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! ABSTRACT

The Kakisé Forma}ion, which repreéents an overall
shallowing-upward sequence, was deposited on a depositional
mérgin'near the edge of the north northwest-south southeast
trending ereat Slave Shelf margin during latest Frasnian
time. In‘the Troﬁt River area the Kakisa Fdrmgzion can be
divided.into four informal members désigdated,ﬁfrom bottom
to top, As B,_C,,§nd/D.

A Members A and B are characterized by storm-infludnced
shelf slope sedimentation. Three shallowing-upward sequences
comprise mefiber A while member B is formed of(a single
deepening-upward sequence. Several small reef unds occur
in the basal part of member B. These !rew on an irregular,
thin debris flow r‘\.deposit. ’ .

Th; lower part of member C fsiformed of.an irreqular,
relatively thick debris.flow—deposit. This deposit wag laid
h_down‘on the shelf slope. It was overlain bf the carbonate
bank deposits thch form €he upper part of member C.

Most of member D was deposited in the restricted lagoon
tKat existed above the membef C carbonate bank. Isolated v
patch reefs grew in this lagoon. The lagoonal deposits are
capped by a thin paleosol. v i |

Deposition of the debris deposits that.occur at the

bases of members B and\c significantly modified the
a .

. depositional regime of tHe Kakisa Formation. These deposits

s

iv
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were also significant precursors for reef growth. The sudden
shallowing and stable substrate they provided promcted reef
growth. The type of reef growth that occurred can be elated

to the thickness of the underlying, precursor debris flow

*

deposit.

. . , : L
The Kakisa Formation undgrwent a complex diagenet.i-

history whicﬁ'wgs strongly influenced by eustatic sea | —vel

fluftuations. This history included the following events: 1)

syndepositional cementation by isopachous calcite in the sea”

\e- 2

floor diagenetic environment, 2) formation of a paleosol and

solution-enlarged vertical fractures in the meteoric

diagenetic environmént foliowing a relative drop in sea
level, 3) precipitation of unzoned blocky, syntaxial rim,
and zoned blolky calcite cements in the meteoric
environment, and 4) anhedral and saddle dolomite
precipitation and pressure solution in the burial diagenetic
environment following the resubmergeﬁce (which resulted from
a relative rise in sea level) and subsequent burial of the

) [

Kdkisa Formation.

-
14

Hydrocarbon migration accompanied pressure solution.
\‘

However, by this time virtually all of the porosity and

v .
permeability in the Kakisa Formation had been destroyed.

¢
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1. INTRODUCTION

A. PURPOSE OF STUDY A

Upper Devonian carbonate sequences contain some of the
largyest hydrocarbon reservolrs in western Canada.
Sedaimentary facires and dilagenesis are two majot 1nfiuen e,
on the localizati1on and extent of these reservoirs. A o
result, sedimentologic and diagenetic studies of Uppes \‘
hevonian carbonate sequences are of vital importance to @ he
petroleum geologlst because these studies can be used to
help pinpoint hydrocarben reservolrs, detm'mm‘o thear
extent, and predict their lateral continuity.

This study will concentrate on the sedimentat 1"<‘n and
diagenesis of the Upper Devonian Kakisa Formation. The
primary objectives of the study are to: 1) identity and
describe the major sedimentologic units that ftorm the Kakisa
Formation, 2) determline the depositional environments 1In
which these units formed, 3) reconstruct the depositional
history of the formation, 4) 1dentify and describe the major
diagenétic features that occur in the rocks of the Kakisa
Formation5) determine the diagenetic environments 1n which
each feature was formed, and 6) reconstruét the diagenetic
history of the formation.

The Kakisa Formation is well suited for a
sedimentologic .and diagenetic study for several reasons.

First, it is well exposed; its exposures are typically

laterally continuous and easily accessible. Second, 1t
>



N

~

Sntains guod reet exposures. Tﬁ;xxd, 1t has not been
Servasively delomitized and therefore most of its original
fabilos and textures have been presevved. Fourth, 1t
provides an opportunity to examine some of the little
ctudied uppermost Frasnian strata of western Canada. Fifth,
Pt e xmmvdlutviy beneath the Frasnian. /Famennian

b -
oo formity and thus 1s pertfectly suited for the study of
he diagenetio effects related to subaerial exposure. Sixth,

it o1 a cne o the most prospective hydrocarbon reservolrs 1n

the upper Makenzle River area (Law, 1971).

B. LOCATION OF STUDY AREA

The best exposures of the Kakisa Formation occur 1n the
southwestern part of the Northwest Territories, just south
of the upper Mackenzie River. The study area includes the
type section of the Kakisa Formation, which occurs along
Trout River, and the adjacent outcrops. It spans from the
region from just west of Trout Rivef eastward to Bouvier
River (Fig. 1). Most of the outcsops 1n this study area are

’ .
eas1ly accessible from the Mackenzie Highway.

C. METHOD OF STUDY
The field work for the study was carried out during the

summers of 1983 and 1984. During this time thirteen sections

A}

\

were measured; six along Trout River, four along the

Mackenzie Highway, and one each along Redknife River,
[

Bouvier River, and Wallace Creek (Fig.1). In the field all
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L 4
of these sections were subdivided into locelly mappable

lithologic units, described, sampled, and photographed. In
all 179 lithologic and b7rpaleontologic samples were

collected. All of the lithologic samples were slabbed and

bollshed and 115 thin sections were prepared from the
Jithilogic samples. These thin sections were impregnated
with blue epoxy to aid in the identification of original

porosity. They were also stained with Alizarin Red-S (Evamy,
1909) to differentiate calcite from dolomite and,with
potassium ferricyanide (Dickson, 1966) to indicate the

presence of ferroan carbonates.

D. STRATIGRAPHY

The ngisa Formation is latest Frasnian in age (Belyea
and McLaren, 1962; McLean, 1982; A. E. H. Pedde}, written
comm., 1985). It is 57 m thick in its type section where it
I's composed of green—g;ey silty/sandy limegtones. It |
contgins a diverse fauna of corals, brachiopods, and
stromatoporoids. |

In the Liard River area (Fig. 2) the Kakisa Formation
grades into the grey shales of ghe Fort Simbson Formation
(Belyeavand McLaren, 1962; Hills et al., 1981). The Kakisa
Formation extends southwestward into northeast British
Columbia and northwest Alberta where it mainte&ins a
relativeiy consistent thickness of about 30 m-until it
reaches the Peace River arch where it becomes increasingly

dolomitic and loses its identity as a distinct unit (Belyea
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and McLaren, 1962; Hills et a]., 1981). North and east of
t He Trout River area the Kakisa Formation has been removed
by pre-Cretaceous erosion (de Wit et al., 1973; Douglas,
1974) . ~ |
In the study area the Kakisa Formation gradatjonalfy

overlies the grey-green limey shales and argifllaceous
limestones'of the upper member of the Redknifé Formation and
1s uﬁconformably overlain by the calcareous sandstones of
the Trout River Formation (Fig. 2). The Trout River 1
Formation is early Famennian in age while both the Kakisa
and Redknifg formations are af late Frasnian @ge (Eig: 2).
The contact between the Kakisa and Trout River formations
"denotes the boundary between the Frasnian and Famehnian
stages (McLaren, 1959; Belyea and McLaren, 1862; Belyea,

1964 ; Bréuﬁ and Lethiers, 1982; Davies, 1986). This boundary
is very significant siqcé it coincides with the widespread

\

extinétion of the important Devonian reef-building organisms
(McLaren, 1970; House; 1975; Copper, 1977 YA ma}ked faunal
Sreak occurs at Trout River where the fauna of the frout
River Formation differs greatly from that of the Kakisa
Formation (Crickmay, 1957; McLaren, 1959; Beiyea and
McLaren, 1962; McLaren, 1982; Pedder, 1982). Although a
variety of mechanjsms have been porposed to explain the
‘Frasnian/Famennian extinctions (see McLaren/ 1970; Johnson,

1974: House, 1975; Copper, 1977; McLaren, 1982), their cause

i's still uncertain. .



In central Alberta the Kakisa Formation correlates with
the Blueridge Member of the Graminia Formation and the upper
part of the underlying Calmar Formation (Warren and Stelck,
1956; Bely@a; 1964; Davies, 1986) while in the Rocky
Mountains of northern Alberta it correiates with the Ronde.
Member of the Southesk Formation (McLaren and Mountjoy,
1962;'McLean, 1982; A. E. H. %eddér, written comm., 1985).
The corals of the Kakisa Formation are part of the youngest

Devonian coral fauna known in western Canada and correlate
well with those of)the Ronde Member (McLean, 1982; A. E. H.
Pedder, writteﬁ comm., 1988). According to Pedder (written
comm., 1985) the coral fauna of the Kakisa qumation has
more genera and speéies than any other described Upper

Devonian coral fauna.

/ PALEOGEOGRAPHY

The Kakisa Foxrmation was deposited on the Great Slave
Sﬁelf. This shélf was bounded by the emergent Canadian
Shield to‘the east, the submerged (Belyea, L971) Tathlina
&%igh to the soutlt, and the Mackenzie miogeosy?;line to the
west (Bassett and Stout; 1967). -

The paleogeographic reconstrucfions of Scotese et al.
(1986) indicate that during late Devonian time, when the
sediments of the Kakisa Formation‘yere being dqgssited, the
Trout Rivér area was situated at approximately 28° north
latitude. At that time the Great Slave Shelf was covered by

a shallow epicontinental sea and the shelf edge in the Trout



River region had a general north northwest-south Southeagt
trend (Bassett and Stout, 1967; iiegler, 1967).
Overall sea levei was rising during Frasnian time (Vail
ot al., 1977: Johnson et al, 1985). However,‘the
. Frasnian/Famennian boundary rgughly corresponds with a
marked sea level lowering (Bassett and Stout, 1967; de Wit
et al., 1973; Johnson et al., 1985) .
F. PREVIOUS STUDIES

To date studies of the Kakisa Formation have
concentrated on straﬁigraphy or paleontology; the
sedimenlation and the diagenesis of this formation have yet
to be delineated. Whittaker (1922, 1923), Crickmay (1953,
1957), and Bélyea and McLarén (1962) outlined the
stratigraphic positjon of the Kakisa Formation in their
regional studies. Douglas (1974) employed Belyea and
McLafen's (1962) stratigraphic nomenclature in his map of
the uppe% Mackenzie River region. Belyea and McLaren's
(1962) nomenclature was also adopted for this study (Fig.
2).

Warren andiStelck (1956) and McLaren et al. (1962)
illustrated many of the fossils from the area. Crickmay
(1953, 1957) and Belyea»and-McLaren (1962) examinéd |
brachiopods from the Kakisa Formation, while Stearn (1966)
identified some of the stromatoporoids, and Smith (1945) and

-

Pedder (1982, written comm., 1985) the corals. The conodonts

.,

have been studied by Apon (1980) and Klapper and Lane



(1985), the ammonoids by House and Pedder (1963}, and the

?

ostracods by Braun and Lethiers (1982).
G. TERMINOLOGY

Introduction -~

There is an abundance of rock classification systems
and sedimentologic terms éurrently in existence in the
geologic literature. Therefore, in order to avoild -ambiguity
‘qnd confusion it is essential to outline the classification
systems and define the sedimentologic terms used 1n this
study, ' . . '

o

Classifiéation Systems

In this study Egbry and Klovan's (1971) classification
system is used for the wccarbonates in the sequence while
Folk's (1968) glassification system is used for the “
sandstones. Bedding is classified according to Ingram's.
(1954) scale of stratification thickness while Wentworth's
grade scale (1922) is used when referring to particle érain
sizes. CrystalﬁgiZe is classified using Folﬁ's (1959) system
while crystal éhabe follows Friedman's (1965) classification
‘and»crystal texture ;s categorized éccording to Gregg and
Sibley (1984). Cement fabrics are referred to using Flﬁgel's'
(1982) outline while Bathurst's (1975) size divisions are

used when referring to neomorphic spar. Choguette and Pray's~

(1970) classification of pore types ‘and James and .

. 1
<
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Choguette's (1983a) breakdown of diagenetic environments are

adopted 1n this study. ’ i

Sedimentologic Terms

Bioherm: A mound-shaped Sstructure which exhibits a
discordant relationship with the surroundinyg lithologies
(Klement, 1967). ,

Biostrome: AAcoarsely layered structure composed of
skeletal carbonate which grades concoidantly‘inte the
surrounding lithologies (Klement, 1967).

Reef : A broad non-specific master label for all dense
in situ accumulations of skeletal carbonate,.even where
these accumulations did not obviopsly build a wave-resistant
framework (Burchette, 1981).

‘ -
Carbonate bank: A special type of reef gwhich is

’ﬁheet—like, composed of tlered biostromes, and.lacks lateral

facies differentiation (Burchette, 1981). . o

Carbonate buildupr A specific type of reef which 1)

differs in nature to some degree from equivalent deposits

‘and surrounding and overlying rocks, 2) is typically thicker

than equivalent carbonates, and 3) probably stood

topographically higher than surrounding sediment during some
. ‘ ~

time in its depositional history (Heckel, 1974).

Fair weather wave base: The water depth at which daily
wave action ceases to stir the sea floer sediments (after
[ 4

American Geological Institute, 1976).

»>,
i



Storm wave Rase: The water depth at vhich storm wave
. &

\

action ceases to stir the sea floor sediments (after

American Geological Institute, 1976).

"

Shelf: A gently sloping, shallowly submerged portion of

_ o ‘
the continental margin extehding from the shore to the
“

region where there is an abrupt increase in sea floor
fnclination (American Geological Institute, 1976) .

Shal low ing-upward sequence: . A sgguence of carbonate
, . o

deposits in which each unit is deposited in progressively

shallower water (James, 1984). <



11. SEDIMENTATION

A. INTRODUCTION

There have been many sedimentologic studies of western
Canadian Upper Devonian carbonate sequences, paréicularly
thase containing reefs (e. g. Klovan, 1964; Murray, 1966;
Jenik and Lerbekmo, 1968; Leavitt, 1968; Embry and Klovan,
1971; Jamieson, 1§71; McGillivray and Mountjoy, 1975 Wendte
and Stoakes, 1982). The abundance of studies is the result
of the fact that sedimentary facies commonly exert a marked
.influence on the localization of hydrééarbon reservoirs in
these sequences. |

The easily accessible, laterally and vertically
continuous exposures of the essgntially undolomitized;
reef-bearing limestones of the Kakisa Formation are
particularly well suited to a detailed sedimentologic study.
Unlike subsurface studies, this study 1s hot confined to an
irregular distribution of bore holes and drill cores. Also,
critical sections df the Kakisa Formapion’are not covered,
eroded, or -pervasively dolomitized as is the case with many
Upper Devonian outcfops in western Canada.
| “The Kakisa Formation has been divided ‘into’ four
informa; members, designated A, B, C, and D (Fig.\3)l'As
iifustréted in Fig. 3, each member has then been further
subdivided iﬁto facies. In this study thé depositionall
environments of each membef are interpreted.on‘the basis of

the lithologies, fauna, and sedimentary structures-of its

12 : » ,
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‘%: ttuent tactres and the 1nterrelat Hmf;hipf; between those

‘\
tacies . These anterpretations are then used to reconstruct

i

the 1«6:-?;.11 depositional history of the Kakisa Formation.
B. MEMBER A

Introduction
Member A tormd the lower part of the Kaklsa Formation
(Fia. 3). This member 1s 21 m thick and 1s begl exposed at
Trout River, Redknife River, Bouvier River, and Waj)lace
Creek. Additional outcrops occur 1n roadcuts alonq the
K O \‘/l
Mackenoie Highway.
Member A 1s characterized by 1ts. relatively sparse but
’
diverse fauna and the common occurrence of thin,
shatp- based, planar laminated, laterally discontinous beds.
4 . , ' A
lts fauna includes brachiopods, solitary corala'fq’me‘shaped
. &
massive corals, echinoderms, gastropods, and a diverse
ichnofauna. This member is made up of facies Al, A2, and A3

(Fig. 3). \

\
Facies Al: Argillaceous mudstone
Facies Al is characterized by 1ts medium green
wéathered color, its sparse fauna, its recessive weathering
ﬁature, and its lensoid bedded appearance (Plates 1A, 1B,
2D) . I‘t._-is laterally extensive and has an average thickness

of 3.0 .

.



L1thology: The argillaceous mudstone 15 composed ot Y30%
microspar, 2% very L}ne grained quartz sand, 10% tine
grained bioclasts, 10% pseudospar, 10% c¢lays, and 5% tainely
crystalline anhedral dolomite.

fauna: Facies Al contalins a very sparse Shelly tauna
that consists primarily of small solitary corals (averace
1.0 ¢m long, 0.7 cm in diameter). These corals are
relat ively unabraded and occur 1n aerially restricted
patches (average 0.5 m in diameter) with their long axes
parallel to bedding. Hunanophrent is sp. nov. 1s Common.

Bedding: The argillaceous mudstone has been 'otally
homogenized by biloturbation and, theretore, does not exhibit

bedding.

Facies A2: Nodular bioclastic wackestone

Facies A2 weathers light green-grey, 1is sparsely
fossiliferous, semi-resistant (Plates 1A, 2D), and has a
fléggy bedded appearance (Plate 1E). It 1s laterally

extensive and has an average thickness of 4.0 m.

‘Lithology:.The texture of the nodular bioclastick

~

wackestones closely resembleé that of the Type 1 rubbly
argillaceousflimestones described by Jones et al. (1979).
This nodular texture is created by elongate lumps of
bioclastic wackestone surrounded by a matrix of argillaceous
bioclastic wackestone (Plate 1D). The bioclastic wackestone
lumps a;e formed of 40% microspa}, 30% fine grained

bioclasts, 20% very fine grained quartz sand, 5% pseudospar, -

.
o
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and 5%t ay crystalline anhedral dolomite. They generally
compiise /0% of the nodular biloclastic wackestone (Plate 1D)
and average 1.5 om o In length and 0.75% cm an wadth, Their
iong axes display a subhorizontal aliénmeét and the matrix
3
drsploys evidence of ditferential compact ton around them. In
N

\_.
addition

’

mictrostylolite SWalins typircally occur around the
edges of the lumps. In thin section rare lumps display a
well defined whorled texture.

Fauna: Faciles A2 has a moderately abundant and
relatively diverse shelly %Puna. This fauna 1s typically
concentrated on bedding planes where 1t occurs 1n areally
restricted patches. These patches have an 1rregular outline
and an average diameter of 1.0 m. Based on their dominant
taunal elements three types of faunal patches can .be
differentiated: 1) solitary coral patches, 2) brachiopod
patches, and 3) mixed fauna patches.

The sclitary corals that dominate the solitary coral
patches are small (average 7.0 cm long, 1.0 cm in diameter)
and unabraded. Rare corals occur in growth position,.
Hunanophrent is sp. nov., Pice;phyllum sp., and Michtophy!lum
sp. are common. These patches also contain fragmentséof
branching corals, echinoderms, gastropods, 'fenestrate
bryozoans, and brachiopods.

The brachiopod patches have a less diverse fauna than
the solitary coral patches. These patches are composed

entirely of brachiopods. These brachiopods are typically

. V)
unabraded and articulated. Devonoproductus sp. and Atrypa



bentonensis Stainbrook are common brachiopod speciles 1n
facies A2. Generally each patch 1s dominated by one of these

two specles.

{

abraded branching corals, echinoderms, small solitary .

The mixed fauna patches consist of tragmented and

corals, fenestrate bryczoans, and gastropods.

Not all of the shelly fauna 1n facies A2 occurs in
patches. Dome-shaped massive corals up to 50 cm 1n diameter
and 20 c¢cm high occur on bedding planes of the nodular
bioclastic wackestones (Plate 1F). These corals are
unabraded, typically in growth position, and are aligned
along a north northwest-south southeast trend (Plate 1F).
Phillipsastrea exigua sensu Smith 1945 and "Frechastrea” sp.
nov. are COMmMmMoN dome’sﬁaped massive corals 1n facies AZ2.

Rare, nearly intact crinoids also occur along the
bedding plane surfaces of facies A2 (Plate 2A). These
crinoids commonly have most of tﬂeir stem and calyxes 1ntact
(Plate 2A) and have been tentatively identified.as
Prinocrinus robustus (G.C. McIntosh, written comm.,‘ﬂ984).

In addition to its relatively diverse shelly fauna,
facies A2 also contains an abundant and diverse ichnoféﬁna
(Plate 2B). Phycodes pedum, Cruziana, Rusophycus, and
Planol ites beverleyensis are common ichnotaxa in this.
jithotype. Planolites montanus, Paleophycus sulcatus,

!
Uchrites, Skolithos, Monomorphicus, and Chondrites are rare.

—

This ichnofaunal assemblage is characteristic of the "~

Cruziana ichnofacies.
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Bedding: The nodular biociastic wackestones occur 1n
“very thin (average 2.0 cm thick) planar beds that are
separated by thin dark greén shale partings. These beds have
irregular, slightly wavy surfaces, Jhich gives facies A2 1its
‘lagqgy bedded appearance(Plate 1E) .
4+
Facies A3: Laminated bioclastic wackestone lenses

Facies A3 weathers light grey and occurs in res}stant,
“thin, planar laminatqd} laterally discontinuous lens-shaped
beds‘(Plate 'C, E). These beds are very variable 1n size and
shape . .

Lithology: The laminated bioclastic wackestone 1is
formed of 40% pseudospar, 25% fine to medium grailned
bioclasts, 15% very fine grained Quartz sand,—15% microspar,
and 5% coarsely crystaliine blocky calcite and saddle
dolomite cements. The calcite and dolomite cements fill
former shelter porosity beneath the larger bioclasts,
particularly brachiopods.‘The planar laminated character is
created by the interlayering of laminae of slightly {
differing quartz sand content.

Fauna: Facies A3 is commonly transected by discrete
dwelling burrows of the Skolithos ichnofacies (Plate 2C).

Bedding: The lens-shaped bed; that comprise facies A3
hade sharp basal comtacts and slightly gradational upper
contacts (Plates 1C, 1E,- 2C). Their thickness ranges from 3

“to 10 cm and their width from 0.4 to 1.5 m. The thicker beds

are also the most laterally extensive and generally have a
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trough shabe, i.e. a curved, concave-upward base and a
relatively flat top (Plate 1E). Section views of these
trougﬁ;shaped beds indiéate that they have an east-west
trend, 1. e. roughly perpendicular to the iiilf edge. Some
beds exhibit hummocky cross stratification.

Within each bed, lamination thickness and grain size
decreases upwards. Also, elongate arg{k}aceous mudstone
lithoclafts and coarser bioclasts commonly occur in the
basal parts of the beds forming a lag-type deposit (Plate

2C).

Interrelationship Between Facies |

The lens—shaéed beds of facies A3 are dispersed
throughout the laterally continuous deposits of facies Al
and A2. These beds truncate the argillaceous mudstones of
facies Al and the nodular bioclastic wackestones of facies
A2 and typically comprisé 70% of the stratigraphic interval
occupieé by facies A1 and 20% of the facies A2 interval. The

difference in weathering prominence between the recessive

facies A1 and the resistant facies A3 gives the facies Al

’ stratigraphié_interval a lensoid bedded appearance (Plate

1B) . ‘ .

The facies A3 beds that truncate facies A2 are

 generally thicker, more laterally extensive, slightly more

coarsely grained, and more extensively burrowed than those
that/{;uncate facies A1. Hummocky cross stratification in

facies A3 generally occurs only where tH{s facies truncates
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facies Al.

Facies A2 gradationally overlies facies Al (Plate 2D).
This vertical succession is cyclically repeated three times
in member A (Fig. 3; Plates 1A, 2D). At cycle boundaries
facies Al sharply overlies facies A2 (Fig. 3). Each cycle
boundary is marked by a laterally extensive, vertically

burrowed hardground surface (Plates 1A, 1B).

Interpretation
. >
The relatively diverse fauna that characterizes member

A is indicative of deposition in an unrestricted .
environment. The "solitary corals, brachiopods, dome-shaped
massive corals, and echinoderms that dominate member A are-
considered to be indicative of an open marine depositional
environment. Since the member A fauna comsists primarily of
suspension-feeders, waters must have been well circulated in
order for sufficient amounts of food to be brought to these
organisms and fo? their feeding surfaces to be kept free off
accumulating ,sediment. The preservation of nearly intact
crinoids in facies A2 indicates that, although well
cirfculated, the waters were not of particulég&y high energy.
The patchy distribution of the shelly fauna in member A
implies that the waters were not equally circulated
throughout the environment. Wright (1973) attributed patchy
distributions of suspension-feeding organisms to the ~
existence of subtle topographic highs on the sea floor at

the time of their growth. He maintained that
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suspension-feeders preferentially colonized such highs
becaus® they were better circulated and less turbid than the
topographically lower areas around them.

The fact that the suspension-feeding fauna of facies A2
is more abundant and diverse than that of facies Al suggests
that facies A2 was deposited in shallower, better circulated
waters. The specific nature of the coral faunas of each
facies confirms this. Dome-shaped maisive corals occur 1in
facies A2 while solitary corals dominate facies A1l.
According to Tsien (1971) and Rozkowska ({980) dome-shaped
massive corals are typical of shallower, better circulated
environments than solitary corals.

The assignment of the nodular bioclastic wackestones of
facies A2 to the Cruziana ichnofacies indicates that this
facies was deposited in deeper, guieter waters below fair
weather wéYe Ease ;;d possibly above storm wave base. Ekdale
et al. (1984) and Frey and Pemberton (1984) élaimed that the
Cruziana ichnofacies is representative of deposition below
Eaig weather wave base under conditions that range from
moderate energy waters located ag;vé storm wave base to )
lower energy waters located below storﬁ wave base.

. In addition, nodular limestones such as those that
\
comprise facies A2 commonly occur in the shelf slope
envirgnment, i.e. downslope of the shelf margin, below fair
weather wave base (Cook and Mullins, 1983; MclIlreath and

James, 1984). The moderate to low energy conditions commonly

associated with shelf slope depositional environments
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correspond well with the depositional conditions suggested
o
tor}facies A2 by its shelly fauna and 1ts ichnofauna.

The sharp bases and the presence of shelter porosity 1in
the lens-shaped beds of facies A3 indicates that these beds
were deposited rapidly. Kriesa (1981) maintained that sharp
basal cofftacts and shelter porosity are characteristic of
rapidly deposited sediment. The lag-type deposits at their
bages and the manner in which these beds -truncate the
adjacent limestones suggests an erosive depositional
mechanism for these laterally discontinous beds. The upward
decrease 1n lamination thickness and biloclast size 1n each
bed is indicative of deposition by a single, wéning high
energy episode (Reineck and Singh, 1972; Kriesa, 1981).
Planar lamination results from deposition by a fluctuating
current (Harms et al., 1982).

Storm deposits are generally assumed to have been laid
down rapidly-by erosive, waning, high energy, fluctuafing
flows (Cant, 1980; Dott and Bourgeois, 1982; Swift et al.,
1983; Walker, 1984). This sugges%s that the lens-shaped beds
of facies A3 were deposited by stoims. The hummocky cross |
stratification exhibitedvby some of the lens-shaped beds is
also evidence of this type of deposition. Hummocky cross
stratification is typical of storm deposition (Hamblin and
Walker, 1979; Dotf and Bourgeois, 1982; Walker, 1984). In
addition, "hummocky cross stratification is considered to

have formed above storm wave base and below fair weather

wave base (Hamblin and Walker, 1979; Dott and Bourgeois,
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1982; Walker, 1984). The occurrence of facies A3 storm
deposits in both facies Al and A2 indicates that both of
these facies were deposited above storm wave base.
Furthermore, the occurrence of hummocky cross stratification

in the storm beds that truncate facies Al suggests that this

‘facles was deposited below fair weather. wave base while the

confinement. of faciec A2 to the Cruziana ichnofacies
indicates thaE it too was deposited below fair weather wave
base.

A closer examination of the storm deposits. suggests
that the lehs-shaped beds that occur in taciles A2 were
deposited in a shallower, more proximal depositionai
environment than those that occu in facies Al. Kriesa
(1981) asserted that the thickness of storm deposits
decreases with increasing depositional depth. This suggests
that the ghicker lens-shaped beds of facies A2 were laid
down 1n a shallower depositional environment than the
thinner lens-ghaped beds of facies Al. This interpretation
is consistent with thatomade from the shelly fauna in these
two facies. The coargeq biéclast size as weli as the greater
number of Skolithos-type burrows in the lengfkhapedvbeds of
facies A2 also suppofts this suggestion. Pemberton and Frey
(1984) suggested that the‘abundance of Skol ithos burrows
decreases with increasing depositional depth and distality.

Thus, member A was deposited above storm wave base and

in—fluenced shelf

below fair weather wave base in a storm-i

slope environment, facies A1 having been deposited in deeper
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waters than facies A2. The fact that facies A2 gradationally
overlies facies Al in each of the three cycles present 1n

;
the deposition of each of these cycles. Hence, each gycle i

member A indgcates that gradual shallowing took place during//
representsAa shallowiﬁg-upward seguence.

Shallowing-upward seguences are formed when the rate o
carbonate accumulation exceeds the rate of relative sea
level rise (James, 1984). Thus, it is likely that the
shallowing-upward sequence that comprises each c?cle was
terminated when the rate o} carbonate accumulation no lbngerb
exceeded the rate of relative sea level rise; either due to
é decrease in the rate of carbonate accumulatién or an
increase 1n the rate of sea l;vel rise.

The cause of cyclicity on member A is more difficult to
determine. Cy;licity in carbonate sequences has been the
topic of much debate. Wilkinson (1982) and James (H984) have
provided excéllent summaries of chrrent’vieﬁpoints on this %
topic. These authors pointed out that there are basically
two end-member models that have.been used to explain
cyclicity, the eustatic model and the autécyclic model (Fig.
4). Both models can be used to produce virtuaily,identical
look j1g sequences.

In the eustatic model ‘the raté of carbonate
accumulation is constant while thg'rate of relative sea
level rise increases episodically. During perféds of

A
relatively constant sea level r}se the rate of carhonate

accumulation excreds the rate of sea level rise and a <
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shallowing-upward sequence is formed (Fig. 4a and 4b).
However, following an episode of rapia sea level rise the
rate of carbonate accumulation is greatly reduced (Fig. 4c).
Eventually sea level stabilizes and the rate of carbonate
accumulation again exceeds the rate of sea level rise
causing the initiation of another shallowing-upward sequence
(F;g. 4c). Goodwin and Anderson (1985) 1ncorperated this
model in their explanation of punctuated aggradational

sequences.
LY

In the'autocyclit model the rate of sea level rise 1s
constant while the rate df carbonate accumulation varies.
This model relies on the assumption that there is a certain
optimum water depth that is conducive to maximum rates of
carbonate accumulation. James (1984) referred to this region
as the source area (Fig. 4). With the seaward progradation
that accompaniés shallowing-upward the carbonate sequence
approaches the shelf edge and the size of the source mrea
gets progressively smaller (Fig. 4b). Eventually the source
area becomes too deep or too small and and the rate of
carbonate accumulation 1s greatly :éduced (Fig. 4c);'Sea
level will continue to rise, however, and soon the shelf
will be resubmerged and a new shoreward source area will be
established (Fig. 4d). This will lead to the initiation of
another shéllowing-ubward sequence:

Both models involve a period where the rate of

carbonate accumulation is greatly reduced. It was likely

during these periods that the~laterally extensive
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hardgrounds that occur at each member A cycle boundary were
formed. Shinn (1969) maintained that hardgrounds are formed
in stable, permeable sediments during periods of relatively
slow rates of sedimentation.

By examining member A alone it 1s difficult to
ascertain which model 1s best suited to explain its
cyclicity. Yet, the relatively constant thickness.of each
cycle suggests a uniformity that would not be expected from
episodic eustatic sea level rises. By examining members B
ané C a better estimate’ can be made of the cause of member A
cyclicity. Ironically, it is the lack of cyclNcity in these

-

two pember§ that yields the necessary c%ues. N

The deepening-upward sequence of member B suggests a
continuous sea level rise during its deposition. This
observation cqrresponﬁs best with the autocyclic model as.
this model requires that sea level is rising at a relatively
constant rate. In this case the rate of accumulation of the
member B limestones was exceeded by the rate of sea level
rise. Furthermore, the reef of memberiC does not show any
evidence Eog the occurrence of the rapid seé level rises
réquired by the eustatic model during its growth. Instead it
exhibits a continUOUstequence of upward shallowing which,
according‘to Kendall and Schlager (1981), Wilkinson (1982),
James and Mountfjoy (i983), and James (1984); is typically a
response to sea level rise.

Thus, although the evidence is far from 8efinitive, it

appears that the autocyclic model of sedimentation is best
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ted to explain the cyclic depositior of member Al

(. MEMBER B

Introduction

Member B, which 15 8.5 m thick, 1s well exposed at

s/
Toont River. 1t can be recognized by the occurrence ot a
oK, lnt(-:'ally‘ extensive bed of coral,echinoderm rudstone
a® 1ts base overlain by several small dumefshaped coral
bioherms (Fig. ). Lithologically 1ts upper part resembles
me-mber AL

Member B can be divided 1nto six tacles, designated B

throeuah Be (Firg. 3). R

Facies B1: Coral/echinoderm rudstone
. ) . . [

Fac 1es Bl weathers orange-grey and can be recognizéd %yﬁ
1ty massive, resistant we~thering Charact;r, its poorly
sorted, coarse grained texture, 1ts bioclastic composition,
and 1ts lateral extensiveness (Plate 2F). Its thickness 1is
variable but averages 0.5 m. Its base 1s sharp and planar
(Plate 2¥b while 1ts upper surtace is?irregular and
hummocky. At Trout River lithofacies Bl can be trac;d for
approximately 1.0 km 1n a northwest-southeast direction (i.
e. subparalle} to the shelf edge). Its lateral extensiveness

subparallel to the shelf edge intimates that this facies has

a sheet—l%ke morpholoay.
)

‘



\ 29

Lithology: The coral/echinoderm rudstone i1s formed of
low profile, massive corals, which range up to 4.0 cm an
hei1ght and 20 ¢m in width (Plate Z2F), set 1n a matiix of
coarse grained, poorly sorted bioclastic packstone (Plates
2E, 3A). The massive corals typically ftorm 20% of the
rudst one (Plate 2F). They are slightly abraded, commonly
overturned, and have a subhorizontal alignment (Plate JF).
The coarse grained biloclastic packstone matiix 1s compesed
of 55% coarse grained bioclasts, 25% coarsely crystalline
blocky calcite cement, 10% mudstone, %% coarsely crystalline
saddle dolomite cement, and 5% elongate mudstone lithoclasts
which range up to 2.0 ¢m 1n length and 1.5 ¢m 1n width
(Plate 3A). The coarsely crystalline blocky calcite occurs
as syntaxial rim cement around echinoderm bicclasts and
fills shelter and interparticle pore space. The coarsely
cr&staliine saddle dolomite cement alsp occurs in shelter
and interparticle pore space.

Fauna: The bioclasts in the packstone matrix are
primarily echinodefm fragments with lesser amounts of
fenestrate bryozoa;s, branching corals and brachiopods
(Plates 2E, 3A).

Bedding: Facies Bl 1s massive. However, the

subhorizontal alignment of the massive corals gives this

facies a crude planar bedd%d appeafance.
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Facies B2: Coral bioherms ' \
Facles Bl consists of several small, green grey,
dome shaped coral bioherms (Plate 3C, 3D). These bioherms
have a maximum height of 0.7 m and width of 1.5 m. At Trout
fiver the facies Bg bioherms are aligned al;ng a well
déflqu nporth northwest-south southeast trend (Plate 3C).
Typircally the bioherms are composed of two lithologies:
) o basal coral baftlestone and 2) an overlying layer of
coral pindstone (Fig. 5). The coral batflestone, which forms
the thickest part of each bioherm, 1s dominated by the
delicate branching coral Phacellophyllum tructense. The
coral bindstone 1s made up of a combination of
Phiace ] Tophy !l Tum tructense and low profile massive corals.
These massive corals have an average height of 5 cm and
width of 35 cm. The corals 1n the bafflestone and the
bindstone are *surrounded by a matrix of grey-brown mudstone.
’
Facies B3: Coral bafflestone patches
Facles B3 weathers medium green-grey and can be
recognized by the abundant occurrence of branching coral
colonies in growth position (Plate 3E). This facies 1s 0.5 m
thick and occurs in areally restricted patches (Fig. 5).
Lithology: The coral bafflestone is formed primarily of
Qertically stacked colonies of branching corals surrounded
by a green-grey mudstone matrix. Rare large, dome-shaped,

massive corals can also occur in this facies (Plate 3B).
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fauna: Phacellophyllum tructense is the dominant brancling

<
coral (Plate 3E). Its colonies have an average height of 7 \
cm and width of 6" cm. The large dome-shaped massive corals,
on the o®per hand, range up to 18 cm high and 55 cm wide

(Pldte 38)-

Bedding: Well defined bedding is absent 1n this facies.

Facies B4: Nodular bioclastic¢ wackestone
Facies B4 closely resembles facies A2. For this reason

* .

oﬁly the differences between these two facies will be
discussed.

Faéies B4 i5 5.0 m thick and, hence, is '.0 m thicker
than facieg?A2. The main difference between fécies B4 and
A2, however, is in their faunas. AS.“ facies A2, the shelly
fauta of facies B4 occurs on bedding planes in arezlly )
restricted patches. The brachiopod patches of facies A2 *
occur in facies B4. Mixed fauna patches also occur in fécies
B4 yet the make up of these patches is different from those
in facies A2. The abraded and fragmenfed fauna of the facies
B4 'wixed fauna patches is composed primarily of branching
corals and‘fenestrate bryozoans with fewer echinoderm
fragments, massive corals, Erac‘:hiopods; solitary'coray& and
gastropods. This contrasts %ith the less diverse fauna of
facies A2 'mixed fauna patches which are made up of branching

corals, "echinoderms, solitary corals,, and gastropods. The

solitary coral patc%es, nearly 1intact crinoids, and

)|

dome-shaped massivé‘cqrals of facies A2 were not found in
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facies B4. Like facies A2, the i1chnofauna of facies B4 1s
representative of the Cruziana ichnefacies. However, this
ichnofauna is not as abundant or diverse as that of facies
A2. Teichichnus rectus, Phycodes pedum, Paleophycus sulcatus
are the most common ichnotaxa 1n facies B4€?

Facies B5: Argillaceous mudstone

Since facies BS is very similar to facies Al only the
differences between these two facies will be described.

The main difference between facies B5 and Al 1s 1in
their shelly fauna. The shelly fauna of facies BS is more
a%undapt and diverse than that of facies Al. In addition to
solitafy corals, the argillaceous mudstones of facies B5S
contain aerially restricted patches of brachiopods and
branching coral colonies of Phacellophyllum tructense. %?fe
dome-shaped massive corals (%p to 8.0 cm high and 30 cm

wide) also occur 1in this facies.

Facies B6: Laminated bioclastic wackestone lenses

| Facies B6 is very similarsto facies A3. For this reason
only the differences becween these two facies will be
discussefl. . .

The main difference is that the lens-shaped beds of
facies B6 are generally thinner (average 2.5 cm thick) and
less laterally extensive tﬁén those of facies A3. In
addftion, the facies B6 beds do not exhibit a trouYh-shaped

\
| ‘

morphology.
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Interrelati6nship Between Facies

Unlike member A, the facies that comprise member B are
not cyclically repeated and are not always stacked in
layers. The coral/echinoderm rudstones of facies B1 occur at
the base of member B. Its base truncates fossils 1in the
upper part of member A (Plate 2E), The coral bioherms of

facies B2 directly overlie these rudstones (Fig. 5). The

bioherms are typically located on top of hummocks on the

jrreqgular, hummocky upper surface of fa%}es B1. The facies

B3 coral bafflestone patches occur above the bioherms (Fig.

5; Plate 3D)7/

The fac;es B4 nodular biloclastic wackestones occur ih a
variety of stratigraphic positions. The lower part of this
facies (approximately 1.0 m thick) occurs between the facies

B2 bioherms and the coral bafflesto® patches of facies B3

while the upper part (approximately 4.0 m thick) occurs

. . & »
»stratigraphically above facies B3+4(Fig. 5). The nodular

bioclastic wackestones of facies B4 interfinger.laterally
with the bioherms and the facies B3 coral bafflestones (Fig.

>

5: Plate 3D). Where facies B4 overlies facies B3 these two
facies‘are in gradational contact (Fig. 5). Unlike facies -
A2, which facies B4 closély resembles, facies B4 is not
truncated by lens-shaped beds. This may be because
lens-shaped bedswiruly do not truncate facies B4 or it may

be that these bedg were not detected as a result of the

raggedy nature of the facies B4 outcrops. .
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Facies B5 represents a return to the vertical stacking
of facies. This facies gradationally overlies facies B4
lFig. 5). The ilens-shaped beds of facies B6 truncate the
argillaceous mudstones of facies BS5 and commonly comprise
65% of the facies B5 interval.
lnterpritatioh\

There are some distinct lithol®gical similarities
between members A and B. For example, facies B4 resembles
facies A2, facies B5 resembles faci s Al, and facies B6
resembles facies A3. These resemblajbﬁs imply that thé
depositional environment of member B was similar to the
shelf slope environment of member A. Therefore, much could
be learned about the deposition of member B by comparing it
to member A.

However, there are several important differences
between these two members.‘Fir;t, member B has a more ‘
abundant and diverse fauna than member A. Second, member A
does_not contain coral bioherms. Third, mgmber B does not
exhibit cyclically repeated depositional seguences. Fourth,
member A does not contain laterally extensive, coarse
g;afned bioclastic deposits. These differences suggest
differences between the depositional environments of members
A and B. Thus, the differences between these two members

,must also be considered when interpreting member B

deposition,
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5 The truncation of fossils in the undenrlying member A
beds by the basal contact of facies Bl and the occurrence of
lithoclasts in 1ts matrix suggests that erosion accompanied
its deposition. Rapid deposition of this facies is indicated
by it's sharp basal contact and the presence of shelter
porosity in its matrix. According to Kriesa (1981) shelter
"porosity and sharp basal cohtacts result from rapid
deposition. Its homogeneity implies that the entire facies
was deposited by one event. Thus, the coral/echinoderm
rudstone has some similarities to the storm deposits of
member A. The coarser grained texture and greater thickness
of facies B1, however, indicates that it was laid down by a
higher energy event than the member A storm deposits. In
addition, the lateral extensiveness ?f facies B1 implies
that this event had a more widespread effect than the member
A stormss The lack of bedding or grading in the
coral/echinoderm rudstone suggests that unlike most storms

'
this widéspr%ad, high energy erosive event was not
fluctuating Gr waning.

The lack of inveEse or normal grading as well as the"
absence of well developed Bouma seqguences in the rudstone
;‘-gcates that it was not deposited by either a grain flow
or a turbidity current. Its thickness also implies that
grain flow was not a viable depositional mechanism for’
facies B1. Lowe (1976) suggested that grain flows are
typically less than 5.0 cm thick. However, the thickness of

. y

facies B1 is in the range of debris flow'deposits. Cook and

/
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Mullins (1983) claimed that debris flow deposits range from
centimeters to tens of meters in thickness. Moreover! most
of the other features of the coral/echinoderm rudstong can
be explained by debris flow deposition. Sheet-like
morphology, poor sorting, lack of bedding and grading, wide
;ariety of slightly abraded bioclast types, énd
subhorizontal alignment of elongate clasts (massivescorals
in the case of faciles B1) are all characterigtiz of debris
flow deposits (Cook et al., 1972; Middleton and Hampton,
1973; Davigs, 1977; Crevi}lo and Schlager, 1980; Cook and
Mullins, 1983). In addition, sharp, planar bases and
irregular, hummocky upper surfaces, such as those displayed
by facies Bl are typical of debris flow deposits (Cook, et
al., 1972; Davies, 1977). In. fact, facies B!l resembles the
finer rudite/é;bris flow sheet &f Cook et al. -(1972).
Nonetheless, the clasts in a debris flow are generally
thought to be-supported_during transport by a cohesive mud
matrix (Cook et al., 1972; Middleton and Hampton, 1973; Cook .
and Mullins, 1983) yet the coral/echinoderm rudstone of
facies B! contains only 10% mud matrix. However,.ﬁodine and
Johnson (1976) coBcluded ghat debris flows can occur in
sedimen?s‘with as little as 5% mud matrix. Hence, facies Bl
is interpreted‘to have been deposited by a debris flow. In
fact, the facies B1 rudstones resemble the finer rudite
sheets that Cook et al. (1972) interpreted as debris flow

deposits. Carbonate debris flow deposits are typical of the

shelf slope environment (Cook et al., 1972; Davies, 1977;
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Enos and Moore, 1983; Cook and Mullins, 1983; Mcllreath and
James, 1984). ‘

The small coral bioherms of facies B2»closely resemble
the reef mounds described by James (1983)faTheir domel shape
and internal vertical layering are both typical of the reef
mounds described by James (1983). He maintained that reef
mounds generally exhibit three stages of growth: 1) a basal
bioclastic pile fprm?d of muddy sediment with abundant .-
bioclastic de.‘b;m%ﬁddno binding or baffling orgaf\ssms, 2) a
bafflestone core wgich consists of delicate to dendroid
forms with upright growth habits in a mudstone matrix and
makes up the thickest part of the reef mound, ana 3) a mound
cap which is composed of a thin layer of encrusting or
lamellar forms. The facies B2 coral bioherms display all
three growth stages. The coral bafflestone comprises the
bafflestone core, the coral bindstone represents the mound
cap, and the coral/echinoderm ;hdstone of facies B1 makes up
the basal bioc¢lastic pile. |

Reef mounds have been widely documgnted in the
literature (e.g. Wilson, 1975; MountYoy and Jull, 1978;
Burchette, 1981; Mountjoy and Riding, 1981; James, 1983;
Machel, 1983; Krause, 1984) yet the reasons for their
initiation, localization, and termination of their growth
are still poorly understood (James, 1983; Machel, 1983). The
larger oil-bearing 'pinnacle reefs' of the Upper Devonian
Nisku Formation have been diagnosed as reef mounds (Machel,

1983; Krause, 1984). As a result a good understanding of
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reef mound growth and initiation can ﬁave significant
economic implications.

In th past, reef mound studies have generally been
hampered by several factors including incomplete exposures,
inaccessible éxposures, and extensive dolomitization. The
reef mounds of fagies>B2 do not suffer from any of tﬁese
difficu}ties; they are entirely exposed, easily accessible,\
and virtually undolomitized. Thus, although much smal}er
than thgir Nisku cousiés,‘these reef mounds provid; an
.excellent opportunity to attempt to answer some of the
problems surrounding the initiatiog; localization, and =
termination of reef mound growth.

Reef mounds are generally considered to have grown in a
shelf slope environment (wilson, 1975; Mountjoy and Jﬁll,

'1978; Mount joy and Riding, 1981; James, 1983; James and

Mount joy, 1983; Machel, 1983; Krause, 1984).

r 4
1

According to Mountjoy and Jull (1978) and Mountjoy and
Riding (1981) reef mounds required stable substrates and
sufficient water agitation in order to thrive. ‘Thus, ih '
order te initiate the growth of the fécies B2 reef mounds
these two_conditions'héd to be satisfied. The stable
substrate was provided by the coral/echinoderm rudstone of
facies}B1. The necessary water agitation was created as a
result of the rapid deposition of this rudétonq. Its rap{d
déposition would have resulted‘in the sudden elevation of

the sea floor which would have caused a relative shallowing

in the area and a resultant increase in water circulation.

.
~
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Hence, rapid depos{tion of the debris flow deposits of
facies B1 was critical to reef mound initiation.

Variation; in substrate topography was the controiling
factor with regards to the localization of the facies B2
reef mounds. These reef mounds grew on hummocks that existed
on the upper surface of facies B1. As a result of their

subtle topographic elevation these huymmocks were better

\ £

circulated ED‘n the surrounding swaleé.
CausesAg? facies B2 reef mound terﬁination are more
difficult to determine. James (1983) refétred to reef mounds’
as incomplete reefs because they only comprised tﬂé‘first
two stages of the four stages of reef develogment oJ&lined
by Walker and Alberstadt (1975). He suggested ﬁhgt ABe of
the reasons reef mounds did not develop the thifé\and fourth
stages is that their depositional environment was not
conducive to the growth of the large metazoans (é.g{ tabular
and massive stromatoporoids) typical of these last two
stages. In the case of the facies B2 reef mounds the waters
were probably too deep and poorly circulagbd to permit the.
growth of these large metazoans. This is supported by the K\
observation that these reef mounds are composed of a low E
diversity coral assemblage which suggests a stressed
environment. To suspension-feeding corals the most crippling
stress would probably have been lack of a current strong
enough to suﬁply large quantities of food. Also, the
delicate morphology exhibited by the branching corals in the

facies B2 reef mounds is thought to have been'an adaptation



41

to growth in a low energy environment.

According to James (1983) the most pronounced upward
building towards sea level 1is aone by the larye metazoans
during the third stage of reef development. Since this stage
was not developed in the faciew B2 reef mounds’it appears
that they did not have the intrinsic ability to kegp pace
with rising sea level and, therefore, were particula}ly
susceptible to drowning. The sudden rélative shallowing
created by the deposition of facies B1 was apparently not
sufficient enough to sustain the growth of large metazoans
and, therefore, the facies B2 bioherms were not able to keép
pace with rising sea level. The insufficient shallowing
probably resulted from the thinness of facies B1. This
observation 1is supported by the fact that the facfes B2 reef
mounds colonized only the topographically highest parts of
facies B1, probably because these were the.only areas that
met the water girculation requirements of réef mound growth.

Following the termination of reef mound growth the
branching and dome-shaped corﬁls of facies B3 grew in
patches above the drowned facies B2 reef mounds. It appears '’
that thelwaters were still sufficiently‘shalioé and wvell

5

enough circulated above the reef mounds to allow the growth

of these coral patches. o
Facies B3 depositibn was both accompanied and succeedea

by the‘deposition of;facies B@. This is indicatéd by the

fact that facies B4 interfingers laterally and gradationally

overlies facies B3. Facies B4 deposition also accompanied



(et mound growth as o 1s o rllustirated by the manner 1n which
this ftacies antertingers laterally with the facies B2 reet
£

mounds

The sparseness of 1ts fauna 1p comparison with that of
both facies B2 and B3 sugaests that tacles B4 was deposited
10 decper, more pootly carculated waters than the other two
e Such cenditrons would have existed between the reet

o

e ounde of tacies B2 and the coeoral patches of tacies B3,
Fvidently these conditions also existed over the entire area
after the depotition of tacires B2 and B3. This 1is
demonstiated by the manner 1n which facies B4 overlies as
well as flanks facies B3. Thus, it is piobable that, as with
the tacies B2 reef mounds, deposition of facles B3 was
temwilinated as the result of drowning. The gradational manner
1n which favies B4 ogerlies facies B3 implles that this
drowning was a gradual process rather than a sudden one.

The assignment of facies B4 to the Cruziana ichnofacies
as well as ifs close lithologic and faunal resemblance to

: A
facies A2 indi®tates that it was deposited 1n a depositional

environment similar to that of facies A2. The lack of .
gbsefved lens-shaped beﬁs‘of planar laminated bioclastic
wackestone intimates either that, unlike facies A2, facies
B4 was degssited below storm wave base or that storm
influence was ﬁot as pervasive on the shelf slope during the
deposition of facies B4. However, as previously noted,

lens-shaped beds of the planar laminated bioclastic

wackestone may have been present but difficult to detect due
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.
to the ragged nature ot the facies B4 outcrops.

Facles B4 deposition was followed by the deposition ot
tacies BH. The close resemblance of facies BY and Al
suggests that they were both deposited 1n the same
environment, 1. e. a storm 1nfluenced shelt slope. Since
facies A2 was depositec 1n a shallower part of the shelt
slope than tacles Al then by analogy 1t can be 1mplied that
facies B4 was also deposited 1in a shallower part of the
shelf slope environment than fa<:ies BS .

Thus, like member A, member B was deposited in a
storm 1nfluenced shelf slope environment. However, member B
is not divisible 1nto three cyclically repeated
shallowing upward sequences. Instead, memoer B deposition
can be divided into two parts, a sudden shallowing fcollowed
by a gradual deepening. The déposition of the facies B
debris flow deposits resulted in a sudden shallowing 1n the
shelf slope environment of member A. This shallowing and the
stable substrate provided by the facies B1 debris flow
deposits fostered the growth of the facies B2 reef mounds.
However, the shallowing was not large enough in magnitude to
promote complete reef growth and eventually rising sea level
overtook reef mound growth and these incomplete reefs were
drowned. This drowning was followed by the gradual return to

the shelf slopE conditions typical of member A.
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D. MEMBER C

Introduction

Member § 15 best exposed at Trout River where 1t 1s
bhetween 10 gl and 20 m thick. Supplementary exposures occur
weest ol Trout River along thg\gackenzie Highway. In
addition, lithologles similar to some of those of member C
wele observed just east of the study area at Middle Kakisa
Rivet (Belyéd and McLaren. 1962; B. Jones, pers. comm.,
198%) . This member can readily be distiﬁguished by the
occurrence of a bedded coral/echinoderm rudstone at its base
and by 1ts abundant and diverse fauna which consists of
dome shaped massive Corals,>low profile massive corals,
water stromatoporoids. tabular stromatoporoids, branching
corals, solitary corals, brachiopods, gastropods, and spiral
nauti1loids. .

Member C i1s formed of nine facies, designated C1

through €9 (Fig. 3).

Facies C1: Coral bafflestone blocks . a

Facies C1 weathers medium green-grey and can be

recognized by 1its occurrence in discrete, semi-resistant

blocks (Plates 4, 5A). These block$ are up to 2.0 m high and
3.0 Q wide. They have concave-upward bases and have beén

rotated so that their internal bedding dips at a relatively

high angle (Plate 4).
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Lithology: The coral bafflestone that comprises tﬂe
blocks of facies C1 is formed primarily of branching corals
which occur in growth position. These ccrals are genefally
}?Bs delicate and otcur in denser colonies than th@
branching corals 1in either member A or member B.‘Large
dome-shaped massive corals (up to 35 cm high and 75 cm wide)
also occur (Plate 4). The corals of this facies are
surrounded by a matrix of light orange-green dolomitic
mudstone.

Fauna: Facies C1 contains a very diverse coral fauna.
"Disphyl lum" sp., Phacellophyllum tructense, and Cladopora
sp. are common branching corals while Phillipsastrea exigua
sensu Smith 1945, Chuanbeiphyllum veS}CuIOSm Smith,
Smithicyathus cinctus (Smith), and Hexagbnar[a caurus
(Smith) are common dome-shaped massive corals in facies C1.

Bedding: Very thin planar bedding occurs locally in
facies C1 (Plate 4). These beds were lithified eariy as they
are undeformed and they typically acted as the substrate for

.

the growth of branching corals.

é cies C2: Bedded coral/ec?}ﬂGHerm rudstone

Facies C2 is characterized by 1ts light orange-green
wearhered color, its very poorly sorted, coarse grained to
granular texture, its bioclastic composition, its irregylar
planar bedding, and its semi-resistant weathering nature
(Platde 4, 5B). It has a variable thickness that ranges up

to 3 m (Plate 5C). This facies is generally laterally
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continuous in the type section of the Kakisa Formation.
However, in places it can be laterally discontinuous (Plate
5C) .

litfkyc&nm The bedded coral/echinoderm rudstone of
tacles €2 1s composed of low profile massive corals (maximum
2.0 ¢m high and 8.0 cm wide) set 1in a matrix of poorly

3

sorted, very coarse grained bioclastic packstone (Plate 5B).

. The massive corals, which typically form 30% of the

rudstone, have .a subhorizontal alignment. They are only
< P

slightly abraded and commonly overturne?]/?he bioclastic
packstone matrix (Plate 5B) 1s formed of 55% bioclasts,
7

which range from coarse grained to granular 1n size, 30%

4

dolomitic mudstone, 10% coarsely crystalline blocky calcite
and saddle dolomite cements, and 5% dolomitic mudstone
lithoclasts. Some of the coarsely crystalline calcite cement
occurs as thin syntaxial overgrowths around echinoderm
bioclasts. The rest of the calcite and dolomite cement fills
interparticle and shelter pore space. The mudstone 1s
generally concentrated in small patches and thin partings.
Up to half of this-mudstone has been replaced by fine to
medium crystalline anhedral dolomite.

Fauna: Phillipsastrea exiguao"sensu Smith 1945 and
"Frechastrea”" sp. nov. are common massive corals in facies
C2. The bioclasts in the bioclastic packstone métrix are
predominantly echinoderms with fewer branching corals,
fenestrate bryozoans,.and brachiopods (Plate 5B). Relétively

intact colonies of delicate branching corals can occur
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floating in the bioclastic mabrix.

Bedding: Facies C2 displais thin (average 4.0 cm thick)
planar bedding (Plate 4). This bedding 1s defined by
alternating clast-supportesl and clast-dispersed layers. The
clast-supported layers are more resistant to weathering than
the clast-dispersed layers. This makes the bedding in facies

C2 easy to recognize in the field (Plate 4).

Facies C3: Argillaceous mudstone

Facies C3 1s easily recognized by its medium green
weathered color, its recessive weathering character (Plate
5C), and lack of identifiable fossils. It is laterally
discontinuous in the type section of the Kakisa Formation
and has a very variable thickness that ranges up to 1.5 m.

Lithology: The argillaceous mudstone that comprises
facies C3 is formed of 50% finely crystalline anhedral
dolomite, 25% very fine grained quartz sand, 20% clays, and
5% fine grainéd bioclasts. .

Fauna: No identifiable fossils were found in this
facies.

| Bedding: Homogenization by bioturbation has obliterated

any original sedimentary structures that may have been

«

present in facies C3.

Facies C4: Massive coral bioherms
Faties C4 consists of irregular dome-shaped bioherms

that have a maximumrheight of 3.0 m (Plate 5C). They are
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formed primarily of dome-shaped massive corals (average 5.0
cm high and 15 cm wide) sét in a matrix of medium green
bioclastic wackestone (Plate 6C). The massive corals are 1n
q:owth positio; and can comprise up to 50% of the bioherms
(Plate 6C). The massive corals Phillipsastrea exigua sensu
Smith 1945 and "Frechastrea' sp. nov. have been identified

trom these bioherms. Rare wafer stromatoporoids (average 1.0

mn thick and 15 cm wide) also occur.

Facies C5: Coral bafflestone
Facies (5 weathers medium green and can be recognized
by the abundant occurrence of branching corals in growth
position (Plate 6A). This facies is 1.5 m thick, |
semi-recessive, and is laterally discontinuous (Plate 5C).
Lithology: The coral bafflestone is formed primarily of

stacked colonies of branching corals with fewer numbers of

-

medium sized solitary'éorals (average 3.0 cm long and 1.5 cm .,

in diameter). Both types of corals occur in growth position
and are surrounded by a medium green aolomitic mudstone
matrix (Plate 6A). v

Fauna: The delicate coral Phacel lophyllum tructense 1is
the most common branching coral while Hunanophrentis sp.
nov. and Piceaphyllum sp. are common solitary éorals.

Bedding: wWell defined bedding is absent in this facies.
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Facies C6: Coral/stromatoporoid bindstone

Facies C6 weathers medium green and can be identified
by the abundant occurrence of low profile massive corals and
wafer stromatoporoids in grbwth position (Plate 6B, 6C).
This facies 1s 1.5 m thick, Sem}-resistant, and can be
laterally continuous in its upper part.

Lithology: Low profile massive corals (average 2.0 om
high and 10 cm wide) and wafer stromatoporoids (average 1.0
mm thick and 20 cm wide) are the most common binders in this
facies (Plate 6B, 6C). Tabular stromatoporoids (average 3.0
cm thick and 15 ¢m wide) and branching corals can also occur
in facies C6. The massive corals, wafer stromgtoporoids, and
tabular stromatoporoids typically occur in growth position
(Plate 6B, 6C) whiI; the long axes of the branching corals
exhibit a subhotizontal alignment, probably due to
post-depositional compaction. The corals and stromatoporoids
in this facies are surrounded by a matrix of medium green
dolomitic bioclastic wackestone (Plate 6B, 6C).

Fauna: Phillipsastrea exigua sensu Smith 1945 and
"Frechastrea" sp. nov. are common massive corals while
Phacel lophyllum tructense is the most common branching coral
in facies Cé6. |

Bedding: The occurrence of low profile massive corals,
wafer stromatoporoids, and tabular stromatoporoids in growth

positiqn gives facies C6 a coarsely layered texture (Plate

6B) .
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Facies C7: Massive coral bindstone

Facies C7 1is characterized by 1ts orange-brown
weat hered color, &ts rubbly, semi-recessive weathering
character (Plate 7A), and its abundant massive coral
content. This facies is 2.5 m thick and is laterally
continuous (Plate 7A).

Lithology: Massive corals dominate facies C7. The
massive corals in the lower part of the faciles have a low
profile (average 2 cm high and 20 cm wide) and occur in
growth position. In the upper part of facies C7 the massive
corals, which are larger (up to 10 c¢cm high and 40 cm wide)
than those 1n the lower part, are dome-shaped and can be
overturned. Facles C7 has a matrix of argillaceous dolomitic
bioclastic wackestone. This matrix can comprise over half of
facies C7 which gives this facies 1ts semi-recessive
weathering character.

fFauna: Phillipsastreé’exigua sensu Smith 1945 and
"FPeCCaStPea" sp. nov. are common massive corals in facies
C7.

Bedding: Whether they are in growth position o;
overturned the long axes of the massive corals have a

horizontal orientation. This gives facies C7 a coarsely

layered texture. v ' .

Facies C8: Tabular stromatoporoid framestone

.

Facies C8 can be recognized by 'its light brown»grey

weathered color, its resistant, massive weathering character
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(Plate 7A), and its content of abundant tabular
stromatoporoids in growth position (Plate 7D). This facies
has a very variable thickness and.is laterally continuous

(Plate 7A). At Trout River the thickness of facies C8 ranges

from 1.5 to 11.5 m (average 5.0 . The thickness changes
are relatively abrupt (Plate 7A). In one extreme example its
thickness increases from 1.5 m to 11.0 m over a lateral

distance of 50 m. These thickness variétions give this
facies a very undulato}y upper surface.

Facies C8 had the highest prfﬁary porosity of all the
facies in the Kakisa Formation. This porosity was primarily
growth-framework porosity ahd typical.y comprised 35%/yf t he
facies. Chanhel porosity and vuggy porosity were also well
devgloped, commonly adding an additional 15% porosity to
facies C8. Unfortunately in the Trout River area the
porosity has been occluded by various types of carbonate
cement and quartzarenite (Platés 7B, 7C, 9D).

Lithology: Tabular stromatoporoids comprise up to 70%
of faéﬂes C8. These tabular stromatoporoids are stacked 1in
layers (Plate 7D) and their thickness ranges from 0.5 to
12.0 cm (average 2.5 cm). Brachiopods, gastropeds, and
spiral nautiloids also occur in this facies. These fossils
are set in a medium green bioclastic wackestone. The
bioclastic wackestone occurs in lenses that average 8.0 cm
in thickness and 45 cm in width and occur locally between

stromatoporoid layers. The bEachiopods, gastropods, and

spiral nautiloids are generally concentrated in the upper

—
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part of each lens.

A striking feature of the tabular stromatoporoid
framestone 1s the occurrence of thin (average 2.0 mm thick)
bands of ivory colored isopachous caleite cement (Plate 9D).
These bands typically occur adjacent to the tabular
stromatoporoids but are also diséersed throughout the rest
of the tabular stromatoporoid framestone.

Fauna: The stromatoporoids Strictostroma maclareni,
Ir“upetogtr‘oma hayense, and Hermatostro}na maillieuxi
(Lecompte) have been identified from this part of the Kakisa
Formation (Stearn, 1966). ‘Cr‘anaena sp., Qypidula sp.,
Theodossia Scupuforun1 and Atrypa sp. are common brachiopods
in faclies C3.

Bedding: The stacking of the tabular stromatoporoids in
the tabular stromatoporoid framestone gives facies C8 a
coarsely layered texture (Plate 7D).

\ .
Facies C9: Medium grained quartzarenite

Facies C9 can be identified by its siliciclastic
composition and its light brown weathered color. It 1is
semi-resistant and fills either cavities or vertical
fractures in the upper part of the Kakisa Formation (Plate
7B, 7C).

Lithology: The medium grained quartzarenite has 5%
interparticle porosity and is formed of 60% medium grained
subangular quartz sand, 25% medium crystalline blocky
"\c‘alcitve an‘d dolomite cements, 4% fine grained bioclasts, 3%

A
.
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small lithoclagts, 2% bitumen, and 1% glauconite. The
calcite and dolomite cements fill intergranular pore space.
The lithoclasts are composed of bioclastic wackestone that
displays a clotted texture and commonly contains osttacods
and and calcispheres. These lithoclasts closely'}esemble the
medium browﬁ bioclastic wackestones of facies D1. The
"bitumen occurs in relatively equant~fine grained blebs.
Larger black fragments (up to 3.0 cm long and 1.5 cm wide)
resembling éharcoal occur rarely (Plate 7B). The medium
grained quartzérenite that fills cavities commonly exhibits
thin, parallel, undulatory laminations. The laminated
character is created by slight variations in grain size.
Conversely, the quartzarenite that fills the vertical
fractures does notxexhibit bedding.

Fauna: The medium grained quartzarenite contains a well
preserved fauna of typical Upper Devonian marine spores (C.
Singh, written comm., 1985). Leiofﬁiletes sp., Acinosporites

. LY
sp.., Stenozonotniletes sp., Archaeozonotriletes variablilis,
and Cymbosporites sp. are common sporés. The -medium grained
quartzﬁfénites of the overlying Trout River Formation also

PRR I ’
contain a similarly well preserved fauna of typical Upper

©

Devonian marine épores (C. Singh, written comm., 1985).

Interrelationship Between Facies
The lower part of member’C is formed of a complex
lateral and vertical interrelationship of six facies, facies

Ci1-Cé6 (Fig. 6)._The base of this member is composed of two
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facies, the coral bafflestone blocks_of facies C1 and the
bedded coral/echinoderm rudstone of facies C2. The facies C1
blocks are typically oyerlaiﬁ-and flanked by the rudstones
of facies C2 (Fig. 6). Together these two facies form a
single unit which is termed unit C1/C2. This unit.ha; an
irregular thickness and an erosive basal contact which
truncates the upper part of member B (Fig.Ab; Plate 4). Its
irregular éhickhess gives this unit an undulatory upper
surface.

A

At Trodt Rivef unit C1/C2 15 laterally continuous in a
north-south direction (1. e. subparallel to the shelf edge).
In this direction unit C1/C2 is overlain by the argillaceous
mudstones of facies C3 (Fig. 6). However, to the‘west (1. e.
in a seaward direction) this unit terﬁinates abruptly |
against the facies C3 mudstones. Therefore, te the west
facies C3 forms the’base of member C.

Based on these observatlons unit C1/%2 is 1nterpreted
to be a sheet-like deposit that is laterally extens1ve in a
north-south direction (i. e. subparallel to the shelf edge)
but terminates abruptly into facies C3 in a westward (i. e.
seaward) difection. The rare, laterally discontinuous
exposures of the unit C1/C2 sheet indicates that this unit
haaian 1rregu1ar, ragged western edge.,The undulatory upper
surface of unit C1/C2 is 1ntérpre\ea,to be hummocky in three
dimensions. ' |

The massive coral bioherms of facies C4 occur rarely in

member C. When they do occur, these bioherms overlie the ,
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thickest Vi oe. topographically highest) parts of vt O 2
{Frg. G Plate S5C).

The coral battlestones of tacires €5 and the
cotal stiromatoporold bindstones ot tacies b occur between
the tactes C4 bicherms (Fig. ). Facies Co gradationally
cverlies factres €5 (Frg. o). Both of these tacles

Intertinger laterally with the bioherms of facles 4 {(Fi1g.

.

tactes b can alse overlile

t; Plate 60) . Where they do*t reach their maximum height
t

bioherms (Fig. 6).

Facies 7 1s the first truly laterally extensive faciles
li). member (. The massive cotal bindstones of this facies
genetally gradationally overlie the tacies (b bindstones.
However , where the underlying bioherms of facies 4 do reach
their maximum height facies (7 overlies faclies C4. The
facies (8 tabular stromatoporoild framestones directly
cverlie tacies (7 (Plate 7TA).

The medium grained quartzarenites of facies C9 fill
cavities and vertical fréctures in the framestones of facies
C8 (Plate 7B, C). The cavities in facies C8 are generally
.ens-shaped and occur between tabular stromatoporoid layers
(Plate 7B). The medium grained guartzarenites in these
cavities commonly wrap around the stromatoporoids_and can
contain stromatoporoid fragments (Plate 7B). The vertical
fractures in facies C8 typically show evidence of solution

enlargement,
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Interpretation

The fact that member ¢ has a more abundant and diverse
fauna than that of either member A or member B suqggests that
it was deposited i1n shallower, better circulated waters than
the other two members. The manner 1n which the basal contact
of unit C1/C2 truncates the upper part of member B 1mplies
that the deposition of member ¢ was 1nitiated by an erosive
event .

Unit C1/C2 represents an allochthonous deposit derived
from a shallower environment than any of the deposits of
members A and B. This 1s indicated by the nature ot the
exotic fauna that comprises this unit. The coral fauna 1in
unit C1/C2 is much less delicate and more diverse than that
ot members A and B. 1n fact, facies C! has the most robust
and diverse coral assemblage of any‘faries in the Kakisa
Formation. This suggests that the corals of this unit grew
in shallower, better circulated waters than those of members
A and B. In addition, echinoderm fragments are much more
common in unit C1/C2 than they are in any of the facies in
either member A or member B.

The early lithified beds of’facies C1 and the
occurrence wof this facies in discrete blocks indicates that
these blocks were lithified prior to their allochthonrous
deposition. Early lithification is typical of original
deposition in shallow, well circulated waters (Cook et al.,

,1972; Bathurst, 1975; Hépkins, 1977; James and Choquette,

1983b).
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The significant lime mud content, poor sorting, wide
vatiety ot slightly abraded bioclast types, subhorizontal
clongate clasts (massive corals in this case), and rotated:
blooks of unit C1/0C2 are all characteristics possessed by
debris tlow deposits (Cook et al., 1972; Middleton and
Hampton, 1973: Davies, '}977; Crevello and Schlager, 1880;
Cook and Mullins, 1?%31).\gn fact, the rafting- type
transportation t?pical of a debris flow (Middleton and
Hampton, 1973) 1s probably the only mechanism that could
have deposited the delicate intact branching corals of
facies 2 without breaking them. Debris flow deposition
would also explain the abrupt westward terminatién of unit
C1/02. According to Middleton and Hampton (1873) the
terminus of a debrfis flow deposit is typically abrupt.
Furthermore, unit C1/C2 resembles the megabreccia sheets of
Cook et al. (1972) which have been interpreted as debris
flow deposits by these authors. However, unlike facies C2 of
unit C1/C2, debris flow deposits génerally do not display
bedding (Cook et al., 1972; Middle?on and Hampton, 1973; -
Crevello and Schlager, 1980; Cook and Mullins, 1983). Thus,
a typical debris flow could not have depogited unit C1/C2.
Instead a more complex depositional mechanism must have been
responsible for the deposition of this unit.

To delineate this depositional mechanism the cause of
the planar bedding in facies C2 must be identified. Hein
(1982) determined that bedding defined by alternating

. clast-supported and clast-dispersed layers of coarse grained

Y
>
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sediment resulted from deposition by pulsating flows. Thus,
facies C2 was probably deposited by a pulsating flow. In
addition, the bedding of facies (€2 resembles the composite
bedding of Hendry (1973). He used a process known as
progressive liquefaction to explain planar composite
bedding. By this process a mass of sediment 1s liguefued and
moved downslope in stages. The uppermost part of the
sediment mass has the least conf\ning pressure and theretore
will liguety fi;st. After that par{ of the sediment mass has
been moved downslope, the uppermost part of the remaining
sediment will be liquefied and flow do&nslop@. This prgcess
will continue until all of the sediment mass has been
liquefied and moved downslope. The result is the creation of
a pulsating flow (Hendry, 1973). Thusc)unit C1/C2 was
probably deposited by a pulsating debris flow which caused
~

» by progressive liguefaction.

The total homogenization of facies C3 by bioturbation
iﬁdicates that it was deposited slowly in a low energy
environment (Ekdale et al., 1984; Pemberton and Frey, 1984).
A low energy depositional environment was probably
established above the thinner parts of unit C1/C2. In these
areas waters were probably relatively‘deep and quiet,
resembling the shelf slope conditions that typified the area

—

prior to the deposition of unit C1/C2. \}
The rapid deposition ot gnit C1/C2 resulted in a sudden
shallowing in the area, particularly above the thickest

parts of this unit. This sudden shallowing was vefy similar
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to that created by the deposition of the facies Bl debris
tlow deposits. As with facies B1, the debris flow deposits
of unit C1/C2 provided a stable substrate for bioherm
growth. The massive coral bioherms of facies C4 colonized
the thickest, topobgraphically highest parts of unit C1/C2.

At the same time as the facies C4 bioherms were growing
the coral bafflestone of facies C5 was being deposited 1in
the slightly deeper, more poorly circulated waters that
existed above facies C3. The synchronous deposition of
facies C4 and C5 is indicated by the interfingering
relationship between these two facies.

By analogy with Hubbard and Pocock’'s (1972) study of
the growth habits of modern corals, the branching corals
that dominate facies (5 are assumed to have grown in deeper,
glieter waters than the massive corals that dominate facies
C4. Hubbard and Pocock (1972) concluded that sediment
rejection by coral polyps énd structural resistence to
current energy are two of the most important factors 1in
determining growth form variation in recent corals. They
"maintained that the structurally resistant domal, massive
morphology 1is developed in corals that thrived in welz
circulated waters where accumulating sediment is most
effectively removed from their relatively flat feeding
surfaces. Sediment wag-less likely to accumulate on the
feeding surfaces of branching corals with their open
structure. Hence, these structurally weaker corals thrfvea

-

in quieter, more poprly circulated waters than the domal,
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massive corals. These findings have been confirmed by James
(1983) who claimed that a delicate branching morphology in
reef-building skeletal metazoans is more indicative of
growth in quieter waters than a domal, massive morphology.

Facies C5 deposition was succeeded by deposition of the
coral/stromatoporoid bindstone of facies C6. The
interfingering contact between facies C6\and facies C4
Hllustrates that these two facies were deposited at the same
time. As with facies C5, facies C6 was deposited in the
deeper, more poorly circulated waters that existed between
the facies C4 ‘bioherms. Facies C6 consists of flat-topped
filter-feeding organisms such as low profile massive corals.
These organisms required more current energy to clear
accumulating sediment off of their feeding surfaces than the
branching corals of facies C5: Thus, facies C6 was probably
deposited in a shallower, better circulated environment than
the underlying facies C5. However, since the low profile
massive corals and the wafer stromatoporoids of facies C6
were more delicate than the dome-shaped massive corals that
dominate the facies C4 bioherms it is probable that facies
C6 was dep&sited in slightly deeper, lower energy waters
than facies C4.

Like the massive corals of facies C4 and C6, the
massive corals of facies C7 required good water circulation
to keep their feeding surfaces clean. The fact that facies
C7 is more laterally extensive than facies C4 and C6 implies

that this good water circulation was more pervasive during

.
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the deposition of facies C7 than it was during facies C4 and
Cb deposition.

The upward increase in size and change from low profile
to dome-shaped that the massive corals of facies C7 exhibit
is indicative of deposition in an environment of 1ncreasing
energy and shallowness. According to Tsien (1971), Rozkdéwska
(1980), and James (1983), organisms with_a dome-shaped
morphology typically grew in more turbulent waters than
those with a lower profile morphology. Also, the increase 1in
size prestmably made the massive corals more resistant to
current energy.

The fact that many of the corals in the upper part of
the massive coral bindstone of facies C7 are overturned
implies that the waters were turbulent and that the
turbulence was relatively constant. This suggests. deposition
at or above fair weather wave base. Thus, facies C7 marks
the upwards growth of member C through fair weather wave
base.

The éabular stromatoporoid framestone of facies CB was
deposited in even shallower waters than the upper part of
facies C7. This is indicated by the dominant faunalof these
two facies. Klovan (1964), Leavitt (1968), and Embry and
Klovan (1971) determined that during Upper Devonién time
tabular stromatoporoids grew in shallower waters than
massive corals. Thus, thg‘tabular stromatoporoid;dominated
facies CB was deposited in shallower waters than the massive

coral-dominated facies C7.
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In facies C8, the brachiopods, gastropods, and spiral
‘nautiloids that are set in the upper part of the medium
green bioclastic wackestone lenses probably grew on the
substrate provided by the bioclastic wackestone. The intact
nature of these fossils suggests a low energy depositional
environment. Such low energy conditions probably existed 1n
the sheltered depressions on the upper surface of the
tabular stromatoporoid framestone as 1t grew upward,
stromatoporoid layer by stromatoporoid layer.

The medium grained qguartzarenite of facies C9 was
empléced after the tabular stromatoporoid framestone was
deposited. This is indicated by the manner in which the
quartzarenite fills fractures in the framestone and the way
the lens-shaped beds of facies C9 wrap around the tabular
stromatoporoids and contain stromatoporoid fragments. The
parallel laminations in the lens-shaped beds intimate that
"these bed§ were emplaced by fluctuating flows.

The typical Upper Devonian marine spores contained in
the medium grained guartzarenites of both facies C9 and the
lowermost part of the Trout River Formation along with the
marked 1ithologicai similarity 5etween these two
quartzarenites (both.ape medium grained, glauconitic, have
carbonate cements, and contain the same percentage of quartz
sand) cannot be treated as a mere coincidence. Their
sEratigraphic proximity suggesfs that the medium grained
guartzarenites of facies C9 were derived from the lowermost

part of the Trout River Formation.
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The lack of evidence of pre-depositional lithification
in the facies €9 quartzarenites as well as the parallel
laminations in the lens-shaped beds 1llustrates that these
guartzarenites were not lithified prior to their
emplacement. Thus, 1t 1s assumed that they were emplaced
during the deposition of the lowermost part of the Trout
River Formation. The evidence of solution enlargement 1in
some of the vertical fractures suggests that some sort of
fluid undersaturated in calcium carbonate passed through the
fractures before quartzarenite emplacement.

THe precise mechanism of facies C9 emplacement is
uncertaih. The lateral extensiveness of the tabular
stromatoporoids gives the tabular stromatoporoid framestone
of facies C8 poor vertical permeability. Hence, 1t 1s
unlikely that the quartzarenites of the lens-shaped beds
settled 1nto the lenticular cavities from above. It 1is
assumed, therefore, that the guartzarenites entered facies
C8 via the vertical fractures that transect this facies and
then spread laéerally into the lenticular cavities. The
presence of facies D1 derived lithoclasts in the medium
grained quartzarenites indicates that these quartzarenties
moved through facies D1 on their way down to facies C8.

The dense in situ nature of the skeletal carbonates
that comprise facies C4 through facies C8 suggests that
these five facies represent a reef. The yertical succession
of facies tﬁat comprise the member C reef is indigative of

shallowing upward. The fauna that dominates each successive

L
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facies is representative of deposition 1in progressively
shallower, better circulated waters. The gradational
contacts between these faciles 1mplies that each
progressively shallower water fauna gradually replaced the
underlying deeper water faupa. Thus, the upward shallowing
was a gradual rather than an episodic process.

The progressive replacement of one community of
reef-building organisms by another 1is known as ecological
succession. Walker and Alberstadt (1975) maintained that
ecological §uccession took place iﬁ reefs throughout the
Paleozoic and Meso;oic. They asserted that in most cases
four separate zones of reef growth can be identified: 1) the
stabilization zone, 2) the colonization zone, 3) the
diversification zone, and 4) the domination zone. The
stabilization zone is typically made up of stabilized
accumulatfons of skeletal sandy Pelmatozoans and echinoderms
are common components of these sands in the Paleozoic and
Mesozoic (James, 1983). The colonization zone represents the
initial colonization of the skeletal sand substrate by.
reef-building organisms. This zo is characterized by
massive or, more commotly, branching growth forms. In the
diversification zone both the diVersitg and the virieay of
growth forms of the r.eef—building organisms increases
gre“ly. According to James (1983) the diversification zone
is where the most pronounced upward building towards sea
level occurs. The aomination .ne is identified by the

)
occurrence of only a few tagwith only on&rowth habit,

'y
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generally massive or lamellar. Most reefs show theggffect of
tair weather wave base in this zone (James, 1983). As will
be 1llustrated, the member C reef exhibit's well developed
“stabilization, colonization, and domination zones and a
poorly developed diversification zone,.

Unit C1/C2 represents the stabilization zone of Walker
and Alberstadt (1975). The accumulations of bioclastic sand
which dominate this unit (the coral/echinoderm rudstones of
tacies C2) are typical of the stabiliztion, zone.

The composition of the colonization éone varies
laterally in member C because the thickness of the
stabilization zone (unit C1/C2) varies laterally. The
bioherms of f;cies C4 formed the colonization zone where the
stabilization zone was thickest. Where the stabil}zation was
thinner, the colonizapion zone was composed of a combination
of the facies C5 coral bafflestone and the overlying
coral/stromatoporoni‘gndstone of facies C6. In some cases,
where the facies C4 bioherms did not achieve their maximum
thickness, the facies C6 coral/stromatoporoid bindstone also
replaced the massive coral bioherms.

Facies CGPmarks the end of the colonization zone and
probably represents a poorly developed diversification zone.

The massive coral bindstone.ofs facies C7 and the
tabular stromatoporoid framestone of facies C8 together
comprisé the domination zone of Walker and Alberstadt

(1975). The restriction of the fauna in these two facies to,

a few taxa with one dominant growth habit (tabular), plus

N
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the evidence of the effects of falir weather wave base
illustrated by facies C7 are characteristics typical of the
domination zone.

The lack of exposure of lateral equivalents of facies
C4-C8 in the study area makes it difficuit to determine
which type of reef these five facies represent, a carbonate
bﬁildup or a carbonate bank. However, the occurrénce o§
tabular stromatoporoid framestones similar to those of
facies C8 west of Trout River and as far east as Middle
Kakisa‘River suggests thaﬁ_the member C reef was fairly
laterally extensive in an east-west direction (1. e.
perpendicular to the shelf edge). This combined with the
coarsely layered texture and laterally extensive nature of
facies C5-C8 in a north-south direction (i. e. subparllel to
the shelf edge) implies that the member C reef most closely
resembles a carbonate bank.

Thus, li‘iblnember B, member C deposition can be divided
into two main parts. The firSt part consists of the rapid
deposition of the unit C1/C2 debris flow deposits while the
second part is formed of the carbonate bank deposits of
facies C3-C8. Deposition of the member C debris flow
deposits caused a sudden shalléwing in the deep shelf
environment of member B. Thi§ shallowing along with the
occurrence of a stable substrate promoted the growth of the

—

member C carbonate bank.



68

E. MEMBER D

Introduction ¥

Member D crops out at Trout River whgre its thickness
ranges from 0.5 m to 10.5 m. It can be recognized by 1its
medium brown weathering color, 1ts blocky to rubbly
weathering character(Plate 8A), and its relatively sparse
and restricted fauna.'lts fauna is primariiy made up of
Amphipora, calcispheres, ostracods, and gastropods with
fewer branching corals, tabular stromatoporoids, and
dome-shaped massive corals.

Three unique'facies comprise member D, designated D1;

D2, and D3. The medium grained quartzarenites of facies C9

also occur 1n member D.

Facié;j;1: Mottled bioclastic wackestone

Facies D1 can be identified by its distinct medium
brown weathering color, its blocky to rubbly, semi-resistant
weathefing character, and its spatrse fauna (Plate-8A). The
weathering character changes upwards in this facies from
blocky to rubbly (Plate 8A). Facies D1 has a variable
" thickness that ganges from 0.5 to 10.> m in the type section
and is latérally continuous.

Lithology: The mottled bioclastic wackestone (Plate 8B)
is formed oY 40% pseudospar, 30% microspar, 15% fine grained
bioclasts, 10% coarsely crystalline blocky calcite cement,

and 5% peloié%. The pseudospar and microspar dominate
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separate parts in the bioclastié wackestone. This gives this.
lithology a clotted texture on a microscoplc scale. The
Llocky calcite cement fills fractures and occludes
intraskeletal porosity.

Fauna: Calcispheres, ostracods, and gastropgds are the.
most common bioclasts in the bioclastic wackestone.
Ainphipora and the braﬁching coral Alveol ites are fair}{A‘
common in facies D1. Rare thinTtabular,stromatoporoids

. ‘ &
(average 1.5 cm thick), wafer stromatdgbroids, and the
branching coral Cladopora sp. occur in the basal part of
this facies (Plate 8B), especiaily where it 1s thickest.

Dome-shaped massive corals (dvetage 44,0 cm high and 10 cm

wide) are sparsely distributed in the upper part of facies

e

D1. k)
Bedding: Whiéf facies D1 is thickest its lower part
displays thin (average 7.0 cm thick) planar bedding.

Elsewhere primary bedding is not idenfT?T;;le due to 1its

blocky and rubbly weatbering character.

Facies D2: Stromatoporoid/coral bioherms
Facies D2 gonsisEs of several small
stromatoporoid/coral biohe{ms (Plate 8C). These bioherms
exhibit a variety of morphologies from tabular (average 0.4
m thick and 4.0 m wide) to domal (average 0.8 m thick and
2.3 m-wide). They are formed primarily of tabular a
stromatoporoids (average 2.0 cm thick) with fewer

dome-shaped massive corals (average 20 cm high and 35 cm



wide) . Common massive corals ave Wapitiphy ! Tum vallatum

M Lean and Pedder, "frochastrea”™ sp. nov., Smilidlcyathus
4
- .
SoInctus (Smith) o and "Hexagonana' sp. nov.
-:) o~ R N
"5?-'1 Lo
+
Facies D3: Calcgieous Cclaystone
EAN

Facies D3 can be recggnized by 1ts light grey-qreen
weathered color, 1ts rubbly, recessive weathering character,

and ats lack of megatossils (Plate 8D). This facies ranges

between S5 and 19 ¢m thick and V\d 15 laterally continuous 1n

" the type section.

-~

Lithology: Facles D3 15 a medlum green poorly indurated
Calcatreous claygtone. Its {uwer part contailns rounded

fraamnents of the medium brown mottled biloclastic wackestone

ot tacres D1, " )
i i - . N . t . - v
Fauna: Megafosgils are absent 1n‘th15\facles but 1t

~

does contailn an.abundant and diverse fauna of Upper Devonian

spores which is devoid of ma;ine acritarchs (C. Singh,
written comm. , 1985). Hystricosporites sp.,
Lophozonorri}etes Sp- . Dibol isporites echinaceus,
Diétyotriletes sp., Verruc retusispora sp.,

Phy ] lothacotriletes ‘bo'tundus, Ap icul iretusispora apsoga,

Archaeozonotriletes variabilis, Dibolisporites sp.,

Q\I;J Chel inospora sp., Knékispopites sp., and Contagisporites '
ﬁi‘ optivus are common spores. ¢
. : , 14
Bedding: Facies D3 does.not possess well defined :

’ bedéing although irregular orange subhorizontal Rands

(Svgrage 1.0 cm thick) ‘do occur. ‘ /
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Intergelationship Between Facles

The mottled bioclastic wackestones of ftacies D1 form
most of member D (approximately 80%). This tacies
gradationally overlies the tabular stromatoporoid framestone
of facies C8. The :1rreqular tfickness of facies C8 gives
facies D! an undulatory basal contact on a large scale.
Facies D! 1s thickest where the underlying tabular
stromotoporoid framestone 1s thinnest.

The facies D2 stromatoporoid/coral bioherms ate
sparseiy distributed in member D. They occur above the
thicker parts of facies (8 and are overlailn by facies Di.

The ;alcereous claystone of facies D3 gradationally
Sverlies facies D! and is in turn sharply overlain by the
guartzarenites of the lowermost part of the Trout‘River
Formation (Plate 8D). The contact between facies D3 and the
Trout River Formation is slightly undulatory (Plate BE).

Facies C9 fills vertical fractures that truncaté tacies

~
D1, D2, and D3. The quartzarenite-fille8 fractures in member
D are typically more irreqular and difficult to observe in
the field than those that occur in the upper part of member
C. The difficulty in observing these fractures is caused by

the rubbly weathering nature of member D.

lntérpretafion
The Amphipora, calcisphere, ostracod, and gastropod

. R :
fauna of facies D1.is indicative of the restricted waﬁ‘r

 ci:¢uIation and hxigﬁ’pd salinity typical of a lagoonal
o L3 X Ky

Wk sl ey UEP R ' a ..
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environment (Klovan, 1964; Murray, 1966; Jenik and Lerbekmo,
1908 Leavitt, 1968; Jamieson, 1971; Machielse, 1972). It 1s
likely thot these conditions existed abobe the upper surface
ot the memter ¢ carbonate bank. The shallowness of the water
above tie carbonate bank combined with the irregular nature
ol 1ts upper surface was probably enough to create the
restricted condit:ons necessary for the depos.tion of facies
D1

The stromatoporoid,/coral bioherms of facies D2 grew 1n
the better circulated waters that were present above the
/thivks in facies (8. These bioherms are reminicent of the
patch reets that occur in the lagoons of modern carbonate
environments. '

Facies D3 with 1ts claystone lithology, green and
orange color, poor induration, and lack of bedding resembles
the palebsols described by Ruhe et al. (1961), Walls et al.
(1975), and Prather (1984). Also, the irregular, rubbly
nature of its basal contact and its content of rounded
lithoclasts from %he underlyiné sediments are two
characteristics possessed by the paleosols described by
Prather (1984). Furthermore, the stratigraphic location of
facies D3 at fhe top of the Frasnian Stage correlates with a
major eustatic drop in sea level (see Johnson et al., 1985).
According to Kendall and‘Schlager (1981) only a small drop
in sea level is required to subaerially expose a carbonate

shelf causing karst and/or soil development and the

subsequent formation of an unconformity in the geologic
-
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record. The Frasnian/Famennian boundary 1s generally
regarded as an unconformity (e.g. Bassett and Stout, 1967;
Law, 1971; Davies, 1987).

In addition to the facies D3 paleosol, other
lithological evidence of subaerial exposure 1s present in
the upper part of the Kakisa Formation. The solution
enlarged vertical fractures of facies (€8, the clotted
texture, peloids, and brown color of the facies DI
bioclastic wackestones are all features commonly assoclated
with subaerial exposure (James, 1972; Walls et al., 1975;
Hatrison, 1977; Kahle, 1977, 1978; Esteban and Klappa, 1983;

Jamds and Choguette, 1984; Prather, 1984).
F. DEPOSITIONAL HISTORY

Introduction : \
The reconstruction of the depositional history of the
Kakisa Formation will be done in four stages. First, the
depositional frameworgsof'the formation will be outlined.
Second, the sequence of ev.ents'res;ponsib,le for the
deposition of the formation will be discussed. Third, the

importance of debris flow deposition to the depositional

history of the Kakisa Formation will be discussed.

Depositional Framework ‘
The depositional framework of the Kakisa Formation

refers to the more regional geological features that



74

P
attected Kakisa deposition. In order to understand the
detaills of its deposition 1t 1s essential to be familiar
with the depositional framework of the Kakisa Formation.

The Kakisa Formation represents an ovetall
shallowing-upward sequence. fhis 1s indicated by the fact
that its,deposition was initiated below fair weather wave
base in a shelt slope environment and was terminated above
tair weather wave base in a restricted lagoonalAenvironment.

The phenomenon of shallowing-upward is typical of many
carbonate sequences and occurs during sea 1eve£ rises
(kendall and Schlager, 1981; Wilkinson, 1982; James and
Mount joy, 1983; James, 1984). In theilr sea level curve for
the Devonian Johnson et al. (1985) documepted the occurrence

" of a relative sea level rise during late Ffasnian time. They
maintained that this rise was restricted to the Lower

. .
triamgularis conodont zone. The limestones of the Kakisa -
Formation were deposited during thils rise.

During the deposition of the Kakisa Formation the .
shorelzne in the aréa'had a general north northwest-south '
southedst trend. This Erend 1s i1ndicated by the north
né}thwest—§0uth sougheast alignment of both the dome-shaped
ma‘sive corals in facies A2-and the reef mounds of facies
Bi% This alignment was probably caused by the presence of a
similar trending current at the time of massive coral and
r mound growth. That current would have provided fo&d to
Tt dome-shaped massive corals and the reef mounds. Cdrrenfs )

ithis type have been widely documented in modern and
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ancient carbonate environments where they have generally
been demonstrated to parallel shoreline {(for a summary see
Cook and Mullins, 1983). 1In édaition, this trend corresponds
with that of the shelf margin illustrated @n the
paleogeograghic maps of Bassett and Stout (1967) and Zieqgler
(1967).

The Kakisa Formation is i1nterpreted to have formed on a
depositional margin (Fig. 7) similar to that outlin;d by
James and Métntjoy (1983% and McIlreath and James (1984).
This margin would have dipped at a low angle to the west
southwest (i. e. perpendicular to the shelf edge and 1n a
seaward direction). The argillaceous and modergtely
fossiliferous limestones of facies A1, A2, B4, and BS were
deposited on the shelf slope of this margin (Fié. 7). fhesé
facies represent background hemipelagtc slope deposition.
The facies A3 and B6 storm deposits and the debris flow
deposits of facies B1 and unit C1/C2 were also deposited on
the shelf slgpe (Fig. 7). The reef mounds of facies B2 grew
' on the shelf slope, just downslope of the shelf margin (Fig.
7). The carbg\?te bank of facies C4-C8 began its growth on
the shelf slope‘and grew ppwaras to form the shelfamargin
(Fig. 7). The lagoonal depesits of member D were deposited

just shoreward of the shelf margin; the facies D2 patch
‘reefs growingAapove the thicker accumuiationarof the
wunderlyipg carbonate bank (F;gv 7). Both facies C9 and D3
accumulated after the cessation of Kakise depdsition and

therefore were not included in Figure 7.
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Succession of Events

'Now that we are familiar with the depositional
framework of the Kakisa Formation we are better equiped to
understand the succession of events responsible for Kakisa
deposition. Depositién‘of the Kaksa Formation began with the
cyclically repeated deposition of the shelf slope limestones
of member A (Fig. 3). Each of the three cycles that comprise
this member represents a discr#te shallowing-upward sequence
(Fig. 3).

The sudden influx of the debris flow deposits of facies
B1 marked the cessation of member A deposition and the
initiation of member B sedimentation. The rapid deposiﬁion
of this facies created alrelative shallowing in the area 3
(Fié: 3). This relative shallowing resultid in an increase
in water circulation sufficient enough to promote the growth
of the facies B2 reef mounds. Based on the thinness (average
0.5 m) of the coral/echinoderm rudstones of facies B1 the
amoun£ of relative shallowing hecessary to-initiate mound ﬂs

- ha

growth was probably not great. Perhapsugqual}y impoftant to

reef mound initiation was the stabl€ substrate provided by

v

thesd rudstones.
[ ]

The rate of relative sea level rise gradually overtook

the sudden shallowlng,created by the deposition of facies B1 ”3

and a deepening- upward sequence of shelf slope 11thologles
was la1d down above tﬁe reef mounds (Fig. 3). This

= J
deepening- upward resulted 1n the re- establishment of shelf .

slope cond1tlons similar to those that exlsted during the
® P

/1 » e
. - A B . » ’ ’o‘:{

M
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deposition of member A. However, deposition of the debris
flow deposits of unit C1/C2 caused another sudden shallowing
in the aréa (Fig. 3). The greater thickness of unit C1/C2
suggests that this unit fostered a more marked relative
shallowing than the debris flow deposits of facies B1. ’

Growth of the member C carbonate bank was initiated in
the shallow waters above the‘debris flow deposits of unit
C1/C2 (Fig. 3). The precise mode of 1nitjation varied
laterally and was dependant on the relative thicknesses of
the underlying debris flow deposits. The bank is composed of
a single shallowihg-upward sequence (Fig. 3).

Conditions of restricted water circulation and
increased salinity were developed above the member C
carbonate bank and the restricted limestones of member D
were deposited in this environment.

Depésition of the Kakisa.Formation‘ceased following a.
sea level érop #hat subaerially é;posed the upper, part of'
the formation (Fig. 3). The paleosol that comprises facies
D3 was formed following this drop in sea level as were the
solution-enlarged vertical fractures that truncate member D
and the upper part of member C. ' 'S

A sea level rise then resubmerged the Kakisa Formation
(Fig. 3). Johnson et al.'s (1985 sea level curve porirays
this rise as being of a rglatively large magnitude. This .
-rise was foll}pwed by the (liepuosi;i»on of the marine .

quartzarenites of the lower part of the Trout River/
L Y .

‘Formation,. Some of these quar®zarenites filtered down into

.,



( \ s

cdvities in the member C carbonate bank through the

solbdtion-enlarged vertical fractures.

Debris Flow Deposition

The two debris flow d?posits (facies Bl and unit €1.¢2)
that occur in the Kakrég Formation are particularly
important to the depositional histo;y of the formaticn tor
two reasons. First, these deposits drastically altered the
depositional rggime‘in existence prior to their depositioh.
In the case of facies B1, the sudden shallowing created by
the deposition‘of this debris flow deposit changed the
depositional regime irom onﬁ characterized by the cyclic’
deposition of shéllowing—upward sequences to one
characterized by the deposiéion of a single deepening-upward
sequence (Fig. 3). In the case of unit C1/C2, the sudden
shallowing resulting from the deposition of this debris flow
deposit caused the exiﬁting deepenihg—upward depositional
regime to changed to one characterized by the deposition of
a single- shallowing-upward éequence (Fig. é).

Second, the two debfis flow deposits are important‘from
an economic standpoint. In both cases these deposits are'
responsible for. the growth of reefs in the Kaki;a Formation

- as they provided‘the-suddeg shallowing and subsequent
improved wéﬁer circulation as well as the stabliggubstraée
necesséry for.reef initiation. In-western Canada Upper

\

Devonian carbonate buildups can form vé;y'prolific

«

hydrocarbon reservoirs. In‘addition, debris flow deposits

]

-« =
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can also form excellent hydrocarbon reservoirs (Cook and
Mullins, 1983). Hence, if the é&xplorationist understqnds
debris flow deposition he is better equipped to search for
two types cof hydrocarbon reservoirs in the subsurface.“r
Furthermore, the type of reef initiated was gontrolled
by the thickness of the precursor debris flow deposit. The
thicker unit C1/C2 debris flow deposits created a greater
relative shallowing and a greater, more widespread
improvement in water circulation than the thinner fac;és B1
deposits. As a result a more laterally extensive complete

reef was initiated above unit C1/C2 while isolated '

incomplete reefs (reef mounds) were initiated above facies

B1.

According to Davies (1977), Kendall and Schlager
(1981), James ana Mount joy (1983), Bosellini (1984), and
Mullins et al. (1986) sediment gravity flow deposition

commonly accompanies periods of shelf progfadation. In the
cgse of the Kakisa Formation the deposition of dnit'C1/CZ
debris flow deposits’was followed by the west southWestward
p;ogradation of the member C carbonate bank into the Trout
River area.

. .
. The composition of the.debris flow deposits sudbeéts

that- they were derived from the area just seaward of the

prograding member C carbonate bank. The facies B1 and unit
A . : . . .

C1/C2 debris flow depésits are composed primarily of massive

corals, echinoderms, bryozoans, pranching corals, and

brachiopods. This type of faunal assemblage thrived in
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moderately furbulent waters which typically existed just

; downglope of Upper Devonian reefs (Kloi9ﬁ, 1966; Murray,

.

-1966; Q* and Lerbekmo, 1968; Leavi{t, 1968; Jamieson,
S

1971). agrees with Mcllreath and James' (1984) )
sugestion thaét sediment gravity flow deposits on the shelf
slope are derived from the unstable accumulations_of lime

f

sand and gravel that build up near the shelf margin.

Despite their importance to the depositional history of

.
‘the Kakisa Formation, the mechanism responsible for the

debris flow deposits of facies B1 and uni; C1/C2 1s unknown.

Several possiblities exist including: fault movement,

. earthquake shocks, tsunamis, and gravity acting on

.oversteepened shelf slopes. Whatever the mechanism

~

responsible for the generation of the unit C1/C2 debris flow
it must have been &f high enough energy to dislocate the

large prelithified blocks of facies CI. Cook et al. (1972).
fgvored a earthquake shock; for the initiatioﬁ of ghe,debfis /
fiows responsible for the depoéition of the megabreccia and
Yiner rudite sheets, they described from thg Canadian Rockx;
Mountains;-Hendryﬁ(197$) also péopo$ed an earthquake as the

generating migchanism for the debris flow deposits he.

described from Quebec. : y



IT1. DIAGENESIS

A. INTRODUCTION

° -

Interest in the Upper Devonian .carbonate seguences of

L3
-

western Canada has resulted from the desire to better
understand the nature of the prolif;c hydrocarbén reservoirs
contained in these sequeMes. Earlier studies of Upper
Devonian carbonates concentrated on various é?pects of
steratiaraphy, sedimentology, and paleontolqgy (e: g. Klovan,
1364; Murray, 1966; Steérn; 1966; Jenik and Lerbekmo, 1968;
Leavitt, \968; Embry- and Kklovan, 1971; Jamieson, 1971;
Machielse, 1972). However, many of the more recent studies
have concentrated on the diagenesis of these sequences (e.
\g. Havgrd and Oldershaw, 1976; Walls et al., 1979; Mattes
and Mountjoy, 1980; Wong and Oldershaw, 1981; Wa}ls and
Burrowes, 1985; Machel and Mountjoy, 1987). The increasing
. -emphasis on diageﬁesis has resulted from the desire to

X 3]

9vresponsiyle for the creation

and destruction of porosity in Upper Devonian carbonate

better understand the processes

reservoirs and hence, predict the occurrence of good

-
.

reservoirs.

At one time parts of the Kakisa F6rmatibn, especially
facies C8, exhibited excellent pofoéity. However, as a
result of diagenésis virtually all ;f this ﬁorositx has been
occluded. In this chapter the major diagenetic features of
the Kakisa Formationfﬁill be discussed. Four main processes

were important in the diagenesis of the Rakisa Formation: 1)

82
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fracturing, 2) dissolution, 3) cementation, Ené‘4) a &
replacement, These processes were responsible for generating
a geriety of diagenetic features. Eight diageneti& features
m‘ be discussed: 1) chemical solution features, 2) *
pressure solution features, 3) isopachous calcite cement, 4)
unzoned blocky calcite cement, 5) zoned blocky calcite
cement, 6) syntaxfal rim cement, 7) saddle dolomite, and 8)
.anhedral dolomite. The timing and mechanism of formation of W
each feature will be determined 1in this chapter. This ‘ﬁ

.

information will then beﬁhntegrated to help reconstruct the
<

.

.  ~
dlagenetlc history of the Kakisa Formation. ! ) -

.

B. FRACTURING

Introduction

¥

Although it could be arqgued that fractnring is not;

truly a diagenetic process, fracturlng is 1mport§nt to t‘
diagenesis. of the Kakisa Formpt1on because the fractureé

acted as conduits for the dlagenetlc flu1ds. Fractures also
.created the greatest amount of seconda;; por 51ty in the
fcrmation. Furthermore, s;nce fractures commonly‘truncatep
are modifié@, or are>fillediby0various diagenetic fabrics

they can be used tb help determine the re}ati&é timiﬁg of

fofmapion of those fabrics.



A%

, 8B, 8C

84

. v &
Fractures v » .
Descript 1one Fractures are commoen throughout the Rakisa

Format 1on. They have a dominant vertical to subvertical

i

orlentation. Fractures are best developed 1n tacies C8 and
D2 but are also common, but not as well dvtlm‘/?\ 1 t he

rubbly weathering limestones of Facies DI (Plates 7, HBA

’

9A, 9B, and Y9D). These ftractures vange up toVse cmon

width and 2C ¢cm 1n lenagth and typically have been e

’

latged

by chemical dissolution.
Timing of formatior: The solution enlargement of the

fractures in faciles (8 and D2 1ndicates that chemica.
-

»

dissolution tollowe  tracturing (Fig. 8. The wider

fractures are typicaily tilled by medium grained -

quartzarenites (Plate 7C), which were derived from the

-

overlying Trout River Formation, while the smaller fractures

can be filled with one or more of the foll';)winq:m§d
blocky calcite (Plate 9§, 9D), &)r\ed"bl(‘)(‘ky (:alrShi_‘s};ddle
dolomite, or medium grained guartzarenite. The fact that
fractures in facies C8 commonly truncate the 1sopachous
calcite cement (Plate 9D) demonstrates that fracturing
succeeded 1sopachous calcite cementation (Fig. 8)1 ’

Mechanism of formation: The,vertical to subvertical -

. . 1
orientation of the fractures suggests that they were formed

\ ’ .
by tensional forces. These fractures probably represent
- '
joints formed while the Kakisa limestones were subaerially
-

exposed. Solution-enlarged joints are® typical of subaerially

exposed limestone& (Esteban and Klappa, 1983; V. P. Wright,

=
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Figure 8. Flow diagram illustrating pressure 59 ution
the sequence of diagenetic deep burial
events and environments.
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pers. comnf,, 1987). Vertical joints probably{ﬁorm 1n
response to%the lateral unloading that occurs once the

. - )' ) > '
llmest?QQA have been removed from the buoyant forces of sea

~

water (V. P. Wright, pers. comm., 1987). The confinement of
the fractures to the upper part of the Kaklisa Formation
further suggests that subaerial exposure was responsible tor

thelr generation. ’

. ¢
C. SOLUTION

¢

Introduction ~

Solution is responsible for the removal ot carbonate

from the Kakisa Formation. Two types of carbonate solution
L]
occurred in the Kakisa Formation: 1) chemical dissolution,

and 2) pressure solution. Chemical dissolution features are
6 *
much less common than pressure solution features. Yet, next
L]

. <
to fracturing, chemical dissolution was responsible for the
*

. generation of the most secondary porosity in the Kakilsa

Formation.

Chemical Dissolution \

Description: The effects of chemical dissolution are
most apparent intfacies C8 and D2 where it created chénnel
and some vuggy por®sity. The channel] porosity was ‘produced

through solution-enlargement of fractures. These fractures

can range up to centimeters in width. Vugs'are relatively -
)
~N -

rare in the Kakisa Formation,
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.\L N 4 ) »
- Timfng of ~format ion: Chemical dissolution preceded the,

pgvvipit{tioﬂ of unzoned blocky calcite cement, zoned blocky
/zement, and 'saddle dolomite (Fig. 8). This 1is .

calcite

--

indicated by the fact that these tements can fill or partly
f11i the solution-enlarged fractures and vugs in facies C8.

themical dissoltﬁion also predated.deposition of the medium
>~ : , .

qrained guartzarenites of the Trout River Formation as 1s
rilustrated by thé~occurnence of these quartzarenites 1in

J : ‘ :
mony of the solution-enlarged fractures.
e N

-

Mochanism of formation: Chemical dibsolu{GOn occurs 1in
, ‘

diagenetic environments where pore fluids are undersaturated .
with r?gpect to calcium carbonate; meteoric water being the
most common such fluid (Longman, 1980-‘F1uge1 1§§?- James

and Choguette, 1984). Pore fluids are most llkelakto be

£

undersaturated in the vadose zone of the metedric di 9genet1c

-

environment éLongman, 1980; Esteban and Klappa, 1983).
However, chemical disSolutioa can also take plgce in‘?he
fresh water.phreatic zone of. the meteoric djagenetic
environment (Longman, 1§80; Flugel, 1982; Esteban and
Klappa, 1983; aames and Choquefte, 1984). Accarding to
Loﬁgman (1980) and Flugel (1582) this is particularly common

where fractures or some other form of permeablllty pathway

has allowed meteoric waters‘{o pass from the vadose zone

@

into the fresh water phreatic zone before these waters had-aﬁ\

chance to become saturateq‘wlth respect to calcium

carbonate. In addition, Runnels (1969) has demonstrated that

chemical dissolution can occur in the mixed water zone ile

¢

.



Druckman and Moore (}985) have documented C%fmical
dissolution in the deep burial emvironment. Thus, it is
zposéible for chemical dissolution to occur.in four difterent
diagenetic regimes.
The Confinemeﬁt of the chemical dissolution features to
the upper part.of the Kakisa Formation suggests that
chemical dissglution toof place 1n thé\vadose and or the
fresh water phreatic zbnes. Much of tge chemical dissolution
¢
occurred along fractures which formed following the
subaerial exposure of the Kakisa Formation. This subaerial

exposure would have allowed the formation ¢l a meteoric
. N » -

. R .- L. o .
diagenetic environment. Thus, -it is assumed that.chemical

soluti occurred in the meteoric diagenetic environment,
elther the vadose zone and/or the {resh water phreatirV o
-

zone. Y e
L)

A

Pressure Solutjon

N , .
Description: Stylolites and microstylolite swarms hre

A

the ‘-most Tommon pressure %olution features in the Kakisa
Formation. Both of these features occur parallel or

Subparallel to bedding. The stylolites have an amplitude of //

up to 4.0 mm and occur most commonly in the tabular .y
. : * )

stromaéoporoid frafhestone. of facies C8 (Plates 9B, 9C) and
‘the stromatoporoid/coral bioherms of facies D2. Bitumen is
commonly concentrated along thesé‘stxjolites (Plate 36).

Microstylolite swarms, yhose amplitude ranges up to 0.4 mm,
are more widespread.‘They occur in the clay-rich matrices of ”

f .

L
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{acies A, A2, B4, BS5, C1, C2, C3, C4, C5, C6, C7, and DI.
1 Yming of formation: The stylolites in facies CB can

occur between the zoned blocky calcite cement and 1ts
<

substrate as well gs between the saddle dolomite cement and
its substrate (Plate 9C). They also cut through.unioned !
blécky calcite, zoned blocky calcite, and saddle dolomite.
This sugéests thatistyTolitization post-dated the
precipitation of all three of these cements (Fig. 8). In
addition, stylolites can cut across the solution-enlarged
fractures of facies Cé. The common concentf%tion of bitumen
- along the stylolites suggests that hydrocarbon migratioé‘
aﬂcompanied-sgylolite formation in the Kakisa Formation.
i Méchaﬁism‘of formatiqn:JPressure solution resylts from
selective solution at grain contacfé that have been
exgessively stressed by overburden or tectonic stresses
" (Bathurst, 1975). Wanless (1979) claimed that stylé&ites
result from sutured-seam® solution ®nd occur in carbonates
that are both “structurally resistant to stress and contain
little clay or platy silt. Convérsely, he suggested that
~microstylolite swarms are the product of noﬁsuturea—séam
sblution in carbonatés that contain significant amounts of
clay o; platy silt. The¢s would explain.the preferential
occurrence of stylolites in the structurally resistant,
e \flay- and platy silt-poor limestones of facies C8 and D2,

/ 3

L . . .
and the common occurrence of microstylolite swarms in the

‘ clay—rich‘limestones of facies A1, A2, B4, B5, C1, C2, C3,

=2

c4, Ch5, C6, C7, and D1.-

TNe—



D. CEMENTATION

-
-

Introduction

Cementation is the filling of pore space by chemically
precipitated authigenicAmineralS {(Bathurst, 1975) . m
Therefore, unlike solution, cementation s responsible for

the net addition of carkonate to the Kakilisa Formation.
Cementation accounts for t?e greatest amount --f Dorosit Y.

destruction in the Kakisa Formation.

- Based on the criteria gutlined by Bathurst (e ®

417-19) cement can be i1dentified by the presence of several

. . -
or all of the following fea®ures: 1) sharp crystal contact

~with its substrate, 2) lack of relict structures, 3) plane

intercrystalline boundaries, 4) a regular veCtoral 1ncrease ¢

. o
in crystal size away from 1ts substrate, 5) a high

pércentage.of enfapiél junctions between crystals, and 6)
the‘ocqurrence of two generat}nﬂsjéfAcrystal gré@th. Five
varieties of cement occur in the rqcks of the Kakisa /
~Formation: 1) isopéchqus calcite,* 2} unzoned bloéky calcite,
3) zoried blocky calcite, 4) syntaxial rim and 5) saddle

~ .

=

dolomite. '

‘ w

Isopachoﬁs Calcite Cement %
Desbpiption:IThe isopachous ‘calcite (Plate 91, 9E) is

restricted to facies C8 where it occurs in thin bands

(aVerage 2 mm thick) and can occlude up to 35% of thé

growth-framework interparticle, and intraparticleAporosity.
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“he growth e ymework porosity has an irregular distribution
0 ' o deo 2 but is most commonly located between layers of
' ‘

‘romat oporosds. The dntraparticle porosity generally occurS
wittiin brachiepods and gastropods while the interparticle
porosity typically occurs between these fossils. Thé
tsopachous calcite cement lines tMe walls of this pore

3

SPAacCe .
VR N .

Timing of formation: The isopachous calc&(gi}fnes the
pore walls which implies thaf 1t 1s -an earli pﬁése cement .
This cement‘is commonly truncated by the vertical fractures
that transect facies CB (Plate 9D) suggesting that it was
precipitated before fracturing occurred (Fig. 8).

Mectranism of format ion: Isopachous calcite gement is
common in prer Devonian reefs (e. g. Krebs, 1969;
McGillivray and Mountjoy, 1975; Walls et al., 1979;
‘Burchette, 1981; Wong and Oldershaw, 19%1; Walls and
Burrowes, 1985). It resemble$ the syndepositional calcite
cement of modern reefs described by Schroéder (1972), JamesJ
et al. (1976), and MacIntyre (197}). Like its modern
counterpart, the isopachous caigi;g\cement off ancient
carbonates is interpreted as a syndepositional precipitate
formed under high energy conditions in the sea floor
diagenetic énvironment (Krebs, 1969; Walls et él., 1979;
Longman, 1980; James and Choquette 1983b; Walls and
:%urrowes; 1985) ., The high energy conditions wouldf:;ve

causetd arge volumés of sea water to be pumped through'the

pores of the rock and, hence, foster precipitation of the -

2
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isopachous calcite cement 1n these pores. Thus, the
isopachous calcite of facies (8 was probably precipitated
g}ndepositionally in the sea floor diagenetic environment.
Thig concurs with the éarlier obseryatioh that 1t was
proiably an early phase cement.
Unzoned Blocky Calcite Cement

Description: The unzoned blocky calcite (Plates 9A,
{0C) generally occurs in mosaics of very coarse crystals
(0.03-4.5 mm diameter) which are either white or clear Jin
hand sample (Plate 9D). This cement is most common in thcies
C8 where 1t typically occludes 30% of theé porosity. It fills
or partly fills grqwth—frameworﬂ (Plate 9D), channel (Plate
9A, 9D), interparticle, and intraparticle porosity in this
facies. Unzoned blocky‘calcite cement is also distributed

. A\
throughout the other facies of the Kakisa Formation where it

fillg shelter, interparticle,-ahd intraparticle poroSity.
-Timing of formation: In facies C8 unzoned blocky’
calcite commonly fills or partly fills the CeAter of pores
whose walls are lined by isopachous calcite (Plate 9D). In
qddition, zoned blocky calcite (discussed in more détail in
the next Segtion)'can occur in the center of pores lined by
isopachous calcite and/ér unzoned blocky calcite. This
cement étfatigraphic'relationship suggests that the
isopachods calcite was precipitated érior to the unzoned

biocky;calcite and that the zoned blocky calcite was"

preciéitatéd after the unzoned blocky calcite (Fig. 8).

\
.



Aloe, the fi1lling of the channel pores in facies C8 by the
unzoned blocky calcite (Plate 9A) illustrates that this

" cement was precipitated atter fracturilng and chemical
dissolution (.Fiq. 8. >

Mechanism of format ion: The very coarse texture of the
unzoned blocky caltite probably reflects a slow rate of
srystallization under stable, uniform condi%ions. |

Preciplitation of unzoned.blocky calcite cement has typically

beeen assigned to the fresh water phreatic zone (Longman, !
1980; Flugel, 1982; James and Choguette, 1984). However,

" more recently precipitation of unzoned blocky calcite has
4150 been documented from the deep burial diagenetic
environment (Choguette and James, 1987).

Zoned Blocky Calcite Cement ¢
Description: The zoned blocky calcite (Plate 10A)
occurs in mosaics of coarse crystals (0.1-3.5 mm diameter)

.

which are light brown colored in hand sample. The zoning 1is

the result of alternation of bands of ferroan and nonferrocan

IN

calcite and can be detected in thin section by use of
. M Y ° . \
potassium ferricyanide stain (Plate 10A). According to Evamy

(1969) the amount of ferrous iron ﬁeedea to generate a
response to potassium ferricyanide stain is in the order of
100 ppm.
The zoned ‘blocky calcite occurs most commonly in facies
C8 where it typically occludes 15% of the porosity. In this
facies it -generally fills or partly fills growth-framework,

9
[ 4
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interparticle, intraparticle, and channel poooe
blocky calcite Ctﬂnéilt can ‘115iw'~0a%‘lkuio Slae it oty
interparticle porosity, and intrapatrticlc jo o 00y o0t he
other facies of the Kakisa Formation.

Idming of format ion: The cement stiad
relationship Outlaned 1in the precvdinq Get e
that the zoned blocky calcite was precapitale o 10

unzoned blocky calcite (Fig. B). Furtherme-o ot e o

-~

the medium grained quartzarenites of tar oo b oo trns e

center of pofes that have not been(’otuily oo e
blocky calcite. Thislindicates that the-coned bl kv coL e
was precipitated betore the emplacement ot the Troant Ry
Formatlon-derived guartzarenites (Fiag. b},

Mochanism of formation: The very coarse textore of they
zoned blocky caicite Ceaent probably reflects o olew vate ol
crystallization under stable, unitform COHd%tlHHS. it
generallylagreéd that ferroan caicite 1s formeqa ander
r?ducing»conditions (Evamy,, 1969; Meyers, 19/4; Richter and
FUChtbauef, 1978; Wong and Oldershaw, 1981; James and
Choguette, 1984). Reducing conditions are typi~caiiy created
by the bacterial decomposition of org?nic mattvr (Richter
and Fuchtbauer, 1978; Wong and Oldershaw, 1981; Scholle and
Halley, 1985) and can occur -anywhere below the water table
(Evamy, 1969; Meyers, 1974; James and Choguette, 1984). This
means that reducing condikions can occuf‘in the metecric?
g}xfd water, and deep burial diagenetic environments.

\. | o .
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Thaee Ui oan e woned blocky caloite cement records
LDt i e e ppatat lonae envivonment during the U line
v
Cooryntwn growth, Bach o zone .g;nwmd caleite cemaent 1g
et tepresent g difterent diagenetic time horizon

Ciovamy, 1967 Meyers, 1974 Wong and Oldershaw, 198 1) . Wong
bl Odaer chiaw (TURT) noted that these changes can result
Prom flur tuations i o o1ther the Feo oCaf ratio of the pore

Siuada o e amount of ferrous 1ron supplied to thase

Clurde. Sooaang has been documented from both the fresh water
fhieat o oone (Meyers, 1973) and the deep burial environment
(Wora andd codershigw, 1O981) . In the case of the zoned blocky

calcate o the Fekisa Formatton, zoning probably occurred in
the freoh water phreatic wone. This is based on the
observatson that precipltation of this calcite occurred
before the emplacement ot the facles (9 quartzarenites ana,
hence, betore the deposition of the lower part of the Trout .
River Formation. The lower part of the Trout River Formatioa
was deposited after the resubmergence of the subaerially
exposed Kaklsa Formation. Prior to this resubmergence the
Kakisa linmestones resiaed in the meteoric diagenetic
environment. Thus, the zohed bldcky calcite must have been
formed in the fresh water phreatic zone as the:Kakisa
limestones did not reside in the deep burial diagenetic'’
environment until long after the deposition of tﬁe lower.
part of the Trout River Formation. fhe fact that the zoned |

blocky calcite was precipitated after the unzoned blocky -

) . . s . i :
calcite indicates that the unzoned calcite was also formed
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in the ftresh water phreatic cone, ralhel fDhais the e
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bhurilal environment
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-
Syntaxial Rim Cement . * .
. R ?
, - 3
Doscor ipt Ton: Syntaxia\orin coemens (o e i
’
specidl form of unzoned bHloeN celobie P ' '
| L)
Kakisa Formation this cement yirtoaliv o O\
. 2 ; \

§ ;
cryvstalesurrounding an b node o nan et S e T \
Fim owas developed in optical oontinuaty w.otho o

.
Syntaxial 11m cement 15 mest o commen ra b e STVEE S I
_ ~<
where it fills ilnterpartacas porosity (2lare 0By @

I
muc Cabundbnt . N T »
weh moere abundant and coarsely Uy ot ad cine e s pet
than 1t i1s 1n fucies CoL I factes /B 1t cciliprioes 0 : .

s

the bioclastic packstone matrix, and 1ts crystals pdn

1

to 1.5 mim in width., Meanwhile 1n facies 72 syntaxial

.
cement comprises only ‘»()’;g‘-ot the bioclastic packstare ot

-

’ i ‘

Iiming of formation: The relative timing of format.o

and its crystals range up toe U.5 mm in width,

of the syntaxial rim cement cannot be determined from ¢
.

petrographic observation. However, by examining 1's
mechanism of formation a good estimation of its relative

timing of formation can be made. '
. ' Ty
. _ . 4 v
Mechanism of formation: It 1s generally agreed that : .
precipitation of syntaxial rim cement occurs under the

- -

influence of meteoric waters in the fresh water phreatfc
zone fLongman,(1980; Flugel, 1982; Jamés and Choquette, -

-

1984;IWalkden and Berry, 1984f. Therefore, th%voccurrence of
V]



Dy ol o ement 1 faren B oand OO regquites that these
tw I N N A A S AT A S met el i wat e,

Ther e has been some ddirsagiecment o on the pirecise

dees B tam b foamataon b syntaxial o rimocement 1n r o ks that

Gitain et acant gquantities o game manistone . The
boror bt wore Kot mati oo es ot tacies Boand C0 tall o ante
Ch o ateerery . ar thire case the modeloof passive
e TRttt o Lnt e pramany prole space adopted by BEvamy and
Chaeatar U iCy . A0 to explarn the formation ot Syntax1dl

Sl ement o omudstone fiee carbonates such as gralnstones

Ot L e oot hiur st (rans . 19 n) gnd Orme and Browne

(i Catmed that oo mudstone ri1ch catbonates syntaxial
rl

crvet owas tormed o oa neomoerphic replacement ot the

v ettt Srme mudsStone. Bach o im owas ftormed by the
crmultaneous dissolution Qt the pudstone and precipitation
Gt caicate cement . AAccording to Bathurst (1958) this process
G ovurted avross a very thin solution film. More recently,
bowever [ a new mechanism of formation was proposed by
Walkden and Berry (1984). Through the use of
carhodoluminescence petrography these authors determined
'hat selective meteoric dissolution of lime mud occurred
atound the echinoderm tragments and that this was followed
by the precipitat;on of syntaxial rim cement 1in the newly
created void spaces around the fragments.

%}nce chemical dissolution preceded the precipitation
of syntaxial rim cement and because it has beefm determined

that chemical dissolution occurred in the meteoric



ag

envitonment 1t 16 ansumed that precaipitation of the
syntaxtal tam cement alsd cccurred an this dragenet
cnviicnment . o In o fact, this cement was prebably precarpatated
priotr to the soned blocky caloirte cement (Fag. 8y, This s
. [
indicated by the nonterroan nature of the Syntaxiail tom
cement which amplies that 1t was preciprtated betore the
establishment ot reducing «~(~milt\1\m‘, 1 the fresh wate:
phieat to sone.

Saddle Dolomite Cement
Doscript ron: Fertoan saddle dolomite (Blate 100) o curs
in mosalcs of very coarse crystals (0.5 405 e Tong) whieh
are commonly orange brown colored an hand sample . The
crystals 1n these mosaics commoenly have curved faces, curved
-

cleavage planes, scimitar shaped terminations, 214 Jayg
crystal boundaries (Plate 10C), and sweeping extinction in
cross polarized light.

Saddle dolomite 1s most common in facies (8 where it
typically fills 10% of the porosity. In this facies it
partly fills growth%rameﬁork, Interparticle, and channel
porosity. It rarely fills intraparticle porosity. Saddle
dolomite also occurs in faclies Al, A2, A3, B!, BS5, Bet, (2,
C4, and C7 where it occludes 5% of the interparticle,
shelter, and, more rarely, intraparticle porosity.

Timing of formation: The saddle dolomite typically

occurs near the center of the pore space and 1s commonly

flanked by zoned and/or unzoned'blocky calcite cement (Plate



aq

YL Thie relationship sugqests that the saddle dolomite

wa precapitated abtter these twe blooky caloate cements

Chig. B
“

Mo P o of format ion: Saddle dolomite has been widely
nterpreted an oa late phase cement precipitated 1n the
Furial diagenet o onvironment (Chogquette, 1971 Mattes and
Mot joy, TUBRC; Radke and Mathis, 1980 Wong and Oldershaw,

TUBR T Krebhs amnd Macgueen, 1984; Smosna, 1984, Choguette and
- -
James ., 19 ) 0 Zeonager {(1983) arqued that the elevated

temperature, areater stability, and lack of time constraints

Lo the braal enviionment promete dolomite crystallization

bl -
depate the lower tlow rate and lower Mg ™ concentration 1n
‘e envitonmens . Saddlie dolomite s qenex"ally consi1dered to
Nave ftormed at o orah temperatures (Fritz, 1969; Choquette,

U1 Radke and Mathis, 1980:; Krebs and Macqueen, 1984).
Radke and Mathis (1980) concluded that\ saddle dolomite was
precipitated at temperatures of; 60-150°C and that 1ts
precipitation was commonly contemporaneous with sulphate
reduction and hydrocarbon ﬁiqré}ion and accumulation.

The precise mechanism of saddle dolomite formation 1s
still unknown. The hggh temperatures necessary for 1ts
p:9v1pitatidn may have been caused by either deep burial
(Wong and Oldersha&, 1981; Smosma, 1984; Choquette and

James, 1987) and ‘or the flow of hydrothermal fluids (Fritz,

1969; Choguette, 1971; Krebs and Macqueen, 1984).
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E. REPLACEMENT

Introduction
The distinction between cement and crystals tormed by

replacement of previous material can be ditticult. Unlike
- (4

\ cement , replacement Iabr/i('s rarely reduce porosity 1n oa
L.

carbonate sequence. Thué, when assessing how much porosity
has been destroyed by diagenesis it 1s important to be able
A ‘e
te distinguish between replacement fabrics and cement. .
Anhedral dolomite 1s the only replacement ftabric that will

be discussed in this section.
K
Anhedral Dolomite
Descript ion: Anhedral dolomite (Plate JOD) oceurs 1n
mosaics of finely to coarsely crystalline (0.04-0.3 mm
~

diameter), cloudy, inclusio%:rich crystals which exhibit

undulose extinction in cross~>polarized lgght. According to

Gregg and Sibley (1984) anhedral dolomite crystals which

W)

exhibit undulose extinction are commonly of replacement

X origin. The cloudy, inclusion-rich nature of the anhedral
dolomite crystals is also suggestive of such &n origin.

] Anhedral dolomite 1is widely,distributed in the Kakisa
Formation. It occurs in facies A1, A2, B4, BS, Cl,'C2,_C3,
c4, C5, C6, C7, and D1 where it replaces argillaceous lime
mudstone (Plate 10D). s o

Timing of foﬁmation:'The timing of formation of the

anhedral doldgmite cannot be determined by petrographic

-

»
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okwu:ryatianl. Yet, by examining 1ts mechanism of formation
the relative” timing of formation of this dolomite can be
wiocurately estimated. o .

Mechanism of format ion: The common asséciation of
dolomite with argilllaceous carbonates or shales has been
tecognized by several authors (e. g. Kahle, 1965; Irwin,
1980;'Mattes and Mount joy, 1980; McHargue and Price, 1982;
‘Smosma, 1984) . According to Kahle (1965), Mattes and
Mount joy (1980), Wong and Olde{shaz'}1981), and McHargue and
Hrice (1982) arqiliageous sediments can supply the Mg*’
HO(PSfary for dolomitization. Wong adé Olderghaw (1981)
suggested that the transformations of kaolinite to
Ca montmorillonite and Mg -montmorillonite to carbonate at
the elevated temperatures typically associated with burial
will févor dolomitization. McHargue and Price (1982) o
concluﬁed that the conversion of Smectite‘to 11lite 1n the
deep burial diagenetic envirénmeﬁt is also a viable
mechanism for the formation of ferroan dolomite.
Furthermore, Gregg and Sibley (1984) determined that
anhedral dolomite with undulosé extinction forms at
temperatures of about 50°C and higher. Thus, the high
temperature déep burial diagenetic environment 1s also

favored by this data. 4 |
. According to McHargue and Price (1982) the
"smectite-ihlite conversion takes place at burial

temperatures of 50-125°C and this process is commonly

synchronous with hydrocarbon migration and accumulation.

-]
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This temperature range is similar to that reguired tor

saddle dolomite precipitation. Thus, the anhedral and saddle

dolomites in the Kakisa Formation were probably formed at

approximately the same time 1n the deep burial diagenetic
'

G

environment (Fig. 8).

F. DIAGENETIC HISTORY

N ¢
Introduction !

The diagenetic history will be recounted 1n two perts.

N

The diagenetic framework will be outlined first. This will
be followed by a reconstruction of the succession of events

responsible for the diagenesis of the Kakisa limestones.

a Y

\
The diagenetic history of a carbonate sequence can have
important implications with regard to 1ts rqservoir
potential. The Kakisa Formation provides an excellent

-example of this. In the Trout River area the Kakisa
p .

limestones exhibit virtually no porosity and, hence, have

poor reservoir potential. Yet prior to 1ts diagenesis the

tabular stromatoporoid framestone of facies C8 possesed
. . :

excellent porosity. Thus, if we can understand the events in

the diagenetic history of the Kakisa Formation that were
responsible for ﬁhe elimination the facies C8 porosity in
thé Trout River area we may be able to delineate other areas
where these events were less effective. In these areas the

‘Kakisa ‘Formation should have good reservoir potential.
A
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Diagenetic Framework

» . <

Diagenesis of the Kaklsa Formation occurred in three
main diagenetic environments: 1) the sea floor environment,
2) the meteoric environment, and 3) the deep burial
environment. Diagenesis took place first 1n the sea floor
environment, then in the meteoric environment? :and finally
in the deep burilal environment. €

This environmental succession was inluenced by sea
)

level fluctuations. The Kakisa Formation resided in the

floor diagenetic environment ?uring it deposition. Followin
the eustatic sea level drop which subaerially exposed its

: -~
upper part, the Kakilsa Formation moved from the sea floor
environment into the meteoric diagenetic/envirOnment. A

El

subsequent eustatic rise in sea level resubmerged the Kakilsa
Formation. The Trout River Formatiop was t%en deposited
unconformably above the Kakisa Formaéion. The deposition of
the.Trout River Formation and overlying formations moved the
Kakisa Formation into the deep burdal‘diagenetic
environment.
Succession of Events

In order to make a ¢oherent reconstruction of the
diagenetic history of the Kakisa Formation what is known
about the relative timing of fofmation of the main N
diagenetic features and the diagenetic environment in which

each feature was formed must be integrated with what is

known about the depositional history of the formation. The ,
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abundance of diagenetic features in the Kakisa 1imestoﬁes
and theilr 1ntricate iﬁterrelationships Sugqeéts that the
diagenetic history was complex.

The diagenesis of the Kakisa Formation began while the
formation was stigll being deposited. The isopachous calcite
cement of facies C8 was precipitated syndepostionally 1n the

9
sea fléor diagenetic environment (Fig. 8). This cement
occluded up to 35% of the primary porosity in facies (8 and
wés the only diagenetic feature that was formed during the
aeposition of the Kakisa limestones. The rest of the
diagenetic features were formed after the termination of
Kakisa depositson.

A widespread sea level drop was responsible for the
subaerial exposure of the Kakisa limestones and the
termination of Kakisa deposition. As a result of this
subaerial exposure, meteoric waters were permitted to
percolate down into the Kakisa Formation. This caused the
establishment of a new diagenetic regime, the metéoric
diagenetic-environment. In this new regime the sea floor
quironment was replaced by the vadose, fresh water
phreatic, and mixed water zones.

Fracturapg was the first significarft post-depositional
event to occur in this new suiée of diagenetic zones (Fig.
8). After fracturing occurred, meteoric wéters flowed doyn
from the vadose zone inté the fresh water phreatic zone via

the fractures. As they flowed these waters dissolved ~

limestone (Fig. 8). The dissolution resulted in the creation

. |

- |
e ‘
-



of channel anl vuggy porosity 1in the upper paft of the
format ion. Dissolution of lime mudstone around some of:
echinoderm fragments in the bioclastic packstone matrices of
tacies Bl and C2 probably also occurred in the fresh water
phreatic zone. This created the void spaces that were later
to be filled with syntaxial rim cement (Fig. 8). )

Dissolution was sucueeded by ihe precipitation of

~ unzoned blocky calcite and syntaxial rim cements (Fig. 8).
This was followed by the precipitation of zoned blocky
calcite cement (Fig. 8). All three of these calcite cements
were torméd in the fresh water phreatic zone (Fig. 8); the
zoned blocky calcite being precipitéted after reducing
conditions were established in this zone. Together the
unzmoned and zoned blocky calcite cements generally £i11 40%
of the primary porosity in facies €8 and much of the
secondary porosity.

Precipitation of the zoned blocky caléite was followed
by the resubme%gence of the Kakisa Formation by a eustatic
sea level rise and the deposition of the marine sands of the
lower part of the Trout River Formation. The Trout River
Formation-derived facies C9 quartzarenites serve to occlude
much of the porosity in facies C8. They commonly fi1ll 15% of
the primary. porosity and much of‘the channel porosity 1n
this faciles.

Deposition of the Trout River Formation and the
overlying formationsﬂgradually moved the Kakisa Formation

into the deep burial diagenetic environment. Saddle dolomite
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precipitated in this environment (Fig. 8). It occluded most
of the remaining porosity in the formation.

At about the same time anhedral dolomite replaced much
of the lime mudstone in the mudstone-rich facies (Fig. 8).
This replacement also occurred in tha%@eep burial diagenetic
environment .

Pressure solution 1s another diagenetic process that
took place -in the deep burial environment (Fig. 8). It
succeeded precipitation of the saddle and anhedral dolomite,
occurring after the overburden stress exceeded some critical
value. This critical value was probably e;ceeded due to
additional burial. .

Hydrocarbon migration, at least in part, accompanied
the formation ofvstylelites in the Kakisa Formation.
Unfortunately by this time mostupf the porosity in the
Kakisa Formation had been el&minated in the Trout River
érea, thus precluding the existence of a viable hydrocarbon

reservoir in the area.
< 3
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1V. SUMMARY AND CONCLUSIONS

The Upper Devonian Kaklsa Formation was debosited on a
depositional margin near the western edge of the iorth
northeast south”southwest trending Great Slave Shelf
margin during latest Frasnlan time: Overall thig

tormat ion represents a shallowing~ppward sequence formed
during a period ofcrisinq sea level.

I the Trout River area the Kakisa Formation can be
divided 1nto foﬁr informal members designated, from -
boYtom to top, A, B, C, and D. Membgrs Aband B are
characterized by storm-influenced shelf slope
sedimentation. Three shallowing-upward Sequencés
comprise member A while member B is formed of a single
deepening-upward sequence. Several small reef mounds
occur near the base of member B. These mounds grew on an
irreghlar, thin debris flow deposit. The lower part of
member C 1is formed of an irregular, refétively thick
debris flow deposit. This deposit was laid down on the
shelf slope. It is overlain by the carbonate bank
deposits that form tbe upper part of member C. Most of
member D was depgsited in‘a resg}icted lagoon that
existed above the member C carbonate bank. Isolated
patch reefs grew in the lagoon. The lagoonal deposits

are capped by a thin paleosol.

The debris flow deposits that occur at the bases of

<
*
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members B and ¢ are important depesitional elements o

the Kakisa Formation. Deposition of these deposity

Grgnaitcantly aitered the Kakisa depoesitional tegume.

These denddats were alse lmportant precursors tor peet

growth. The sudden shallowi ng and stab 3 eosubstiate they

provided promoted reet grewth. The type of teet arowth

A

that occurred can be related to the thickness o=t the
n(‘ -

underlying, precurser debris Plow deposit,

The upper part of the member € wurbwnujv baonk war

cemented syndepositionally inA{h; Gera Ploor, diagene? o

environment by 1sopachous vqu}tp.

The Kakilsa Format’on wWas SU)déziully exposed altter

eustatic drop in sea level. At this time the Kak 1o

limestones were removed from the sea floot diagenetn

environment and placed 1n the meteoryc diagenetic

environment. The paieosol which caps the Kak:sa

Formation 1in the Trgut River area and the

solution-ehlarged vertical fractures which transect the

upper part of the formation were formed in this

-

environment. Precipitation of’the unzoned blocky,
syntaxial rim, and the zoned blocky calcite cements also
occurred in the meteofic diagenetic environment .
Following a eustatilc sea level rise the marine sands of
the lower part of the Trout River Formation were
deposited unconformably on top of the Kakisa ;ormation

limestones. As they were being deposited, some of these
\

sands percolated down the solution-enlarged vertical
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(@;im* Plate 1

YA Faeld photograph of facires Al sharply overlying
tacires A2, Black arrow denotes the vertaically burrowed
hardaround surtace that separates these two facies. Note the
more recessive weathering character, slightly darker colod,
and lensoird bedded nature of tacies Al. Scale bar=1.95 m

IBRFi1eld photograph showing close-up of the vertically
burtowfd hardground surtface separating facies Al (above
dashed white line) from tacies A2 (below dashed white line).
Note the lensoid bedded nature of facies Al. Scale bar=10 cm

1C} Field photograph of a planar laminated bioclastic
wackestone lens from facles A3. Scale bar=2 cm

D) P0115h0§ hand sample the nodular bioclastic
wa: kestone of facies A, Note the subhorizontal alignment of
the taoclastic wackestone nodules and the differential
compaction displayed by the argillaceous mudstone matrlx
that surrounds the nodules. Scaie bar=2 cm
1EY Faeld photograpt of facies A2 truncated by a
trough-gshaped bed of tacies A3 (a). Note the flaaggy bedded

4
natute of taci1es A2 and the sharp base and SOM
gradatienal upper contact ¢! the tacies A3 be (ﬁ ale bar-= 3!

om ¢

1F1 Fireld photograph of three dome-shaped massive
corals 1n growth pesiticn - n a facies A2 bedding plane
surtface. Note tite alignment cof these corals along a linear
trend. Scale bar=1% cm






Plate 2

2A) Faeld photograph of a nearly 1ntact cranord on a
bedding plane an tacies AL Scale bars5H om

2B) Field photograph ot the underside of a heavily
biroturbated bedding plane surtace. These burrows belong to
the deposit teeding members of the Cruzlana i1chnofacies.
Scale bar=10 cm

20) Polished hand sample of a facies A3 lens
erosionally overlying facies A2. Black arrow denotes the
erosional contact between two facles. Note the lag-type
deposit at the base of the facies A3 lens and the Skolithos
burrows transecting the upper part of the lens. Scale bar=2
cm

/D) Field photegraph of a clift face 1llustrating
ditferences 1n weathering character between facies Al and
facies A2. Note the more recessive, concave-inward
weathering nature of facies A). The large black arrows
denote the sharp contact between facles A2 and Al. The small
black arrows mark areas of maximum recessiveness 1n_facies
Al. Top of the white measuring stick in the center ot the
photograph approximates the location of the gradational
contact between facies Al and A2. Scale bar=2 m

2E) Polished hand sample of facies Bl sharply overlying
facies A2. Note the manner 1n which the contact between
these two facies truncates branching corals 1n faclies A2.
This suggests an erosive depcsitional mechanism for faciles
Bi. Scale bar=2 cm

2F) Field photograph of fs&cies B! 1llustrating 1ts
subhcrizontal alignment of low profile massive corals and
massive weathering character. Scale bar=20 cm .






Plate 3

3A) Polished hand sample of thé coarse grained
bioclastix packstone matrix of tacies Bl. Black arrow
denotes a mudstone lithoclast. Scale bar=2 cm

%) Field photograph of two large dome-shaped massive
corals 1n facies B3. Scale bar=20 cm

3C) Field photograph of four facies B2 coral bioherms
(denoted by black arrows). These bioherms are aligned along
a linear trend. Note the draping relationship of the facies
B4 nodular bioclastic wackestones over these bioherms. Scale

bar=50 cm

3D) Field photograph of a facies B2 bioherm draped by
the coral bafflestones of facies B3. Facies B3 1is
gradationally overlain and interfingers with’the flaggy
bedded, nodular bioclastic wackestones of facies B4. Black
arrow denotes a bed of facies B4 which pinches out against
the bioherm. Scale bar=10 cm

3JE) Field photograph close-up of a colon¥y of the
branching coral Phacellophyllum tructense in facies B3.
Scale bar=5 ¢m

—_—






Plate 4

Fi1eld photograph of a facies Cl coral batflestone block
overlain by the bedded coral/gchinoderm rudstone of facies
C2 and underlain by facies B5. Note t e crudely bedded
nature of the bafflestone blocks (bedding dipping to the
left or south side of the photograph), the manner in which
the base of the Jblock truncates as well as slightly
downwarps beds in the underlying facies BS limestones, and
the way the bedded coral/echinoderm ggdstone of facies C2
surrounds the block. Black arrow dendtes a large dome-shaped
massive coral 1n the bafflestone block. Scale bar=0.5 m






Plate 5 o

5A) Field photograph of a facies (C1 coral bafflestone
block overlain by the bedded coral/echinoderm rudstone ofs
facies C2. This is a sectional view exposed on an eastward
protruding promontory of a cliff face at Trout River. Scale
bar=25 cm )

[ od

5B) Polished hand sample of the coarse grained
bioclastic packstone matrix of facies C2. Note the dolomitic
mudstone partings and lithoclasts in the packstone. Scale
bar=3 cm

5C) Field photograph of the vertical and lateral
relationships between facies Ci, C2, C3, C4, C5, and Cé6 as
exposed on a north-south trending cliff face at Trout River.
Facies C1, C2, and C4 are exposed on an eastward protruding
promontory on this cliff face while facies C3, (€5, and Cé6
are exposed 1n the recessive area adjacent to this
promontory. Scale bar= 3 m Y






Plate 6

bA) Field photograph of the coral bafflestone of facies
(5. Note the growth position of both the branching and
solitary corals and the mudstione matrix. Scale bar=5 cm

6B) Field photograph of the coral/stromatoporoid
bindstone of facies C6. Note the growth position of the low
proftle massive corals and wafer stromatopotolds. Also note
the coarsely layered texture of this facies. Scale bar=5 cm

tC) Field photograph of the 1rregular contact between
the massive coral bioherms of facies C4 and the '
coral.,stromatoporoid bindstone of facies C6. Note the
abundance -and growth position of the massive corals in
tacie« C4 and the more mudstope-rich character of facies Cé6.

—






Plate 7

/h) Fueld phatographi-of the massive weathering tabulan
Stromatopoarord framestone ot facles 8 overlying the
seml recessave weathering massive coral bindstone of faciles
(/7. Note the abrupt 1ncrease 1n thickness of tacies €8 from
the Jeft si1de of the photograph to the right side. Scale
bar=10 m

/B) Field photograph of the medium arained
gquartzarenite of facies 9 ti1lling a lens-shaped cavity in
facies (8. The solid black arrow indicates a stromatoporoid
tragment oontained 1n the guartzarenite lens while the
holliow black arrow denctes a black charcoal-like fragment
set 1N another‘ifries CS cavity-fill. Scale ovar=5 cm

Y . ‘ :
. 1C) Freld photograph of a facies C8 bedding plane
suiface. Black arrow denotes mediun grained quartzarenite of

tacres CY9 filling a vertical ftracture 1n tacies C8. Scale
bar-% cm

D) Field photouraph close up of the tabula: ,
stromatopereld tramestcene of facies (8. Note the vertically

stacked nature of the stromatoporoids which g:i:ve this facles
a coarsely layered texture. Scale bar=10 cn
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Plate B8

BAY Field photogiaph of the mottled bioclast ¢
warkestone of tacies Di. Note the blocky to rubbly
weathering chatagter of this facies and 1ts abundance of
Vertical tractures. Scale bor=2 m

EB)Polished hand sample of the mottled bloclastic
wackestone of facies DI1. Note the tabular and watler
stromatoporoids at the base of the sample, the branching
cotak tragments (black arrows), and the vertical fractures.

. N )
Scale bar=2 cm .

BC) Field photograph of a tacies D2
stromatoporoid/coral bioherm. Solid black arrow denotes the
itregular basal contact of the bioherm while the hollow
black arrow marks 1ts curved upper contact. Note the
vertical fractures in this bioherm. Scale bar=25 cm

8D Fielid photegraeph ot the sharp contact (dashed white
l1ne) between the calcerecus claystone of facies D3 and the
medium grained quartzarenite of the lower part ot the Trout
River Formation. Note the recessive, rubbly weathering
character «f facies D3. Black arfrow denotes the 1rregular,
gradational basal contact of tacies D3. Scale bar=10 cm s

.' . LYo

8E) Field photograph i1llustrating the Trout River o
Formation overlying the Kakisa Formation. eBlack arrow marks
the contact between these two formations. Note the
d:fference in the weathering characters of these two
formations as well as the slightly curved nature of the

contact. Scale bar=2 m

L 4






I)late 9

9A) Photomicrograph of a blocky calcite cement tilled
vertical fracture 1n tacires (8. Plane polaryced light. Scale

bar:=0.5%% mm

9B) Polished hand sample of horizontal stylolite (black
artow) transecting tacies (8 tabular stromatoporoid
framestone. Note also the tractures 1n this sample. Scale
bar=2 om ’

9C ) Photomicrograph of stylolitic boundary between
ferroan saddle dolomite cement (D) and 1ts tabular
stromatoporoid framestone substrate (S)in facies C8. Thin
section has been artificially stained by potassium
ferricyanide. Plane polarized light. Scale bar=0.55 mm

91)) Pclished hand sample 1llustrating the i1rregular
distribution of isopachous calcite cement (1) 1n facies (8.
Unzoned blocky calcite cement (b) 1s also denoted. Black
arrow 1ndicates a vertical fracture which has truncated
isopachcus calcite cement and has been filled by unzoned
blocky calcite cement. Scale bar=2 cm

9g) pPhotomicrograph of isopachous calcite cement 1n
facies (8. The,tabular stromatoporoid framestone substrate
(S) 1s also denoted. (ross polarized light. Scale bar=0.55
mm

>






Plate 10

) Photomicrograph of zoned blocky calcite cement 1n
Thin section has been artificially stained by
erricyanide. Plane polarized light. Scale

facies C
potassium
bar=0.22 mm

10B) Photomicrograph of syntaxial rim cement (S)
surrounding echinoderm fragments (E) in facies B1. Plane
polarized light. Scale bar=0.5 mm

10C) Photomicrograph of ferroan saddle dolomite cement
(dark grey) surrounded by unzoned blocky calcite cement 1in
facies C8. Note the curved crystal faces and cleavage
planes, scimitar-shaped cryst terminations, and zig-zag
crystal boundaries of the saddle dolomite. Thin section has
been artificially stained by potassium ferricyanide. Plane
polarized light. Scale bar=0.2 mm .

v

10D) Photomicrograph of anhedral dolomite (white
rhombs) 1n an argillaceous mudstone burrow-filling 1n facies
A3. Plane polarized light. Scale bar=0.5 mm

%
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