
tendency to migrate to smaller 2-theta positions in ethylene
glycol, may be caused by Qérmiculite'interlafers in the
chlorite (Brown and Brindley, 1980 p. 325). e

The 1‘4.Haﬁnometér peaks did not migrate after exposure
to ethylene glycol ?xgépt‘in'one sample (F35 outcfop 15),
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taken from beneath a th;n coal seam (see Fig 8.4, Chépter
8). This sample appears to‘ggntain an interstratified
chloritg-smectite mixed-layer clay mineral. This conclusion
is based on the observation that the 1.4 nm peak (001) of
chlorite,eipanded to 1.56 nm when saturated with ethylene
glycol, and collapséd to 1.15 nm when heated (Fig. 7.4). In
. «
addition, the 0.7 micrometer peak becomes noticeably
~asymmetric after‘glycolation, probabiy as a result of a
rational reflection at 0.77 micrometers. The absence of a

superlattice reflection near 3.10 micrometers sugge§ts that

the mineral is randomly interstratified (April, 198la).

Quantification o

Due to the complexity of mosthlay-mineral assemblages,
the Qariations in sample*preparation,'and vér}ations in the
crysta}liniéy and chemical composition bf clay minerals,
truly quantitakive evalutions of these assemblages are’véry
'diffiéult and tixte consuming and, in some.caseé;,impossible
(Biscaye. 1965; Heath and Pisias, 1979; Brindley, 1980 and
others). It is possible to calculate a sémiquantitative
'percentage' for each clay minéral'in a samble by exbressing
the amount of each ﬁinefal as a ratio of the total mineral
compoéition“(éiscaye} 1965). This is accomplished by
mulﬁiplying the basal peak areas by weighting'factors,.and
rassuming'thaﬁ the sum of the weightéd-peak ar€3§”is'100§.

Py

Heighting factors have been calculated by Biscaye
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31 29 27

Figure 7.4:

-

X-RAY DIFFRACTOGRAM - F35

HEATED

HCL

GLYCOLATED

UNTREATED

1 [ |
25 23 21 19 17 1 13 11 9 7 5 3 %286

X-ray diffractogram of sample F35, outcrop #15,
a yellow~-grey mudstone. Clay minerals are

not quantified due to the presence of mixed-
layer chlorite-smectite, identified by the shift
of the 1.392 nm peak on glycolation.
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(1965), Cook et al. (1975) and Heath and Pisias (1979) as
well as several other authors. There are signifigant
differences'in the relative amounts of clay miqgrals when
calculated using‘theQQarious weighting féctogs, The factors
of Heath and Pisias were ;ejected because thef were based dn
the unsupported.assumption that the noﬁdiffracting (i.g.
amorphous) components in the clay mixtures must be‘minimizqd
mathematically. 'The factors calculated by Cook et al.
(1975) were deémed inappropriate because their method of
(rqxdetermining weighting factors assumes that their :reference
mlneréls have the same characterﬁstiés as one's samples.
Since they were concerned primarily with recent deep sea
sediments this assuhption is not necessarily valid for the

ancient terrestrial deposits of the Barachois Group.

The factors provided by Biscaye (1965) were used in

this study because they facilitate the comparison with othezéf

work in this region and with a large body of data previously
generated with these factors. Any of the weighting factors
will provide internally consistent “"untestable

Iapproximations of real percentages” (Biscaye, 1965) within

.

which relative changes can be recognized.

{ .
Using the weighting factors of Biscaye (1965)7 the

A .

pefcentages of illite, kaolinite. and cﬁlofite were

calculaﬁed as follows:

% Illite = 4XI(1.0)
Total
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% Kaolinite 2XI*(0.7)XI(.33)/1%(.33) R
_ ‘ : Total ‘ .

-

2X(1(0.7)=(1"(0.7)XI(0.33)/1"'(G.33))
Total

% Chlorite

L]

I1(0.7)= area of the ethylene glycolated 0.7 nm peak .

©I'(0.7)= area of the acidified 0.7 nm peak ) s
1{1.0)= area of the ethylene glycolated 1.0 nm peak ’

I(.33)= area of the ethylene glycolated 0.33 nm peak

I'{.33)= area of the acidified 0.33 nm peak :

" Total= sum of the weighted peak areas ' .

Peak areas were calculated by multiplying the peak height

by the width at half the height.

Caiculated pércentéges of thé thfee clay mineral
species for each sample are illuﬁtrated in Table 7.1.
Mjxed-layer clays, though present, are not included in tgis
calculation ahd.are thgrefore a source of error. The
apportioning of the 0.7 nm peak between chlorite and
kaolinite ié accomplished by subtracting the area of the
acidified 0.7>nm peak (normalized using the ratio of th;
areas of the ethylene glycolated and acidified 0.33 nm : -
.peaks) from the area of the 0.7 nm peak.

Hiscott (1984) e;timates.ertors in the reported
abundances of clay mineréls at about plus or minus 20%’using
Biscaye'éiwéight;ng factors and computer” integrated peak
areas. Cook et‘al. (1975) es;imates an error in the“
‘reporting of clay—minerai aDQndénces of p}us or minus

. 20-50%., Biscaye (1965) reported that the precision of the

peak area ratio determinations (from which the percentages

. are calculaﬁed-using the weighting factors) as expressed by

the coefficient. of variation (standard deviation expressed
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‘Table 7.1
Clay Mineralogy, Organic Carbon, and Colour

Sample TOC $I1]lite 8%Kaolinite %Chlorite Colour -

F67 .10.70 7 24 45 31 ‘ N1
BSG162,5 2.77 23 " 32 gs N2
P5 21.23 22 . 28 0 N2
P17 2.66 12 15 73 N3
FB278.7 3.64 31 13 56 N2/3
FB777.4 2,07 31 9 60 - N3 .
FB417.7 1.76 42 16 42  N3/4
FB728 - 41 23 _ 37 N3/4
P20 - 1.48 17 2 81 N3/4
P9 ~0,64 45 25 30 N4
P19 : 17.63 25 ) 30 44 N4
FB320.5 - 60 . 3 37 ' N4
FB455.2 - 26 41 . 32 - N4
FBS538.7 0.55 17 17 66 N4
FB617.7 -- 48 . ' 15 39 : N4
FB557 - 34 23 | 43 N4/5
BSGS54.9 0.19 - 19 5 76 N5
P12 . 0,59 19 ° 7 74 N5/6
Mean 5.1 29.8 19.4 52.0
. Standard
Deviation 7.0° 12.9 12.5 16.2
Coeff. . : : . .
of var. 1.4 0.43 9.65 0.31
BSG172.9 0.58 51 20 29 SR4/2 -
F51 -— 75 14 11 " SR2/2
FB364.5 - 44 50 _ 6 10R5/4
FB357.2 - 45 41 14 10R3/4
F83 0.04 ‘44 25 31 10R3/4
FB782.6 0.18 6 n 50 SYR3/2
BSG92 0.23 af\\ | 6 32 SYR3/2
BSG309.8 0.42 a8 \] -1l 51 5YR3/2
. F71 0,08 51 4 45 SYR3/2
. FB617.8 -— 47 - 15 18 5YR4/1
FB617.9 -— - 52 9 39 SYR4/1 .
BSG326.8 0.76 27 29 44 10YR2/2
Mean 0.33 T 43.1 19.2 31.7
Standard
Deviation 0.37 11.4 14.6 14.3
Coeff. v .
of Var. 1.12 0.21 0.73 0.45

/

TOC-thal arganic carbon (weight %);'Colour: GSA rock
colour chart; Coeff. of Var.: Coefficient of variation o
(standard deviation expressed as a proportion of the mean).
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as a percentage of the mean) increases exponentially at

.small values. This is corroborated by the replicates run in

this study. Biscaye‘si(1965) data on precision also
indicates a wide range of peak area ratios over which the
coefficient of variation is quite low (approximately 108%).

Schultz (1964) fouhd a similar relationship between the

_coefficient of variation and the percentage of a mincral

measured. The coefficient of variation increases
exponentially and the répid'rise begins at Appruximately
lOﬂ. B  _ .

| In ordeF to assess thé‘ggpeatability of the method.
employed in this study, fivg samples we;e“prepared and runfa‘
second time (Tablé 7.2). .CalculaPed clay mineral abundances
differed .by as much as Y% betﬁgén runs.’ The averagg
absolute difference between runs was 4.4% for iilite. 5.6%
for kaolinite, and 4.8% for chlorite. This indicates that
clay mine;al abdndances differ by anrbxi;aﬁely 5% ?Qtwceﬁ
ruﬁs regardless;of’éhé relativevabundénée ot that mineral.

Therefore .the léss abundant minerals are subject to

. proportionately greater ‘errors than the more abundant

minerals. The replicates suggest that plus_og minus 20% 1is
a reasdnable estimate of error for abundanqes ~>20%, tor-
abundances <20% errors of 30% to 50% are probably more.

realistic.

-

Large differences were found between successive runs of
A - ; - -
the same samples with and wighout the iron remoyaTSQte

N
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‘ SamQ1e no.
- P9 ‘
. P9

BSGS33
BSGS31

F51
F5l

FB617.7 -
" FB617.7

FB617.9
FB617.9

Samglé Nno.
F .

F67

FB357.2
FB357.2
FS1.

F51

Replicates

" %Illite

.%Kaolinite

3Chlorite:

Run$ .

45
45,

21
25

70
72

43
52

56
51

$1llite

21
29

30
34

10
17

19
10

8
1r

Tabie 7.3

Iron'Removal

.%Kaoliﬁite

34
25

49
41
20
10
39
38

36
38

1
2

Fe removed

13
24

37
45

72
75

80
45

36
41

5
14

$Chlorite
o]
31
26

22
11.

no
. yes

no
yes
no

yes

1
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¥

(T_ab'le 7.3). Differences between the two runs vary from as

little as 3% to as much’ as 35%. The coefficient of
variation (in this case simply the dif'fezen’ce between -the_a

. two runs 4express'ed as a perceﬁ—ta'ge of the mean) varies f rom
4% to 126%. These observations suég’est‘that ¢stimates of

clay mineral'ogicval abund'ancges are _affectéd by removal of

iron using. the method of Mehra and Jackson (1960). Effects

of iron rémoval_on- cia‘y mineral x'-ray ‘.ﬂilffractometr'y h‘avev
also been noted by Brewé;er (A1980). and'i_ Harwbod'et al.
(1962).. As men;io-ﬁe_d' prveviousl'y’ Ser}\i-éluan'tification— r:;.f‘
'results are at bést u_ntestabie approximaﬁiqns <;f real
propdrtions. | .

Care should be e.xerc_is'ed in combaring these data"w-ith
other results 'tl;xat have not been subfected'_to the iron
rem\oval‘techniqué emp loyed in this- stddy.

Results - |

There is little systematic variat‘ion‘ with stratigraphic
level in either of the boreholes ‘or among the field sampies
fFigs 7.5). Howe\}e‘r, there are.dif‘ferences in clay mineral
proportions between the-.qr?z’y mudstoﬁgs' from thé .FB2-76
borehole and 6ther grey mudstones, as well as variations
based on colour (bFig_s. 7.6 and 7.7) and the abundance of
total organic carbon (Fig. 7.7). A : .

Grey mudstones from the FB2-76 borehoie\ contain less
illite than do grey mudstones from the outcrops and the
_BSGEl borehole. 1In general, however, grey-colouzgd

. | 168
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VARIATIONS IN CLAY MINERAL PROPORTIONS

100

Chiorite

Keolinite

% Ciay Minerats

o°-
o
I I U W S |

Hilte

—
s 32 17
Outcrop #

. grey

x DOM—Qrey

% Clay Minarals

@
-3
3§ £ 3- 1 3 511

<

180 350

BSG#1 (depth In meters)

Chiorite

% Clay Minerals -

Jlite.

U S N U N W

T Y T T
1 850

FE2-78 dopth in maters)

Figure 7.5: Variations in clay mineral proportions along
Middle Barachois Bropk (top), in the BSG#l .
borehole (middle), and in the FB2-76 borehole

(bottom).

169




tHite

- CLAY MINERAL PROPORTIONS

O ree wu e um

o base of shanaef

A YOC » 3%

" groy ‘ -
1 noa—grey

Kaolinite

Figure 7,6: Clay mineral proportions in mudstones of the :
‘ Barachois Group. Red mudstones (circled) plot
closest to the illite<kaolinite line. Grey
mudstones are relatively more chlorite-rich
than non-grey mudstones.

|
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- DIFFERENCES IN CLAY MINERAL PROPORTIONS
BASED ON COLOUR AND TOC

1004
>2% TOC - T<2%T0C

Grey Non-grey

N=18' N-2

"_ Clay Minersl

-—--ﬂ St'lndud
Devistion

1 = (it
o Chlorn.'

K - Klo”n"l

Figure 7.7: Differences in clay mineral proportions based
- - on colour and total organic carbon (TOC).
Mean chlorite and illite proportions of
. grey and non-grey mudstones differ significantly.
TOC contert has a slight impact on mean ,
proportions of kaolinite and illite.

-
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modstoﬂes are relativel& richer in chlorite, and noh~grey.'
{red, red-brown, brown-grey) coloured mudétones'ere
' relatively richer in illite. The samples whxch are thhESt"
'_in chlorite (i.e., P17, 212, P20, FBSBB 7) are. mudstones
which directlyﬁﬁhderlie‘coarsefgrained sandstones and
‘conglomerates. P o - | '\; ‘

A Student s t-test was performed to test the ﬁh{l~#- .
' H&pothe51s that the means of the grey and the non grey
nudstones are identical for each of the clay mlneral sPecres
identified (Fig. 7.7).  The null~hypothe51s was rejected at
the 99% level of confidence for illite and chlorite, but not
for kaolinite indicating'thatrthe mean percentagerf | .
- kaolinite does not aiffer-significantly betweén,the'non¥grey
_and the grey‘mugstOnes.‘ It also suggests a p051t1ve
correlatlon between 1111te and non-yrey mudstones and between-'
chlorite and grey mudstones. A t-test was also performed on
the,averade proportions‘of clay m1nerals~;n grey,samples from
thebé52~76'borehole versus grey samples,froﬁ.the outcrops ono
the BSG#L boreholer‘ It‘wés found that grey mudstones from
' the FB2-76 borehole contain more illite (mean: 36.67%) thanr
other grey mudstones (mean: 22.89%) at the 90% level of
significanoe.' . _

Simtlar statistical tests Qere per formed to test the“.°
relationship between clay mineral\abunGEnces and the

percentages of total organic carbon (TOC). It was fouhd that

the mean percentage of illite in mudstones with >2% TOC
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.is different from that of the mudstones with< 2% at the 95%7
level of significance. These data suggest that iliite is
negatively éortelated with TOC. Lineai régréssion of TOC
valhes Qersus éléy mineral proportions (Fig.'7.8) show that
there is a slight negative correlation between illite |
propoftion and TOC-(correlation coefficient = -0.34). There.
'ié a'positive'correlation between kaolinité,abundance and

TQé (corrélation coefficient = +0.47) and virtually no

_co:niation between TOC and chlorite pfbportiqn {correlation

coefficient = <0.014). At the 90% level of confidence, only .

the relationship between kaolinite and TOC is significaﬁt.

Interpretation

In geﬁeral, clay'minérals deposited in'fiuvial syétemé,
tendrto féfléct the minerélogy of the source area (e.qg.
Millot, 1970). Clay minerals are initially formed by
weathériﬁg of iéheous énd.métamorphicurocks, and may be
furtheredﬁtransfg;med in.soils before being eroded and
transported to Eheir depositional sites. Uplifted. ;
sedﬁmentaxY\rocks may also b% a soufce'of.ciay minerals._
Once deposited they may again be iggjgcted to weathering,
cation exchange, and ultimately/a;agenesrs upon burial, The
pre;érvation of a paftipular édité of cléy minerals is
thérefére a function of the}stabfitty\ff the clay minerals
through a series of changing enQironhents.

The clay minerals fodnd in the Baraéhpis Grou§

mudstones are chlorite, kaolinite, illite hnd mixed-;ayet

clays. In terrestrial environments, chlorite is stable in a

poorly drained alkaline environment with an abundance of
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Figure 7.8:

CLAY MINERAL PROPORTIONS vs % TOC
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Clay mineral proportions vs. total qrgapic
carbon content (TOC). As observed in Fig. 7.7,
chlorite proportion is virtually unaffected by
TOC. There is a slight positive correlation
between TOC and kaolinite proportion and there
is a slight negative correlation between
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iron and magnesium ions (Bowles, 1978,‘pg.'142). Tllite is
stable whefe'potassium ion concentrations are high and is
often_found'in semi—;}id poorly leached environments
(Rowles, 1973, pg. 136). Kaolinite is associated with
highly leached, acidic éoils, and is therefore often found
in well drained, ho%, humrd environments. Kaolinite‘iS—

usually quite stable once formed (Millot, 1970).

The non-grey mudstones (facies H) are the predominant

facies in subassociation IIIC. They were interpreted to

have formed in floodplains as a result of overbank floods
and pondlng of floodwaters in ephemeral and probably |
bx1d121ng lakes. The grey mudstones are typical of mudstones
found in subassociations IIIA and IIIB.‘ These

' . B , , ‘ o
. subassociations were interpreted as the deposits of. 3}

L
.

perennial lakes and swamps which provided'a relatively more
reducing QeochemiCaS milieu than the environment in which
the non-grey beds were deposited.‘ Some investigations . have
'révealed no difference in clay mineralogy between drab and
red beds (Friend, 1966$ van Hougéd, 1973). Hcowever, other
investigators have found that 1illite is the most abundant
~clay mlneral in red mudstones (e. g. April, 1981b: G1b11ng et
al., 1985; R. Hyde, pers. comm.; McPherson, 1980).

April (198la,b) attributes clay mineral proportions in
red floodplain mudstones to a';tfict)y'detrital origin.

Relative increases in chlorite in shallow lacustrine grey

mudstones are attributed to neoformation of chlorite from
' - (
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precursor ‘smectite (presumablf washed in from floodplains,
although this is not explicitly stated) by the addition of
mégnesium from alkgline magnesidm-rich‘lakéband inherited |
pore water (April, 198la,b). April’s interpretapion is
based upon the relative importance of the high‘temperature
(2M) polytype of illite (detrital 111§te) and‘Ehe alignmen£
of chlorite flakes in ﬁhin sections of the red mudstohes.
Investigation of the polytypes of illite Qas Aot undertaken
foé this study, so the qguestion of a diagenetic versus |
dettitél origin for the clay minerals in thevnon—qrey
mudstones cannot be resolved in-LHis manner.

AIf illite, kaolinite, and chlonife were the dominant
detritalvmingra;é deposited in both grey and non-grey units

by floods during the depqsition of the Barachois Group then

diagenesis was probably the agent responsible for

differences in diffe;en;-colqpred mudstones. An alternativé
to tﬁe neoformation of chlorige in grey mudstones (April,
1981b) ig an explanatinn based upon the possiblilty that
illite 1.5 relativel§ iess stable thén chlorite under
reducing conditions and that chlorite is relatively less
stable than illite under oxidizing conditions. This
relationship is suggested by evidence that 1llite increases
relative to other 6iay minerals at the tbp'of caliche
profiles (Aristarain, 1971) and 1.4 nm chlorites decrease
relative to illite under oxidizing conditions in other

types
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of soil profiles (Jackson et al., 1952; Velde, 1985 p.170).

That illite is relatively unstablé uﬁder»reducing conditibﬁs
is suggested by smaller amounts of potassium in some‘green
or grey (i.c., reduced) mudstones relative.to red (i.e.,
oxiaized) mudston?s (McBride, 1974; McPherson, 1980; R.
Hyde, pers. comm.). Thelloss of potassium and sodium from
greén'ﬁﬁdstones stud{ed by McBride (1§74) is ascribed to
leaching by reducing fluids leakihg'from the'sandstones
which overlie them. Exceptionally high proportions of
lchlo?ites in drab shéles which underlie sandstones in the
Eérachois Group mayAbe caused b& loss of illite and/or by
formation of chlorite. Leaching by_feducing diagenetic
fluids-p;obably caused degradation ;f illite due to-the
étrippingvof potassium (McBride, 1974; McPherson, 1980).
Chlorite may be formed either from precursor smectite by the
addition of magnesium (e.g., April, 1981b) or as insoluble
ferric iron is reduced'to’the ferrous state (Velde, 1985;
p-40). The ouverlying sandstones are presumed to be thel
source of the fluids responsible for cation exchanges.
Considerable variation in kadlinite proportions exists
in both tﬁe grey.and non-grey mudstones;  Grey,.organic—tich
samples (i.e. oil shale and carbonaceous mudstone) have
relatively high, but not the highest proportions of
kaolinite. In these samples the'positive corfelabion
between kaolinite abundance and TOC prob&bly reflects the

stability of kaolinite relative to other clay minerals in a ‘
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low pH environment rathér than the neoformation of kaolinite
by leaching of cations (Millot, 1970 p. 164). Topography
and climate (temperature and amount and tempo;al
- distribution of precipitation) are major factors in
determining the degree of leaching‘which may occur at a
. particular depositional Fite; vVariations in the kaolinite
p;oportions in non-grey mudstones and grey mudstones witﬁ
low TOC values-reﬁlecf the combined effects of these tfactors
as well as the vagiability of pa;ént materials ‘and the
possibilty of diaéenetic kaol{pite formation. i

Two red (10R, FSA Célour Cchart) mudstone samples (FB3S57 -
and FB364) with hibh kaolinite proportionslq;evasgociated
with rubified channel séndstones (facies ass®ciation I) agd
the lowest recorded abundance'of total feidspars (in the
interval from 392 m to 338 m in the FB2-76 corel. Kaolinite
was probably forméd by the in situ weathering of feldspars
and leaching of the cations released by weathering. These
red mudstones with high kaolinite.proportions that are
associated with feldspar-poor sandstones may have formed
during relatively humid peribds and/or in relatively
" wel.-drained parts of the Carboniferous floodplains
(Duchaufour, 1977, p. 21). ‘

Mixed-layer clays are commonly the products of
degradatsion: and soil formation (Millot; 1970) although they
can also form by aggradation or dlageqesis. They can be

mixtures of any of the true clay minerals and may be either
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regu;arly or randomly ingerstratified. Chlorite-smectite‘
mixed-layer clays (as found in F35) are associated with the
weathering of volcanic material in the U.S.S.hf (sarkisyan
and kotelinkov; 1970) and are also found in Triéésic

lacustrine sediments in Connecticut and Massachusetts

V(April, 1981b§ and in the Carboniferous lacustrine Rocky

-

Brook Forﬁation }nkthe'Deer Lake Basin{ Western Newfoundland’
(R.Hyde, pers. comm.). In these cases, the formation of
interstratified chlorite-smectite could be attripuied'to th;
diagenesis of smectite in. a Mg-rich environment (c.f. April;
1981b). .

The lack of smectite and the ubiquity of mixed-layer
illite-smectite clay minerals could bé the result of burial
‘diagene;is. Discrete smectite is not usually found at
temperatures and depths associated with coal ranks higher
than medium volatile bituminous (Heroux et ai., 1978;

Hof fman and Hower, 1979). The coals in the Barachois Group
are classified as high to low volgtile bituminous. If
smectite was present in the originally depdsited mudstones.
it could have been converted to a mixed-layer variety by the
addition of potassium at temperatures in excess of about 75
degrees Celsius (Hower, 1981, p. 74-75). Potassium could |,
have come from the diagenesis of K-feldspars (Hower,
op.cit.). An altérnat{Qe‘explan ion for the lack of
smectite may be its small size. Sampies of <1 or «0.5

micrometer sizes could have contained discrete smectite
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which was not observable in the <2 micrometer fraction. If .
the lack of discrete smectite is a result of source area .

characteristics rather than diagenesis, 1t is probable that.
the mixed-layer clays ate‘degzadation p:oduqts‘ofrdetrita}

illite angd chlorite. If, on the other hand, smectite is

-,

present in a smaller size fraction, or hqs been ’ ;;
diagenetically altered, then there is a difficulty in -

decicing whether the mired-layer minerals are products ol

aggradation or degradation. ' T I : ' ot
Geographic variation is exhibited by the larger

>

- ) . ’
proportion of illite in grey mudstones from the FH2-76
porehole than in grey nrudstones from the outcropg and the »
BSGE]l borehole. This variation is not paralleled by

significant differences in illite propuortions between the

non-grey mudsténés from the two aroups of samples.  Since
one Qould expect differences in clay‘hinéral prnpnrrinns duu
solely to chanqes.ln detrital mineralegy to be retlected in
both grey and non-qrey‘mudstones, the clay mxheraloq{Lai :

differences are probably related to differences :n . 1

post -depositional environments between grey mudstonead 1n the
, ,

FB2-76 borehale an¢rdther grey mudstones. As dxncgpﬁgd
above, post-depositional controls on 1ilk'e abunddnéc

' N - /
include a relatively more oxidizing ‘environment ar g greater

depth of burial for illite-rich mudstones (e.qg., grey”’

mudstones from the FB2-76 borehole)., Thermél a!totat:nﬁ

indices based on palynomorph colour do not indicate
. !




oy

o

significant differences in the degree of maturation between
the' FB2-76 borehole and the .other sample locations (E.
Burden, pers. comm.). Therefore an explanation of clay

mineralogical dY¥fferences based on the presence of

¥
-

relatively more oxidizing conditions in the -
pos.t-dersitiorial environments . of grey mudstones in the.

FB2-76 borehole is favored.

Summary aﬁd Conclusions
A éummary of the results of the XRD study of the
mudstones on the Barachois Group are as £follows . N
1. 'I’He clay minerals recognized in the Barachois Group‘ arez'
"illite, chlorite, kaolinite, ,i-n'terstratified | ~\/“\\
illite-sme.ctlite, and i.nterst'xj,‘atified chlorite-smectite
{one sample), o - |
2. l‘\lon—grey samples contain rr;ore illite anq less chlorite
thar; grey samples.
3. The proportion of kaolinite is very variable, but s
"positively correlated with TOC.
4. Grey mudstones from the FB2-76 boreho;e contain a higher

-

illite proportion than grey mudstone from the combined

BSG#1 borehole and outcrop samples.
The explanati'on of these variations are due to a
'combination of original detrital composition of the

mudstones and the geoc'henﬂical characteristics of their

s

environment of deposition. . Kaolinite variations are due in
© - ST .

s

- —
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part to the stability of kaolinite in acidic conditions
(where TOC and kaolinite abundance are high) and in part to
other factors such as local drainage and climate w'hic}Lwould'
act to control cation and silica cbncéhtratioﬁs; The léck

+

of discrete smectite may be attributed to original detrital
compositions, size¢, or to b\:xriai diage.nesis. Mixed-layt::'r
“minerals are probably formed by degradation of original clay
minerals and their partial reéonstitutioh dﬁring burial
dfagenesis. Clay mineralogical diffe-rences between ‘grey
mudstones from the F}Z—?G borehole versus grey mucfstones
from other sample locations arre-‘probably due to a prevalence
of _re;lati_vely more oxidizing conditions in the .

post(depositional environments of grey mudstones from the

F.BZ-?G borehole.

182




"CHAPTER B8 - ORGANIC GEOCHEMISTRY

. Introduction

Organic geochemical analyses of mudstones in the

3
Barachois Group provide information on the quantity and type .

.

of organic matter present and its level of thermal
maturatioh.’ These data are necessary in Qrder to.asséss,the
hydrocarbon resource potebtial of the‘group. Saﬁples
analyzed for organic'carboﬁ (TQC)‘were chééén in 6rde; to
furnish information on the total range of 'org'anié content
present'in mudstones of the BarachoisAGroup. Four drab’
golouredﬂmudstones were further énalyzed to optain
information on the quantity and quality of Cl5+ extractable
material (i.e. bituheh). Samples for Fischer Assay and ‘.
Rock~Eval pyrolysis were chosen bascd on their low density
ana lack of visible coaly material (i.e. the field
attributes of.sapropélic éhéle). Stagle carbon }sotope
analyses on kerogens in whole rocks were performed in order

v

to investigate their relatlonshlp to organic matter type and
the source of the organic matter. Before discussing these

data the methods used are descr%bed.

Methods

LN

"

Total o:ganié carbon (TOC): The technique used in this
"study to determlne total organic carbon (TOC) is that of

Bouvier and Abbey (1980). Non—dlsper51ve 1nfrared
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LN

absorptiometry was used to determine the percentage of
carbon dioxide released upon volatilization bf_20 to 200 mg
ot cafbonate—free material'. The equipment consistedidf a

~ turnace, a Beckman Model 864 non-dispersive infrared
analﬁier equipped with an integrator which displays
absorption as millivolts, andva nitrogen carrier-gas, system.
The'equiﬁﬁent is.ewned'and operateé by the.geochemical
laboratoty.ef tae Newfeundland bepartmept of Mines and
Energy, st. gohn'S'Newfoundland. In the case of three
samples (RH83-249, RH83-252, " and RH83-253) TOC content was
determlned by Preparlng the samples as for carbon 1sotope

analysis then calculatlng the TOC content based upon the

volume ‘of evolved carbon digxide gas.

Extractiont Organie conteat in‘sedimentary rocks
consists ef one or more types of kerogen plustbitumen.
Bitumen was extracted from four samples (F35, P5, F67, and
"BSGIGQ\S) Drled samples (30-45 g) were fefluxed at 35
?degrees_Celsius for 24 hours in an azeotrope consisting of
‘30%:beﬁzeae-7d% metharne (by volume). Aftef!24 heurs the
extracts were, flltered drled and welghed Asphaltenes‘were
prec1p1tated by olssolv1ng the sample in n pentane (50:1)
.Lant,\1979 p.58). The-preC1pltate and the extract were
dtied:and~weighed.. -

'

Liquid Chromatography (Durand et al., 1970'as mbdified

by R. Quick, pers. comm.): Asphaltene-free samples yere




: A
separated into saturated hydrocarbons, aromatic

nydrocarbons, and nitrogen-sulfur-oxygen LNSO) compounds S
s ) >‘using liquid column Chgomapography.. The.column cohsis;s of
fully-activated siliiéhéél'and'alumina. solvéhts used for
S extraction of each fraction Qe;e:'SO ml hexane for
saturates, 205 ml hexane:benzene (2:1) for érémétics, and 40

d ml benzené:methahol (1:1) followed by 40 ml diethylxéﬁher

for NSO comounds. Flow-rate was 50 ml/hr for saturates and
. . »

aromatics and was not controlled for NSO compeunds. -

./ ) . " ) .: -
Gas Chromatography-Masc Spectrometry (GC-MS): " The

[l

saturated-hydrocarbon fractions of two samples (PS,and.
\\\BSGIGZJSJ we:é chosen for further-analysis on a coupled o
GC—MS-(Hewlett'Packard Model 5792 gas ch}omatoéréph.coupled
to a Hewlett Packgrd,MQdel'5970A méss—séléctiyéwdétector).
. ;h aliéuot'of the saturate fraction was d;ssolved in
redistilled'hexanefand injected onto a.nonpolar phase, fused

silical capillary column (c. 10 m length). The injection

temperature was 280 degrees Celsius. Samples were separated

—_ ‘ : using a témpetature programmed rate of 3 degrees (Celsius per . *

minute from 70 degrees to 270 degrees. Initial time was

foﬁr minutes, final ;ime.was 20 minutes. ‘Scans for specific

mass/charge (m/2) ratios were performed at m/z=183 (acyélic_
pt .

isoprenoids plus alkyl isomers),‘m/z=l§l (pentacyclic

triterpenoids - i:e.,‘hopanes), and m/z=217 (steranes).

saturate and-aromatic fractions of three samples (PS5,

F67, and BSGl62.5) wére also analyzed on a gas chromatagfaph
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with an 18 m colamn and a programmable‘ihtegrator to better

€

. separate peaks ano'calculate relative abundances of:
compounds. |
, . | |

Fischer Aséay ahd Rock-Eval Pyrolysis: Eight samples
from the BSG#I borehole were evaluated for their potentlal
to produce hydrocarbons on pyroly51s by Fischer Assay. o
F1scher Assay involves heating a 100 g sample of crushed
.rock at 500 degrees Celsius for ohe hour (Hunt, 1979 .p.
461). . The analyses‘were done at the Hydrocargon Processing
. Laboratories, Canada Centre for Mineral and Energy
Technology, Ottawa, Ontario.

The f1ve shallowest borehole samples (162.8 m - to 257.3

m) plus f1ve surface samples were submitted to the Institute

for Sed1mentary and Petroleum Geology (Calgary, Alberta) for
Rock-Eyal pyrolysis. ‘The surface samples were collected by
R. Byde froh a sapropelic bed 1ocated in the streambed of
Middle Barachois Brook between outcrops-15~and l5a (Fig.

l 5), approx1mately 40 m upstream from outcrop 15a. The bed
is only V1s1ble when the water is low. Rock—Eval pyrolysis

N
1nvolves the gradual heatlng of 100-300 mg of crushed rock:

in a stream of helium at a rate of 5-40 degrees
vCelsius/minute up to a temperature of 600-800 degrees
' Celsius. Due to eguibment problems TOC values.were not

~obtained for the samples submitted: for pyrolysis by the

pyrolytic method.




Stable Carbon Isotopes: The ratio of éﬁc to'é“% was

determined for the carbon in ‘kerogens from shales

I

samples) and the carbon in calcium carbonate (six samples).

{seven

Thé calcium carbonate samples contain variable amounts of

quartz, feldspar, prite, clay minerals and possibly trace

amounts of siderite and organic matter (as determined by

whole rock x ray dlffractometr}) The isotope'ratio

VG Mrcromass 903E

determrnatlons_were made on a
. 4 - - e

mass-spectrometer, Values are reported 1nrparts per mil
/\

relative to PDB for carbon dioxide corrected for overlap of

the 150 peak. The equat1on used to calculate the ratio

-

difference is:-

¥% = ey lc sample - 1

|3C7’7.IIC std

X 1000

Samples were prepared for

ample type

isotope analysis according to

Shales containing kerogens were crushed and

1nt1mately mixed w1th purlfled copper ox1de and high purity

copper reagent 1n quartz tubes. The'tubes‘were evacuated,

4

sealed, "and pyrolized at 850 dedrees Celsius for one hour

and slowly cooled Limestone sgmples were crushed, placed .

in’ Y tubes, evacuated and acidified with 100% phOSphO[lC

'ac1d. The resultant carbon dioxide from both methods was

then cryogenically purified»tor mass spectrometry. ‘

“

,Resultsi.

© e
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the Barach01s Group are presented in Tables 8. l to 8.5,
Rock Eval pyrolysis results are. reported as three peaks‘

corresponding to (a) hydrocarbons already in the rock (Sl),'r

(b) hydrocarbons produced-by pyrolysis (SZ), and (05 carbon

dioxide liberated by pyrolysisf(s3l” The peals are reported -s -~

in milligrams per gram of sample' -Tmax refers to the
temperature at the maxlmum of the S2 oeak Thefsum'of the'Sl
and’ S2 peaks have been converted to litres of hydrocarbon
produced per metr:c ton of rock for e%se in comparlng the
Rock-Eval results with the Fischer Assay results._'
DlscrepanC1es between the results of the Fischer Assay«and
RGCK-Eval pyrolysis may be due, in‘part, to the‘observation
that theyaverage keroéen decomposifion temperature of - o
Barac ois Group samples (550 degrees Ce151us) is higher- than
the maximum temperature attalned for the Fischer Assay (500
degrees Ce151us) tBu Furxmsky, pers comm. ) . | Slnce samples
vwere submrtted for analy51s as dlscrete pieces of whole
,rock rather than as spllts of powdered samples dlscrepan01es

may also be due to. real dlfferences between samples

' submxtted for the two types of analy51s.




' TABLE 841

.

TOC Analyses

. Outcropt , R
Sample $AS RTOC or Core Colour

+RHB83-246 5.7 50+ 15a N1
RHB3-249 13.2 18.87 sap. N2
RH83-252 11.2 31,86  sap. N1
RH83-253 11.3 31.76 . sap. N1
*ps . 0.27 21.23  15a =~ N2
xP19 S 17.6 17.63 25 . N4
*F67 27.3 10.7 - 2a-. N1

" P17 . 10.7 2.66 56 . N3

P20° 5.6 . 1 .69 N3/4
15 5GY6/1
17 N4

0.59 .38 N5/6
0.27 43  SR2/2
0.08 74 SYR3/2
0.04  64a 10R3/4"

3.64 FB2-76 N2/3
2.07  FB2-76
1.76 FB2-76
0.59 FB2~76
~0.18 FB2-76
-
3.60 BSG#1
*BSG162.5 16.8° 2.77 - BSG#l :
..BSG326.8 15.8 0.76.  BSG#l 10YR2/2
. BSG17249-5.4 0.58 BSG#1 5SR4/2
* ' 'BSG309.8 4.9 0.42 BSG#1l 5YR3/2
BSG92.1 .4-, 0,23 BSG#1 -SYR3/2
BSG54.9 .4 0.19 BSG#1 NS -

RAS= % acid soluble material (carbonate).
$TOC= welght %~of the whole rock which

is organic carbon. -

+0f fscale. ‘

-*Samples which were extracted and

subjected to detailed geocheinical analys1s.
x-shale with ‘coal frdagments .

sap.: sapropel bed c. 40 m upstream

from outcrop lb5a, -




TABLE 8.2

Organic_Geochemical Analyses

. Sample % " PS F67 BSG162.5 F35
. TOC (wt. %) 21,2 10.7 2,77 - 0.87
Sample wt (g} 33.27825 36.17096 42.55321 . '44.60222
mg C in Sample . 7.05 3.87° 1.18 0.39
mg extract, 15.6 25.32 23.5 4.58
mg extract/g Corg 2,2 6.54 19.9 11.8
mg Cl15+HC/g Corg 0.88 1.73 6.78° 5.36
mg Sat.HC (%) - 2.20(14.1) 1.10(4.3) 4.0(17) 0.6(13.1)
mg Sat.HC/g Corg 0.28 0.28 3.39 1.5
mg Arom.HC (%)~ 4.2(26.9) 5.6(22. 1). 4.0(17) 1.5(32. 8)
mg Arom/g Corg 0.60 1.45 - 3.39 3.86 .
"'mg NSO (%) 4.6(29.5) 7.0(27.6) 5.5(23.4) 1.9(41.5)
mg NSO/g Corg 0.65 2,23 4.66 4.88 |
'mg Asphalt. (%) 2.4(15.4) 4.9(19.4) 5.4(23) 0.94(20. 5)
mg Asph/g Corg - 0.34 -1.81 4.58 2.4 .
- Col. Losses mg(%) 2.2(14.1)  6.72(26.5) 4.6{(19.6) ~0.36(-7.9)

" (%) refers to weight percent of extract. Losses are probably
due to the polymerization of NSO compounds to form asphaltenes.
The very low initial extract weight of sample F35 probably
resulted in large errors., .
TOC: Total corganic carbon (weight &)

Cl5+HC: hydrocarbons with more than 15 carbon atoms.

g Corg: grams of organic carbon.

Sat.HC: saturated hydrocarbons.

Arom.HC: aromatic hydrocarbons.

-NSO: Organic compomukﬁwh1ch contain nltrogen, oxygen,
and sulfur. .

Asph:
Col.

asphaltic compounds.
lossest column losses.,
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" TABLE 8.3 . . .

. Fischer Assay Results (BSG#1) : v e

Sample ., 0il Yield ‘ B
Depth (m) (gal/T) (1/T) RTOC ‘ ,
. xl62,8 ‘1.6 7.13  5.91
©ox222.1 1.5 6.66 3.39
x222.6 1.2 5.33  2.79 - i
x224.7 1.2 5.33  2.79 , %
' %225.9 -2.4 10.66 2.78
257.3 0 . 0 1.71
' 325.6 0 0 0.8 °
. 326.5 0 0 0.8
; TABLE 8.4 -
; . Rock-Eval Analyses C
;. Samplet Depth(m) Tmax sl S2 S3 S1+52(1/T)
x84-1A(BSG) 162.8 449 ‘0.14 6.28 0.23 '7.13
x84-2A(BGS) 222.1 456 0.10 5.44. 0.03 "6.15
. x84~3A(BSG) 222.6 458 0.06 1,04 0,08 1.22
. xB4-4A(BSG) 224.7 459 0,03 1.23 0,01 1.40
’ < x84-5A(BSG) 225.9 463 0.01 0.58 0.01 0.65
' RH83-249 o/clSa 447 0.51 19.12 - 0.09 21.49
RH83-251. sap. 441 0.58 56.99  2.03 63.90
RHB83-252 sap. -—438 . 0.58 64.21 1.76 72.36
RHB83~-253 sap. 438 0.97- 79.51 0.77 89.133

gal/T: dallons per metric ton; 1/T:liters per metric ton.
o/cl5a: outcrop '15a ) _ )
sap.: sapropel bed c. 40 m upstream from outcrop l5a.

x Samples subjected to both pyrolysis.and Fischer assay.

Sl, S2, $3 peaks are reported in mg/g of sample.

‘r\‘-'/

/
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_TABLE 8.5

Stable Carboh'Isotope Ratios

Sample Rock Type Outcrop § %
xF35. green shale 15 - -—26,265
xP5 dark grey shale 15a -25.690
xF67 black shale 2a —-26.204 .

RHB3-246 black carbonaceous. ’

) . Shale ‘ 15a -24.142

BSG256.7 'dark grey shale . -25.370
"xBSG162.5 dark grey shale ~25.521

FB777.4 grey shale . —23.848:

F71 . noddle in grey. . ‘

S -13.622 -

F80 s -

' 51 -7.977

F77 "caliche" 89 : -13.353 -

F81 lacustrine micrite 51 —-4,398

F72 ' 78 -11.407

F2i

1 ’ -20.604

x extracted samples,
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Interpretation

. Interpretation of the results of the drgaﬁic

géochémical_analyses will be discusSgd in terﬁs of the
'ciassification, souéce,lthermal maturiéy, ahd.quantrty'of
the orgahic Aétter, and source rocklpoteﬁtial of,thé
Barachois Group mudstones. |

Classification and Source of Organic Matter in the
Barachois Group

Disseminated organic matter iﬁ fingﬁgrained sedimentary
rocks consists ofgea fraction which is soluble in ; |

non-oxidizing acids, bases, and .organic solvents (bitumen)

and an insoluble fraction (kerbgen) (Hunt, 1979). The

amount of bitumen present in a rock is an ingicétion of the
" - N 3 .

P ' o/ .
amount of liquid hydrocarbons already prese#t and is a-
function of thermal maturity and kerogen type. The type of

kerogen *and the characteristics of the bitumen are an

LY
.

indication of whether rocks are gas- prone or o1l-prone, and

can provide 1nformat10n on the source of the organic

4.

matter.

Kerogens are classified on the basis of their
microscopic constituents in transmitted or fef;ectéqwlight
or by elemental analysis. Kerogens, as classrfiéd by )
transmitted light mxcroscopy. consxst of algal, amorphous,
herbaceous, woody and coaly types (Hunt, 1979). Algal and

amqrphous Kerogens are usually'marine or lacustrine in
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“o,ri‘gi'n'. Amorphods ke'rogén is generally sapropelic (derived.
from thg“dehcomposition of high-lipid organic mater ial), but
may incluce lrsjﬁome‘humic"_ components in the form of ]
decomposition, pzoducts"of terrestrially ldeposited plant.
cells, watlls, plus carbo’nlized organic matter (Tissot‘and
Welte, 1978 p.178). -Herbaceous ke'rogen_ refers to detritus

'\fro'm plants such as spores, cuticles, and'other
y : ,
recognizable, dimcre'te, nonwoody cell material. Woody
kerogen is fibril material with rectangular 'woody‘
structures. Coally (inertin'it.e; kerogen has I.mde:éone
.extensive'carbonisation as a result of oxidat‘ion and funaal
decomposi_tion (riunt, 1979, p 276). i(e-rogens from the
Barachois .G;bup mudstones examined..by transmit\tied light
microscopy C‘Onsist predominantly of the woody t.\ype (E.
Burden, 1956 pers. comm. ). Herbaceour ‘and amorphous
kerogens are secondary. In all¥amples whgre amqrphous

~ kerogens form more than about 8:3 of the kerogen types‘they

.\

are described as probable dearaded wood based on the ?
bresence of relict str-uture‘s in otherwise amorphous organic
matter (E. Bucden, pers. comm.). | »
Reflected light microscopy allows classification of
kerogens based upon their mé'ceral composition. Macerals
trefer to different constitule;nts: of kerogen or coal which are
recognizable by their morpholdgy and reflectance colours.

some data is available on the reflected light properties of

the Barachois Group kerogens. Information pfovided by R.
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“Hyde (1986, pers. comm.) indicates that identifiable’
macerals ithhe coals and organi‘c—rich (or's‘apropellic')
shales. of the Barachois‘Group contairr an abundahéé of
vitrinite (>75% of the identifiable macerals), and lesser -
amounts of i"norti'nite and liA[.>t~inite. The ident-ifiable
macerals are, in some cases (e.qg. RH83—‘249), ;xet in a matrix
of clay and amorphous organic 'material 7which acéouﬁts for c.
30-40% of the sample.  Vitrinite and inertinite macerals'/ﬁﬁ\\ )
indicative of a higher plant ofi_gin. Liptinite is de-rivc'd
Afrom algae, spores, c'ut.:icle‘, resins, wax_es,}efc. (Tis.sot"an'd
Welte, 1979, p. 128).  The or{gin of the amorphnus.material
"in shales like RHB3-249 is unkﬁown, 1t 1'; probably algal
and/or bacterially degraded humic debris. _ ' N
Cla;ssificatinn of k;rogpn on the basis of c’:‘lomenta)
analys_.i@‘, is accomplished by use of a van Krevelen diagram
{Fig. 8.1) (Tissot and Welte, 1978). Oxygen to‘ carbon (0/C)
ratio is. plotted on the horizontal axis; hyd'ru.gen to carbon
.(H/C) ratio is plotted_on the verticAal axis.. Three starting -
compési;ions (\)f kerogen are identified primarii.ly on the
basis of their H/C ratio.. Althnugh.a.mprphm;s keroyens are
u..Sually asséclated with type I or II kerogeﬁh {as classified
by elemeantal analysis),\ 1t has been found that amorphous
_kerogens ‘may plot anywhere or the van Krevelen diaqraxﬁ
(Durand and Monin, 1980, b.131; Peters, 1986). -As the typés o

of kerogen mature (with increasing timé and temperature)

they follow different, bbut convergent, evclutionary pathways
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Figure ‘B.1: The van Krevelen diagram illustrates
maturation pathways for kerogen types as
classified by their atomic ratios. After
"Tissot and Welte, 1978, p.143.
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“

towards progressively lower B/C and 0/C ratios.
<%
Type 1 kerogen is characterized by the highest H/C

- : \
ratio.,” It contains primarily aliphatic hydrocarbons and is

v

federived from algal lipids or 1i§~id—enriched,

microtj»ally-degra‘ded, organic matter.and cm;tains virtually
no identifiable organic remains {(Durand and Monin, 1980, p.
128). It is composed of algal and amorphous kerogen (as
classified by ‘transmitted light methods). Type I kerogen is
considered to be high in 0il .and gas generative capacity.

.

Type III organic matter has the lowest initial H/C
\rat'io; relatively higher 0/C ratio, a‘n_d consists mostly of

polyaromatic hydrocarbons and oxygenated functional groups.

Hydrncarbohs formed from type 11l kerogens are characterized ‘

in part by normal alkanes or the C20-C35 rangye (Durand and

Monin, 1980, p.128). Its oil generative potential 1s
moderate, but it may generate large amounts of gas. Type

IIl. kerogens are derived from terrestrial higher plants and

.

is comparable to woody and coaly kerogen (Hunt, 1979

pel77). )

Type IT kerogen is intermediate in terms of H/C and
~il- and gagééenerating-pf)teﬁtial and it consists of more
aromatic and naphthe;xic hyd-rrEarbnn compounds than type |
keroden. Type 11 kerogen is a mixture of amorphous, algal,
herbaceonus, and some woody kerogen (as classified by
transmitted light microscopy) (Hunt, 1979 p., 277; Durand and

2

Monin, 1980, p.128).




\

When eiémental analyses are not @vailable for kerogené
it is péssible to use information frbm'pyrolysis to
calculate hydrogen and oxygen indices (S2/TOC and S1/TOC
repectiQely) which are in some respectslanalOQOUS to the H/C
and O/c ratios (éspitalie et al., 1977). ‘Van‘Krevelen;lype
diagrams based on pyrdlysis‘rggults can bg subﬁect to
misinterpretation due to the possibility of contamination of
the §2 péak by high molecular-weight hYdrocarbons‘(Cleméntz,
1979; Snowdon, 1984). This type Qf contamination only
appeafs to be a problem in samples with "large émounts of
heavy bitumen (Tissot, 1984). Hydrogen anﬁ oxygen‘indices

*
have been calculated for eight of the nine samples (i.e.

.those fbr which 7T0C data is available) subnmitted for
Rock~Eval pyrolysis; These values are listed in Table B.6
and plotted on a modi[iéd van Krevelen diagram (Fig. 8.2).
It can be seen that Barachois Group sampies plot‘parallel to
‘the mature type I and tyée Il kerogen lines-(but wi;h a very
low oxygen index). Unfortghately these samples plot oh a
section of the graph which is indeterminéte in terms. of
typing kerogens. '

Significant errors in the estimation of the oxygen
content {i.e. S3 peak) in Rock-Eval pyrolysis may be due to
the possibility of. contamination by carbonates (e.qg.

calcite, siderite) in the samples (Katz, 1983), and the

~inability of the Rock-Eval unit to measure carbon monoxide

(Peters, 19&6%. Coals with vitrinite reflectance of 0.0%




Table 8;6

. Rock-Eval Asseseé&ment Parameters
‘Sample PI S$2/53 TOC HI
BsSGl162.8 0.02 27.3~ 5,91 106
BSG222.1 m 0.02 181.3 3.39 160
BSG222.6 0,05 13 2.79 37
BSG224.7 0.02 123 2.79 44
B5G225.9 0.02 58 1.71 34

RH83-249 0.03 212 18.87 101
,RHB3-251 0.01 _ 28.1 -- --

RHB3-252 0.02 36.5 31.86 202
RH83-253 0.01 ‘81.96 jl.76 250
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Albert Formation

Oxygen Index

.

Figure 8.2: Maturation pathways, other Carboniferous oil

shales and Barachois Group oil shales as
defined by their hydrogen and oxygen indices
(HI and OI). HI and Ol are determined by
pyrolysis. After Nuttal et al., 1983.

Data on Albert oil shales is an average. of data
from the Canadian Occidental Petroleum Albert
Mines 2 borehole, Alberta Mines, New Brunswick,
reported by (Macauley and Ball, 1982).

Data on Rocky Brook Formation oil shales is

an average of data from surface samples in

the Deer Lake Basin, Newfoundland, reported

_bhy" Hyde (1984)., '

Data on Pictou Group oil shales is an average
of data from the Coal Brook Member, Shaw Pit,
near Stellarton, Nova Scotia reported by Macauley
and Ball (1984),
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rejlease more pyrolytic oxygen as carbon mono&ide thanlloss
.mature goals so samples contaiﬁing abundan;)coaly material
may show anomalousiy low S3 peaks. Low Sleeaks and
correéspondingly low oxygen imdices in Barachois Group
samples may be caused by an abundance of coaly materlal.

- An alternative method for classifying kerogens using
pyrolysis data which does not make use of the S3 peak
involves plotting HI vs Tmax.(Espitalie et al., 1984).
Pyrolysis samplesbf;om the éaréchbis Group are classified as.

“type 111 and type TI kerogen; wﬁen plotted oﬁ this type of
diagram (Fig. 8.3).

Additional information regarding nréanic matter type
and SOGrce'js also provided by analyses of the bitumen
fraction of the organic matter. Parameters which are
dependent in part on organic matter type are odd—eQenl
predominance of normal alkanes (OEP), pristane-phytane raéin
(Pr/Ph), pg}stane—notmal,Cl? ratio (Pr/nCl?); and ;he
relative abundances of steranes and hopanes. The data
collected for the Barachois Group samples and;the values for

typical keroygen types are pre%entbh in Table 8.7. In

general, these data lend qupport to the contentxon that the

samples are domlnated by terrestrial qources of org:)yc .

w

matter. The terrestrxal sanature may. be partlally '3
overprinted by the presence of lipids derved from
prokaryotic organisms (e.y. bacteria) wh1th\Eart1c1patn in

the deqradation of any organic matter.
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Figure 8.3

: Kerogen types and Barachois Group oil shales
as defined by hydrogen index (HI) and maximum

- temperature of the 52 peak (Tmaw) determined
by pyrolysis. Barachcois Group, 0il shales
plot within the oil maturatié&n zone and
within kerogen type IT and III fields.
Data on Albert Ail shales is an average of data
from the Canadian Occidental Petroleum Albert
Mines 2 borehole, Alberta Mines, New Brunswick,
reported by (Macauley and Ball, 1982)., ¢
Data on Rocky Brook Formatjion oil shales is
an average of data from surface samples in
the Deer Lake Basin, Newfoundland, reported
by "Hyde (1984). '
Data on Pictou Group oil shales is an average
of data from the Coal Brook Member, Shaw Pit,
near Stellarton, Nova Scotia reported by Macauley

. ) (
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Tabhle 8.7
Indicators of Kerogen Source Based on
Bitumen Extraction

Marine or

Lacustrine Terrestrial
Sample BSGl62.5 PS F67 Source Source Reference
Pr/Ph 3.64 4.53 1.7 <1 >1 a
Pr/nC17 0.78 1.73 0.61 <0.5 >0.5 b
OEP

Cl16-C21 1.0 " 1.0 0.95  ondd none

Hopanes present - present -- present present
Steranes trace trace - high low

Pr/Ph: pristane/phytane ratio

Pr/nCl7: pristane/normal Cl7 ratio

OEP: Odd-Even predominance (scalan and Smith, 1970)
a: Hunt, 1979, p.280

b: Lijmbach, 1975 :

c: Tissot and Welte, 1979, p.380




Stablércarbon isotope values ascertained for kerogens
of ghe Barachois Group also tend to corroborate a
terrestrial source. foferences betweeh the Q3C values for
various types of modern orgénic matter appear to be
presefved in a soﬁewhaf reduced form in fossil kerogen
TGalimoQ,/IQSO, p.280). However, there is éome over lap
between C values for anclent marine and terrestrial
sedimentary rocks‘and>coals. Therefore, although the &3c
va}ues of the Baracho;s Grbup rocks are consistent thh a
terrestrial origin, %t”is not poss}ble tc rule out a marine
influence on thé baﬁis of isotopic composition only.

All the data rélated to kerogen classifigé;ion suggest
that type 111 kerogen i1s the dominant kerogen type in the
Baracholis Group mudstones. .There appears to be some inpus
of type 11 and type‘I kerogens in sapropelic shales (e.g.'
samples RH83-252, RH83-253, and BSG222).° The source of
these ke;oéens i1s almost certainiy terresftial.

Thermal Maturation | ’

Thermél maturation levels fof'the Barachois Groub rocks
were established from the {ollowing types of data: vitrinite
reflectance, therhal alteration index, illite crystallinit?}
Roék-Eval pyrolysis (producgion index, Tmax), organic,
géochemistry (odd-even predominahcé—OEg, pristane phytane
ratio-Pr/Ph), and proximate analysis of coals (i.e.-coal

rank). The results are summarized in Table 8.8.- The

optical parameters, OEP, Pr/Ph, Tmax, and coal rank data

.
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‘ Table 8.8

Maturation Parameters of Be "achois Grdup Rocks

Correlative Source ot
Parameter "~ Data. Ro#% Correlative Ro
OPTICAL -

Vitrinife o
Reflectance 0.6-1.18 (Ro%) -

TAT . 2-3 0.3-1.2% Hood et al.,1975

MINERAL

Illite A :
Crystallinity l1.12 + €0.6% Guthrie et al,, 1986

ROCK-EVAL
PI 0.01-0.05 <0.6 Peters, 1986

438-464 deg.C 0.6-1.2% Espitalic et al.,1984

+

ORGANIC GEOCHEMISTRY

Pr/Ph 0.89 to 1.08 1.1-1.2 Radke et al.,1980

OEP o 1 to 1.08 ~  >0.95% Radke et al., 1980

HC/Ext (%) ©26-41% >0,05 Foscolos et al.,1976

[ 4
¢

COAL RANK medium to high
volatile. bituminous 0.6-1.5% Stach et al., 1982

(4

Sources of data: . ‘-
Vitrinite- and Illite crystallinity - R. Hyde, pers.comm.g
TAI - E.Burden, pers.comm.,
Rock-Eval - 1.S.P.G.,, pers. comm,: 4 .
Organic geochemistry - S. Macko and R. Quick, 1986, pers.comm.;
Coal Rank - Hayes, 1949; Hyde, pers. comm. ’

- TAI: Thermal alteration index
PI: Production Index (S1/51+S2)
Pr/Ph: Pristane/phytane ratio
OEP.: 0dd/Even predominance
HC/Ext(®): Extractable hydrocarbon/total extract ratio

expressed as a percentage "
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indicéte maturatién ranks whiqh span the conventional "oil
window" {(Heroux et al., 1978). The illite>crystaliinity
value and tﬁe production index both suggest jﬁmatpre rank
.(Guzh;ie et al., 1986; Peters, 1986). The illite |
cgystaliinity values aré, in some cases, suspect due to the
possibility that the illite is detrital and degraded. The
prod;ction indgx ii somewhat problematié. The‘extremely loQ
values for the produc;ion ihdices are caused by the high
values of the S2 peaks and the low vaiﬁes of the 51 peaks
(PIﬁsl/Sl+S2)..‘This may be due to the type of organic
matter in the sémples: Type I organic matter may.require
higher temperature; in order to attain peak:generation of
hydrocarbons than other types of 6rganic matter (Tissot,
1984; Roﬁtback et ai., 1984; Harwood, 1977; Tissot et - al.,
1978{? The presence of large amohpts of type I kerogen
-would ;herefg;e accéuht fér low S1 and éigh S2 yields (andg
conééquent }éw PI) at temperatures which areiSeemiagly
.indica;ive‘of thermal maturity. Low yields of exéractéblo
hydrocarbons may also be accounted for by this.explanatioh;
Although the presence of abundant typeil kerégen‘may‘account
for the low PI in the most hyarogen-rich'pyrolyzed samples
{(e.q. RH83—24§, RH83-252, RH83-253, BsSG222), the other
gyrolized BSG#1 botehol; samples are proﬁabiy éomposed
primarily of type III organic matter."fhis would sugéest
- that the small S1 peak is due to tﬁé poor_cil genefating

capacity of the type II1 kerogen. The large 52 peak.would

- 208




therefore.cérrespond to théAgenerétiQn bf”liqhﬁ‘baseous
hydrocarbons. rather than heaviér liqUid hyvdrocarbons (the
flame—ionization detector,uséd_to_ﬁétéct hydrocérhons doe's
not differentiate between 1ightlahd heavy hydrocarbonsx it
- merely coumts carbon atoms). This cdntrédicts ev;ﬁgrcé in. . y
fadvor of an bil—prone sogrce‘provided By high MaiueS'of
S2/83 (grrater than L3 fér all the Barachois'Grouﬁ pyrolysié
samples) (Peters, 1986).. However, potontial proglems with
the S3 peak (as discussed above) suggest .that it i§ not .a
relxablé parameter 'in many cases, and is perhaps too low.fgr
some Barachois Group saﬁples. |

An alternative to the need for the presence of a

-
-

hydrogen—rich kerogen to explain the high production indices
ig that the §2 pezaks contain a mixture of pyrolysagu and
heavy sblvent~extracfab1e hydrocarbons {probably NSO
compounds and asphaltﬂnés) rather than'pyrolysatv only
(Snowdén, 1984), This-is thought to be a problgm oniy in ’

“ -

the case of éxtremely hydrogen-rich samples. 'The samples »

subjected to extraction are characterized by very 3mall

amounts of extract. Therefore it ‘is unlikely that tﬁe
relatively high §2 peaké are caused by contamination. The
surface samples were 1ot extracted, 50 it is not known
whether or notythis éxplanation is éﬁasonablo for thnse

samples.
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.Quantity of Organic Matéer

The quantity of organic matter in rocks of the
Barachois Group was ascertained by determining the total
oyganic carbon (TOC) content for. a repr_esentati\}e 'group of .
sa;mples. TOC values range from 0.04% (weig'ht‘ percent) to
31.86%. The highest values are from dark grey to black
shales (e.g., Nl to N2, GSA Rock Colour Chart‘). The lowest
values are in red mudstones (e<g., 10R3/4, GSA Bock'Colour
Chart). In general the cut-off between'potential‘ source
rocks and non-source rocks {’s between 0.4% and 1.0% TOC for
fine-grained shales; (Hunt, 1979 p. 2ﬂ70). It is apparent
that many of the rocks.sampled have TOC values well above
the minimum., However, as mentioned previously, source rock
potential is dependent on .the type of organié matE‘ér preéent
and its state ‘of t‘:hermal maturation as well as the gross
amount of organic carbon. Figure 8.4 illhs‘tr_ates the

apparent stratigrbphic relationship between samples with

- _some of the highest TOC values.

Source'_Rock Potent;al of the Barachois Group Mudstones
In the previous sections the three paramgters necessary
to define source rock potentia)l have been discussed (i.e.

quantity of organic matter, type of organic matter, and

~

thermal maturity)’. In general, there appears to b\a‘

N\

AN . .
gsufficient amount of -organic matter at the correct level of

maturation to have produced hydrocarbons. However, the |
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SAMPLE LOCATIONS AND POSSIBLE CORRELATION OUTCROPS 15 AND 15A

Outcrop 152 Outcrop 15
TR P e iy ___?__-g__'
T 2.0 i 9.5 — <
Ay’ y . ool
B ELY) RN < o
L2 pul RS RH83-251 SR | s -
e 7 e RH83-252 Rl
== RH83-253
2 3331
o Aot -
1.0 < ) i e 8.5
—Locettnf RHB3-246 pg F35
AN anss-249
0.5 _ o TS sty o 8.0 _
R & B :
~{ =t ]
v
L. = 7.5

Figure 8.4: Sample locations and possible correlation
between outcrops containing samples with high
TOC values. The stratigraphic column at
outcrop 15a is after Solomon and Hyde, 1985.
Samples RH83-251 to 253 were taken from a
lens of sapropelic material in the streambed
of Middle Barachois Brook.
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sma‘l‘l ";mouhts of organic extract relative; to the 7/bfundan\ce
of. organic matter and indications that typ?,—l{I, (woody and -
coaly) kerogen is the most abundant _typ’e iAh Barachois Group
mudstones shggest that any hydro'carbons prodaced were moire
l.ikely.to be gas rather than oil. Samples which produced
relat'ively large ampounts of hydrocarborns by pyrolys'&s, but
which had a relatively small S1 peak (indicative of HC's
already produced) may contain kerogens which require a
higher thermal maturity to prodvgc'e hydrocarbons (i.e. type 1
kerogens) . These samples, which a;l' come from the same 0.2
m be;d are considered to be oil shales.

Hunt (l>97‘)) uses a plot of extractable Cl5+
hydr(;c'arbdns expressed as"mi'crogr-ams per gram of sediment
vefs’us.'TOC to assess'-so_urce rock Apotential. Of the t'our."
samples for which thisvinforma,tion is av_ailabie only ‘one
(BSG16-2.5) plots within the emp’irical fieid for potential
sourcé rocks (Fig. B8.5). Two samples (P5 and F67) have high-
TOC values relativ-g to their _ex£ractable HC conte.nt:‘ and plot
towards the coal field on the diagram. The fourth sample
(F35) contains too little organic matter to be of interé;;t
és a sou;-ce rock. Rock-Eval parameters for assessing source
potential (Tat;l'e 8.9)‘ in'cludé the abundance of TOC and the
intensit\y of the S1 and S2 peaks (Peters, 1986). The
pyrolyzed Barachois Group rocks are classified as poor to

fair source rocks by these parameters.

-
v

210




.

Mircrograms or C15+ extractablss per gram of sediment

rd
10004 Reservoir //
s
7/
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500. Y
Source Rocks
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*Fe7
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Figure 8.,5: Source rock q'uality based on total organic

carbon and the guantity of extractable
hydrocarbons. Only sample BSGl162.5 from the
BSG#1 borehole plots in the source rock
field. Samples F67 and P5 probably contain
abundant gas-prone and inert material, .
sample F35 contains only minute amounts of
organic matter. After Hunt, 1979,
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" ‘ Table 8.97

Rock=-Eval Parameters Used to Describe Potential Source Rocks
(ftrom Peters, 1986)

 Type of Hydrocarbons Generated ~

S2/83 = 0 to 3 gas prone .
52/81 = 3 to 5 gas and oil

, 52/83 = 25 mostly oil

» ’ Scurce Rock Potential
‘ : Quality TOC(%) Sl -~ 82

. poor 0-0.5 "0-0.5 0-0.5 -
fair .~ 0,5-1.0 0.5-1.0 2.5-5
.good . =~ 1-2 1-2 5-10
v. good »2 >2 10

Thermal Maturity

Maturation S1/51+s2  Tmax

top oll window 0.1 435-445

base oil window 0.4 470 B
{
\
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Summary

Kerogen types in the Barachois Gféup aré dominated by
‘woody (txpe-III) kerogen with lesser -amounts of amorphous
and herbaceous kerogens (types I and II). Thermal I
maturation.;ndices are indicative of temperatures ;hich span
the oil window. ‘The presence of thermally mature
orgénic-rich mudstones (up to 31.9% TOC) characterized by,
abundant woody debriS'suggests that the Barachois Group is
probably a Eair potential gas source and a poor potential
oil source. Barachois Group oil.shales produce from 0.65 to
89.33 liters pef metric ton for samples with'TOC_valueQ from
0.8% to 31.9%. 0Oil shales with small S1 peaks and large $2
peaks may contain organic matter which requires higher than

normal temperatures to generate oil.
L )
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CHAPTER 9 ~ SYNTHESIS OF BARACHOIS GROUP DEPUSITION

-

"Gross Trends in the Barachois Group .

BaseF on the relative ages of the two cores and of the
stratigraphical}y highest and lowest outcrops the deposits.\
of the éarachois Groupvappear to define a fining-upward
megasequence. Textural variations and changes in
propor%ibns of facies which p;ovide.eyidence for the
fining-upward megaseguence seguence are:

1. an upward decrease in maximum apparent clast siz? in the

field sections and in the FB2-76 -borehole (above c. 500

m) (Flg. g.l)'p

2. an upward decrease in the proportion of glomerate .

facies (facies A and B) (e.g. 25% in

3

BSG#1), and
3. an upward' increase in the proportion of mudStone.facies
(facies G, H, and I) (e.g. 58% in BSG#l; 39% in‘FB2—76).
The fining-upward mggasequence consists of a lower
coarse unit and an upper fine unit which are defined by
-- ; ‘ differgnt, and possibly gradational, styles ofw
sedimentation. The coarse unit is'defined as the deposits

which are characterized by alternations of thick (meters to

tens of meters) grey, conglomerate-dbminated“channel (and
~ minor 'sheetflood) deposits (facies association I) and

equally thick predominantly red-brown overbank deposits
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VARIATIONS IN MAXIMUM CLAST SIZE
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Figure 9.1: Variations in apparent maximum clast size in
the FB2-76 borehole, and variations in
apparent maximum clast size and percent
conglomerate along Middle Barachois Brook.
Clasts are smaller above about 400 m in the
FB2-76 borehole than below 400 m and both
clast size and percent conglomerate reach
minima between outcrops 30 and 55 along
Middle Rarachois Brook.
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(facies subassociations IIB and 1I1IC) {e.g. the FB2-76 core
and the exposures at outcrops 38 to 39). The coarse unit

comprises the oldest deposits in the study area.

The fine unit (e.g: the BSGPl core and the exposures
east of outcrop 39) qonsists of a predominancg of 6verbank
deposits and minor, relatively thin, channel deposits (e.qg.,
abou£ 80% facies associations II and III versus 20% facies
association ! in the BSG#l borehole). drey~coloured
overbank deposits generally increase upward at the expense
of red-coloured depcsits.

The complete transition between the coarse unit and.thé
bverlying fine unit is not seen in the fieidi(as a result of
poor exposure}. The upper part of the FB2-76 éore (above‘c.
322 m) is characterised by a.qeneral thinning- and
- fining-upward sequénce which may represént & transition
bétween the fine and‘coarse units, but the lack of
stratigréphic control does not allow an accurate assessment
?f its relationship to the other parts cof the study area.v

It is possible that the inferred upward-fining
megasequence may be due to vaﬁiations in the geographic

locatiions of sections and cores within the paleobasin. For

instance, the coarse unit is present at the westernmost

outcrops and in the FB2-76 core (drilled at the edge of the

present -day structural basin). The fine unit oécurs in the
centfe of the present basin. However, the dlifference in

general paleocurrent dispersal patterns (south rly directed
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in the oldest rocks and north-northwesterly directed in the .
younger rocks), as well as the coﬁtrast-in sedimentary

styles between the oldest and youngest rucks.and the

presence of the fining-upward trend within the FB2-76 core
(i.e. at a particular IOCation).suggests.fhaé at least part
of the variation is due to changes thrnugh time.

-»

Depositional Contrasts Between the Coarse and

Fine‘Units

The coarse deposits (facies association I) of the
coarse unit are characterised by an abundance of
*QQnglomer;Ee facies and weré interpreted to have been
laid-down predominantly in stream channels and in a few
cases by sheetfloods. The fluvial systems responsible fbr
the deposition of ﬁhe rocks comprising this facies

association were probably characterized by fLUctuatindu

discharges and.a coarse Yedload. Although these
charactépistics are oftdyf considered to be. evidence in favor
of a low sinuosity,'multiple-chanhel pattern,Agecen; s;uqies
of single channel, gravelly rivers sUgQést that unequivocal
évidence for a.partiCQ1af channel-pattern is not ﬁrovided.by
thesé criteria. The>6épo§it51of'overbank'facies
assocf&t{ons.(facieshassociétions I1 and I11) which
characterise_theiﬁoarse Qﬁit_we:e ihterpreted as'having been
depdsited on poorly—differentiated floodplaips.' Flodds'

periodically inundated thevfloodplain and left ;nterbeddéd
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sandstone, 8iltstone, and mudstone which was Qegeta:ed, and
usually oxidized after the ponded floodwater draihgd away .
Thé contact between the channel bodies and the overlyingv
,overbank deposits is commonly abrupt, indicatjng rapid,
rather than gradual abandonment of channels or |
channel—sysfems.

In coétrast,‘the fine unit is characterised by better
differentiation of overpank deposits and by
sahdstone-dominated fluvial-channel deéosits {facies
association I) with only minor conglomerate facies.. The
channel deposits within the fine unit offer little evidence
of *"flashy" diécharge {e.qg. muddy drapes) and, at two
locations (outcrops 70 and 82), channels eroded into
cohesive}banks ahd with muddy channel-fills are.interpreted
as the deposits’offa high-sinuosity flu?ial regipe (cf.
Bridge,;l9857 J;cksop, 1978).‘ In other locatiqns, evidencé_
fof,a_particular channel patterﬁ is lacking. The fiﬁe
dgpoéiis (facies associations II.and IiI) within the fine
unitiare red or gréy in coiédr'and contain evidence of ‘
deposition in coal swémps (subassociation IIIB), lakes
(sgbassociation I;IA), crevasse and levee systems

(subaSsoéiaﬁions ITA and [1B), and small deltas

~

(subassociation IIC)., The.presence of swamp or lacustrine
deposits (rocks assigned to facies subassociations IILA and

1113) overlyiﬁg channel deposits in the fine unit indicate
. ’ ) ' ‘
ingtances of abrupt channel abandonment. In other cages,

\
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levee and crevasse splay deposits overlie the channel

deposits gradationally suggesting gradual channel

4 abandonment and/or channel migration. Pedogenic calcium
carbonate nodules and concretionary horizons found in f{acies
associations 11 and III are better developed in the fine

unit. -

Mineralogical Contrasts Between the Coarse and

Fine Units |

There are differences between rocks which comprise the
fine and . coarse units 1n terms of both ciay and sandstone
mineralogy. A greater proportion of 1llite is found in QIgyf
mudstones fror the FB2-76 borehole than in qrey mudstones
from the combined outcrops (excludxnngutcropFBB) ana BSC#i
borehole. This suggests that the average illite content of
érey mudstones Yﬁ the fine unit is less than thgt of the -
coarse unit. Both guartz and felaspar proportions.in
sandstones (based on average detrital hodes), differ at the
90% level of significance-in sandstones of the two unitec.
The avérage proportion of quartz is greater in the coarce
unit than iﬁ the fine[ﬁnit: the average proportion of .
feldspar is less 1in the coafse unit. ) ) (:::

Based on arguments presented in Chapter 7, the larger -

1llite content in the coarse unit was probably due to the
ot

presénce of Qenerally more oxidizing post-depositional -
v

conditions than were present in the fine unit. The




- \ \ .
. Y
comparative lack of grey mudstones and the nearly complete
lack of organic-rich facies in the coarse unit provides
additional evidence in favor of differing average
geochemical conditions (e.g., Eh and pH) as determined by
climate and drainage characteristics during deposition of

. -

the two members.
Differénces bet;een the fine and coarse uﬁits in terms
of sandstone minera;ogy‘could be due to differgnces in local
ér regional source area and/or increased weathering‘and
degradatioh of feldspars due to climatjyc factors. The’ \
evidence in favor of differences in climate and/or drafnaée

characteristics provided above suggests that the degradatien

of feldspars in the coarse'unit'may have contributed to the

formation of 1llite (possibly by increasing the

concentration of potassium in the groundwater).

Interpretation of Depositional Styles

.

In a general sense, the deposits of the fine unit'were
probably 1aiq down in a lower energy environment (and
probably on nggg gradient slopes) than the cbarse unit.
This is suggested by the inverse relationship between the

percentages of mudstone and congldmerate in the two members

‘and the larger apparent maximum clast size in the coarse

unit. ' Higher water tables and lower gradients {compared to

the coarse unit) were probably responsible for the

preservation of organic-rich swamp deposits and
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grey-coloured lake and distal floodplain deposité in the
"upper parts of the fine unit.n Although water tables were
higq-enough to preserve organic.matter and allow gmall
perennial lakes to exist, the presence of baﬁded coals and
calcium carbonate-rich pedégénic horizons may indicate
perionds of relative dryness even in the wettest periods’
represented by the fine unit.

Factors such as the lack of marine influence, high~
water tables, low gradients, thiék, comparatively
well-differentiated floodplains, and gradual abandonment ot
channels (or channel systems) along with‘éxamplés of high
sinu?gigy channel deposition suggest/ that the fine unit was
deposited on a source-distal (relative to the coarse unit) {
alluvial plain by rivers of generdlly,high sinuosity. [Used
in this'se se; the term alluvial plain'refers to'laterdllf
extensive [landforms whicP-deveiop down-gradient from
.coalesced alluvial fans (with which they are transitionaL{

(Rust, 1978: Faniran and Jeje, 1983 p.132; Reading, 1978, p.

15),] River channel patterns at a singlgﬁlocation on the

y B

alluvial plain may vary consideraﬁly‘o
periods of geologicai time (e.g; Schumm, 1981; Leopoid anhd
Wolman, 1957; Miall, 1985). 'In additioﬁ, it can be difficult
to differentiate between the.deposits of different river ’
channel typesAdue'to—the comblex interaction of varliables

{e.g. size of the fluvial system, subsidence rate,

aggrédation rate, and tYpe'ahd frequency of channel’
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migration) on which the attributes of those deposits depend

(Bridge and Leeder, 1979; Leeder, 1978; Allen, 1965, 1978,
Col.linson. 1978; McClean and Jersziew'icz, 1978). Therefore-
it is not- possil;le to rule out_depositi.‘on by rivers of a
variety of channel morphollogles.. Multlstory channel
deposits in the fire unit may have formed by elther lateral
confinement of channels within a single channel belt or by '
multiple encounterg of difé?;ent channel belts.

Higher gradients, rare é‘beegfloods’. flashier discharge,
coars.er channel deposits‘, and less-well differentiated
floodplains suggest that the coarse unit was deposited on a
more squrce-proximal alluvial'plai:ln or distal‘alluvia,l fan
in lower sinuoéity, possibly multiple channel rivers (cf.
qui;awa. 1968-: SchPmm, -1981). T_he deposits of. modern
distal alluvial fans and proximal allﬁvial_plains are
characterized by stratified gravels anﬁ planar to
cross-bedded sands avlong with lesser amoun'ts of finer sands
‘anrd muds (e..’g. Williams aﬁd Rust, 1969; Béothroyd and
Nummedal, 1978). Relatively thick units of .vegetated muds
with small 'snand-filled channe;s were ,l%icely deposited on
inactive tracts on the alluvial plains (cf. Rust, 1981).
Water tables‘in the coarse un1t were probably lower on
average than in the fine unit, but not so low that extenswe
oxidation of channel deposits occurred (1.e. channel

deposits probably remained below the water table after their

deposition). Pedogenic horizons may be poorly developed due
' 222
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to frequent flooding and aggradation of the floodplain.
Differences in tectono-climatic settings and/or
variations in aggradation/subsidénce ‘ra;e'_s probably
contributéd to sedimentological dif ferences between the  two
units. Schuﬁm {1981) describes two end-member
tectono-climat ic regimes which are charactericed by
éarticular "'t’ranspo‘r't" zones ({(i.e.fluvial systems) and
'dépositional" zones.(i.e. zones of éggra’dation). . "ransport
zongs in sites with relatively dry climates and high reli‘ef
‘source-areas (end-member A) rare characterised by ﬁultiple

channel, low-sinuosity river systems with flashy discharces

and rapid deposition. Alluvial fans, intérn_al'ly drained

alluvial plains (i.e. bajadas) with mui;istory sand bodies
and abundant erosion s.urfaces compri’se‘the depositionél zone
end-member. A..' The éppposite end—hémber_ (end-member B ~ -low
reiie‘f, wet source-areas) is characterised by transport
zones with bed~load—.poor, high-sinuésity 'r'iver‘ sycstems with
‘steady discharge and s‘low de‘po_sit.io’h of'isol,ate-d sand bodies
“ on ézi;uvial plainé or ‘deltas. THe coarse unit .of the
'Ba_,racf‘hfdis-croup was likely .-deposited in a tectono-climatic
;et:zing closer to end-member A than énd—member B. The fine
unit was probably depo\sited‘-:;n a ‘setting, more intAermediat'e
betweer Schu.mrr,'s {1981} 'twé end-members, but relatively |
closer to the low’-relief, wet source-area regime (end- member

B). - o
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Controls on the Deposition of Organic-rich Facies

Except for coaly,materi'al associated with ;andstones
and two thin coaly laminations near the ba‘se of the FB2-76
berehole, coal and other organic-rich facies are restricted
to the uppermost pcrtion.s of the fine unit (i.e., between
outcrops-51 and 21 and in the BSG#l borehole). The
compositional variabili.ty of the seams” and their relatively
high ash contents indicate that the peat swamps from whic_h

they were formed were subject to variable depositional.

conditions such as Ynfluxes of flood-borne clastic material.

‘The one thick coal seam exposed grades upward to grey
mudstone, then to a red mudstona which gradually coarsens
upwa'rd to ripple-cross- 1am1nated and parallel stratified
sandstone. .Thxs scenario represents the progradation of a‘
Vcr:wasse, splay or levee over the peat swamp thus terminating
peat growth. Other coal seéms in the St. George's Coalfield
exhibit a snnllar dep031t10nal pattern (Bryan, 1938; Solomon
. and Hyde, 1985).

Sapropelié shales, oii_ shales, and carbonaceous shales
(fa.cies H and 1) are rarerly“exposedv in the field sections of

the Barachois Group ‘and comprise <1% of the BSG#l core.

These facies were deposited in lakes or pohds of probable

limited exte_nt_assdciatedwith peat swamps and flood basins. -

1

The'abundance of oxidized floédplain mudstones

~'(s;ub.ussocxartxon IT1IC) and the evidence of pedogemc honzons

(m the form of calcium carbonate nodules) 1nterbedded with
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‘organic—rich deposi;s suggests that _e-nvir(‘)nments suitable
for. the prese’rvamtion of abundant organic ‘material were
limited in time and probably in space as well. Most
organic-—riéh qustones were fou’nd to be generally poor in
0il source rock potential and only fair in gas-generating

potential. The pregominance of woody kerogen in most of the

samples is typical of terfestrial‘environmengs and is likely .

due to an abundance. of arborescent flora asdell as to

oxidation of-,mqré easily degraded kerogens as they were

being transported to their depositional sites.
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CHAPTER 10 - CONCLUSIONS

‘Conclusions

The primary objectives of this study were the
description of facies and vertical sequénces in the
Baracho;s Croup, their interpretation in terms of
depositional environment, and the evaluation of the fossil
fuel potential of the group. Exposures of the Barachois
Group along Middle Baracholis Brook and in two cores have
allowed the identification of 11 facies which have been.
grouped into 3 major facies aSSociations and 8
subassociations. These facies associations and
subassociations have been interpreted as the product of

ehtirel; non-marine, dominantly fluvial, depositional

processes,

Preliminary palynological investigations coupled with
the afdimentological evidence indicate that the facies
issociations fhemselves may be grouped into an older coarse
unit and a'youngef fine unit which comprise a gross
finingfppya}d meQasequence. The‘coarse unit was probably
deposited in a source-proximal location on a well-drained
alluvial plaiﬁ or distal alluvial fan. The fine unit was

likely deposited in 'a source-distal location (relative to

. N \ . ° . . .
the coarse gﬂiz7‘by\r1vers of generally higher-sinuosity on
N s

a somewhat swampy,.a%d comparatively we11~diffefentiated
floodplain comprised of crevasse, levee, delta, and lake

- deposits. . Differences in clay and sandstone mineralogies




between the.two units were probablyAdue to differences in
climate and drainage characteristics.

-Organic-ficﬁ chies (e.g. coal and oil shale} are
restricted to the youngest roéks in the fine unit.
Avarléble evidence suggests’that céals were_deposited in
planar réther than raised bogs with variable water tables
that probably preventeq:the developrent of'thick extensive
seams. O0il shales teﬁd to be'relétiVely lean (maximum c. 90
1iters/tonne) and thin (<O.5m).' The'oréanic—rich facies in
the Barachols Group appear to be maturé ;nough to have
produced hydrocarbons, but ndgt kerogens are gas—prone.'
Channel sandstones are the best reservoir rocks in the
Barachbis Groug, but extensivevcementa;ron by silica and
clay minerals has reduced porosity‘to marginally economic
levels. Coals and potential reservoir Eandstones exhibit
faultiﬁg and folding, thus complicatea development of the

hypothetical resocurces.
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APPENDIX B

BASIC PIQGRAMME FOR MARKOV CHAIN ANALYSIS

-

999 REM MATRIX INPUT ROUTI‘N~E
1000 Input "# of Columns*;K
1100 Input "# of Rows™;N
150 DIM AL(N)
1155 DIM L;..l(l()

1160 DIM A2(N)
71’16S.DIM B2(K)
1170- DIM ND(N,K)
1200 DIM F(N,K)
1201 DIM R(N)
1202 DIM C(K) -
1203 pim BN, K)
1204 DIM P(N,K)
11205 DIM I(N,K)
1206 DIM US(N,K) ) -
izm INPUT *Input f.rqmb'l(eyboax_d?‘ Y/N";B$
1220 If BSw *Y* and B$x "N" then Goto 1210
1230 If BS="N" then Gosub 13600:Goto 1999

1300 For 1=1 to'i‘l‘ |

1400 For J=l to K

1500 'Print*Enter F(";I

1600 Input F(I,J)




1700 Next J .
1800 Next I | S -
1995 REM Cralculate Row and Column Totals
2000 G1=0
.2q10chr 1=1 toN R S -
12030 R(1)=0 .
ﬁ040 For J=1 t‘o K
2050 R(1)=R(I)+F(L,J)
2060 Next J
2070 G1=Gl+R(1)
'2080 Next I
2090 For J=1 to K
2110 C(J)=0 ' ‘ | 2 .

2120 For I=1.to N o i
21;0 C(J)=C_(J)+F(I,J)

2140 Next _I. |

/‘2150 Next J . -

3000 REM Calculate Probability Matrix

'30?0 For I=1 to N . '

3030 For J=1 to K

13040 P(I,J9=F(1,d) /R(I)

3050 Next J’

3060 Next I

40’010 REM Calculate Ind. Trials Matrix
4010 NI=0 -
4020 AS=0

o 250




4030 For I=1 to N

4040 AL(I)=R(I)/(N-1)

4050 AS=A1(I1)+AS

4060 Next I

4070 BS=0

4080 For J=1 to N

4090 B1(J)=C{J)/(AS=A1(J))
4100 BS=B1(J) +BS

4110 Next. J

4120 aS=0

4130 For I=1 to N . —_

4140 A2(I)=R(I)/(BS-B1(I))

4150 AS=A2(I J+AS

4160 Next I ‘

4170 BS=0 | o . v
4180 For J=1 to N, '

4190 B2(J)=C(J)/(AS-A2(J))

4200 BS=B2(J) +BS

4210 Next J

4220 NI=NI+]

4230 For J=1 to N

4240 :I‘A=(ABS(A2(J)-A1(J')))*ABS(Az(J))
4250 TB=(ABS (B2(J)-B1(J)))*ABS(B2(J))
4260 If 'rp;<.001 and TB(.OOl‘thenr NK=0
4261 1f TA>.001 or TB>.001 then NK=1

4263 Next J o .
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4264
4265
4270
4280
4290
4300
4305
4310
4320
5000

5010

5020

5030
5033
5034
5035
5040
5050
5100
5110
5120
5130
5135
5140
5145

5170

If NK=1 then Gosub 13310
If RK=1 then Goto 4120
ériﬁt"! of 'Iterations=":NI
For 1=1 to N |

Fér J=1 to K
1(1,J3)=A2(1)*B2(J)

If I=J then I(I,J)=0

Nex£ J

Next I

REM Calculate Difference Matrix
For I=1 to N

For J=1 to K

D(I,J)=F(1,J)-1(I,J)

If I1(1,J)=0 then ND(I,J)=0

If I(1,J)=0 th;n goto 5040
ND(I,J)=D(I,J)/SOR(I(I,J))
Next J

Next I 7

REM Cdlculate CHI SQ. Method 1 -
X1=0

For I=1 fo N

For J=1 to K

ff I=J thén Goto 5145
Cl=((F(I,3)=1(1,3))%/1(1,J)
If I=J-then Cl=0 |

X1=X1+Cl

252




Next J
Next I
REM Calculate degrees of freeddm'
Dl= ((N-1)% )-N
‘Print "CHI 8Q 1=" ;X1
Print “degrees of Efeedom=';Dl’
REM PrintAroutines
Dim AS(4)
For I=1 to N.
For J=1 to K
US(I,J)=STRS (F(I,J))
Next J

Next I

A$='T;ansition Count Matrix”

Gosub 13000
For I=1to N
iFér”J=Lto K
UsS(1,J)= STRS(P(I J)
1f Val (us(I, J))<‘01 then U$(I J) LeftS(U(I J),4)
+nght$(U$(I J) 4)
If Yal(US(I,J)))-.Ol then US(I,J)sL;fts(US(I,J),s
LE Val(US$(1,3))=0 then U$(I,J)=" O
&éx;'J
Next i }
A$='Probabii§éy Matrix'

Gosub 13000




10320
10340
10360

10362

10364
10366
10380
10400
10420
10440
10460

10480

10500

10502

10504

10506

10520

10540

10550

10560

10561

10562

10563

10564

10565

Gosub 13000

For I=1 to N
For J=1 to K
UsS(1,d3)= StrS(I(I.J))

If Val(US(I.J))( 0l then Us(1,J)=Left$(U(I,J), 4)

_+Right$({Us(1,3),.4)

If Val(U$(I,J))>=.01 then US(I.J)éLefts(US(I,j),s

If Val(U$(I,J))=0 then US(I,J)=" O" 5

Next J

Next I

AS="Independent Trials Matrix"

Gosub 13000

For I=1 to N

For J=1 to K.

US(I,J)=StrS(ND(TI,J))

If Abs(VaL(Us(I.J)))<.OL£hen US (1,J)=Lefe$(US(I,J),4)
If Abs(Val(US(I,J)))>=.0lthen US(I,J)=LeftS(US(I1,J),5)
If Val(US(I,3))=0 then US(I,J)=" 0"

Next,é

Next I

AS="Normalized Difference Matrix"

For I=1 to N
For J=1 to "N .

US(I1,3)=Str$(D(I,d))

If Abs(Val(US(I J)))< Olthen US(I J)=LeftS(US(I,J), 4)

If Abs(Val(Us(I J)))>’.01then us(I, J)*LeftS(U$(I J), 5)_
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10566.
10568
10570
10572
'10612
13006
13020
13040
13060
13080
13085
13090
13106
13116
13120
13200
13310
13320
13330
13340
13350
13360

13599

If Val(US(I,J))=0 then US(I,J)=" O"
Next J |

Next I

As="Difference Matrix"®

End

REM Screen Print

Print AS

Fé; I=1 to N

For Jél't@ K"

Print US(I,J);

Next J

Print

Next I : .
Print"Hit any key to ébn;inué"

Get DS:If D$¥“'then 13120‘ .
Return - '

For I=1 to N’

Al(I)=0:B1(1)=0

Al(I)=A2(1):B1(I)=B2(1)

A2(1)=0:B2(1)=0 . : ‘

Next I.

Return -
)

'4
REM Data statement input; start flata statements

.at 14000

13600

13610

For I=1 to N
For J=1 to K

- 255
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1

13620 Read F(I,J)
13630 Next J |
13640 Next 1
13650 Return
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