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" ABSTRACT

The Cap Enragg Formatipn, Cambro-Ordovician in age, is approx-
imately 250 m thick and consists of coarse clastic sediments in associ.

ation with classital rbidites. Sediments are divided into seven

f
major facies: (1) coarse-grained conglomerate; (2) graded-stratified/

: crossfstra;ifiea fine conglomerate and pebbly sandstone; tB) grade&-
dispersed fine conglbmerate and pebbiy sandstone; (4) graded-liquefied
fine congloﬁerate, pebbly sandstone and sandstone; (5) ungradgﬁ-cfoss-
stratified fine conglom;ra;e, pebbly ‘sandstone and Qandstone; (6) struc-
tureless sandstsne; and, (7) classical turbidites, mainly sandstone.
Rare shale beds also occur.

Facies (7) beds follow the Bouma model and are interpreted as
deposits from turbidity currents. Facles (5) beds aye due to reworking .
of previocus deposits by dilute flows asspciéted with turbidity currents.
Fa;ies (1) to (4) and (6) regord a two-stage process: 1) grading pat-

terns reflect segregation of clast sizes during main transport phases by

~

turbidity currents; and, 1i) sedimentary structures and fabrics record
transport and deposition from basal dispersions, which developed at the
base of turbidity{currengs.

| Facies (1) beds have an a-axis flow-parallel bedding fabric, with
a-axis upstream imbrication. Beds were-depoaited en masse from dispersi-
ons, in which there was strong grain inte}action and high dispersive pres-
sures. Grading patterns are iuterp%eted in terms of decreasing applied-

gshear stress and concentrations of sediment, as follows:
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ungraded o inversge = inverse-to-normal —-pnormai grading .
| Coarse -grained Facies (2) beds havé the same fabric‘as the -
Facies (1) beds and are interpreted-as en masse deposits from dis.
persions, with dominant inertial éffeb;s. Stratification in both the
coarse-grained Facies (2) and Facles (6} bedE’reflects pulsating depo-
sition from the basal dispersions. )

FLneF-grained Facies. (2) beds hav ow-parallel or bimodal
a-axis bedding fabrics, uith)a-axis ups .o bimodal imbrications.
Beds were deposited from waning turbidity currents unger high velocity
fractional flow conditions. Bimodal bedding fabrics refleét clqit re-
orientation after Initial deposition on the bed. Bimodal imbrications
record deposition of clasts onto low-relief wave bedforms.

Facies (3), (4) and (6) beds all have 8-axis flow-parallel,
bimodal or random bedd}ng fabrics. Differences arise in ilmbrication
patterns: Facies (3) have bimodal lmbrications; facies (4) have bimo-
dal or unimodal lmbrications; and? Facles (6) have unimodal imbrications.
All beds are interpreted as being deposited from basal digpersions,,&n
vhich viscous effects dominated. Apparent viscous effects were due to
high concentrations of sand, such that the coarser clasts responded to
the flow as if it were very viscous., Facles (3) . and (6) beds may have
experienced some syn- or post-depositional deformatioﬁ into low-relief
wave-forms, yielding bimodal imbrications. Facles (4) beds experienced
Some syn- or early post-depositional liquefaction, producing fluid es-
cape features. Some Facies (4) beds also underwent-syn-depositional or

early post-depositional deformation similiar to Facies (3) and (6) beds,
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The overall facies model suggests deposition within three main
,copographic lavels: (i) main chlnﬁola; (11) bars within main channel
networks; and, (iif) tqfraceu above the main chnnnei natworks. Facias
(1) beds are main channel deposits. PFacies.(2),(3) and (4) bués ara
bar-top deposits or marginal terrace deposits. Facles (é} are high‘ter-
race sediments, icies.(7) and shale were.daposftgd on high 'distal’
terraces, farthest ngmoved frcm'the main channel networks.

Small scale ( & 1lo- 5m) finingjthinniug-up sequences
record the abandonment of channels; coarseniué/éhickening-up sequences
represent the occupation of chaanel aitpé. Large écale (10's - 100 m)
sequences reflect {nteractions between main chananel networks and high
terracé sites. Transitions from channels to marginal terraces are
fining/thinning sequences; sequences from marginal térrace to high ter-
race are finiﬁg/thickening; and, tyansitions from high terrace to ‘distal’
high terrace are fining{thiuning.

Regional paleocurrent and facies trends within main phannel
networks suggest chat sediments_accumulated in a submarineAbrq}ded val-
ley system. Main channel netwofks weré.forced to swing parallel to the
continental base-of-slops, perhaps by & small scale, uplifted conthentaI-

block.
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CHAPTER 1 .

THE SEDIMENTOLOGY OF DEEP-SEA COARSE CLASTIC DEPOSITS

AND THE -CONTRIBUTION OF THIS STUDY

INTRODUCTION

The dap Enragé'Formation consists of conglomerates, pebbly and
magsive sandstones in mssociation with classical turbidites and occurs
within the flysch belt of the Gaspé Penimsula of Québec (Fig. 1A). As’
such, the Cap Enragé gediments would be considered to be repedimeuted
deep-ser coarse clastic deposits. In the following chaptéf, the region-
al setting of the Cap Enragg Formatlon i1s described. Next; 8 brief
discusgion is givén of sediﬁentoloéical studies of deep-seé coarse
clastic dgposits. This 1s followed by & section dealing with the
specific geologic setﬁing of the Cap Enragé Formation, detailed stratig-
raphy and previous studies of the formation. Finally,-discussions of
the study areas, organization and basic results of the thesis are pre-:

sented.

REGIONAL SETTING OF THE CAP ENRAGE FORMATION

The Cap Enragé Formation belongs to the Québec Supergroup
(Hubert et al, 1970) and occurs along the south shore of the 5t. Lawren-
ce River., This formation is part of the flysch belt, consisting of a
series of imbricated thrust slices and nappes of Cambrian to Middle Ordo-

vician rocks, which delimit the western front of the Québec Appalachians

-



3

(Fig. 1A). In-thek}oﬁer St. Lawrence valley (éig. 18), Cambrian and
Ordovicia'n rocks are groﬁped into ﬁhree mai_n typga ( St. Julien and
Hubert, 1975): 1) ghallow-water carbonates; 2) deep-sea clastic sédi-.
'meqts;‘and 3)metamerphic ﬁnd igneous rocks, in association with mélan-
ges and qpﬁ;ofites. The St. Laurence lowlands are bounded to the north
by Preégmeian {Grenville) rocks af the Canadian Shield, and to the
s;uth by Silurian and Devonian continental sediments (Fig. 1B).
Northwest of the study area (Fig. 1B), a parautcchthonous unit:
developed on the'southeastern margin of the Precambrian platform. This
parautochthonous unit consists of a basal late Middle Ordovicien trams- .
gressive san&stone, succeeded by carbonate bank deposits and deeper b,
water, mainly flysch éediments and resedPnented conglomerates (Bussiéres
et al EE_Béland and LaSalle,1977). Along the south shore of the St.
Lawrence River are outcrops of allochthonous structural units. The
line separating the parautochthonous and allochthonous units is Logau's
Line (Fig. 1B).The allochthonous units are further divided into an
”ekternal domain' and an "internal domain.'" The exéernal domain con-
sists of an outer belt of imbricate thrust slices and an inner belt of
nappes, emplaced by gravity sliding (St. Julien and Hubert,b1975). The
internal domain comprises metamorphic and igneocus rocks, some of which
rest upon continental (Grenville-like) crust, with other portions rest-,
ing upon oceanic crust (St. Julien and Hubert, 1975) (Fig. 1B).
Cambro ~-Crdovician aliochthonous nappes ©of the external domain
conslst mainly of shale - feldspathic sandstone-limestone & petromict

conglomerate, - In the lower St. Lawrence valley, this assemblage

consists of the St. Roch and St. Damase Formatioms (Hubert,1973) and the
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| Orignal, Cap Eqragé and I.adri}ezl-e Fomt@ (Hubert:.ﬁ al,1970) (Table

1). During the last five years, Valliéres (1978: pers. comm.) has
‘mapped the region on Figgre 1B, for which, at present, a map 1s unavail:
able (blank aren,:Fig. 1B). Valliéres will propose a gnified nomencla -~
ture for the Cambro-Ordovician stratigraghy for this region and areas.
westward to Québec, City. It is likely, élthough Qot'definite, that the
éap Enragé name will be preserved (Valliéres, 1978: pers. comm.).

The stratigraphic assgmﬁiages in the St. Lawrence lowlands and

Eastern Townships have been interpreted by St. Julien and Hubert (1975)
as representiﬁg'four tectonic domains: Platform Sediments (shallow
water carbonates); Rise Sediments (deep-gea clastic sediments); Metamor.
phic - Igneous COmplei (metamorphic and igneodﬁ focks, in associetion
with mélanges and ophiolites); and, Syn- to Post-Orogenic Depﬁsits
(Silurian and Devonian conpinenta% sediments). The sedimentary, volcan-
{c and structural history of the rocks grouped into these tectonic do-
mains record the opening and closing of the proto-Atlantic basin. Gen-
erally, the tectonic model for the Lower St. Lawrence Valley - Gaspé
Peninsula region follows the lithosphere plate tectonic models in the
development of mountain belts (St. Julien and Hubert, 1975; see review

by Dewey and Bird,1970).

DEEP-SEA COARSE CLASTIC SEDIMENTS .. THE STATE OF KNOWLEDGE

Most sediment 1is thought to be transported into deep-gea basins
by turbid%ty currents or, to.a_lesser extent, by debris flows ( n,
1937,1??4; Hesse,1975; Middleton,1978). Many deep-sea sediments accumu-
late at the base of slope as depositional bulges, called submarine fanms.
There have been many recent review articles on the development of the



'turbiéiteléugmnrine fan models. These include:

1, Evol;tion of the turbidity current concept (Walker,1973);

2. Faciea models applied to turbidites and associated coarse clastic
deposits (Walker,1975a,1975b) (bgigf discussions);

3. Processes of tranap;rt and deposition from turbidity currents and
asgociated sed;ment gravity flows (Middleton and Hampton,1976);

4. Depoéitional, morphological and growth patterns on modern submarine
fans (Normark,1978);

‘5. Geneéal facies models for tufbiditg and associated coarse clastic
sediments, integrated into a submarine fhﬁ model'of‘sediméntation‘
(based upon ancient examples, but modified by observations of modern
submarine fans) (Walker,1978).

In light of these full review articles, only the essentials of the tur.-

bidite/submarine fan modéls will be presenééd here. The basic concepts

discussed will be used later, in the hydrodynamic implications and
spatial arrangement of sedimentary facies within the Cap Enragé Forma-
tion.

Kuenen and Migliorini (1950) first proposed that most deep-ses
clastic sediments were transported and deposited from turbiﬁity currents.
Dense suspensions éf sediment, including pebbly sands and gravel, were
envisioned as moving as turbulent flows, downslope under the influence
of gravity. Bouma (1962) generalized the sequence of sedimentary struc-
tures within deposite from turbidity currents. This turbidite facies
model, known as the "Bouma sequence,' was later interpreted to be a con-
sequence of decreasing flow power (both in time and space) in a waning

turbidity currenmt (Walker,1978) (Fig.2,3),



DIVISIONS

e

BOUMA INTERPRETATION

FINES N TURBOITY CURRENT, FOLLOWED
? . BY POLASKC SEDMINTS N
FLOW REEuE

4

TRACTION W

namp orromToN, T ouck mE0

FIG. 2 ~Bouma modal for clastic turbidites, Division 4
is massive or graded, & is parallel laminated, C is rip-
pled, D consists of faint laminations of siit and mud,
and £ is pelitic.

From Walker (1978)

WANING FLOW -

T

|

DISTANCE ACRQSS BASIN

FIG.3 —Interpretation of ABCDE Bouma sequence in
terms of waning flow suggests that groups of turbidites

* beginning with divisions 8 and C represent deposition

from progreisively slower flows. This can be related o
increasing distance across basin, although it is empha.
sized in text that some CDE thin-bedded turbidites can
be present on levees in proximal environments, and
hence CDE turbidites are not necessarily disial,

From Walker (1978)-

GRADED~ GRADED-BED

- STRATIFIED

NO INVERSE NO INVERSE
GRADING GRADING
STRAT., NO STRAT.
CROSS-STRAT, IMBRICATED
IMBRICATED

INVERSE = TO -
NORMALLY DISORGANIZED-
GRADED BED

NO STRAT. NO GRADING
" IMBRICATED NO INVERSE
GRADING
NO STRAT.
IMBRIC, RARE

—
il

THESE THREE MODELS SHOWN [N SUGGESTED
RELATIVE POSITIONS DOWNCURRENT

FIG. 4 —Four models for resedimented conglomerates. Inversely to normally graded. graded-bed, and graded-
stratified models are shown in relative downcurrent position, but this relation is suggested on theoretical grounds

only.
Frem Walker (1978).
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Although the recognition and interpretation of the Bouma sequen-

ce did provide a breakthrough in understanding the origin of turbidites,

there.were other deep-sea sediments that did not seem to conform to the
model. This was particularly true for very proximal sediments, which
Kuenen (1958) called "fluxoturbidites." Such sediménts were interpret-
ed as being deposited from "fluxoturbidity currents," transitional be- -
tween slumps or slides and true tﬁrbidity currents. Since the time when
_ workers were thinking in térms of "true turbidity currents" and "£luxo-
furbidity’currents,” it has become apparent tﬁat the fluxoturbidites
actually comprise & wide number of mass flow deposits that operate in
deep-sea settings.

The nature of mass flows, other than turbidity currents, has
become understood to a much greatgrﬂextent in recent years. Turbidity
currents may originate as part of}a continuum of subaqueous mass move-

ments, from submarine landsliding to turbidity current flow. Middleton

and Hampton (1973,1976) have proposed a conceptual model, which depicts

the relationships in time and/or space of mass flow processes. Different

processes are important for various flows, depending upon grain size in
the flow and concentrat%ohs of sediment (Fig.5 ).

Mass flows can be classified on the basis of the sediment sup-
port mechanism (Middleton and Hampton, 1973,1976) (Fig. 5 ): 1) turbid-
ity currents (support by fluid turbulence); 2) liquefied sediment flowsd
(suppoft to a certain extent by fluid escaping froﬁ the sediment -water
dispersion); 3) grain flcﬁs (support by dispersive pressure due to grain
interaction); and, 4) debris flows (support by strength of a muddy ma-

trix)}. Different gravity flow mechanisms may operate at the same time
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or, alternatively, in a temporal sequence dhrin% deposition from a sin-
gle flow (Middletom,1967; Skipper and ﬁiddleton,lQ?S). ‘
Volumetrically, the classical turbidites (following the Bouma
sequence and deposited from low-concencrntion turbidity currents)
~ are the most important clastic deposit in deep-sea basins (Walker,
1976.). Other deep-sea clastic sediments include: chlotic, pebbly
and qpnglomeratic‘mud;tones; clast-supported conglomefates, pebbly and
massive sandstones.
IHatrix-supported coarse deep-sea sediments iuclude éonglomera-
tic, pebbly and sandy mudstones. These deposits are thoﬁght to repre-

sent sediments deposited from mass flows near the source (slides or

.3lumps) or sediments from subaqueous debris flows. Beds are chaotic or

disorganized, with perhaps only & small basal zone of inverse grading.

Clasts may protrude above the general bed leyel, representing the float-

ing position of the cohirser grains during transport.

Clasﬁ:supported deep-sea conglomerates have been studied by
pany workers (seé Walker,1975) ., ngever“ a.generalized facies model
for deposition of these sediments has only been recently proposed by
Walker (1975a) (Fig.4). The trends in the resedimented conglomerate
model show .depositional p;;£srns from currents which begin to deposit

in prox{ﬁal areas ('Inverse-éo-ﬂormally Graded Conglomerates), to

those currents which by-pass profimal areas and>begin deposition fur-

ther downcurrent (Craded-Stratified Conglomerates). The development

of Graded-Stratified sequences in less proximal areas is mainly & con- -

sequence of decreased slope and greater distance of transport (Walker,

1978).
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Magsive and pebbly sandstones are ot as well understood as ‘the
other deep-sea sediments._ Some massive sandstones have well-developed
fluid escape features, suggesting partial or complete sediment support
by pore water expulsion. This pore water expulsion may have been dur-
ing consélidation of the bed during depositionm, or be due to post-depo-
sitional consolidation, as a consequence of loading (Lowe and LoPiccolo,
‘1974; Lowe,1975). Other massive sandstones lack fluid escape features.
Sequences of s;dimentary structures within mas¥lve and pebbly sandstones

have been studied by few workers (Aalto,1976;

Chippip§,1972; Keith and Fyiedman,1977; Hiscott,1977; Piper et gl,l9l78;
n/de Kamp et al,1974). Pebbly sandstones show normal grading, have
parallel stratification, crossbedding and fluid escape featuxzes (Walker,

1976 , 1978). It is unknown whether these features pﬁow consistent?
patferns. Grain fabric studies are gemerally lacking from pebbly and

massive sandstones (Hiscott,l977; Sestini and Pranzini,1968). |

Hand -in-hand with qtddiea dealing with sediment transport and
depositionsl Eechanisms, there have been many studies determining the
geographic and topographic relationships amongst the various sorts of
deep-sea sediments. The integration of thege relations has led to the
submariﬁe fan model, Tﬂis model is based upon trends in ancient deep-
sea sediments, modified by whaq is known about sedimentation processes
on modern submarine fans. ﬂ

Many modern submarine fans have three broad morphologic fea-

tures (Normark,1974,1978) ( Fig.s ): 1) the upper fan, which is charac-

terized by large leveed valley(s) (15 km wide). Sediments are the coars-

est obsqfved on fans and are depoasited within shallow channels confined

4 j{‘""s




Fig.6 - Schematic répresentttlon of the model for submarine fan
growth, emphasizing active and abandoned suprafan depositional

lobes (redrawm from Normark, 1978).

Fig.7 - Schematic representation of the model for submarine fan
growth,lralating facies to fan morphology and depositional
environment. D-B cgls indicates disorganized bed conglomer-

ates {from Walker, 1978).

Fig.8 - Hypothetical stratigraphic sequence produced by fan prograd-
ation. C-U, thickeniﬁg and coarsening upward sequence; F-U,
thining #nd fining upward sequence; C.T., classical turbidites;
H.S.; massive sandetone; P.S., pebbiy sandstone; CGL, congloq-

erate; D.F., debris flow; SL, slumps (from Walker, 1978).
\
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within the valley. Channel patterns may be meandering or braided.

2) The mid fan bulge (also called the suprafan), which occurs at the
ddwnalope end of the léveed upper fan valley. Sandy turbidites occur
in the upper reaches of the suprafan, which {s cut by many channels and

1solated scours. Channels are generally less than 1 km wide. The finer

grained, lower suprafan ares is unchannelized. 3) The lower fan, which

is unchannelized and receives only the fine-grained sediment from low-
concentratioﬁ turbidity currents. This lower fan lobe is almost flat
and generally impossible to distinguish from flat, abyssal plain aréns.
Basin shape, rate-and size of sediment supply control the Estent
(1f any) these morphologic divisions are developed on modern fans (Nor-
mark, 1978). Fans with mainly coarse sediment input have a single leve-
ed valley that ends downcurreny with & suprafan lobe, Fans which receive
dominantiy‘ fine-grained silt and clay tend to have upper leveed fan
valleys which may extend across most of the fan; or, at most, have only
poorly developed suprafan lobes . T
Aspects of the ancient submarine fan model are reviewed by Walk-
er (1978) (Fig.7). Classical turbidites are thought to be characteris-
tic of the spooth, flat outer suprafan and lower fan lobes. Massive and
pebbly sandstones tend to be more channelized, are coarser-grained and
generally lack interbedded shales. Massive and pebbly sandépones are
assigned to deposition within braided suprafan chanhels, where rapid
chﬁnnel migration accounts for the absence of shale dep&sits. Claat -gup-
ported conglomerates are thought to be from leveed channeled areas of the
upper fan, or posgibly the upper suprafan. Matrix-supported slymp and

debris flow sediments and disorganized conglomerates are thought to have
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been deposited in very proximal, high slopéAareas, most likely at the |
base-of-slope contact between the feeder canyon and the upper fan leveed
-val;ey.

A model sequence prqduced by fan progradation (Fig.8 )(Walker,p
1978) shows a variety of coarsening/thickeniné-up and fining/;hinning-
up sequences. Coarsening/thickening-up sequences of classical turbi-
dites occur in oﬁter fan and lower suprafaﬁ areas, due to lobe progréa-
dation. Fining/thinning-up sequences of pebbly and massive sandston-
es (minor ambunts of conglomerate) occur in channeled portions of the
suprafan, Fining/thinning-up sequences .of conglomerates occur in the
upper fan valley fills. The sequence is capped by disofganized conglom-
erates and/or matrix-supported slump and debris flow deposits.‘ The
overall sequence from the outer fanm to.the upper fan would'be’a coarsen-
ing/ thickeniné-up sequence (Walker,1978).

Not all deep-sea sedimentslfollow the submarine fan model.
Strong contour;flowing bottom currents can rework sand-size‘material
(and finer) sediment, yielding new deposits,|called "coﬁtouritea'
(Hubert,1966 ; Bouma,1972; Bouma and Hollister,1973; Stow,1977). In ad-
dition, some ancient and modern deep-sea-troughs have tuybiditic or
turbidite-like sediments, which do not show any proximal-to-distal
trendﬁ, as would be expected in a subﬁarine gan system. Ancient turbi-
dite-1ike deposits which do:not conform to thé fan model have been noted -
by the following workers: Enos,1969 (Cloridorme Formation); Gonzalez-
Bonorino. and Middleton,1976; Harms,1974; McBridé,l%Z; Parkash,1970
(Cloridorme Formation); Parkash and Middletomn,1970; Skipper and Middle-

ton,1975 (Cloridorme Foxrmation). Modern deep-sea troughs which have



turbidite-1ike sediments which do mot fc;l.lw‘_the submarine fan model,
include: the Hispaniola-Caicos Basin (Bennets and Pilkey,1976); the
Maury Channel (Cherkis et al, 1973); the Northwest Atlantic Mid-Ocean

Channel (Chough and Hesse,1976),

"



PURPOSES OF THE PRESENT STUDY

~ The submarine fan model, which has served a; a guiding light in
the interpretation of coarse-grained (silt size.and grqatar) deep-seh'
sediments for the past five years, has some obvious geps that need
gpecific documentation,in terms of flow pfocesaea and deposition:
(1) Although the generatioﬁ of turbidity currént flow is fairly well
understood,the.floﬁ processea during depositional phmses are-not'as‘well
- undefstood. Severai workers have demonstrated that different gravity
flow mechanisms may interact within a flow during deposition of & single
bed. This has been shown experimentally (Middleton,1967) and from field
evidence (Skipper and Hi?dleton,1975; Hiscott,1977) for generally sand
size material, and from fleld evidence for coarse conglomerates (Davies
and Walker,1974; Walker,1973jqjRrause and Oldershaw,1978). What type of

flow mechanism(s) would accouut for the origins of deep-sea pebbly and

massive sandstones? .

(2) As yet a sedimentary model does not exist that adequately describes
the faciles of.material intermediaée in size between conglomerate beds
(which may follow the models proposed by Walker,1975a) and the sand and
silt-size turbidites (which follow the Bouma modeliv Do pebbly and mas-
sive sandstones show consistent sedimentary features which alloﬁ%%he de<

finition of facies? If so, how are these facies related to one another ?

(3) What is the extent of gradation between pebbly and massive sandstones
to more "proximal conglomerates in upcurrent directioms, and to more

Bd{stal" classical turbidites in downcurrent direections ?

15
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(4) Normark (1978) states that the degree of development of digferent
‘morpholugical uubdtvisioﬁa of modern submarine fans depends greatly upon
the size and rate of sediment supply. This is known from considerations
of modern fans with mainly sand-size and finer sediment. Would aubmariﬁe
faﬁs develop in systems that received very coarse sediment input (mainly
coarse sand t& cosrse conglomerate) under'conditiona, of presumably, very
fapid sadimeﬁc supply?
These are some of the questicuns that were examined in this study.

The formation chosen for this project was the Cap Enragé Forma-
tion (Cambro-Ordovician) which is eibosed along the north shore of the
Gaspé Peninsula in Quebec. This formation was chosen for several reasons:
(1)_Sandstones, pebbly sandstones and conglomerates of the Cap Enraga
Formation confg;mabiy overlie distal turbidites and , preésumably, abyssal
plain deposité (Orignal Formation) and grade conformably into distal
turbidites (Laériire Formation). Regionally the Cap Enragé Formation lies
within the flysch belt of the Guépé. By association, the Cap Enragé
sediments are interpreted as belng deposiﬁed CI:hin a deep-sea setting.
"(2) The Cap Enragé Formation is well exposed aleng the coast between L'ialé
Verte and Bic, Quebec fapproximntely 50 km) and affords the opportunity

for detailed section description on a bed-to-bed basis (Fig.10 ,next section).

(3) Previous detailed sedimentologicnl studies have been conducted on
conglomeratic horizons wifhin tha‘Cap Enragé Fbrmafion (Davies ,1972;
Davies and Walker,1974; Johmson,1974; Johnson and Walker, in prep.):
Consequenﬁly, processes of deposition are understood forhthe coarser-

grained units of this formation. Integration of these previous studies
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with the present project (involving pebbly sandstones and sandstones)
may yield an overall model, that would describe and interpret a coarsé-
grained deep-sea system.

(4) As will be covered in the next section, thére is a disparity in
the paleocurrent patterns for major sandstone horizons compared with
paleof}aw patterns for major conglomerate horizons,within the Cap Enra-
gé Formation. Another reason for this study was to relate facles
changes and paleocurrent changes within the sandstones and conglomerat-
es of the Cap Enragé Formation‘ (Fig.QS.

(5) Finally, before any detailed sedimentological study c&n be under-
gaken fqr an ancient Aeposigﬁ good-stratigraphic control must be pres-
ént. The Cap Enrag§ Formation has been mapped in excellent detail in
the Bic and St. Fabien sur Mer areas by Lajolie (in press and unpublished
maps), and in the St. Simon and St;/STmon sur Mer areas by Mathey (1970).
( see location map, Fig.10, next éectioﬁ); These maps provided the
necessary stratigraphy, which emabled this det;iled study to be.conduct-
ed on a regional scale. For local outcrops, the map by Davies (1972)
for Anse'h Pierre Jean 1, and the éonglomerate sections by Johnson
(1974) for Amnse a Pierre Jean 2 eastward to Cap Corbeau were a great

help (see location map, Fig.10 , next section) .

LOCAL SETTING AND PREVIQUS STUDYES OF THE CAP: ENRAGE FORMATION

The Cap Enragé Formation consists of approximately 250 m of inter-
bedded sandstones, pebbly sandstones and conglomerates associated with
classical turbidités (Lajole,in press; Hubert et al,1970). It is exposed
in the Lower St. Lawrence valley between L'Igle Verte and Bic (Fig.10).

Cap Enragé sediments conformably overlie claystones and siltstones of the
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Orignal Formation. Caé Enrégé sediments'are, in turn, conformably over-
lain by graded saﬁdston;s and pelites of the ladriere Formation (Table 1 ).
Sediments within thé Cap Enragé Formati;n were derived from a carbonate
bank and continentai highland, located to the‘north of EPe deposition:
al site (ﬁajoie et al, 1974). Tectonism associated with emplacement of
the Lower St. Lawrence Valley Nappes has obliterated stratigraphic evi- .
dence for correlations between shelf platform and base-of-slope, deep-

gea clastic sediments. The nappes now presently overlie and hide the

original source materisl for the Cap Enragé sediments.

Petrol:gic and paleocurreﬁt gnalj;ses (Lajole t_aga_l_,1974) suggest
that most of ;;e Cap Enragé sediment was derived from & lower Paleozoic
carbopate shelf! with less input from igneous and metamorphic rocks from
the con;inentai highlands of the Grenville craton. The carbonate bank
supplied detrital sediment to the basin throughout the Cambrian. Al--
though the bamnk is not preserved in outcrop, its presence is é@i&ent
from Early Cambriam - Early Ordovician fossils within limestone clasts
from deep-sea conglomerates, occurring &8s a marrow belt along the south
shore of the St. Lawrence River (Hubert et al,1970)

‘ Conglgmerates similiar to those of the Cap Enragé Formation have
been reported in the Lfvis-Lauzon Formations® (Osborne,1956; Breakey,1975)
near Québec City; in the St. Roch Formation (Hubert et al,1970; Roche-
leau and Lajoie,1974); in the Kamouraska and St. Damase Formations
(Hubert,1965); in the Tourelle Sandstone (regionally mapped with the Cap1
Chat mélange) (Hiscott,1977); in the Cap des Rosiers conglomerates
(Hendry,1973; Aalto,1972) -- all of the Lower St. Lawrence -- Gaspésie

region. Similiar conglomerates occur in Newfoundland in the Cape Comor -

LY

P S )
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ant Breccia (Delong,1977) and in the Cow Head Breccia (Hubert et al,
1977) (Table 1-). i "

T@e age of the éap Enrage Formation cannot be precisely dated.
Trilobites collected from limestone clasts within the conglomerate are
Early Cembrian (lajoie, in press). Otﬁe: fossils from limestone clgsta
are early Middle Cambrian (Rasetti, 1948 a, 1948b;-Lajoie, iﬁ press).

The éverlying ladriere Formation has Lower Ordovician fossils as the

base (Lesperance, as quoted in Hubert 55_55;1970). Hence, the” Cap En-
ragé’Formation cannot be' older than early Middle Cambrian, and camnot,

be younger than Lower Ordovician, putting it in the age of 5 x 108 years.

There have Seen many studies of the Cap Enragé Formation (L&o-
nard,1969; Hubdrt et al,1970;Mathey,1970; Davies,1972; Davies and Wafker,
1974; Johnsons1974; Lajole et al,1974;- Chevalier,1976; Lajoie,in press;
Johnson and Walker, in prep.; Valliéres, in prep.) Lajole (in press)

first mapped the formation, with.the type section defined at Biec. Léo-

-

nard (1969) did detailed mapping and description of the formgtion in the

St. Fabien area,. ﬁathey {1970) did detailed mapping in the St. Simon and
St. Simon sur Mer areas and conducted a general sedimentological study.
Mathey (1970) interpreted the Cap Enragé sediments as deep-sea ;esediment-
eq éaterial, derived from tﬁe north, with paleocurrents toward the south-
southeast (313.12). Paleocurrent data was mainly from sandstones.

Hubert et al (1970) studied the 'type' section of the Cap Enragé
Formation.uear Bie (Fig.10)}. They interpréted the Cap Enragé sandstones
and conglomerates as part of a submarine fan complex, with sediment

gupply from the north, Sediment was transported to the basin via




2

. b
gmol| o
z
=i HOZOV —_— —_ @
to- wj HX0Y 1S w1 TYNOINO0 3 mm. —— - ——- - 2
...................... L £ om | 2
||||||||||| r_ud ISYRVO LS § w9 30vEN] dvo .Buh.uh“::. mM ViR EL:] Haddn
................... : 27 .
wasin3l fT VRS mwovt | s | Tgda | EF avaH |~ wind3us 4IMo1
- - - vHadva [ 77T
A T Y B MOD | ANVIOWOD 3dv)
. 2
I ettt e [~
———— e ——— 0
Faam| <
jald IMUOQTHON m
b-d
|||||||||| b4
1]

'. ¥3ddn
33avN S3ddVN — FONVIIN | 3ddVH HIAN SLINA
AATY-20-21MOdI| ATTIVA 39RSATY 15 uawo1 ] TOS D | NNV 918 [ 4dd!IM W8041V1d M | wunionuss
112 23g3no _ »u...iho..uu:l 1S WiNOT 3Idsva 0 chu.zEmz / ANVIGNNO3IMIN NY31sIm| Noivdod

AN |
S 3 d dv N _ e SNIVWOU -80S
H Il ymo a 7T Y KR YW 3L ox 13 HIVAOQ SNONOKEHDOLNY |  SNIVKOQ
1SIMHINQS ' _

JddVN JH| —==

40 3Sve

1SVIHLION

Qnﬂ.ﬁﬁé pue uayInr *3Ig {LL61°T® 32 399Uy {LL61°Bucyaeq)

ANVIGNNOAMAN QNV D393nd :SALVYTHROTONOD
NVIDIAOGQIO-OUEHVD :SIN

T TIEVL

ANFATA DINOIDAL ANV SIINA DIHdVHOIIVILS

%

S



S -, . S B
turbidity currents (and sécondary Bqttom currents) in a'ldirection toward
the south,

Davies (1972) conducted a detmiled study of the conglomeratic
Niveau 3 at Amse » Plerre Jean; between Trois Pistoles and St. Simon (Figs 10,11).
Initial studies by Davies indicdted a paleoflow direction toward the
west (determined from the conglomeratic fabric). This apparent amomaly
with the south and‘southeaat direct:ion.a obtained by Mathey (1970) and
Rubert et al (1970)prompted Davies (1972) to conduct _det:aﬂéd suslyses
of grain fabric and grain gize within the conglomeratic beds to determine
possible mechanisms of deposition elmd paleoflow directions. In Davies' '
model (Davies and Halker,lé?&) conglomerates were interpreted as being | Q
deposited from dispersions, from su;éensiona and from tractional currents.
Sediments were thought to be part of a submarine fan complex where -paleo-.

flow was mainly to the west- southwest(Fig.‘m). :

Johnaog (1974) extended Davies' (1972) studies of conglomeratie
horizoens to otﬂer areas along che@coast:line (from Anse a Pierre Jean east-
wa o Cap Corbeau, northeast of Bic) to provide a basis for palecenvi- .
ronmental interpretafion of the conglomerates., Detailed fabric and
stratigraphic studies sho§ed that the conglomerates were mosf likely
deposited ‘within a meandering submarine channel system , which at some
localities and/or s't:rat:ig;aphic levels flowed toward the south (at Bic)
or mainiy toward the wejsterly divections(at other locations')(Fig. 12).

Lajoie et al (1974) studied the petrography of the gandsl:ones in
the Orignal, Cap E‘nragé and Ladrieére Formations. This was done to deter-
mine the position, compositi.on and reiative relief of the source area.

[}



2

™ aeoriow seectous Johnson,1974

" LAMCIE e 974
PUBLISHED

“TT S GENEAWLZED saLroriow Fom
CONGLOMEWATES

3 Wi is
"OBRM

Y

WALKER 1974

Fig. 12 - Location map with paleoflow directions in the Cap Eurage For-

mation (from Johnson, 1974).
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Fig.13- The Trois Pist.;ples, St; Simon, and Bic stratigraphic sections
wit:ﬁ stratigraphic nomenclaturg‘ and variation in the mean feldspar
content (redrawn from Mathey,1970 and Lajoie et al., 1974)

Arabic numbers refer to the ‘niveau" stratigraphic subdivisions of
Mathey (1970). Roman numerals refer to the "member " stratigraphic

subdivisions of Lajoie (in press).
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Detailed sections including the Cap Enrage Formation were studied at

Trois Pistoles and Bic. To determine the location of the source area
. ’

. relative to the site of deposition, paleocurrent measurements were ob-

tained which indicated an average paleoflow toward the southwest. Cap.

' Enragé-sediments were thought to be deposited .ﬁ: a submarine fan com-

plex from se&iment gravity flows whicﬁ tifvelled'mainly.toward the south.

(Fig.12) . |

Chevalier (1976) studied the diagenesis of the sandstones of
the Cap Enragé Formation near St. Fabien sur Mer, particularly in the
C;p 3 la Carre Ouest outcrop. Diagenetic aspects are not considered im
the present study. Chevalier found, in general, that a large>part of the

'original matrix of the arkosic wackes and arenites were replaced by dolo-
mite formed at the beginning of diagénesis. Lﬁter, iron-rich calcite
replaced the dolomite as well as the rest of th; matrix. Silica cement
appeared after the formation of concretions agd ienses, occu;ri;g after
compaction of the sediment. Precipitation of the iron-rich calcite was
followed by precipitation of calcite, less rich in iron.

" Detailed discussions of the atratigtaphy'and structure are given
by Hubert et al (1970) for the Bic -- St. Fabien area; by Mathey (1970)

, for the St. Simon and St. Simon sur Mer area; by Davies (1972) for the
Anse & Plerre Jean outcrop; and, by Johnson (1974) for the Anse}n Pierre
Jean -- Cap Corbeau region., The regibnallstructu:e dnd stratigraphy is
being published by Lajoie (in press). As mentioned previousl} . Vallieres
(in prep., pers.comm) is preparing a map and revised stratigraphic

nomenclature for the area ,

Beds are generally folded into a seriea of northeast-trending
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anticlines and synclines:h_ln the St. Simon sur Mer -- Cap a la Carre |
oﬁtcrops, folds are brondJQnd open with only iow plunge angles. Fold- '_
ing is steeper 1& the Bic area (Hubert et al, 1970} , nlchough the plunge 
was not thought to be Bigﬁificqnt to affect the reorientation of paleo#
current data (Johnson and Walker, in prep.). .

The type section of t:giCnp Enragé.Fb;mntioﬁ is exposed at Bic
and has been deacribed by Hubert et al (1970) It has since been dividéd
into three members by“Lajoie (in press) (Fig.ll), where Member II of
Lajoie (in press) includes Members II and III of Hubert et al (1970). In
the St. Simon area,Mathey (1970) subdivided the Cap Enrage Formation into
several different levels (called ‘niveau') as shown in Fig. 11 Niveau 3°
and Niveau 5 are conglomeratic; Niveau 2 is mainly sandstone; ;hilst,
Niveau 4 and 6 g;e predominantly pebbly sandstone. Niveau 1 is the Orignal
Formation. There is only one conglomérata level at the type Bic sectiom,
namely Member II (Lajole, in press). Hubert et al (1970) thought that
the conglomerate level at Pt. Michaud was equivalent to Member II at Bic.
Hnwevér, Johnson and Walker (in prep) suggest that (because the outcrops

are discontinuous)perhaps the different conglomerate pevels do not repre-

sent contimuous bands$ but, rather, that the conglomerates are discontinuous’

lenses on a regional scale, This idea is supported by Vhl;iérea (in prep,
pers. comm.), who,as a result of regional mapping, believes that the niveau

are lenticular and cannot be traced throughout the whole regiom.
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STUDY AREAS FOR THE PRESENT PROJECT AND DETAILED STRATIGRAPHY

Outcrops were selected for study in this projectrif there
was sufficient vertical exposure (generally greater than 5 m in height)
of sandy or pebbly sandstone rocks. A few selected, mainly conglom:
eratic, sections were measured to discerussandstone associations,w;thin
rconglomeratic units. Predominantly sandstone and pebbly sandstone‘
section; were logged at Gréve de 1a Pointe (811, Riviére Trois Pistoles
(510), Anse EkPierre Jean 1 (89), Anse '3 Pierre Jean 3, Ange 2 Pierre
Jean 5 (S8), St. Simon sur Mer (S57), St. Simon sur Mer -- Two Cottages
{(S6), St, Simon sur Mer Est (Ss), Anse aux Saumon Est (S4), Cap a la
Carre Ouest, and Bic (S1) (Figs.10,11). Conglomeratic sections were
logged at Anse H Pierre Jean 1 (89), St. Simon sur Mer (S7), St. Simon
sur Mer -- Two Cottages (S6), top part of Niveau 3 at St. Simom sur
Mer Est (S5), Anse aux Saumon Est (S4), Cap 3 la Carre Ouest {53), and
Member II at Bic (Figs.10 ,11 ). ’

Outcrops in the Anse % Plierre Jean - St. Simon sur Mer area
have been named and numbered following the designatlnns of Daviés (1972)
and Johnson (1974). The exceptions to this are the St. Simon sur Mer -.
Two Cottages and Anse aux Saumon Est sections. The St. Simon sur Mer --
Two Cottages section occurs between St, Simon sur Mer (to the west) and
St, Simon sur Mer Est (to the east) (according Eo Johnson's terminology).
The name 'Anse aux Saumon' is the local designation by the cottagers,in
this area, for the bay east of the St. Simon sur Mer Est outcrop (Fig.10).
The outcrop called 'Anse aux Saumon Est' starts at Ehe eastern side of

the bay and extends eastward for about 4 lkm aiong the coaét, towards

Cap 3 la Carre Ouest. o,



The area between Riviére Trois Pistoles and L'Isle Verte (Fig.
10):has not yet been mapped and stpdied in detail., Detalled sections
were measured at Riviére Trois Pistoles and Gréve de la Pointe (Fig.10).
The Riviére Trois Pistoles section is an inland exposure, along highway
10, across the road and east of é.microwave telecommunications tower.
The name 'Greve de la Pointe' is the local designation by cottagers
for the outcrop between St; Eloi station (to the west) and Rividre
Trois Pistoles (to the east). Valliéres (1978: pers. comm,) refers to
this outcrop as 'Pointe ala Loupe -~ the name which appears on the
federal topographic map (Troils Pistoles 22 C/3 (edition 2) scale:
1:50,000). This name designates the southwestern part of the coastal
exposure (Fig.10). In the present study, a section was not measured at
the southwestern tip, consequently, the local name is thought to be a
more adequate designation.

Detailed stratigraphy is established for rocks in the Cap Enra-
gé Formation in the St. Simon sur Mer - Anse & Pierre Jean area
(Mathey,1970; Davies,1972; Johnson,1974), in the St. Simon sur Mer Est
region (Mathey,1970; Johnson,1974), agd at the Bic - Pt. Michaudlexpos-
ures (szoie,in press; Hubert et 81,1970). Outcrops measured in the
present study where stratigraphy has not been firmly established include
Cap a la Carre Ouest, Anse aux Saumon Est, Riviere Trois Pistoles and
Gréve de la Pointe.

Lajoie (in press) designated the conglomerate at Cap a la Carre
as belonging to Member II, with the predominantly sands;ones and pebbly
sandstones of Cap a laICarre OQuest belonging to Member III, Johnson

(1974) states that the conglomerate at Cap a la Carre Ouest is equiva-

28



lent to the conglomeratic Niveau 5 at St. Simon sur Mer Est (Johnson,
1974,p.96). .
Y.In the preBEnt.afudy, contacts were traced in the field from
St. Simon sur Mer Est east to Anse aux Saumon Est. These field correla-
tions show that at Anse sux Saumon Est, Niveau 2 sediments are followed
by thin Niveasu 3 conglomerate. The Niveau 3 conglo%ernte is o;erlain by
pebbfy sandstone, which is capped by a thin,zupper conglomerate horizon;
Coméafisons of detailed stratigraphic sections between Anse aux Saumon
Est and Cap a la Carre Ouest, Section 6, show that the same sequence
occurs at the western end 6f the Cap a la Carre Ouest outcrop. The only
difference is that the Niveau 2 sediments are not exposed at Cap'h la
Carre OuestQ-Sectton 6 (Fig. 11). General comparisoms of the logged sec-
tions at An;e aux Saumon Est - Cap & la Carre Ouest, Section 6, suggest
that the pebbly sandstones (overlying the Niveau 3 conglomerates)are
equivalent to the top Niveau 3/ basal Niveau &4 at St. Simon sur Mer Est
{to the west); Faulting of the Cap 3 la Carre Ouest outcrop prohibits
determination of the stratigraphy for Sections 1-5, Cap a la Carre Ouest.
In the field, the rocks at Greve de la Pointe bear a close resem-
blance to the rest of the sediments within the Cap Enragé Formation.
At the northeastern part of the outcrop, fine-grained siltstones; sand-
atones and shales outcrop. These sandstones, siltstones and shales are
cut by feldspathic sandatonga and fine conglomerates. The contact is &
scoured margin, which forms an overhanging wall. The section at Gréve de
la Pointe consists of about 150 m of sediments, including sandstones,

pebbly sandstones and conglomerates in &ssociation with classical tur-

bidites. Petrologic analyses of sandstones (Appendix 3) in the present

29
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study show that the mean feldspar content of the Gréva de la Pointe
sediments is about 331._ Comparisons with the results of Mathey's .(1970)
and lLajole's et al (1974) studies of petrologic trends in the Cap Enrage’
Formation (Fig.l3) suggest that the Greve de la Pointe sediments £nli
within the melﬁ feldspar content of either Niveau 2 or Niveau & sadimants.
The maximum feldspaxr content within the Greve da-ln Polute deposits,
occurs in beds overlying a thick, chaotic conglomerate. The mean feld-
spar content of these beds reaches a meximm of 50% This peak may reflect
tﬁe one recorded in Niveau & sedimenﬁs at Trois Pistoles by Lajoie
et al (1974). If the beds above the thick conglomerate (see logged
sections, Appendix 5) do, in cht; represent western equivalents of basal
Niveau 4 sediments, then the thick conglomerate is, most likely, the
western equivalent of Niveau 3. This would place the Gﬁéve de la Pointe
section #s including Niveau 2 through Niveau 4 deposits, with the filoe-
grained sandstones and shales at the base of the section representing
Niveau 1l -- the Orignal Formation.

These correlations are confirmed, in a general way, by Valliéres
(in prep., 1978: pers. comm.). Valliéres has not atudied this outcrop in
great detail and does not distinguish the fine stratigraphy vighin the
Cap Enrage Formation. However, Valliére; (in prep., 1978: pers, comm.)
thinks that the outcrop of sandstone and conglomerate belongs to the Cap
Enragé Formation, with the thin-layered grey pelitic and sandy sediment
at the basal northeastern part of the outcrop, belonging to the Orignal

Formation.
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ORGANIZATION AND BASIC RESULTS OF THE THESIS

It is very difficult to dencribc and interpret the Cap Enrage
sadiments as belonging to & single sediment type. In order to simpli-
fy the description, beds are classified as belonging to specific sed -
{mentary facies. The basis to the definition of the facies lie 1n;the
£lald descriptions of the individual beds -- 1ithology, sedimentary
structures and sequences, and types of grading. As no new structures
are defined, nor new interpretations given of fentdraa, all of the
field descriptions are given as a catalogue (Appendix 4). Definitions
of facies given i{n the thesis text are generally easily understood,
with occasional reference needed to the catalogue of sedimentary fea-
tures (Appeudix 4).

The general organization of the thesis is as follows. Facies
definitions are given in Chapter 2. Vertical and lateral facles relations
are pregsented in Chapter 3. Grain fabric patterns and grain size distri-
Sutions are presented in Chapter 4. P&ssible depositional mechantyms for
the different facies are discussed in Chapter 5. An overall facies model
and comparisons with other deep-sea systems are given in the final
Chapter 6. The basic results of the thesis are given below as a preview.

The Cap Enrage Formation consists of sediments whicﬂ can be
grouped into the following facles: 1) coarse-grained conglomerate;

2) gfaded-stratified/cross-stratified fine conglomerate and pebbly
sandstone; 3) graded-dispersed fine conglomerate and pebBly-sandstouéﬁ T
4) graded-liquefied fine conglomerate, pebbly sandstone and sandstone;

5) ungraded, crossbedded fine conglomerate, pebbly sandstone and sand-
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stone; 6).structure1ess pebbly andstone and anndstona;‘and, 7) classi-
cal turbidites (mainly sandstone). | ' ‘ e
Local sedimentary facies models for different outcrops fit what
is called a 'scour-and-terrace’ morphology. Coarser facies were deposit-
éd-in topographically lower scours; and, finer facies were deposited on
topogrnphically‘higher, laterally-squivalent, depositional terraces.
Small-scale (up to 5 m) fining-up or coarsening-up sequences are inter-
preted to reflect Qigraﬁion of scours away from a site (producinéafining-
up sequences) or migration of scours toward a site (producing coarsening-
up sequences); Gradual fining-up or coarseniné-up sequences repre;ent
gigration of scours through meandering processes. Abrupt fining-up or
coarsening-up sequeﬁces reflect migration by avulsion. Large-scale
. (10's-100m) fining-up and cosrsening-up sequences are thought to repre-
sent migrations of large chalwég channels,

Regional grain size, bed thickness, facies and paleocurreat

patterns are accountable in terms of large-scale scour-and-terrace mor-
A

phological éhdels. Sediments of the Cap EnragElFormation are interpret-
ed as Héi;; deposited on at least three major topﬁgraphic features:
1) wajor thalweglscours; 2) major depositional terraces within the thal-
weg channeis; and, 3) major depositional terraces, which are much high-
er than the thalweg systems.

Facles (1) very coarse and coarse conglomerates are from major
thalweg scours. Facles (2), (3) and (4) fine conglomerates and pebbly sand-
stones were deposited on major depositional terraces within thei%hal—

weg channels, or on high depositional terraces which are marginal to

thalweg channel systems. Facles (6), (7) and shale beds are interpreted
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as bging deposited on high depositional terraces, generally fbr.avay
from the thalweg systems. Facles (5) is not verf‘£;mmon, although
whea it does ;cﬁur it s wideapread,‘:gsociated with most of the other
facies.

-

Overall depositional models and paleocurrent patterns suggest
that the‘Clb Enrlgé sediments were depoaited within a continental
base-of-slope valley. Thalweg channels within the submarine valley mnf

_have formed a braided patter@i. Outcrop restrictions prohibit one to de-
termine whether the submarine valley f£ill represents: 1) deposits from
sn upper fan leveed valley, of the submarine fan model: or, 2) an isola-

4

ted submarine valley, which has no asﬁo:iltion with a submarine fan,

Important Notes

The term "graded-liquefied" is us~d in the descriptive sense in
this thesis. It implies that a bed shows normal gfadlng and fluid escape
features. As such ng genetic {mplications are to be inferred.

Throughout this thesis the terms “member"” and "niveau" will refer.
solely to the atratigraphic levels, as defined by Latole (in press) and
Mathey (1970). Any English translations of "niveau" -- i.e. "level,
horizon" -- should be read in context of the thesis text, and not confused
;ith the atratigraphic csnnotltion (as used in this thesis) of "niveau."

A key to notation and abbreviationa used in the thesis is given

in Appendix 1.




CHAPTER 2

DEFINITION OF FACIES

SEDIMENTARY FACIES

As mentioned in the introdﬁccion, it is difficult to desecribe
the Cap Enragé sediments as belonging to a single sediment type. Hence
beds were classified as.belonging to different sedimentary facies. The
térm 'facies' is defined as the "general appearance or nature of one
part of a rocklbody as contrasted with other parts" (American Geological
Institute,1957). As applied to sedimentary rocks, the term 'facies' re-
fers to & unit of rock that can be distinguished, in the field, from
adjacent units of rockf'in terms of lithologic characteristics, sedimen-
tary and biogenic structures (de Raaf et al,1965).

No biogenic structures were observed within beds of the Cap En-‘
f;gé Formation. Thus, only lithologic characteristics and sedimentary
structures contribute to the definition of facies. Each bed was catalog-
uved according to 1) structures (or lack of A&Euctures); 2) grain size
characteristics; and, 3) types of grading. Beds with similiar structur-
es,ﬂ!!quences of sedimentary structures and types of grading wére clas-
sed as belonging to a given facies. Less importance was assigned to -
grain size crfterion. Fabric patterns and imbrication types were‘not
used in the defiﬁitiqn of facies.

All of the field data,providing the basis fo; the definition of

facies,are gggg$ in the appendices: 1) methods for section measuring and

description {Appendix 2 ); 2) catalogue and description -of sedimentary
' 34
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features (Appendix 4); and, .3) logg;d'field sections and location maps

e
Pini:

(Appendix 5 ) .
In this chapter a basic description is given of each facies.
Summary diagrams of the mﬁin sedimentary sequences are presented for
gach facies. Typical photographs of beds belonging to the various
facies afe cited, Many of these photographs are in the catalogue of
sedimentary features GAppendixtlj. To avoid repetition, where appro-
priate references will be made to the photographs in Appendix 4.
Detailed work in the present study has 1ed to the definition of
8 facies. Faéies 1) ;hrough (6) comprise the coarser sediments of the
. Cap Enragg Formafion, {ncluding very coarse conglomerate to medium sand-
stone. Facies (7) consists qf_f;ner-grained, mainly sandstone and silt-
stone ciassical turbidites. The final facies consists of rare shaie

beds.

BASIC DESCRIPTION OF FACIES

»

Facies (1) - Coarse Conglomerate (Figs.14,15,84,86,88,89,105)

The clast-supported coarse and very coarse conglomerates of the
Cap Enragé Formation have been studied by Davies (1972) and Johnson
(1974). Base& upon their detailed work, these authors have recognized
five types within the coarse conglomerates (Davies and Walker,1974; John-
son and Walkef, in prep.). These conglomérate types are mainly subdivided
by clast size and inéluge: cobble -boulder; cabble; coarse pebble'énd
fine pebble conglomerate; and, granule sandstones. In the present study,
the cobble-boulder, cobble and coarse pebble conglomerate types of these

L

workers are grouped into & single facies, which is called the "coarse




FACIES 2

FACIES 1

Fig.14 - Large solitary scour fill of conglomerate- fine conglomerate

-

below Ms. McRase. Bed 1115, Cap a la Carre Ouest. Stratigraphic

top is up, P,411
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|. DISORGANIZED 37%

2. GRADED

- 36 %
3.GRADED -

STRATIFIED

4. INVERSE.—
TO-NORMALLY  10%

GRADED

5 INVERSE GRADED
- TO—DISORGANIZE> 10%

6. INVERSE GRADED

Fig.15 - Sketch of different Facies 1 types (and rglal:ive- frequencies

of occurrence).
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conglowcraée facies." A detailed description of the types‘of beds in
thia £ic1eu is given by Johnson and thker ( in prep.)

The coarse conglomerates h:va a variety of grading, stratifica-
‘tion and fabric patterns which fit the models for resedimented conglom-
‘erates proposed by thker‘(1975) (Fig.4). ‘Nhlker's (1976) classifica-
tion scheme was used to describe the coarse conglomerates (Figl5). In
addition to these four models proposed by Walker, two other types are
recogaized ip the present study. These types are summarized in Fig.15
and include: 1, disorganized, 2. graded, 3, graded-stratified, 4. inver-
se-to-qormally graded, 5. inverse graded-to-disorganized, and 6. inverse
graded types (Fig.15). |

In the present study, emphasis was:placed upon .finer sediments
within the Cap Enragé Formation. Sections wére measured in the finer-
greined outcrops. Consequently, the coarser conglomerateg, as logged
in the fimer sections, tend to be fiﬁer and thinner bedded than those
described by Davies (1972) and Johnson (19745 from the predominantly
conglomeratic sections. The cutoff between coarse conglomerate facles
| and the finer facies is a-axis of the 10 largest graims H 16 mm (Appen-
dix 2). '

Beds belonging to the coarse conglomerate facies account for
127 of the beds measured within the finer outcrops in the present study.
_ Most of the coarse cahglomerate beds had flat bases, less commonly scoured,
and rarely loaded (Table 2 ). The m#ximum thickness reported by Johnson
and Walker ( in prep.) for beds of this facies was 7 m. In the present

project, the average bed thickness was 1.9 m . Minimum thickness was 0.25
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GRADING TYPES IN DIFFERENT FACIES (IN %)

. Abrupt 3 Reverse
Facies N Beds Ungraded Normal Normal Reverse - Normal Complex
1 160 37 36 5 10 10 i§ 1
2 300 23 52 19 1 3 T
3 265 21 54 16 1 6 2
4 166 23 55 15 1 2 3
5 53 100 -- -- - - -
6 200 . 26 30 43 1 2 -
7 166 20 76 3 - 1 1

~

TYPES OF BASES IN DIFFERENT FACIES (IN %)

Load &

Irregular Covered

Facies N Beds TFlat Scofir Load Scour

160
300
265
166

33
200
166

~S W

'Y

45

43 .

61
58
64
65
77

34

39 .

21

24 .
+ 30

26
17

10
11
14
12

6

6

" el 1 ol - A )

2
1
3
1
2

Irregular Base: Underlying bed has clast sticking
bed level, making the base of the bed irregular

N Beds: number of beds

. Reverse-Normal: Reverse-to-Normally graded beds

£~

r

[ I o B

out above the gemeral
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m. Beds in the present study were more commonly ungraded, discrganized
or graded, graded.stratified ( Fig.155'(Tab1e 2 ); Seds with reverse
grading octurred less commonly. Complex and abrupt normally graded beds
were rarely encountered (Table 23). | i
'Disorganized beds are ungraded, unstratified and rarely show

imbrication. Inverse-to-pnormally graded beds have a finer graine; base
which becomes coarser grained upsection. Overlying bed portions are
normally graded, bécoming finer-grained upsection. These beds are not
stratified and show imbrication. Inverse gra;]ed beds| become coarser
grained from the base to the top'and are unstratifiea ith imbrication.
Inverse-to-disorganized beds are gradational between the inverse graded
a;xd disorganized types (Fig.15). Graded beds show normal grading --
they become finer grained from the base to the top of the bed, aregnot
stratifieci and show imbrication. Graded-stratified beds are normally
-graded, béco:_ne stratified (or cross-stratified) in finer upper bed por-
tions ;nd show. imbricatio‘: (Fig.15).

Facies (2) - Grladed-sr.ratified/ Cross-stratified Fine Conglom-

erate and Pebbly Sandstone (Figs.14,16,108112) - ) RO

Beds of this facies are the most common beds within the finer
portions of the C;p Enragé sediments.' Twenty-three percent of the beds
meagured within the present study belong to this facies. Most of the
beds had flat (43 %) or scoured (39%) bases; loaded bases were less
common (11%) (Teble 2 ). The average bed thickness was 1 m (range: 0.15 m _
to 5.5 m). Most of the beds belonging to this facies consisted mainly of f;_ne
conglomerate.(a-axia:>4-16 um), pebbly sandstone (grain digmeter:) 2-4

mm) and very coarse sandstone ( grain diameter: » 1-2mm). Over half of
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the beds belonging to this facies were normﬁy graded (52%) or abrupt
ly normally graded (19%) (Table 2 ). Most of the beds yere stratified
orlcross-stratiﬂed. (};'ona-sc:atification generally ;:o ists of medium
_scale trough cross-atratifi.cn‘tion ( see Figs. 107—10§ ). Parallel stra-
tification is marked by alternating clast-supported and d;sperued lay-
ers (Fig.104) or consists of alternating layers of different grain
sizes, commonly marked by concentrated quartz pebble layers (Fig105).
Beds less coumonly have s;fuctureless basal portioms. This-latter case
may represent beds ;hat are transitional between the coarse conglomer-
ate Facies (1) and the fine conglomerate - pebbly sandstone Facies ).
Certaiﬁ gequences occur within the Facies (2) beds. The mosat
common sequences are: Graded/Stratified; Graded/Massive-to-Stratified
or Graded/Disparseé-to-Stratified; Graded/Trough drossbgdded or Graded/
Trough Crossbedded-to-Stratified; and, Graded beds with low angle cross-
bedding. Average bed thickneésgs for these different Facles (2) typeé
are listed in Table 3. All of the ﬁean thicknesses { of a random sample
of 20 beds of each type) fall within two standard devi;tions of each
other, suggesting that there is no ;1gnificant difference in bed thick-
ness amongst these Facies (2) types.These types are somewhat gradational
\{: one ancther, with the more common ones {1lustrated in Fig.16 .

Facies (3) - Graded.Dispersed Fine Conglomerate and Pebbly

Sandstone (Figs.17,18,19) '

This facies is the second-most common facies within the finer
grained beds of the Cap Enragé Formation. Twenty percent of the beds
measured within this project belong to Facles 3. This facles is

[ 4

characterized by beds which display a "dispersed texture," in which
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TABLE 3 -

BED THICKNESS FOR DIFFERENT FACIES:

Avg. Bed

Facies and Facies Type - Thick. X § (X L 28) N
Facies 2: _

with oblique crossbedding 1.19 0.72 0-2.64 20
trough crossbedding or trough cross- - -

" bedding-to-stratified 1.38 1.14 0-3.65. 20
dispersed or massiveto-stratified 1.11 0.65 0-2.40 20
stratified 1,10 0.74 0-2.58 20
Facies 3:
dispersed or dispersed/stratified 0.68 0.55 0-1.78 35
massive -to-dispersed : 0.92 0.41 0.1-1.74 20
dispersed-to-massive 1.32 0.89 0-3.1 20
dispersed-to-liquefied 1.30 0.55 0.2-2.4 20
dispersed-to-stratified 1,51 1.30 0-4.11 20
dispersed-to-crossbedded 1.18 0.57 0.04-2.32 17
Facies 4: A
mainly dish structures ) 1.59 1.27 0-4.12 20
mainly Type B pillars . 1.32 1.00 0-3.32 20
dish-to-Type B pillars ' 2.55 2.40 0-7.35 20
Type B pillars-to-dish ‘structures 2.13 1.53 0-5.18 16
Facies 6: _
massive and ungraded 0.92 0.68 0.24-1.6 20
massive and abrupt normally graded 0.73 0.64 0-2.0 20
massive and normally graded 1,20 0.81 0-2.82 20
dispersed-to-massive 1.25 1.01 0-3.28 20
massive-to-dish structure 2.14 2.46 0-7.08 20
massive-to-vague stratified 1.82 0.86 0.15§i54 9
massive-to-stratified 3.23 3.19 0-9.61 16
massive-to-crossbedded . 1.79 1.89 0-5.57 14
crogsbedded-to-massive . 1.36 0.83 0-3.02 13

S: . standard deviatsgn of bed thickness distribution

¥ t 28: confidence interval calculated two standard deviations either side
of the mean bed thickness

N: number of measurements from a randomly drawn sample of each facies

7




Fig.1] - Dispersed pebbly sandstone. Book at left is 19 em long. Bed

1402, Bic. Top of bed is up, 9.422

.
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Fig.18 - Small scour at base of bed filled with clast supported fine_cfc;n-

glomerate, above which fine pebbles are dispersed within finer

sandstone. Bed 1421, Bic, ?.422
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FACIES 3 —GRADED- DISPERSED FINE CONGLOMERATE
) & PEBBLY SANDSTONE FACIES N=265

|. MASSIVE -TO-DISPERSED

24 %
2. INVERSE -TO - NORMALLY >
GRADED, DISPERSED-TO -

MASSIVE=-TO ~ DISPERSED
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3.DISPERSED-TO -
STRATIFIED OR X.STRAT.

28 %

4. DISPERSED-TO-FLUID ESCAEE FEATURES 20 %

5. DISPERSED . IT%

6. DISPERSED-TO-FLUID ESCAPE FEATURES - 2%
TO-STRATIFIED OR X.STRAT

e

Fig.19 - Sketch and relative frequencies of different Facies 3 types.
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coarser granules and pebbles do not toucg one "another, but raﬁher are -
scattered throughout a finer grained sandy bed ( Figs.17.18).
Moat of the beds had flat bases (617), with less commonly scoured (21%)
or loaded (147%) bases (Table 2 ). The average bed‘thickness was 1.3 m
(range: 0.2 m to 11.6 m). Over half of the beds belonging to this faé;es
were normally graded (54%) or abruptly normally graded (16%). Ungraded
beds were less common (21%) (Table 2 ). Beds of this facies coﬁhgnly
had dispersed clasts in the fine conglomerate ( a-axis:>4-16 mm) and
pebbly sandsfoge ( a-axis: ? 2-4 mn) grain size classes. Dispersed
coarse conglomeratel( a-axis: > 16 mm) clasts were fare. The main por-
tion of the beds are gemerally fine to medium sandstone ( grain diam-
eter: 0.13 mm to 0.5 mm); less commonly coarse to very coarse sandstone
(grain diameter: > 0.5 mm to 1 om) makes up the bulk of the bed.
Although the Facies 3 beds are characterized by dispersed tex-
ture throughout most of the bed, many of the beds have smaller portions
characterized by other sedimentary features and textures (Fig. 19).
In coarser grained Facies 3 beds, structureless clast-supported portions
occur nesr the base of beds (Cas2s 1 and 2, Fig.19). Grading
{n these beds is either normally graded, ox inverse-to-normally graded.
In the latter grading pattern, the finer-grained base shows a dispersed
texture, which is overlain by a coarser clast-supported unit. Beds with
structureless, clast-supported basal divisions may répresent beds that
_ are transitional between Facles (1) a&nd Facies (3). Finer grained Facles
3 beds may be wholly dispersed (17%4), or have fine grained uppér bed
portions characterized by fluid escape features ( dish structures and/or

fluid escape tubes), stratification or cross-stratification (Fig.19 ).



Y

The main types of sequences within the Facies 3 beds are: dispersed;
structureless-to-dispersed; dispersed-to-séruccurelessQto-dispersed;
-dispersed-to- stratified and/or crossbedded; dispersed-to-fluid escape
features; and dispersed-to- fluid escape features-to- stratified and/or
cross-stratified (Fig.19) As given in Table3 ’ there is no statistical-

ly significant difference in the bed thickness amongét beds with these .
different,sequences. »

. Facles (4) - Graded-Liquefied Fine Conglomerate, Pebbly Sand-

stone and Sandstone (Figs.20-22,79, 90-103)

This facles is one of the less common facies within the Cap
Enragé Formation, with only 13% of the beds measured in the present
study being classed 4s Facies (4). Most of the beds had flat bases
(58%). Scoured ( 24% ) and loaded (127%) bases were less common.
Average bed thickness was 1.6 m (range: 0.25 m to 16 m). Over half
of thegbeds belonging to this facies had normal grading: 55% were
normally graded; 15% were abruptly nbrmally graded-to-normally graded.
Ungraded beds were less common (237%) (Table 2 ’. The term "liquefied"
refers to flows in which the sediment suéporc wag partially due to the
quar& escape of pore fluid. "Liquefied" facles refer to those beds
which show well-develoied fluid escape features, suggeat;ng tﬂ;t there
was important influence of pore fluid expulsion ou.the sediment.Grain

size ranges of Facies ( &4 ) beds are from 0.5 mm to 50 mm at the bases

of beds, to 0.1 mm to 6 mm at the top of beds.
’ /

4

As withlthe other pebbly sandstone and aandatone'facies, although
the Facies (4) beds are characterized by fluid escape features in major

bed portions, other, smaller units of beds may be structureless, disper-

PP e o £ 8 -

P
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Fig.20 - Dish structures with Type A pillars (srrowed). Bed 911, St. Simon

sur Mer Est. Tape is 50 cm long.. Stratigraphic top is up,'fa,404

Fig.21 - Large, straight Type B pillars in cross-section. Bed 879, St.

Simon sur Mer Est. Top of bed is uP'P'403
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_FACIES 4 GRADED LIQUEFIED FINE CONGLOMERATE,

PEBBLY. SANDSTONE & SANDSTONE Ns= I66

do5ia,e

Sl

e I .GRADED 35 %
03005, 2.UNGRADED 7%
SR |

FLUID ESCAPE FEATURES —
TO-STRATIFIED OR X.STRAT

3.MASSIVE BASE
4.LIQUEFIED BASE

FLUID ESCAPE FEATURES

5.LIQUEFIED TOP
r 6.MASSIVE TOP

13 %
12, %

1%

6 %

[E=ET] 2 MASSIVE-TO-FLUID ESCAPE FEATURES

ABRUPTLY NORMALLY GRADED—TO-GRADED

8. MASSIVE-TO-FLUID ESCAPE
FEATURES

Fig.22 - Sketch and relative frequencies of different Facies 4 types.
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sed; stratified 6r_crossbedded. In addition, in some beds, certain tybes
ofifluid_qgcgpe features occu;‘in different Sed positions. The main
kinds of Ehcieg.(a) sequences are: dish structures throughout the

whole béd:'Type B fluid escape tubes ‘throughout the whole bed; Dish.

to- fluid escape tubes; I‘;luid escape tubes-i;o-dish structures (Table3).

" There is no statistically significant difference in be& thickness

amongst beds with these diféerent types of fluid escape feature sequences, .
(Table 3). For the fhcies (4) beds with mainly dish structg;qs'ot

dish structures-to; type. B pillars, the éediment at the topzof the bgda
is generslly in the range of 0.15 mm to 0.5 mm, which fall within the )
optimum grain size Tange as state by Lowe (1975) for dish structure for-.
mation. In the Facles (4) beds with'mainly fluid escape tubes or tube-
to-dish structure sequences,the sediment at the tops of beds ramge from
about 0.153un1co 5 mm. This is a coarser grained and widerlrange than

- those Facies (4) beds with mainly dish structures,

In beds with other structures,i? addition to fluid escape features,
the following sequences occur (Fig.22): structureless.to-fluid esﬁépe
features; fluid escape features - to- stratified and/or crossbedded;
fluid escape features - to~ structureless; crossbedded-to-fluid escape
features-to stratified and/oxr crossbedded. Stxuctureless-to-fiuid escape
feature sequénces occur in beds which are fine conglomerate at the base.
Beds are usually graded (35%); less commonly beds are ungraded (7%) or y
abruptly normally graded-to-graded (7%) (Fig.22). Fluid escape ié:%S¥es
are found in finer grained upper bed portions in graded beds, or in upper

bed portions of ungraded beds. Over 30% of the beds had stratified or

crossbedded tops; all had normal grading, with the cross-stratification and
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stratification. occurring in the fin'ar-_grained t(;ps of beds. Commonly,
the;e stratification features truncated t_iiah structures or fluid escape
tub@s. -Some fluid escape tubes were bent or sheared in the direction of
the paleoflow for avarlying crossbedded unita. Beds with crossbedded”
bases were abruptly normally gradad-r.o-graded (Fig.22). Beds:: with fluid
escape EEntures-tq-strqctureleés sequences comuonly had "free surface
pillar structures (Figs. 97 ). or pillar struttures which are deformed
into convolute structures (Figs.98).

Facies (5) - Ungraded Cross - stratiﬂed Fioe Conglomerate,

Pebbli Sandstone and Sandstone (Figs.23, £4 425,107,109 }

Facies (5) beds are un,graded and crossbedded throughout. Cross-

stratification may be medium-scale trough cross-stratification (see de-

As;'c.ription pages 344-346 )(average set thickness = 0.45 m), small-scale

cross-stratification (see description pages 346 to 348 ) (individual

troughs on the order of a few cm or less in height in beds which average
0.33 o in thickness), and rare medium scale planar cross-strat';.fication
(nverage set thickness = 0.25 m in thickness). The range of set thick-
ness for medium scale trough crossbedding is ¢.3 m to 2 m , with a grain
size range of 0.5 mm to 16 mm ( average grain size = 6.6 mm). The

range of bed thickness for small scale trough crossbedding is 0.} m to
0.6 m, with a grain size range of 0."15 mm to 0.38 mm (av;:‘rage grain size
= 0.27 mn). Beds belonging to this facles are ungradéd and consist of
cross-stratified sediment. The crogs-stratification is medium acale

in fine conglomerate and pebbly sandstone ( a-axis: > 2-16 mm) and
small trough cross stratification in the finer grained sandstones ( grain

_ . -
diameter: » 0.125 mm to 2mm), Bases of beds may be scoured (30%), load-
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Fig.23 - Medium scale trough crossbedding in cpege-section. Bed 1268,
Cap & la Carre Ouest. Clipboard is 35%cif long. Paleoflow is
to the right and into the page. Three sets of crossbedding
occur, with reactivation structure (arrow) separating the
top two sets. Stratigraphic top is up,{.418 a

Fig.24 - Medium scale crossbedding in plan view. Top Bed 1222, Cap % la

Carre Ouest. Rectangles on the notebook are 5 cm long. Paleo-

¢
flow i3 to the 1eft,’>.4‘i7
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FACIES 5—UNGRADED CROSS-STRATIFIED FAQIES

N=253

IM

)

" _Fig.25 - Sketch pf different Facies 5 types.

~
-0

<=7 3

83

W

Fig.26 - Massive structureless sandstone. Top of bed is marked by

arrow. Bed 1442, Bic. Stratigraphic top is up, P.422
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T .
ed and scoured ( 6% ), or more commonly flat ( 64% ) (Table2 ). Cross-
bedding is well defined. erss;stratified sets are more commonly soli-
tary, less commonly multiple. Multiple.sets. commonly have reactivation
sur faces between the‘aecs.(Figs.23,25§07). Finer ( grain diameter: 0.125

mn to 0.5 mm) sandstones are quite commonly overlain bylshale.beds.

Facies (6) - Structureless Pebbly Sandstone and Sandstone

(Figs. 26 273

This facies is: the third most common facies within the finer
grﬁined beds- of the Cap'ﬁhragé sediments, with 15% of-the beds measured
in the present study belonging to this facies. Most of the bedS‘hadl
flat bases (65%4), with less commonly scoured bases { 26% ) or loaded
bages (6%) Clagle 2 ).. Most of the beds are qbfuptly normally graded:
(43%) or normally graded (30%), less commonly ungraded (26%). The aver-
age bed thickness was 1.5 m (.rangé: 0.15 m to 13,2 m), The coarser
- basal zones of abruptly ﬁormally éraded beds may consist of a relative-
ly thin unit of clast-sﬁpported or dispersed finme conglomerate or-
pebbly sandstone. Overlying finer grained pebbly sandstone or sand- .
stone 1is ung;aded or normally graded (Fig.27'). Sedimentary structures
are generally lacking within beds of this facies. Vague stratification
or thin, discontinuocus zones of fluid escape features may occur scatter-
ed withﬁn the finer grained, upper bed divisions. The coarser basal zones
rarely show cross-stratification. The main impression of these beds is
that they nre structureless.

Although the Facies (6) beds are predominantly structureless,

many of the beds have smaller bed portions characterized by dispersed

clast zones, stratified or crossbedded, or fluid escape bed portions.
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The main types of sequences wifhin the Facles (6) beds are massive ;
dispersed-to-massive; massive-to-dish Qtructureh; massive-to-stratified;
massive-to-crossbedded; and, crossbedded-to-massive. In addiéion, the | 1
Fqcies'(ﬁ) beds can be classed as ungraded, abruptly normally graded sr
normally graded. The average bed thicknessés of the different types
are listed in Tablels. . As shown in‘tﬁis table there is no statisti-

" cally significaﬁt difference in the average bed thickness amongst the

different Facies (6) types.

Stratification and créssbedding, where present, occupiesg a
very small portion of individual beds and is generhlly 111 -defined.

Stratification and crossbedding do not necessarily occur in consistent

bed pB?tions in all Facies 6 beds The most striking feature within

the Facies (6) beds is the oécurrence of a coarser grained, clast support-
ed or dispersed textured, Lase (Fig.27). This feature is noted within
43% of the Facles (6) beds. Abruptly normally graded types (Cases 3 to
6, Fig.27) had a much coarser grained lower 1/3 to i/a Pf the bed.

The coarse clasts in the lower bed portions generally ranged in size
from 0.5 mm to 150 mm. Upper portions of abruptly graded Facies (6) beds
consisted primarily of material in the fine sandstone to very coarse
sandstone classesq( 0.15 mm to 2 mm). Structureless beds with good
overali normal grading (Case 1, Fig.27.) tend to be somewhat finer grain-
eﬁ, on the whole, than the other abruptly graded Eypes. Basal grain

size was in the range'of 1 mm to 16 mm, whilst the upper bed portions

are in the range of 0.25 mm to 4 mm.



Beds are generally abruptiy normally graded-to-normally graded or un-

graded, Abrupt grading usually occurs within the 1ower'1/3 of the beds. -

Basal grain size ranges from abquc‘0.25 m to ISO,m@. In the structure-
less-to-fluid escape structure types, dish structgtes generally occur
within the top 1/2 to top 1/3 of the beds. The grain size of the lique-
fied top portions ranges from about 0.15 mm to 3 mm. In some cases, the
"dish structures were truncated by parallel lamination. In the ;tructura-
less-to-crossbedded types, cross-stratification is ill-defined and occurs
in narrow bands. Where it does occur, it is usually in the top 1/4 of
the Facies (6) beds. Sediment coarser cﬁdn 0.5 om shows either low
angle oblique cross-stratification or trough cropsbedding; sediment

finer than abqut 0.5 mm is either ripple.crossbedded or exhisita convo-
lute cross-lamination. Sediment at the top of Facies (6) beds with -
crossbedding is about the same size as that'for the Facles (6) beds with
liéuefied tops =-- in the range ;f about 0.2 mm to 3 mm grain size.
Structureless-torstratified types have upper bed portiomns somawhntf

finer grained than the Facies (6)‘§eds witﬁ either crossbedded or lique-
fied tops. Stratification is ill-defined and occurs in narrow zones at
. the éop of beds, where sediment is in the range of about 0.15 mm to 1.5
mm grain size,

Facies (7) - Classical Turbidites (Figs.28,29)

This facieé is one of the less common facies within the beds of
the present study, withronly 13% of the measured beds falling into this
category. Most of,thé beds had flat bases (77i). Scoured bases occur
less commonly (17%) (Table 2 ). The average bgd thickness was 0.6 m

( range: 0.02 m to 3.7 m). Most of the beds were normally graded (76%).
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Ungraded beds are less coﬁmon (20%). Beds of this facies follow the
: 5ouml model for turbidites, showing uﬁolly or, in bart, the followins '
divisions (Fig.29): A - the lower, graded, structureless division; h
B . the parallel stratified sandstone; C - the small scale trough
cross-stratified sandstone; D - faint p;rallel stratified silt and
mud; and, E - upper pelitic ghale division. The most commoﬁ type,
of sequence observed within beds of this facies consists of an ABC
sequence (32%) (Figs. 28,29). AE and AC(E) sequences are less common. ‘
Othex patterns rarely occur. Beds belonging to Facies (7) tend to
be finer grained than the other facies and are generally composed of
coarse to fine sandstone or silt ( grdin diameter generally less than
1 mm). Fine pebble conglomerate and pebbly sandstone classical
turbidites { a-axis: } 2 om to 16 mm) oceur less commonly.

Shale Facies

Isolated shale geds rarely occur in the Cap Enragé sediments.
Only 1% of the beds measured in ;he present study fall into this class.
The average thickness of the shale beds was 0.16 m (range: from thin
shale partings, about 1- 2 ma thick to shale beds 0.2 m thick).The

bases of shale beds are genmerally flat. Less commonly, shale beds

occur as scour f£ill material.

GRADATION BETWEEN FAGIES

Although the eight facles are defined in terms of unique combi-
nations of lithologic criterid and sedimentary structures, the divisions
are not &s clear-cut in reality. Some beés display features which occur
in more than one facies. In these cases, the beds were classed into the

facies that characterized the greater proportion of the bed. Some of the




transitional tyﬁea are: Facies 1)/ Faéits (3); Facles (1)/ Facies (2);
ic&gs &)/ Facigs (7) proximal turbi&itea; Facies (1)/ Facies (4); ;nd,
Facies (4)) Facies (6) (Fig.30).

Some of the gfaded-bed conglomerates belonging to Facies (
have finer, dispersed pebbly sandstone tops. Some of the coarser-ZSiined
Facies (3) beds have structureless, graded conglouérate &t Fhe base.
These occurrences suggest that the Facies (1) graded-bed cbnglomerates
and the.icies (3) fine conglomerates aﬁd pebbly sandstoneslmny be tran-
sitional to one another. The change from Facies (1) to Facigs (3) con-
sists of a decrease in grain size and bed thickness, along with an in-
crease in the proportion of the bed showing dispersed texture.

Some of the graded-stratified conglomerates belonging to Facles
(1) have finer-grained tops, in which stratification consists of alterna.
ting clast-supported and disperséd layers. Coarser, basaf portions of
Facies (2) beds also show this type of stratification. In addition, some
Facies (2) beds have a relatively thin, coarser-grgined structureless
conglomerate at the base. These occurrences suggest that,graded-strati-
fied Facies (1) conglomerates may be gradational with Facies (2) beds
(Fig.30). The transition from graded-stratified Facies (1l to Facies
(2) consists of a decrease in grain size and bed thigkness. There 1s also
a loss of the structureless basal division and an increasde in the amount

of stratification br crossbedding.

Facies (6) structureless sandstones are somewhat gradational with
proximal classical turbidites of Facies (7). This transition from Facies

(6) to proximal Facies (7) consists of a decrease in bed thickness and
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Fig.30 - Gradations Between Facles [< ] as interpreted for beds

Numbers indicate Facies.



alight decrease in grain size. Along yighfthedé chingen 1; a better
development of grading and an ;lncr’ei'so of interbedded ahalaa (Fig.30).
 Facies '(4) grlded-liquafied beds vlth structureless, conglom-
exatic bases may be gradational  with !hcleu ) conslomnratcs. How-
evur,.ricien (1) conglomirates rarely have liquefied tops. Facies (4)
" “beds with massive tops are not very common (6% of the Facies (&) beds).

These beds with massive tops may be sfldltionll between Facies (4) and

Facies (6). -_ ' D
Shale beds and ungraded/crossbedded Facies (5) beds are not
L

transitional with any of the other facies. : : '

W
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FACIES ASSOCIATIONS IN MULTIPLE SCOUR FILLS
Small-scale ( Between Beds ) Facles Associations in Multiple

.,

Scour Filla 

Vertical and literal facies relationships are re?ealed in the
field in multiple scour and fill aequences.L Two types of multiple
_scour £ills oceur: 1) Scour fills that have a single scour margin and
have been filled by two or more separate events; or 2) Scour fills
that have seou‘multiply.cut-and-filled by two or more différent events.

Multiple scour fills are relatively-raré within the Cap Enragé
;sections. Ten multipie scour fills were observed ;nd measured in this
study. These fills are preéeﬁt within different Members and Niveau
and are not reatr%cted to single major sediﬁentatiou units. A variety
of facles comprise the fill material from the very coarse conglomerates
(FagieQ (1)) to the fine-grained massive sandstones (Facies (6)). Com-
plex facies relationshiés oceur ﬁithin the mulpiplé scour fills; hence,
each multiple scour f£ill sequence will be described separately. |

(1) Scour Fill Predominantly Facies (1)

" Three multiple scouf £il1ll sequences have tﬁe £fill composed pre-
dominantly of Facies (1) conglomerates: St. Simon sur Mer ( Shrine
SecFion ) (Niveau 4), Riviere Trols Pistoles (Niveau 2); and, Gréve de
la Pointe (Niveau 2).

- (8) Riviere Trois Pistoles Section (Fig. 31 )

The initial scour surface is cut inte predominantly wassive sand-
stones ( Facies (6)) with a thin interbed of dispersed pebbly sandstone
(Facies (3)). This scour surface is about & m in apparent depth and

traceable along strike for about 20 m (including extrapolation into
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covered intervale). Scour fill is Faciee (1) conglomerate which is dis-
organized with an abruptly graded- stratified top. This congloherate is
overlain by massive sandstone (Faciea (6)), which ia cut by the second
scour surface. K;n:_;ill of the aecond scour is aleo Facies (1) conglom-
erate. Eastwyard, this conglomerate is graded-stratified, whereas west-
. ward (at the lowest part of the scour) the conglomerate is very disorgan-
ized and had many bent‘and contorted shale intraclasts and appears to be
.a alnmped portion. This slumped portion is cut by a third scour surfaca
to tne“west. This third scour is much smsller than the_firot_two scour
surfaces (apparent scour depth is 1 m; traceable along strike for 4 m ).
Fill is very fine grained and consists of classical turbidites (Facies
(7)) with shale interbeds. The western margin of the third scour F{ill
is cut by the fourth scour, with an appareant depth of about 1 m. This
fourth scour is filled with conglomerate, which is actuaily the base of
. & very thick abruptly graded massive sandstone (Facies (6))

| An examination of the paleocurrent treands (Fig 31) shows an
interesting pattern. The first scour f£ill material was deposited by a
current that flowed toward the nérthwest. The finer-grained material
in the second scour wag deposited by a current that flowed toward the
sonthweat. Beds overlying the multiple scour sequence also show paleo-

current trends toward the south or southwest.

3
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(b) Greve de la Pointe Section (Fig. 321

Scourad aurfacea of the mltiple scour £ill are cut 1nto cllanicll
turbidites and shales of the Orignal Formation. The scoured mnrgin has
an apparent depth of approximltely 11 m and is traceable for about 200 m
'along strike (Fig. 32). Multiple cutting and filling seems to have occur-
red, where three events appear to have formed thia complex. The basal 9m
of the £ill (channel fill events 1l and 2, Fig. 32) may be enclosed within
a scour th:t was cut as a result of ﬁ'single flow. Two periocds of fill
- are suggested by the presence of a shale parting between t;é two conglom-~
erate fills. It is unlikely that this shale parting would be preserved,
.1f the channel fill ;vent 2 were scoured qut before deposition. It is
“more plausible th{t the scour for events 1 and 2 was cut and then filled
by two different events. The shale parting sﬁggests a period‘of qules-
cence between the two events. The third scour was cut -and-filled by a
laser, aeSarate event.’

The first scour fill material consisted of ﬁngraded Facies (1)
conglomerate, which té overlain by shale. The second fill is graded-
stratified Facies (1) conglomerate, which has the same grain size at the
base as the first f£i11. After deposition of the second conglomerate,
classical turbidites (Facies (7)) were deposited over the channel complex.
After this relatively quiet périod of sedimentation, more coarse mﬁterinl
was supplied to the deposihional site. Ungraded, disorganized conglomera-
tes, with intraclasts aﬁd contorted large shale-clasts, (Facies (1)) were
transported to this site. The currents that transported this material
scoured the margin, comprisiog the site of deposition for channel f111 3
(Fig. 32). This third scour is filled by separate events. The overall

-
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trend is a fining-up aequenee from eoerae, ungraded nnd disorganized
congl omerate (Facies (1)) - ,graded-scratified conglomerate and fine
conglomerate (Faciee (1)) -—- graded/strntified fine conglomerate and
pebbly sandstone (Facieo (2)) (Fig._32).

An examinetion of Ehe paleocurrent trends (Fig.32) again shows

a peculier pattern. Paleocurrent dete from the underlying Orignel sediments,

suggest that the. claesical turbidites were deposited by currents that flow-
ed toward the northwest., All paleocurrent data within the. different scour
fills also suggest that the currents that cnt, and subsequently filled,
the sconr complex with coarse (Facies‘(l) and (2)) conglooeratee flowed
toward the northwest. Beds fmmediately ooerlying ohe scour fill complex
were deposited from currents that flowed tooerd the south-southwest.
Paieocurrento at the top of'the gection (Appendix 5) also indicate a
paleoflow towards the southoest.

The beds overlying the scour fill complen are clessed mainly as
Facies (3) and (4), less commonly as Facies (7), (2) or (5) (Appendix 5).
These overlying beds, do not occur a&s scour £ills, rather as continuous
beds. Beds generally become finer-grained and slightly thinner-bedded

upsection. The fining- and thinning-up trends are more gradual than those

observed at Riviére Trois Pistoles section (Fig. 31; Appendix 5.

‘(c) St. Simon sur Mer (Shrine) Section (Fig. 33)

_ The first scour islabout lmin depth and.treeeable along strike
for aboqua.S m. Scour £i11 material consists of massive Facles (6) sand-
stone. This first acour f£111 is overlain by inversely graded-stratified
conglomerate (Facies (1)). Westward this congloﬁerate has a scoured basal

purface and exhibits large-scale cr055bedding. The gecond scour surface

has a depth of 4 m,end {5 traceable about 12 m. Fill consists of conglomerate

-
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ies (2) fills are both composed of mixed chaotic to disorganized zones

' ' a )
of conglomerate, shale rafts and sandstone or conglomerate intraclasts.
: . 7] . .

" Top portions of the Facies (2) fills consist of crossbedded or stratified

fine conglomerates. The top-most fill consists of a céarse gr;ined

Facies (1) conglomerate, which is ungraded and .has well-developed
imbrication (to the éast) of large sandstone rafts. ~Paleoflows areAfoward
the west. |

(b) St. Simon sur Mer Est (Middle Horizon, Niveau 4)

Sections.S and 6 (Figs. 35,36)

The multiple scour fills of the St. Simon sur Mer Est section

5 and 6 are very similiar to one another, in terms of the type of scouring

. and the faciggvthat comprise the fill. In the lower scour {Section 5, Fig.

35)‘comp1ex,¢the initidl scour cuts into massive sandstone (Facies (6)).
o
The initial scour of%fhe_ppper complex (Section 6, Fig. 36) cuts into dis-

persed pebbly sandstone (Facies (3)). In both cases, dominant multiple

" scour fill consists of graded/stratified or crossbedded Facies (2) or mas-

sive Facies (6] sediﬁents. ) f
Scours in the upper Section’ 6 complex (Fig. 36) average 0.5-

1 m in apparent depth and are traceable along strike for about 30 m. The

pebbly sandstones and fine conglomefates, comprising the fill, are charac-

teristically abruptly graded, with coarser clasts concentrated in the base

)

of scours, Beds are marked by the occurrence of scalloped basal margins,

I

which may or may not cross-cut one another.
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Stratification in the lower part of the.scours is scour-fill

*

laﬁination or an irregular, "sweeplng type v of lam1nation above the scours
"(Fig.112) . Upper parts of beds show horizontal strat1f1cat10n. In the '

) lower part of the Sectlon 6 complex (Fig. 36), beds are classed as Facies
(2), whilst in the upper parts of this complax, beds beloﬁg to Facies (3)
or (6). Assoc1ated w1th these trends 1s a slight fining-upsection of the
maximum grain size of the beds. However, bed thlckness tends to remain
fairly constant, as do the scour dimensions.

The conglomerates and f1ne-pebb1e conglomerates of the Sec-
tion 5 compléx (Fig. 35) are, for the most part, normally graded/cross-
b;dded or normally graded/stratified. Coaiser clasts are again LOncentrzl
ted iﬁ scours, but beds are less abruptly graded than those in Section 6
(Fig. 36). Beds are marked by sqallobed basal margins. In lower parts of
the complex, more beds belong to Facies (6) and are structureless; whereas,
the upper parts of the complex tend to have beds that are wholly strati-
fied or crossbedded. Dimensions of scours become larger upsection, along
~ with an increase-in the proportion of Facies (2) beds. As in Section 6,
stratification within beds seems to grade from scour-fill cross-lamina-

tion within basal portions, to a sweeping type of lamination, which becomes

low-angle to horizontal tpwards the tops of beds,’

(3) Scour Fili‘ﬁredominﬁntly Pacie; (5) (Fig. 37)

Scours filled with pfedéminantly massive Facies (6) sandstones
;nl) occur in Niveau 2 at St, Simon sur Mer Est(Fig.37). These sediments
are abruptly graded pebbly. sandstone and fine pebble conglomerate, which

are overlaxn by medlum to fine sandstone. Dlspersed coarser clasts occur

in basal ‘scours. The main impression of these beds 19fthat they are struc-

A
<
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tureless; less commonly, beds display scour-£fi11 lamination (Appendix

4), stratification or dish structures.Beds are marked bj the occurrence
o ) : \ .

of promiuent, scalloped basal surfaces. Apparent scour depth of indivi-.

dual scours is about 0.5 - 1 m. Several beds have laterally linked basal
scours, which’ progressively cutj?ownsection to a depth of nbout 2 w.
Scours are traceable along ssrike for most’ of the outcrop width, about

50 m.

(4) Scour Fill Mixed Facies

!

Four small multiple scour complexés have scour fillslwhich be -
long to a variety of fa;ies. These coﬁplexes occurred within sections
at Greve de la Pointe, St. Simon sur Mer (Two Cottages), Anse 2 Pierre

Jean 5 and Bic.

(a) St. Simon sur ﬁer (Iwo Cottages) (Figs. 38,39)

The first scour cufs into ungraded Facies (i) conglomerate.
Lower scours of this complex gre filled with structureless fhcies )
pébbiy sandstone. Upper portions have fills classed as belonging to | 1
predominantly Facies (2). Fabric measurements and other paleocurrent data
suggest that the currents that cut-and-filled the scours were flowing to
the west-southwest. This paleoflow pattern {is coincident :with that f0und
in immediately overlying and underlying beds. Scours are quite small:
average apparent depth iarabout 0.5 m ; and, uco;rs'are traceable along
stfike for about 7 tn. | -

(b) Greve ae la Pointe (Bedsd 8191, Appendlx 5)

One small multiple scour fill .is associated with these beds. The-

-

first scour cuts into disperaed icies "(3) pebbly sandstone. Scours aver-

v

age 1 - 1 5 m in apparent depth- and ‘are traceible along atrike for 3-6

m. "The £111 of phe first scour ia graded/crossbedded Facies’ (2) conglom-.

El

§
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Stratification in the lower part of the scours is scour-flll

*

laﬁination §r an irregular, "sweep1ng type w of lamznatlon above- the scours
" (Fig.112). Upper parts of beds show horizontal strat1f1cat1on. In the

‘ 1ower part of the Sectlon 6 complex (Fig. 36), beds are classed as Facies
(2), whilst in the upper parts of this complex, beds beloﬁg to Facies (3)
or {6). Associated with these trends :s a slight fining-upsection of the
maximum grain.size of the beds. However, bed thickness tends to remain
fairly constant, as do the scour dimensions.

The conglomerates and flne-pebble conglomerates of the Sec-
tion 5 compléx (Fig. 3S) are, for the most part, normally graded/cross-
bédded or normally graded/stratified. Coafser clasts are again ;oncentrd:
ted iﬁ scours, but beds are less abruptly graded than those in Section 6
(Fig. 36). Beds are marked by sqalléped basal margins. In lower parts of
the complex, more beds belong to Facies (6) and are structureless; whereas,
the upper parts of the complex tend to have beds that are wholly strati-
fied or crossbedded Dimensions of scours become larger upsection, along
with an 1ncrease ‘in the proportxon of Facies (2) beds. As in Section 6,
stratification within beds seems to grade from scour- f111 cross-lamina-
tion within basal portions, to a sweeping type of lamination, which becomes

low-angle to horizontal towards the tops of beds,"

(3) Scour Fili'éredominantly Facies (6) (Fig. 37)

Scours filled with predominantly massive Facies (6) sandstones

only occur in Niveau 2 at St. Simon sur Mer Est(Fig;S?). These sediments
are abruptly graded pebbly. sandstone and fine pebble conglaomerate, which

‘are overlaln by medlum to fine sandstone. Dlspersed coarser clasts occur

in basal-scours. The main impression of these beds 1§fthat they are struc-

+
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tureless; less commonly, beds display scour-f£ill lamination (Appendix
4), stratification or dish structures.Beds are marked b§ the occurrence
T | : L ;
of prominent, scalloped basal surfaces. Apparent scour depth of indivi-.

dual scours is about 0.5 - 1 m. Several beds have laterally Iinﬂed basal

scours, which'progrossively cutJGownsectios to a depth of about ZIE.

Scours are traceable along strike for most of the outcrop width, about

&

-50 m.

4) Soour Flll-Hixed Facies

!

Four small multiple scour complexes have scour fills which be -
long to a variety of fsoies. These complexes occurred within sections
at Greve de la Pointe, St. Simon sur Mer (Two Cottages), Anse @ Pierre
Jean 5 sud Bic. | ) -

(a) St. Simon sur Mer (Two Cottages) (Figs. 38,39)

The first scour cuss into ungraded Facles (1) conglomerate.

Lower scours of this complei are filled with structureless fhcies 6)
psbbiy sandstone. Upper portions have fills classed as selonging to . ;

predominantly Facies (2). Fabric peasurements and other paleocurrent data
suggest that the currents that cut-and-filled the scours were flowing to
the west-southwest, This paleoflow pattern is coincidentwith that found
{n immediately overlying and underlying beds. Scours are quite small:
average apparent depth 1s:sbout 0.5 m ; and, scoors-are traceable along
strike for about 7 h. |

“(b) Greve "de 1a Pointe (Bedsd 81-91, Agggndix 5)

One small pultiple scour fill is associated with these beds. The

first scour cuts into diapersed icies "(3) pebbly sandstone. Scours aver-
age 1 - 1. 5 o 1n appsrent depth and are tracehble along strike for 3-6

»

m. "The £111 of, ﬁhe first scour is grsded/crossbedded Faclesg (2) conglom-‘

Y



Fig.J] - Multiple scour complex, Beds 849-869, St. Simon

sur Mer Esty.402

Fig.3} - Small mltiple‘ scour fills. Beds 771-787, St. Simon sur
Mer (Two Cottéges) Section. Rectangles on notebook are

5 cm long. Stratigraphic tops are upward, '?.398
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erate. To the northwest- this £ill is truncate four cfoss-cuttihg
scour fills, The lower two fills are graded, liquefied Facies (4) pebbly
sandstone and sandstone. The top-most fills are disperaed Facles (3)
conglomerate and pebbly sandstone. No paleocurrent data, is available fo?
these scodf fills. Thie small-scale multiple scour complex overlies a
thick disorganized Facies ‘(1) conglomerate. The transition with‘this

underlying congomerate is very abrupt.

{c) Anserﬁ Pierre Jean 5 (Fig. 40)

£
The initial scour of this complex cuts into fine grained, strati-

fied sandstone (Facies (2)). The first scour is about 1 m deep and is
traceable for about 5 ﬁ along strike. Fill consists of predominantly
structureless Facies (6) sandstone with only a thin line of inclined

d;sh structures, post-depositional In origin. This first fill is succeed-
ed by a liquefied Facies (4) bed, which is cut by the second scour. The
second scour has an spparent depth of about 2.5 m and is traceable'aloug
strike for 8 m. This scour has been filled by two depositional events. The
basal fill conaeists of a liquefi:d icies (4) bed, which is overlain by a
graded-stratified (and partly liquefied) Facies (2) bed. The basal fill
of this aecond scour probably becﬁpe liquefied due to emplacement of the
overlying Facigaﬁ(Z) bed. All of these scours open up toward the east.
Inclined stratification sugéests an eaatern palepf}ow. No other paleocur-
rent information is available, This complex most glose}y resembles the

scour complex at St. Simon sur Mer Est (Lower Horiion) (Niveau 2) (Fig.l37).

(d) Bic (Fig. 41)

The initial,scour of this complex cuts into a.liquefied Facies

(A) ‘bed. Fi{l1 of the first scour consists of Facles (1) conglomerate to

.A\"'
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Fig.40 - Multiple scour complex, Beds 5713-57§. Anse a Plerre
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Fi.g 41 - Multiple scour complex, Beds 1331-1346, Bic,p.419

Grain size data: a-93mm; b-0.5mm; ¢-29-14 mm; d- 26mmn;
e -40mm; f-35m' g~70mm; h-0.5mm; 1-0.4mm; j-30mm; k-
66 mm; 1-0.3mm; m 95m;. 0-0.4um; p«0.4mm; q-32mm; r-
184-35mm; s-35mm; ¢-4um.

W///////////@%fi

Jean 5. Regional paleoflow to the south-southwest,PSBO



the.east and icies 3) dispersed pebbly alndston; to the ueat The arenn
between the scour conaists of icies 3) diupersed pebbly nandatone and
Facies (6) mnsaive snndstone. The next seriea of fnur scours are filled _
mainly with Facies (2) depoaits. The first/of these acour filla conaista.‘
of a Facies (2) bed which changes’ﬁgg;;ard intec a liquefied Faciesl(d)_

deposit. To the east the Facies (2) bed becomes an ungrnded,-crosdbedded

Facies (5) unit.. )
The four scours are topped by very thin, inverseby graded Faciesn
(1) and ungraded Facies (1) conglomerates. A thin liquefied icies (4)
pebbly sandstone occurs at the top of the Facies (1) beds. To the west
the thin‘Faciea (1) beds and the Facies (4) bed are cut by nested scour
fills, consisting of Facies (2) deposits. |
Paleoflows for the Facies (5) fill of the second scour are toward

the north. All other paleoflows within this complex are generally toward

the west.southwest.
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CHAPTER 3~ -,

" VERTICAL AND IATERAL FACIES RELATIONSHIPS

!
Sedimentary environments are complex dynamic systems. Their
deposits, in turn, can alsc be quite complex. In order to work back-

ward from "results' to 'processes) modelsgare commonly:erected of

- sedimentary systems. Models may be in terms of a reduction in phys-

fcal scale (as the dedlcated model raii:oader scaling-down . trxain-

loads of boxcars for'éhse in hendling and ébsegvatinn) or, ulterhative-
iy, the modelé may consist of actual simplification of the observed
system, In the‘ptesent study, phyqical scale-modelling of thé sxgtem-
was not att;mpted. Rather, simplification 6f the observed field fela-
ships éah done. ‘This chapfér presents the summaries . (simplifications)
of the observ;& facies agsociations. These simplifications will‘be
infegrated into an overall mﬁdel far the .Cap Enragé sedimeﬁfs, in the
final "‘Chapter 6 . '

The firse step in the simplifig;tion of & stratigraphic succes-
sion is done by recognizing different qédimentary facies, Tﬁis was |
done in-Chapter'éq The ﬂéxt ‘step is to try and deliheate en&ironment#

»

frém the sedimentary facies associations. To do this, geologists have

uged Johannes Walther's Law of Succession of Facies as a guide. This

law is stated as follows: "The various deposits of the same facies area

. ) LY
and, similarly the sum of the rocks of different facles areas were {ormed

beside each other in space, but in crustal profile we see them lying on

N 80 - -
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'top of each other see o 1 those facien and fncies areas can be auperim- B

-posed withouc [y break chat can be obsarved beside each other at the
-rptesent time" (Walther 1894, free, tranalation a8 given in Blatt et al
,1972, pp. 187-188' emphaaia‘added)m As listed in Blatt et al (1972)

" there are aeveral corollaries to chis law.

'1. No major breaks cgn occux.in the atratigraphic sequence.
-

2. One location ie unlikely to‘display all of the facieslwhich occur in

»

lateral association. L)
3. An oversimplified model vefticel succession, eecessarily, leads to
an oversimplified interpretation of the lateral facies associations.

A good facies model must implicitly,account for the obseéyved
lateral and vertical facles associations. Hence, 8 good descriptio
_ qf‘the observed associations must be giﬁen. The associ: tione muet be
simpiified_eo the extent thatr"one can see the foreet fof the treee";
however, they - must not be oversimplified to the extent that one, ends
up with a simple-minded interpretation. A delicate balance must be main-
. tained. One must elso be assured that personal bias doee not enter into
" the delineation of associations. An objective method must be ueed to
determine significant facies relationships.

In the follbwing chapter, the observed vertical and lateral
facies associations are presented for the Cap Enragé sections measured
in the present study. As with most ancient auccesaion;, the vertical
associations are much easier to observe than the lateral facies rela-
tionships. Consequently, more data is available to discuss the vertical

patterns, with some refinements gleaned from the lateral trends.
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. VERTICAL FACIES ASSOCIATIONS—

Preliminary Analysis: Methods . R

.

In the study of stratigraphic sﬁcqensions,;ne 1;’1nterested in
determining if there is any evidence of recurrent or'cycltq.repeciT
. tions éf different £ac1ea; wh;ch would yield valuable information about
posgible repetitive sedimentation procésaes; There are many ways to
objectively analyze sgﬁuencen of daﬁ;. The nature:qf'the date and its
spacing in the section dictates what sort of téchnique should be used.
- In the present study, one is concerned with the possibility of recurrent
pattexrns iu_the‘chronological succession of faciesﬁ, The variable 1s the-

"facies." Facles are nominal data in that the magnitudes of the facies

o (1,2,3,...,7) are irrelevant. In this preliminary analysis, the spaciﬁg

-of facies in vertical sections is not important -- only the sequence of

facies is considered. N Lot

; Three types of st;tistical techniques are appropriate to usé for
uomin%l data in successions in which the spacing is not considered.
Theseitechniques are: auto-association and cross-sssociation, markov
analysis of transition matrices,and runs tests (Davls 1973). Markov
and semi-markovian models have been successfully applied to stratigraph-
lc problems,both in the aimulatign of observed sections &nd to determine
whether observed successions are‘accounted solelx in terms of indepen-:
dent random processes , Many workers have used these techniques in
the analysis of deep-sea sediments (Davies and Walker,l1974; Dovetom and
Sktp§e¥31974; Hattori,1976; Hiscott, 1977; Miyemura,1965;
Simpson;1970;.van Andel and komnr,1969; Vistelius and Feas,1965; Vistel-

ius and Feygelfaon,lQGﬁ).

-
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} : | In the é;elimlpary analysis, it was chosen to use énrkdvlln
analysis of.observed facles transitions to determine 1if there is any
. plttérn that iu not explained in terms of independent r}ndou sédiﬁcn-
tation proéeases. .There are many sources of error in the geologic
application of Markov nnllysig.

The.first problem involves the tast aglinsﬁ randocness. Thare
i3 no exact test of cyclicity fo; ;odinnl'data. Consequently, to deter-
mine whether a given sequence of categorical data is random or not, a

'flsz test 1; conducted. The null hypothesis is that the sequence of
lithologic events is ra;dom. One must be careful as to the‘number of
states defined: as the number of states increases, so does the number
qfltransitions needed for statistical certainty. The manner in which
the states are defined is also important: different gn Z values may re-
sult if the definition of states is by‘lithulogic or bedding thickness,
rather than facies criterid .. Qne should strive for a low numbﬁr of
states,both for statistical analysis and in the portrayal of data. Pat-
ter;s within trausitioﬂ probability matrices are commonly shown by plot-
ting them as flow graphs. Incipient patterns are more apparent if the
transition matrices have a low rank.

Other problems arise in the use of Markov analysis. Covered
intervals or incomplete sectioﬁs.(due to erosion or faulting) may affect
the decision of "randomess" or "mon-randommess.” In addition, as with
all fXLz tests, one has to arbitrarily decide on.a certain significance
level within the difference matrix, between random and observed transi-

tion probabilities. One has to keep in mind the geologic significance

of why certain associations occur; and, conversely, why others rarely
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occur. Much geologic 1naight'ﬁust be used to doftpe the states anq t 'ro-
.cognize the significance of their transitions.

In the present study, nine states were defined for the Markov
analysis. The nine.atates comprise tha‘etghc £nc£aslde£1nqd in Chapter
4 (Ftciesh{,z,...,7 and shale) as;yell as the "scoured surface" state
{(abbreviated SS); The scoured surfszce state‘cénsiuta_of large.sclle
ncoﬁrs, with an npbarent depth greater than or equal to 1 m (racge: 1:11
Qetres).‘ This scoured surface state differs from the other states, in
that it does mot deséribe a "unit of rock." Rather, it represents a
ma jor Break in the deposition of sediments and sfgnifies a period of
erosion. Nonentﬁe-less, the scoured surface state is recognizable in
the field,and is extremely important imn trying to describe sequences of
sedimentation. -

After the definition of the nine states, the transition sequences
were tabulated. Transitions of one state back to itself {s not allowed
in the analysis of facles sequences -- this is an embedded Markov~chain
analysis. Consequently, states may consist of one bed (in the case of
an isolated facies) or a series of beds of the same facies in multistorey
aequénces. If & section break occurred, as a&éovered intexrval or fault
contact, a new transition sequence was started. This complication re-
sults in truncated sequences. )

After the definition of the nine states and compilation of the
transition sequences, the next step was to analyze possible patterns of
transitions between states. or facies; Facies relationshié? can be shown

by facies relationship flow or 'spider' diagrams drawn from the original

field transition counts. Im this study, these diagrams based on transi-
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tion.counts are quite complex and very difficult to understand. Simpli-
ficac;on of the faéiea relationﬁhip diagram is necessary.

’ The facles relationship disgram was simplified by eliminating
those transitions which have a probability of occurrence less than or
equal to the probability if the transitions were random. In order to
determine which transitions are significantly different from random,
transition count » transition probability and difference matrices were -
tabulated using the methods outlined in Davis (1973 ,pp. 278- 288), Har-
baugh and Bonham-Carter (1970, Chapter 4) and Misll (1973) QAppendix 9).
Davies and Walker (1974) selected a cutoff value of 0.35 for the differ-
ence matrix scores to distinguish random and nop~random transitions. If
this is done for the present study (Appendixg),only one transitir.;n is
gignificant for all the transitions withiq the éap EﬁragE Formation that
were measured. Hence, it was thought that fhia value was not very use-
ful. A difference of +3.05 between the.observed and random- tramsition .
probabilities was arbitrarily selected as being the boundary between
random and non-random transitions (as was done by Cant and Walker (1976)

for fluvial sediments).

Preliminary Analysis: Results

o

"

Transition Count, Transition Probability, Random Pré\babuity and
Difference Matrices are tabulated in Appendix @ for all the transitions
observed within the m¥asured sections., A summary faciep relationship
diagram is shown in Fig. 42). As shown in this diagram, there is lack
of a well-defined sequence or even associations of facies. The only
well-defined association is the trend of scour surfaces to be o§er1ain

by coarse conglomerates (Facies l1). One does not need sophisticated



l,vee,7: Facinn 1 through 7

sh: Shale Facies

55: Scourwd Surfscas

Mambers (o decimsl form {ndicate Che diffarencs -:rix eoTes
""" = Difference macrix scores: .05-.1

= = =)= Difference mstrix scores:?.10..3

3= D{fference matrix scoras: .}

Fig.42 - Facies relations in the Cap Enragé Formation, using

all the transitions observed in the measured section.
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markovian gnnlysas to shﬁw ﬁhlt scoured surﬁicel tend to be overlain by
coarse éouglomerates'-- it-is obvious in th; field.'and 1s not at all
surprising. The value of this analysis is that it dc?onstraten, Ehtt,
on the whole, th;‘othar facies do not show consilﬁont patterns in their

*

distribution within all the gections that were measured in this study.

The lack.of consistency can be partly attributed to .the fact
‘that all of the seccioni,'regardless of their atratigrlphic'posicion or
geographic location, were lumped into one grand section. The obvious-
trends,based upon Johnson's,(1974) work,of Paciés (1) to iciéa (25'1n
vertical sections through pod conglomerates do not show up as signifi- |
cant transitions. Similarly, the trend from predominnntly A division
turbidites (equivalent to Facies (3) and Facies (6) beds) to complete
élassical turbidites (equivalent to Facles (7)) at the Bic Member IIL
section (Hubert gE.QL,i970) are not significant in the present analysis.
The proﬁlem. is ‘that by considering the overkll transitions within the
whole Cap Enragé, one is lumping‘"peaches with oranges" by considering
Nivesu 2. through Hivea; 6 and Hembe; I through Hemher‘III sediments as
representing a homogeneous sat. One of the basic premises of the Markov
chain is that a stationmary (or fixed) transition matrix applies to all
transitions. This is, clearly not the cases bedn in Member II and Hiveau
3 and 5 are composed mainly of Facies (1) conglomerates, whereas Members
T and III and Niveau 2,4 and 6 (F:Lg 1) comprise the finer facies (Facies

(2y through Facies (7) and Shale ). A more detailed analysis is needed.

A

B0




These will be the seﬁfnd major sedimentation unit. The thi:d major

4

Detliled Analysia: Hethods '

N¢d) Pnoliqg tha Data: Definiciou of Major Sedimentation

Units

"One of the major difficuiéies in doing the Markov analysis is

-

in trying to decide which sections can be lumped together .and conaidhfed‘
‘as essentially a homogeneous set of data Iof htﬁ:istical purposes. As

‘.menﬁégned béfore,there are various Members and Niveau which can be

mapped on a regional scale for the Cap Enrngs sediments, although they

afe lenticular ﬁcrosa che entire outcrop belt. Member I at Bic is

pradominantly saudstone. Similarly, Niveau 2 in the Anse a Plerre Jean -

]

| St. Simon region is mainly sandatone. When taken out of stratigraphic

context, these sediments of Hhmber I and Niveau 2 are virtuall& indis-
tinguishablé frq;-ﬁné‘another iﬂ the field. ‘Consequently, tﬁgse will
be considered one major sedimentaﬁion ;nit..'Heﬁbgr II at- Bic a;d
Niveau 3 and 5 in Anse ; ?iérre ﬁeAﬁ', Cap & la Carre Ouest are mninij
composed of Facies (1) and Facles (2)'bed§-and are difficult to distin-
guish from one another without complete chronolagy, as 1n fault blocks.
unit cowprises Niveau 4 and.Niveau 6 pebbly aandstones in the g
St.rrSimon . - Cap a la Carre Ouest region, which are equally q};ficqlt
;o distinguish without éomplete sections. Member XL at Bic éonsisfs-of‘
pebbly sandstones ahd éandstone and resembles the pebbly sandstone% in
Niveau &land 6. Hémbqr III differs significantly in that ar?ell;éefined

overall fining-up sequence occurs at Bic, which 18 not seen in Niveau

=¥

4 and 6 in the St. Simon - Cap'E la Carre Ouest outcrops. Hence, Member

III will be a separate set. Nivéauiz at Riviere Trois Pistoles and Greve

)
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de la Pointe have thick Facies ¢8) conglomerate beds at the base of the
aections._ ‘This 1is only seen-at one other outcrop -- Pt, Michaud, between
Bic and Cap ; la Carre. For this reason; the Niyeau 2 gections are not
considered in the same get at Niveﬁu 2:in the Anse a Pierre Jean - St.j
Sinfon reg;on. The geographic ﬁbaitiou of Greve de la Pointe at the
fhrchest western part of the outcrep for the Cap Enragé suggests that

it would be unwise to‘gfoup it with the eastern equivalents -- Member I.
Hence, Greve de la Pointe sections will be their own set. Niveau 2 at

Riviere Trois Pistoles has aspects similiar to both the Niveau 2 sedf.

ments at Anse a Pierre Jean, to the east, and Greve de la Pointe, to the

west. Coﬁsequently, the Riviere Trois Pistoles section will be consider-
- f .

ed on its own. - This results in six ma jor aedimentation units, for

statistical amalysis, which are designated:

1. Sandstone Horizons ( Member I and Niveau 2: Anse & Pierre Jean - St,

Simon area and Bic )

2. Conglomerate Horizons ( Member II, Niveau 3 and Niveau 5: Anse &

/
Pierre Jean - Cap a la ‘Carre region and Bic )

3. Bic IIT ( Member .III: Bic ) . {

4. Pebbly Sandstone Horizons ( Nivesu 4 and Niveau 6: St. Simon - Capj%

la Carre Ouest area)

‘5, Riviere Trois Pistoles Section

6. Gréve de la Pointe Section

in ordef to test that the sections have not been over subdivided
into the six major sedimentation units,a Chi-squared test and a one -way
ANOVA were performed,

In order to test if there are differences

in facies occurrences with respect to ‘the sedimentation units, the chi-

-4
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squared test was done (Appendixg). The prob-value of the calculated

i{oz'value suggests that the ﬂﬁll hypotheais (that tﬁe_facies in'éhe
different sedimentation unﬁs- ‘oceur equa_lly,dlfl:gn) iz false. A serious
drawback of the Cﬁli-séunred test is that it does not state how much the '3
facies differ between the sedimentation hc;rlzon's., To overcome this

aspect, the data were reworked and the one -way ANOVA was cont‘lucte'd

(Appendix 9). The results of the ANOVA are iisted in Appendix g and

are sumnarized as follows:

1. The null hypothesis of equal facles percentages was rejected fof the
coarse conglomerates (Facies .

2. The null hypotheéis was marginally acceptable for the ungraded cross-
bedded Faciles (5) sediménts and may.bendué to the-sgall number of:beds.

3. The null hypothesis was marginally rejeéted for the classical turbi-
dites (Facies 7).

4. All of the other faciés show that there is no evidence, from this -
sample ,to state that the null hypothesis of equal facies percentages
in the different sedimentation units was false.

There i3 not enough data to test the validity of Ehe-assuﬁptions
of normality and equal variances basic to the ANOVA test. Lists of the
c;nfidence bands about the mean % facies ‘occurrence (rﬁ' t Zé)l(Appendix‘Lﬂ"“““
9) suggest that the assumption of homoscedast;city‘may not be vﬁii&:
Facies(4)and Facies(ﬁ)percentages in the Sandstoné Horizons have much
greater variances than those facies observed in other horizons. How -
ever, the mean percentages of Facies(a)and Facleg(6}in the Sandstone

Horizons fall within the confidence bands of the other horizons. It is,

therefore, not thought that the conclusions from the ANOVA are wrong.
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(2) Delineatioh of Detailed Sequences

There are several scales of sequences that can be examined:
1)‘sequen§ea of §§da; 2) sequences of'faciea; and 3) sequences of d
gréups of facies which occur togetiexr. Each of these has different
implicatioﬁs as to sedimeptary_processea énd'environmanfal reconsfruc-
tions

In tﬁtjfirst'case, the béd§ are all classed into facies and
a Hhrkov;chain analysis;is done in which one state iﬁ allowed to go
back to itself..:Beds are independent events.aﬁq,'as such, the. facies
cl#ss of a given bed dees not, necessarily, depend upon the faciés class
of the immediately preceeding bed. A Markov,analyéis of the facies
patterns, using bedg 88 divisions, would show if beds of & given facies
tend to be overlain by beds of the same facies or different facies. A

-

parameter, called the "facies stability", can be derived to express

“the trend of beds of theé given facies to be overlain by beds of the

same faéies. The expression for the facies stability is:
(1) Facfes'stabiliCy = (number of transitions of a state back to
the same state) / (total number of transitions from the state).

This facies stability coefficient ranges from 0 (for those states in

* which beds of & given faciles are never overlain by another bed of the

éﬁme facles) to 1 ( for those states-in which beds of a given facies are
always overiain by beds of the aamé facies). A two-factor ANOVA 1is con-
ductéd to test if there is a‘significanﬁ difference in the facies stabil-
ity beﬁween facies as observed in the major sedimentation horizoms.
Methqu used in this analysis are given in Appendixg.

In the second case, where stratigraphic units are divided by

-
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facies and not beds, the embedded Markov-chain analysis is done. The

methods are identical to those used in the preliminary analysis of facies
In the third case, one is concerned with sequences within the

distribution of groups of facies. In order to define facies groups one

/\\EBB to objectively decide which facies occur in similiar stratigraphic

context. In complex sequences it is

-

of data, to reédily discern what facies
{

diff}cuit, with large amounts

in similiar positions.

The capacity of one facies tb substitute for another iﬁ a preferred sec-

tion is-called'"subsfitutability. Cluster and subsfitu;ability analysis
.ennble one to diacern facies ﬁhat may proxy for one another. One can
constrqct'a "treeJdiagram" (also called dendrogram) of facies based upon
'mutuai sﬁbstitutability. Facies with'high mutual substitutability would
cluster."high up -in the tree"; whereas facies with low mutual sub éltut~
abilities would link at lower levels, Clusters of facies at high mutual

' sﬁbstitutabilicy Qalues woﬁld.be considered to be "groups of facies,' in
that they occur within similiar str&tigraphic contexts.

Cluster analysis is quite useful in the discernment of rela-
tionships amongst facies. This analysis demands no prior knowledge
about facies rekﬁtionships. The dendrogram clustering meth;dza}lows
the data to classify itself ( iﬁ&%vidual facies are free to enter any

'grdup that emerges) and ia an effiéient display of complex relationships.
There are, however, several disadvantages of thia method: 1) distortions
can result from trying to represent multi-dimensional data in two-dimen-

sions, as 8 consequence of averaging substitutability values; 2)no sta-

tistical tests of significance exist; 3) statistical groups may or may
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not: be_ggolégically significant, Compqcation#l techniques for cluster
and éubstit:ﬁtabilitzy analysis are given by Davis and Cocke (1972) and
Dafviu {1973) and are amri;:ed in Abpendixg . In order to look for
vertical ;ssociations between grOups-df-faciea, a Markov-chaiﬁ analy-
sis and an embedded HarkoQ-chhi; analysis were done in wﬁich the
states were defined by groups of facles (Appendix9).

Detajled Analysis: Results

All.of the matrices used in the embedded Markov-chain &nd Mar- ..
kov-chain analyser; are g%ven in Appendi;( 9. Likewiée, m.atriées and
dendrograms for the cluster and substit(xtability are tabulated in
Appendix §. Flow charts for preferred facies associati.ons are also
given. Results of the tes;: for Markov property using the % 2 ' %
statistic (Gingerich,1969), ANOVA tests, and facies stability coefficient
values are also all tabulated i%ﬁpﬁendix 9.

(1) Markov-Chain Analysis: Sequences of Beds

Results of the two-factor ANOVA on facies stsbility shows that
there was no evidence that('facies stabilicy is diffle‘:ent in the six
major sedimentation horizous. Similarly, tﬁe tests for differen'ces be- CJ
twéen faclies show that facles stability velues are similiar in the dif-
ferent facies.

No %2 test exists that' cah test the Markov-property in Markov-
transition count matrices(where transitions are allowed ba to the same
state)lin which there are off-diagonal zero entries -(as in the ‘nresent
gtudy) ( see diacussion in Appendix 9). Hence, ;-.me cannot test if the

whole observed probability matrix 1is significantly different "from ran.

dom. This is not the objective of this exercise. Rather, on;a is inter-
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es;ed*inifihding those individual transitions between faciea which are

significantly different from random.

An examination of the flow diagrams for the major sedimeqtaéion

units“suggast thiét there are some significant facieélussociaCLOps on a

bed-to-bed basis (Fig.43). There are however, few consistent associa-

tions that are seen ingglir

L a

which seem to preva;l.'-Sﬁé&%é;)surfaces tend to be followed by Facles
' i

i

s@dimeﬁtatién horizons.fhere‘sre some txends =

S

¢h) éoarse conglomefh;es; Liqdéfied Facies (4) be?s are generally follow-
ed by beds of the same facles. In ma jor sedimentaéioh units which have
dominant transitions involving beds belonging to E;cies (5), (6) and (7),
the transitions are usually back to beds of the réspective facies (lL.e.

|
beds belonging to Facies (5) are u39h11y followed %y more Facles (5)

/[beds, te,). If éne idoks at the dominanf overlyi%g transitions
(dffference ﬁatr£§ s;ores gi?afer than 0.1)(F£§.4%) Facies. (1) §
bads tend to be overlﬁzﬁﬂ;; beds bcdloﬁg%ng to a Lumber of different
. y
' facies. Beds belonging to ochér facles are averlain by beds belonging
to two or three different facies.l The type of facigs Fhat overlies a
given fagies bed, generally varies with the major s&dimentatipn,unit

(Fig. 44).

{2) Embedded Markov-Chain Analysis: Sequences of Facies

Results of the i{,z test suggest that tﬂe total transition
probability matrices differ from random in enly two of the six major -
sedimentation units: Greve de la Pointe Section and the Pebbly Sandstone
Horizons. This is likely due to the large sample sizg of these two
sets of data ( number of transitions are 245 and 2951respective1y).

With nine states a very large number of transitions is required for sta-
A
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—
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BT e L 5 =
§ - & -k [ | '
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[} Sh

55 et 1 e b L ¥

£ =l a5
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Abbraviscicns same #s {n tha previcus figure.

Fig.43 - Summary of faclies relations in different sedimenta-

tion horizons. Difference matrix scores > +.30.
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Sequences of Bedg % §gguences of Facies
Non-embedded Markov Chain Analysis Embedded Markov Chain Analysis

'S8 “._,. 1 (1, GP ,TP,Pb.SS,II) - S8 —» 1 (I,GP, TP ,Pb.8S,II)
- §S (GP) * . 4S8 (GP Pb, SS)
. w1 (Pb,5S) : 3 (D) .
1 3 (D) : 1 4 (I,TP)
‘ 4 (1,TP) = , 7 (TP)
7 (TP) ‘

1. (TP)
3 (III)
6

| .2 QLT
: @ 2 %
3 amy ¢/ _ (1)
- 30 o 1 (I1)
3 ‘IBC:: 3 .3 ‘IE::: ’
6/(111) | ' 6 (III)
2 (11) . a2 (1)
& "Et:: 4 1|EE553 (CP)
' 4 (ILI,X1,GP,TP,Pb.SS) 7
o -3 (I1,GP) | 3 (e . A
5 ‘.i[:: : | 5 4 (X) :
5 (I,III,GP) 7

(IT%)
(111)
' 1 (1I) ':
‘EEEEEZ (GP) : 6
6 (IIXI,TP, Pb.SS)

(11)
7 —*7 (111,1,GP, Pb.SS) 7

ﬁ‘;

(GP) 3
(Pb. SS) .

(TP)

(TFP)

o
L Ry

(TP)

(11I)

LY, ] ¥ ]
x

Sh — 3 (1)

Abbreviations: 1,...,7: Facies 1 through 7

Sh: Shale Facies; 5S:Scoured Surfaces
I: Member I and Niveau 2 Sandstone Horizons

Il:Member II, Niveau 3 and Niveau 5 Conglomerate Horizons

III: Member III at Bie

Pb. S5:Niveau 4 and Niveau 6 Pebbly Sandstone Horizons .

TP:Riviere Trols Pistoles Section
GP:Gréve de la Pointe Section

Fig.44 - Facles relations in different sedimentation horizona, Differ.

ence*gatrix scores > +.30.

N



tis:ical significance of cﬁa entire transition probability matrix. As
mentioned before, one is mainlf interestéd in those individual tQanqi-
" tions phat,differ-from random.

Ags with the bed sequences, the flow AiAgrama show very few con-
siséenx patterng within the whole formation (Fig. 435. Scoured surfaces
‘are gepefallj overlain by Facies (1) conglomernte?. “At Greve de la
.PoinCe snd in the Pebbly Sandstone Horizons, Facies (1) conglomerates
tend to be succeeded by scoured surfaces.If one examines the dominant
overlying transitions (Fig.§4), Facles (1) and (6) units are succeeded
by & number of facies. - The other: facies are generally overlain by two

or three types of facies, where the succeeding facies varies with the

major sedimentation unit.

'(3) Substitutability, Cluster and Msrkov-Chain Analysis:

Sequences o? Groups of Facles

Noﬁe of the groups of facies déiineated from the substitut-
sbility aéd clustg}‘analyseq nre'cons;stenc.throughout tﬂe major sed-
imentation unifq:‘.Results of the Markov-chain and embedded Markov.
chain s£alyses for tﬂe groups of facies within the major-sedimehfa-
tion quts‘are glven in Fig.45. j&nmination of these flow diagranms
suggest that there are few cousiétenc ”facies'group" associations-
seen in all sedimentation unite. This is to be expected Qhen each

major sedimentation unit tends to show a different grouping of facies.

LATERAL FACIES ASSOCIATIONS

As mentioned in the beginning of this chapter, it is usually
difficult to get good, continuocus lateral exposures to adequately por-

tray lateral facles associations. Small, ocutcrop-scale lateral facies
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relétionships can be observed in some beds in sﬁhtial along-strike
‘sgpﬁiona as well as in single and multiplé nﬁour f;fia. Regional
facies associations are evident only by comparing m#jor sedtions witHin
Niveau and Members, at outerops that are fairly continuous{along the“
coast (parallel to sbrike). In'éﬁe.fiést part of this section, lateral’
facies Ebangea within iﬁdividual beds are presented. Secoﬁdly,_the
rélationships wifhin scour fills will be examined. Facies associations
are describéd from field obaeFQations. ﬁot enough data is av;ilable
fgr étatisticai analysis of preferre@ agsociations. ngional associa-
_tions will be exaPined in the next chapter in conjunction with the

paleocur*s;t patterns. ' ' . h

Small.scale (Within Beds) Facies Associations

R

. 'Along-strike faéiesgassociations within individual beds can be
:bsefved in 66 bedg'githin the se;tions measured in this‘atudy. Of these,
27 beds were in sectigns parallel to local pale;current direction;; 17
beds were in sections transﬁerse to the loecal pa;eofroé; and, 22Jbe45
were in sections oblique to the local paleocurrents. All of théée beds
shﬁw complex lateral faciga relationships and all of these chauge; are

+

shown in the sectionkdiagrgms (Appendix 5). -
Beds thin or thicken in both along-strike directions. Grain //ﬁ\\\\_z//

size within individual beds may'éoarseé, beeome finef anﬂ even coarsén,

again-in one direction‘along strike. .Due to this vgriation,lﬁ both grain

size and thickness within individual beds, it is difficult to know how -

to definé a "starting' position for a given bed; The coargestgrained _ »

port{bn of a bed was selected as the starting point to desdribe the g

along-strike facies asasociations within the beds. A summary \i{s in Tgble &
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TABLE 4

SMALL-SCALE (WITHIN BED) IATERAL FACIES ASSOCTATIONS

Coarsest Portioun of Bed:‘Facies 1) -

The following trends are on the scale of "pod” fills of Johnson and Walkex
. (in prep.). . _—

1. Facies (1) portions of beds within current-parallel and current-trans-
verse sections become finer-grained and' thinmer -bedded in all .direc-
tions. In beds involving transitions of Facies (1) conglomerates,
thick, inverse or normally-graded conglomerates tend to occur upcurrent
and grade downcurrent into thinner; normal -graded-to-stratified con-
glomerates. The thinniug- and fining trends occur with Facies (1} in
relfzépn'to other facies (1,3,4 and 6) portions of beds, although no
overadl coasistgpt patterns occur. .

2, In current-obliqde sections beds become finer-grained and may thicken
. or become thinne# in both easterly and westerly directions. . Agsocited
with these chdnges is the change from coarse Facies (1) bed portioms
‘to Facies (2),(3) and (6), although no consistent overall patternms

OCCUr . . .

Coarsest Portion of Bed: Facies (2)

1. In current-parallel sections there are no consistent bed thickness
trends nor facies associations. Beds become finer-grained in both up-
and down-current directions. Most facles as associated with the
coarser .Facies (2) portions of beds, with the exception of the coarser
Facies (l) conglomerates. - )

2. In current-transverse sections, the coarsest Facies (2) portions of
eds occurred in a most-westerly position. Beds tend to becode thicker
dnd finer-grained in an easterly direction. Associated with this
ange is a transtion of Facies (2) to Facles (3) and/or Facies (6).

. In current-dblique sections beds become finer -grained in both easterly
. and westerly directions. Beds may thicken or become thinner-bedded.
‘ Facies (3),(6) and (5) are associated with the coarser, Facles (2) bed
L\ . . . .
portions. ‘No consistent overall pattexrms occur.

Coarsest Portion of Bed: Facies (3)-

‘1. In current-parallel sections most of the beds tend. to become finer
grained and thinner-bedded in up- and downcurrent directions.Facies
(2),(3), (Y aad (6) are associated with the coarser Facies (3) bed
pqgfions, although no consistent overall patterns emerge.

Y
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T . TABLE 4 (continugd)

2. In current-transverse sections most- of the. beds become finer.grained
and thicker-bedded in an easterly.direction. Coarse Facies (3) bed
portions grade into thicker, finer-grained Facies (3) and/or Facies
(6) bed portions. ) : . J :

3. In current-oblique sections beds become. finer.grained and may become.
thinner or thicker bedded in hoth easterly or westerlyfdirectioQg.
Fa?;es (2), (4). and (6) ‘bed portions occur in association with the

coayser Facies (3) portions, although no, overall patterns are evident. .

.Coarsest Portion of Bed: Facies (4)

1. In current-parallel sections, the coarsest Facies (4) bed portions
are in a downcurrent position. Beds tend to beécome finer-grained and
thinner-bedded upcurrent. Associated with this change is a tendency
for Facles (4) bed portions to be replaced by finer Facies (2), (3),
(4) or (6) bed portiouns. ) : ‘

‘2. 'In current-transverse sections the coarsest Facies (&) bed portions

occur in a most westerly direction. Beds' become finer-grained in
easterly directjions. Beds may become thicker or thinmmer towards the
east. Associated with these changes, the coarse Facies (4) portions
‘change into Facies (2), (4), (6) or (7) finer.bed portionms.

3. In current-oblique sectidﬁs beds become finer-giained with mo bed

thickness change in~both easterly and westerly directions. Finer
Fagies (1), (3), (2) and (5) bed portions are associated with the
coarser Facies (4) portions, although no overall comsistent patterns
occur. . . . :

Coarsest Portion of Bed:Facies (6)

1. In;current-parallel sections Facles (6) portions became thinner and
finer -grained in both up- and downcurrent directions. Facies (2),
(3) and (4) portions were associated with the coarser and thicker

e

Facies (6) bed portions, although no overall patterns were consistent.

2. In current-transverse and current -oblique sections, the coarsest
Facies (6) portions of bed occurred in a most westerly direction.
The coarsest Facies (6) portions became thinner and finer -grained to
the east. Associated with this change is 'usually a transition from
thick Facies (6) to thin Facies (6) (less commonly, thin Facles (2),
), (3),(7)) in an easterly direction. '

Ay
A,

~—
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bed roughness factors and bed slope.

CHAPTER 4

. . . SEDIMENTARY FABRIC AND SAZE ANALYSES

SEDIMENTARY FABRIC

3

The term 'fabric} tefers to.the dgpatial 6riéntation 6f the ele-
menﬁs of which‘a rocg is compesed (American'G;ological Ipstifute;1957).
As applied to sedimentary récks, fabric includes the a-axis (long axis)
orientation of grains, and the angle of imbric;tion, with a-axis or
b-axis (intermediate axis) dipping upstream:.Grain fabric depends upon .
many factérs, includinggzgz)mode.of deposition of the grainsg 2) grain -
siée, shape and roundness; 3) sérting of the sediment being deposite&;

4) boundary conditions on the bed at the time of aeposition,nespecially

P

In many clast-supported conglomerates gnd pebbly séndstoﬁes, of
both terrestrial and marine origin, there is a lack of useful sedimen-
tary structures., Commonly, the onlyrclue to the nature and the direc-
tion of the depositing currents lies in the orientgtion of tﬁe indivi-
dual grains -- the sedimentary fabric. For this reason, detailed fhbric
studies were done in the coarser Cap Eﬁragé sediments (which lacked other
paleoflow features) to diséern ﬁqssible mechanisms and environments of
depositibn, as well as broad-scale paleocurreqt patterns.

(\\ In thié chapter, the results of the fabric and size anﬁlyses are
presented. These studies were done on material from coarse conglomerate,

pebbly sandstone and sandstone beds. Detailed methods used in field

<
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sampling, fileld measurement and labdratory methods are given in Appen-

dix 2 . Methods will only be discussed briefly in this chapter.

.Stereonet plots and SUMMArY statistics of the conglomerate fabric data

are given in Appendix 6 . Rose diagrams and sutmary statistics of the
pebbly saudstone and sandstone fabrics are presented in Appendix 7.
Grain size cumulative frequency curves and summary statistics for the

pebbly sandstone and sandstones that were studied are in Appendix 8 .

CONGLOMERATE FABRIC

[ >
Methods

Strike and dip measyrements of the apparent "ab-planes" of indi-
videal clasts were measured wiﬁhin conglomerate and fine conglomerates
in‘thé field,: Within each bedq“iZe orientation of 100 clasts was meas-
ured, The field orientation of the clasts was then rotated back to the .
horizontal (correcting for regional dip of beds) and summary summa}y si\-

tistics.were calculated, using computer facilities. Original, corrected

to horizontal, stereonet plots of conglomerate fabrics were drawn by

computer plotter routines.

To date, few studies have dealt with the analysis of three-di-

mensional fabric in deep-sea conglomerates (Davies and Walker,1974;

" Johnson,1974; Rocheleau and lajoie,1974; Walker,1975a;1975b; in Harms

g__g_ 975,1977) In his discussion of conglomerate fabrics, Walker
(1977) discusses the fabric in terms of the following statistics:
three -dimensional vector mean dip; the semi-angle cone of the three-di-

IS

mgnsionel vector mean; the semi-angle of confidence of the vector fean

" azimuth. In addition,(although not used by Walker,1977) the estimate

of the precigion constant 'k' gives a meagure of the dispersion of the
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-

distribution.

- Summafy Statistics of Clast Orientation Patterns

The étatistics that were used in Walker's (1977) study and in
this ﬁroject, are sqmmarized by Irﬁing'(1964) and Nederlof and Weber
(1971). These statistics will oﬁ1y be briefly described here. A list ,
of notation and abbreviations for the tex; is given in Appendix 1 .

The three.dimensional vecto£ mean 1s the average attitude of a
given set of poles to planes {(id this case, thg"ab planes' of indivi-
dual clasts in & bed). The uncertainty of this vector mean is a function
of the sample size and the variance of the parent populatiqn. fn the
~analysis of three-dimensioﬁal déta, this uncertainty can be described

\
. by an estimate of the "semi-sangle of the confidence cone" of the vector
meén, at a given probability level. . In this study! 8 95% confidence
level was used. The estimate of the "sémi-angle of confidehce" of the
azimuth gives the spread of the confidence cone of the three-dimension-
al vector mean,as projecteﬁ upon a two-dimensicnal surface (the "xy-
plane”, in this case the "EW-NS plane of the earth, exclgdiug the up
direction) (séé‘Nederlcf and Weber,1971). The precision constant "k"
is also a measure of the uncertainty of the vector mean., Unlike the
semi-angle of the confidence cone, k is not a function of sample size.
Fisher (1953) presents a method for handling data that have positions.
on a sphere. The parameter "k" determines tﬁe precision of the point
distributions on a sphere. If points are randomly distributed, k = 0;
if points are clustered into a small regfon of the sphere, k is very

large:
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Two parameters describe the dip oflthg imbrication planés { "ab-
planes"j of the clasts: the absoluge dip average and the three-dimension-
al vector mean dip.‘ The absolute dip average i{s the mean ;; the angles
of dip of the imbrication pianes, as measured from the horizontal, re-
gardless of the direction of dip. The three-dimensionﬁl vector mean
dip is defined as follows:

@ Sy, = ‘adptan R /R, ), where
ny is the vector sum in the xy (NS-EW plgne) plane and R, is the vector
sum in the vertiéal (up) or =z plane.

Results

Strike and dip measurements were made of "ab planes" of 100

“clasts in each of 45 beds in the field. Locations of the beds in which

the fabric was measured are.indicatgd in Appendix 6 , Summary Statistics
Tnb}e, and on the logged section diagrams, Aﬁpendix 5 . Stereonet plots
of the conglomerate fabric, rotated about strike back to the horizontal,
are illustrated in Appendix 6 . Summary statistics pertaining to these
stereonet plots are listed in Appendix 6. Field methods are discussed

in Appendix 1 . Field observations indicated an a-axis upstream imbrica-.
tion. Fabr}c measurements were done in clast-supported conglomerate
and fine conglomerate units. Thege units may have comprised a whole
conglomerate bed, or consisted of basal conglomerate units of beds, that

were graded from conglomerate, at the base, to pebbly sandstone and

_sandstone,at the top. Beds in which the fabric was measured can be

classed, generally, as belonging to Facles (1) , although some beds

belong to Facies (2), (3) and (4) (see logged sections, Appendix 5 ).
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1

Individual conglomerate units fall into three categories:
1) poorly organized or disorganized Fonglomerntes, which are ungraded or
inversely graded; 2) strgcturélesa graded conglomerates; and,'3)norml11y
graded conglqmerates which show stratificactanin finer-grained,upper
bed portions. Most of the conglomerates, in which the fabric was
measured, are graded-bed conglomerates (31), with less common occurren-
ces of disorgan;:ed (10) or graded-stratified (8) conglomerates

In the following section, the fabric‘resulgs will be discussed
{n terms of: absolute dip average, three-dimensiomal vector mean dip,
and uncertainties of the vector mean, in relation to type of conglom-
erate, grain size and thickness of conglomerate units.

(1) Absolute Dip Average of Imbrication Planes

Due to the small sample size of different conglomerate types,
it was impossible to test if there was a significﬁnt difference in the
‘ absolute dip average amongst the different conglomerate types. No sig-
nificant correlation(r = +0.24) exists between the absolute dip average
and the grain size of the conglomerate units. Similarly, no significanc
correlation was found between absolute dip average and conglomerate unit
thickness(f = +0.42).

(2) Three-dimensional Vector Mcan Dip (5)

The three-d;mensional vector mean dip values range from 2.7°
to 30.2°. Over 25% of the plots (13 plots) have‘three-dimensional
vector mean dip values less than 10°. This is particularly disturbing
because none of the stereonet plots (Appendix 6 ) ha;e‘girdles, dipping
less than 10°. There is insufficient data to test if the three-dimen-

sional vector mean dip varies with conglomerate typé. Plots of the three-
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%
dimensional vector mean dip versus grain size .or conglomerate thickness

are extremely scattered and no correlation coefficients { r values ) were
calculated.

(3) Semi-sungle Cone of Confidence of the Vector Mean

Insufficient data exists to test if thexe is & significnnﬁ
difference in the values of this parameter t 3 ) amongst the disorgan-
ized, gradeé and graded/stratified conglomerates. No significant cor-
relation (r = 40,002 ) exists be;ween 8 and the grain sise of the
conglomerate unit. Similarly, no significant éorrelution was found
between © and conglowerate unit thickness(r -+0.6).

{4) The Precision Constant ( k )

There was {nsufficient data to test {f there was 8 s{gnificant
difference in thelﬁ values amongst the differént conglomerate typas.
Plots of 't values versus grain size or conglamerate thickness are
extfemely scattered and no correlation coefficients ( r values) were

-

calculated.

(5) Semi-angle Cone of Confidence of the Vector Mean ( E_l

Versus the Absolute Dip Average of Imbrication Planes

A strong positive correlation(r = + 0.93) (Fig.46) exists be-
tween the semi-anglé{of the cone of confidence of the vector mean ( 8 )
and the absolute dip average of the clasts. A similiar reiation was -
noted by Walker (1977) for 3 values versus the three-dimensional ‘
vector mean dip, for deep-sea conglomerates in Oregon. This high de-
gree of correlation between these’ two paraﬁeters {3 somewhat suspect

in the present study. It is disturbing ‘that this plot has such a high

correlation coefficient, whilst ‘all of the other plots are not signifi-

7
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cant, with very low correlation coefficients or extremely scattered plots.
Discussion | |
Most of the paraméters describing thelconglomernte fabric bca£
no relation to the grain size nor thickness of.the conglomerates. Two
purzling results are evident from these couglomerate fabric studies:
1. Low three-dimensional vector mean dips (10° or less) can result from
distributions, whose stereonet pleots do not ‘show girdles dlppihg
at 10° or leség and,

"2, A high correlation coefficient suggests that a strong relation exists
between the semi-angle cone of the 3-D vector mean and the absolute
mean dip. Ordioarily, one would bg delighted with such 8 good cor-
relation, but the fact that all other plots are not significant and
this one is very significant, sheds some doubt upon this correla-
tion.

(1) Three-dimensional Vector Mean Dip ( $)

At flrsf glance,'one would think that the & measure of imbri-
cation would more adequately portray tﬁe'average orientation of a given
set of planes, as compared with the absolute dip averagé. The problem
with CS i{s that it takes into account direction as well as absolute
deviation from the horizontal, in describing the average imbrication.
Consequently, very low & values can result from two entirely different
orientation patterns: 1) Lhose populations which have clasts dipping
at near-horizontal angles; and, 2) those populations which have clasts

dipping at high angles,but in opposite directions.
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In the first case, all clasts have very low dips (near horizon-
.tal). The vector sum ny will have a certain value, depending upon the
' spread of the a-:uxis orientations in bedding. The x;ector sum R‘ will
always teundfto be very large. Unlgss there is a constant orientation
of the a-axes in bedding, thehresulting quotient ( ny-/ Rh-) will be
a small numbér. The tﬁrce-dimension{l vector mean dip ( 6 xyz ) will
also be a low value.
In the sccond{case, clasts have imbrication planes which dip
in opposite directions (Fig.47). The dip angles need not be low. If
clasts have imbrication planes wﬁich strike Iin the same direction, but

dip in opposicé directions, & very low 8 value will result (Fig.47).

Xyz
The resulting vector sum R; is large, whilst the vector sum Rey has a
vert small magnitude. As in case (1}, the resulting quotient ( ny !
R: )‘yill be a small number. The three dimensional vector mean dip
{ éxy: ) will also be a low value,

This problem of low, three-dimensional vdctor mean dips, result-
ing from different orientation patterns suggesgs that this parameter
( é ¥z ) is an inadequate representation of 'average dip" for popula-
tions, which have clasts dipping at various angles (as in the present
study). It i{s not a sufficient measure of average.dip of pebbles in
beds that show poor, or scattered, distributions on sterecnets. It may
b? an adequate measure of the average dip of & population 1if the clasts
show a well-ordered, clustered distribution.

The value of using three-dimensional orientations of clasts
within conglocerate beds lies in the fact that individual pebbles can

be measured in the field. It is quite often very difficule to obtain

an adequate sample of a conglomerate bed for.future analysis in the
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laboratoxy. Also § xyz values do not affect the threa-dimensional
meesures of dispersion, nor the orientation of the vector mean azlm;th.
So, although the statistical analysis of the conglomerate imbricetion
has_ been reduced to two dimensions (by using the absolute dip average)
the ériginil measurement of the three-dimensional clast orientstions is
justlﬂgd.

The 6m values do, however, affect the u'emi-angle of confidence
of the vector mean azimuth. On a two-dimensional representation it is
iwpossible to adequately portray the three-dimensional range of the un-
certainty of éhc vector mexn. For this reason, Bnbis commonly used
to show this uncertainty on two-'-dimcnslonll lnlpa‘or section diagrams.
However, 3'{ {s a function of both 3 and Sxy: (see Nederlof and Weber,
1971). The previous discussion pertaining to the problems of using
6 xyz with scattered pebble plots suggests that some %& values may
'also be spuriouu.- Hence, in beds that show poor or scattered distribu-
tions on stereonet plots, only the sc;ni-lngle cone of confidence of the
three-dimensional vector mean ( ) ) and estimates of the precision cg\u/

N
stant ( k ) can be used as measures of the scatter of the distributida.

o
.‘?
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Fig.47 - Schematic representation of veccgi‘ial sums R, and &q,

of clasts with the same strike but opposite dips.
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Summary of Conglomerate Fabric‘Results

1. Field observations indicated that the conglomerate fabric within
the beds measured in this study was a-axis imbricate upstream, a-axis

parallel to flow (by comparison with other conglomerate paleoflow data).

2. Parameters indicating the scatter of three-dimensional orientations
. . s

~ ~ ] .
(8 and k ) and the absolute mean dip show no relations to
grain sizq;ﬁof thickness of the congloﬁéra;es.‘

3. Plots of 6 versus 6:xyz and plots of ﬁ'versus absolute dip average

may have a certain autocorrelative influence.
4, In distributions which have scattered stereonet plots,with clasts
dipping in oppésite directions , ’estimates of 5 and B(i may
; xyz

be spurious.

PEBBLY SANDSTONE AND SANDSTONE FABRIC

Methods

In the study of sandstone fabric, two preferred grain orienta-
tions are important: the a-axis fabric in bedding and éhg.imbrication
pattern, measured in a plane cut perpendicular to bedding. -;n beds -that
have a-axis par311e1 to flow, a-axis imbric;te upstream orientations(
(Fig. 49, Case 1), grain measurements in a plané?cug pérpendicular to
bedding, in a direction parallel to the preferred a-axis direégiou
(in bedding), will yield imbrication information. In bedsothat'have a-
axis perpendicular to flow, b-axis imbricate upstream (Fig.49 ,Case 2),

grain measurements in 2 plane cut perpendicular to bedding, in a direc-

tion perpendicular to the preferred a-axis direction (in bedding), will

4

yield the imbrication information.

—— i i man
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CASE 1.

A-AXIS PARALLEL ) .
A-AXIS.IMBRICATE . .

ORIENTATION PATTERN:
UNIMODAL : HIGH ANGLE DIPS

4

| CASE 2.
BEDDIN ol
DDING PLANE A~AXIS TRANSVERSE
B-AXIS IMBRICATE

W ORIENTATION PATTERN:
BIMODAL; NEAR HORIZONTAL DIPS

CASE 3

0 |
- B_EDD)‘(G ”E “ A-AXIS PARALLEL,
,A!ﬂ!g!’

A-AXIS IMBRICAT
UP-& DOWNSTREAM

- FLOW

ORIENTATION PATTERN:
BIMODAL : HIGH ANGLE DIPS

"Fig.49 - Imbrication patterns in sections cut parallel to preferred

a-axis {n bedding for different original aedimegtary fabrics.




e 4 e ——— o e ———— e S

15

' ;\h—;igf hna no-e Eriori'way of knowing whether:a-sandstone will po-
seeﬂ ~ an a-axis, parallel to flow or a-axis perpendicular to flow febric .

Thus, the imbrication cuts were initially done in a direction parallel

f'to the preferred a-axis direetion in bedding. Imbrication pecterns vary

accordiné to the type of original fabric pattern (Fig.49). ‘Thus,, by
examining the grain orientations in both bedding and imbrication planes,
one can ascertain the original sedimentary fabric.

Most workers who study sandstone fabric, conduct this'analysie
{n thin section. In the present study, a method similiar to‘that ueed
by Hiscott (1977) was employed. Details of the measurement.and prepara-
tion techniques are given in Appendix 2 . Briefly, acetate peels were
made of stained,cut and polished sur faces -of oriented sendstone and
pebbly sandstone samples. Orientations of apparent &-axes of 100 grains
were measured on enlarged photographs,made from the,ecebate peele. Thus,
for each sample, 200 grains were measured: 100 grains in the bedding )
plane, and 100 grains in the imbrication plane.

Rose diagrams were npde oi each of the bedding plane plots,
These plots were separated. into those which showed bimodal patterns
and those which did ndt show bimodality. The criterion used for bimodal-
ity is discussed in Appendix 2 . For those beds which had bimodal plots,
the imbrication cut was made in a direction parallel to the deminant

mode of the bimodal pattern, as observed in bedding. For those beds

‘which did not show.bimodality, two-dimensional vector mean azimuths

were computed (Curray,1956). For samples with good a-axis bedding pat-
terns, poor a-axis bedding fabrics,and random a-axis bedding fabrics,

the imbrication cut was made in a direction parallel to the computed



vector mean. Vector mean azimuths computed frow random or poor ‘unimo-
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da)l patterns may noﬁ.havé real meaning. The ;omput;d vector means, how-

ever, previded a standard and arbitrary direction in which to cut the |

.1mbr1cat16n‘slab$ in beds that had random or poor unimodal bedding fabrics.

Summary-Statistics of Clast Orientation Patterns

Standard statistical methods were used tq_analyze‘thg‘bedding

"and jmbrication patterns. The folloﬁing statistics are important:

the vector mean dlrection, significance level of the distribution
{(based upon the Tukey ?L% test), gﬁe vector strengfh ( L% ) (which
indicates the amount of scatter 6f the pattern), and the étandard
deviation (67). | |

Bedding plane fabric data is "line of motion" (or 180°ldata).
in that onlyuﬁlsenég of the flow is indicated. ImbricatiOQ‘ddta is

oriented,with respect to the horizontal a-axis preferred direction in

bedding. Imbrication data is, therefore, considered to be vectorial

{ or 36bo ) data,_ bkthoﬂs for computation of the statistics of both
180° and 360° data are gifen by Curray'(f956).. Theée coslputations @
were only done on the samples that did ndt have bimodal.orien;ation
patterns.

Results

Oriented hamd-specimen samples of pebbly sandstones and sand-

stones were taken from 95 beds for fabric analysis in the laboratory.

Locations of the beds from which samples were taken are ;ndicated in

-Appendix 7 , Summary Statiqticﬁ Table, and on the logged section ..

diagrams, Appendix § . In 13 beds, samples were taken at various Inter-

vals within the same bed. Bedding fabric patterns were done on 116 sam-

ples. Of the 95 beds, imbrication plots were done on 71. Rose diagrams
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-1 of {ndividual measurements for bedding fabric anq imbrication
" studies are given in Appendix 7. Summary statistics for Bedding plane

fab;ic patterns and imbrication pa:tefus are also all liafed in Appen-
dix ,?; Just prior to the réspective fabric ind imbrication rose diagrams.

Fabric measurements were done in samples from units that may
have compriéed whole sands:onelﬁeds; or consisﬁed of certain lev;is
within beds that were graded from conglomerate to sandstone. Beds in
which the fabric was measured aré classed as belonging to primarily
Facles (3) and (4); less commonly beds belong to Facles (1), (2) n;dﬂ(G).

:

Rarely were Facies (7) beds measured. Fabric was not measured within the
cross~str#tif1ed beds of Facies (5). Individual sand§COneAuﬁits from
- whieh the samples were taken fall into four categories: 1. dispefsed
‘pebbiy sandstones; 2. liquefied sandstones; 3. stratified sandstones;
and, 4. massive (or structureless) sandstones.

In the-following section, the fabric results will be discussed
in terms of the type of orientation pattern, clast dip and uncertainties
of the vector mean. These aspects of the orientation patterns will be
related to the type of sandstone unit, grain size and thickness of the
units. Paleoflow patterﬁs, as determined from the fabric and imbrica.-
tion patterﬁs, will be discussed in conjunction with the paléocurrent
patterns of the conglomerate beds in the final Cﬁapter 6.

(1) Orientation Patterns of Bedding Plane Fabric

Four types of orientation padféxgs are recognized: 1. Bimodal
(as determined from rose diagrams, see Appendix 2); 2. Random: signi-

ficance level = 1.0 - 0.2 (:K z tést); 3. Unimodal: significance level:
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. ' e
0.2 - 0, 05 (% 2 test ); and, 4. Well-developed Unimodal: significance

level = less than 0 05 (ﬂ& test).
A summary of the type of orientation bat:ern for the different

- sandstone fypes is given in Table 5 . Diaperaed; 11quéf1ed and massive
units have about equal proportions of randowm, bimodal and unimodal
patterns. Unimodal patterns within dispersed and liquefied units

are well developed ( ;ighifi;ance level = less than 0.05); less.common-
ly they are not éﬁ well develcped'ksignificance level = 0.2 - 0.05)
(Table 5 ). In massive unitg, the unimodal patterns are not as well
developed (significance level = (0.2 - 0.05 }: less commoély, they are
well developed, Stratified units-have predominently unimodal pafterns,
. less commonly bimodal and rarely random patterns (Table 5 ). The
unimodal patterns are usually well-developed, less commonly not g0
well developed. .

.All of the samples with bimodal s-axis orien;gtion pat;erns

were re-examined to determine whether the grain size of the clasts was
influencing tﬁe orientation pattern. The orientation of the 25 laféest
clasts within each enlarged photograph was noted. In 47 % of the bimo-
dal plots, the largest grains aligned parallel with the dominant mode of
the bimodal distribution. In 31 % of the bimodal plots, the largest
grains fell within the secondary mode . In 22 % of the bimodal plots,
the largest grains were oriented between the two modes. All of the
bimodal plots f;om stratified sandstones ( 7 samples ) had the largest
grains parallel to tﬁe secondary mode. Those bimodal plots fgbm digper- °
sed, masgive and liquefied sandstones had the largest grains usually

parallel to the main mode; less commonly, in the secondary mode or between them.
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(2) Imbrication Fatterans

Two types of imbrication patterns are recognized: 1. Unimodal
Pattérns; with high dibs (average dip = 36°§ range: 15° - 60° ); and,
2) Bimodal Patterns, with a dominant mode and high dips.(averaée dip =
310; range: 5° - 65° ). A summary of the imbrication patterns for the
different sangtone types is given in Table 5 . Dispersed sandstoneé
show mainly bimodal {mbrication patterns. Liquefied and sératified
sandstones tend to have about equal proportions of bimodal and unimodsl
;mbrication patterns. DMost of the massive sandstones display unimodal

fmbrication patterns. No grain sizg\influence w&s seen in bimodal plots.

(3) Modal Angle of Imbrication

In the analysis of the imbrication patterns, which showed a

unimodal distribution, a vector mean was computed (Curray,l1956) for °
vectorial (360° ) data., This vector mean tends to have a very high
value for all of the samples, with an average imbrication dip of 76°.
Examination of the rose diag;ams for the imbrication plots (Appendix 7)
shows, however, that most of the clasts do not dip at such high ;ngles. _
.The problem arises from the fact that the clasts {(even those belonging
to unimddal dis;ribution;) may have some components of;che distribution
which dip in a downstream direction, reéulting in a net vectorial dip
which‘is greater than the dip of most of the individual qlésgs. Conse -
quently, it is thought that the 'modal angle pf‘dip“ would more accurate-
"1y dgpict the average dip of the individual E}yﬁts. This modal angle of
dip is taken Ss the midpoint of the largest mode in the rose.diagram of

each imbrication plot.

¥,
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Hodal.dips for the bimodal plots and unimo-
dal distributions are tabulated in Appendix 7 . The average modal dip
. for the unimodal imbrication plots is 36°, In the bimodal {mbrication
plots, the modal dip of the strong mode averages 33°, whereas the weak

mode has an average modal dip of 290 .

There is no relakjonship between the modal angle:of dip and
sandstone thickness nor gr‘in size for any of the different sandstonme .
types. There is insufficient data to test if there is any significant
difference between the modal angle of dip as noted amongst the different

sandstone types.

(4) Vector Strengﬁh of the Vector Mean

The vector etrength of the vector mean is a measure of the scat-
ter of the.distribution, and is the magnituderf the resulted vector mean,
expressee in per cent (Curray,1956). These can only be calculated fof
. unimodal patterns.
No relationships were found between the bedding or imbrication
.vectpr stfengths versus sendstone thickness or grain size. No relation-
ship exietq'beeween the vector strength in bedding and the vector
?e;eugth in the imbrication blot. These pgpts are extremely scattered
and no-correlation coefficients were calculated.

A negetive correlation (r= - 0.67 ) exists between the vector
strength of the bedding vector mean and the modal angle of dip (Fig.50).
A positive correlation( r = +0.61) exists between the vector strength of
the imbrication vector mean and the modal angle of dip (Fig.50). These
relations sugpest that at high modal anges of imbrication, bedding elane

. kY
orientations have low vector strength values, suggesting a high amount
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Fig.50 - Graphs of modal angle of dip vs. vector strength of
bedding fabric pattern (upper plot) and imbrijcation

fabric pattern (lower plot). r= correlation coefficient.
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of scatter. _Asrmodnl angles of imbricati?n decrease, the vectof strength
values become %arger, suggesting a better-orderéd distribution. The
reverse treand occurs in imbriéation plots: thelamount of scifter of the
imbrication plots decreases, a3 the modal angle of imbrication increases.

Summary of Sandstone and Pebbly Sandstone Fsbric Results

1. Dispersed, liquefied and massive sandstones have about equal propor-
tions of random, bimodal and unimodal batterns in bedding. Uniwmodal
patterns are well developed within dispersed and liquefied sandstones,
whilst in massive sandstones they are not so well developed. Strati- -
fied sandstones have well &eveloped unimodal patterns in beddiﬂg,
le;s comndnly-bimodal patteras in bedding.

2. Bimodal bedding plots from stratified sandstones had the largest
grains parallel to the secondary moée. Those bimodal bedding plots
fro& dispersed, massive and liquefied sandstones had the largest
grains usually parallel to the main mode; less commonly, in the
secondary mode or between them.

3. Dispersed sandstones have mainly bimodal imbficatlon patterns. Liﬁue-
fied and stratifled sandstones tend to have about equal proportions
B{\;imodal and unimodal imbrication patterns. Massive sandstonés‘
have unimodal imbrication patterns. No grain size influence was
seen, where largest clasts dip both up- and downcurrent, in bimodal
imbrication plots.

4. No relationship exists between modal angle of dip and sandstone thick-
ness nor grain size for any of the different sandstome types. Such
plots have widely scattered patterns.

5. Vector strengths of bedding and imbrication plots bear no relation
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to eacﬁfother, nor to sandstone thickness_qpr grain size,

6. Bedding plane orientation patte;ns are.moge séattefed'in beds whizh
: havg high modal angles of imbricntion; converaely, bedding-plqne

oriencatiun patteras bécoqe’bett&r developed in beds'which have low

modal angles.of 1$bricaﬁion;
* 7. Imbrication plane brienéacion patterns are more scattered in beds
which have low modal angles of imbrication; conversely, imbricatiaﬁ
plane orientation patterns become better developed in beds which

)

have high modal angles of imbrication. A

GRAIN SIZE ANALYSIS

Just as the processes of deposition influence the fabric of a seii-
ment, these processes are also thouéht to leave an imprint upon‘the dis-
tribution of grain sizes within the sediment. For this reason, there
has been much wo&k in sedimentelogy tryimg to relate characteristics o
grain size distributions to depositional mechanisms and enviromments.

| In the presant study, grain size analyses were conducted on sao-
ples from differeué sandstone types, including liquefied, dispersed,
stratified, stratified: B-division of classical turbidites, and massive
types} With the excepti;n of the B-division turbiditic samples, the
rest of the.saﬁples were obtained near the base of beds.
Detailed methods of field sampling dand laboratory measuremezt

are given in Appendix 2 ,
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- Results

Grain 51:g analyses were dqne for 26'unﬁp1es. Replicatermenaure-
‘ments by an iqdapendent'operator were done for & sampl?a. Summary .
statistics and cumiative frequencf curves are given in Appendix 8 . -
.Coﬁbarisons of the replicate messurements,by independent operatoré,
‘of.identical thin sections, show that the cuxves aré nog repeatable,

Problems in consistency of measuremants arise in estimates of
the coarsest one-pérccntila and in estimates of the inclusive graphic
skcwn;ss (Sky). This is thought to be due.to two factors: 1. Most of
the samples show moderaté or poor sorting. Inhomogeneity with samplcq
-with ch; uneven distribution of scattered coarse grains may partially
account for these Iinconsistencies. 2. Many of the smaller grains, espec-
ially che unstable ro;k fragments, are partially or wholly recrystallirzed
{Chevalier,1977) ,making estimates of the finer portions difficult. Anoth-
er characceriscic of the grain size curves seems to be an artifact of |
the measurement technique. Examination of the cumul#tive frequency
curves (Appendix 8) suggests that most ;f the samples show a paucity of
grains in two grain size classes: 2.5 ? to 2.?5 ¢ and 3.75 @ to &4 ¢.
It was discovered, subsequently, that it is difficult to distinguish
grains within the 2.5 é and 2.75 ¢ classes from one another, and the
3.75 é and & 4 from one another.Consequently, these low values on the
. grain size curves are thought to be due to meisurement error and not
due to depositional processes nor to be a function_of gediment supply.

Results from the grain size analyqéénagg not very encouraging.
Liquefied, massive and stratifi;d sandéton;s all tend to be positively

(fine) skewed or have near-symmetrical or symmetrical distributions.

e g A e i
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Dispersed sandstones tend to be near-symmetricnfCB; negatively {coarse)

skewed. Most of the liqﬁefied; massive and stratified samples show .

moderate sorting. Dispersed sandstones tend to ba‘poorly sorted. Mo
relationship was found between the inclusive graphic séandard deviation
(tF;I) and the vector stréngth_( L % ) of the fabric for any of the
aandstone_typ;s. . . |
Passega (1957,196A) found that depositional enviromments® ( and
the different do;inanc deposifional mechanisms ) could be distingujished
* by plotting tﬁe coarsast one-percentile ( C ) versus the médian grain
size ( M ). One advantage of this plot is that {t used the coarsest
-and median percentiles, which were most-likely unaffected by diagenesis.
It was hoped that CM plot; in the present study would he‘usuful io
distinguishing different mechanisms of deposition for the different
sandstones. However, no trends were evident from these C-M plots in
the present study.
In fluvial sediments grain size distribunionsﬁ’hcw straight
iine segments when plotted on probability paper (Middleton,1976),
which are thought to represent different subpopulations of grains
.moved by different transport processes. Visher ( 1978,pers. comm.,
SEIM Research Colloquia: Turbidites, AAPG-SEPM Annual Convention ) has
recently tried to apply these ideas to mass flow deposits. However,.
these ideas cannot be applied to mass flow deposits. Shape of the
grain size curves in mass flows is not a‘function of processes of
transportation, but rather a function of the source material supply. In
the fluvial sediments the subpopulations develop as a result of the rel.

ative magnitudes of the settling velocities of the grains and the shear
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"’velocil::lea of the stream (Middleton, 19765‘. This det:ei'minas whether a
grain will be transported by traccion or intermittent suspenaion. Noth-.
ing is lnowm about liquefied flow velocit:iea, 1£ they even exlst.. Velo-
cities of debris flows vary with .the water content. of t:he flow. Depbs{-
tion from mass flows is ; consequence of freezing of the mass flow, due
to loss -of inertia and due to ch.e effect of gravity (Middleton, 1970).
Coﬁsequently, the shape of grain size distributién gufves from mass flow

deposits are no help in trying to ascertain depositional mechanisms, as

in the fluvial case (Middleton,1976).

N o A
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. CHAPTER 5§

L

DEPOSITIONAL MECHANISMS FOR DIFFERENT FACIES -

SEDIMENTATION OF DEEP.SEA COARSE CLASTIC DEPOSITS -

?

CoaraeLépained sediment is thought to beldeposited into‘de;p;
sea basins by a "variety of grnvity-induced mechanisms, including sub- -
marine slumps, slides and sediment-gravity flows. Haterial within
the Cap Enrage sediments seems to have been transported as indiviw
-dual grains wi;hin fxows’, as opposed to gg;ﬁgggg_transportation.of
large blocks of sediment masses ( us in slumps and slides ). gor

this reason, in the following section only sediment-gravity flow mech- _
" anisms will be discussed.

v

Hiddleton and Hampton (1973) proposéd that there are four
end members" of subaqueous gravity flows, classed on the basis of

the dominant sediment support mechanism. 1) turbidity currents (sup~

port by fluid turbulence), 2) fluidized sediment flows (support by

the upward flow of a fluid escaplng ftom the sediment:water dispersion),-

3) grajin flows (support by d;spérsive pressuréﬁ;'and, 4)_§ebris flows
(support by s:rength of a muddy matrix). More réuunéip, Lowe { in
prep.) has revised éravipy'flonglassificqgioh aud nomenulatung

(Table 6 ). In this claséiéication: Luwe (in prep.) uuggests that ¢

-

gravtty flous are separated on the basis of £low: behaviour Debris

. flows are separnted as a rheological group, in which debris flows are’

[

sedirment -gravity flows of Coulombvistous or Bingham substances. The

128

-
Uy




"TABIE 8

CLASSIFICATION OF SEDIMENT-GRAVITY FLOWS  ~

Flow .

e

(frqﬁ Lowe, in prep.) . .

N ¢

N T
Sediment ‘Support

Behaviour * Flow Type Mechanism
Turbidity Current |  Fluid Turbulence
Fluid Fluidal | - A | .
- ‘ Flow Fluidized Flow" Escaping Pore Fluid
. ' (Full Support)
< Liquefied Flow Escaping. Pore Fluid
N e e o (Partial Support)
"~ Grain Flow bispérsive Pressure
~ Debris’
Plastic Flow _ Matrix Strength
(Bingham) B Cohesive Flow .

Matrix Density

.,
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r;trength-of the flow‘béiginatéa from cohesive forces (cohesive flo@s‘i
containing'glays) or from frictional grqin interactions (grain flowsj.
Liduefiéd gn& flpidized flows have low strength and are soﬁéwhat tran-
sitionsl betweeii-debris flows and flﬁidal flows (wa£, pers. comm, ané
in prep.). T_“., o

- Coarse sediment.is'usually-transporéed into deepfsen basins by
Curbidity:cufrents or debris flows (see reviews by Kuenen(l1964) and
Hesse (1975); Middleton,1978). At the time of deposition, however,

" other gravity flow mechanisms may predominate, yielding characteris- .
tic sediments which differ;significgntly from classical turbidites o¥
debris flow deposits (Davies and Walker, 1972; Hiscott,1977; Howell and_h
McLean,1976; Hubert et 5;;1970; Kruit et al,1972; Middleton and Hamptog
1973, 1976 3° . Walker,1975,1978; Lowe,1975; Lowe and LoPiccolo,1974).
‘Turbidity currents may originate as part of a continuum of suba.
queous mass(moﬁements from submarine landsliﬂing to turbidity current
flow {Cook et al,1972; Dott,1963; Kuenen?1952; Morgenstern,1967; Heezen
and Ewing,1952). This process is ;;defstood to & certain degree. Tﬂe
tranfition from submarine landsliding to debris flow ( or other mass
flows) involves a change in the physical state.of the sediment. At the :
time of mobilizacion of the sediment, there is a brealidown of the meta-
stable grain packing, as well as liquefaction or fiuiﬁization in some
flows (Andresen and Bjerrum,1967; Moore,1961; Shepard aud'D111,1966).
During mass flow movement the traunsition from subaqueous debris flow
to turbidity current flow involves extensive dilution of the flow as a

natural consequence of the debris flow woving downslope in & fluid med-

ium (Hampton,1972). Turbidity currents can also result from the input
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of sediment-laden flood‘ﬁaters from fluvial systems feeding and fuomnel-
ling down submarine canyoﬁs(?leischer,1970;.Heezen 55_5331964;1ﬁ510uta,
1978; Shepara,1978; Shepard and Emery,1973; Stow,1977).
B The fiaw mechanics fuvolved in transport and deposition of sed-
iment from turbidity currents are not so well understood as those invﬁl-
"ved in the generation of the currents. As demonstrated experimentally
(Middleton,1967) and from field evidence (Skipper and Hiddlecod,1975),
several different gravity flows ( other than turbidity curreants ) may
operate together, or at differenﬁ times, &uring deposition of sediment
from single flows(Hiscott,1977; Krause and Oldershaw,1978; Middleton,
1978; Skipper and Hiddlefon,1975; Walker,1976; Davies and Walker,1972;
Sadler, in prep). |
. As mentioned in the iIntroductory chapter; Middleton and Hamp-
ton (1973, 1976 ) : have pr&posed a conceptual model (Fig.5) that
shows the dynamic relations of flow processes that are operative for
submarine mass flows. This conceptua& model seems to work for the spa-
ﬁial distribution of very coarse grained mid-Mlocene deep-sea sediments
on Santa Cruz and Santa Rosa Islands, California Borderland ( Howell
and Mclean,1976). This model has not yet been gener;lly applied to
finer-grained conglomerates, éebbly sandstones and sandstones.

In the follcuing‘chapter,each of the eight lithofacies described
in the previous Chapter 2 are discussed in terms of possible deposi-
tional mechanisms. Emphasis will be placed on the origins for individu-
al beds., The discussion will rely on field evidence, as well as fabric
and imbrication patterns. Flow mechanisms will be discussed in light

of the classification of Lowe (in prep.) (Table 6 ) and the conceptual
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modei of médienon and Hampton (1973,1976) (rig. 5 ). Clues to the
depositional mechanics lie in the'grain fabric and imbrication, in the
" type(s) of grading, and in the sequences of‘aedimenCary structures.
To avoid repetition, 1mplicatiqﬁs of these different features will b;
presented first. This is followed by an 1;:erpretationgbf the depo-

sitional proceases‘for each of the facies.

HYDRODYNAMIC IHPLIGATIONS OF MAJOR SEDIMENTARY FEATURES

Implications of clast fabric and 1mbrica£ion patterné are based
upon theoretical and experimental work, as well as empiriéal data.
Theoretical and experimental work has dealt mainly with sand-sizé mater-
ial, with the exceptions of Lindsay's (1968) study (which dealt with the
theoretical development of fabric in pebbly mudstones) and Johansson's
{1963,1965,1976) experiment;I work ( élast.ori;ntations of pebbles
and pebbly ﬁands)(TabIe‘T ). Empirical data.on grain orie;tations in
deep-sea sediments have been obtained by many workers (Table 7 ). Most
of these studies have dealt with fabric in deep-sea conglomerates or
in- classical turbidites, Few studies have examined grain orientations
© in massive sandstones, which are not 6bviously turbiditic in origin
(Table 7 ).

Two main types of grading are generated in fine-grained densi-
ty- currents: 1) distribution grading, in which the whole grain siz;"
distribution of a sediment becomes shifted toward the coarger or finer
sizes; and, 2) céarse-tail grading, in which only the size of the coars-
est few percentiles of the distribution change (Middleton,1966). Impli-
cations of these grading types, as défermined from experimental results,

are discussed by Middleton (1967,1970). In general, studies of deep-
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sea ‘sandetones and pebbly sandstocnes have-not'bee; done in suffi;i;nt:
detail to ascertain the relative importance ﬁf these fwﬁ grading .types.
k. _ Different grading patterns in deep;aea,conglomerates have been
rgviewed and integrated into & model by Walker (1975a; in Harms et al,
1975; 1977; 1978), 'In Walket;s model, there are three Qain patterns:
ld;k of grading (ungraded), inverse gradipg,iand well-develbped normal
grading. Explanations for the ofigins of inverse grad;ng.are given
by Middleton (1970) and Walker (1975a,1977,1978); explanations for the
occurrénce of well -developed normal grading are presented by Naiker
(1965,1975a), Middleton (1966,1967) and Middleton and Hampton (1976).
Fg studies have examined the development of grading in predominantl}
st ureless,pebbly sapdétones and sandstones.(Gonzalez-B;norino,IQYS;
Hiscott,lQ??)- ' |
There are two kinds of sedimentary structures that give infor-
mation as to the relative rates of deposition of deep-sea sediments.
These are: tractional‘current features (stratification and crossbedding)
and syndepositional fluid escape features (dish structur;s and fluid
escape tubes). Many, although n;t all, liquefaction features in deep-
sea, massive sandstones, are thought to form during early syndeposition-
al stages. Tractional current structures need time for clasts to rqll
along the bed just prior to deposition and, conaequently, imply slower
rates of deposition (Walker,1978). Tractiomal current aﬁructurea can
indicaté flow strength at the time of deposition (Guy et &l,1966; Harms
and Fahnestock,1965; Middleton and Southard,1977; Simons_et al,1965;
Southard,1971; Southard in Earms et al,1975; Williams,1967). Syndepo-

sitional liquefaction features form as a consequence of very rapid
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depositional rates (Wnlker,r97§)- Different liquefactioh features can’
denote relative ;ates of pore water exbuision (Lowe,1975).

In oraer‘to avold an extensive review in the text (it'would )
take at lélst 50 éages to do an adequate'job), the moreAiéportant
hydrodynamic Eﬁplications, gleaned from a litefnture‘rééiew {see cita-
tibus-iu Table 7 and digéusaion on the previous pages), are presented as
a summary éablé -- Table 8. Relevant data from other studies wil; bé.
discussed explicitly in the discussions on the origins of individual
facies. The exception to this will be the theoretical discussion 6f
the origins of sedimentary fabric, which is presented first. Man;igg/tﬁ;

_ideas on the development of sedimentary fabric are based upon results
of experimental work. Theoretical understanding of the origine of sedi-
mentaxy fabric patterns 15, at its best, still in a rudimentary state.
‘This is‘eSpeciallybtrue for the new types of fabrics that.have been
discoﬁered-in the presént study, as well as for the other fabric types
which havé been recognized for many years. ‘

ORIGINS OF SEDIMENTARY FABRIC PATTERNS

The main factor which influences a certain fabric pattern is .
the mechanism of transport. Clasts which are rolled along the bed as
tractional load display a-axes perpendicular to flow, b-axes imbricate
upstream patterns (Fig.51). This§}§\because rotations about the b-axis
or c-axis (short axia) would necessitate that the centre of gravity of
each clast be lifted higher above the bed for each rotation (in com-
parison to rotations about the a-axis) (Walker,1975a). The a-axis

parallel to flow, a-axis imbricate upstream pattern implies no clast

rolling, but is more difficult to accouﬁt for. .
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Although one of the most importunt factors lffecting the nedi-

mentlry flbric is the mechanium of cllst trlnsport other factors mly

also significantly influeuce tha fabric. These. 1nc1ude. 1) ai:e and

shape of the-clasts; 2) sorting of the sediment: 3) flow factors, 1n-

e e aa

cluding bottom~ahelr-streas and velocity; 4) mobility of the claut .
within the flow (flow viscosity); and, 5) bed surface features: slope
of ﬁhe,ﬁ;d, bed roughness factors, and form of the bed surface, whether

flat, undulating or wave-form, or very irregular. In addition to all

\\

. of these factors, the orientation of individull cllsta may record dif-

ferent aspects of the interactions between 1nd1vidua1 clasts and the

flow:

1. The orientation may reflect the attitude of the clast as it was most
easily trausporte!’in the flow;

2. Clast fabric may indicate the orientation which is the result of the
flow's rotating the cl:?t about a pivot point on the boundary Efﬁit
initial clast deposition on the bed; or,

3. In the case of flows with very high concentrations of clasts, the
fabric may be a result of sfrong clast interaction at the moment or
Just prior to depoait104¢1 phnaeé, and may not ﬁctually record tke

true nature of the trangporting flow,

. Hence it is no wonder that theoretical aspects on the origins of sedimen-

tary fabrics are poorly understood.
All in all, there are six different fabric patterns that are re-
cognized within the Cap Enrage sediments CTﬁble 5). These include:

1) a-axis flow-parallel, a-axis imbricate upstream (unimodal bedding

. fabric, unimodal imbrication); 2) a-axis random, a-axis imbricate
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J'upsﬁrgim (random bedding'fabric, unimodal 1mbr1c;tiog); 3) a.axis bimo-

"dal, a-axis imbricate upaérea@l(bimodll bedding fabric, unimodal lmbri-
dation);'Q)FE;axis.flow-parallel, a-axis imbricate up- and downstream
(unimodal bedding fabric, bimodal {mbrication); 5) a-axis random, a-

' axis imbricate up- and downstream (random bedding fabric, bimodal {mbri-

cutionf; Qnd, 6) a-axis bimodal, a-aiis {mbricate up-and downstream "

(Bimodal bedding fabric, bimodal imbrication)}.

Several of these fabric patterns are new and have not been re-

-
L ]

ported elseuhere;_and, no theoretical nor experimental work can shed
'light onto’ their ingins. Other fabric patterns are similiar to those
repofted elsewhere; and, some tentative explnuntions‘can be given as to
their dérivations. In che following section, possible explanations will
be présented'for the different fabrié types. In.;ummaéy, a speculative
outline for the'origins of the main fabric types will be proposed.

This will be used later, in conjunction with other sedimentary féatures,
as a tentative basis for the inﬁerpretations of the different flows which
' gavé rise to the various facies.

Fabric: A-axis parallel to flow, a-axis imbricate upstream

Theoretical studies on sand-size material (particularly Rees,
1968) have helped to explain the origins of this fabric pattern (Walker,
'1977) (Fig.52). Random oriented clasts will, when ﬁnder applied shear,
orient themselves such that the average angular momentuﬁ transfer per
clast collision is minimized. The angular momentum is zero when
collisions take place on principal axes. Clasts of dverlying layera
(88 seen in cross-section) can only collide along their principal

akes, if these axes are tilted'upstream to meet the collision -- hence
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Fig.52a “Collisioné between particles in layers with oveflnp. Arrow ind-

icates. direction of motion. Collisions are symmctricillyfdistrib-
uted ﬁith respect to principal axes if the clasts aré tilted awvay

from the directioﬁ of motion is in part B (after Rees, 1968),

fig.szc»Vartical cross-section through the flow in which ellipsoidal clasts

are fIS; to. collide with one anothér. “Arrows indicate increasing

veloc and shear stress upward. The only statistically stable

5

orientation {s i{llustrated (after Walker, 1977).

Fig.52d An asseﬁblage of randomly oriented clasts under shear wiil be or-

R

iented so that average angular momentum transfer on collision is
minimized. There is a tendency for a particle to adopt one of the
two illustraifd preferred o}ientacions. Coliisions are more glancing

where particles have long axes flow-parallel (sfter Rees, 1968).

Fig.52e¢ Plan view of a4 conglomerate flow in & channel. As indicated by

arrows, flow velocities and she : htresses incfease toward the
centre of the flow, but gradiént of thesé parameters decline.
At'margins, clasts are in a stablejorientation as drawn. In thﬁ'
flow centre, clasts in transverse orientations (111) will be rpt-' -
ated to oblique (ii)'oF-flcw parallel orientations (1) which are

stable (after Walker, 1977).

4
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Fig. 51 - Contrut between conglomrlce fabrics produced by rolling clasts

(lons axis transverse tp flow) with "typictl" resedimented .-

fabric (long axis plr_nllel to flow). After Walkex' (1976)
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.the.'a-axis..l.lpstfeam 1m$ficat1m (Figs.szA,B,c).-0911150113 are mo_r‘e

) glancihg‘hnd involve less momentum trﬁnafer;‘tf tﬁe a-axes afé,ali#ned

' péfallqi to flow. (Fig.52 D) (Rees,1968). The main question remsiug;'
what is a Qtablé oriéntation in flows with high aed{meﬁt concentrations?
" In collisions £e§ween clasts thére is generally an angular momentum

: transféf,.which causes the clasts to be rotated Assuming that there

is friction, in collisions between clasts,there is a couple generated

about the centre of mnss which leads to rotation of the clasts. The

_"only cases in which’ there is no angular momentum transfer are the

cases where.collision%-are head-on, along principal axeg‘(Fig.sz[) ).

Therefore, only those clasts which collide along principal axes and are

oriented éither'flow;bdrallel or flow-transyerse will not be rotated.

These orientations can be thought of being 'stable,' in that onlx:those'

clasts in either one of these orientations are not rotated .in the f;cw.

Consideratidn'of Rees' (1968) analyéis, a.axis flow-pnéhllel orientations
w;uld be 'pore stable' than flow-transverse orientations. .
_The pressure reéulting from grain collisions is the *dispersive.
pressure' (Bagnold,1954). Bagnulé (1954,1973) stated that the ratio of
tangential shear stress to the dispersive pressure (T/P) (Fig.53) is
constant and equals 0.63 for flows in which the grain inertia effect is
dominant. In flows for which the viscosity of the fluid is dominant,

the T/P ratio is 0.75. Hence for flowa'in{which the grain inertia

is more important, the angle of imbrication is about 30° (tan 30° = 0.58).

:Imbrication angles are higher f36°) for flows in which the viscesity of

' —— .
the fluid predominates. Steep imbrication angles_are also associated with

rapid depésition from suspension (Schwarzacher,1951) or deposition from

Q

-«
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'Fig.53 - Porces on a grain and tﬁeir or'ienuciqn dt':e. to ;rain-tofgrnin coll-
® isic'm. Arrows at right indicate increase in applied shear stress.
I= t;angenti;l shear streas; P = diaperﬁive pressure; F= resultant
force; 8= Mfiqcion angle of grains (after Bagnold, 1954 and
Rees, 1968). .

a
- "

A. WELL SORTED

R . g : .b.

B. POORLY SORTED

FLOW" ,—}%"“‘R‘\ '
Fa’ 'ROLLING MOTION

Fig.gd - Conditions of jumping and rolling motion. o = augle between '
| -vesultant force (R) and flow direction (F). Fora>@® the part-
icle wiil Jump, wheréaa for <X <O the particle will stay in con-

tact with the bed, and roll (after Johansson, 1976).

o
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high velocity flows (Johananon 1976).

" Fabric: A-axis parallel to flowl_a-axis imbricate up- and éown-
stresn "

The occurrence of -bimodal imbrications wis an unoxpected rasult
and is not easy to Explnin. Bimodal imbricatfons in the presént study
_have clasts dipping in both upcurrent and downcurreat directions, with
; mdré dominant mode dipping_upstreaﬁ. Bimodal imbrications have only
been reporced in a few deep-sea sediment studies (Bouma,1962; Hiscott
1977’ Lindsay,1966) I the previous discussion dealing with the develop-

7 igent of "a-axis flow-parallel, a-axis imbricate upstream fabric it was
f_agsﬁmed that clasts gﬁfe déposited from dispérsionq, in which clasts
'were relatively free to collide and rotate with respect to other clasts

N in th; flow. If clast mobility is hi;aefed ‘(by high concentrstions of

sediﬁent'and/or fluid viscosity) the 'stable' fabrics may oot dgvelop.

Shnilarly, under conditions of very rapid dgpdsiﬁion, tﬁ;re may not be

: ‘ enough time for the clasts to obtain a atable'oriéﬁtation before they
are burigd. The combinéd effeets of high clast coﬂcehtraﬁions.andlrapid
sedimenéétion are thbugﬁf to explain the origin of bimgdal imbrications,
in beds with a-axis flow-parallel orientations. e
- Jeffrey (1922) examined theoretically the orfént#ciou of clasts
{n viscous fluids, Ellipsoids were fognd to rotate in elliptical orbitél
’J“§>‘ paths about the centre of each ciést,.returning to original clast orien-..
tations after completion of an orbit. Lindsay (1968) subsequently did
computer simulation of such particle motion in viscous laminar flows,
where clapés do not actually touch one another. Lindsay (1968) found

.that strong a-axis pafterns can develop in a very short period of time.
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%ﬁndsey (1968) found that long.axis fabric in mudflows most
llikeir deoelopa under laminar flow conditions, just prior to the arrést
of the mudflow. A-axis modes develop parallel to the floo direction,
although the a-axis can imbricate in either upe- or downflow directions.
The development of preferred a-axis £abric is cyclic: the initial fabric -
pattern is characterized by weak modes that dip in an upstream direction.
In time, the modes coaleoee to form a strong unimodal fabrie with a-axis
. parallel to flow and negligible (near-horizontal) imbrication. The max-
imum preferred orientation is developed in this near-horizontal imbrica- _
tion. Next, the fabric degenerates: firstly, to a single &-axis mode
parallel to flow, but imbricate downstreaﬁ; then, to & weak girdle; and,
finolly & random fabric. The fabric development is cyclic snd reflects
individual particle motion. The streﬁgth of the a-axis orientotion and
the amount and direction of imbrication depend upon the instant that the
mdflow motion is arrested, "freezing" the flow simultaneously at all
depths. Preferred fabric patterns deoeloped very rapidly, in obout 32
of the time for a clast to complete one period of metion..

The effect of grain reorientation during settling io thought to
be negligiﬁle in highly viscous, clayey mudflows and may be somewhat more
important in less viscous,sandy mudflows (Lindsaf,l?ﬁ&). If reorientation
of greina takes place during gsettling after tﬁe mudtlow has ceased moving
the Ierger; oore elongate as asymretric grains will repositioo with the
maximum cross-sectional area being near-horizontal. This does not affect

the a-axis orientation, but does reduce the imbrication angle (Lindsay,

1968).
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Comparlaona by Lindsay (1966, 1968) to fabric patterns in aubaqu-
eoﬁa mudflow and tilloid deposita show similiar pattetna to the results
from the computer simula;ionq. These field examples had a-axis fabrics
with distinctive girdles that dipped in eicher_up-_or downat?eam direc-
fio;s. Based upon gr;diﬁg'patférﬂs, presencé of outsized clay clasts and
coﬁtinuity of beds, Lindsay (1966) conclqded_chnt some of the tilloid
sediments were transported under turbulent flow conditions and developed

the fabrics in a laminar stage just before movement was arrested. A

smaller number of flows had higper viscositiea were confiped to'lam-
inar flow counditions throughout phases ;f transport.
The a-axis parallel to flow orientatiugs in flows whic
dominated by viscosity effects are accounted by consideration of Bagnold'
(1954) results. Bagnold (1954) demonstrated that eveum when the fluid vis-
cosity prevented direct grain collisions from taking place, s dispersiﬁe .
'pre;suré still existed on the clasts floating in a fluid which is being
sheared, As in the case of concentrated clast dispersions under shear,

v .
an orientation in the grains will develop to minimize the effect of the

dispersive pressuxe force t- resulting in an.a-axié parallel to flow

orientation for flows with ‘'close encounters of the dispersive kind.'
There is an alternative explanation for the origins of a-axis

flow-parallel, bimodal imbrications, although very speculative. Wave

fabrics have been reported by Huberf et al (1977) and Aalto (1972) in

clast-supported conglomerateér ﬂgny of the breccias studied Sy Hubert

et al (1977) have w;ve-form fabrics, with average wave lengths of 2.4 m

and mean amplitude of 0.6 m. Many of the wave-forms are overturned in

a downslopé direction, with ﬁhe,:ésult that most of the clasts dip in

a downslope direction, due to the overturning of the anticlinal limbs.

' { oY
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In their interpretation of the flow mechanisms, Hubert gg_gll;

(1977) suggested that the flows moved downslope as highly v{scoup, surging -
masses of mud- and limestone clasts. The platey limestone clasts slid

psst one another in the muddy flow to yfeld either horizontal or.wave-
form fabrics. Inclined clast fabrics were éeﬁerated in the direction of
downslope movement and were intererted as fépresenting reponse to
increase shear within_thé flow, produced by friction that increased toward
the base. Upslope orientation of clasts occur where clasts ar; aliénqd

on the upslope synclinal limb of low amplitude u;ves. Conversely, dowm-
slope orientation of clasts occur where clasts are aiighed on the down-
~slope, upright anticlinal limb af low amplitude waves . Altﬁough, a8
evident from the fabric sketches (Figs.9,11,i2 in Hubert et 81,1977), the
a-a#is orientations in bedding of the wave-form features ig.tranaversa

to the paleoslope, a similiar mechanism may account for tpe generation ”
of bimodal imbrieations in beds with a-axis flow-parallel orientations.

The necessary requisite is to generate low-relief waves -- either

within the flow, as the syndepoaitionai wave -forms of Hubert et al (1977);
or, alternatively, to generate low-relief waves on the bed, perhaps as
low-relief bedforms similiar to antidunes. In the first case, the fiows
would be very viscous and the wave-forms would record moving pulses
within the flow, which are preserved by en masse deposition from the

flowf In the second cese, clasts would be deposited on the bed individually.
Those that fall on the upcurrent limbs of the low-relief waves on the

bed would have an upcurrent dip, whilst those that fall on the downcurrent

limbe of the low.relief bedform waves would have a downcurrent dip. Clasts

would not roll prior to depositiom, and local bed microtopography would
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. determine tﬁe direction of clast imbrication,

Pabric: Random a-axis, unimodal or bimodal imbrication

Matrix-supported sediments, including pebbly mu&dtones, sandy
midstones andkolistoﬁtromes, commonly have little preferred fabric.
This.iﬁ thought to reflect hindered clast mobility due to the high visco-
citj of the mudflow (Crowell,1957). Matri::supported'conglomerateacdlsg

called olistostrome;) may have chaotic or random fabrics (Breakey,
1975; Gﬁflér and Reutter,1968; Harms,1974). Gorler ard Reutter (1968)
-and Lindsaj (1966) found that clasts had a-axes aligned in Broad, near
random, girdles but with &a-axes imbricate upstream. This type of fabric
pattern might be analggous to the ini;ial long -axis fabric that is
_ developed in mudflows. Lindsay (1968) in his simulations (see dis-
cussion on previous pages) stafed that the initial fabric in beﬂdtng
is weakly developed, but ﬁas an uﬁatream imbricationf.Rahdom a-axis
patterns in bedding with bimodal imbrications may réflecé E:e degen -

e
"eration of the mudflow fabric, just prior to the completely random

pattern,The other way to explain random fabrics is to.say that they rep-
resent the en masse deposits from turbulent suspensions.or dispersions.

Fabric: Bimodal a-axié, unimodal -or bimodal:imbrication.

4

Auswers to the generation of bimodal a-axis fabric in bedding

may lie, perhaps, %n éhe results of Johansson's (1976) flume studies on
deposition of non-uniform sediment, under changing flow conditions.
Experiménts were conducted under rough, fully turbulent flow with peb-
ble, granule and sand-size maéerial. Pebble fabric patterns were found
to vary with the velocity of the flow, glope of the bed, and sorting of

" the sediment.
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An a-axis transverse to flow, b-axis imbricate upstream pattern
is E&pical for 1 cmt clasts in gravelly sands with shear yelocities up -
to 7 cm/sec (Johansson,1976). With slightly higher shear velocities
‘(8 cm/ﬁec), the a-axis transverse orientation becomes less pronounced,
with an incre{sing number of clasts.assuming an a-axi; floﬁ-paruliel,
a-axis {imbricate upstream fabric..A stronger a-axis élow-parallel, a-
axis imbricate upstresm pattern is produced under increasing flow velo-
cities and traetive force?. quer high flow conditions, a11 clasts witﬁ
a-axes transverse to flow are transported as rolling bed load.--‘only
those clasts with an a-&xis parallel to flow orientation have a stable
alignment wish the flow and will be deposited‘(Johansson,1976). Bimodal
patterns, wigh approximatély 90°, separation between modes, may result
i'c:_,yflows which have shear velocities (for & given sedimr_lt size and sort-
ing) intermediate between those velocities in which a-axis parallel or
é-axis transverse orientaéions are stable. (Johansson,1976).

The second factor affecting clast orientation is the sediment
" sorting ~-- the relative size of a clast with its surrounding neighbors
" (Fig.54) on a bedlsgohanason,1976). Clasts which rest on a bed of simi-
liar size material would require a greater velocity to initiate move-
ment and reorientation, after initial deposiéion on the bed. Larger
clasts thet stick up above the general bed level (Fig.54) are more
eagily transported and may be rolléd.along the bed. This may result in
) bossiblé reorientation from an a-axis flow-parallel orientation to an

a-axis flow-transverse orientation during redeposition on the bed (Johans-

son,1976).
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Most of tge bimodal bedding fabric plots are:asyumétric, with
the ddminant mode ﬁlow-partllei qﬁd the secondary mode ' flow-transverse
(as determtped from.the.imbricntion data  and other independent paleo-
'curtent indicators). Aaymmttric bimodal bedding'ftbrica with uni{modal ‘

'a-axis imbrication patterns 1n an upstream direction, mny reflect re-
orientation of clasts after initial deposition on a bed After deposi-
tion, some of the clasts, including the larger ones (which protrude above
the general bed level, as in Fig.54 ) were remobilized and rolled along
the bedﬁﬁﬁpon redepoaititn these remobilized clasts had an a-.axis
transverse to flow orientation, with b-axis imbrictte upstream. Although
some of the. clasts were reoriented, most of the clasts 'Ld not move and
retained the initial a-axis flow-parallel, a-axis imbricate upstream
: fabric. On the average, this would yield an asymmetric a-axis bimodal
pattern, with an a-axis imbricate upstream pattern.

” Bimodal bedding fabrics with bimodal imbrication patterns
cannot be 1nterpreted at the present time. This is the first time that
such- a fabric has been reported. No experimental data can help explain
its origins. Interpretations will only be possible after more work is
done by other researchets on the tabrit development under highltelocity
.and high sedimentation rates.

Summary: Tentative Schema of Sedimentary Fabrig Origins

"' As evident from the previous discussions;the origins of sedimen-
tary fabrics are not well understood. Many of the fabric types can be
explained 1n terms of two or more processes. In summar$, a tentative

outline (Table 9) 1is proposed to account for the development of the

various fabric types. Only considerations of other sedimentary features



150

peq 2y3 uo uoljfsodap TEFITUT

12338 UOJ3BJUSTI02I 3ISEBID OU YITA ‘paq dyj Buoie [eI 3JOU PP SIFBI) €

. *U0TJEIUSTIO ©SIFASURIJ-NOTJ BIXe-B UB
peunsse ‘jou pIp I8yl 2BOY3J f7o71eiRd-#n0TF pouBjie uUOTIBIUSTIO ITQEIS ¥
pomnss® 3BY3 8ISEB[O 2s0U] °‘[FIANg 03 aotad uorjwjuarlo I[qels B UTBIQO

03 awy3 y3noua pey S3ISEYD Y3 Fo TIB 00U -~ 5IJBL feuorafsodap pidey °Z
- MOY3 9Y3i UT 27Fqom A]a397dwod jou aias S83EBID "1

(1 @8®D)
3 . #0714 03 19
-11eiBy puw 28I19AsUB] PAUBITY
ojageg Sujppsd @FXe-y Jepouiq

. p2q sy3 uo uof3jisodap TEFITUT 1213F®
pojuajxoal Sujmodaq BIBBID OU YITA ‘uojjejusizo 3xodsupil vrwId oyl
aalssaad o3 Ajojnb parang o194 3Ing ‘A0(F dY3i Ul WIIVIUITIO0 DTQEIE ¥

ujeiqo 03 3wyl ysnous pey 8ISEID -~ Fajed 1euoi3jsodap 23¥FpsmIIIUL G
. paq oy3 Buofw (1ox 30U pIp SISBID ¥

soanggaad saysaadsip y3Ijy yiys ‘uoijoeaajul ujeax8 Buoxls °*¢

889138 awoys poafidde y3sIy °¢

MD01F 2yl UF S]FqoW 2394 EIFBID °*T

-

mo1g 03 1o1Teivg PIudIlYy
o7agel Buyppag STXe-V TEpPOTIUN

o . : JUBWIPIE
mnuuoAucﬁuMNﬂva:Amummnﬂcu:sovnOHumEuowov Nmuoau«moamvsumonhﬁumm

10 Twuoj3yscdap-uds Aq pakoiisap sen ‘padoTosap ses 3BY] DFaqe3 AUy *c

uoj3jsodap 03 I07ad uojjewluaTIo I[qEIE ¥ UEIqO

03 °wmy3 yZInous 2Awy 30U PP BISBID -- E3JBA 1euoratsodap prdex Liap °7
MOTZ @y3 U] SA0m 03 2917 30U 2I9M 83IEBT) 1

9Jaqel Buippag BIXe-y wopuey

guOjjE0][duy JJWBUAPOIPAY ITqF8S04

DTaqBJ AIBjUuauwIpas

SNOTILVOITAWI DIWMVNAGOYGAH FTHISSOd BIFHL OGNV SOTHgVvd ABVINIWIQES

. 6 g1avL



151

s gmIoI-oaes opnijidue-mO7 OJTF P39 uo 21300138 JEUIIJIUT
JO BOIIVRIOIIP 18uoy3jsodap-asod hHmWw 10 pwuojarsodap-uks (z ‘10

¢$p2q AaBa e Ojuo uojatsodap (T 29yaye 4Aq padnpui UOTIBITIAGU] iepownig ¥
10
7etang o3 10jxd peq 2yj 3uols 1O I0U PP EISED ‘g guof 10247 wWedsajsuMog puw
‘ ucjjoezajul 35vI0 Su0x3ls S5 ¢ weax3sdn y3ioq ul arSuy y3iH
£371717q0w BISETD paXapuryd "1 upIBOTIqUT BIXE-Y [EPOWLY
: *paq ayj uo uojjjsodap TeTITUT
Jajje pajualleal jou 3IvM 3Nnq ‘uojjejuslio jIodsupll UIRIZ 21qEIS ©
uje3qo ©3 IWl3 Y3nous pEY SIFBID -~ gajel jeuojiljecdop dJEjpawrelul °g -
: _ peq ay3 Juoye 11oa jou pIp SIEBID 'Y
uojgowzajuy ujeid Juoxlg '€ uot3221yd
MOTJ B8YJ UTYIJA P[TqoW 2IaM BIEBVID °T weaxjzsdn ue uy s78ur Y3IH
gsa138 aeoys polrdde y3tH 1 uoj3E0TaqQU] SIXE-Y JepowTuN
18tang o3 zoiad Zuyiioa 18D 2wWos pUR UOTIDEIIJUT uleid 3uollg °%
o . ruol3isodap TwIITUT 12138 Pq
ay3 Suojw paliol 2154 BISBID JWOS INg ‘uofigjuajio jiodsupl] 2IqPIE ®B
ujejqo o3 awy3 ySnouna pey §318BID -- sAjBd 1ruog3jisodap 1bmMo7 ATIYITIS °€ #M07J 03 I®
#0T3 9yl uj ofjqow 2194 S8IBBID °T ‘-{1eieg pug IBIIASUTILYL psudyly
s82138 igoys’ pajldde y3ty 1 o1aqey Suippag SIXe-y [Upowly

ﬂf suoy3e0y1duy U«Eucmvmuvhm 219188904

(penuijuod) 6 FIAVL.

P .

o7aqui AXgjuawipas



152
| -
in conjﬁnction with the fabric patterns, will help one to decide the most-

-

likely mechanisms for the origins of the various facies.

DEPOSITIONAL MECHANISMS FOR DIFFERENT FACIES

Discﬁssions'will be made first for those facies which follow |
previously.defined sedimentary models --- namely, the claqs;cal turbi-
dites-(Facies 7}, following the Bouma (1962) modeli and,‘the coarse
conglomerates Ficies 1), following Walker's (1975a) model for resedi-
mented conglomerates. Concepts presented in the interpretation of the
depositional mechanics for the origins of Facies (1) and (7) beds will
be uéed, in‘part, to explain the origins of beds belonging to the other
facies, | | |

Facies- (7) -- Classical Turbidites

The internal structure of the "model" classical turbidite
{Bouma ,1962) (Fig} 2) consists of five divisions, which occur in a reg-
-ular sequence: (A) graded or massive sandstone; (B) parallel laminated
division; (C) rippled crossbedded sandstone; (D) faint, pa;allel iaminaf
ted silt and muddy sed;ment; and, (Ej pelitic division. This sequence
of stratification types has been interpreted by workers (Harms and Fah-
nestock,1965; Walker,1965) as being due to a sequence of bedforms that
would result under conditions of deposition from waning turbidity
currents. This is based upon flume data (Guy gg_gl,lSﬁG}‘Simons et al,
1965; Williams,1967) (Figs. 2, 55 ). B-division parallel lamination 15
thought to be_ the reaﬁlt of upper flow regime trﬁctioﬁal flow. C-diQi-
sion ripple crossbedding 1s due to tractionel flow in lower flow regimes
(Fig. 2 ). D- an& E-diviaioné are due to sediment settling out of sus-

éension from the tail of the turbidity current, followed by pelagic

.
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- Within the Cap Enrage sediments, most of the classical turbi-

dites are ABC gzm , AB(E) (16%), B(E). (147%) or AC (12%) types. Under

the Baum;\ﬁnd 1, the ABC types would reflecé‘depositloh under. waning

- d

flow conditions of rapid deposition, to traction in uppq* and loﬁer
flow regimes. AB(E) types would have been deposited under very rapid
fallout from the turbidity current, followed by tractional deposition

in upper flow regimes, and; in some cases, pelagic sedimentation.

e e aa,

B(E) beds would have formed under mainly upper flow regimes, followed

by pelagic sedimentation,in some cases. AC types were deposited firstly

- ’

under conditions of raﬁid sedimentation, followed by traction in thg
lower flow regime, N -

.It:is thought that some sediment gravity flows may ﬁghiéye;ed
(Fig.56 ). A lower, 'modified grain flow' may occur near the bed (Lowe,
1976b; Middleton,1970; Middleton and Southard,i971?, where dispersive
pressure is maintained by shear stress exerted Sy“aﬁ ﬁpper, turbulent
turbidity current (Middleton,1970; Lowe,i976b). The term 'modified grain
floﬁ' means &8 flow {n which thé shear stress is increased without a
corrésponding {nerease in éressure. This can be accomplished by flows

moving over the top. Entrained fluid flow {s always present above a

turbidity current, due to drag'at the upper interface between the turbid-

ity current and sea water. Entrained fluid flows are very dilute and \
probably have little effect by reworking on the sediments that are depo-
sited from the underlying turbidity currents.

Absence of stratification within lower A-divisions of turbidites

can be explained 28 a combination of 1) deposition in & liquefied state;
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'.A move along the upper interface (Hiddleton and Hlmp

and, 2) churning of the sediment by ‘{nternal (7 Helmbolt2) wmves, ﬁhiqh
»1976; -Whlgpr 1978).

Liquefactton coupled with churping of the sedimant reault in structure-

less division- Deposttlon underx winins £10w conditions accounts for the

.'normll grldins. The llck of ldentffiable ancidune crosshedding (presum-

o v

ably formed at higher stream power conditions chnn B-division lamina-

Eion)nnyr be due to 1) a consequence of 8 very long wavelength, which,

in practise "appears to look like plane lamination in outcrop (Middle-

1)

tor,1978: pers: comm.); 2) rapid sedimentation rates, with idsufficient

" time for bedforms to develop; or, 3) damping out of bedforms, Hﬁé to
high suspended sediment concentrations, during deposicggp of division A..-

. Faciles (1) -- Coarse Conglomerates

Most of the coarse-conglomerntes measured in the present study
are disorganized (37%) or gfaded#béd and graded-stratified (36%) (see 
logged sectiqus, Appendix 5 and Fig. lﬁi.'Conglomerate f;bric within .
each_mhaéured bed (those 1nAwPich fabri; was measuréd) is described as

being a-axis flow-parallel, a:;xia imbricate upstream. This is the gen-

-~ ¢

eral, overall, fabiic in each bed. Indfvidual clasts. do show a fairly
.. wide scatter in the directions of dip within each bed, Iwith some’
. clasts dipping 1n oblique or downcurrent direction;%(see stereonet
- plots, Appendix 6) Fabric is developed to about the same degree 1ﬁ 311

- of the conglomerates that were measured, with paramecgrs describtng the

. L]
scatter ané dip‘of the clasts having no relation tq;grain size nor

thickness of the conglomerates.

Fabric patterns within conglomerates were measured upsection in

different ‘levels of the same bed. This was done fo;-only'threé'beds.

. - g' 156
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Of these, two bede had eonaiétent paleoflow directions upsection within
individual beds; whereas, the thirdrhad about a 70° change upsection
within‘fhe same bed.(see Appendix 6 and logged eections, Appendix 5).
The change in paleoflow within the third bed may be due to an amllgn- -
mation of beds, or reflecting actual meandering within a single flow.

The first question to be answered is whether the coarse con-
glomerates were transported and deposited essenttally en masse; or,
alternatively if the coarse conglomerates were transported and deposit-
ed as 1ndiv1dual clasts within a flow. The en masse deposition is fav- N\
oured by the occurrence of 1) a.axis flow-parallel, a-axis {mbricate
febrlc, 2) houogeneity of fabric vertically, in two. out of three beds'

3) lack of correlation between gra;njsize and bed thickness; and,

" &) lack of correlation between scatter of the fabric plots and dip of .

" the clasts versus either grain size or bed thickness. Features which are
incompaelble with en masse transport are 1) the occurrence of grading
p .

in over 60% of the Facies (1) beds; 2) the fact that some of the Facies,
(1) conglomerates have graded.stratified sequences; and, 3) the diffi-

" culty of transporting large clasts en masse as coherent units. Of course,
the same mechanism need not be invoked‘to account for the origins of all
of the different types of Facies (1) conglomerates (fig. 15).;

l 6ne way to exblainAthe tranepo:t end deposition of Facies (1)
conglomerates'is tg;lnvoke different processes for main transport phases
and for main:depositional.phaqes. Sediment is transported into deep-sea
basins via turbidity currents ‘or debris flows. The lack of muddy metrix
within the coarse conglomerates as well as the development of grading

- F. ;1
‘and stratification withinshany of the beds (Fig.l5) suggest that ‘the beds

L B . .
- < - ' ' i
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were net deposited from debris flows. This leaves turbidity currents as
the main trluaport mechanism of sedimant into the depositional basin.
Most of the icies (1) conglomeratea were therefore thought to be trana-

ported by fluidak turbidity currents down the contineﬁtﬁ%»slope to the

‘base-of-slope setting for :he Cap Enragg deposits. Upon emergence at tha

base-of-slope, the turbidity currenta lost momentum, due to the decrease

4-\-

of slope. As currents slowed down, sediment was deposited from the base

. of .the flows. It is unlikely that the currents 'dumped. all of their load

at the contact between the continental slope and the basin, as most of

‘the Facies {1) conglomerates are not disorganized. Currents probably

deposited their load gradually as velocities wened, while continuing
to travei in the base-of—siope setting. Sediment m;;lhave been transport-
ed long distances (up to 40 kmt ) before being deposited

It is probable :hQE during the transport stages within the base-

of-slope setting, concentrated claet-ﬂispersions‘developed at the base

of the turbidity currents, once they emerged from the submarine feeder

canyons. Depositibn from the concentrated clast diépersions may have

been en EEEEE; ﬁhen the strength of the basal dispersion exceeded the
applied shear stress from the over.riding turbidity current. For tﬁe
Facies (l)conglomerates the dominant sueport mechanism within the basal
dispersions may have been dispersive pressure, generated by a ﬁigh nuni-

ber of clast collisions. This is suggested by ;he‘fabric, which is a-axis

flow-parallel, a-axis imbricate upstreem. The sedimentary features within

the Facles (1) conglomerates would reflect tranmsport phases under fluidal

turbidity currents; end, secondly deposition from concentrated clast

dispersions, possibly 'modified grain flows.' The'turbidity current
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mechnnism was operative for long distances, whereas influences due to
transport and depoaition from basal modified grain flows were fent over
‘someuhat shorter distances. The different grading patterns are incerpre-
ted as reflecting the segregation of sizes wtthin the turbidity current,_
prior to deposltiou. The grain fabric would reflect strong clast inter-
action within the basal modified grain flow layers. The extent to which
a basal modified grain flaﬁ_uodld develop would depend mainly upon- two
factors:'the amdunt‘of apflied shear stress by‘;he over-riding turbidity
current and, secondly; on the concentration of clasts at the bottom of .
the turbidity.current. |

The reason that the coarse conglomérates cannot be transported
and deposited from true grain flows is 1) the sedlmen;stere likely
not deposited on avalanche slopes (most of the beds are well-graded and
gome show stratification, suggestive of slower rates of deposition than
in avalanche slope settings); and, 2) some of tﬁe coarse conglomerates
were traunsported long distances. As shown by Middleton (1978) and Mid=-
dleton and Southard (1977),only high slopes with a minimum dip of about
30° can maintain steady, uniform grain flows with dispersive pressure as
the dominant support mechanism. True grain flows are mnot thought to be
very important in nature and would only be active on avalanche slopes.
Hence, sedimenfa which have features of grain flows, hut have obviously
been trddsported long distancgs, are thought to be the product of
'modified grain flows' (Middleton,1970; Middleton and Southard,1977;

' Lowe,1976b), see Figure 56 .



160

Thé'tybe of basal dispersion fhat 1s.envisaged is similiar'

to that described by Bagnold (1973) for éaltation of grdihs. Bagnold
(1973) thinks that saltdtion under bed load transport id possible
because of fluid drag on. the grains. The grains however are main-
tained above the bed by dispersive pressure, Hence, the saltatinrgllay-
er is a 'modified graim flow,' in which over-riding fluid applied the
shear stress requisite for the generation of high dispersive pressures.
Rough calculatinn; can be made, for simplified moéels, of the possible
thicknesses for such modified grain flow layers, It is- impossible to.:
estimate the actual dénsity of turbidity currents that were cap#ble o%
transportingrthe coarse conglomerate debris. Thereé is no evidence of
fine-érained muddy matrix, therefore, the flow densities were probably
'léss than that for debris flows ( g;ﬁ 1.5 g/cm3, Hampton,1972,p;791)
and may be in the order of 1.2 g/cm3, the maximum turbidity current
densities calculated by Komar (1970) for currents that could transport
gravel -size material in Doheny Channel deposits. Nelson gs al (1970)
give avérage slopes of 0.008 in the immer fan valley of Astoris Fan.
Using theﬁe slope and fluid density estimates, the shear stress at-the

base of the turbidity current is given by

@) -S’S[_ '&sds
8s

where g = 981 cm/sec
S = 0.008 )
&%= 0.2 g/em3
Asguming a turbidity current thickness of 100 m (d), this results in a

basal shear stress of about 15,700 dynes/cmz.
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Assuming that the sgear stress at thE Base is transferred to th;.
" graina (1.e.’agbecomes.T), then the d;apernive pressdré (P) is
given by: ‘ |
3) P_~-T‘/ 0.6 - 15,700/0.6 = 26,000 dynen/cm2
This dispersive pressure ( P ) balances the vertical component of the
gravitetional ‘force acting én a.column of dispérsed graias. Asauming<
that the dispersed layer bas 8 bulk Eensity of 2 g/cms, the_height of
the column- of dispersed grains can be éa;culated:
@ - = g iﬁi'ggh
. R
where g = 981 cm/sec2
8% = 2 g/cnd

A8 =1 gfemd
P = 26,000 dydés/cm

.

Hence a grain flow of only 27 cm thick can be maintained at the base of
a turbidity curtent which is 100 m thick (assuming a bulk density of

2 g/cm3 for the basal grain flow).

These calculations show that if the modified grain flow layer
does /exist at the base of large turbidity currents, it influences only
a véry thin zone of the flow. This has several implications. Firstly,

{1n order to accumulate beds on the average of about 2 m thick

(assumiﬁg that deposition is from basal grain flow layers) would mead
that the clasts were depositéd ﬁiecemeal within a ferrow zope at the
base -- i.e. on the order of 30 cm thick layers. In basal parts of beds,
where there may opt have been good size segrégatiqn of clasts during .
al depo tiounl stages, the layers may not be distinguishable

‘from one(a -

ther. In uppér perts of beds, presumably under slower rates

of depdaitiop and longer distance of transport, this piecemeal, layer
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by layer en masse deposition of sedimeﬁf_may be reflected in crude stra-
tification orflayeringa Alternatively, depoaition'froﬁ the basal parts
_of modified grain flows may lead to an expansion of'the grain flaw? with
the result that thin layers are deposited coqtinuougly, with no break .
in deposition. Thié mﬁy be opgpative in lower parts of flbws, where-
under initial ‘conditions of'deposition,'sediment concentrations are very
-high 4nd reconstrﬁction or e#pansion of the modi fied grain flow laygr
‘may be élmost-iustantaneous; The second major imﬁiication of the thin
nature of the basal modifiea grain flow layers is thet bottom-hugging,
blast-supﬁﬁrted dispersions may bé very sensitive to pre-existing topog-
raphy on the ocean floor. The overlying, less éense thicker turbidity
currents would Pe 1nsensitive-to topography and may travel more as-blan-
ket flows. _ ‘ o v |

| The problem with the above calculations is that they apply to
minimum conditions of transport .and may not strictly apply to conditions
dominated by deposition, which is the record that is preseryea in the
sédimeptary-depoaita. Thickneéaes of modifiqd‘grain flow %ayers under
conditions of depositioﬂ may be actually thicker than those calculated
above for minimum transport conditions.

The ;ext point concerns the generation of different grading
types within the Facies (1) conglomerates. Within the sections measured
in this atudy, there are about equal proportions of disorganized, graded.
bed and gtaded-stratifigd types. A'slightly lower percentage of coarse
conglomerates hnv; inverse grading at the base (Fig.15). ‘According to
Walker's (1975a) model the following trends are observed from ardas of

high applied shear stress to sites with low applied shear stress:
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Inverse grgding forms in concentrated glaat dispersions in
response to. the collisions of the clasts, which generqpe,dispersive
pressure. In.éxperimenral graiﬁ flows (sand,aﬁalanches) and in beacb

-laminations,inverse grading 18 formed by,dispersiGQ pressure (Sallengqf,
in prep., as quétedfby Middleton,1978:pers. comm.). The other way inver-
se grading may forﬁ_is bj a 'kinetic a;eve!mechaniSm(Hiddletqp,1970).

Iﬁ this method, aé clasts collide in dispersions, smeller clasts filter
their way between fhe larger clasts to the base ;f the flow (Middleton,
1970) . Whatever the cause of inverse grading, very high applied

shear stresses are needed to produce a high rate of strain on a
dispérsion, which, in turn, results in a high rate of collision. As
applied shear stress decreases, the ability for a. dispersion to main-.
tain high rates of clast collisions is lessened, with a losé of inver-
se grading at thé base of the flow. Under lower abplied shear stresses
graded bedding develops (Walker,1975a). With wani&é flow conditions,
cur:énts are slower and carry finer-debris, such that theré-is a greater
potential for the development of stratification. Thus, greded-stratified
beds }mply deposition from slower flows than graded-bed conglomerates
(quker,19753); According to Walker's model (1975a) ungraded, disorgan-
ized conglomerates have a chaot%c appearance and are very coarse-grained.
They are tentatively interpreted by Halker (1975a) as being deposited
under conditions of even greater epplied shear étress, than eitﬁe¥ the
inverse-to-normally graded tonglomerates or the gr#ded-bed conglomerates

(Fig. 4).
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" One way to explain éhe different gfﬁding types in éhe Facles ’
(1) conglomerates is to say that they rgflect deposition under condi-
fions with varying applied shear ktresseal Applied shear stress is a
fuﬁctipu of thé bottom-slope and the force exertéd by the overﬁyiding
flow on the sediment being deposited at the base of the flow. As will
be demonstrated in Chapter 6, and as pointed out by Johnson (1974),
, grading patterns within the coarse éonglomerates.change along-strike.
No-high;slope channel walls coincide with these changes in grading pat-
terns. Thus,'ét is not thought that the bottom slope changed signifi-
cantly during deposition of the laterally-qhanging conglomerates., The’
main influence upoh the applied shear stress would, therefore, be the
force of the ove{-ridi;g flow.
One must also consider the influence of sediment concentration
on the development of grading. Highiy concentrated clast dispersions
deposit sediment when-the strength of the dispersion gxceeds the applied
shear stress. This may be accomplished by decreasing the applied shear
-stress (by decreasing the slopefgfjfldw depth, equation (2)), or by )l
increasing the sediment concentration, which increaaes.the strength.
Therefore, implicit with ﬁigh-to-low contcentrations is the trend from
. very rapld-to-slower depositioﬁal'rates. Grain mobility (and the cnpa--
city to form graded beds) is also increased with decreasing sediment
concentrations. | h
_' Experimental work (Hid&leton,1967) demonstrates that high con-
centration flows depoait.beds with coarse-tail grading, in which the
vertical grading is only evident in the coarsest few percent of the
grain size aistribution. Deposits from low concentration flows show
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distribution grading, $n which all of the percentiles of the grgin size

distributions show vertical grading. Qualifacivély speaking, grading
becobes“becter‘developed in deposits -from loﬁ c;ncencfacion‘fldws. One
can rank the different. grading pltterns in terms of probsble concentra-

‘tions of flows aasuming constant clay contents. Sediment flows with very

) high sediment concentratlons (and very rapld depositional rates) would

be disorganized. As sédiment cdnceutrnt;ons decrease (with an increase

in grain mobility and a decrease in depositional ratés),lthe following

trends would occur:

Inverse graded - to - Inverse Inverse-to- Normally
Disorganized " ~—3e-graded —3»-Normally graded —3m graded
a2

Very High Concentra;ioﬁ —-'-b-High Concentration —-:)‘:;\Lower Concentration
As wentioned before, conglémef;tes can cﬁgpge graé#ng patterns

along-strike. Hencé ;he next problem is to explain thé séﬁ%i@} variations
of sediment concentrations during deposition from single-flows. A pre- -
existing topography, consisting of topographic 'high;' and 'iﬂws', exist;
ing on the ocean bed, wmay have influenced depositton: }hﬁy small-scale
tﬁrbidity curr;nta are deflected and controlled by topographic features
on the ocean bottom (Gonzalez-Bonorino and Middleton,1976; Bennets and
Pilkey,1976). This is ;lso true of large-scale, air-borne catastrophic
rockflows (Heim,1932,‘translated in Hsti,1975) and base-surge tephra depos-
its (browe and Fiqher,1973; Sheridan and Updike,l975$. It {8 not unreas-
onable to expect thatlﬁgztoa-hugging, large.scale s;éiment grq;;ty fiows
may have, $imilarly, been affected by.topographic constraints on the

ocean floor.
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If‘l.;cour-and-te;race topography existed on :ﬁe ocean floor,-
flowﬁ that were bottom-hugging would likely be céﬁfined to travel and
_ldepqgit'mate;;al'yifhin,lowe:_scour qiteg. The main 1nf19eﬁce of tﬁis
.. confinement would'be an increase in flow depth and an increase or con-
tinuance of high_flow vglocipiea. In unconfined-areas, perhaps on high-
'er terraceé_aepara:ing scour siteq,.che shear stress oﬁ the_bed would .
decrease, concomitant with a reduction in both flow depth and flow
velocify. These ‘reductions in phear stress, depth and velocity would
all -favour depositioﬁ of sediment, whfch regults in 1ower~concéntfa-
tion flows travelling across unconfined areﬁs. F;r a given origival
sediment concentration, as & dispersion travels from confined to uncon-

" fined areas, the depoi?tsnﬁohld show the following grading trends:

Disorganized --)iImfersely graded ——3p-Inversely.to- —)-Normally

: . ‘ Normally graded graded
Confined : > Unconfined
' ? Terraces

? Scours
. The next major point i; to consider thg generation of strati-

fication in the graded-stratified Facies (1) conglomerates. Stratified,
upper, finer-grained portionms show clast-supportiﬂ pebbly layers alterna-
ting with more sandy layers. The sandy layers have a dispersed texture,
" in which the coarse clasts do not touch one inother, but rather 'fioat'
in the finer sandstone. The fabric of the clast.supported layers was
_ measured within the finer, stratified parts of 16 beds. All of these

beds showed an a-axis flow-parallel, a-axis imbricate upstream fabric

@Appendix 6, also logged sections, Appendix_S). This suggests that the

‘clasta'within the concentrated, clast-supported stratification bnnds did

¥

not roll along the bed as tractional load; but, rather the clasts were
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- deposited from dispersions. This makéa it more difficuit to eiplain the
oriéin of the straﬁiflcation. .

In their study of the Cap Enrage Facles (1) conglomerates,Davies
and Whlker (1974) describe a similiar type of stratification to that
pondered here. Stratified upper finer-grained portlons”of coarse con-'_
glomerates were described quite often, showing pebble or cobble layers
alcernating with more sandy layers. Some of the contacts were gradation-
al, suggesting pulsating or fluctuating flow conditions (Davies and Walk-
: er,19%4). Graded -stratified beds wére thought to have been deposited
from"diaperSions, in which fluid turbulence was the dominant support mech-
anism for the lower bed portioﬁs, with bed load movement‘becéming increas-
ingiy important in the deposition of finer-grained portions. Fluctuations.
in shear velocity were thoughg to account for the sgratificacidn bandg,
whére alternations yielded sand deposition from suspension and granule
transportdtion by traction. In their work (Davies and Walker, 1974) no .-
study of the fabric of the stratification banés:'fabric determinations
. were oﬁly made in the coarser, lower parts of graded-stratified beds.
Clearly, their meéhanism cannot be used to expléin alternnq{ng clast -
supported and clast'.dispersed sEratificafion bands of Faclies (1) beds
examined in‘the present stu&y. The a-nxis'fioﬁ-paraiiel, a-axis imbricate
upstream fabric fmplies that the clasts within clast -supported layers were
not ;o}led in traction.

The alternating concentrated/dispersed bangd 'may reflect pulsating
deposition from basal modified grain flqw'layers. As discussed previously
aedimeptation at the base df turb;dity currents may be gradual and from
successive grain flow 1ayers‘l1mmediate1y after deposition of a clgst-

supported, basal grain flow layer, the overlying turbidity current will
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‘be some;hac depleted in a apgciftp.size, unti} more ;iabts of a gimiliar
gize sink down to the base of‘tﬁe fio&. During this intefval,-only fine -
- grained sediﬁeﬁt and coarser clasts are within the basal layer of éhe |
turbidity current.-pépending upon ‘the strength of the basal layer,
relative to thé applied shear séresq\from the.oder;riding layer, the
basal mixture of fine and isclate cparseJclaata maylbe deposited. This
may explain the crude stratification, in which fabric of the clast-
5uppofféﬂ*&a¥gsgﬁigdicated deposiﬁion undér doﬁditions of high rétes of
clast collisioq. T | | |

The final point to consider is Ehe'magnitude of the fluiddl._
turbidity currents necessary to transport the coarée conglomerates into
the basin. bavies and Walker (1@74) calculated velocities iIn thé-range
of 50 m/sec - 125 m/sec to suspend cobble/boulder to fine pebble debris’
by fluid turbnlence (asluming spherical clasts'with density of 2. 65 s/cm3
and grain size  of the ten-percentile, 39. 88 cm). Where there is a large
range of clast sizes within a flow, the 1arge grains mny respond to the
smaller ones in the fluid, as if the fluid had a higher viscosity This
would produce a buoyancy effect for the larger clasts as well as increas-
.ing the bulk viscosity of the flow, both factors which decrease the
settling velocify of the larger clasts and the strength of the
tur?qleﬁce requisite for suépension of the large clasts. Thus, with
appreciable concentrations of fine ahndsin the flow, velocities needed
‘for suspensioﬁ of cobble/pebble size clasta might be reduced by a factor
of two (Simons et 53,19;§>3p.49), yielﬂihg5a velocity range §£.25750
cm/sec to suspend all but the coarsest 10-percéqtile clast sizes.

k-



» The most puzzling point concerns the trnnnport £ very large
boulders im:o the basin. It is difficult by any atretj of the 1mlg-
ination, to envisage large blocks (range: 2-4 m long x 1 m wide) being-
transported into.the bagin by.tufbidity currents, supporting the clasts
mainly by. fluid turbulence. These large‘clasta sre not very common and
compfise less than 10% of the Facies (1) conglomerlggs. It may Se that
the large clasts tumbled downsiope at the base of large-scale turbidity
currents, which carried the finer conglomerate debris. Although it
cannot be demonsérated in the field, it is possibie that the large
blocks were ‘disloaged as part ofl\the rockfalls or slides thatlinitinted
the turbidity current flows.Due to their larée size (and mass) Ehe latge
blocké gathgred much momentum &5 they came down the continental slope
and would travel long distances, before coming to & halt in the base-

of-slope setting.

Facies (2) -- Graded-Stratified/Cross-stratified .

Fine Conglomerate and Pebbly Sandstone
%

Most of the beds belonging to this facies are normally graded

and stratified and/or crossbedded throughout (Fig. 16 and logged sections,

~Appendix 5). Fabric in coarser, stratified portions, toward the base of
Feecies (2) beds is identical with that for Facies (1) cdnglomerates -
a-axis flow-parallel, a-axis imbricate upstream (Appendix 6 and logged
rsections, Appendix 5). Finer-grained upper bed portions ahow unimodal
bedding fabrica, less commonly bimodal fabric patterns ip bedding Bi-'
modal beddiug plots have the largest grains oriented parallel to the
aecondary mode, ;;brication patterna show about. equal Froportio;s of,

unimodal and bimodal diatnibution;\ No grain size influence was aegn
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in the lmbrications,;wﬁere'large clasts dip both up- and downcurrent in
the bimb&al fmbrication plota. Modal angle of dip does' not vary withxggg,/f\\\s\_
thickness nor grain size. Similarly, vecﬁor strengths in bedding and im-
brication plots are not related to thickness nor grain size of the bed
nor to each other.

Paleoflow directiong were measured upsection at different levels
within 15 beds (Appenéices 6 and 7, and logged secti;ns Appendix 5 ). Of T
these be?s, 10 showed consistent patterns from ;ﬁe base to the top of
the bed. The other S b#ds’ahowgd variable patterné, with palébflows com- . .
monly differing 90° or more. All of the beds showed progressive normal ’
grading and sequences of structures coincident Vith waniﬁg flow conditions
(by comparisons to massive and b-laminated classical -turbidites) Hence
beds are thought to havé been deposited fronpsingle flows. Beds with
varying paleoflow patterns were deposited from flows that switched difec-
t£Qg;ihsr me:?dered, duriné deposigion. _

Parallel stratificatiqn in lower parts of Facles (2) beds is
commonly defined by alﬁernating clast -supported and clast-dispersed

bands. This faot, coupled with the a.axis flow-parallel, a.-axis imbricate
dpstre;m fabric o%rthe coarser Faciles (2) bed portions, suggests that ’
this stratification may have originsted similiar to that in the upper
parts of Facies (1) beds -~ i.e, as pulsating deéposition from basal
concentrated clast dispersions. |

Finer-grained, upper bed portions of.iciea (2) sediments have
stratification that is defined by clear-cuf alternations of grain sites

"between the layers. This stratification implies that there was good seg-

regation of grain sizes prior to deposition. The occurrence of medium-
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séale trough croasbedding in mnny-e the\beds (Fig. 16) also suggests
_tractional idfluence during deposition eﬁ‘the finer -grained bed eortione.'
The fabric data, however, are not indicacive of pure tractional bed-
load traneport.
Fabric within well defined, stratified pebbly enndetones and
fine conglomerates of this facies are described as: well defined unimod -
al, good unimodal or bimodal beddt:g fabrics. Imbrication patterns are
either unimodal or bimodal, with h %h angles of dip. In light of Johans-
son's (1976) work, the fabric pattefns are interpreted as follows.
Well-developed unimodal bedding fabrics, with a-axeslimbricace
upstream reflect deposition under high velocity conditions. Only those
clasts with a-axes both parallel to flow and imbricate upstream were p
“stable and were not rolled in'trensport by the flow. All clasts with
other orientations were maintained in transport. Good unimcdal bedding
. fabrics, with a-axes imbricete upstream reflect deposition under slight-
ly lower velocity'condicions. Unimodal bedding fabrics, with bimodal
imbrications may reflect deposition under very high velocity conditions
{n which there was perhaps a 'wave- form topography on the bed. Only
those clasts with a-axes para}lel to flow were deposited on the bed.

-

Clasts deposited on upflow limbs of wave bedforms showed an upstream
{mbrication; whilst, those clasts deposited on downflow limbs of wave
bedforms attained downstream imbrications.

Bimodel bedding fabrics with bimodal imbrications cannot, at
present be 1nterpreted; It is difficult to understand the origin of

this pattern, and no experimental work can help explain its develop-

ment.
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Bimodal bedding fabrics with a.axes imbricate upstream reflect

deposition under lower ocity conditions, compared to Faclies (2)

beds with unimodal flow-parallel bedding fabrics. The bimodal bedding
fabric is thought to/be due to some clast rcorientatlon after 1n1ttal
deposiflon on the “bed. Although some of the clasts are reoriented by
tractional rolling on the bed,imoat of the clasta retained the a-axis
flow-parallel, a-axis imbricate upstream pattern. On the average, this
yields & bimodal a-axis bedding fabrié, with a-axes imbricaté upstream.
The flow7Q§ansverae mode in the bedding plot would not be-as strong as
the flo;-parallel mode, as most of the clgats are not reoriented,

The next major poiﬁt concerns estimates of flow conditions
to generate the observed'sequences of structures and grading patterns
within the Facles (2) beds. -

Oblique crqssbedding is degeribed in Appendix 4, and 1is low-.
gngle crosésedding. Usually the lower contact is parallel laminated.
Consequently, it is,imposstble toyexplain this crossbedding as being
a result of infilling of lou;relie scouyra on phe bed. It is possible,
as postulated by Hendry (1972) and Rocheleau and Lajole (1974) that
this type of croasbedaing is formed by migratisn of large dunes,

Crogsbedding 1ﬁ lower and uppex parts of Facies (2) beds suggests
that the flows were ‘fully turbulent. Assuming Shield's relations are
validgfof fine pebble nranspo;t at the base of low-concentration tug-
bidity currents, Shield's criterion can be used to calculate minimum

(at the threshold of clast movement) shear velocities needed for

movement as bedload of given grain sizes.
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Minimum shear velloci.ty values can then be used to obtain estimstes
‘of minimum flow velocity and critical shear stress. The following rela-

tions are used.

(5)- {cc .P"(xa.'%f)da
©® T - S wd

Por fully turbulent flow (ﬂe> 1000 ), Shield's ﬂ -10.06. By substi-

tution and rearranging:
M Uy = § 005 @ [g‘a -] 4 *
S

Because most of the fine cohglomerate with stratification consiats of
quartz-pebble stratifica‘tibn, the density of quartz ( 2.65 g/cm3 ) was
used to be the average density of the sediment ( SB ).A turbidity i
current det-\sity of 1.18 g/cm3 wag used ‘( g ¢ ) Esfimates for shear
.'v'elocities needed at the base and top of beds for the different Facies
(2) types are listed in Table 10. The minimum shear velocities for the
Magsive-to-Stretified and Graded/Stratified Types ;;ere in the range:
113& cm/sec at the base of beda and 5-9 cm/sec at the top of beds. The
-minimum aheaf velocities for the Graded/Trough Crossbedded and Graded/
leiﬁue Cross-laminated types were in the range: 10 cm/sec at the base ‘
of beds and 8-10 cm/sec at the ‘topa‘of beds. |
Agpuming that the fkow\if}redomimntly two-dimensional and that
the low conce%rét-ion turbidi'ty currents were flowing in essentially
‘open channel'-\éonditions, one can use the following equdation to obtain

an estimate of the average flow velocity:

&
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vhere f in actually (f, + f; ). Friction factor values (f) are
listed in Table10. Calculations ahow that the velocity for the Massive-
to-Stéltified and Graded/Stratified typea range: 160 - 215 em/sec at |
the base of beda to 70 -.lai cm/sec at the Eopa of beda.‘yelocitiea for
the Graded/Trough Crossbedded and Grnded/Oblique Crogs-laminated types
range: 140 - 156 cm/;ec o; 71.78 cm/aec (depending upon ﬁha f‘valueg)
at the base of beds to 114-142 cm/sec or 57-71 cm/sec (depending upon
f values) at the top of Beda.Becauae Shield's criterion w;shused to
eatimate critical shear ;;locitiea. these flow veolcity averages are
minimum estimateas.

With estim;taa of minimum flow velocities, approximations can be
made of minimum flow heighta. Middleton (1966) showed that the velocity

of the head of a density current is given by:

@ T = c i[ A8 1 ¢ dl‘k ¥
_ St .

where, C = constant » 0.7. Estimates of the flow depth (dl) were made
uaing a turbiditf current déﬁaity of 1,2 g/cma; estimates of the minimum
velocitics calculated for maximum grain sizes at the base of beds ( 1} );
and, lower frictgon factor approximations (f-values). Results of these
calculationa (Table10) yield minimum flow hcighta of 5-50 m for the
fhsaive-to-Stratificd fypea, 3-19 m for the.Graded/Stratified types, and

about 6 - 25 m for the Graded/Trough Croasbedded and Graded/Oblique

\

N

. Croana-laminated types.



e b A L

17%

- {£L6T) I@IsOM pue (596T) 1€ 3P SUOUIS . -
Aq ueath B3eRp UO paseq 2Iv SOIBWIISDS InTRA I
) *spaq 8yl Jo aseq Yl . R

103 pIIVINOIED FInfeA (| 3yl II9n pasn M.wﬂwmm.oambiumﬂmmﬁﬁ.xt:l..-w||:|& €z - w [ . pappaqssoly anbITqo
nummm.w:luﬁuuouﬂumuwwl mﬁu\w §9*'1 = m ST - W g poppagssoxy yEnoag
i == 7T g3y 3FeY AamO] 103 mEu\m g1°'1 = mm mwEI - W g gnoySnoayy pajIFILIIg
\.‘\\.\l.r.x....\. . . mEu\m €9°Z = mM m g - WG paj3yivais-03-aajesed

. e
s St T T : 930N » (o) 3ydFsH peEsSH adfy (Z) s°1293

» SIMIVA AIIDOTIA IOVUIAV IVSVE NO QISVE “SAIVWAIIST IHOTIFH QVAH INTIEAD

=

%1 08 LO1 - %6 1°01 - L°L 40" pappaqssoxy 2nbi1qo
. 6 051 ny - ZEZ  Z°LE - 1'8 Zhe” pappaqssoly ydnoiy
doy - € 91 ) €91 - 02 - 8°01 - L°% §g£0"  3Inoydnolyy par3iieis
21 43 o€z - I¥T €761 - %°6 SE0*  P3TITIRIAS-0I-2ATESEY

- “ .
L1 0s1 9gh - €6z T'€E - T'IT WO pappagssox) anbI{qo
. 91 051 - w9y - ZE€Z TSEE - 1°01 2WO° poppagsso1y ysnoly
v aseg 91 001 90% - €91 T°LZ - 8°01 6£0°  3noydnoryy pajIrILLlsg
82 - 962 069 - €Iz €°€Y - €Y1 SE0"  P3TIFIBIIG-0I-AISIEY
pad (uw) 223 (ww) 3z}g (o9s/mwd) n  (99s/wd) ¥n 3 “edLy (Z) sey’md

Jo 331Bg ujelsn uedy- UTBIH WNUIXEY . . .

sadg (Z) SIIOVE ONIIIS0ddd SkOII d0 SALVWILSE, WININIH

01 FT4VL



uqu -

" The final point concerns tha gennrltion of trough and oblique .

asbedding. Madium-scale and large-uclla trough crolabeddlng lttrl-
buted to the migration of dunas is generally lacking in daap-sel led-
tmantn ’ wi:h the exception of thosa atructures reported by Rnchnleau
and Lajoie (1974), Hendry (1972) lnd Winn and Dott (1977) It 1:
generally accepted that increased concentrationu of sediment and increas-
{ng rates of ‘deposition from suspension suppress turbulence and the
genefation of bedforms. Thuﬁ, wost workers have invoked thie
' coﬁcentration effect to account for the absence of crosabedding of
dune migration in deep-sea sediments. This is especially true in denser
fluids ;Sif = 1.14) where, for example;.sand grains (due to their reduc-
ed gettling velocity) will behave hydrodynamically like coarse silts
For a given shear velocity, this will take the sand g?ains out of the .
duna stabjility fleld and into the ripple field (Flg 558).

The generation of oblique cross-lamination is not understood very
well, Rocheleau and Lajoie (1974) interpreted oblique low-angle cross-
bedding due to the migration of dunes under relatively high rates of
suspended ;edimant fall-out, with a diminishing of the atoss side slope.
This effect has been observed by Jopling (1965) {m his study of avalan-
cho fronts of. laboratory deltas. Oblique cross-lamination in the present
study, is similarly tﬁought to be due to bed form migration under con-
ditions of high susp;nalon fallout. The irregularly inclined stratifi-
cation in some Facles (2) beds may have a similiar origin (Fig.112). Ai-
ternatively, this feature may represent suppreasion of upper flow regime

antidunes under high suspension fall-out.



m

The ahnengg of dune crosshedding haa huog oxplained (soe pre-
vious page), now the prosence of dunh-uronab#ddﬁng within many of the
Faclies (2) heds muat be accounted for, Dune structures noed certain
flow quchs and a given amount of time to devalop (Mtddlocon,lO?g:
1977 :pera. comm.). As diacusaed by Middleton (1974) dunen roquirv a
uell-dcveldped‘napnéatldﬁ gone, for tha peneration of largo-ncale and
med{um-scale crosshedding. lence, the tfanuttion‘from plane bed to
dunes impliea an increase {n the friction factor valuen by a fnctor-of
2k, Under conditions of alowly d;qrnaalng atream power, this would {m-
ply chag ﬁuch a large increase in friction factér can only bo accounted
" for by an {ncrease {n flow depth. Conaiderationa of tho.ntrenm powor
equation, in relation ;o the formation of dune autructuren, nugpents
that for turhidity currenta {in whlcﬁ the dennaity differenca {n low,
t.e.08='0.1), dunea can only form {f the flow depths are greator than
150jcm. For flow deptha lesa than 150 cm, with bed alopoen nufficiencly
- high to give raquial&c'atréam power valuea for dune formation (ﬂ{c-
1000 ergﬂ/cmzlaac), the flows will be supercritical and duneca gill not
be able to form,

Flow depth estimates for the Graded/Trough Croaabedded and
Graded?oplique Crossbedded types are in the general rangn‘of 6 - 25 m,well

within the range of valuea needed for dune formation. One munt also

—

‘ - _ <
consider the time factor needed to develop dune forms. Htghqr"ahnnr

" stress values afq needed for the generation of dune etructuren, aa
oppoged to ripplehhpdforma. Slightly longer duration currento are
requisite, such that dunes will be stable bedforms. Theae flow condi-

tions ( longer duration currente with flow depths at least 150 cm)
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A may only be ;osltﬁle in th; éhickar, conrueregr€1ned, large -scale .
; P ‘ .

turbidity currents. ' \\\“\;
| - In summary, the different Facies (2) typea can ﬁa arranged i; a
posaible hierarchy of flow conditions and/or sedimentation rates. The
Massive-to-Stratified typea, with ungraded bases and alternating
concentrated-clast and dispersed-clsst stratification bands, are thqught
to have been deposited under high flow conditions nnd/or‘nedimentatinn .
rates. Deposition was from concentrated-c}nat di{spersions, perhapa mod-
{fied grain flows, at the base of large-scale turbidity currents, Dur -
ihg final flow stages tractional currents became predominant: These
tractional cﬁrrents may record tractional upper flow regime éhn&ltiona.

Graded/Trough Crossbedded types are dominated by tractional

current features and formed under lower flow conditions than the Haagtve-
to-Stratified typea. Graded/Stratified and Graded/Oblique Cross-laminated
types are both dominated by tractional current deposition, which were
not as strong as the flows generating the Graded/Trough C;oésbedded
types. In'addition, Graded/Oblique Cross-laminated types may have form-

ed under conditions of high sediment fall-out froQ&suspension.

Facics (5) -- Ungraded Cross-stratified Fine Conglomerate

Pebbly Sandstone and Sandstone

Faclies (5) beds are uggraded and crossbedded throughout (Fig.
25). Becouse the beds are ungraded, one must assume that the‘fluwa
were predominantly tractional with very little suspended sediment fall -
out. Facies (5) beds arc rare within the Cap Enrage sediments, sug-
gesting that the tractionnl flows that moidcd the bedforms (to‘yiéld

the amall and medium-scnle trough crossbedding) were not likely due

A
Al
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to strong bottom currents that continually swept across the depouttiopnl
lottiég. Rather, 1t-1s more likely that the tractional flows were associ-
ated with turbidity current flow. These tractional flows may have been
~dilute spillover flows from furbldity currents,-ﬁhﬂt were travelling 1n.
Iother parts of the depositional system. Grain size for beds with me%ihm-
scale, ungraded trough crossbedding averages Abouﬁ 7 mm (minimum: 0.5 mm,
maximum: 16 mm). Tﬁe gfain size for beds ;1:h small-scale, ungradéd_trough
cronabadding averages 0.3 mm (miﬂimum: 0.15-mm, maximum: 0.38 mm).

No expérimental work has been done on bed form genesis for
godimont in the range of that observed for the medium-scale trough
crosnbodding (Hiddleton and Southard,1977, Fig. 7.19; Fig. 57 in this
thosin). Similarly,recent work by Dalrymple et al (1978) on bed config-

urations in the Bay of Fundy tidal cnvironment do not have data within

}
\

“the grain aize range for medium-acale trough croasbeddéd sediments in
chn‘Cap Enrage daposits, A“rough castimate can be made of flow velocities
by uning the minimum grain size, 0.5 mm, and the bedform stabilit§ plot
thnn in Fig. 57. For a grain size of 0.5 mm, the ghear velocity (Ux)
noeded to generate duncs ia about 9 cm/scc. Using a friction factor
'vnlhp of 0.042 (f) along with the above grain size and shear velocity
valuen, the average velocity (G) calculated from cquation (8) is 124 cm/
occ. Similar  calculations for the small-scale trough crossbedded Facies
(5) acdimenta {(using Ux = 5.8 em/sec; grain size = 0.27 mm; and, £ =
0.ﬁ52) yield an average velocity of 72 cm/sec. This average velocity for
generation of omall-scale trough crossbedding corresponda with those
calculated in ofhcr anvironments for pimilinr pize material. For medium

gand in rivers dunca are formed in flows with velocitics of 50-70 cm/sec,
. y .

-
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depending upon flow depth (Canc, in préas). For thiuxsigp sed{ment
- (0.27 mm) in the tidal Bay.oﬁ Fuhdy. dunes are forﬁeq in flows with
velaocitiea of 78 cm/sec (Dalrymple gg_gk,l978{iﬁp\\‘/'
- "Dilute apiilovar flows - from tuébidicy:cu;r;nta with velocities
in the range of about» 70 - 125 cm/sec  are chdhghﬁ‘qp hnve—rqworked 2
previously depoui?ed sediments and molded them(into,bedforma,_which
mig;&ted, yielding ungraded groanbedded Faeieu (5) beds.

Facian (§2 -- Struifhrelena Pepply Séndstond and Sandstone | -

7 .
Fabric within the maseive “Facies (6) sandstones may be unimodal,

random or bimodaiuin;benggg, with a-axis 1mbficate upstreum.,Paleof%ow‘
. directions.in diiferené levels of individual beds uer@.measured.in 4
beds, all of which /showed c?naigtcnt ;crticil ﬁattcrna {Appendix i, and
,1ogged acccggna,.hppendix 5). ﬂout of the be&ﬁ are abruptly normally
‘ \graded (43%) or élightly normally pgraded (3025. Loss commonly beds are
f’éﬁ\pletely ungraded  (26%) (Fig. 27). The 1nck‘bf gob&} overall progres-
f sive grading suggésts cither 1) sediments were depos{ted ver& r;pidly,

o

rom%urbulen@apensiona, with very little time for good lateral segre-"

B Fion,of‘gfaip w;thin ghe curreﬁc before depoaition;'or, 2) grgin m;$il-
!.ﬁwas.hindcred, pcrgape by high viscosity of the flow, or apparent -
ufscoaity due to apprecidble concentrations of fine sand,which make the

-coarser grains respond to the flow as & more viscous fluid.

The variaplé\g-agis bedding fabrice with uyimodal, a-axis {mbri-
cate upstream patterns are akin to thosae patterga generated by Lindsay
(1966) for flows in which viscosity effects are dominant. The type of

grain fabric that is generated and preserved in the deposit depends upon

the time within the cycle of particle motion that the viscous flow is
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arrested. The only fabric plttefﬁ that is difficult to explain in

terms o% deposition from viscous flows 18 the bimodal bedding fabric,

(Khan,1962). Tﬁe resson for flow-transverse bedding fabric orientation
under laminar flow conditions is not understood,
- As with the Pacies (1) conglomerates, some features of the

Facies }6) beds suggest deposition of sedi&ent gﬁ masse, ;hilat other
features auggc#: tranaportatign was not as coherent masses of debris
flows, slides or slumps. Fabric patterms resemble most closely‘those
developed within viscous lhminnr flows. The occu;rence of abrupt
or slight normal grgdiﬁg suggésts that there was some grai; mobility
and segreggtion of clasts prior to deposition. As with the Facies (1)
donglomefateP, the massive.Fncles (6) sandstones were thought to have
been tragspog;;a to thg basin by turbidity currents. During transport
stages within the'bas;-of-slope setting, concentrated clast-dispera;ons
developed at the base of the turbidity currents. Depoéition from the
concentfated clast dispcfsiéns m;y have Leeq en masse, when the strength

‘of the basal dispersion exceeded the applied ahegr stress from thé
ovéy-riding turbidity current. Grading patterns reflect sorting of sed-
iment within the turbidity currents prior to deposition. Fabric patterns '
reflect'tranaporé and deposftion from basal concentrated.clast disper-

" sions,

@

In contrast to the Facies (1) conglomerates, the basal dispersions

_ for flows which deposited the Facies (6) sandstones may have been dominated

»
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by viscous, rather than inertial, effects. The viseous*effecta are
™~ thought to be due ‘to very high concentrations of sediment coupled with
a range in the sizes of the dispersed grains, with the result that the
largér grains respond to the smaller grains in the dispersion, as thougg;p
the dispersion wvere a fluid of larger density viscoaity. This apparent
increase in the bulk viscosity of the concentrated clast -dispersion 1)-
damps turbulence, tending to make the diagfffion behave more in terms \
‘of laminar flow conditions; and, 2) re&uces the amount of grain inter-
action between the coarser grains. This results in a.fawelc which records -
the orientation of clasts in viscous fluids, where interaction with

other clasts is eliminated. | ' . .

As for the Facles (1) conglomerates, for simplified models one

can calculate the thickness of a concentrated-clast dispersion, at the

base‘of a turbldity current, in which viscous effects dominate. Assuming
the same type of turbidity current as in the Facies (1) calculationms
with a thickness of 100 m, renults in a-basal shear stress ef aboiit
15,?00 dynes/mn2 (using equation 2)._Assum1ng that the shear strees_at
the base of the turbidity current is transferred to the grains, then the
dispersipe pressure (F) for grains in the viscoys regime'is given by:

0) P ~JT/0.75 = 15,700/ (0.75) = 20,933 dynes/em?

The\ height of the column of dispersed grains can be calculated by

equafjion (4), using a bulk density of i.a-g/cma'Kdebris flow specific

gravity calculations, Johnson,1970); Regults of these. calculations show
. " that a ispersion(ln which viscous'effects_domlnate)of only 15 em thick
can be mpintained at the base of a turbidity current that is 100 m thick.

These res\lts show that if a viscous dispersion doeq exist at the base
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‘,oflg;ge turbidity currents, it 1nf1uence§ only a very thin zone. of

the flow. If sediment is deposited léyet-by-layer, the layers may sq in- -
distinguishable from.one qpother ﬁn‘floﬁﬁ in whichufhere is lictle

or poor grailn segregation prior to depositidn (as ;n thé-case of Facies.
(6) beds). Alternatively, as deposition from basal dinperaioéi'Qccurlg‘
expangion of the dispersion @aylwork vertically up in the turbidity
current with no loss of a basai dispersed'layer ubbn deposition. As o

*

with the calculations of modified‘graih"floﬁ thicknesses, thicknesses

. of viscous dispersions,;t-the'base of turbidity currents,under condi-

tions of deposition’ may be greatérkthén those calculated for minjmum
transport conditions._ o4 ) - o '

In summary,‘icies‘(G).beds are thought tg,EQVe been transported

B i . . rg . ot B
by high-velocity, mainly sandy turbidity currents. Rates of deposition

were Hiéﬂ, coﬁpared to.loss of flow power of the currents, with little
segregation of grains: occurring before burial. Deposition 1s thought to

be mainly from basal;concentfa;ed-clastqgispersiops,-in which viscous

] effgbts.were,dominant. Features of Facies (6) beds reflect influences

of transport by turbiﬁity currents, and deposition from basal viscous
dispérsipns. Gradipg 1s due to lateral segregation of sizes within the
transport turbid} current phase, and the variable fabrics teflect the

time that the viscous dispersibns were arrested.

AN
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Fﬁciea {3) -- Graded-Disperéed Fine Conglomerate and

Pebbly Sandstone

An equal number of Facies (3)'beds have unimodal, bimodal or
random a-axié fabric patterns in bedding. Imbrication is usually bi-
'moﬂal,‘with no grain size influence on.the bim;dality {(1.e. largest
clasts dip both up- and downcurrent) (Table 5). Paleéflow directions
iﬁ different levels of the same bed”were determined for 16 beds
(Appendix 7, and I;gged sections, Appendix 5). 0f these beds, only 4
ghowed consistent paleoflow directions from the base to the top of the
. beds. In thé other beds, directions varied on Ehe average %&f from base

" to top (range: 24° - 99° ). All of the beds showed normal grading, al-

though it was-the coarse-tail variety. Hence, beds are not thought to
. be amalgamated. The variable pgleoflow patterns within individual beds
may reélect meandeéfng wiihin flows during deposition, or be a conse-
quence of rapid deposition in which no fabric orientation is comsistently
preferred throughout deposition of the beds.

Most Facies (3) beds have normal coarse-tail grading (Fig.l9).
Over 30% of the beds have stra;ified snd/or crossbedded thin bed portions
at t e top of the beds. About a third of the beds have well-developed
fluid escape features, in the finer-grained upper bed portions (Fig.19).
stratified, crossbedded and liquefied upper bed portions.afe usually
quite thin, Hence tractional and liquefied flows are mot thought to be
the main transport mechanism of the bulk of Facies 3 beds.‘

Fabric within Factes (3) beds is very Bimiliar‘to that .found in
the massive Facies (6) beds, with the exception that only (for the most

part) bimodal imbrications are dominant. The occurrence of coarse-tail

[t
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grading‘and'characteriatic.diapersed texturea suggest that the Facies (3)
beds may represent condittoﬁs of very rapid éedimentation. As with the
other facies discussed previously, the fgatures of the Facies (3) beds
are thought to record a two-fold (at least) sedimentation process.-
Grading is interpreted as ;he result of lateral size segregation during'
transport phases by turbidity currents. Fabric development is thought

to occur during transport and depositional phases as basal, concentrated-
" clast dispersions.'lt 1s the nature of these proposed basal dispersions
that is of interest. -

The variable a-axis bedding fabrics are again similiar to those
generated by Lindsay (1966) for viscous laminar flows. In Lindsay‘s\
models (1966) the imbrication is usually a.axis imbri;ate upstream; less
commonly bimodal imbricatfons occur. The predominant bimodal imbricétion
pattern wighin the Facies (3) beds suggests that, perhaps, a viscous
flow model for the basal dispersion does not wholly acecount for the
fabric pattern. The bimodal imbrications may be'explained in terms of
wave-forms that are generated within the dispersion, which are preserved
by en masse depositié; from the dispersion . Syndepositional w#ve-forms
may be generated by pulses moving within the dispersion. Alternatively,
the wave-forms may have been generated by interface waves travelling

A

along the contact between the basal, depositing dispersion and the over-
riding turbidity curreat. v

In summary, Facles (3) beds were deposited rapidly from high
concentration turbidity currents. Good lateral segregafion of grain

slzes did not occur within the current before'deposition, where mixing

proceésea and turbulence within the head probably kept the sediment
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"homogeniged. Beds were deposited rapidly, in relation to loss of
competence of the:turbidify cur;entu, with little time for grain segre-
gation. High concentrations of sediment may have also hindered the .
settling of cla;ta. Depositioﬁ was from biapl concentrated-clast dis-
persions, which were likely viscous flows that experienced syn.deposi-
tional deformation. This syndepositional deformation formed internal

. wave-forms within the dispersions, which account for the bimédul im-
brication patterns. Thin, fine-grained upper bed portioms shqw lique-
faction features, stratification and/or crossbedding. This suggests
that liquefied flows and/or tractional flows may have been important
during deposition'df the upper bed portions. This may.reflect more
deposition from turbidity c;rrent-phases, under lower-concentrations
and less-rapid.sedimeﬁtation rates. Development of fluid eécage feu-‘

tures within lower bed portions may have also been & consequence of

the poorly sorted nature of the bulk of Facles (3) beds.

Facies (4) -- Graded-Liquefied Fine Conglomerate, Pebbly

‘Sandstone and Sandstone

Liquefied sandstones and pebbly.SAndatones have.about equal
percentages of random, bimodal aﬁd unimodal bedding fabrics. Bimodal
bedding plots had the largest grains usually aligned parallel to the
‘dominant mode. Less comﬁonly, large grains were in the secondary (trans-
verse to flow) mode or between the dominant and secondary modes. Equal
percentages of bimodal and unimodal imbrication patterns décufred. No -
grain size influence occurred in the bimodal imbrichfion plota, where

laxrge clasts dipped both up- and downcurrent. No rélétionshipa existed

between modal angle of dip and vector strengths of bedding and imbrica-

ey
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tion plots. Similarly, no relationships ﬁere found between thésg;para-
meters and bed thickness nor grain size. h

Paleoflow directions were‘obtained'in diffﬁrent levels within
individual beds, for 1l bedsl(Appendix 7, logged sections, Appendix 5).
of these_beda, the 7 coarser beds showed good agreement in péleoflowa
vertically within beds. The finer-grained beds had variable patterns from
the base to the toémof beds. Three of the four finer-grainéd beds had
upsection changes of 90Io or greater. In one bed, the flow patterns were
coincident at the base and the top of the bed, but differed by about 40°
in the middle of the bed. Most of the Facies (4) beds are normally grad-
ed with no internal nor load or scour features. The divérgent paleoflows
are not thought to be due to amalgamation of beds; rather, the upsection
changes within individual beds are thought to reflect meandering within
" flows during deposition.

Most of the liquefied beds have overall, progressive normal
grading (Fig.?z and logged sections, Appendix 5),with éﬁly a small
proportion being ungraded or inversely graded. The abundance of beds
with good, overall normal grading suggests that there was good lateral
segregation of grains within the flow prior to deposition. As for the
other facies previously.discﬁesed, grading is thought to reflect the
transport phases by turbidity cﬁrrenta. Fabric patterns are interpreted
as recording transport and degositio; from concentrated-clast dispersions
at the base of the turbidity currents., Facies (4) beds have f?bric
patterns similiar to those belonging to Facles (3) and Facies (6).
Facies (4) beds are_similarly interpreted as being deposited from dis-

persions in which viscous effects were dominant, Some of the dispersions

4]



188

' may have also undergone syndepositional dbformatioﬁ, to yleld the’
bimodal 1mbricati;ns as in the Facies ﬁ3) beds., .

The neaxt mﬁ]or point concerns the estimation of the time of
‘liquefaction of the sediment. Liquefaction due to the release of en-
trapped pore fluid can occur at various times: 1) ﬁuring syﬁ-depqsitiou-
al or early post;depoaitionnl stages; 2) later post.depositinnal stages,
as a consequence of loading during deposition of the next bed; or, ‘
35 much lnéer,due to. sudden loadingéggiﬁ‘packet of sediments or due to
overburden weight and compaction (Lowe;1975). These different times of
liquefaction for indiyidunl beds agg not always easily distinguished.
Beds which have stratified or crossbedded upper bed portions (Types
3,4,7 on Fig.22 and Fig.60) are syn-deﬁositionul, where parallél lamina -
tion and crossbedding would represent slower rates of deposition from
the,over-riding curbidity current flow. By contrast, large sandstone
sills and dykes and conglameratic injections (Fig.102,103,63 ) would
be late post-depositional, -

Over 30% (Fig.22) of the liquéfJed beds are topped by strati-
fied and/or crossbedded sandstones. An additiongl 6% of the beds have
free-surface pillars, followed by massive upper bed levels. These
occurrences suggest thﬁ for about 40% of the liquefied beds, liquefac-
tion was syn-or early post-depositional (before deposition of the next
bed). Liquefaction may have been a result of pore fluid expﬁlaion during
consolidation of deposits from the concentrated-clast dispersions.

Other beds are interpreted &s being due-to early post-deposition~

al liquefnction. Inclined dish structures have been traced along strike

to undisturbed crossbedding (Fig.58). Liquefied beds which are deformed
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loading during deposition o'f the overlying bed. Bed
1325, Bic, 9.419

e e b et —



181

in response to 1oad .structures in the overlying beda’ (Fan. 39, 79 ) are
interpreted as ropraaent ng bads 1n whic liqueflctton uau probably in-
duced by deposition and sudden loading by the overlying bed. By contrast,
badas with rapidly ch;nginé types of £fluid escape EQACureulllternnting with
maaatve layers (Fig. 61), those with freo nurfnce pillare nt the top
bed portions (Figa. 61 ,62), and those liquefied Uuds whlch do not dia-
rupt immediately overlying bandy sediment are all int;rpra§nd as being
_ syn:depoaitional or enrly'poat-dcpoaitionnl (before doponlgion of the
next bed) liquefaction. '

Within the Facies (4)- beda there are some 1nternn1 sequences of
fluid escape features. These include 1) flat dish SLYUCtUras —jm
. more concAve. dish structures -—je-very concave dish atructér;s with
Type A pfllnra (Figs. 59,62), some of which may be capped by free sur-
face pillars (Fig.62) or convolute lamination (Fig 61); and 2) che re- 7
verse sequence from Type B ptllnrs ~3p- Digh structurés with Iypo A
pillars —pm-Dish structures. The first sequence occure more commonly
“"and is the type of sequences expected from the base to the top of a
graded bed, wiﬁh decreasing'grnin sizcs and greater pore fluid discharges
at the tops of the beds (Fig.64). The second sequence would rﬁpreaent
- decreasing pore fluid discharges upsection ;nd may represent caaes-where
the bed was deposited {n pulses -- with baﬁal zones having moreffapld
rates of expulsion than upper bed layers. Beds with massive bases (Types
1,2,3,8, Fig.22) tend to be coarser grained'than thoa; beds that have
fluid escape featurcs at the I;ase. This may.be due to the fact that

. . -

coarser sediment is more difficult Eo liquefy than finer sediment. Mas-

\ .
sive fine grained tops of b are more common in beds in which the top

- “"
L
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. Fig.64-

Liquefaction structures thag develop in Earbidice-
BCDE beds with non-cohesive C and D divisions.

Grain size decreases up through the bed.

(1) unmodified BCDE turbidite bed; (2) at fluid dis-
charges just. above pure seepage: elutriation and re-
distribution of mobile grains in B division results
in-very flat dish structures (or consolidation lam-
{nattons, Lowe's (1975) terminplogy) and small .Type &
fluid escape tubes, Collapse C division results

in partial liquefaction wit}i"development of strongly
curved dish structures and Type A pillars; (3) at
highest water escape rates, structures depend upon the
rate of discharge increase. If discharge rises rapidly
large Type B pillars can cut across unmodified primary
structures (left); if discharge rises! gradually, large
Type B pillars can form cross-cutting 1ower discharge
fluid escape features.

(from Lowe,1975)
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fluid_eséape feature consists of frée surface pillars (Type 6, Fig.zz,f
Figaﬁl). These massive fine grained topé (medium to fine sandstone)
may represent bed portions_that were completely fluidized,. leaving no
trace of fluid escape features due to the complete.éashiﬁg But of fine
material from the bed. .

. Liquefied flows are not thought to be significant transport
agents of sediment into deep-sea’dépositional ;ites. Following thé*
discussibn_of.Lowe (1976), in the simplést case, liquefied flow is
laminar with no grain interaction. From Lowe‘é (1976) estimates, lam-
inar.liquefied flows are only effectihve.fransport agents for thin flows
(a few cm thick) of sediment finer than 1 mm. It is, therefcre, mosg
probable that graded.liquefied fine conglomérates, pebbly sandstones and
sandstones experienced liquefaction during the £inal transport stages
and beginnﬁing depositional stages, due to po;e-wacar expulsion during
intial ;ompéction. " ‘

In summary, the Facies (4) graded-liquefied beds are inmterpreted
as being tranmsported into the basin by turbidity currents. During this
main traﬁsport-phase.lateral grain size segregation developed, which
during deposition led to the formation of graded bedding.Prior to depo- ‘
aition; concentrated-clast dispersions developed aé the base .of the
turbidity currents.'Sedimen:iﬁas deposited from the basal dispersions,
which, due to high céncentrations of quifent may have behaved more
as viscous flows . Syndepositional or early post -depositional churnidg
of the sediment produced wave.forms within the dispersions, which explains
the bimodal imbricatich. Variable bedding fabrics are explained by depo-

sition from dispersions in which viscous effects were dominant. Deposi-



L

tional rates were'very high entrepping significant éortions of poré
water between the grains. The aignifican; entrapment of pore water and
perhapé~subsequent churning of the sediment favoured syn- or early
post -depositional liquefaction in many beds. Less commonly, beds became
liquefied as a8 consequence of poﬁt-depoaitional loading. Thus, deposi-
tion of Facies (45 beds is a multiphase process. Lateral sortiﬁg within
turbidity currents during transport accounts for thelprogressive, nor -
mal grading. Fabric development is & conseduence of rapid deposition
J::j) . from cohcentrated_dispersions at the base of turbidity currents. During
these depositional stages, liquefied flows became important, forming
prominent fluid escape features. In some beds, reworking by turbidity
current’ flow formed stratification and crossbedding in the finer, upper

bed portions.

196



CHAPTER 6 '

OVERALL FACIES MODEL FOR THE CAP ENRAGE SEDIMENTS

"™Models are to be used, but not to be believed." (Henri Theil)

INTRODUCTYON

As mentioned in the introductory chapter, detaiied studies by
many workers (Davies and Walier;1974; Rubert et al,1970; Jdﬁnson,1974:
Johnson.and Walker, in prep.; Lajoie et al,1974; and, Hathey,1970}.show
a complex paleocurrent pattern fo: the Cap Enragé sediments (Fig.l2).

The most coﬁpreheneive study on a regional scale has been Johnson's
(19745 work on the conglomeréfié embers and niveau between Anse &
PierrelJean ;td Cap Corbeau (Fig.l0). Paleoflows within the conglomerates
were mainly west-southwestward, with southerly flows at two locations
(Johnson and ﬁalker, in prep.). Compared with local paleoflow diréc?ions,
conglomerates show horizontally fining and thinning trends in various
directions, including upstream, downstream and cross-stream directions
(Johnson and Wdlker,in prep.).

The overall conglomerate paleoflow is toward the southwest (John-
son ang Waiker, in prep.). Based upon source areas for the sediment
(Iajoie et al,1974) aq@ orientation of present tectonic strike, the con-
glomerate paleoflows were determined to be parallel to the base-of-slope

.
during Cap Edrageé time (Johnson and Walker,in prep.; Davies and Walker,

1974). The large-scale swing of paleoflows from a slope-normal to a

slabe-parallel direction (at the base-of-slope), prompted Johnson and

197
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Walker (in prep.) to interpret the whole Cap Enrage Formation as balng'
_deposited withiﬁ the gonfineg of a submarine trough or valley. Individual
conglomerlfe members and niveau within tpe-formltiOn are interpreted as
meinde:ing, main channel depoai&u from the valley floor GJohnson'and'Halk-
er, in pfep.). ‘

Within the submarine valley context, the horirontally fining and
thinning trends within the conglomerates warg conceptualized by Johnaon
(1974) as sequences which radiate from single, cobble-boulder gonglomer-
ates. This radiatiﬁg, fining and thinning.outward pattern defined what
Johnson (1974) called a "pod." Pods have vertically fining-up sequences
on the order of 5 m thick. Largest pods were 100-200 m wide and 400 m
long (Fig.65). Pod fills were interpreted by Johnson (1974) as represent-
ing the £ill of incised, deeper scours within the main channel floor.

The field outcrop usually permits only one horirontally thinning
and fining—sequénce to be seen -- either in upstream, downstream or,
rarely, in cross-stream directions (Johnson and Walker, in prep.). As
‘ po¥nted out by Johnson and Waiker (in prep.) the main problem with the
pod‘ﬁBde; is that it does not adequately explain the horizontally fining
and thinni;g‘tpends in upstream directions. Downstream horizontally fining
.and thinning tréﬁdn\can be accounted by'd;creasing flow velocities and
rates of depoaition,-iﬁ-cyrrenta emerge from deeper scours. An alternative
interpretation, which 1is présgnted in this chapter, is that the horizontal.
ly fining and thinning sequencéhﬂgepreaent facien changes from coarser,
main channel deposita to finer, toésgggphically higher, terrace or braid

.
~

bar top deposits.
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GRADED -STRATIFIED FINE CONGLOMERATE

COBBLE - BOULDER

Fig.85 - Generalized sketch of a conglomerate "pod". Arrow

indicates conglomerate paleoflow.
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In the present project, the overall Cap Enrage model was develop-
ed only after detailed comparisons of individusl sections, and by gleamn- -
ing the cormon denominators from all of the sections. querata’nding the
whole Cap EnragJ Formation, as an 1ntegrltea network, means that one.
would have to put all of the sections together in one complete, yet very
detailed,diagram. The detail of the sections and the limitations.of pre-
senting the data in thesis format, prohibit tﬁe use of large detailed
diagrams. Therefore, one has to examine the-individual parts of the sys-
tem plecemeal; and, show how.the different parts give information about
the vhole system. Once the different parts are interpreted, these inter-
pretations can be integrated into the~facies model for the whole forma-
tion.

In this chapter the basic ﬁodel is presented first. This 15 done
to keep a certain frame of reference for the different interpretations andﬂ$
to provide a description of the basic terminology. By reading the interpre-
tations of individual outcrop sections, the reader can see how the various
parts fit into the whole system. In addition, one can see how the author
devised the model for the whole formation. An analogy to this presentation
would be someone coming in on the tail end of the first showing of "Murder
on the Orient Express,' when Hercule Poirot is explaining how everyone
killed the victim. Then, one would sit through the second showing of the
film to see how Agatha Christie's clues, throughout the film, led up to
Poirot's final solution of the case,

In this chapter the order La.as follows. The basic model is present-
ed first, with the terminology that will be used. Next, interpretations

of individual outcrops that fit into the different subenvironments are
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presented. This is followed by an integration of the different interpre-

'tationu into an overall facies model for the Cap Enrlgé sediments. Com-

- parisons are made with other deep-sea sediments. Finally, & general tec-

tonic setting is discussed.

GENERAL PALEQTOPOGRAPHIC RECONSTRUCTION OF THE CAP EHRAGE SYSTEM

The general interpretation of the paleotopography of the setting
for the deposition of the Qa; Enragé sediments is sketched in Figure 66.
An aggraﬁed channel system, with & braided patterh. flowed within a -
submarine valley (denoted by 'valley.wnlls', Fig.66). Within the subma-
rina valley, there were different topographic levels of deposition,
including:

1. Main Chamnels (MC,Fig.66): depths in the range of 1-5 m; individual

channel widths up to about 250 m. Channels, for. the most part, have
gently sloping walls: bﬁly three scour contacts, of what were interpre-
ted as main channel fills, had steep, near vertical, sides. The main
channels, most likely, formed a braided or anastomosing pattern. The
braided ch;nnel network had a possible width of about 10 km across the
" gubmarine valley (to accomodate the outcrop belt of conglomeratic mem-

bers and niveau).

2; Pods (P,Fig.66): depths in the order of 1-5 m; maximum widths of iOb-
200 w; and, maximum length of 400 m. These podd are defined by Johnson.
(1974) and are interpreted as repreienting incised scour deposits from

main channels. Maximum d;pths of incision would be about 5 m.

3. Cut-off Channel (CC,Pig.BG): depths in the order of 0.5 - 2 m; maxjoum o
lengths traceable along strike for about 50 m. Many of the individual
scour traces have steep, near vertical, sides. Quite often individual

scours may be laterally linked along the base of a bed, giving the
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base a scalloped appearance. Most of the scour fill material consists
oolelj of the ftner-grllneg-faclel. These acour-fill, fine grained

» ' .

deposits are interpreted as being deposited from main channel sites,
which are cut-off from coarse sediment supply.
Point Bars (PB,Fig.66): relief of 1.5 m above the main channel and
lengths up to 600 m. Thess are :opogrlphid high areas which occur in

peander bends of the wmain channels.

Braid Bars (BB,Fig.66): heights on the order‘of 1-5 m'nbove the main
channels and widths betueep chanoels -0f 50-100 m..These are interchan-
nel, tﬁpogrpphlcllly high, areas within the aggrading main channel
network. These braid bars separate the main channels.

Terraces (MT and:. HT, Fig,.66): mlrginl¥ztetrlc€5 on the order of 5;10;
m above the main channel network (MT), and high terraces (HT)} on the

Sféer of 725-50+ m above the négﬁrding main chanoel system. The

terraces are epo71tional high areas, above the general level of the

~——

main channels

nﬁ bars of the channel network. Although it cannot be

L

proved, the terraces {(for uimplicicy sake) are interpreted as being
cont}nuuus borders to the ;ggrading channel network. These terraces
would be within the confinea of the submarine valley. Marginal terraces
(HT,Fig.GGi are those terrace sites which are near the main channels
and receive some coarse sediment input. High terraces (HT,Fip.66) are
those terrace areas which are far awﬁy frop the main channels and

receive mainly fine sediment.

Secondary Channels (SC, Fig.66) are small channels which are superimpos.

ed upon braid bare, point bars or terraces, Small channels are general.

ly less than or equal to 1-2 m in depth. Widths of individoal channels
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range from a few m to about 25-50 m. Small channels occur llngl}, or

; form braided 6& anastomosing patterns on bar or terrace topa.

8. Secondary Braid Bars (?13.66) are Qﬁlll, {nterchannel areas which

separate the secondary channels. Srull braid bars range from loss
than 1 m {n height to sabout 2 m in relief. Widths range from & few

m to about 25-50 m. .

PALEOTOPQGRAPHIC RECONSTRUCTIONS FOR INDIVIDUAL OUTCROPS

Main Channel Deposaits

(1) Anse 'a Pierre Jean 3 (Niveau 3) (Fig.67)

. This reconstruction i{s based upon detailed sections from this .

£

‘ , _ .
study (Beds 4B84-506, Appendix 5,p.387 ) as well as detailed conglomerate
sections of this outcrop given by Johnson (157&). Beds which fit John-
"son's pod modal, in the descriptive msense, are labelled as 'pod' on the

generslized section (Fig.67A) and will be referred as 'pod sediments' i{n -
] - .

o+

this discussion. Z "

In general, the sections at Anse a Plerre Jean 3 {(Niveau 3) appear
to represent a series of superimposed pod sediments. Sediments become
coarser -grained, and pod dimensions become larger upsection (Fig.67A). '

Niveau 3, for ease in diacussion, 1s divided into three levels (L1-13,

b

" Flg.67A). » o )
A small pod occura in the eastern basal part of Level 1 (L1,

Fig. 67). Basal pod £ill gqnaiatu.of Faciea (1) congloberate, which

Y

.

grades into Facies (2) fine conglomeratea, along the eastern and western

margins of the scour surface. The basal Facies (1) conglomerate thins

e

S

wvestward, vhere it has large boulders sticking out above the general bed

level. A thick, liquefied Facies (4) bed overlies this irregularly-topped
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conglomerate. No paleocurrent data is available for the liquefied bed. It

{s continuous along dtrike nnd nhows no evidence of ooourlng nor ohanncl-
P :

ization. Pileoflowo vithin the irregullrly-topped conglomerate ‘are 1den-

tical with thoae for the scoured iciea (1) conglomeqate loclted to the

west. Both paleoflows are toward the southwest. The thick Facies (1) con-

”glomefatoa at the west end of the outcrop conform to Johnuoo'n (1974) pod

model, in a descriptive sense, and are in:erpreted as being ﬂ{i::ftzonel
depoait-. o A o ﬂi: ~ C \\'

The association of the thick liquefled\icies (%) bed.with toe |
Facies (1) conglomerote, hnnédiq;ely overlying'lnd along-strike to the 1i-
quefied bed,-sugéeat thot the thick liquefied bed may have been depoaitod
nesr a main channel The continuous nature -of the bed suggests that it was .
not deposited within l scour or chanoel. The mos t likely site would be &
mnrgtnnl tefrace setting (Sicor2, Fig.66) near a main channel. The thin,
underliing and irregularly-;opped Facies (1) conglomerote may have been
deposited from flows ohich overtopped the main channel and depoaitod thin
cénglowérnte on top of cho marginel terracei This thin congiomtrate is
inve;aeiy-grlded, clant-oupported, with gg_evi;ince of fine matrix and ﬁln
large clasts protruding above the general bed level. The interpretation
of the ooigin of this conglomerate {sa that it is a lag deposit froS?i coarse-
grained flow, which travelled mainly down the ;ain channel (to the west).
There was & brief interlude of overtopping the channel, leaving a coarae;
grained, inveraely.graded, lag on top of the marginal terrace. Subsequent
deposition from later flows covered the boulders and olaotl sticéing up -
above the‘generai bed level --'producing an irregularly-topped conglomer-

.te .
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The facies associations in Levels 2 and 3 (LZ,LB; Pig.67) can be
‘eiplained by aiaeries of channel/braid bar deﬁonicl, vhich.war: uupa;im-
‘posed upon one another. Facles (1).c01rleuconglomerqtes are laterally
associated vith thin Facies (1) beds and Frcies (2) and (3) beds. These
.nn-ociations are iﬁ:erpreted as representing changes from main channel
sites (thick Facies (1) beds) to slightly higher braid bar tops (thin
icies (1), (2) and (3) beds), where flows which overtop the channels are

of & lover concentratlon and soméwhat slower, depositing thinner and finer-

grained deposits.

The coarse.-grained nature of the fills and the large dimensions of

r

the scoured surfaces (up to S5 m depth at the west amd of the outcrop) sug-

\U

~gest that the chnnnellbrqid bar gomplexes are part of the aggrading main
channel network (Site 3, Fig.66). Arbitrary vertical sections through the

auperimposed pod sediments do not show overall trends, aside from the

_tendency of Facles (2) and (3) sediments to be followtd by Facies (1) com-

. glomerates. However, when one looks at the auperimpqied pods, the sedi-

ments of each suctessive pod seems to become COaraé%;grained and pod
dimena;ons become larger upsection (from the basé of Level 2 to Level 3).
This overall coarsening/thickening-up sequence of pod sediments may

- reflect gradual occupation of a main channel site by successively larger,
and more competent, sediment gravity flows.

(2) Anse a Pierre Jean 2 (Niveau 3) (Fig.68)

This reconstruction is based upon detailed sections from this
study (Beds 456483 ,Appendix P. p386), as well as detailed conglomer- A\
ate sections of this outcrop given by Johnaon (1974) . Beds which fit

Johnson's pod model, in the descriﬁcive gense, are so labelled on the
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géncralized'Qéccion (Fig.684). For simplification of the following dis-
cussion, the gecciop is divided into three~1évels of facies associations,
within .the predominantly conglomeratic sections (FigJG&A). L

" In the Iuwést Level 1 (LI,Fig.G&A) Facies (1), (2) and (3) occur
in laternl associgtion with one another. Phleoflows are mainly toward the
southwest.These deposits are. interpreted as representing deponition with-
in shallow, secondary channels (Facies (1)), which are separated by low-
relief, secondary braid bars (thin Facies (2) and (3)) (Fig.,GBB).‘Hith-
‘in Level 1 there are two superimposed secondary éhannel/secondary braid
bar deposits. . |

Letel 2 (L2,Fig.68A) sediments are ﬁainlylfhciea L conglomer;

ates in the lower part, and Facies (2) fine conglomerates in the upper
part. At the eastern end of the outcrop,conglomerates/nnd sandstones have
paleoflows toward the southwest. In the western part of the outcrop, the
Facles (1) conglomerates were deposited by currents that flowed westward,
whereas'the massive Facies (6) and crossbedded Facies (5) sandstones were
deposited from southwesterly flowing currents (Fig.68A). These patterns
suggest that the western block.was not tectonically rotated, as suggested
by Johnson (1974); rather, the.divergence of paleoflows within the conglom-
erates across the outcrop is real. Within Level 2, the conglomerates fine
and thin weatward with the accompanying paleoflow switch from southwester-
ly to wsterly flow directions. It ia noteworthy that the 1ow-angle, in-
clined crosqﬁeddiug in‘the conglomerate occurs in about the middle of the
exposure (Fig.68A).

The observed paleoflow, facles, bed thickness and grain size

patterns suggest that this complex may represnet a coarse, mainly conglom-

—— e bt
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gfate channel/braid bar or channel/point bar couplet (Fig.68B). Coar;e con-
glomerafea- ‘at the east end of the outcrop are interpreted as being
deposited within a channel, which was prograding eastward. Low-angle
inclined sératification within the conglomerate is interpreted as being
lateral accretion deposits An the bar margin. The éhin, inversely-graded,
irregularly-tqpped conglomerates nE the west eﬁd ofA:ﬁa outcrop, are
thought to be conglomerate lag deposits from flowq”that overtopped the
channel anﬁ deposited mnterial on the bar top. Thé coarse-éfained nature
of the deposits in this outcrop and apparent a¢our dapths in the” range |
of 2.5 m suggest that the channel/bar couplec iz within a main chlnnel
network (Site 5 or 3, Flg.66). It is 1mpoqsib1e to say whether the tar
is a braid bar separating two channels or a éoint bar, occuring ;1thin a
weander bend of one channel. Outerop iimitations prohibit such fine
subdivision of the interpretation. f |

The top parﬁ of Le§e1 2 and all of Level 3 (L2,1L3, Fig.68A) con-
sist of mixed, thin bedded facies (Facies (1),(2),(4) and (5)), which
occur in very thin 'pods’. These are 1nterpre£ed ag being deposited with-
in very shallow, secondary -channel/secondary braid bars which are super-
imposed upon one another. The asgociation with coarse-grained deposits of
the lower part of Level 2, suggests that the depositional site is also
within the main channel network, perhaps on top of a large braid bar or
point bar (Sites 1 or 4, Fig.66).

The overall sequence from Level 1 to Level 2 is a coarsening and
thickening-up sequence. The sequence from Level 2 to Level 3_is fining and
thinning upsection. This {s thought to represent migration of a main

chanpel to-and-from the depositional site preserved in this outcrop.
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(3) Anse % Pierre Jean 1 (Niveau 3) (Pig. 69)

This reconstruction is based upon detailad suctions from this
study (Beds 429-455,Appendix 5, p384 ). Beds which fit Johnson's (197&)
pod model in the dascripcive sense, are llbelled on the generalized-
section (Fig. 69A) Coaruar-grlined conglowcrates which also fit the
pod model, occur to the west of the section thnt 13 described here,
These conglomerates were intexpreted by Johnupn (1974) as being main
channel depos%ts. Flows which deposited theqé main channel conglomeélt?s

travelled toward the southwest (Johnson,1874) . o«

For ease in description and in presentation of the 1nterpretation,‘

this outcrop is divided into four leve‘u (L1-L4,Fig. 69A) Levél 1 consiuts ?

of a thick, graded-stratified icies (1) conglomerate, which appears to bé
continuous and unchanged across the outcrop. This thick graded conglom-
erate was deposited from westerly flowing currents.:Beciuse of the very:
coarse-grained nature of this bed it is thought er havé been deposiﬁed
wgthin a main channel. However, it does noF ghow any evidence of channel-
izgtion. The thickness of the bed (Fig.6%A) also thgesta thit,ft was
deposifed from a very large flow. Hence it 1G‘thought that the'very large
flow travelled unconfined within a main channel, This large flow was ‘ob- -
livious to pre-existing topography and did not follow pa;;erns of deposi-
tion correaponding to channel/braid bar topdgr;phiea (ﬁite 9 7, Fig.66).
Level 2 consists of a series of‘ﬁlinly flat, ‘continuous beds be-
longing to Facies (1),(2) and (3), whiéh do not conform to a channel/bar
model. Rather, thease beds are all continuous and unchanged across the
outcrop. No obvious grain size, bed thicknesa, paleccurrent nor facies

patterns emerge, suggesting deposition in an unconfined, unrestrictive

s ST S
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W CONGL.
PALEQFLOW

Fig. 69B. Paleotopographic reconstruction. Anse B
Pierre Jean 1, Beds. 429-455. Key as in
Fig. 67. Note that the scale in Fig. 69B
differs from that used in Fig. 69A (pre-

viouls page}, P .384
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area, These deposits most 11k¥1y‘repreaent sediments from coarse-grained

overchﬁnnel flows that travelled from mn{n channels to-fiat, unconfined, )

mlrginnlhterrlcé'sitgs (Site 5; Fig.66). dne small pod deposit occurs

near the top of Le;el 2 (Fig.ﬁé&)t This small péé may represent deposits

from a secondary-chnnnel'that,wa; carved into the top of- the ma;ginli

terrace (Site 1, Fig.66). . - B . g?
Level 3 sediments beléng to Facies (1),(2) and (4) and conform

to the pod model, in the descriptive a;nae; Average paleoflow is toward

the west.-northwest. Grain si:é and dimensions of the podq'become grentef

qpsection and toward the east. These depoaits are interpreted as repre-

‘genting sediments from secoundary channél/secondary braid bar cumplexeu;

Because of the coarse sediment size at this outcrop and the relatively

thin nature of the finer-érained facies, -these secondary channel/braid

bar deposits are interpreted as being from the main channel network, per-

haps on top of large braid bars or point bars, cutoff from the very coarse

sediment supply (Sites i oéJa, Fig.66). The overall coafaening/thickening-

up sequence from the base of Level 2 to the top part of Lefe} 3 may re-

‘}leﬁc meandering processes of ché main channel closer to the bar top --

aupplyihg coarser sediment, through time, to ;he secondary channels on the

bar top. ‘ | f
Level A consists of thin bedded Facles (1) conglomerates, interbed-

ded with sandstones of a variety of facies. Beds do not f£{t the channel/

bagbﬁ;del hor tﬁe pod model, in the descriptive ;ense. Beds are continuous

and unchanging across the outcrop. Paleoflows are gemerally toward the

west. The change from the top of Level 3 to Level 4 is'a fining and

thinning-up sequence. This may reflect migration of the main channel



25

farther away from the‘dhpoaitionai site, leaving a stranded bar, which
recaived mainly finer-grained, thin, continuous overqhnnnel f}ow deﬁouttlQ
Tﬁe debdaiﬁional setting is thought to be a bar top which was unchannel-
1:ed and somewhat marginal to main channel settings, such that 1: spora-
dically received coarse conglomerate debris (Site 1,MT,Fig. 66)

)

(&) St. Simon sur Mer to St. Simon sur Mer (Shrine Sectioql

(Niveau 3 - Niveau 4) (Fig. 70) .

This reconstruction is based upon detltle& npctions from this
study (Beds 674-82&,Appendix«g, p396 ), as well as detailed conglomerate
sections of the outcrop at St. Simon sur- Mer by Johnaon (1974).‘This
discuasion concerns the broad-sclle interpretation of sediments between
the point at'St. Simon sur Mer, eastward to the bay near the Shrine
' Sactiona (see- outcrop wmaps, Appendix 5, p.392, a shoreline distance of
about 1.1 lkm. Detailed interpretations of the ét. éimon Qur Mer (point)
outcrop, ;t the western tip QE the exposure, are given under the next
discusssion on marginal terraces. Because of the gfeat detail of the
sections in this outcr;p, it is impossible to recomstruct them into a
generalized section that would conform to thesis format. The reader is
referred to the logged sections (Appendix 5, p. 393 - 400) for the differ-
-.euc grain size, bed thicknega, paleocurrent and facies patterns. A gen-
eralized paleotopographic reconstruction i{s given in Figure 70.

The main conglomerate between the point at St. Simon sur Mer and
the Two Cottages section has been studied in detail by Johnson g197a) and
is intgrpreted by Johnson and Walker (in preé.) as being a main channel
deéosit. From Two Cottages east to the Shrine Section (Fig.70) a series

of swall scour-fill conglomerates occur along atrike, at the base of the
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section. These conglomerates are generally thinner -bedded and somewhat
finer-grained than the very coarse conglomerates studied by Johnson
(1974) (desigoated 'channel' Fig.70). The coarse conglomerates at St.
Simon sur Mer were deposited from wan;vard f}owlns ;urrent;, whilst the
paleoflows for thesa smnller’ucour-flll conglomerates are generally to-.
ward the -outh-southuest; Exceptions to this are the lateral accretion
scour-fill and ;quivalénc beds at the Shrine section (Fig.33), where
paleoflows are toward the northwest. Not all of the conglomerates are
acour -fill deposits. Many of the conglomerates are thin and do not change
character along strike.-

The mixture of small scour-fill conglomerates with continuous
conglomerates and sandstones, which have a paleoflow divergence to the
main channel conglomerates (to the west), suggest that these sediments
may represent deposits from a broad marginal terrace or pailat bar, near
2 main conglomerate channel (Site 5,Fig.66).

The oveflying Niveau 4 sediments beloﬁg to a variety of facies and
do not show prominent scour surfaces. Beds thin/fine or coarucn/thicken
fa both easteriy and wﬁaterly along-strike directions. Facies character of
the beds also vary along atrike. ?lleoflows are toward the south, south-

) west and uest-northwﬁat. The variability of the paleoflows and character-
iitica of the beds, suggests deposition in an unconfingd, nonreatrictive
‘area, Beds are 1nterpretéd as being deposited in shallow, low-relief sec-
ondary channels or secondary channel/secondary braid bar complexes. Coarse
sediment input suggests that the proposed area was near a main channel.

The reconstruction of the outcrop paleotopography (Fig.70) con-

sigts of a meandering main channel (Niveau 3 at St, Simon sur Mer, 'chan-
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nel' Fig.70) with alternatihg point bars: 1) a low relief,>colrue-grnln-
ed point bar within the main channel network (Niveau 3 and 4, fwo
Cottages and Shrine Sgction) (Slf; 1, Fig.66: Niveau 3 and multiple
chapnnl complexas (Fig.38,39)‘ﬂivelu 4; Site 5,Fig.66: most of Niveau
4): sand, 2) s topographically higher, finer-grained mnrginll.terrnce
(sandstone packet at St. Simon sur Mer, which is discussed in the next
section) (Site. 2, Fig.66).

‘Marginal Terrace Deposits ' . \

(1) Cap a la Carre Ouest (? Niveau 3 to Niveau 4) (Fig. 71)

This reconstruction is based upon detailed sections from this
study (Beds 1098-1140, Appendix 5, p.4ll). Beds which conform to Johu.
son's (1974) pod model, in the deacriptive sense, are labelled on the
generalized section (Fig. 714).

A small conglomerate complex, following the fining and thioning
trends iﬂ cross-stream directions of Johnsoﬂ'i (1974) pod wodel, occurs in
the nottheagyern part of the outcrop (Fig.71A). The pod conglomerates are
tracesble liong strike for about 190 m. Paleoflow patterns within the .
conglomerates are towards the southwest. The Facies (1) pod conglomgratea
become finer-grained and take on an ;spect of Facles (2) or (4) beds
tovards the vest. Beds become finer-grained and thinner-bedded west-
ward, where they merge with beds belonging to a variety of facles,
including Facles (2), (3), (4),(5) ap# (62, Auuociated with chﬁgﬁllternl
fining and thinning trend, the paleocurrents became. quite variable within
the pebbly sandstone and sandstone facies and tend to have a near-random,
overall pattern (Fig.7lA). Sandstones and peﬁbly sandstones aho; 1at§ra1,

as well as vertical fining/thinning trends (Fig.71A).
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1140,‘3.411
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. A etnple chlnnellbreid batr model can eccount for the dbserved
.l grain sise, bed thickneee end peleocurrent patterns vithin the dlfferent
pod sediments at the northeast end of the outcrop. Coeroe Faclies (1)
conglomnretel occur in, generally. conclvo-up, ecour-beeed units (Fig.
67A) . These are interpreted as reprelenting channel sediments. Depths
of the channels range from about 2 m to a maxioum of § m. Thinner end
finer-grl}ned feciea are interpreted .as representing braid bar depoelte, ,
which uere topographically higher than the channels and reteived SOme -
what finer-grlined and lower-concentrltton flow depoaitu. The northeast
part of the outcrOp is thought to represent the deposite from at leasat
4 euperimpooed small-scale (7 secondary) channel/breid bar complexee.
Towards the west, the ‘\piee ) coarae conglomeretea grede {nto
a mixture of facies, along with a finlng nd thinning trend. Thg paleo-
current patterns are quite complex in the sandstones. One model thet may
account for these relations is spillovey from coarse conglomerate scours .
-or channels onto & broeo, topographiciily higher texrace. Spillover flowa
from the conglomerate scours onto the broad terrace assumed a ylriety of
natures. Low concentrationm, predominentiy treotionnl currents, deposited
ungraded, trough cross-atratifledlﬁncieo (5) beds. and likely rewortod
. previously depoaited sediment on the terrace. High concentretion, high
velocity , -fine-grained flowe accounted for the deposition of icies 3)
and (6) beds. Facies (2) flows had deposition from ooncentreted c;est
dispersiona. as ueli as tractional deposition during later flow stages.
Some facies (2) flows ﬁere capable of scouring the bed, producing small

scours on.the'broad terrace. ) =
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The anall dinenaiona of the scour aurfacea and the relatively
finer-grained nature of the fill, auggeat that the deposits at the east:
‘end of the outcrop represent depoaits from secondary channel/ secondary
. braid bar aettinga. Sediments overlying the deposits to-the west are‘
not channeiiied'and are mainly fine -grained, con:inuoue eandstonee and
pebbly eandetonee. Theae associations suggest that the secondary. channel/"
braid bar sediments at this outcrop DAYy represent secondary braided
channel networks that are not within the main ‘channel system. Rather, the
. asecondary ehannei/brald ear complexee are interpreted as beiog topograph-
ically above the main chainel system -- perhaps in the marginal terrace

eétéing, which only occassionally receivéd coarse sediment input (Site 1,

Fig. 66).

_(21 St. Simon sur Mer (Hiveaujé) (i-‘ig. 72)

This recohetruetien ia.based upon detailed aections obtained in
the beeaeﬁt study (Beds 610-641, Appendlx 5;,p. 394), as well as deteilee
conglometate sections by Johnson (1974). Units which conform to Johnson's
(1974) pod mndel in a descriptive sense, are labelled on the generalized
eectiona (Fig 72A) _ : . .

One of the best outcrops to obaerved the peculiar conélomerate
. and sandstone relations is at St. Simon sur Mer (Niveau 3) (Fig. 72y, -
‘At this 1oeality ;everal pod sequences are superimposed upon one anothee
(Levels 1,2 end 3, Fig. 72). A large-scale coerseuing-thickening-up se-

)

quence of pod conglomerates (from Level 1 to Level 3, Fig. 72) occurs
here. -
Level 1 consists of a series of small pods. Basal scours are

_composed of Facies (1) conglomerates, which thin and fine between scour
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Fig. 72 B. Paleotopographic reconstruction. Key as in Fig.
* 67B. St. Simon sur Mer, Beds 610.641. Note that
the scale in Fig. 72B differs from that used in

Fig. 72A (previous pase),‘?.394,395
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fills. At the top of Level 1, scours are shallower and filled with

Facies (Z)Flnd {(3) beds. This oﬁerlll fining/thinning sequence within
Level 1 is thought to represent gradual abandonment of -a small channel
site, cut into a previously ;nchlnnelized site (Niveau 2). The amall
channel site was depleted from cosrse sediment supply and received only
finer and finer sediment through time. As a result of this depletion of
. conrse sediment input (reflecting depositioﬂ from less competent flows)
" shalloer scours were cnrvea, resultiqg'in thinner pod dimeasions upueé%ion.
Level 2 sediments consist of flat, continuous sediments as well
as discontigqoua, channelized 'pod' deposits. A mixture of facies ocecurs,
consisting of iciea-(l),(Z),(A},(S) and (6). Paleoflow patferns are var-
isble, with slight divergence between that for thé conglomerate Facies. (1)
" beds and the fimer pebbly snndstona facies (Facles (3) through (6)). De-
posits in this level are thought to represent secondary channel/braid bar
fi11s and deposits, as well as continuous broad terrace deposits. The en-
vironment is envisioned to be similiar to that interpreted for -the Cub ;;
la Carre (Sﬁction 5) deposits (Fig. 71). Coarser sediment started Eo cut -
and-fiil on a predominantly flat terrace. Depletion of coarse sedimeﬁt

supply to the secondary channel/braid bar complex on the terrace top may

reflect meandering of & wain channel furfher away from the terrace setting. -

.

Level 3 sediments consist of & series of superimposed.pods, com-
prising mainly Facies (1), (2) and (B)r-Thére is 8 slight paleocurrent :'
divérgence between the coarse Facies (1) conglomerates and the other,'A
finer-grained, facies (Fig. 72). The top of the sequence conaisfu of a
larger, very coarse-grained scour that was filled by sediment deéosited

from west-southwesterly flowing currents. In the western part of the sec-
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'tibn, thin ?aciea 0} gonglomerltaa are interbedded with thin, massive

- Facies (6)5anndstones'and thin, liquefied Facies (4) sandstones. Further

u

mestwnfd~;heae thin beds wmerge into a thick, liquefied Facies (&) sand -

stone. These facies and paleocurrent associations are interpreted as re-

flecfing-the transition from & coarse.grained, main channel site to & °

flner-grlihgd, foPOgraphically higher, terrace setting (Site 2,-Fig;66).

"The downstream fining and thinning of coarse Facies @ conglomerdte.into

liquefied Facles (4) sandstode-ind thin Facies (1) conglomerate can be
e;pla;ned by considering a& section cut through a me:nddt band, from‘the
main conglomerate channel downstream to the high terrace site (see plan
sketch Fig. 70 and Site 2, Fig.66).

Vertical sections are finiung/thickening-upward along AA' (Fig.
72), which are. interpreted as representing gradunl abandonment of a small

channel syatem, with the concommitant replacement by deposition on a ter-

race site where amalgamation of fine-grained deposits yields thicker-

bedded sediments. Vertical sections are coarsening/thickening-upsection
along BB' (Fig;72). This is thought to reflect the gradual migration of

a main channel into what was originally an unchannelized, podsibly terrace
site. Vertical sections along CC' (Fig. 72) comprise & variety of facies
and do not have obvious trends in facies, grain size, nor. bed thickness
distributions. This mixture is interpreted to represent a margina} terrace
or marginal channel site: the transition between main channel Qgpoaition
and terrace aedimendation (Site 2, Fig.66). »”

(3) Gréve de la Pointe (7 Niveau &) (Fig.34)

The following interpretation is based upon detailed sections from

the present study (Beds 296-300, Appeundix 5, p.378).

v
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The overall nequehce in the multiple scour f£ill complex is a
donr#entng-up, thickening-up sequence, which is lccompaniad‘by an in- -
crease in apparent scour depth from:0.5 m at the base to 1 m at the—top.
Moat of thé scouf fill coneists of Facles (?i éoﬁgldmerite, ;hich becomes
coarser ~-grained ;psecti?n.ln contrist to the predominantiy Facies (1)
conglomerate fills ac‘other locations, ‘this ucourlfill.eequence does not
show a divergeunce {n paleoflow directions, with respect to underlying
and/or overlying sediments. All plleécﬁrrenc'indicncors within the scour
fill complex and associatea beds are toward the westerly direction (west,
northwest or southwest).

This complex is interpreted as being deposited wholly within a
channel sicq. The relatively finer.grained nature of the fill (iv compar-
fson to the very coarse conglomerates of main channel deposits within
Niveau 3 in the Anse a Piferre Jean - St, Simon‘sur Mar area) and the shal-
low apparent depth of the scour surfaces is suggestive of deposition with-
{n secondary channel settings. The channels did receive some coarse sedi-
ment input. Perhaps the secondary channel complex occurred in a marginal
terrace location. Flows became more competent within the channel complex
through time. After cut-and-fill of the top-most scour, the secondary
_ channel system was cutoff from coarse sediment supply and received only
fine -grained material, which was deposited as dontinuous beds bf ﬁenterly-
flowing currents QApggég}x 5, p+379. The depositional setting preéerved
.1n this outcrop may be“a secondary channel system, perhaps on a marginal
terrace, which became abando;ed'through time, due to the migration of

3 S
main channels, which fed the marginal terrace site. Overlying beds are

interpreted as unchannelized, marginal terrace sediments (Beds 301-310,

1

et s
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Appendix 5,p.378). The deppsitioﬁnl'uetting would be similiar to that -

in Site 1, Figure 66. L

+

(4) St. Simon sur Mer Est Multiple Channel Complexes (Niveau 4)
(Figs. 55,36)

The‘interpretntionn of the depositional settings of these two
multiple channel complexes are blsed upon detpailed sections from the
present study (Appendix 5,p. 405,406) « Both multiple channel fills over-
lie predominantly unchannelized beds, comprising mainly icies (3),(6)
and thin Facies (2) deposits. Dominant scour fill material consists of
grnded/atratified or graded/crossbedded Facies (2) conglomerates and
pebbly sandstones, or massive Facies (6) sandstones. Scours generally
reach a maximum of 1 m in apparent depth. ‘

As witﬁ the Grave de la Pointe Facies (2) complex (Fig. 34), the
" paleoflow patterns within the éectiop 6 complex (Fig. 36) agree with those
of overlyiug and unde:;ying beds., Paleoflows are towards the west-south-
west. No paleocurrent data is available from the lower Section 5 (Fig.35)
.complex. Beds overlying and undeflying the Section 5 (Fig.35) scour com-
plex are also toward the wgft-southwest, coincident with paleoflows of
the upper Section 6 (Fig.36) scour fills. The multiple aco;r fill complex-
_ es of Section 5 and Section 6 (Figs.35,36) are interpreted as being deposits
from a channel complex that was cutoff from coarse sediment supply. Flows >
that transported material to the cutoff channels were high velocity .
flows (capable of.uignificant scouring), but lacked coarse debris, which
may have been previously deposited as coarse-grained lags.

The channel complex at Section 5 (Fig.35) shows a slight coarsen-

{ng/thickening-up sequence, whereas the complex at Section 6 (Fig.36) has

=]




[ fininglchinniné-uﬁ trend. This suggests that flows within the Séctiqn 5

complex became more competent upsection, whereln flows within the Section

-~

/
6 complex became less competent through time., The general depouitionnl

site {s thought to be a chlnnelized gite which is cutoff,from much coArse
gediment 1nput. It may be akin to a cutoff channel in a marginn} terrace
getting (Site:ll, Fig.66). Siée of material being fed into the cutoff
channel would;depend upon the proximity of mwain chanunels to the cutoff
channel, and the relative strengths of flows travelling.down the main-
channels. Overall coarsening/thickening-up sequenbea withig cutoff channel
deposits would reflect migration of main channels closer to the cutdff
channel, Overall fining/thinning-up sequences with;n the cutoff channel
degosits would refléﬁt migration of major channeis away.from the cutoff
channel site.

(5) Bic (Member 1) (Fig.4l)

The following interpretation is based upon detailed sections from
the present study (Beds 1331-1348, Appendix 5,p. 419). As shown {n Figure
41, a mixture of facies occurs in this complex. All of the &cours are
quite small: apparent scour depths range from about 0.2 m to a ma¥1mum of
0.5 m; scours are traceable for a fgw metres along striké. No consistent
" grain size trends occur from the base to the top of the complex; rather,
a mixture of coarse and fine beds occurs. Immediately preceediné and
succeeding beds are, on the whole, much finer-grained and thicker -bedded
than the beds within the scour complex.
An examination of the paleocurrent indicators suggests that in the

lower part of the multiple scour complex, flow was towards the northeast.

About half-way upsection, the flow shifted towards the southwest-weat.

]
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I; ia not thought that this multiple scour complex represents
deposits from & main chanhel, due to thgfroiltively fine-gt,ined nature
. of'thp £111 and the small dimensions of the ﬁcdurn} Tha cross-cutting
. pature of the scour £ills suggests & braided pattern . The depositional
setting might have been an uﬁconfiﬁed, broad terrace site near & main
;channel, which nporadicull} reca;ved thig, coarse and fine conglomerate
debris as qpi;lévera from the main channel. The small channel fills would
represent deposits from secondary channels, perhaps within th; marginal

or high terrace setting (Site 12,Fig.66).

High Terrace Deposits

(1) Riviére Trois Pistoles (Niveau 2) (Fig.31) ‘

' The fol#éwing interpretation is based upon detailed sections from
the present study (Beds 341-347, Appendix J, p.380). The:overnli sequence
from the base to the top of the multiple scour fill is froq coarse grained
Facies (1) conglomerates, to shale an@ cllssic51 turbidites (Facies (7)).
Scour dimensions become smaller upsection, from‘lpparent scour depths of
4 m at the base, to less than 1 m at the top of the multlplENEEOur com-
plex. The tranaitiﬁnjfnnm the coarse-grained to the fine-grained fills is
very abrupt. Associated with the fining- and thinning-up trend is a shift
" {n"the paleoflow patterns. Initial cut-and-filiing was done by‘norfhweat-
erly flowing currents that deposited very coarse conglomerates. A shift in
the flows occurréq to the south-souttwest, with finer-grained material be- -
ing deposited from less competent -southerly flows. This shift in paleo-
flows is accompanied by a shallowing and decrease in tﬁe apparent width

of the scours, a decrease in the size of the scour-fill sediment, and an .

abrupt overall fining- and thinning-qy trend (Beds 341-345,Appendix 5,p.380).

L)
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The multiple scour-fill sequence is overlain by continuous beds.
The trlnsition from the scour~£ill sediments to the-contiﬁu;ua deﬁopits
may reflect a transition from main channel (1;1tia1 Facies (1) scour fills)
to unchannelized areas, perhaps mprginal or high terrace sites. Thdmfina-
grained nature of tﬁe top acpur-fifl ggd the fairly fine.grained aspect of
’ the beds overlyins.the multiple‘acour complex (Beds 367-35A,Rppendix 5,
p.380) suggests deposition in an unchannelirzed site cutoff from'sigdifi-
cant coarse sediment input. The depositional site may be a high tér:ace
setting, near j main channel, which occasionally ‘received minor amounts
of coarse sediﬁent. The overall sequence from Bed 341 to Bed 347 would,
most likely, represent the tpr of pa;térn generated at Site 6, Fig. 66,/

(2) Grive de la Pointe Multiple Scour Fill (Fig.32)

The following reconstruction {s based upon detailed sections
from.the present study (Beds 1-5; Appendix 5,p.372). The multiple scour
£i11 aaquénce at the base of the Gréve de la Pointe section consists of
‘thick, coarse-grained Facies (1) conglomerates. The beds overlying the
mﬁlt;ple gcour fill compléx are finer grained and continuous. Along
with the trend to unchannelized, finer sediments there is & switch in the
paleoflows from a northwesterly dirgction in the coarse Facies (1) con-
_'glomerates (Beds 1-5,Fig.32) to a southwesterly direction in the overlying
beds (Beds 6-33 and Beds 42.73, Appendix 5,p.372,373).

These transifions mﬂ§ reflecf a gradation freom channelized sedi-
mentation t; non-chaunelized deposition. The transitions are m?Fe gradual
than those observed at the Riviere Trois Pistoles section (Fig. 31) and
are interpreted as reflecting t.ransitions from mnin channel settings-to-

marginal terrace-to- high terrace settings (Site 7,Fig.66).
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(3) St. Simon sur Mer Est (Niveau 2) (Fig. 37) _
" The following mtarpiretltion is based uposyietailed sections from
lthe present study (Beds 849-869, Appendii 5,9.&02). As shown in Figure
37, noﬁt of fhe'bed;'lre massive Facies (6) sandstones. Scour depths of
scour surfaces range from 0.5 - 2 m and aéoura are traceable slong strike.
Paleoflows are consistently toyard'the south-nout#west. No obvious grain
sire, bed thickness, nor chang?a in scour qtmenaions trends occur. Ho;t
of the beds are bounded by‘prominlntzncoured basal surfaces. This suggests
deposition in a channelized site. Hﬁwever, the fill is predominantly
sandstone, with rare input of pebbly sandstone or conglomerate material.
The relatively shallow scour depths suggest depoaition'within secondary
chlnna%s. The un;formly fiﬁé-grained nature of the scour-fills suggests
deposiéion {n a site that was mostly cutoff from any coarse sediment
input. The depositional setting may be secondary chaqpels in a-high ter}uce
area, whicﬁ receive only the finer sandy spillover flows from the main

channel (Site 13,Fig.66).

GENERAL SEDIMENTATION MODEL: SIRMMARY

-

uGeomorthc elements within the Cap Enragé depositional system have
been deduced from fgeld relations, including: griding patterns, facies
‘relationships, bed thickness changes and paleocurrent trends. Different
facies are interpreted as being deposited in main channels, on braid or
point bars, or on terraces, above the general level of the main channel
network ( main channels and bars ). Different rates of sedimentation Y
in conjunction with varying concenératious ;nd size of sediment account
for the distribution of the different facies. The general modél of sed-

imentation consists of rapid deposition within channels, with less rapid

A
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deposition on topographically higher braid bars, point bars lpd terflcas.
‘Thin model'is operative on all scales, from deposition of individual beds
to Ehe large-ucild organization of major conglomerate and sandstone hori-
zZons.

v

. Channel -and-braid barsrcan be very low relief features, almost
gheet -1ike, accounting for the observed changes within individual beds:
the result of deposition from ;ingle flows. The next higher scale consists
of sacondary channel/secondary braid bar complexes which expiain the rela-
tionships of auperimposed and laterally adjacent beds: the result of depoq
aicion from several or many flows. Small-scale (4:1m-5m) vertical sequen-
ces can be in;erpreted as the interaction of secondary channel/secondary
braid ghr or secondary channel/secondary poin:'blr couplets. The largest
scale features consist of main ch?nnel networks, consisting of main chan-
nel/braid har or main cﬂnnnel/point bax céuplets, and terraces,'which bor -
der the aggrading channel system. Large-scale (10's - 100 m) thick sequen-
ces are interpreted in terms of the interactions between the main channel
ﬁecworks and the terraces.’

Three main depositional settings are thought to exist within the
Cap Enragé gystem: 1) main channels; 2) braid bars or point bars within
.the m@in channel network; and, 3) terraces above the main channel network.
The coarsest and thickest beds are interpreted as being deéosited‘within
fhe main channels. Towards the margins of channels, become finer.
grained and thinner bedded -- reflecting decreasing flow conditions and
sedimentation rates, as flows apilled out from main ch;unels to topograph-
ically-higher, interchannel areas. Terracés have predominantly finer-grain-

ed sediments, with coarse sediment only being supplied to marginal terrace
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sites, which occui near the main chtnnell.'fhe terraces ire enviaioned ia
being high'aﬁove the general level of the main channel network (?25-509).
with‘only fine uadimékt Eeing carried to this site by overchannel flows.
The Crlnsition‘betuaen terflcal and main channqls is probably very gradual
-- perhaps a depositiounal slope oép J 100, as near -vertical chlﬁ;e}‘utlll
are rarely seen at the contacts between ma jor caonglomerate and sandstone
horizons. Beds which are interpreted as being high terrace deponitn are
generally finér-grained and Ehickerfbedded than marginal terrace ledimen;n.
The thicker-bedded nature of the high terrace sediments may be a consequ-
ence of two factors: i)la sudden loss of flow competence as flows overtop
main channel necWorﬁs, with rapid deposition of great fhickness of fine
sedim?né; lnd; 2) amalgamation of finer-grained deposits from separate
flow evenéa. In summary, the deposits from th; different major aeposicionll
-~

sites are:

IT\Hlin Channel Networks, including main channels/bars: coarse-grained.and

thick bedded sediments; . Ca

2. Marginal Terrace Settings: finer-grained and thiudar_bedded deposits; and,

3. High Terrace Areas: fineat-gralned and thicker.bedded (than marginal
terrace deposits), except in sites far away from the infiuence of main
channels, receiving only the finest.grained classical turbidites and
shales. :

A variety of different vertical facies s;qyencea agd trends have
been observed im outcrop, which can be interpreted as being the resulﬁ.of:
1) interacticns between main channels and interchannel lreli (braid bars

or point bars) wholly within the main channel network; or
2) interactions between main chanpel networks (including channels and bars)”

and terraces.

e ad aa et
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‘Vertical bed thickness and grain eire ehlngee'mly Be{érldell'lnd these
are here’ termedl‘eequeneee°' alternatively,. the chlngeu mly ‘be very

_ lbrupt end are referred to as abrupt vercieel trenda. The different

itypee of observed verticll aequencee and trends, observed within the .
Chp Enrlge aedimente, are lteted in Fig.73,Table11.General interpre- |
tations as to their origins end all the beds uhgeh show e particullr
sequence are indielted '{n Table11 L The reeder is referred to the
logged sections (Appendix 5) for the details of the bed thickneee, '.‘

,;‘ grain size and flciee charlqterietice. Iu general there are six main |
types of sequences or tremds (Fig. 73), 1) fining/thinning-upsection;

2) coarsening/thickening-upsection- 3) coareening/thinning-upseecion,
4) fining/thickening-upsection, $) abrupt fining-upsection, with’ little
r-lpparent chlnge in bed thickness; and, 6) abrupt eoarsening-upseccion, ‘

.-
. with lictle apparent change in bed thickness. These sequences are obgerv- . .

_edion tuo'ecalesteflmngnitude: those that are generll;y Ie;sithen lrm to
lbour 5 min height;_lnd; those vertical sequences or trends that are
10's - 100 m in height. ‘ iy
| Finlng/thinning-up sequences are interpreted as refleetiug the
gradual migrstion of chennela away from the depositional aite preserved
~ in & given outcrop. Thiu interpretation is based upon comparieona with
lfluviel fining/thinning-up sequences (511en,196&,1965,1970) as well as
Linterpretetions of fining/thinning-up sequences of, whet are interpreted
as being, deep-aee channel deposits (Hendry,1978; Mutti and Ghibeudo,1972;
Mut€) and Riced Lucchi,1972; Rieel Lucchi,1975; %er}}}975b,1975c,19773
}978). This 1= the_moat-likely interpretation for fining/rhinning-up_ee-

quences, unless one envokes long-term tectonic controls on sedimentation

-
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_Eig.'73. Sedimentary sequences due to interactions between : 235

. channels-and-bars, or due to interactions between
~ main channel networks-and-terraces.

| SEQUENCES : <1-5 metres |
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© TABLE 11
) - g
: OBSERVED SEDIMENTARY SEQUENCES K
. R ' - - X )
SEQUERCE 'Fine/Thin '
SUBENVIRONMENT - Main Channels = Bars in Main Channel TYPE .
: s « . Network " “SEQUENCEX
. BEDS 429 430 - 443 Vertical
T 475 - . 456 - 460 o v lateral e
475 476 -478, 479481 Vertfcal
- 492 500 - 503 L g Lateral
. 1084 1678 - 1080 v " Lateral _ -
1081 1092,1093,1097 - Lateral
1101 1102 - 1103 Vertical
¢ 1107 . ' 1l09 o Lateral
: 1115,1111 1102 - 1103 * Lateral
- 1363 1364 - 1365, - " Vertical
Mean Bed Thickness 5.2 m~ 1.0 m s
Mean Grain Size 586 mm 122 om
SEQUENCE Fine/Thin  Fine/Thicken
S : —-Marginal —»High -TYFE
SUBENVIRONMENT & Main, Channels Terrace .Terrace SEQUENCE
.BEDS 1 -5 6 - 24 Vertical .
' 36 -39 40 - 68 Vertical
176-184 194202 Lateral
242-245 194-202 Lateral
262-264 .194-202 Lsateral
297-302 ' 284-289 fateral
494 -498 491 lateral
507-515 . 509,516 Llateral
522-531 T 541 -544 Lateral
- 522-531 6 Llateral -
675 667-670 627 Lateral
; ‘ 619-626 . 627 Vertical
675 676-692 693-696 Vertical
676692 706-715 Lateral
887 874-875 878 © lateral &
Vertical
889 890 -892 893 Vertical
894-901 908,909, _
917 Lateral
921-923 ~924-930 Vertical
8- 931.939 940942 Vertical
“ 985-986 984 -988 990-994 . Vertical
985-986 .989 ‘Vertical

&y
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- SEQUENCE -

TA_BIE 1" (con_tl. :) .

Fine/Thin

Fine/ Thicket;

27

307 mm

_ : ‘ —=-Marginal —-High TYPE
SUBENV IRONMENT Main Channels - Terrace Terrace  SEQUENCE
BEDS 1098-1121 1122.1126° Lateral

1165-1173 1174-
. 1180 Vertical
1297-1300 © 1301.
' 1311 © Vertical
Mean Bed Thickness 4.9 m 1.2 m 4.2 m,
Heaq Grain Size 560 mm 88 . 1 mm
SEQUENCE Fine/Thin ¢ '
—_— " TYPE
SUBENVIRONMERT High Terrace 'Distal’ High Terrace * SEQUENCE
" BEDS 404 - 406 . 407 - 415 - Vertical
1302-1311 1312.1316 _ Vertical
‘ 1473-1488 1489-1489+ Vertical
Mean Bed Thickness 2m 0.4 m
Mean Grain Size o 15 mm 0.6 mn
(excluding shale) '
SEQUENCE - Coarsen/Thin
_— " "TYPE
SUBENVIRONMENT High Terrace Marginal Terrace SEQUENCE
BEDS ' 347 348 - 370 Vertical
400 401 - 403 Vertical
493 494 - 498 Vertical
Mean Bed Thickneas l1m 1m
Mean Grain Size 4 mm 26 mm
SEQUENCE Abrupt Fine/Thicken Trend
Main Channel TYPE
SUBENV IRONMENT Network Higg Terrace ‘ SEQUENCE
BEDS 341 - 344 347 Vertical
1382-1397 1398-1408 Vertical
Mean Bed Thickness 2.m 8m
Mean Grain Size 9 mm




'mm 11 (;ont.)
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SEQUENCE | " Coarsen/Thicken C o .
" 'Distal' High : ‘Main TYPE
SUBENVIRONMENT * Teryxace X ngg Terrace Channel - SEQUENCE
BEDS | 577 - 586 587 - 592 593° - Vertical
| ‘863 - 89 -900 801 Vertical
1025-1063 1064-1070 Vertical.
1312-1319 1320-1346 Vertical
Mean:- Bed Thickness -i‘-AO.S m 1.3 m
Mean Grain Size - 7 mm - 17 mm

% Note: 'Distal' High Terraces are those hi

errace settings farthest

.. “away from the main channel networksiétd received predominantly

only fine-grained debris from

-

a

lower velocity flows. -
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The interpretation of the fining/thimning-up sequences ap a re-
sult of gtaduai‘abéndonment of chﬁnﬁels, implies, neceasar}ly that the
channels ﬁefg utilized by successive gravity flows. Ablndonmcnf of the
channel mny‘be due tb‘éradunl migration‘processaﬁ of the'ghaynel, coup -
led with aggf;dation of the channel network -- with the result that even.

tually, due to shallowing of the chanmel, subsequent flows wduld overtop

the channel, creating a new channel site. Diversion of most of the suc-

cessive flows d the new hannel results in only the_finer, overchnnnél

flows reaching the o hénnel site. This results in a fining/thinning-
up sequence at the abandoned channel location. Channel abandonment may

also be caused by the complete filling of a channel by deposits of a

. large flow, which effectively plug the channkl and prohibit its use by

successive flows.

The small scale ( & 1 m - 5 m) sequences are interpreted as

J '
representing channel fills -~ either main channels or secondary channels.

-

Those sequences with mainly conglomeratic fill and with greater thick-

nesgses (.2-5m )} are thought to record the progressive abandonment of
main channels within the maipn channel network (Fig.73). Those sequences
with finer,grainéd fill and smaller thicknes;es - ( 41-2m) are
{nterpreted as recording the gradual abandonment of secondary chamnels,
which occur on bar tops within the mein channel or terrace tops, above

the wain channel network. large-scale (10's-100m) sequences are interpret-
ed as representing the progressive abandonment of main channel networks,

with the concommitant replacement by terrace deposition at a particular

gite. Finiﬁg/thinning-up sequences are not that common within the Cap

Eorageé Formation. Most beds do not show vertical'éequencesi although of
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those sequences that pccur,. the fiﬁing/thinning-ﬁp type is most common.

Colfseninglchickeniné;up sequences are.intérpreted-lﬁ reflecting
the gradual migratién of channels toward & depositional site prénerved in
a given outcrop. This interpretation is based upon the occurrence of
coarsening/thickening -up aeqﬁeucea preceeding what have been interpreted
as main channel or qeco;dary channel fills (Fig.73). Coarsening/thickening-

| up sequences ﬁave>simi1ar1y been interpreted in fluvial sediments as
représéntiug Fhe‘rgpccupation of old channels and incorporation of old
channels into active parts of the fluvial syégem (Costello and Walker,
1972).

Coarsening/thickeniné-up sequences with mainly éonglomeratic
£111 and dimensions of 2.5 m are interpreted as recording the progfcasive
reoécupati;n of main channels within the main channel netwofk (Fig.73).
Those sequences with finer-grained fill and smeller dimensioms (€ 1.2m)
are thought to record the reoécupation of second;ry ghannels, which
were located on bar tobs or terrace top settings. Large-scale (10's -

100 m) sequences are interpreted as representing the gradual reoccupation
of main channel networks, replac;ng what was previqusly a terrace setting.
Coarsening/thickening-up aequencés are not very common within the Cap
Enragé Formation; When they do occur they are rarely large-scale, and
more commonly, emall-scale sequences.

The other four types of sequences observed within the Cap Enrlgé
sediments are explained in terme of interactions between main channel
networks and terrace settings. These interpretations are based solely
upon the features and relationships observed in the present study. Dif-

ferent sequences are generated depending upon whether a site is being
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_ reoccupied or abandoned by a main channel network and the rate of -

Cmigrltion of the main channel system. Fining/thickening-up sequences

occur when high terrace sediments are gupefi&bbsed upon what was

~ previously & marginal terrace setting. Abrupt fining-up trends are

interpreted as representing the rapid abandonment of a main chanmel

network, with the replacement Beiug a high terrace depositional setting.

. Coarsening/thinning-up sequences ntg thought to reflect the superposi-

tioning of marginal terrace deposits on what ﬁas previously a high
terrace setting; Abrupt coarseningup trends are interpreted as
reflecting the rapid migration of a main channel network onto what was
previously a high terrace setting. The generation of ghese different

types of sequences are schematically drawn in Figufé 73.

o

The impliﬁitions of these various vertical sequences are far-
reaching. Many workers (Normark,1978) suggest that the fill of aubmafine
channels would be predominantly fining/thinning-up aéquences, due to
progressive abandonment of & cﬁnnnel site. The results and synthesis
from this study show that many different vertical sequences may result
from “the inteructions between: 1) main channels and braid bars within
the main channel network; and, 2) main channel networks (including main
channels and braid bars) and terraces.

DEPOSITIONAL SUBENVIRONMENIS FOR DIFFERENT FACIES

Based upon the various field relations a suite of facies can
be assigned to each oflthe ma jor geémorphic elements of the system,
including:main channels; bars within the me&in channel network; and,

terraces.




- "

Main Channels - A f .

The main channels are relatlvely shallow (up to 5t m deep)

features on the floor of the submarine valley. Sides of ahallow chnnnels
.are 1nterpreted as being low-relief (? 10° slopeb) and arg, most likely,
mainly depositional rather than erosional in origin. Main channel |
.conglomerates commonly fine and thin in downstream, crosa-stream and
upstream directions. The downstream and c;oss-stream fining/:hinning
trends would be related to decreasing ratgs of déposition=hnd flow
velocitieé, aslflaw spilLéd out from main chinnels to topographically-
higher braid bars, point‘bars or terraces. The faciéq-chnnges occu;ing

from the centre of & main channel to a main channel margin would be:

Inversely Graded 3= Graded -—-)-Grnded-Stratiﬂed
- Facles (1) Facies (1) Facies (1)

Sequences that fine in directions which are transverse to local

-paleoflow directions would represeant ‘channel -to-bar or channel-to-

-
b

terrace éequences (AA' and BB', Fig. 74i. Sequences thag‘fine and
become thinner in directions which are parallel té lqcaf;pnleoflcws
andliu a downstream direction are interpreted as representing
spill from chanﬂels to bars or terraces at meander bends {(CC' and DD').
Sequences that fire and become thinner in directions which are parallel
" to local paleoflows and in an upstream direction are interpreted as
representing the progradation of bar or terraces downstream into coarser-
grained channel sediments (EE' and FF',6Fig.74).

The only way that conglomerate flow- deposition cam be controlled

by shnllaﬁ main channel topography is if:l) dispersions which carry‘the

conglomerate debris are bottom-hugging flows, and 2) the conglomerate.is
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cltrled_within l_rellcively thin basal zone of the dilpersion -~ most
likely within a zone less than 5 m thick. These two restraints have
some serious implications about the conglomerate-chnnneis. Firstly, many
of the conglomerates may agtualiy have unltiple-f{éw origins. Multiple
origins for the conglomerl&éa are also sﬁggested by the following:
1) grain size and bed thickness are not rel:ted to one another for the
Facies (1) and (2) conglémeratea;
2) fabric data, 1nciﬁd1ng scatter of data and absolute mean dip, show
no relations to grain si;e nor thiciness of the conglomerates;and,

3) many of the coéglcmerates have feather.edge contacts with laterally-
| adjacent, or flow-pnrailel, finef-grained facies ('pod' deposits).
Secondly, some of the appared;rgfadﬁng patterns within some of éhe
conglomerates, which occur in the ééntre of:main chennels,may actually
- be due to amalgamation of the deposits of several flows -- and not the

consequence of deposition from a'siﬁgle flow. Thirdly, the‘mnin channels
| most likely form a continuous network which serve as conduits for many
‘successive thin conglomerate flows. The occurrence of thick, continuous
. coarse-grained conglomerates can be explained as being the deposits
of relatively  uncommon,very-large flows, which blanketed the whole

.

floor of the submarine valley and were not constrained by pre-existing
topography. ° |

Braid Bars or Point Bars within Main Channel Networks

Braid bars and point bars within the main channel network would
be topographically above the main channels. Consequently,most of the
flows reaching these sites would be aowewhatlfiner-grained and lower- -

velocity and would, most likely, be spillover flows from the main



a - . u5
;'ehannele; The trene from bar mlrginn (at contacts . with main ehﬂ\sell)
te‘bar centres would be: . '
Fncieu (2) —p Flciel (3) .—-}Faelel )/ (6)
Although the bar sitea are :opogrephicllly above the main chlnnele, rates
of sedimentation would still be quite high, due to the proximity of mljor
channels. Initisl stages of deposition are from concentrated clast -
persions and deposition is quite rapid., Only during later flow stages,
" in some beds, is deposition alewer to the point that t;lctionll influ.
" ences become important. |
Thin Facies (1) conglomerates also occu? in association with the
other finer-grained facies. Some of these Facles (1) beds are very thin
(10-30 cm), cencinuous and unchanging across the outcrops. These are
interpreted as being overbhnnneli‘éoatinuous bar-top deposits. Other
Facies (1) and some of the coarser-grained Fheies (2), (3) and (4) beds
occur as multiple scour fills, as solitary scour 'fills or es pod sediments,
in the descriptive sense. These are interpreted as representing secondary
channel and/or braid bar complexee which occur in bar-top settings. Many
of ehe finer -grained Faciles (3),(45 and (6) beds change facies, become
thinner-bedded and finer-grained in eerious'direefionu, lneluding flow-
.treneverse, flow-parellel and flow-oblique directions. Usyally these
changes only show conaistent patterns within 1nd1vidua1 beds and not
auecesa;ve beds.Such features are 1nterpreted as representing the fill
of very low relief, almost sheet-like, secondary chanunels/secondary braid
bars which were iy bar-top seteinge. Some Facies (5) beds occur in associ-
ation with the other bar-top deposits ane are thought to be due to trac-

tional reworking of previously deposited bar-top sediments.

-
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ﬁigh Terraces Above Main Channel Network

These fgrrlcen ire'unconfinad,-brold areas that recefve mainly

fine dgyrin:"They are envisaged as being perhaps 25.50+m ;bove ;he‘hnin | \ﬁ?
channel network. Coarser debris would occur in marginal terrace settings,

near main chnnnel‘chntlctn, whereas the finest debris would be deposited

in terrace sites, farther away from main channels. The trend from terrace .
sites marginal to channels to terrace sites, isolated from major chanmels,

would be:

o

Thin Facles(2) ~3-Facies (3)/(4) ~ Facies (6) —p-Facies (7)/Shale ;

Some secondary chlnnel; may be carved on ter;;ce tops, due to overchnn:';

nel spilling of Qery competent flows.Some of these neco:ﬂg;&*fhlnnels | '
formed braided networks, whereas ﬁther secondary channels were associated

only with the depos¥?ion of individual beds (i.e. channels were cut and

then rapid1§_£i11ed by the same flow). Tractionsl reworking of previously

deposited terrace top sediments yielded ungraded, crossbedded Facies (5)

beds.

INTERPRETATION OF PREFERRED SEQUENCES IN TERMS OF THE PROPOSED MODEL

Markov and embedded Harkov-chaig analyses of bed-to-bed trends
show that scoured surfaces are followed by Facies (1) conglomerates
(Figs.43,44), which probably reflecta the occurrence of Facies (1) beds
mainly within major channels, some of which may be incised a depth of 5 m
into the vallgy floor. Major sedimentation units which have Facies (4,5,6,
7) beds héve a- tendency for beds of respective facies to be overlain by
beds of the same facles. This suggests that‘the uﬁatihl segregation of'#
the different facies is fairly stable within the submarine valley

system.
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. The varinble racterns of ‘the enbndded Harkov-chlnin analysis on & bed-to-
bed baaia vould be expected if one is dealing with channel abandonment or
channel reoccupltion at given sites preserved in different outcrops.

Clustar and Markov.chain analysis (F:Lg. 45 ) show that within

cﬁn@lﬁmerate horigoq‘a interpreted as main chnnne! deposits, Facies (1) .

beds are underlnin and overlain by Facies (2,6,SS)., These transitions |

might be 1nterpreted aa reflecting trends from main channel CGBCTES-ﬁ—P;-

. main channel mrgins-q-—»brl:ld bar sites. Facies (3,4) are associated

-
with shales, which are then succeeded by Facles (1). These trends are

tﬁought to reflect reoccupation of & cutoff chanuel site or,nlternatively.
creation of a new channel on ph;t was previously a terrace setting. |

' The pebbly snndstoﬁ; horizons are - interpreted as being deposi-
ted mainly wiﬁhin the main channel network,as bar top deposits, or as
marginal terrace sediments. Within the pebbly sandstone horizons scour
surf;cel are again associated with Facies (1) conglomerates, reflecting
" the channeiization of the coarse conglomerates. Shale tends to be overlain
by Facies (A,S,GL?) which is thought to represenf a progradation of 'nearer-
to-:hannel'terrlce sediments over those terrace sediments isolated from
any coarse sediment igput. iciea (3) is assigned to marginal terrace
sites because of its relations with bath Facies (4,5,6,7) and Facles (2).

The sandstone horizons, interpreted generally as high terrace
\

deposita, show a tfend of Facles (1) to bé overlain by iciep (3,4), which,
in turn, are followéd by Facies (2,5S). These passages are interpreted to
.fepfesent transitions between the high and marginal terrace settings.

Facies (3,4) would be the high terrace sediments, with Facies (1,2,8S)

all being due to spillover flows from the main channels to marginal ter-




flcga. Facies (Sh,7) lre‘fo{iowad by:iciea (3,&)'wﬁ§cﬁ refleét ;hé
progradation of marginal terrace d;posit; onto high terrace’ sediments,
| far ;wny from the main channels.Facies (6) is followed by Facies (5)3
otherwise, Facies (6). is generally isclated from thé other facies. Those
. Facies (5) beds tha£ overlie ic;es‘(G) beds maf be due to tractional re-
working of préviousiy deposited massive Facies (6) sandstones. |
Ihe Bic ;ection shous a tendeﬁcy of either Facies (4,6) or

Facies (5) to be succeeded by Faclea (7,2). This pattern would reflect

a change in depoaitionufmmn clast dispersions (Facies 4,6) to deposition

‘'under greater tractional influeuce. This may record the passage from
margina; térraéé sites (Fncies 4,6) to high terxace sites (Facies 7,2)
and icies'(S), where deposition is slower. Facies (7,2) show a trend
of being overlain by Facies (3), which wnulhlauggeat a change from high
terrace sites back to marginal terrace éettihgq.

The Gréve de in Pointe section ahows;n preferred relationship '
between Facies (1) and Facies (2) both with scoured surfaces, {nterpreted
as repregentative of deposition within large and small chﬁnnel complexés.
Facles (2) occurs with Facies (4,5,6) which, in turn, tend to be found
with Facies (3,7). These patterns are all thought to characterize pas-

. sage from small channels on marginal terrace sites to terrace sites,
farther away from the main channels. Shale is overlain by Facies 3,7,
which is interpreted as recording the progradation of main terrace depo-
sits onto those which are very isolated from coarse sediment fnput.

The Riviére Trois Pistoles section hag a very complex flow

pattern of facies relat}onships and is interpreted as recording deposition'

-

from several different settings, including main channel/braid bar , bar-

. uE

ar
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tgps within che main channeI network and terrace nettinga.';
Hhan non~embeddad Markov-chlin analyses are, done nf ‘the facies-
cluutera, mnny of the cluacern tend to be overlain by fAcieu of the same
hgroups.:?hiq nuggests un~ov¢rallratlbility of’the apg;ial distribgtion of
suites of faéiealluifh resﬁect éo the'ihferréﬂ main dhannel'ayatems;

LARGELSCALE R&Anousnxps BETWEEN concmmms AND smmsmms

'

Iarge-scale relationahips occur on the scale of 10 5-100 o

thick;_Théee relationships ‘concentrate on® the }nteractions of the con-

-

e

-gloﬁerﬁcic mdiﬁe;nlnlveau wiﬁh the sands;one and pebbly slnd#tone'mem-
bers/niveau. In géneral, the transition from main channel conglomerates
to terrace pabbl} sandstones' and sanéntones is on overall fining-up
. sequence. Thé‘tfansitibn‘ftom terrlcé‘pebbly sandstones and‘sgnéstones
to main chanpel cﬁnglomer;ted 1s an overall coarsening-up sequence.

As described by Johnson and Welker (in prep.) conglomerate
membérs or, niveau vary between 35g%g~m thick aﬁg;éonaiat of.horizontally
fining- and thinning-.sequences. These sequences are explained, in the pres-
ent study!hby consideri;g transitions from ma%n channels to braid or point

‘bars bétween main éhannels,-but still within the main chanmel network. No
cons;atent ovﬁrnll_thiﬁningé and fining.up sequences occur, Similnrly,:no
OVfrall trend?}ire seen in_fdéiea types, clast size nor in gedimentary‘
atructurég (Johnuoﬂ ;nd Walker, in prep.}. This is not surprising, as demon -

atrltéa T; theiprgvioua secéion, 4 whole variety of different sedimentary
aequencea-cln.be generlted-by.the interaction .of main ghannela and bratd

or point bars. ‘ ‘

Johnson and ﬁhlk@r (in prep., their Fig;Q) show i tranitf:ﬁ

s zone 4-15 m thick as recording the passage from maid‘ébnglbmérqte members/

= . . - CER I



' Conglomeratea beco&e finer-grained, thinner-bedded and less common, up-

- . - 250
niveau to main sandstone horizoms. The transition zone cansista, in their

interpretation (Johnsdh and Walker, in prep.),. of {nterbedded conglomer -~

ateé'and sandstones, many of which occur as small multiple-gcouir fills.

s -

section within the transition zome. This trnnsifioq zone was _1nterp§eted

as représenting final stage of congiomsrate deposition within a main chan.
nel (Johnson and Walker, in prep.)..The sequence is topped by nonchannel-
ized mainly san@stoﬁe“deposics. |

Examination of individunl.sequences within the various cutcrops
measured within the present study sugge;t that the transition zone of
Johnson‘and Walker (in prep.) is hot usueslly developed. In light of the
main chennel network/terrace model,which is presented in this chhpter,
-- the transition zone marks deposits that accumulate in marginal terra;e
settings; The marginal cérrncé suben#irongent may be Bypasaed if main
channel migration is very rapid and not through gradual processes. A
variety of sequences oratr;ﬁda are developed betweén the main conglomerate
and sandstone horizons, depending upon whether main chennels are abandon-
ing or reoccupying a.site ;s and, depending;upon whether the migration is

gradual or very rapid (Fig. 73,75 and Table11).

v
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Fig. 75A Types of sedimentary sequences generated by the
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The main channel network/terraoe model explains the differonces
4

‘
in paleoflow directions between the main conglomerate and sandstone hor-
izons. As shown by Johnson and Walker (in prep.) conglonerate_psleoflows
are generally towsrd the wss¢~aouthwest. Regults fnom thisfstudy,_'as well
as Mathey (1970) and Lajoie et al (1974), show msinifhsou;hérly directions
for the sandstone horizons..Conglomerates are confined and follow the
'nsin thalweg' di;oct;ons_(Johnson and Walker,in prop.) Fines.oodimsnt is
swept up onto marginal and high terraces, at sngles to the local main .
channel orientations (ma;nly‘conglomerate)z ‘

Finally, implicit in the main channel netwo;k/terrace model is
the fact that the main channel conglomerates may be time equivalent to
topographically-higher sandstones deoosited on terrsces. Due to this
complicstlon, plus difficulties in correlations between.fauléubounded
outerops, it is impossible to confidently recomstruct the regionsl paleo-
geography of tne Cap EnrAgé Formation, as seen through differens time-

equivalent stratigraphic zomes.

OVERALL ‘SETTING OF THE CAP ENRAGE SYSTEM

‘The different members and niveau within the Cap Enragé Fbrmstion
consist of different suites of facies. Member I and Niveau 2 are conposed.
mainly of thick Facies (3),(6) and (4) beds, in association with classical
turbidites (Facies (7)) and shale beds: These sediments are generoll}.ns-
signed to the high terrace setting,‘wi;h some of the cosrsen sediments be-
longing to marginal terraces. Member II,.Niveau 3 sno Niveau 5 beds are
: msinly conglomeratic facies (1) and (2) deposits and sre {interpreted to

be the results of deposition within main channels and braid bars of the

main channel network, comprising the submarine channel floor. Niveau 4

-
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: aﬁd Member IXII (near the contact with Member II) and Niveau 6 are gre-'
domihantlj ;oarse-gfained Facles (2),(3) and (A).beds.énd are interpre-
ted-;b bé‘mnrginnl terrace deposits, The fop‘part of Mgmber'III consists JE ) 3
of maiply'claspicai-tufbidltes (Facies (7)), shale beds and thin Facies
© (3) and (6) beds. This is 1ntérpfeted'to represeﬁt high terrace deposits.
Lack of sufficient atracigraphic control, on a regional acafe, prohibits

3:£he'rec0natruction of the whole formation through time-equivaieht hor{ -

zons,’ " ' Lo _ L
Flow patterns within the conglﬁme:stes, interpreted as main

- channel sediments, are toward the south at Pt, Michaud and Bic (Fig.l2)

‘but’ swing to the west-northwest at other localities to the west. This

Allatgemscale meandering of the mafn channel (s) is thought to be due to some
éogt of obstéuccion that proﬁibited further southern flow.of coarse,
bottom-hugging dispersions that g;avelled in chnﬁnels. The general south-
southwest trend of_the finer sediment flows may have been enﬁaﬁced by a
regipnal tilt to the southerly direct{on. -

The whole Cap Eﬁrﬁgé Fﬁzg;tion is interpreted a; being deposited
within the confines of a submarine channel. Although levee deposits are
never seen in.ougcgop, the switch in regional paleoflows for the eongloﬁ-
<era;es (Johﬂs;n and Walkef, in prep.),houpled with the rarity of fine. .
grained aanéstones and shalea,suggest‘qhnnneiization. There is insufficient
data to state whether the Cép.éuragé channel would be an "Upper Fan, Leveed

Channel (Fig. 6,7) or if it is an 1ndépendent submarine channel, not as-

sociated with a submarine fan.
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COMPARISONS WITH OTHER DEEP-SEA COARSE CIASTIC SEDIMENTS .
Johnson and Walker. (in prep.) éugges: that the ﬁinimum width
of the Cap Enragé channel would be 10 km (to include outcrop width)

and minimum depth would be 300 m (assuming the whole formation. fits

inside the submarine chaunel); -These estimates hfe not outlandish

h .
in comparisons to the dimensions of large, modern and.ancient, submar-

-

inedchannels (éee reviews by Normark (1978) qnd:Walker {1978) ; McHar-
gue et al,1978; Scholl et al,1970; Stow,1977) (Table 12 -).

| The next point is the type of chaﬁnel pattern within the Cap -
Enragé system. Johnéon and Walker (in preﬁ.) suggest-that'tﬁe gystem

3
was an incised meadering thalweg that occurred within the major channel

system.\ The thalweg had a depth of 5.10 m and a possible (?) width of
|
50-100m. Johnson (1974).found that groups of conglomerate pods, alter-

nating with sandstones, are on the order of 5-10 m thick -- hence, the

255 -

estimate of depth ‘of incision withia the channe]l floor.This thalweg is the

same order of magnitude of known channels within larger deep-sea valleys:

the La Jolla chaunel thalweg is 200-300 m wide and 20 m deep; the Ascen-

sion thalweg is 100 m deep; and, the Northwest Mid-Ocean channel thalweg

is 4-10 m deep and 400-1200 m wide . (Johnson and Walker, in prep.).

Models from the present study.show that Johnson and Walker's

estimate of thalweg dimensions apply to the ;elatiohships betweewbscours'

and low-relief,coarse-grained, terraces within majof channels. In addi-

tion there were higher, fine-grained, terraces which stood perhaps 25-50
L3

m above the base of the channel “thalweg. This estimate is based upon
the thickness of sandy niveau in relation to Along-strike conglomerate

niveau and members.

-
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Models developed in the present sgﬁay<é%§gest that the channel
pattern within the confines of theICap Enrage valiéy“gas a braided and
not meandering phEEein. The A.G,I, dictionary of geolééig terms (1957)
defined a ;braided stream' as"one flowing:in several diviaing and reuni-
ting channels resembling tﬁé utr#nds of a braid, the cause_of the division
being the obstruction by ;ediment deppsition by thelgtream.? The exten-
gion of a braided chanﬁel interpretation to & deep-sea submarine va}ley
is not unreasonable, Bathymetric and seismic proéiles of many mode£; and
sub-Recent fans show braided channel pétterns;-including Redondo (Haner,
1971), Hatteras (Cleary and Conolly,1974),'Laurehtian (S5tow,1977), Navy
and Asce#Zi;; (Normark,1978) Fans. On"Hatt®ras Fan (Cleary and Conolly,
1974) interchannel terraces, up to 5 km across, have irregular surfaces,
presumably formed by small chanmel networks developed on the terrace-top
surfaces. Major channels of the Laurentien Mid Fan area are up to 26 km
wide and ha?e several distinct thalwegs. Deep-tow bathymetric profiles of
Navy and Ascension Fan valleys show that the valleys are floored with ir.-
regular shallow channels, up to 8 m.deep and 50-200 m.wldehon Navy Fan,-
and & depth of 20 m on Ascension Fan (Normark,1978). |
Fe§ ancient deep-sea sediments have been interpreted as yeing
deposited within braided, submarine channel networks. The cne, well-docﬁ-
mented case is the Repetto Formation of the Los Angeles Basin (Hsu,1977).
Isopach maps over an area 2;5 km wide x 5 kmflong, show a pattern of
branching and anastomosing elongate sand stringers tﬁsﬁ,1977,Fig.18),
that ésaent;ally form a braided pattern (Walker,1978). Individual sand
stringers, possibly channel deposits (Walker,1978),are about 250-450 m

wide and up ‘to 13 m thick (Hsu,1977).
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'The scale of all of the features reconstructed for the Cap
JEnrage valley fall within those dimensions of similiar featurea found
in modern submarine settings (see discussions previous two pages) The
only features for which there are not obvious analogies are the very
low-relief scour-and-terraces which account for the deposition of indi- .
vidual beds on low-relief and high-relief terraces within the Cap Enrage
system. Stow (1977) notes the occurrence of small transverse (with re-
spect to main channel»directions), tributary (and distributary?) channels
across the backs of major‘channel levees, Hany of the levees have a
"hingelineh across which the seismic reflectors are either discontinuous
or bent, which was interpreted by Stow (1977) as representing filling-in
of depreseions gﬁ‘channels within ‘the back levee area by sheet £low.
Deep-tow side-scanning sonar data from Navy Fan (Normark et al,
in prep,) show the existence of flute-shaped_ocours, many 5-30 m across
~and 1-2 m deep. The origin of these scours is not known and may be due
to either scouring or rotational_qlumping. Althougn the depth of éne

..
I }

flute-shaped_depressions is given as 1-2 m, this is the limit of the
vertical resolution of the sounding system. D.J.W. Piper (1977:pers.
comm.) states that these scour or depression features are oboerved down
to the smallest scale, a few 10's of centimetres discernable on bottom
photographs. e . |
The smallest Bcour-ano-terraces, accounting for deposition of

individual beds within the Gap‘EnragE'Formation, appear similiarlto those
reported by Normark et al(in prep.) and Piper (pers. comm.) for Bavy Fan. A
The origin of these features on Navy Fan is not known. Within the Cap

Enrage_there is no evidence of separate periods of scouring and deposi-
N - - ) b .
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tion; likewise, there is no evidence of slumping within these .small scour-
. e "
and;terraﬁes. Consequéntly, théy are interpreted as representing scour- |
and-£fill events associa;ed with deposition of 1ndi§idua1 beds within the
Cgﬁ Enragé system. The next larger scaie acour-and-tef}aces, accounting
for the depqsiﬁion of several or many‘beds,‘are similiar to thé small
scour and ch;nnel_complexes }eported by some workers as being on the tops
of interchannel terraces (Cleary and Conolly,1974; Stow,19775 and within
majbr.channels (Nor;afk et al,in prep.). As with the origin of the
smallest scours, these atre interpreted for the Cap Enragé .deposits as
representing scour-and-fill events associated with the deposition of
several flows, and not due to slumping nor filling of pre;existing-topog-
raphy. The largest scour-and-terraces, accounting for the deposition
of the different members and nivea& within ;he Cap Enragé Fo¥mation;
are the same size as many of the thalweg channel and interchannel ter-

races described from many submarine faﬁ and submarine channel settings

(Chough and Hesse,1976; Cleary and Comolly,1974; Hand and Emery,l1964;Hsii,1977;

Haner,1971; McHargue et al,1978 and pers, gomm.:1978; Normark,1978;
. . \

Normark et al, in prep.; Stow,1977).

REGIONAL, PALEQOTOPOGRAPHY AND GENERAL.SETTING

As mentioned in the introductory chapter,conglomerates of deep-
sea origiﬁ have been reported in a narrow belt of Early Cambrian to Early
Ordovician rocks along the lower St. Lawrence, Gaspésie and Newfouqdiand'
‘dreas. Although the rocks are adt a1i=representativq of.the same time

period, general comparisons with respect to basinal setting can be made

with the Cﬁp Enxagé sediments.,
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The Lévis-Lauzon conglomerates at Québec City (Osborne,1928;
Breakey,1975) h;ve a general paleoflow wishin.che conglomerates due .
south (Fig.76 ). Conglomerates show normal grading, but without
éood fabric nor stratification.. Conglomerates were thought to be de-
posited from debris flows, mass flows and slumps (Breakey,1975). These
‘breccia beds are qssbciated with ribbon limestones, regular clasﬁical |
turbidites, peﬁbly mudstones and shalé beds. The general envircnment
is igterpreted as being a very proximal, immature deep-sea en?ironment,
perhaps at a baserf-slope set;ing at the mauth of submarine canyons
(Breaiey,1975)} | o

The St.lRoch conglomerate channel £ill at L'Islet sur Mer
(Rﬁcheleau and Lajoie,19i4)'shqws poqglomerateg with normal grading,
well déveloped fabric and imbrication,'and parallel and oblique cross-
bedding. Topping the conglomerate £ill are massive sandstones. Both
conglomerate and sandstone beds are inte;preted as being transported
by high density turbidity currents into the basin. The channel cuts
into classical turbidites, which are neither truly proximal nor distal,
but on smooth fan lobes (ﬁalker;1978). This would_plaﬁé the- turbidites
on sm;oth lobes of the lower mid-fan or middle, lcﬁer-fan. éu:bidite
flow was toward 1709, whereas erosional markings on the base of the
conglomerate channel suggest flow towards 210° (Walker,1978). Conglom-
erates wi]&;n.the f1ll have an average paleoflow towards the south-south-
 west; similarly, oblique crossbeds in the sandstone fill have long axes
of the troughs oriented ﬁNWTSSE, with the 'foresets dipping toward gﬁe

south (Rocheleau and Lajoie,1974). . Turbidites and channel £ill are thus

interpreted as being parts of the same fan complex, with the coarse chan-
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nel fill Being representative of an incised-fan channel (ﬁalker,1978)
(Fig. 78). ‘ |

The Cap-des-Rosiers conglomerate at Grosses Roches (Hendry,19735
occurs malnly as channel fills that cut.claystones and turbidites. Con-
glomerates show normal grading, rip-up structures, poor sorting, verﬁ
large clasts and, in some beds, chaotic fabr;c. Traction strucféfes
are‘rare within the conglomerat%s, suggesting verf rapid depositionﬂll

-5

rates (Hendry,1973). Most of the conglomerate beds are composite, in

~

which the successive conglomerate flows were thoggﬁt to result. from

progressive liquefaction of sediment. Sediment waé transported and
deposited by high density, sediﬁent gravity flows, which were probaﬁly :
ageociated with gravity slides. Thé Grosses Roches conglomerate has ‘
been assigned to the upper fan (or upstream part of the braided supré-
fan) (Walker,1978), as evidenced from - Qilty; mudstone outside the chanw
nel and the disorganized naturej;f the conglqmerate channel §ill. The
sedimehts of the £il1 Qere depSSited by flows that travelled towards the

south, southwest and west (Hendry,1973,1976), although all of the sedi-

ment was derived from the north, This is strikingly similiar to the

switch in paleoflows as observed for the Cap Enragg deposits. The Gros-

ses Roches coarse floﬁs may have also blen deflected by a similiar, al-
though not necessariiy the same, obstruction.

The Cow Head Breccia (Hubert‘gg_§£,1977) consists of limestone
breccla interbedded with thin lime hudstone, calcarenite, shales, marls
and radiolarian cherts. Every breccia bed has mud matrix (5-25i of indi-
vidual beds) and some bed portions may be matrix-supported brecéias.

About 907% of the clasts within the beds show subparallel alignment or




EE

. o
wdpe—fdrm,fnbrics. Qlapt.imbribﬁtipn.is'downBIOpe and'ma?y.srecciﬁ beds
shbw fransitions'amonént.the hotizontal,wavéform and'downsiOpe-inclined
&brics? Breccias are thought to have ‘bee:n depb's:l.t:ed from gravity-indu-

ced viscdus masq.flows, with surging motions within the flows causing the |
pecuiiar clast fabrictand {mbrication patterns. Mags flows were shed
off small carbonate platforms (at least ‘two) that trended NW-SE. 'Brec-
cias are slope deposits. éiner-grainéd calcarenites Qere depoa%ted by
contour currents that swept thé'slbpé setting. Co

' The Cape Cormorant Brec;ia (DeLbng,1977} overlies slope fscies
and is topped by turbiditic sandst;nes; Assoclated with the cohglomer-
.
ate breccias are calcarenites, which may be massive, normhl{y graded or
show Bouma sequences. Brecclas are disorganized, reversely or normally
graded. large clasts may protrude out above the general bedhlevelb
Matrix content varies from 15% to matrix-supported br;ccias. éomé7?

. 1]
breccia beds have calcarenite caps that are massive or graded and may

.

. represent the same deposition&l event as the underlying breccia unié.
Slump horizons aséociated with the-breccias suggest that paléoc;ntougs
;an NE-SW. Clast imbrication within khe breccia beds was downlepe.
Brecc?as may have been deposited from debris or mass flows, some of

. P .
which generated turbidity currents forming calcarenite caps with Bouma

sequences. The general setting would be a slope environment (Middleton, -
1978: pers. comm,gDeLong and Middleton,1978), although the slope direction

for the Cape Cormorant Breccia is still in doubt (Middleton,pers.comn,)
R
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GENERAL TECTONIC SETTING : -

The most striking informati&n about the p.}edtectépic setting
was that both the C;p Enrage and the‘Cap des Rosiers conglomernte? were
deflected by some obstruction, to travel in a direction plrnllel.to the
lncieﬁt bpse-of-slopg..Hain cqnglomernt; membgrs within the Cap Enrage
Formation‘ahowadhplleoflows consistently toward the west-southwest,through-.
out deposition of the whole formhtion (Johnson and.Whlker; in prep.). This
suggests that the obstruction was {frobably at least 300 m.high { the Cap
Enragé_fbrmation is abqut 25p m thick) or the Qbséruction.grew progres-

ly through time, to continually obstruct Cap Enrage deposition to the
;outh; It 1s the hnture of this obntruccioh that is most_intriguiﬂé}
.- . All of the evidence shows that during Cap Enragé time the basin
was expanding and not confracting.'The northern Appalachian-syatem
. (Eastern Townshiph -.Gaspé.- New Bruinswick) developed in subsiding basins
that formed between, what is presently, the Cln;dinn<5hie1d nﬁd the Avalon .
Landmass (Bird and Dewey,1970; Church and Stevens,1971; Pogle,1976; Rui -
tenberg et a41,1977; St. Julien and Huberé,l975).During the late Precambrian
or Cambrian initial distension began. This resulted in the formation of a
séuthern basin and a disrupted microcontinental block (Avalon Landmass),
south of the Canadian Shield (Ruitenberg et al,1977). Further extenﬁion
between” the microcontinent and the Canadian Shield resulqéﬁ_I;\the_open-‘

-

ing of & northern basin during Cambrian time. This northern basin develop-
: : |
ed on subsiding continental crust, with extension being by mainly thinning’

and normal faulting of continental crust (Poole,1976). Thi or;h:;:miaﬁin

served as the depocéentre for the Cap Enrage and Chp des Rosiers se nts,

During Cambro-Ordovician time a variety of sediments were deposited




, | ‘_ I

in the northern merginal bcsi;, in what is presently tha-waer St. Law-
rence Valley. The basinal ﬁ;dimeﬁﬁn {ncluded shales, feldspathic ssnd-
stones, and coaglomeriﬁeu, composed of limestone and pctromigt clansts.
These sediments compoae what are called the 5t. Roch, S5t, Demase,
Knmouraskl Orignal, Cap Enrlge and leriere Formations (’l‘able 13)
,In the Sherbrooke-Thetford Mines area (th. 1), a shale melnnge developed
during middle Lower Cambriun to Hiddle O;dovicinn time. This melange, the
St. Daniel Formation, accumulated on newly formed oceanic crust, as
suggested by ophiolite assemblages (SE. Julien and Hubert,1975)(T1b19113).
Ophioliteannlao occurred in western Newfoundland {(Dewey and B;rd,1971;
Kennedy,1973) and in northern New Bruigswick (Ruitenberg 55_513}977). Dur -
ing Middle Ordovician tlmé, the oceanic crust in. the She:brooﬁe-Thetford'
Mines ares was cavered by a variety of deposits, including shales, sand-
stones and tuffs of the Magog Group and calc-alkaline volesnic assemblages
(5t. Julien and Hubert,lQ?f). These .rock lasemblngea.uere interpreted by
St, Julien and Hubert (3977) as representing dpposit?on within an expand-
ing marginal basin nlong-the eastern of tﬁ; Cnn;dian Shield.

In the early Ordovician time, ob ‘gicn of part of the oceanic
‘crust occurred (St. Julien and Hubert,1977). The o;hiolite sagsemblage was
thrust upon and sver shale and feldspathic sandstones of the Caldwell
Group and dark;grey phyllites and feldspathic uandstones-of the Rosaire
Group (Table 13). Concomittant with this obduction, St. Julien and Hubert
(1977) propose that there u;; subduction ;f oceanic crust to the east.
A Benloff zone was thought to have formed, above which a bréad volcanic
island arc system evolved. In the Sherbrooke . Eastern Townships area

calc-alkaline lavas and pyroclastic material of the Ascot-Weden Formations

y :

e s il g e R bt et
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(Table 13) were deposited on ocelnicférusf (St. Julien and Hubert,1975).
In‘ﬂbw Bfﬁinswiék, ;he‘ﬁoiclnic arc system developed upon sialic crust

. (Ruitenberg et #1,1977). The development of this'volﬁ;ﬁic arc system

is interpreted by Ruitenberg é& gl.(19§7) and St. Julieﬁ andiﬂuberc \)
(1975) as recording the closing of the northern m;rginnl basiﬁ,'which

- was closed completely by'lnte‘Ordovician‘time.‘ Hence, it is éiégr thit
during Cap Enragé and Clﬁ des Rosiers time the northern‘basi; vas in an
ex;enpional phase, No glite tectonic-obstructiona, as a consequence of
creation of volclnié arcs or asgsocisted wicﬁ deformation in creation of

[

a subduction zone, éan account for obstruction that served as a barrier
to sediment digpersal to the south,in the northern basin,
Duringlaccumulntion of the Cap Eﬁragé’sedlments. the northern
‘marginal basin was undergoing expansion and was developed upon,_from 511 .
evidence available, continental crust. ﬁevelopﬁent of an arc-trench gaé
did not occur until later,' Therefore,the dépreasion could not have been
a trenchjelso the obétruction could not have been & volcenic arc high-
land. The barrier to southerly-flbwing main channels of the' Cap Eﬁragé
Formation may have been qplifted‘continental blocks (perhaps at least
300 m high, or uiéﬁ cont inued uplif¥ during Cap Enragé t;me): which were
assoclated with_uurgiqsl normal faulging during expanding phaséa of the

/‘

northern marginal basin. ‘ : . o

1

The next point concerns whether the proposed uplifted block was a

large-scale microcontinental block or a smaller scale feature. Hubert

i

{1973) interpreted, based upon paleocurrent evidence, that the srkoses of

the St. Roch and St. Damase Formations were derived from islands and/

*%

or landmasses located to the southeast of the depocentre -- the northern
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marginal basin. In Hubert s interpretltion (1973) the source eree was
above ses level and the rocks were simililr to. those of the Clnldian

- Precambrian Shield. Most of the basis for thtd_interpretatton 1nyolvee

the paleocurrent data derived by Hubert (1973) in his eéudy; Mgte Eéeent
studies by Strong (1977) show thst a landmass and/or 13:1ond‘u. d4d not , m
fact, supply sediment to the depocentre for the St. Roch Formatlon. Paleo-

current dltl from Strong'e (1977) study suggest that sediments were derived

~

from the northerly Canadian Preeambrien Shield. Similer}y, no evtdenee
exists to support a southerly source lrel_for‘tpe Levis-lnuzon (Breakey,
1975), Cap Enragé (Lnjoie et al,1974; Hqthey,1970- 3ohneon and Walker, |
in prep.; and, this study), or the Clp des Rosier§>(Hendry,1973 1976 1978)
conglomerates. This auggests that the obstruction was, most likely,
ameller-scale -topographic feature;. thet did not extend up to sea-level,
but wes eble to inf}uenco sedimentation patterns throughout Cap Enragé
and Cap des Rosiers time. 'i ' o ’ _ _ .

In summAry, the Cambro-Ordovicinn tectonic setting for the Cap
Enrage sedimenta is inferred %o consist of a rginnl oeeanic basin. This
basin was bounded to the south .by emall-scljz uplifted continentll block
and, to,the north, by the Ganadian Precambrian Shield. This smell-seale
uplifted oontinentel-block'did not extend to sea level, but did force mlin
channels of the Cap Enrage ayatem to ewing parallel to the base- of-slope.,
“vA eimiliar influence wag exerted upon the Cho des Rosiers conglomerate.
The continental block dld not supply detritue to the depocentre. The

northern marginal basin closed by Iate Ordovician zime.
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LIST OF SYMBOLS AND ABBREVIATIONS (continued)

Description : S Dimension
‘Reynold's mumber =(U & Se)/fh - ——
E-W component of vectorial sum —_—
N-5 component of vectorial sum ' . R
vertical component of va_ctorill sum : T
Jiorizontal component of vectobial sum. —
velocity of the grain relative to the fluid I.../'T N
average velocity of the flow . l . /T
shear velocity i} L/T
critical shear velocity using Shield's cri- ,

terion . . . D LT ;)
average velocity of the head of a density

current - e ' L/T
Shield's parameter = ' %’,, —

e YD % -

three-dimensional mean dip angle = arctan . e
(ny / R, )‘

fluid density of sediment-gravitfflo‘w H/L3
sediment density . ) . H/L3

- L2
denaity difference between flow density and sea 3
water ‘ : ¢ M/L
specific weight of fluid = g £8 ) HJLZ 1‘2
specific weight of sediment = S s & l-i/l."‘l.‘2 t
viscosity of the fluid . » M/LT
- &
phi units = - log 2 (d’ in mm) ) —
settling velocity of a grain ' L['.l‘ ‘
‘-
&/\
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LIST OF SYHBOIS AND ABBRBVIATIONS

“Dehcrigtion Vot

.'apparent loﬁgAixiu of clasts or grninz

plane defined by the apparent long- (a) cnd
1ntermediate (b) axes of. clasts

P A ‘ .
cophefetic correlation coefficient, used in

itutability analyses

constant number
height of turbidity current head
grain size of sediment . .
friction factor

" function of"

acceleration due to gravity

precision constant of a spherical distribu-
tion

estimate of the precision constant K,

- (N'l)/ (N'I&yz)
characteristic lenéth
magnitude of vector mean in terms of peg

cent -i(z:nsin )2+ (T n cos 9)& * 100

s n

graphic mean of grain size cumulative frequen-
cy curve in phi units = (§ 16 + § 50 +¢ 84)/3

" aumber of " ‘ .

number of beds

preauure,ﬂnofmal force per unit area of surface

corgelatioﬁ coefficient

w4

Diménnidnu_

A A I A B O

M/LT
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-estimate of the semi-angle of'_.confideuce' cone of .-
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LIST OF SYMBOLS AND Annnﬁvﬂnmas .g.-;omnu;az o
| Dencrigtion S o R I‘Dhnen;ions '
. shear screau, ungential force per unit area -
of surﬁlce - ) o . M
boundary nhear ;ﬁ-&ﬁ B R _ H/L'l‘z
. critical or thraahol'd.' boundary shear 'stress | H/L'fz
vect:or sum azimuth In three-dimensions ny: -. .
(sz + P\j + R,z) ¥, In two dimenaions - , —

“arctan (T n sin @ ) l (zn cos e) -

the 3-D vector mean .at probability level (L-P) =

i Ot e ] —
N -

est:imate of the aemi-angle of confidence of the

aziumth of the 3-D vector mean 7

= arccos i( cos? § - cos 8 ) / sin 6xyz} . __

Y ’
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APPENDIX 2

METHODS

1. _Field Methods
| Sield work consiéted o£'deta11ed descriptions of outcrop sections,
Outcropﬁ were selected fdr déécriptioA 1f there was sﬁfficient vertical
: exposufe, generally grenfér than 5 m in heighf.‘ Emphasis was placed
upoﬁ ghe aandy‘ﬁnﬁ pebbly sandstone outcrops within the Cap Enragé
Formation. A few selg4;ﬁd,main1y conglomeratic, sections were measured
to depict sandstone associations within msjor conglomeratic units,
These selected outcrops were measured at Anse 8 Pierre Jean 2, Anse a
.Plerré Jean S{ﬁ\b Simon sur Mer and Bic, where there is good paleoflow
datarfor the,conglomerates (Davies,1972; Johnson,1974).
| Preliminar& ex;ﬁinntion of ind%vi@ﬁal sections'1nJolved-pick1n§
out major'units.w After the general aescripcion, fhe sectién wAS measur-
ed in detail. Beds were discinguished by erosional or load contact fea-
tures, or abrupt changes in grain size., Beds uhich hed flat bases were'
solely defined by abrupt, npn-gradationai; grain size changes. Sedimen-
tary structures weré &eséribedr Grain sizé medsurements were made in bed
-portions where there appeared to be a grain size change, as seén in the
field. In pebbly or conglomeratic beds ( grain dismeter greater than
4 mm), measurements of the apparent long-axis ( a-axis) of the 10 largeat
_clasts were made. In beds with grain diameters S 4 mm the grain eize
was made by an estimate of the average size of the grains, as seen in

the fleld with a ruler and hand lems.
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For material large than.a mn in diameter, the classification of
Davies (19?2, Pe 18):was used to distinguish fine-pebble and coarse.
| \Zconglomerate. For ﬁacerial s 4 mn {n diameter, the Udden-Wentworth
| scheme was used for Ii;thologic 8 Bdivisions (Blatt et al, 1972), Lith-
ologies are listed in Table 14, ' ; -

Paleocurrent measurements were obtained from beds that displayed

flutes, grooves, longitudinel ridges and cross.stratification. Tractional
-current features, such as crosshedding, are relatively uncommon within

‘the Cap Enragé sediments, although locally within individual outcrops

>

they may be very abuudnnt. "
In the )ecciona that bad interbedded sandstones and conglomerates,
prefefred fabric was measured in some of the éoﬂglomerate interbeds.
Fabric measuremenes were only made in those beds which did not appear to
be tectoni:ed and in which the prefe;;ed fabric wig thought to represent
the true original sedimentary fabric. Only elongate, flattish pebbles
( a-axis: b-axis length ratio % 1.5) which had a apparent r-axis é 1l em
were measured. All of the conglomerate fabric data was measured directly
1n the field, not from photographs as was done by Davies and Walker (1974)
and by Johnson (1974).Because of the relative absence of suitable clasts,
neither-a grid pattern nor random transverie lines were used in sampling.
Rather, all pebbles thnt fit the above criterion were measured. The
clagts, in aqﬁition to fulfilling the elongation and size requirements,
had to 'heat;er out" from the rock such that a notebook could be placed,
by eye,in a direq_tioﬁ parallel to the apparent a-b plane of the pebbl\e.
Strike and dip were read off tha'nnteboog. Regional strike and dip of

the bed,in which the fabric was measured, was taken.
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Table 14

LITHOLOGIC SUBDIVISIONS BASED UPON FIELD MEASUREMENTS OF GRAIN SIZE

L]

Lithologz' - © Grain Size
Coarse Conglomerate - ‘a-axis > 16mm
Fine Conglomerate a-axis > 4-16mm &
Pebbly Sandstones > 24 om
Very Coarse Sandstones >1-2 mm
‘Coarse Sandstones >0.5-1.m
Medium Sandstones ‘ . >0.25 - 0.5 m
Fine Sandstones ‘ >0.125 -0.25 mm

Lo

|

Table 15

{ OFERATOR CHECK ON CONGLOMERATE FABRIC MEASUREMENTS *

i ] o A A A
Plot Operator - 3-D Az 3-DDip K 0 6. Facies

1181C  Author(1) 001.9 30.2 2,71 80 59.85. 1
. 1181B Field Ass't (l7.6 12.8 2,95 75 771.32 1

1135 Author (1) 004.0 15.1 5.03 52 75.00 2
11354 Auther (2) 360.0 9.3 8.83 41 80.72 2
Missing Field Ass't 008.3 13.8 6.04 47 72.60 2

* Key: Author (1) and (2), repeated measurements by the author.
3-D Az: three dimensional vector mean azimuth
B : estimate of the precision constant K _
6 : estimate of the semi-angle of the confidence cone of the 3-
dimensional vector mean 7 |
3«1: estimate of the semi-angle of the confidence cone of the
three-dimensional vector mean a&zimuth
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The pqqiﬁion of (’Behrﬁiourundohly selected forfflbrié analysis.

Once the firaﬁ, randomly-selected clast wis measured, all those cllltl
iilr the fi:et pebble uere messured which fic the criterion for -elec-
tion. This procedure was repeated until 100 claqtn were measured per .

Bgd. No ggid ncheﬁa'wul used, rather all grains were measured from a -
“rindomiy-aelected point. Conaaquently, depending upon wenthering charac-
| teristics, shape and size distributions within i{ndividual bcds, differant
sampling areas were covered for different beds. This method was usaed
mainly becnuaa“of the difficulty in trying to decide on an'adequute
grid-size to cover beds which may be poorly sorted and have individual
clasts ranging in size from 1 cm to >1lmin length.J

| During each of the ﬁwolfull field seasons, an independent
operatof check was made on the conglomeratic flbrfc measurements. Repli-
cate fabric measuremants wﬁrelmnde on the same bed by.the author and
two different field agsistants. Duplicate measurements were algo made
by the author; The first bed was a'thin, Facies (2) conglomerate. The
second bed was a fhick, Facies (1) coarse conglomerate. Results of the
‘flbric measurements are listed in Table15.
For the‘iciea (2) bed, replicate measurements by the same

operator yield vector mesns.within 4° of one another. An independent
) og:rator check yielded & vector mean within 6° of the average vector mean
obtained by the author, Fpr the Facies (1) bed, replicnte measurements
by the author yield vector means éithin 2° of one another. An independ-
‘eﬁt operator check ylelded a vector mean within 17° of the vector mean

obtained by ‘the author.

These results suggest that the author was consistent in fabric
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’ ﬁz,surementl The”ipdepeﬁgent operator check for :he,Phcipi_(i) bed '
ylelded about the same vector mean, suggesting that the mnthodris con-
sistent betwacn uorkcrl. The independent operator check for the Facles’
(1) bed was at a high dtvargence from thc values obtained by the author.:
This qheck vas done during & different field season than the originll
measurements by the author, and it is possible that the same 1nterva1‘
within the hed was not measured. Although this divergence is high it
is not high exough to account for the 90°+ d{fference in paleoflown _
coomonly seen between Facies (1) coarse conglomerstes and che finer -
grained facies at mnny of the ouccrops..

The uethod used in this study to detérmine conglonerate fabric
differs from the photographic technique used by Dlvies (1972) and
Johnson (1974) in cheir studiba of pre?ngred fnbrica within the Facies
(1) conglomerates. The photographic technique consisted of measure- . 1.
ment.of apparent loﬁg axes of clasts on oriented photogrnphl‘takan'of
bedding surfaces. Vertical cross-sections were studied to confirm that
long-nxeq ueré oriented parallel to the paleoflow direction, ;s evidenced
from the imbricaticn direction.

.A a check on the corresponﬁence between the photographic method
and the method ;sed in this study, strike and dip directions of 100
1ndividuai clasts were meisureq at each of the stations of the Anse a
Pierre Jéan 1 Niveau 3 outerop, in which conglomer#te fabric was determin-
ed photographically by\ - Davies(1972) (see discussion Johnson and Walk-
er, 1n‘prep). After the individual clasts were rotated back to the
horizontal, using a stereonet, the,grand vector mean dip direcciqn yield.

\\____.’_,/
ed a paleoflow direction of 244. The grand vector mean obtained by
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Dnvlés and Walker (£§74) for this outcrop was 236, indicating & divergen-
ce. of 8° 1nithe krand‘;ectbr mean cllculltion ﬁslﬁs the two nethddu.\' U
This lmount o£ divergence falls within the range obtained by 1ndepand-
ant operntorl in the present study for ths Facies (2) bed. Thess ralults
suggest that the grand veccor mean calculations for the paleoflow diroc-
tions are compatible for the two methods.

Differences batween the two methods arise in measurements of the
lta;dard-d;viltion of individual élllta about the grand vector mean for
{ndividual beds. In Davies and thkér'u (1974) atpdy; the average
standard deviation about the grand vector mean vas 30° for the coarse
conslogeratil at Anse ; Pierre Jean 1. Johnson (1974) computed an
;verngc_standard deviation of 40° for the coarse conglomerates at other
loutc*gps. By contrast, deviations about the érlnd vector means for‘
individual coarse conglqme:atae messured fn the present study uverlée
 63°. |

The differences in the estimation of the standard devitation of
clast orientations within 1ndividu11 Seds is thought to be due to
actual “averaging" of long-axia orientations,when one takes a photo-
graph of clasts in bedding planes. The photograph is esnen;ially &

. projection of the three-dimensicnal cla;t orientations onto‘a two-dimen-
sional surface. Som; of the dispersion of thé orientation pattern is
lost iﬁ this projection. It is thought that if one is concerned only

_ with the paleoflow direction (and nof a measure of the standard devia-
tion of the orientation pattern) the photographic method is quite ade-
quate. The photographic metﬁ&d is les:jtime-conauming and less tedious

to do in the field. In the present study, it usually took 3-3% hours
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to measure the orientations of 100 "ab plsnes" of individual clasts. The
photogr;phlc technique is also useful in that the nsaiurcﬁents can be
done at a later date in the laboratory. However, if one {s concerned
with the actusl deviations of individual clasts ;bout t&a computed
grand vector mc;n for a bed, hqo should measure the clnlfi'individqally
in the field.

Some sandstone beds that lacked pnleocurréﬁt ipdica:ors wera
namplad for fabric lnllyuaa in the llboratory. Strike and dip direc-
‘tions of individull beds were marked on respective samples before remov-
al from the bed. Only those llndstonea that did not lppcar tectonired
wet; sampled; slpdsCOncn were not saﬁplaé if they showed cleavage, exten-
;lve fracturing and/or veining, mino:‘foldlqs or crenglltioﬁs, slicken-
;1des, or 1f the ;qndst;nel were in a fault zone or lo Jon the nose
or hinse zone of a fold. By eliminating these occurrepces 1t.ual fgirly
cartlin that the fabric would not represent obvious tectonic features
visible in the field. If a preferrad‘fibric were found in the lab, it-

would probably represent‘the original sedimentary fabric.

Some sandstone and pebbly aandsﬁone Héé: wvere sampled for
grain size analysis in thin section. Strike and dip directions of
individual beds were marked on réspective samples before removal
from the bed. Thie was done to insure that grain size measurements
were done in bedding. All samples were taken near the base of
beds. These samples were obtained from beds belonging to a variety

of facies, including Facies (2), (3), (4) and (6).

\
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2. Laporatory Methods

The éebbly,bandscone and sandstone fibiic was measured in slab
sections cut parallel to the strike-and-dip bedding planes, which were
marked on the samples in the'fgeld. quar slabbing, the cut surfaces
wﬁré polished and then etched in hyérof!uorlc acid, Etchea sur faces
were then stained with methylene blue, which preferentinllx stained the
matrix. This staining procedure made the clasts more apparent. Acetate -

beels were then made of the stained surfaces., Details of etching and

‘stniniug,procedures are listad below in Table 16, <’
. . .1 . C"

TABLE 16

ETCHING AND STAINING METHODS
'OF PEBBLY SANDSTONE AND SANDSTONE POLISHED SLAB SECTIONS

Solutions:

Mix equal portions of 18% HF Reagent and distilled water.
Mix staining solution: 2 g methylenme blue/ liter of distilled water.

Method: -
In fume hood, put small portion of HF solution in a plastic dish,
Cover the top of the dish with the slab to be etched, Let the HF
fumes etch the slab for 7 minutes. Rinse the slab in distilled
water and dry the slab. Put a small portion of methylene blue solu-
tion in a shallow pan. Put the slab in the methylene blue solution,
etched side down. Let the slab sit {n the stain for 10 - 15 oinutes.
Rinse the slab initially in tap water, then in distilled wvater.

Dry slab and make acetate peel of the etched and stained surface,
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Orientation arrows on the original slab surfaces were trans -
ferred to the acetate peels béfore removal of the pecf;‘fron the slabs.
Enlargad photographs were wmade from tt_;e -acetate peals, in which the
acetate pssls wore used as 'negatives' of the enlarged prints. This
resulted in "reverse prints,"” where the light quartz and feldspar grains
on ktho pecl became dark images on ths prinmt. Conversely, the dark stain-
ed matrix on the peesls becama light images on th& print., The amount of
enllrso-nnt'depcndod u;on the grain size of the sample. Generally,
enlargements were 3-4 x the original peel size. A grid wvas placed ovar
the enlarged photographs. The orfentstions of the apparent long-axes of
graine were messured on the grid, Only elongate grains (a-axii; b-axis
length ratio 2 1.5) which had apparent a-axis a 1 mm were measured,
Only grains that fell on the grid pointa wers massuraed,

Grid counclns vas done on & square grid 2: the largest grains
on the enlarged photographs., large, outsized clasts were not used to
determine the grid size. If an outeized grain was encountered on more
than one grid point, that grid point was skipped until a new grain was
encountered., Grains that were fractured, veined or had vague grain
boundaries (possibly due to pressure solution) were not measured. The
grid was extended across the enlarged photogrfpy until 100 grains were
measured per sample,

For about half of the bedding-plane slab sections in which the
preferred fabric was determined, a second imbrication study wae done.
The grand vector mean of the bedding plane fabric was marked on the
original sample for those with unimodllllnd random bedding fabrics. For

eamples with bimodal bedding fabrics, the mejor mode direction was marked
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on the original sauple, 'fho ncéﬁd cut was ,ug&e in a direction parallel
to the prefefred direction in boddipg;.buc in an orientation perpendicu-
lar to the bedding plane, Ktching; staining and measurement techniques
for the imbrication study vere :ldcnticai to the mathods used for th‘a
study of bedding fabric. '

The mathods used in this analysis of sandstone fabric are simil-
iar to those used by Hiscott (1977) in his mlﬁls of sandstons fabrics
for the Tourelle Formstion sediments. The major difference is, in thia
study, grain orientufionl were measured on enlarged photographs, rather
than on "éhldow-nulcar" projections of the scetate peels (as was done by
Hiscott,1977).

At various times throughout the laboratory phases of the present
study, operator checks were made on the sandstons fabric measurements. .
Duplicate measurements were made on samples that were analyzed during
the first month of laboratory work. It took lpproxin‘tely 3-4 months
. to measure all of the bedding plane (116 slmﬁlea) and imbrication plane
(71 samples) photographs. Operator chﬁck medsurenments were made at
approximately equally-spaced intervals during the 3-4 month period. Five
samples were reanalyzed to determine the consistency of measurement by
the author. Opne sample was also checked by an independent operator.

Most of the samples used for the operator check showed a fairly
well pronounced bimodality. It {s impossible to conduct an anclysis of
variance on bimodal distributions, as the assumption of normality 1is
probably invalid.Operator error is generally inaigniﬁ;cant in this sort
of study (Onions and Middleton, 1968; Swmoor,1960; Hiescott,1977). Rose

diagrams for the five different samplee subject to the operator check

A
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are shown in Fig.l. As illustrated, l;lt of the main penks are maintsin-
,ed during replicate nnaaurcnonts, although the i{ndividual numbersy differ.
The grid sheets were randouly pllcod upon the enlarged photographs.
Hence, it is not nurprilins thlt tho_diltrlbutions do pot exactly
correspond to one another. The results show thntlthcra is a consistency
io the delineation of major peak(s) of the distributions.,

The conslonﬁrate field fabric data were punched onto cosputer
cards, Structural éip and strike were removed by ainéle rotation nbout
the ;trika for each bed. Clast orientstions in a horizontal position
(vith structursl tilt removed) were calculated and stereonst plots were
made for each conglomerate bed. Three- and twvo-dimensional summary
statistics were computed for each bed. Computing and plotting of stereo-
nets for the conslonarlte_dats was done on the computer and plotter
facilities at the Denver Research Center of Marathon 0il Company.

The problem JEFrecognizins éodeu on rose diagrams is one, which
at present, cannot be handled statistically. The following arbitrary
criterion wvas used to distinguish bimodal from uuim;dll or random pat-
terns. A new mode was recognized if the lower of two adjacent classes
wvas 5+ readings agove the higher of two adjacest clagses, which compris-
ed the minimum of the distribution (¢ee below). This criterion gave
reasonably good agreement with the subjective evaluation of the patterns.
For about 3% of the bedding plane rose diagrams the subjective designa-
tion disagreed with the criterion; and, for the vertical ({mbrication)

rose dimgrams, about 10% disagreed.

s+4

LT N SR SR,

Criterion for Bimodalicy
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Grsin size measurements were done in thin gsections that were
made from slsbs cut parallel to bedding. The thin sections were pro-

Jected onto a Shadowmaster screen. A grid overlay was placed over

the enlarged projection Omsgnificstion = 56.2 x the original ). Grains

thet‘fell upon the gridpoints were measured For each grsin the apparent
s-axis dimension was recorded, The frequencies of a given grsin size,
as seen in thin section, depend upon the size of the grains. Because
‘ of this grain size influence, individual grains were only measured
once. IXf a grain fell on more than one grid point, that grid point was
skipped. For each thin section, 300 grsins were measured. ‘Recrystelliz-
ed mstrix was classed as being finer than very fine sand ( the limit of
the size of grains that could be discerned ). o

For each ssmple a cumulative frequency percent curve -( with.

probability ordinate ) was.plotted. Stanoard'statisticel methods were
used-to analyze the grain size distributions .(Folk, 1968) The following
statistics are importdnt: the graphic mean grain size ( Mz(b ), the med-
ian grain size ( M ¢ or ¢’ 50 ), the inclusive graphic standard devia-
tion (ﬁT ), and the inclusive graphic skewness (SkI) Methods uged
.to calculate these graphic statistics from the cumulative frequency
curves are given by’ Folk (1968). In additiocn to the statistics the

grain size of the coarsest one-percentile was also noted
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- PETROLOGIC Amg SES_OF' SANDSTONES AND PEBBLY SANDSTONES (continued) §

.INﬂEPENDENf OPERATOR CHECK (Done by Milton Grave.s,. Dalhousit; University)

Bed 100;
7 - ‘ _ ~ of 140 Pes.

Mineral ' No. Pojnts ~ ° Per Cent Per Cent

Quarts ' 105 65% 75%

Orthoclase . 15

Microcline . ‘ 12 17% ‘ 192

Plagioclase - 8 5% 6%

Alteration Minerals 22 157 100%

Totals 162 101% C

. Bed 357:

_ : ) of 139 Pts. )

. Mineral No. Points- Per Cant Per Cent '

Quarte 93 6% 6T

Orthoclase N 2.31 , '

Microcline 1 16% D ¥ o A

Plagioclase 22 14% 16%

Alteration Minerals 12 8% 1007

Totals _ 151 100%

Notes: '

Alteration Minerals: usually hematite and sericite between grains,
several badly weathered opaques included as well.

Orthoclase: this is poasibly marginally overestimated as {t was sometimes
difficult to distinguish from small plagioclase grains,

Plagioclase: various perthitic grains included as well .

Each slide contained several other trace minerals which did not show

on the counting. Grid counting was done on a square grid, > 2x the
largest grain in the slide, not grain counting. Large grains are ‘always"
quartz and feldspars,,usually about the same size.
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APPENDIX 4

DESCRIPTIONS OF SEDIMENTARY FEATURES
In the following section detailed descriptions will be given of
the. sedimentary features which lay thg basis for the definition of lith-
ofacies. The sedimentary features which contribute to the definition
of the lithofacies include: sole marks, basal scour margins, irregular

upper bed contacts, internal features of beds ( fluld escape features

and stratification )'hnd textural characteristics of beds ( grain size,

érading patterns and gfain size distributions ), Hethod; used in the
field for section meaguring and gfain size description are given in-
Appendix . Detailed.logs of the sectioné measqréd in the present study
are included in Appendix S. | |
SOLE MARKS

These features are common on many of the pebbly sandstone and
conglomerate beds in the preseﬁt aéudy. Sole marks originate by three |
main processes: 1) current activity, 2) gravitational loading processes;
or, 3) biologic activity. No sole marks within the Cap Enragé sediments’
were recognized as being biologic im origin. Within the Cap Enragé
deposits the following types of sole marks were observed: scours; fluCea;
grooves; load casts and detached load coasts; load pebbles, cobbles and
boulders; fiame structures; and, longitudinal ridges. Flute mﬁrks,
groove marks and longitudinal ridges are rare in the Cap Enragé sediments

but are important in that fhey are reliable paleocurrent indicators. -
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Descriptions of these structures are siven below, with the. exception of
scours which are covered under a separate heading. 61‘

Flute Marks

Flnte casts rarely occur in the Cap Enrng: sndiments. Identi-
fication of flute marks is possible only in cases where three-dimension-
al views of the basal mnrgin of beds are shown. .In instances where ;nly
4 two-dimensional cross-sectional view is seen of a flute mnrk.it may
be identifiad as an asymmetrical scour or a load cast. In cases vnnre
lamination is truncated in the underlying bed the feature would be clas-
sed as sn asynnmtrical scour. Consequently, some flutes may be misiden«
tified as asymmetrical scours or loads. |

Flute casts were_observed in sandscones,-pnb;iy sandstones and
fine conglomerate. Flute casts qern most common-in Facies (7), (3) and
(6) beds. Flutes which nould'be measured had the following dimensions:
ninimnm dimensions : iength<(3 cm), width (1.5 em), depth (1 cm)
maximm dimensions : lnngth (27 cm), width (16 cm), depth (iO cm)
average dimernsions : length (18 cm), width (11 em), depth ¢} cm)
The largest flute cast was obsarved at the base of a fine conglomerate
bed ( apparent a-axis dimension: 7-8 mm). The smallest casts wer;
fiiled with medium sandstone (grain diameter: 0.3 mm). Flute marks
rarely occur singly, rather they tend to occur in groups. Flute marks
are best déveloped along the basal surfane of the Niveau 2 sandstone

at the eastern end of the Anse a Pierre Jean 5 outcrop.

Groove Marks

These features are raised ridges which may have sharp or rounded -

edges and are found on the basal surfaces of sandstones.
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Groove casts wers rarely observed on the base of beds. Tﬁaso feuéurds
were m;at common &t the base of Facies (7) beds. Grooves which could
be measured had the fbiiowing dimensions: b | |
maximum dimensions: length (80 cm), width (85-c§), depth (26.cm)
minimun dimensions: length ( 3 em) ,‘_width (0.2 em), depth (0.2 cm)
The largest grooves occurred in conéloﬁerate ( a-axis = 200 mm), whilst
the smallest grooves'occurred ac‘che base of a medium sandstone bad
( grain dismeter = 0.25 mm). The best example of a.grooved surface
occurs: at the base of Niveau 2 at Greve de la Pointe, .

Longitudinal Ridges (Fig.78)

These features are raised ridges which have rounded edges
and are found on basal bed surfaces. The lobate ridgea-are subparallel
and occur in sets. Lbngitudinll ridges were only observed on the basal
surfaces ot two beds within the measured sections { St. Simon sur'Mer,
Shrine section, Beds 767,761 ). Both of these beds belong to Facies
(4). The longitudinal ridges averaged 5 - 8 cm wide and 2 - 2.5 ca in
depth, It was impossible to determine the leangth of 1ndividunl ridges
because basal surfaces were not exposed well -enough. Both beds consisted
of fine conglomerace_lt the b;se which graded into coarse sandstone.
Some of the individual longitudinal ridges had blunt, bresumably upcurrent
ends as with flutﬁ casts, which tampered off in a downcurrent directien.

Load Features (Figs.79 —83)

These. features are very common in the pebbly sandstones lﬁd
conglomerates. Within the measured sections,152 beds had loaded bases;,
47 beds had loaded and scoured bases. Load structures are produced by
the sinking of heavier sediment into less dense, or water saturated,

-
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Fig.l8 - Large-scale longitudimal ridges at conglomeratic base of bed.
Lineation is 169-349 degrees. Rectangles on notebook are 5 cm

long. Bed 761, St, Simom sur Mer {(TwoCottages) Section,?.age



Fig.]9 - Sandstone with dish structures which has subsequently been

loaded and deformed into a flame structure. Float block, Bic.

Fig.80 - Load pebbles and boulders (arrows), top of bed 885, St. Simen
sur Mer Est. Rec{angles on notebooks are 5 em long. Strat-

fgraphic top of bed is up,p.403



Fig.81 . ... Datsched snd undetached flame struct-

ures, Top of Bed 295, GCreve de la Pointe’r.s-m

Fig.82 - Sketch of Fig.B80. Load pebbles and boulders in Bed 885,

St. Simon sur Mer Est,p.403

Pig.B83 - Sketch of load/scour contact between Nivesu 2/Niveau 3,

Anse & Plerre-Jean 5. Regional paleoflow in Niveau 2 is toward

=

" the southeast. Regional paleoflow in Niveau 3 is west-southwest, p-391

)
-
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sediment. In load casts, the original flat or inclined sedimentary fes-
turedﬁof underlying sediment are deformed to conform to the shape of ghe
load feature. In cases where the underlying unit ‘is structurcless, it
is difficult to decide whether & depression is a load cast or a& scour.
-‘_Generally, load casts tend to ﬁave steeper margins than scours. In am-
rbiguous cases, no measurement was taken. Load casts had average dimen-
sions of 2.25 m width # 0.6 m height.

In the Cap Enragé'sedimen:s,qhe load features are bost develop-
ed when pebbly sandstone to conglomerate is loaded into finer-grained
pebbly sandstone to medium sandstone. Loaded or loaded and scoured
bases are equally abundant in beds of Facles (1), (2), (3) and (4).
Loaded or loaded and scoured bases are rare ou beds of Facies (5), (6)
and (7). Some outcrops have beds which show a tendency toward loaded or
loaded and scoured bases.

Types of load features observed in the measured sections include:
load casts (Fig. 7.9.83), detached load casts or 'pseudonodules', flame
struetures and detached flame structures (Figs. 81,79);‘and'load boul-
ders, cobbles and pebbles (Figs.ﬂO.BZi.

Detached load casts are rare within the Cap Enragd sediments.-
These are most common in the upper part of Niveau 4 at Gréve de la Poin-
te. Load pebbles, cobbles and boulders are equally rare, but are impor-
tant to recognize, in that they may account for the presence of large

out-sized clasts within finer-grained beds.

SCOURS AND SCOUR FILL

Emphasis in the present study is placed upon the finer grained

units of the Cap Enragé Formation, excluding Facies (1) horizoms.
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Consequently, the qun types of scour £111 features will be described’
for lithologies comprising conglomerate/ fine pabble conglomnr;;; to
~ fine sandutoqg ayd shale.

Scoured basal margine of beds are the most common types of sad-
iménca;y feitura in the Cab Enragé deposits. Within the measured sec-
.tiohs,3 0 beds had lcoqre& basal mnéginn. As mentioned previou;iy, 47
beds had loaded/scoured |-Jneu. Scour ﬂll‘mlterill ranges from fine '

' sandstone to conglomerate as listed in Table17., Not all scours were
measured. Of the 310 scoured basal margins, 254 scoirs were measurad.’

Basal margine may be defined by a single scour ( Figs.84, 85)
or they may be delimited by & series of small scours, giving Eha base a
scnllopgd sppearance (Fig. 85). Small scours may occur isolated
along(the base, or, alternstively, they may be linked tog;thur. Soma
small scours may lie parallel-to bedding, whilst others are linked
together and are inclined to bedding and actually define éhe marging
of a much larger single scour surface.

Scours may be two-sided (symmetric) or apparently one-sided
(asymetric). This may depend upon the quality of the outcrop and the
line of section through ghe original scour surface. About equal numbers
of one- and two-sided scours were recorded (Figs.86,87).

Four general types of scours can be distinguished. The first
distinction is whether a scour £ill is solitary or multiple in origin.
The second dimtinction concerns the geometry of the scour: Is the base
defined by a single scour, or does the base consist of a series of

linked or unliuked scours? Although four distinctions can be made,

only three typees of scours were noted: 1) scours with a single scoured

LE]
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.

Fig.84 - Solitary scour fill cut into sandstone (near hammer).
Fi1l consists-of conglomerate which is overlain by a slump
bed portion {(arrow). Bed 383, Riviere Trois Pistoles.

Hammer handle is 35 cm 1.ong. Stratigraphic top is to the

-

b4

upper right, 9.331

L
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Fig.86 - Two-sided, symmetrical, solitary scour of conglomerate cut
into pebbly sandstone. Base of Bed 495, Anse 2 Plerre Jeén 3.
Ms. Hunter is leaning on the scour surface, Stratigraphic

top is to the left, ?.387
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TABLE 17

RANGE OF GRAIN SIZE IN SCOUR FILLS

Grain Size Class Abbrev. N Beds  Per Cent )
Conglomerate ¢ 29 36.5
Fine Conglomerate FC 62 25.7
Coarge Sandstone . cs 28 13.b
Medium Sandstone MS - S 21 | 9.7
Pebbly Sandstone  PS 13 6.0
Very Coarse veCs 8 3.7
Sandstone
Fine Sandstone FS 5 2.3
Very Fine VFS : —. ————

- Sandstone-

m
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basil sur face which were cut and then filléd by many depositional ed&ng;;
2) scours with a singly scoured h@sal sﬁrfnce which were cut and then
filled by one depositional event; and 3) scours which have many linked
or unlinked smaller scours'along tha base which were cut and filled by
one depositionsl event. All of the scours of nultiple £111 or multiple

- cut-and-£ill origin have one a singly scoured basal surface and do not
display a series of small scours. -

Multiple scour fi{lg have complex origins and their fill usnall;
*tomprises‘many different facles. ¥or this.rensqn, mltiple scour fills
will be discussed in Chapt:e‘r 2.,which deals with vertical and lateral
facies relationships.‘ :

| Solitary scours usually do not cut into one another; rather,
they define the contacts of superimp&sed beds. Less commonly solitary
Qcénrs maf digssect one another. Table18 shows a summary of the dimen-
of solitary scours, Suﬁdivisions are according to: 1) grain size of the
- scour fill, 2) the presence of & singly scoured basal surface; or 3) the"
presence of many small scours along the base of a single bed. On the
average, the smallest scours occur at the bases of the sandstone beds,
vhilst the largest scours are along the bassl margins of conglomerates.
"This is certainly expected 1f the cut-and fill procesaes are aasociuted
with a single transport and depositional event, Conglomﬂratic flowa
would, presumably, have greater transport and erosional capabilities
than sandy flows. (assuming that all sizes were available for transport).
In conglomeratic, pebbly sandstone and medium sandstone beds the dime;5
sions of solitary scours are larger than the small scours that occur as

sets. In fine conglomerate and fine sandstone beds the dimensions of



TABLE 18

s
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DIMENSIONS OF INDIVIDUAL SCOURS (in metres)

No. Scours on

VCS &

Gcs . many 11
MS | single 5
MS . many 3
FS single

B

Fs many

Base of Bed N -

single 19 -

Average -Average

Range of Dimensions
‘Width x Depth

width_ Depth ..

3.7% 0.58
1-42 N 0-37
1,19 0.17
\
3.34 . 0.6
1.49 0.35
1.6 0.22
3.66 . 0.43
0.95 “0.15
0.8 0.08
1.9 0.23

. longest: 16 x 1.2.

shortest: 0.25 x 0.05
deepest: 12 x 2
shallowest:-0.25 x 0.05

longest: 3.6 x 0.8
shoxrtest: 0.3 x 0.07
deepest: 3.6 x 0.8
shallowest: 0.3 x 0.07

longest: 9.75.x 0.5
shortest: 0.3 x 0.17
deepest: 3.0 x 0.9
shallowest: 1.1 x 0.05

longest: 9,7 x 1
shortest:. 0.96 x 0.48
deepest: 9.7 x 1
shallowest: 1 x 0.2

longest: 1.7 x 0.35
shortest: 1,35 x 0.4
deepest: 1.5 'x 0.4
shallowest: 1.4 x 0.25

longest: 3 x 0.6
shortest: 0.4 x 0.06
deepest: 1.9 x 0.45
shallowest: 0.4 x 0.06

longest: 10.1 x Q.6

- shortest: 0.72 x 0.1

deepest: 10.1 x 0.6
shallowest: 2.5 x 0.25

longest: 1.1 x 0.24
shortest: 0.8 x 0.1
deepest: 1.1 x 0.24
shallowest: 0.95 x 0.1
R r
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single acours.are, on the average, smaller than those séours which
_occur as aets‘alo'ng‘bu.al surfaces of beds. In coarse sandstones the
scour sizes are the same for bedl; which have many lcoufu' on the base
in comparii_on to those which have a solitary basal scour.
Most of the beds tt;nt have basal nz"gina. defined by series

of scours cutcrop in the St. Simc'm sur Mer Est srea. Some beds of
Member IIX at Bic and .of Niveau 4 or Niveau 6 al:'Clp 2 1a Carre Ouest
also display this type of scooring, but to a lesser extent t:llan ch_at: at
St. Simon ' sur Mer Est, Descriptions of the fill of these scour features
\;111 be given in Chapter2.

) Scoured and loaded/scoured bases of beds are common in beds
classed as Facles (2), (1) and (5) , . less common in heds belongiﬁg
to Facies (6), (3), (2) and raré in beds belonging to Facles (7).

\l
IRREGULAR UPPER BED SURFACES

hreéular upper bed or layer contacts occur in cases ﬁhera clasts
at the top of a bed or layer actualiy protrude  above the general level of
the top of the bed or level (ﬂg.ag). | This feature is oot very coumon
in the Cap Enragé sediments. It has been noted at the top of 49 beds
within the measured sections.

Irregular ﬁpper bed surfaces mainly occur in instances where
conglomerate material ( a-axis = 225 mm - 820 mm) is overlain abruptly
by finer grained conglomerate or pebbly sandstone. The average thickness
of beds or layers which diapl&y irregular upper contacts is 1.2 m (mimi-
mum t;hickuess = 0.2 m; maximum thickness = 3.9 m). Beds are usually clast-
gupported where coarse clasts touch one another,with very little fine

material between the coarser clasts. Most of the beds which show irregu-

\



Fig.88 - Pebbles and cobbles protruding above the general bed level.
Note the wedging-out along section of the overlying sandstone.
Top of Bed 803 St. Sinom sur Mer (Shrine Section). Tape measure

1s extended 50 cm. Stratigraphic top is up,f1400

Fig.89 - Boulder extending above the general level of the top of a clast-
supported, inversely-grndéd conglomerate. Note the flat top of

the overlying sandstone with many small scale irregularities.

Boulder is slightly faulted. Top Bed 802, St. Simon sur Mer
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lar uppér surfaces belong to Fgciehl(l)g oﬁly two beds were classed as
belonging to Facles (3).

Most of the beds with this feature had flat bases (27 beds).
fha remaining beds had scoured ( 9 beds), loaded ( 6 beds) or loaded/

scoured bases ( 6 beds). Of the :Facies (1) conglomerates,mout_nhowed

-

' inverﬁe grading (30 beds), less commonly the conglomerates were ungrhded

( 19 beds). Of the'ungraded beds, only eight had a disorganized fabric.
-The presence of coarse clasts which are "floating"ﬁp above the
general top of the bed is an important feature to recognize for subse-
quent hydraulic interpretation of flow mechanisms. It is also a useful
aspect to help separate amalgamated or'composite beds in the field.
-The best outcrop occurrences of irregular upper bed contacts
are seen at the two following sections (Append_i‘xs): Anse & Plerre Jean
2,ASectibn 1 and at St. Simon sur Mer (Shrime Section). In both cases
thin Facles (1) conglomerates are overlain:by sandstone or pebbly
sandstone units, which wedge out from the base, toward che £op of the
unit, yielding lenses of fine material intercslated amoung the con-.

glomerate.

FLUID ESCAPE FEATURES

‘Iowe (1975) describes a variety of fiuid escape features which
characterize coarse (silt size and greater) sediment. In the field,
Lowe's (1975) terminology was used, with the exception of the feature
;hat Lowe (1975) calls 'Type D Pillars' or ‘stress pillars.’ These
structures weré.originally recognized Sy Lai;& (1970) who called them
‘gheet structures.' This origiﬁnl term was used ln the present study.

Of the different types of structures listed by Lowe (1975, pp.
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166-189) the followlng were noted in the Cap Enragé- udimenta. dilh .
atructuran, fluid elcape pﬂlnrs ( including !ypel A,B’and C), horizon-
‘tal fluidization channels, lheet’ structures, sediment ‘dykes and’ sills,
Qverategpenad' croubedding, convolute lamination and load‘ structures.
Convolute lamination and oversteepened c‘rou‘b‘edd_i_.ng arise from both
grqviuﬁilcvnnl;.1nltab11iltieu and trlctiomltcurretic processes and will
be discussed under the h;ding ' Stratification Types.' Load structures
have been discussed in an earlier part of this f'._:hlpter.

Dish Structures (Figs. 90 to 93)

Dish structures consist-of concave-up saucer-shaped laminations,

' .when seen in 8 cross sectionnl view. The lower contact is generally

very sharp and is defined by a dark layer (Fig.92). Above the lower
margin of the structure the sediment becomes lighter cglored upsect:ioﬁ,to
the extent that {t is almost white underneath the next @8w of dish struc-
tures ( Fig. 92). Seen in plan view (Fig.93),dish structures are again

N
defined by dark zomes. Upturned edges of dish structures define amall

circular or oval outlines in plan section . This feature. is most comuon
and better defined in coarse and medium sandstones (Figs.92,93 ), although
it does occur in fine conglomerate and congld;erace bed; l_ (Figs'.90.91‘).
Dish structures tend to be larger and not as v:iell defined in the coarser
beds (Rig.90)., . - | -

| Average widths and deipi:hs of dish structux'-ea.ware meagured in
material of 'various grain sizes. Thicknesses of dish structure units.
was also measured, where dish structure units were defined as follows:

If dish structures had approximately the same shape and dimensions and

occurred within the same part of a bed they waré grouped as being in a
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Fig. 30 - Large dish structures in cross-section view, Bed consists cf

fine -pabble conglomerate. Bed1298Bic. Top of bed is up,P_41g-

Fig. 81 - Small dish structures in dispersed fine conglomerate-pebbly
sandstone. Bed 1345, Bic. Tape is 20 cm long. Top of bed

is up, P.419



Fig.92 - Small dish-structures in cross-section. Cap 3 la Carre Ouest,

between Sections 4 and S. ‘Scale is in cm. Top of bed is up,?,414

Fig.93 . Small dish structures in top or plan view. GCap a la Carre

Ouest, between Sections & and 5. Scale i3 in cm,P_414

b
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in a given dilh structure unit. If dllh shapa or stze changed aisniﬁ.-
%:tly, a new dish utruct:ure unit would be defined Average dish width |
(measured from rim-co-rin) and depth (measurad from the top of the up- l
turned edga down to the lmu: part of the lower convex margin) were
made for 476 dish structure units. Thess data are tabulated in
Table 19 . o
Dish structure dimensions varied as follows:

minimum wideth x depth : 0.15 cm x 0.1 cm in medium sandstone .

+

maximum width x depth : 60 cm x 3 cm in pebbly sandstone
A\

avarve width x depth : 8.7 0.8 em in con'glmrat:e to fine sandstone
As shown in Table 20, the averige width x depch dimensions decrease
with decreasing grain size of th deposit. In conglomeratas,the aver -
age width x depth was 12.5 cm x 0.9 cm, whilst in fine sandstone the

. average width x depth was 4.8 ecm x 0.5 cm. Average width:depth ratios
alsc decreased from conglomerate to sandstone, indicating that dish
structures tend to be flatter in coarser sediments and more ctlu'ved. or
more concave in finer sediment. Minimum and maximum di;n!ensionc of dishes
do not change with decreasing grain size of the deposit,

Dish structures may be well defined (as in Figs.©1 and 92 ) or
vague (as in Fig.20). Ill-deﬁned or vague dish structures seem to occur
2’in all grain sizes of beds, alchough(on the whole,when one considers
all of the liquefied sediments within the Cap Enragé)dish structures
seem to be better defined in coarse and med{um sandstone ( This 1s not
evident from the data in Table 20 and may reflect sampling error.).

Most dish structures lie parallel to bedding. Of the 476 units

that were measured, inclined dish structures were noted in only 28 units.



 TABEE 19 A

DISH STRUCTURE OOCURRENCE IN DIFFERENT' SEDIMENT TYPES

(id detreg)

W x D: width x dépth dimensions in em of dish structures

W/D: width:depth ratio of dish structures

-

.Grain’ N N N Unit  Unit
Size Dish Vague ‘Dish, ’ Total Thick. Thick.
Class Units - % Units % Units %  Avg. Range
c 2 1 w-r c—— 2 0.4 1.15 0.6-1.7
FC 51 13 8 9 59 12 0.41 0.02-1.8

. PS 43 11 18 21 61 13 0.50 0.08-2.

' VCS 45 12 - 16 19 61 13 0.40 0.1-1.7
CS 89’ 23 13 15 102 21  0.33 J0.01-1.2
MS 93 24 ’32 26 115 24 0.36 1 0.02-4.
FS 67 17 9 10 - 76 16 0.2% .0.04-0.8
Total 390 86 476

TABLE 20 .

DIMENSIONS OF DISH STRUCTURES

(width x depth‘in centimetres)
Grain N !
Size Dish Minimum Maximum : Average
Class Units WxD W/D. WxD W/D WxD W/D-
c 2 10 x 1.5 7 15 x 0.3 50 12.5x 0.9 14
FC 38 1.5 x 0.5 3 50 x 2 25 1.1 x 1.1 10 -
Ps 38 1.0 x 0.2 5 60 x 3 20 111.3x1l.l 10
VCs 40 1.0 x 0.5 2 50 x 0.5 100 - 8.7x 0.7 12
cs 77 0.3 x 0.1 3 50 x 1.5 33 8.0 x 0.8 10
MS 99 0.15 x 0.1 2 50 x 3.8 13 5.1 x 0.7 7
FS 71 1.0 x 0.2 5 20 x 0.25 80 4.8 x 0.5

10

Abbreviations for grain size classes are the same as in Table .

i

b



Other rare occurrencen conuiatcd of tnaller dish structures '&usted"
.within lurgqr, and broader dish structures; dish structures which have
| subseqnentlysbeen-loldad into flame structureu- and, dinh structurea o

lre in association with fluid eac3pe tubes which paan dcross che

‘t any disruption of llminle. Thesa specific ‘oceurrences,
‘lalthough they do not occur very often, - giva some hincs(for certain bedﬂ
of the time of liquefaccion that producad the dish atructures. Within
unita,dish scructures are uaunlly the only feature observed Less counonl;
-, dish structures oceur in the same units as fluid eacape pillars, flame
and convolute structures.» ) |
The %vntage thickness of dish structure units was 0.48 m, with
' the range from 0.0l m to 4 m, Avarnge unit fhiéinesaea vary with graiﬁ“'
size. animum nverage unit thickness (1.15 m) occurs in conglomerate,
whilst the fine sandatones had ‘an average unit thickness of Q.24 u.
Maximum and minimal unit thickuessequq not vary consistently with
sediment size. The thickest dish afructura unit was recorded in medium
- sandstone. Thinnest units were noted in fine conglomerate anchoarJe
sandstone, | ’ |
Dish.structures are well deftneé in Facles (4) beds and are one
of the characteristics of.this facies. Vhépe AIBh structures occur less
commonly in-faciealkS)-beda and rarely oceur in Facies (6) beds. Some
of the best places to see beds with dish sfructurea are : Niveau 2 at

Anse a Plerre Jean 1; Niveau 4 at Greve de la Pointe and the top of

Nember I at Bic.
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‘Fl'uia Eac'a_ﬁ:eﬁ Pillaxr Structur-aa"(rigs_..sdl -98) N
"_i‘illlar‘r;tmétutes were namad by Wentworth (1966, p. 133) and
._conaisﬁ of circullr.coidmns oflcurt;in-likz sheets of lishtqpoloredl
_anndstona...Fldld escape pillar structures weré rec&gnized ip 130
beds in the present-study in material ranging in size from fine sand.
stone to conglomerate. As'wlthﬁ%ish structures, not all f;uid ascape
pilIafs were measured. Similiar to the criterion used in dish struc-
tures, fluild escape pillar units were defined within beds. Average
apparent lengths and widths were measured as seen in cross sectional
view for 265 pillar units. Using Lowé's 1975) classificafion two
types of fluid escape pillars were feSognized: 1$Pﬁ A pillars and‘f

Type B pillars.

-~

(1) Type A Pillars (Fig.20) - occ_ur'between the upturned
edges of adjacent dish structures. Type A pillars are very common -
1ﬁqﬁn£ts in which they oceur. These structures.tend to have a aomewhaé
régular spacing, that is probably related to the apaciné of intervening
dish structures. Average length x width measurements were made in 43
Type A pillar'units out of a total of 50 units. The results are summar. -
ized in Table 21.

Type A pillaf structure dimeﬁsions-varied as.followa:
minimum length x width: 1 cm x 0.1 cm in coarse sandgtone
‘maximum length x width: 45 cm x 0.5 cm in fine conglomerate
average length x width: 6 cm x 0.5 cm in fine conglomerate to fine
sandstone miterial | |
In conglameéitea the average length x width was 11.2 em x 0.7 cm, which

decreased to an average Iength'x width of 2.9 cm x 0.3 cm in fine sand-

&
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FPig. 94 - Straight Type B fluid escape pillars in plan view. Bad

?31, St. Simon sur Mer (Two Cottages) Section,P,aga

Fig.95 - Sranching Type B fluid escape pillars in cross-section. Bed

i

1217, Cap'a la Cu@(ﬁxeat. Rectangles on notebook are 5 cm

long. Stratigraphic top is up, P.415



Fig.96 - Branching Type B fluid escspe pillars in plan view.
Bed 1217, Cap a la Carre Ouest. . Redtangle on book s

5 em long, p415
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_ Fig.97 - Irregular Type B fluid escdpe pillars in cross-section.

Bed 1352, Bic. Stratigraphic top is up, P.419

32



Fig.ﬂﬂ - Irregularly shaped Type B fluid escape pillars in croas-section.
Pillars are bent into a convolute form about half way up the
bed. Bed 1256 Cap a la Carre Ouest. Bottom scale is in cm.

"

Stratigraphic top is up, 9.417



- TABLE 21

DIMENSIONS OF FLUID ESCAPE PILIARS: TYPE A

i

Average dimensions of Type A pillars:
Average unit thickness:

0.35 m

) : _ (in metres)
Grain Maximm Minimum Average Unit Unit
Size lxw lxw 1l xw Thick. Thick.
Class N {cm) (cm) - {cm) ° Avg. Range
FC 9 45 x 0.5 1 x0.15 11,2 x 0.7 0.28 .0.12-0.5
PS 5 10 x 0.5 2.5 x 0.4 5.5 0.4 0.21 0.05-0.5
VCs 3_ ix 0.4 o [l' X 0-[4 5.5 x 004 0-4 0-1-007
-CS 10 12 x 0.3 1xo0.1 4.9 x 0.7 0.4 .0.04-0.95
MS 12. 10 x 0.8 1.5 x 0.2 1.5 x 0.5 0.63 0.1-4.0
FS 11 6 x 0.4 1.5 x 0.2 2.9 x 0.3 0.18 0.05-0.8

5.78 em length x 0.5 em width

1 = length of pillar,structure; w =-width of pillar structure
Abbrevistions for the grain size classes are the same as in Table17.

TABLE 22

DIMENSIONS OF FLUID ESCAPE PILLARS: TYPE B (STRAIGHT)

{(in met;es)

Grain Maximum Minimum . Average Unit Unit
Size I1xw 1l xw 1l x"w Thick. Thick
© Class = N (cm) {cm) . (cm) Avg., Range

C 2 50 x7 10 x5 0xé 1.9 1.0-2.8
FC 21 23 x 0.7 1 x 0.7 8.5 x 3.6 0.45 0.1-1.4
PS 30 20 x 0.7 1 x0.5 5.5 x 0.6 0.64 0.07-2.5
VCs 29 45 x 2 1 x0.1 8.5 x 0.9 0.49 0.1.2,0
Cs 35 20 x 0.4 1 x 0.5 5.4 x 0.5 0.4 0.04-1.2
MS 34 15 x 8.5 1x0.1 5.1 x 1.0 0.63 0.04-3.3
FS 21 25 x 0.2 0.5 x 0.05 5.6 x 0.7 0.30 0.01-1.4

Average dimensions of Type B (straight) pillars:
width

Average unit thickness: 0.69 m

Abbreviations for grain size classes are the same as in Table 17.

9.8 em length x 1.9 em
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htoﬁa,\ This dacrelae-ip pillar'siza‘1u;probgb1y“felated to the cotcoﬁ-
Qitqnt aecrelae in the ttze of dish atfuctures from.tonglomefattc to
fine sandstone mttarial. Minimum and maximum dimensions of Type A
pillars found in a given pillar unit decreased with decreaning'grlin
size.

'Type A pillar units vary in thickness from 4 m ( in medium
sandstone) to 0.04 m{in c‘~*ae sandstone), Average pillar unit thick-
ness wvas 0.35 m . The th ckégt units occurred in the finer sediment,
rangés.(.céarse-, medium And fine sandstone). Average unit thicknesses
were the largest in somewhat coarser sediment ranges ( very coarse-,

. coarse- and m@dium sandstone). Plots of pillar width versus unit thick-

ness and plots of pillar length versus unit thickness showed no trends.

(2) Tyg;ﬁB Pillars (Figs.94-98) - are those pillar structures

whi jo not occur at upturngg.edges of dish strEEFurea, but occur gen-
E&? isolated from dish structures. Type B pillars may be vertical \.\\\‘-j
or less‘steeply incliued with respect to bedding. These features may .
ctincide or be discordant with other sedimentary features within a bed.
In cross-sectional view, Type B pillars may be strnight (Fig 21), braneh.--
ing, where they generally fork upsection (Fig.95); or, -very 1rregu1ar
{n shape, resembling curtains (as lights in the aurora borealis) (Fig.
97)5-  amorphous "blogs"., or small " inverted coﬁmas (Fig.98").
| In plan ﬁiew, the brqpching pillars also show a dendritic pattern
. (Fig.98). Flan vie;w of straight, Type B pillars shows small circular,
'wtshed-out zones. Irregularly shqbed.fype B pillars have irregularly

shaped zonea in plan view. Rarely, Type B piilars appear to be bent,’

sheared or aligned in convolute structures (Fig.98).
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Type B pillars were noted in 215 fluid escape units. Of these’

-

unﬂ:a, ‘most of the Type B p:lllara were straight (172 units), less com-

monly branched (16 t_mits) and rarely bent, inclined or in comvolute _
structures (27 units). ° ' . “

-

Straight Type B pillsrs were found in conglomeratic to fipe

sandstone beds. Dimensions of these pillars are as follows <(Table22);

maxfmum length x width: 50 cm x 7 em in conglomerate ' ~

“w

minimum length x width: 0.5 cm x 0.05 cm in fine sandstone-
aversge length x width: 9.8 em x 1.9 cm in conglomerate to fine ‘aand.-
stone beds, Aside from the Type B pillars in the conglomerate, most of
the pillars avqrage 6.5 cm Iength x 1.2 cm width {n all sediment: class-
es from pebbly- to fi;ne undstone. Maximum and minimum dimensi_cms also
remain fairly constent within the sandstones.

Straight Type B pillars ;ccurred in units which avéraged 0.69m -
in thickness., The thickest uni..ts occurred in medium sandstone (3.3 m).
Unit thicknesses tend to be/grea't:er, on the average, in tlHe coarser
sediment ranges ( conglomerate, pebbly- and medium sandstone). The
thinnest units were found in fine sandstone. As with the Type A pillars,
the dimensions of straight Type B pillars do not seem to be related to
the unit thickness. | .

Branching Type B pillars tend to be larger than those of strajight
Type B pillars (as seen i;x cross sectional view)- (average lengt_h x wi.dtﬁ:
'1'1.5 em x 0.42 cm). The branching types also occur in smaller units
(average thickness of units: 0.43 m) than the straight types. Branching

Type B pillars are rarely observed in fine conglomerate.

Type B pillars :I.nlcommlute structures, bent or inclined pillars
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are lgu‘ common t:hln.the branched type-. Onlf six .un:l.t:a showed Type ‘B
pillars in convolute structures (¥ig. 98). The average unit thickness /
was 0.53 -m; average i:illar -dimensions were 4.4 cm length x 1.6 vn width,
'I‘wenty-one units were noted with bent or inclined 'l‘ype B pillars. Aver- A
age unit t:hickness was 0.3 m; average pillar dimensions were 3.6 co
length x 0.4 cem wideh, |

In most beds with Type B pillars they are the only structure
- . observed, Less commonly, they are associated with other sédi.megf,u
structures. The most common association, when .:lt occurs, isgi:h'.e;lsh
structures. These dish structures are not disrupted by the Type B )
pillars*; pillars mey be superimposed upon the dish struct:urés, or
they may occur in separate zones intercalated with dishy zones or lgt:-
erally equivalent to dish units. _ -

_The best example of straight Type B pillars occurs at the
| St. Simon sur Mer Est outcrop (Niveau 4) (Fig. 21). Branching Type B
‘pillars are best developed af Cap‘;a la Carre Quest, at Section 4 at.ld,
* between Section 4 and Section 5 (Fig. 95,96) . Irregularly shaped Type
B pillars are most common in t:he upper part of Hembet Bic. As with
the dish structures, fluid escape pillars characterize Facles (4) sedi-
ments. They are rarely deve10ped, to & minor extent, in Facies (6) beds.

Horizontal Fluidization Channels (Fig.99 )

Horizontal fluidization channels consist of wh;lt:e, structureless
sandstone which under;-lies darker layers (Lafe ,1975; Lowe and LoPiccolo,
1974) (Fié.gg). These channels are commonly superimposed upon one anothar
in the Cap Enragé sediments, with the basal dark lamina and-overlying

white sandstone forming a couplet. The dark lower margin is commonly



33

Fig.3) - Horizontal fluid escape chennels in cross-section. Bed 562,
Anse \a Pierre Jean 5. Stratigraphic top is up. 'Rcctangles

on notebook are 5 cm long, D.390
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very sharp, uheréaa the dpper éontact with the white sandstone is
more gradﬁll. These features are analagous to."flac" dish atruciurép
. and are th;ﬁght to form by horizontal flow of pore fluid through.the
--nediment. 'HorizOnt?I fluidization channels occured in material from
“fine sandstéﬁe to fine conglomerate. They are most cgmno; ia fine.

sandstone ( 12 bedh out of 24 beds wera‘composed of fine sandstone

and showed fluidization horizontal channels). The dqu‘and light layers

v

had the following thicknesses: oy

Thickness Light Layers Dark Layers

maximum 5 cm 2.5 em
minimum : 0.3 em 0.4 cm
average 1.2 cm 1 '

“As éé?n by eye, dark and light layers do not appear to differ im grain size.
Individual layers are traceable from & minimum of 15 - 100 cm along

gtrike, to 8 maximum of entire outerop widths. The average thickness of
units with horizontal‘fluidization channels was 0.42 m (range 0.03 -
I39 m in fine sandstone). These cﬂannels are rarely associated with
very flat dish structures or sheet structures ( to be described below).
As with most of the other fluid escape features, horizontal
fluidization chanuels are ;ne of the #eaturea that characterize Faciles
(4) beds and do not occur in any of the other Facies., The best outcrop
to see this type of structure is in the beds at the base of Anse a
Pierre Jean 5 ‘outcrop near ﬁhe westerly cottage (see outcrop map

Appendix 5).
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Sheet Structures (Fig=100) .

$In cross sectional view, sheet structures appear as tiny, reg-
ularly spaced fluid éscapé pillh;a. In plan Q;Lw.they are'étraight to' s
sinuous white structureless bands. In cross sectional viev; the piliars
vary from less than 0.5 cm to 2 em in length x 0.15 cm to 0.25 cm in
width. Individual sheets are traceable up to 1 m niong bedding
surfaces (in plan view).

Sheet structures are rare in the Cap Enragé sediméntdignd were
noted only within six beds. The bed material comprised ail‘sediment size
}épges from conglomerste to fine sandstone. In the fine sandstone beds,
they were always-associated with beds that also displayed éarting linea-
ti?n. In some cases, it is possible to see-Ehe.progresqive development
of sheet structures from what appear to be\tiuy white "harrow marks"
(Fig;101 ). In coarser sediments, sheec‘structure alignment ( as seen
in plan view) is usually coincid;nt with other paleocurrent indicators.
For these reasons, although sheet structures are ré}e, they ﬁre impor -
tant features to recognize in that they yield valuable paleocurrent

data.

Large Scale Sediment Intrusions: Dykes and Sills (Fig.102,103)
Large scale sediment intrusions in the form of sediment dykes

and sills are rare; only two locations showed these features. Conglom-

o d )

“eratic injections in the form of dykes and sills occur along the margins
of the basal scour fill of Niveau 2 at Greve de la Pointe (Fig.102). Injec-
tions are traceable along strike from a few cm to 1.3 m; injection thick-

nesses vary - from a& few cm to 90 cm. A sandstone sill with small dykes

occurred at St, Simon sur Mer Est in Niveau 4 deposits (Fig.103).



Fig.100 - Sheet structures in.top or plan view. Bed 231, Greve de la

Peinte. Bectangles on notebook are each 10 cm 10n3,‘>-377

Fig.101 - "Incipient” sheet structures in plan view, in association with

harrow marks. Bed 230, Greve de la Pointe. Lens cap 1s

about 5 cm in diameter,P-377



&

Channel margin showing conglomeratic injections into
; | .
turbidites (lowet half of photo beneath notebook). Bed 1,

Crave de la Point:’e._ Stratigraphic top is to the left.

Rectangles on notebook are 10 cm 10n3,?-372

E

Fig.l03 - Sketch of cross-sectional view of sandstone sill and dykes

(shaded portion) in beds 907,908 St. Simon sur Mer !st,PACM

-

*



STRATIFICATION TYPES - SN

Many sedimentary depoaits dieplay feltures which are ettribut-
able to sorting of different sizes of sediment. These features -are
_celled stratification and can be horizontal or inclined. Stratifica-
‘tion is a very common feeture within'the Cap Enragé sediments and was
“noted in 801 beds of}the present study. The following typee of stra-
tification and crose;stratfficntion were noted and described: 1) hori-
'.zontal strntification, 2) low-angle cross-stretificetion, 3) trough
cross-stratification; "4) scour fill stratification; 5) 'doarse clast'
stra?ifieetion; 6) convolute lamination and convolute bedding; and,

7 t;reguiarly inclfned stratification.

~
- I

Horizontal Stratification (Figs.104406)

Horizontal stratification consists of alternating laminae or

layers within a bed,where the layering lies-paralleL to bedding. Units

with horizontal atratifieetion vary from less than a centimetre in thick-

nees to greater than Im in thickness. Horizontal ltretificltion is
found in &1l grain sizes of sediment from fine sandstone to conglomer-
ate. This ;e the most common type of stratification onserved in beds
of the measured sections., Over 80% of the beds that are etratified dis-
play horizentni stratification (Table 23), of these about 30% of the beds
" had vague horizontal stratification. -
Vague. horizontal stratification is defimed b} layers which are

one or more clasts thick in pebbly sandstones and conglomerates. In

finer grained sediments the layers vary from less than a centimetre thick

-
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"

'Fig.10'4 - Cross-section yiew of parallel stratificatiom in fine con-

' gldmerate. Laminae defined by clast-supported and clast

dispersed units. Bed 434 Anse a Plerre Jean, Q-384
vy o

. [

bed, Laminae ‘de'fined.by' alternating sizes of chasts. Hammer

handle is about 30 cm long. "Top of bed is up.
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Fig .105 -

M0

Parallel stratification in medium sandstone (‘a:ith some small
scale ripple cross-lamination). Bed 196, Greve -de la Pointe.
Rectangles on the noteb;;ok are 10 cm long. Stratigraphic top

is up, P.STG



‘TABLE 23 .

STRATIFICATION TYPES

hy

_ Type of Stratification or Gfosbbadding_- N Beds

v %
Well-defined Horizontal StratificBefsh  403. 50

"Vague Horizontal Stratification 247 31
Low-angle, bBlique Grossbedding . 112 14
Vague low-angle, Oblique Crossbedding 14 2

l Irregulaflyllnclined Cross-stratifica- . :

‘ tion " 125 16
Trough Crossbedding 300 37
Scour Fi11 Stratification 84 10
Coarse Clast Stratification 10 1
Small.scale Convolute Lamination 45 6

8 1

Large-scale Convolute Lamination

* Note: percentages are calculated in terms of the number
of stratified beds and not the total number of beds measured.

.

B
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Slight diffhrﬁnceu in grain size éoinc'out-tha afratificntion.. Iudivi-

- dual layers or 1nm1nle are traceable along strike for distances betuaen
approximately 20-100 cm. thue horizontal lamination mny become better-
defined towards tops oﬁ beds,

Plrallel stratification in many of the Facles (1), (2)_ané 3)
pebbly‘sandstones lnd:Conglomerates ia marked by am a;ﬁernatio;'of
"clast supported" and "'diﬁperséd”.(clastb are scattered in & finer bed
or layer) clast layers tFig.1th..This type of #tratificécios 18 best -
developed toward the base of beds ra:;ef than béd tops, although it may
also occur in othexr bed portions. Layers average about 10 cm tﬁick
(rguge: féw cm -750.cm thick). This type of étrqt;ficqtidn is laterally

"more continuousathin the "vague" paralle{ stratification and cén commonly
beﬂfia;ed for entire Outcfop widths. .
| Parallel stratification marked by rows of larger pebbles or

oY

cobbles within finpr clast-supported conglomaratea and pebbly sendstones

" is rare. This type occurs in only 11 of che bads that are stratified

_CTablezaD aninne or Iayers ate one pebble or cobble thick and, in some
cases, 1ndividual clasts protrude \up above the general thickness of the
layer. In these cases, the stratificatign is thonght to be due to
amalgamation of beds. In most instances,the coarse clast stratificaﬁion
appears to represent segregation of grain sizes within a 8ingle bed.

- The last type of parallel stratification conaits of layers.in
which there is a clear and distinet: Flternation of layers of different
grain sizés. iayering in fiﬁe to medium sandstoheé is usually in the
range of lmm to aevefal cm th;gk. In pebbly:iandstoneq and conglomera-

tes’ this type of“%t:a;ificati&n is marked by concentrated quartz pebble

. s
N
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tfa.lﬁs or layers (Fig.105). In-‘aoma‘-fine"'nnd'stone layer-s'the layer boun-
_daries are parallel aided, whilst in other ﬂjcrs the bc{gndariei are
slightly vavy or undulating (Fig-106). St:i:at:ificat:ion which is defined
by alternating sizee of grains is well defi.ned and :Lndividunl laminne :

or layers are commonly traceable across entire outcrop widths.

Low-angle Cross-stratification

Low-angle cross-s.trétificat;.on consists of‘alterd:ing layers
which are inclined at low Qngiea, usually lesa‘than_loﬁ but commoniy
4 - 5d ; to regioﬁgl bedding. In pb?t cases, low-angle cross-strati-
fication.occurs as a siuglé set§ rarely it occurs as two or three sets,
Individual layers average about'O.Sﬁto 1 em in thickness. Within indivi-
dual sets,the dips flaéten off to'near-hori;onéal at the base of thé .
gets. Sets range iﬁrthicknéss from .1.m to greater';hnn 1 m. Thisg_
feature was found in 16% of the stratified beds (Table23), with only

2% of the low-angle cross-stratification being wvague.

Scour Fi{1l Cross-stratification

" Seour fill.crgds-sgratification consists of stratification wh%gh
overlies scoured surfaces in which layers or laminae follow the outliné
of the scour. This type of crossbedding has been noted in material -
from fine sandstone to coarse conglomerate, The thickness of _unita‘
with scour £111 cross-stratification varies from a few cm to meters, -

. with the upper thickness 1imit being delimited by the diﬁenaiona of

the scour being filled, Many of the'beds’with scour fill ;;rossbeddipg
are thought to be mltiple in origin. This is suggested by the oc-:.curre“n-
ce of finer grained laminae which are eroded out by coarser laminae and

fnternal eroaion features between lnminae or layers.
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Troggh Cross-strat:ification (Fi.gs.107 -109)

Trough cross-atratiﬂcat::lon 1s characterized by laninae or
layers which are inclined at high angles to bedding in_ cross-aection&l
view. (Figs.107 -109). In plin.iiiew, trough crossbed sets imve ?.
horizontal traces which are curved. (Fig. 24). Where ever plan views |
were available,all crossbed sets were identif‘ied as t:féugh crossbeds.,
Individual sets vary in thickness from less than a cntoa maximim
~of 1 m. Trough crossbedding is comonly cbserved in stratifi.ed beds
and occurs within 37% of the stratiﬂcd beds (Table 23). Trough cross-
bedding n;ay be classed as small-scale ( sets are & maxitwum of a few - 10
cm in thickﬁess)l or as me&ium-scale ( sets are 10's of cm to about .71 m |

- in thickness). @ -

(1) Medium-Scale Trough Crossbedding - (Figs.23,107) is thought

to form by the migration of dune bedforms . Most of the medium~scale
trough c;ossbedding occurs in fine pebble c‘on,glomerate and pebbly sand-
stone belonging to Facies (2) or (5), with less common occurrences in
medium sandstone Facies (5) beds. Trough setshn':ny occur singly or mulel-
ply,‘where up to six sets may be superimposed upon one another (Fig107) .
Average ‘trough dimensions,as seen in plan view,were: 1,7 m long'x 0.97m
wide. Maximum trough dimensions in plan view were: 5.9m long x 2.4 o
~wide. Average depfh of croasbed sets in cross-sectional view,was about - -
0.4 m .(nuniber of measurements = 141). ‘
The average grain size of the coaru;e layers was 6 mm (fine
congiou'netacé), whilst the average grain size of fine layers was 0.4 mm
‘(me.dimn sandstone). iayers averaged between 0.5 to 1 cm thick for t:hé '
coarse grained layers,and 0.2 to 0.4 cm thick for the fine layers. Some

:-- “.! ] . . ’ . . " 1
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trough sets are scoured and/or lood;d into underlying sediment. Where
mnlciple sets occur thore is commonly an eroaional or renc:ivation suy -
face between tho sets (Figa.23,197).

| The best exposure of plan views of medium scale troughs oceur .
at the Cap:a la Carre “Cuest outcrop (eastem'port) (Ap-pendix 5). An
oxcellent-ﬁertical oxposuro of multiple trough crossbed sets occurs at
Gréve de la Poiooe-tFig.iOI} Load/scour bases of toough crossbeds are
most common at the Gréve de laiPointe outcrop; at other outerops the
bases are scoured or flat. Medium-scale trough crossbedding is common
in graded bofs Belong}ng to Faciles (2).nThis'fEature:characterizoé.coaroor

Facies (5) beds,

(2) Small-Scale Trough Crossbedding ( Figs.108,109) - is thought

. to be the product of ripple or small dune.migrotion. Most small-scale -

trough crossbedding occurs in medium to coarse sandstone, with less
common occurrences in fine or very coarse sandstone. Ripole or small

dune sets occur'mult;ply within single beds and generally‘cross-cut ons

another. Ripple drift cross-lamination is very rare, Less commonly,

smnll troughs occur as single- sets. Most sets are less than 1 cm thick
in the finer sediment. Units with small cross-stratification average
0.17 o thick Goinimum un;t thickness = 0.2 m; maximum unit thickness =
1.15 m). Individual laminae average 1-2 mm in thickness. In plan view
small troughs are,.on the average, 0.12 m‘fong X 0.06 m wide,
Small-scale trough croasbodding may occur as part of graded sequ-
ences within classical ourbiditea (Facles 7), which are moat-commoo in.
the top part of Member III at Bic and in the Kiveau 4 deposits at Gfovo.‘

de lo'Pointe. Small-ocale-trough.crossbedding characterizes fine grained
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Fig.108 - Small-scale trough cross-stratification (abdve Notebook) .
Bed 311, Gréve de la Pointe. Paleoflow is to the right.

Top of bed is up, ?-379

Fig.108 - Small-scaletrough crossbedding in cross-sectiomal view. Cap

‘2 la Carre Ouest. Tape is 50 em long. Between Sections 2

and 1. Paleoflow to the left:1 P.416



Fuc:l.ea (5) beds. Thesa beds are ulso most common at the top of the Bic
- section (Hember III) and at t:he top of the Grava de la Pointe section
(Niveau 4)..

Convolute animticn (Figs-ﬂo,‘l'l'i)

Convolute laminutions are mll folda or cont:ortions that affact:
1nd1v:ldu.ll laminationu or layers with:ln beds but not the em:i;a bed
(Pettijohn. et al 1973). Thesa features are thought to be intraforma-
tional folds.In the present study, convolut:e laminat:ion occurs less
commonly than most of the other stratification t.ypes? Only 7% of the
straci.f:l.'ed' beds had convoiuce lmination-(fable%)' This feature is . d
most. common 1n med:l.um and f:l.ne sandstoge clasa:l.cal turbidites (Facies 7).
Convolute lam;lnat:ian is less common ¢ :ln f:tne conglomerate to pebbly sand-
stone beds and usually occurs at t:he “buaea.of ‘these coaraer beds . Thesa
.large scale convolutions (amplitudes generalffy from 0.5 m to several m)
are coumonly nsociated with ﬂuid escape features of Facies 4 beds ’ﬁ '
(Pig .. 41. 0 "Ye The smll scale comroluce laminationa 1n classical
turbid:ltes vary ber.uaen a few cn and 0.3 o 1n t:hicknesa and oceur in
Bomnn. et divis:lons. .- ',

) Smnll-scale convolute lnminntionu areﬂmost: comon in clasa:lcal
turbiditea at the top of the Bic section (Member I1II). Lnrge scale
convolute laminat:ion 18 :Eoun})in beds of Niveau 2 at Anse' 2 Plerre Jean-
- (middle par:) SRR (Appendix 5), beds of Niveau 2 at Anse % Pierre

. Jenn 1 (Appendix 5) and’ badu of Niveau»!; at Greve de la I’o:lnte (Fi.g.ﬂt)

Irr _gg ar Inclined St:rat:iﬂcat:lon (‘Fig.ﬁz)

Irregular 1nclined atratiﬂcac:l.on is’ strat:iﬂcation ‘that. may

" undulate- -up and down as seen fn crosa-:aection, but generally follows

Lol .
-, - ) ' o SR
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Fig.liﬂ - Large-scale convolute lamination in cross-section. Bed 561,

.Anae ;t Pierre Jean 5. Top of bed is in shadow. The rectang-

& _ .
les on the notebook are 5.cm long, §-390

Fig.111 - Large-scale convolutibms in plan view. Bed 78, Greve de la

-

Pointe. Rectangles on the notebook are 10 cm long, ?.3'{3

“
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the basal margin of the bed. In c;Ol; section it has a sweeping or -
wavy appelrancé. Ko plan-views were: seen of this ;eacure.. aninntiona
are usually betuaen 0.5 and 1 em thick und are commonly marked by
quartr pebble or granule bands. This feature is most common in depositq'
that have many scours along the base of a bed, givipg the basal margin
a.scalloped appearance when aaén.in cross sectioﬁ. Irregular 1n§1ined
stratified units vary from a few cm to 0.4 m thick. Successive laminae
. tend to follow the form of the _previous laminne. Generally the layering
becomes less inclined to nearly horizontal upsection ( with respect to
bedding)

This type of stratification was observed in 161 of the strati-
fied beds. Most of these beds are clasaed as belonging to thias (2) or
Facies (3) pebbly sandstones and cggglomeracea. It is rarely observed
in Facies (6) bedé. Ltgiﬁ;; are genérallf well defined and traceable

-

| for many meters along strike.

Py

TEXTURAL_FEATURES e
Textural features ;efer.to the distribution and orientation of
individual grains within beds. In the preseu£ atudy,-the sizes of the
\ coarse fraction within beds was measured at various intervals’ in the

| field. These data are plotted on the measured sections (Appendix §5)

- -

with methods degeribed in Appendix1. .. .. . i, N

The Aiéffibutioﬁ of the cbarée'frﬁction upsection withiﬁ in-'
dividual beds is referred to as "grdding " Beds may be classed as
- inversely Srﬂaéﬁs normally graded abrupt ncrmally graded or complexly

graded. In addition to describing the grading patterns,ona gpay consider

how concentrated the coarse fraction is“within a bagd. Beds in which the

. - . . ¢’
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coarse clasts touth one another ire-callod "clast lupported ? Ia beds

where coarlb clasts. do not toueh one enothet are called "dinpertod.“t_
Tho final aapoct to consider when looking lt the textural felr -
tures of beds is the orientation of individual grains -- the ¢edimen-

tary fabric, which is discussed in Chapter & of the thesis text.

. Distribution of tﬁe éoeree Frlctionowitodn Beds

The distributioo oflthe coarse fraction within beéds -(ss seen in
the field) can be a aimole 3redetion from the base to the too of g.bed;:
- This is called simple grading. Alternatively, a8 bed may show diftorent
subunita, which are themselves graded. Such beds vould be considered
to be multiply or complcxly graded. Grading may alao occur within small
.restricted zones of an otherwise homogeneous or slightly graded bed. °
This type,of‘greding may occur in the basal few to 10's of cm of a bed
or at the top few cm of a bcd. In cases where the grading occurs sud-
denly ‘at the base or top of a bed, the bed is se}d to be 'hbrupt}y
'graded.“ Ye:ious combioetiooe of simple and multiple_érading patterns
were obaerﬁiﬁ.within the Cap Eurago sediments, Eleven different types
of grading petterna were noted of these the eight major petterna will‘ .
be deaeribed in the following section. The occurrence of a dispersged
versus clest-oupported texture ‘will be discusaed in eonjunotion with
the greding patterns. It mst be emphasized that the following gredins
patterns aré based upon the distribution of the coarse fraction as ob-
served in. the field and Qp not account for the’ fine grained or total’
dietribution of sizes within beds. See. Figure113 for examples of grading. .

"_gl) Ungraded ‘Beds - are homogeneous and ohow,no change in the

' grain size as observed fo-the field, Ungreﬂed beds, are the' second most
‘ B kS ' Ly .~
0 - . S . Lo . o R
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\\
o " NIVEAU 3
2 e
L : .

. NIVEAU 2

x abrupt -normal
Q -to-ungraded
- .
<<
=

normally graded

FACIES

589: reverse-to-normal
588: normally graded

normally graded

abrupt normal.to-ungraded
37= normally graded _
A reverse-to-ndrmally graded

normally graded

s b T e e mm -

Crain Size
Fig.113 - Example of different grading types. Section 3
| gxnsé % Plerre Jesn 5, Niveay 2. Be‘d_nulmbers
indicafed.to the‘right'of the stfatigraph;e
'colum;.; Scale bars are in metres. L- loaded

basé; S- scoured base; L/S-loaded and scoured base,
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comuon typé of "grading" observed 1ﬁ$§ﬁ§ present study. OCrain size
of ungraded beds was commonly conglomerate'and fine conglomerate as

well as fine ‘to coarse sandstone (Table 24). Most of thé ungraded

- beds had flat bases "(60%). Less commonly ungraded beds had scoured

" ( 26%) bases or rare1§ had ioad-anﬁ load/scour bases. Ungraded beéz

had an average b;d thiclmess of 0.85 m (Fig.114) (maximm thickngss‘n 12 m, *
minimun thickness =0.05 m). Few ungraded beds showed a dispersed-tex-
_ture (63 beds! 16.5%). Ail of ‘the Facies (5) beds are ungrad;d. Over a
third of the Facies (1) conglomerates Qre ungraded, All beds of other
facies haGe about % of the beds classed as ung;aded.

(2) Inversely Graded Beds or Reverse Graded Beds - rarely cccur

“in §eds measu;éd in the p;esent study. Simpie regerse graded beds, in
which the thle bed is reversely graded, account for only 2% (29 beds)
"of the measu;ed beds., Reverse graded conglomerate was the most common
type of sediment which displayed this grading. : Less common
.se&iment types were reverse graded fine conglomeraée-to-conglo;érate‘
‘and reverse graded pebbly sandstone-to-fine conglomerate , Tran-
sitions between other grain size classes rarely occurred. Most of the
simple weverse graded beds had flat bases (501), with less Egﬁmonly
gscoured (27%) or loaded -(1i1.5%) bases. Irregular bases are rarely
asaociateﬁ with reverse graded beds. Simple reverse graded beds had an
average bed thickness of 1 m (Fig.{ls)ﬁmaximum thickness = 4.1 m, mini-
mum thicimess = O.A m). Over one-third (35.71;\;f the simple reverse

graded sediments displayed a dispersed texture in some part of the beds,

generally at the base. Most reverse graded beds belong to Facies (1).
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TABLE 24

GRAIN SIZE OF UNGRADED BEDS |

Grain

Size -
Class - N Bads % .*
C 58 14.9
FC. 83 21.2
Ps 29 7.4 e
ves - 33 8.5 . , SN
cs 33 13.6
S 65 - 16.7
FS 67 17.2
VFS 2 0.5

* Note: Percentages calculated in terms of
the number of ungraded beds. Abbreviations
for grain size classes as in Table

100 —

80 — UNGRAPED BEDS
— (N=382)

60

n
0

RELATIVE FREQUENCY (%)
N )
O

O

O 2 4 6 8 10
BED THICKNESS (M)

1

Fig.114- Bed thicimess distribution of ungraded beds.
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{3) Top Reverse Graded Beds - are qhone beds in which the upper

one;third of the bed is revérsely graded. This type of. grading was
noted 1in 3.9 % (53 beds) of the measured beds, C;.-aaed fine conglom-
ergte-to~ pebblylr sandstone, which became coarser at the top‘, was .the
most common type of sediment type, Less common occurrences
.involved alternations between the following grain size classes: conglom-
erate-to-fine conglomerate, which became coarser grained upsection;

fine conglomerate-to-pebbly sandstone-to- fine conglomerate; conglom-
erate -to-coarse sandstone-to-very coarse sandstone; and, coarse sand-
stone-to-medium sandstone-to-coarse sandstone ? Transitions
ainongst other grain size classes are rare, usually with only single
oct;urrences. Most of the top reverse graded beds had flat bases ( 39.2%),
wi.th less commonly scoured (33.3%) or loaded (23.5%) bases. Load/scour
and frregular bases are rarély asgociated with beds of this type of
grading. Average bed thickness was 2.91 m (Fig.115) (maximum thickness =
16.1 m, midimum thickness = 0.5 m). Grading patterns in the lower por.--

tions are varied: graded-to-top reverse graded is the most common associ-

tion, with less common occurrences of reverse graded~-to- graded-tb-

top reverse éz‘aded. Most of beds with top reverse grading also
dispiayad a8 dispersed texture within some portion of the bed and are
c‘mﬁnonly classed as Facles (3).

(4) Normally Graded Beds ~ are beds in which the grain size gets

finer upsection, This is the most common type of grading logged in the
present study, with 589 beds (43.4%) being normally graded. Graded fine
conglomerate -to-medium sandstone and graded conglomerate-to-fine conglom-

. <
erate were the most common sediment types. Less comrmon transi-
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tions consisted of graded fine'congloqarnte-tOJcoatse anndatoﬁe; graded-
fine conglomerate-to-fine sandstone; graded fine conglmrate;to - very
coarse sandstone; and, graded medium aandutone-to-finelsandstone,

. 'I‘ran;a’icion-e amongst other grain size cln;ses are less frequent
. or ra;.'e. Qver a third of the normslly graded beds slowed a dispersed
texture within some portion of the beds. |
‘ Over half of the normally graded beds had flat bases (56.4%) .
Less common were beds with scoured (26.7%) or loaded (11.6%) bases.
Load/scour and irregular bases rarely OCCL.l!'l.'ed. Avqrage bed thickness
was 1.41 m (Fig.116) (maximm thickness = 11.5 m, minimum thickness =
0.2 m). Over three-quarters of the Facies (7) beds are normaliy graded
(with respect to the coarse fraction as-seen in the field). Over half of
the Facles (2),(3)7 and (4) show normal grading. Normal grading was
poted in over a third of the Fecles (1) beds and was less common in beds

of Facies (6).

{5) Abrupt Normally Graded Beds - are those beds which grade

| suddenly at the base of the bed, with overlying portions of the bed
being ungraded or slightly norx;aally graded., This type of grading is
the third most common type of grading noted, with 174 beds (12.9%)
being abruptly normally graded. Abruptly graded fine conglomerate-to-
medium sandstone was the most com:n tx;ansition. Less common_
assocfations consigted of fine conglomerate-to-fine sandstone; conglom-.
erate -to-very coarse sandstone;and, fine conglowmerate-to-coarse sgn;d-
stone. Transitions amongst other grain size classes are less fr'equent.

or rare. Most of the abrupt normally graded beds had flat bases (60%),

with less commonly scoured (26.5%) or loaded {10%) bases. Load/scour

N
\
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Vandiit:gggfa;.basea,are rarq.‘Average,bed ﬁhiﬁkness was 1.11 m.‘Fig.116)

: Gmaiimum t;Iékneag-11.3 m,'minimum thtckneis = 0.2 m) . About 44% of the’
aBrupt normally graded beds showed.dispegsed‘textu:e witﬁtn some po:tioni
of the bed, Most of the abrupt normally graded beds were claQaed ;a -

. Facles 6). Less commonly beds were classed as belonging to faeies ),

3) ﬁnq ). ﬁnrely‘abrupt normally graded Facies ;1) and icies:(7)

beds were noted.

(6) Abrupt Normally Graded-to-Normally Graded Beds - are those
beds which grade suddenly at the base of the bed, with overl&ing portions
of the bed being normally graded. This grading paétern is the fourth |
most common type of grading type noted, with 52 beds (3.9%) classed in
this category. Most of the beds consisted of fine conglomerate, abrupt-
ly graded -to- medium sandstone-to-fine sandstone, Less coumon
assoclations were fine conglomerate, abruptly graded, -to- coarse sand-
stone-to-fine sandstone and conglomerate, abruptly gradeﬁ, -to-coarse
sandstone-to-medium sandstone, . . Transitions amongst other
grain size classes are very rare. ‘

‘Most of the beds had flat bases (47%), with less commonly
scoured (27.5%) or loaded (17.7%) bases. Load/scour bases are rare.
Average bed thickness was 2,38 m (Fig.116) (maximum thickness = 13.2 m,
minimm thickness = 0.4 m). Many of the abrupt normally graded-to-graded
beds (487) showed a dispersed texture in some portion of the bed.Most
of the beds with this grading pattern were classed as belonging to Facies
©)..

{7) Reverse Graded-to-Normally Graded Beds - are reversely graded

in the lower third of the bed, with overlying portions of beds being nor-

-
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mlly graded. This type of grading is less common than the patterm.l
discussed above, with only 47 beda (3 5%) being reverse graded-to-
normally graded. Most of the beds were conglomerate, "+ Less
common associations consisted of reverse graded-to-graded conglomera’;:e-
to-fine conglomerate; fine conglomerate-to-conglomerate-to coarse or
medium sandstone; and, reverse graded fine conglomerated, graded, -to-
medium sandstone, Transitions amongst other grain size
classes are very rare. |

Over half of these revefse-to-nofnally graded beds had flat (P
bases (53'.22) with less common occurrences of scoured (27.7%) or load-
ed (152) baﬁes. Irregular bases are rare Average bed thickness of beds
with thi.s grading type was 2.03 m (Fig.ﬂs) (maximum thickness = 7.5m,
minimum thickness = 0 4m), Most: of the beds that show this grading
pattern are the Facies (1) conglomerates or the Facles (2) fine

conglomerates,

(8) Complex Multiply Graded Beds - rarely occur in the Cap

Enrage’ sediments and were only observed in 1% of the beds that wére
measured. The most comon complex grading pattern was .abrup: normally
graded-to-reverse graded-to- normally graded.Hﬁst of these beds involved
alternations amongst fine conglomerate, pebbly and medium aandstu;xes.
Bages of the beds were usually scoured. Average bed thickness was 1.8 m
(maximum thickness = 7.49m, minimum thickness = 0.5 m). Beds
with complex grading patterns were slightly more common in Facles (3) and

(4) beds.
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Chaotic Mixture of Grain Sizes (Fig.i17)

Chaotic mixtures of differemt grain sizes within single beds
rarely occur within the Cap Enragé sediments. This type of feature
was observed in the fbllowing sections (Appendix 2): one bed in N;veau
2 at the Anse & Pierre Jean 5 outcrop; ome §ed at the contact between
Nicéau 3 and Niyedu 4 at Riviére Trois Pistoles outcrop; and two beds
at the Gréve de la Pointe outcrop ( Niveau 2 and Niveau 4). All beds
with this feature had scoured bases . In two cases C&nse'i Pierrg Jean 5
and Greve de la Pointe,Niveau 2) beds were part of multiple channel fills.
Chaotically mixed units varied in thicimess from 0.6 to 1:6 m, with an
average thickness of 1.02 m. Upper surfaces of chaotic'units-were ir..
regulhr, scoured, loaded or flat, Mixtures ranged in size from conglom-
-erate to coarse sandstone. Shale rafts were also common in.chaotically
mixed zones, many of which are very contorted. Clasts of a given size
may cccur singly or as 1rrggular distorted pockets (most likely coarse
grained intraclasts or intetnal load features). Grain sizes. varied
drastically both in lateral and verﬁical direétions with no apparent
ordering or segregation of sizes. In the field,grain fabric appears to

be completely disorganized.
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Fig.117 - Slump bed which begins just above hammer head. The bed consists
of contorted shale clasts and chaotic mixture of pebbles and
sandstone. Bed 383, Riviere Trois Pistoles, Hammer handle

is 35 cm long. Stratigraphic top is up, P.3B1
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APPENDIX 5 . a

OUTCROP MAPS AND STRATIGRAPHIC SECTIONS

All of the séction; measured in the present Atudy'afe
drawn‘on the following pages. Most of the sections -are preceded_by
respective outcrop maps. The Gréeve de la Pointe outcrop‘map was
traced from aerial phoﬁogrnphs (scale 1:10,000) of the coastline. Alls" )
other outcrop maps were drawn in the field as pace -and-compass maps.
No outcrop maps were made of the following sections: Riviére Trois
Fistoles, Anse & Plerre Jean 1, Niveau 2, Anse aux Saumon Est and Bic.

Topographic maps of the study area are given on the Trois
Pistoiés 22-C/3 (edifion 2) and Rimouski 22 C/7 (edition 2) 1:50,000
scale maps (Canada Map Office, Department of Energy,-Mines and Resources,
Ottawa). Aerial photographs are as follows (scale 1:10,000): Bic "type'.
. section - Roll Q76-120, numbers 168,180; Anse 8 Pierre Jean to Cap ala
Carre - Roll Q76-121, numbérs 38 through 47; and Gréve de la Pointe -
Roll Q267;21, numbers 15 through 17 (Ministére des Terres et Forﬁts,

Service de la Cartographie, Photo-cartotheque provinciale, Québec).

Qutcrop Map Key

- Shaded map portions indicate outcrops where sections were measured.
Striped outcrop patterns indicate covered secétions.,

- Solid road lines are major paved roads.l Dashed road lines are dirt
road, pﬁssable by car. Dotted road lines are dirt roads or paéha,
iﬁpassable by car.’

N2, ..., Né6: indicace stratigraphic 'niveau' as defined by Mathey (1970)
in the St. Simon area. '\HI M II, M III: indicate atratigraphic members

as defined by lajoie (in press) in the Bic area.
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. __Ntmbers and lettera 4n brackets ( ) are survey marks painted on the
rocka in the fi.ald. s )

1, 2 23, see 3 1nd1cate aection mmbers at speciﬂ.c outcrops. Outcrop A

" area covered under each section is- encanpused by huvy, solld lines.

Along generally iaolated coastl.ines, prominent cot:agea are- 1ni11cnted
as: : :

« . . '{."
o U a,

Faults are drawn ﬂth apparent direction offset and amount of offse.l_‘:','i.
according to respective ﬁnp. scales, .
T: Tectonized section ,

Dashed lines on the outcrops ‘i,hdicate boundaries between different

'niveau.'

Stratigraphic Section Key - ' 2

Vertical \acale is in metres, where 1 bar ='1 m. 1

o Tt ttrrT++Ht++rrt+ -+ %o
43210-1-2-3-4-5-6 6-7-8-910 1142 Horizontal scale is
. - - ~ grain size. Data were
,-1,2 . .',5 .2 ? , 32 .1?8,51,2 2048 plotted as P units.

mm {1 i ] i 1

]
| 1 1
06 25 1 4 16 64 256 1024 4096

The horizontal and vertical scales are the same for all of the sections. _

Facies numbers are designated to the left of the metre scale.

Bed numbgrs are indicated to the ::i.ght of the spections, Beds are bounded
by hor;.‘zmtal lines to the left of the metre scale (between thege lines
is the facies number). As many beds were measured at more than onme ‘
location (and bed grain size and facies character may change with
location), a new number is usually ass-igned to each new measurement.

Bed numbering is genmerally from the base to the top of each section .
Nﬁmbera are the lowest at the Greve de la Pointe section and highest

at the Bic section. -

-

-
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Correlative beds o;' bed port:ioné on single diagrams are joined by -
sqlid tie lines. Correlative beds or bed portions on di.fferent
diagrams are indicated by solid arrows ( -——h- L ) S

The north arrow refers only to the orientntion arrow, not the ou_t;‘crop

orientation.

~ Sections which are continued on other diagrams are indicated by arrows

as follows: HT ¢ the next succeeding bed is Bed number 28 . .

l : the immediately preceding bed is Bed number'é7.
Distances betwee: sections are indicated in metres ( 107M ). |
Blank sectiﬁn-aren's indicate covered intervals.

Internal structures of beds:

With the exception of the classical turbidites, all of the internal

structures of t:he :Lndividual beds are drawm on these sections. Key is:

uvu Dish Structures

Slele) Structureless Conglomerate
pranawt

"t
AA Branching Type B Pillars

Sheet Structures

Dippersed Texture Type B Pillars

Stratification Defined by
f—go] Altermating concentrated/
dispersed layers

*‘ ¥ Irregular Type B Pillars

. —=H Horizontal Fluidization
‘Structureless " Channels

B, vivIV Digh structures with
Type A pillars

Stratification Defined by
Alternating layers of
Different grain sizes
Low-angle, inclined

® w sy Shale intraclasts

Gmm Shale layer

—] Crossbedding T  Tectonized
37233 Convolute Lamination
Trough Crossbedding tb classical turbidite bed,
only indicated on thicker
N Ripple. Crossbedding turbidites to avoid con-

Medium-scale trough cross-
bedding
Vague atratifieation”

==

fusion with thick, Facies
6 beds.

Irregularly inclined
Crossbedding
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B ). ' Eroded (A) and Detach- - ' %7

> 50 ™ ed Load Casts ' ¢ - Irrelular Upper -
[ 1 " . -
L w . W& 7 N o oo 49 -Bed Contact.
| Wl Laterally Linked Dish . %o 9 ‘Clasts Stick Out
: : Structures ‘ Above Bed Level
CAC\ Inclined Dish Structures :
\‘(_\"}C}A .o o . o N0 Load. Casts ‘and
LA \\ Inclined Type B Pillars . , : Flame Structures
o _ T o o ‘ '
. Alternating parallel : f‘}{)% Al’.oad Casts
ST "laminated and ripple - - '

LA crossbedded thin layers

Bases of Beds:

Notation to.the right /of the stratigraphic section, letters indicate
different types of basal/céntacta as_follows.
S - scoured base; %— loaded base; L/S - loaded apd scoured base;
e I- irregul#r base, due to :eregul:ar upper bgd contnct‘ of previous
bed. Absence of a letter means that the be.td has -a;(flat base.

Paleocurrent Data:

These data are plotted to the right, generally speaking, of the strati-

graphic sections. Position of the paleocurrent daterminat:io-n is indi- .

-cat:ed by a dashed line, Key to’the paleccurrent ggta is as follows.
\EB Field fabric measurement of c':inglomerate unit,

_ FB Lab fabricmeasurement of sandstome or pebbly sandstone unit.
Grand Vector- Mean is plotted for unimodal bedding plots.
FB. Dominant modes are plotted for bimodal bedding plots.’ .
"7 7+~ Dotted lines indicate Grand Vector Mean as calculated from ran-

\Q*dom bedding plots. Arrows indicate flow direction as obtained
from imbrication plots.

\\Line of Motion paleocurrent data.

\ Vectorial paleocurrent data.
Letters near the paleocurrent lines and vectors indicate the type of
structure from which the paleocurrent information was obtained s Lo, RF

Although the vector mean directions are insignificant in random plots,
the computed values were plotted to provide a reférence direction for
imbrication data.
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.iéoufce‘of ﬁaléocurrent_dataé
P - Flute Mark; G‘- Groove Mark; HR - Harrow Marks; ID - Inclined '
Dish Structure Units; IT . Inclined Fluid Escape Tubes; LK - |
. Longitudinal Ridges; EL - Parting Lineation; R - Ripple Mark ,
‘paleocurrent obtaiﬁed from dip of stratification as seen in “
cross-section; RF - ﬁib-and-Furrow Marks, refers to plan views
of both small- and medium-scale trough crossbedding; SA. - Scour
" Axig, taken as the strike of the axi; of a scour; SP - Scour Plane,
taken as the strike of the side of a scour surface; ST - Sheet
Structure; T - Trough Crossbedding,-;;iéocurrent obtained from
dip of crossbedding of medium-scale trough crossbeds as seen in
croég-sgction; IMB - trend of apparent field imbricaéion as seen by
All paieocurrent data was rotated about strike through the angle of
dib back to the horizontal (regional strike and dip for each bed was
used in this rotation). All of the paleocurrent data are plotted
with respect to tﬁ; north arrows indicated on each section. Any,paleo-

current data not found in these sections, but given on the generalized

model sections in the text, are from Davies (1972) or Johnson (1574).

ther Notation:

- --—- A,B,C,D replicate samples for fabric &nalyses from same
bed. '

gs = 107 mm 1037 grain size = 107 mm for Bed 1037

368

eye,

-

-————(::::) bed correlation obtained by comparison. of sections,
not a field correlation

Sh Shale Unit

FIG.11 Line drawing of indicated stratigraphic section.
given in the thesis text.

¢ Grain Size Analysis in thin section; #aPetrologic Analysis

o
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TYPES OF CLASSICAL TURBIDITES

Key: 16 (abc)= Bed 16 is an abc turbidite

- 16 (abc), 22 iabc), 26 (abc), 70 (abc), 80 (b), 111 (ab), 118 (abc),
119 (at;c):‘m (abc), 135 (b), 146 (abd), 148 (abe) . 149 (be), 150 (be); ,
151 (asbc), 156 (abc), 1 7\(gc), 158 (bc), 159 (mcd), 166 (bc), 173
(abed), 174 (b), 180 (abc), 181 (b), 184 (abed), 185 (abede), 189 (abe),
198 ‘(ac), 199 (abc) ,' 200 (abc), 201 (abe), 208 (c), 209 (ac), 211 (bc), -
214 (abc), 215 (abc), 223 (ab), 229 (abe), 249 (ab), 252 (sb), 254 (abc), -
260 (ab), 290 (scd), 293 (abe), 297 (abc), 321 (ac), 32; (ac), 333 -
(abed), 336 (abc), 345 (abe), 346 (abe), 349 (abc), 350 (abe), 354 (abe),
" 357 (abe), 359 (ab), 360 (abc), 364 (ac), 365 (abc), 367 (ac), 373 (sc),
376 (ac), 378 (ac), 380 (abc), 399 (ab), 407 (b), 408 (ab), 409 (b),

411 (ab), 413 (bce), 414 (be), 508a (be),513 (be), 514 (be), 535 (abe),’
537 (bce), 577 (ab), 578 (abe), 579 (abe), 580 (ae), 583 (sb), 585 (ab),
742 (abce), 743 (be), 744 (be), 745 (be), 765 (be), 769 (be), 817 (abce),
834 (bce), 846 (be) ,' 861 (ac), 1060 ,(ab‘;), 1033 (ab), 1072 (acd), 1141
(ac), 1219 (ab), 1244 (bec), 1265 (abc), 1266 (abj, 1270 (be), 1271 (be),
1272 (b), 1275 (abc), 1286 (ac), 1312 (ac), 1313 (ab), 1314 (ab), 1315
(b), 1316 (abc), 1317 (ac), 1318 (a}{a), 1329 (abede), 1349 (bce), 1405
(abce), 1408 (abc), 1414 (abc), 1428 (ab), 1433 (be), 1444 (ac), 1445
(abc), 14458 (be), 1449 (acd), 1450\@&), 1454 (abc), 1461 (ac), 1463
(abe), 1464 (abc), 1465 (abc), 1467 (ac), 1468 (abc), 1476 (ac), 1476a

" (be), 1488 (abc), 1489 (abce)



CHRONOLOGICAL ORDER OF SANDSTONES AND SHALES AT THE 'TOP OF BIC SECTION

These beds“immedia:ely_bvbrlie bed 1489, see top of Bic Hhmbef I1l.

Key: Sh -shale bed, 5 -'unéraded, crossbedded sandstone, all other

beds are classical turbidites, with the type of sequence indicated.

Sh
ae

. cde -
/\211 : 1 .
e

bee

Sh P

5
Sh Upper’ Part
5 .
Sh
5
Sh
5
abee . .

Tectonized (T)

—f

Sh

ae

Sh

ace

abe

ace

Sh up

ace

Sh

ae

be

ac _

Sh . Lower Part
5

Sh

ace

Sh

1

Sh
5 j=Drafted as one unit
Sh
5]
ace

acde

abe

Facles 4, Bed 1494

abce -
Sh .

5

Sh

ae

Sh

5

Sh

bee

ae

ae

Sh

Bed 1489
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~ APPENDIX 6

FABRIC DATA FROM CONGLOMERATES*

A

fa Paleoflow |

Bed 2.DAz Avg Dip 3-DAz 3.DDip K &

1
298
341

343

353
434
434A

433

442
bl
445
677
683 -
694
724
739
177
790
-792
796
799
801
889
891
922
940
987
1000
1096
1081
1142
1165
1171
11814
1181B
1181¢
11819
1114
1132
11324
1137
1101

- 1206

139,1

151.8
107.6
062.7
226.3
033.5
048.4

116.8

013.3
118.8
069.9
145.9
165.3

038.9

002.6
037.9
056.7
105.5
172.2

'040.5

124.2
104.4
096.8
006 .6
096.8
0704
088.5
017.7
022.0
012.2
00449
322.9
147.2
342.2

015.7 .

005.4
045.7
161.1
178.3
002.7
348.8
038.9
079.4

5 .

144.1
107.2
108.5
057.4
233.2
032.7
| 044.8
114.5
008.0
119.1
067.4
147.3
157.8
046.8
000.2
027.0
071.9
112.7
167.9
044 ot °
112.2
111.5
093.8
012.0
100.7
123.1
098.8
013.0
026.8
039.9
006.9
325.0
033.6
334.4
017.6
001.9
041.5
013.2
004.0
360.0
348.8
044.3
077.6

13.4
13.4
14.9
22.0
19.5
19.4

2.7

3.94
2.34
3.29
3.62
3.72

18.95 .

6.06
15.25
6.57
3.01
6-04
3.44
2,95
3.47
4.88
3.38
438

3.26 .
3.72

3.11
2.96
2.95
3.29
3.82
4.82
3.29
7.46
6.73
2.92
2.48
6.61
5.51
4.20
3.57
2.95
2.71
3.68
4,36
5.03
8.83
8.83
2,71
6.11

84.53  324.1
84.82  287.2
68.55  288.5
83.35  237.4
76.07  053.2
76.66  212.7
76.62  224.8

. 715.09 294.5 -

68.03  188.0
70.63 299.1
70.59  247.4
87.84  327.3
76.66  337.8
86.11 - 226.8

66.23  180.2
81.14  207.0
7758575 251.9
68, 292.7

64.39  347.9
72.77 2244
78.45 292.2
64.89 291.5

74.90 | 273.8
79.93  192,0
71.57  280.7
81.21  303.1

73.71  278.8
78.77  193.0
71.54  206.8
80.11  219.9
78.63  186.9
61,52  145.0
88.70  213.6
70.04  154.4
77.32  197.6
59.85  181.9
60.70  221.5
87.21  193.2
75.00  184.0
80.72  180.0
76.00  168.8
71.95  224.3
78.57  257.6

424
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FABRIC DATA FROM CONGLOMERATES (continued)

Bed 2-DAz Avg Dip 3-DAz 3.DDip _K 6 _ 8 Paleoflow
1228 088.3 32.2 074.9 9.7 5.17 52 80.34  254.9
1267 154.9 45.3 155.7 16.6 3.26 70 73.51 335.7.
1342 042.0- 26.4 060.4 . 4.2 6.67 44 85.92 240.4
1399 - 124.1 40.9 290.0 7.6 3.40 68 82.54 110.0
* Key?® 2-D Az - two dimensional ve mean of the br_ojcctions of

\/

Southern hemisphere sterecnet plots of the conglomerate fabric data -

are given on the following pages. Each point is the direction of the

sional vector mean azimuthj™
" mean dip (takes into account

«D Dip - three dimensional vector
rection of dip}; ‘R

constant K estimate; @ - estimate of the semi-angle of the
confidenoe of the three-dimensional vector mean; 6. - estimete
of the semi-angle of the confidence of the three-dimensional

vector mean azimuth (

and § 4 calculated at the 95% confi-

- precision

425

dence level); Paleoflow - direction of the paleoflow direction ,
' Paleoflow = 3-D vector mean azimuth <t 180° = current direction .
(see Nederlof and Weber,1971, for discussion of these statistics)

maximum dip of each clast.
direction (palFoflow). North arrow indicates north direction.. Tick
marks on the top of each stereonmet are the morth direction. Numbers
Letters indicate positions within individual

indicate bed numbers.
beds (see sections).

Arrows show the computed vector-mean flow

-
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APPENDIX 7

PABRIC DATA FROM PEBBLY SANDST(RBS AND SANDSTONES

‘ SUMMARY STATISTICS OF FABRIC IN BEDDING *

947

- 9 v =2 df Orientation
Bed 8 .5 Sig. Level L2 s N  Pattern
3 136 1.77 1-0 -'002 ’ . 9 - 100 R‘ndm
7% 069 7.78 025 - 01 20 46 100 Unimodal
. 123 003 0061 R 100 - 0.2 5 - 100 Random
430. 071  5.34 0.1 -0.05 16 47 100 Unimodal
432 . 033 4.1} 0.2 - 0.1 14 47 100 Unimodal (Poor)
4346 051 12,07, €0.005 ° 25 44 100 Unimodal (Good)
436 I s T - - -= 100 Bimodal {125-305)
446 117  0.97 1.0 - 0.2 7 -- 100 Random
457 eee emee — -« == . 100 Bimodal (045-225)
459 cme . wmen  eremceeca- <= =- 101 Bimodsl (035-215)
501A 115 10.52 0.01 - 0.005 23 . &b 100 Unimodal
501B - ace- Ammucecuan e . == 101 Bimodal (035-215)
505 - ceme emeccecea- _ == == 100 Bimodal (065-245)
682 026 13.48 - €0.005 26 4 099 Unimodal (Good)
685 me=  mmms, mhmmceees an -- 100 Bimodal (030-210)
690 177 .12.72 €0.005 25 4% 100 Unimodal (Good)
692 031 . 7.98 0.025 - 0.1 20 46 100 VUnimodal -
694 038 18.11 <0.005 30 43 100 Unimodal (Good)
709 054  4.38 0.2 - 0.1 15 47 - 100 Unimodsl (Poor)
711 -—- R T - ~= 099 Bimodal (045-225)
730 044 7.36 0.05 - 0.025 19 45 100 Unimodal
740 - amm- ‘memame=men - -- 100 Bimodal (005-185)
761 mee oo e == == 100 Bimodal (015-195)
762 -—- meme ecececca-a -- -- 100 Bimodal (045-225)
768 053 12.94 €0.005 25 44 100 Unimodal (Good)
797 ——- cees. emememcees - -- ° 100 Bimodal (055-235)
805 - acm=,  mesmsescane " - - 100 Bimodal (055-235)
809 156 2.30 1.0 - 0.2 11 - 100 Random
813 089 14.06 <0.005 27 4 100 Unimodal (Good)
823 --- —— SR - - 100 Bimodal (065-245)
853 ane  mmwes  meeseseses - -- 100 Bimodal (150-330)
854 025 1.19 1.0 - 0.2 8 ~= 099 Random
858 "~ 121  0.05 1.0 - 0.2 2 - 100 Random
859 055  3.30 0.2 - 0.1 13 48 100 Unimodal (Poor)
904 035 1.94 1.0 - 0.2 10 - 100 Random
907 076  0.04 1.0 - 0.2 1 -- 100 Random
916 067 7.50 0.025 - 0.1 19 45 100 Unimodal
926 179 1.43 1.0 - 0.2 8 - 100 Random
930 a-- cann —meaceaca. aee  a=m 101 Bimodal (125-305)
941 == wmse eecceccaea we= == 100 Bimodal (035.215)
945 042  0.34 1.0 - 0.2 4 - 100 Random
946 045 17.86 €0.005 30 43 100 Unimodal (Good)
066  0.11 1.0 - 0.2 2 -~ 100 Random



v
i

Bed ©- %2
948 026  2.81
949 097 423
950 <am  =-em
954 052  6.40
984 152  0.62

1026 042 18,99

1028 014  5.43

1029 027 13.04 .

1030 052  3.48

1034 eme emw=

1038 == —a--

10388 =m=  ceme

1040 040  1.18

1056 034, 0.28

1066 114' 6.91

1066A ~a- ' =ae-

1069 ~=m  —sm-

1070 . 026 2.93

1125 149 7.40

‘11254 059  2.98 .

1126 171 14.09

1126A 087 8.26

1127 © 119] 2.23

1130A 004! 0.73

S1130B  eee!  =mam
1130C 138  0.69

11300 117  1.30

1140 110  0.47

1152 103 0.19

11964 071  4.72
1196B 065  1.19
1196C o= acm=-

1196D 093 12.53

1198 om0 —mee

11984 073  2.88

12004 112 11.71

1200B ===  ~ee-

1200C 053  2.05

1208 = 040 - 6.61 .

1213 055  3.53

1215, <a=  =en-

1217 mem mmee

. 1242A —ee  em-e

SUMMARY ‘STATISTICS OF PABRIC IN BEDDING 9;éoﬁcmued2

“.

o = 2 df o Orientation - .

Sig. Level s N Patterm \
. 1.0 - 0.2 12 .- 100 Random ‘

0.2 - 0.1 15° 47 100 Unimodal (Poor) .

------- - - ~« - 100 Bimodal (035-215)
0 05 - 0.025 1§ ' 46 100 Uaimodal
1.0 0.2 . 6 - 100 Random

- ¢0.005 31 42 100 Unimodal (Good)
Oel -0.05 17 47 100 Unimodal .

€0.005 26- 44 100 Unimodal (Good)

0.2 - 0.1 .13 48 100 Unimodal (Poor)
---------- e - 100 Bimodal. (020-200)
---------- .- -- 099 Bimodal (055-235)
---------- - -= 097 Bimodal. (035-215)
1.0 - 0.2 8 -- 100 Random .

1.0 - 0.2 & -- 100 Random
0.05 - 0.025 19 45 100 Unimodal
B L - - 100 Bimodal (165-345)
----------- - - 100 Bimodal (115-295)
1.0 - 002 12 - 100 Rlndm
0.025 - 0.01 19 45 100 Unimodal.

1-0 - 0-2 12 - 100 Randm :

. €0.005 27 44 100 Unimodal (Good)

0.025 - 0.01 20 46 100 Unimodal

1.0 - 0. 11 e 100 Random

1.0 - 0.2 6 - 100 Random

---------- - - 100 Bimodal (060-240)

1.0 - 0.2 6 - 098 Readom

1.0 - 0.2 8 - 100 Random

1.0 - 0.2 9 - 100 Random

1.0 - 0.2 3 - 100 Random

0.1 - 0.05 15 47 100 Unimodal

1.0 - 0.2 8 - 100 Random

---------- - 100 Bimodal (115-295)
€0.005 25 44 100 Unimodal (Good)

S - - 100 Bimodal (045-225)( «"

: , (145-325)

100 - 0-2 12 - 100 mndm ’

{ 0.005 24 45 101 Unimodal (Good)
R b - == 100 Bimodal (120-300)
1.0 - 0.2 10 - 100 Random
0.05 - 0.025 18 46 100 Unimodal
0.2 - 0.1 13 48 100 Unimodal (Poor)
cmmmmemmmea - - 097 Bimodal (055-235)
---------- - - 100 * Bimodal (015-195)

(135-315)
-------- - - - 100 Bimodal (155-335)
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SUMMARY STATISTICS QF FABRIC IN BEDDING (continued) .

S : T VUV =24df o Ortentation *
Bed § %2 sig.level 1% &® N Pattern
©1242B -ee e | eccemeees =  =e. . =< " 099 Bimodal (125-305)
©1242C 035 3,31 .. 0201 .13 48 100 Unimodal (Poor)
12420 145 11.67 €0.005 24 . 45 099 Unimodal (Good)
1256A 124  6.57 . 0.05'-0.025 18 - 46 100 Unimodal ‘
1256B «ee  cmme . aeemaa- w==  e= - <= 100 Bimodal (027-207)
1256C 046  0.36 ° 1.0 - 0.2 4 == 097 Random .o
1320 cee emee mecamen we= == w= 102 Bimodal (145-325)
1322 144 18.25 € 0.005 31 42 09 Unimodal (Good)
13246 132 10.98 . .. (0.005 26 45 099 Unimodal (Good)
1345 108 4.44 0.2-0.1 ° 15. 47 100 Unimodal |
1347 084 Q.43 1.0 - 0.2 5 -- 100 Randém
1351 " 139  10.66 {(n.005 . 23 44 100 Unimodsl (Good)
1352A cce * cmme | ccmccceoes == == 100 Bimodal (090-270)
. R _ : ‘ (030-210)
13528 ca- coee | mecacccenw e == 099 Bimodal (125-305)
-1352C  mme emme ccemeea “e == == 100 Bimodal (045-225)
. | . (155-335)
13520 087  2.04 1.0 - 0.2 10 .-~ 099 Random
1355 eee weee S = == . == 100 Bimodal (065-245)
e 1403 sae cean 0 emmecmaa e« == 100 Bimodal (045-225)
1404 003 1,77 1.0 - 0.2 9 - 100 Random -
14064 145 1,87 1.0 - 0.2 10 -- 100 Random
1425  eac ecme ececcemeaa -= == 100 Bimodal (115.295)
1“7 166 . 1-4-0 . 1-0 - 0o2 8 - 100 Random
1451 085  6.70 0.05 - 0.025 18 46 100 Uanimodal
14588 081  0.56 1.0. - 0.2. 6 -- 100 Random
14568 woe.  amce T ceemmceeee . == =« 100 Bimodal (080-260)
. _ : (155-235)
1458C 101  0.08 1.0 - 0.2 2  -= 100 Random
1466 162 6.55 . 0.05 -0.025. 18 46 099 Unimodal:
1475 cac cmen | cececeana -= == 100 Bimodal (065-245)
1480 064 - 4.75 0.1 -0.05 15 47 100 Unimodal
1496  cee ceua sswmmsedee  =u -« 100 Bimodal (005-185)
- ‘ (105-285)

*Key: Bed - bed number; 8 - vector mean; % 2 | calculated chi -squared
ed value of the observed distribution; sig. level - significance level
of the calculated chi-squared value on a chi-squared distribution with

~ 2 degrees of freedomj L% - vector stréngth of the vector mean; s° -

standard deviation of the observed distributionm in degrees; N - number of
measurements. .

Rose diagrams of the individual distributions are plotted on the
followSng pages. Diagrams are plotted in 10° class intervals.Arrow indi-
cates the north direction. Scale bar is 10 meagurements. Numbers in the
centres of the diagrams indicate the bed numbers.
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Fig. 118 Rou dugrlm of bedding ﬁbrie pattatno are plottad on the _

- e

following plgea. About 100 neuuremnt:l vqu udq on uch umple.
~ _ lﬁt i.l llna-of-motlon dar. 3 Hanca the dtltributions were drawn

as lymet:ricnl pnt:terna. Sula blr indicates 10 msurmnu.

-4

~ Horl:h diract:lon is plottad. &mber’f in ‘tﬁe‘ centres of the rose

."diagrm indiute bed numbers from which the samples. were taken.
'.Nnrrow lines ind:l.clte vector means in unimodal distributiona

| and directionu‘ of dominant modaa in bimodll dtstributions.
A,:B, C, ves indic_lr.é replicate sl.ﬁéalqn \ipuc‘tion within lnd-.

ividual beds.
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SUMMARY STATISTICS OF

IMBRI

!

- .

CATION PATTERNS *

449 .

G35)

- Bimodsl

_ ° . L% Bed: s Co
8 8 -Lz._ ‘Modal Dip ° - L% Imb _Imbrication Pattern
4. e oo .- 35 (45) ---- . Binodal

430 .--- - ‘== 15 Q@5) me—— Bimodal

434 ~e- .- - ‘10 (5) [ Bimodal

457 093 53 62 - 35 (25) Cmana * Random

5018 wwe - - 55 (45) - Bimodal »

505 -~ = == 25 (55) ——— " Bimodal -

682 113 62 50 20 0.52 . Unimodal (Poor)

685 --- - = 35 (35) ——— Bimodal =

692 113 53. 63 35 0.32 . Unimodal (Poor)

694 .-~ - - .25 (30) ———— " Bfmodal . @

709 119 41 78 35 - 0.19 Unimodal (Good)

730 073 57 58 35 0.33 ~ Unimodal (Poor)

740 064 52 65 35 -—— Unimodal )
761 066 52 65 40 e’ Unimodal

762  ww- e == 45 (35) ———— Bimodal

768  w.- -— - 30 (35) —a—e Bimodal

797 081 54 61 45 “——- Unimodal (Poor)

805 067 60 54 15 (35) —re- Unimodal (Poor)

809 --- —~ .- 30 (40) -—— Bimodal ‘

) I JR 25 (15) c——- Bimodal

853 a-- - -- 25 (35) wema Bimodal

854 077 55 60 35 0.13 Unimodal (Poox)

858 - -= .- 35 (25) “——— Bimodal ’

859 -.- -— .- 35 (15) c—na Bimodal

904 105 52 65 50 0.15. Unimodal

07 --- - - 55 (25) ———— Bimodal

916 072 60 51 15 0.38 Unimodal

926 --- .- -- 25 (10) ———— Bimodal

9%l .- - - 35 (30) ——— Bimodal

948  --- = == 30 (25) ———— Bimodal

950 059 60 55 25 ———— Unimodal

954 --- - . 30 (30) “mee Bimodal

984  --- -n = 35 (30) ——— Bimodal

1026 -.- - == 10 (10) ———— Bimodal

1026R  ~== - -= 20 (25) —ee- Bimodal

1028 071 53 62 35 0.27 Unimodal (Poor)
1029 .- - - 25 (20) ——— Bimodal

1034 --- - == 40 (25) “em- Bimodal

1038 --- .- - 40 (35) “——- Bimodal

1040 109 56 59 45 0.13 Unimodal (Poor)
1066 . 106 36 61 35 0.30 Unimodal

1066A 075 55 60 35 ———— Unimodal (Poor)
- 1125 -e- - - 50 (35) ———— Bimodal

1126, --- - =e 35 (15) ———— Bimodal -

11264 ~-- .. = 35 (50) - Bimodal -°
-1127 081 53 63 40 0.17 Unimodal (Poor)
1130B --- - == 65 ‘eemm

e o T,



L

. SUMMARY STATISTICS OF IMBRICATION ( )

Bed 0 - 8° I% Modal Dip

1140 108 © 51 65 45
1152 sem . mn a- 40 (40)
1196A 088 46 70 - .55 -
1200A 069 58 58 - 25
1200B 080 ° 58 55 15
1200C -e- - -- 35 (25)
1208 --- LD 30 (45)
1213 cme e a- 15 (15)
1215 ce- = a- 30 (15)
1242C w== . -« == 45 (25)
1242D 095 55 60 15 (50)
1256A- .068 48 70 40
1256C 087 55 60 35
1322 +-e- 7. - -- . 35 (55)
1351 --- -— - 30 (30) °
13528  «-- - - 35 (25)
13520 - | -= -- 20 (40)
1403 080- 50 67 - 45

AR U3 S L ()
14584 091 49 67 55

- 1466 -wa - == 45 (25)
1475 105 57 -58 30
1480  -== == -= ‘45 (25)
*Key: © - vector mean; s°

Diagrams are plotted in 10° class intervals.

L% Bed:.
L% Imb

"4

[

PATTERNS (continued

0.07

0.22

0.42

Inbrication Pattern

Unimodal
Bimodal
Unimodal (Poor)

" Unimodal
Unimodal (Poor) Lo
Bimodal Eh

Bimodal
Bimodal
Bimodal
Bimodal
Unimodal (Poor)
Unimodal (Good)
Unimodal (Poor)’
Bimodal
Bimodal.
Bimodal
Bimodal
Unimodal
Bimodal :
Unimodal (Poor)
? Random =

" Bimodal

Unimodal ‘(Poor)
Bimodal

<

‘- standard deviation in degrees; L% - vector

strength of the vector mean; Model Dip - degrees from horizontal

of major mode (midpoint) determined from rose diagrams, In bimodal -

imbrication plots,the secondary mode is given in brackets; L% Bed:
L% Imb - ratio of the vector stremgth in bedding versus the

strength in the imbrication plane; n = 100 measurements for each
sample . ' )
Rose diagrams of the individual samples are given on the following pages.

Scale bars indicate 10

measurements, The "up" directidn is toward the binding of the thesis.
Orientation arrows, to the side of the rose diagrams, indicate the direction
of the vector mean for random and unimodal plots; and the direction of
the major mode for bimodal plots, as observed in bedding plane plots,

LM o L X el LT el



Figd19 -»Role diagramn of imbrication fnbrie patterns are shown on the
‘ following pages. Ahout 100 measurements ‘were made-on each sam-

ple. Data is vectogial dltq,‘hence the distributions are not
necessary symostrical . IVert;éilly upward direction indicated,
Small arrows with numbers- to the side of the rose.diaéramg
giiq_the orientations of the fmbrication sections. ' Small num-
bers in the centres of the rose diagrams indicate §ed numbers
of the samples. Scale bar ;ﬁdicatés 10 measurements. A, B

indicate different samples upsection within individual beds.

R_indicates a repeat measurement by the author of the same sample.
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APFENDIX B

GBAIN SIZE ARALYSES OF PEBBLY SANDSTONES AND SANDSTONES * .-

B oan
20 3.46 0.55 +.69
50 3.44 0.63 +.02
“ . 20‘03 0091"'-20
74  1.91 1,05 -.08
123 2.“ 0.80 +o°1
178 3.17. 0.78 +.03
281" 2.64 0.8 +.03
302 3.26 0.69 +.06
350 3.16 0.71 +.19
357 2.31 0.90 +.09
. 378 2.08 0.84 +.36
501 2.39 1l.14 -.06
555D 2.49 0.91 +.29
S55F 2,37 0.89 +.13
570 2.83 1.08 -.03
7JO0SFF 2.71 1.00 -.14
709D 2,52 0.98 +.06
709F 2.89 1.03 .00
858 2.26 0.85 +.06
859 2.34 -0.96 +.18°
1197 2.42 1.19 -.13
1256 2.82 1.08 -.01
1324D 2.58 0.89 +.19
1324F 2.40 0.77 +.24
1347 2.97 0.99 -.04
1402 2085 1.12 --15
1404D 1.84 1.19 +.13
1404F 2.53 1.38 +.01
* Key: Mz

Skewness . cft M§s0
“Desecription’ - - ;& . !
Strong Fine Skew. 2.14 3.13
Near Symmetrical -0.90 1.93
Near Symmetrical -0.20 2.44
"Near Symmetrical 1.50 3.12
Near Symmetrical 1.50 3.18
Fine Skewad 1.68 3.12
Fine Skewed 1,38 3.04 -
Near Symmetrical 0.42 2.28
Strong Fine Skew. 0.70 1.93
Fine Skewed - 0.50 2.43.
Near Symmetrical -0.50 2.45
Fine Skewed 0.95 2.30
Fine Skewed 0.25 2.33
Near Sywmetrical 0.62  2.80
Coarse Skewed 0.14 2.80
Near Symmatrical 0.34 2.47
Symmetrical 0.35, 2.83 .|
Near Symmetrical 0.66 2.30
Pine Skewed = -0.25 2.23
Coarse Skewed -1.20 2.47
Rear Symmetrical 0.04 2.77
Fine Skewed -2.75 2.50
Fine Skewed 1.00 2,32
Near Symmetrical 0.75 2.9
Coarse Skewed 0.38 2.9
Fine Skewed 0.88 1.75.
Near Symmecrical *-0.85  2.42°

: Dncrtl.gcion

Moderately Well

Moderately Well

Moderate
Poor -

" Moderate

Moderate
Moderate -
Moderately Well

 Moderate
. Modaxate

Moderate
Moderate
Moderate
Poor
Moderate -
Moderate
Poox .
Moderatie
Moderata
Poox
Modesrate
Moderate
Poor

Poor
Moderate
Moderate

- Modaerate

Poor
Poor
Poor ‘

- graphic mean in phi units; &y - inclusive graphic
standard deviation; SK_ - fnclusive
las for these calculations are given by Folk(1965).

graphic skewness. Formu-

c Q - COArsS-

est one perceatile of the distribution; M § 50 - median grain

size corresponding to the 50% mark on the distribution.

Sorting

and skevmeas descriptions are those used by Folk (1965) for

dtfferent sorting and skewness values.

Cumulative frequency grain size curves ( oum p
on the following pages.

Facies types are indicated.
the facies designation indicate bed numbers; letters indicate replicate
measurements from the same thin aec_t:ion.

D: ‘measurements by Douglas J. Cant.

i-obn'f:i.ii.ty acale) are given
Numbers underneath

: measurements by the author;
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APPENDIX 9

STATISTICAL ANALYSES OF VERTICAL FACIES SEQUENCES

Pait 1 * ‘ ‘ \J

Preliminary Analysdis:

Embedded Markov Chain Analysis of A
All the Sections Heaaurediin the Present Study -

Computational iechniques Given by Miall (1973)

Note: In calculation of the random matrix, one must use the sum of
the elements in thé colums ( 85 ) and not the sum of the elements_iq
the rows ( s; ) as the numerator (contrary to Gingerich,1969; in agree-

ment with Miall,1973). This is mainly due to truncated sequences, as

-

a consequence of faulting or covered intervals. In the present study,

there are transitions into a state ( —a=col j ) which occur more often
then transitions from a state ( row { —wam), due to this truncahion.

Consequently, s, does not necessarily equal s .

i

For the spider diagram,given in the thesis text, a cutoff value of

, /
40.05 for difference matrix acorea was used as the boundary between

random and nen-random transitions. Also eliminated, were those transi-
tions which only occurred once.
Key: 1,.44,7: Facies 1 thro‘ﬁh Facies 7

Sh: Shale Facles
SS; Sgohred Surfaces -



EMBEDDED MARKOV CHAIN ANALYSIS
DATA FROM ALL OF THE SECTIONS MEASURED IN THE PRESENT STUDY 451

2 3 4 6 7

5 Sh Sum °
58 | -- 33 14 5 6 2 7 0 0 67
1l 26 .- 26 28 16 3 9 3 1 112
2 15 18 - 44 K} | 8 33 20 1 170 TOTAL
3 6 27 49 - 26 4 38 15 2 167 T
4 8 9 31 27 - 6 1 21 0 118 MHRKX
L 0 3 9 8 5 -- 5 7 0 37
6 |8 9 4 31 23 9. - 14 o0 138
7 4 2 22 23 15 13 13 —- 0 102
Sh 0 1 1 3 0 0 2 0 - 7
Sum | 67 102 19 172 122 45 123 80 4 911
S5 | --« 49 L2 W07 .09 .03 .0 O 0
1 223 -=e 23 W25 W14 .03 L08 L03 .01
2 09 A1 --c 26 L18 05 . .19 .12 .01 TOTAL
3 (.04 .16 .29 .- .16 .02 .23 .09 .01 OBSERVED
4 07 08 .26 .23 --= 05 .14 18 0 FROBABILITY
S 0 08 24 22 14 ee- A4 19 0 ' MATRIX
6 006 007 032 022 017 007 ——— .10 0 '
7 04 020 W22 23 A5 .13 13 --. 0
Sh 0 A4 14 .43 0 0 «29 0 e
8§ === W12 .23 ,20 ..14 .05 .15 .09 0
1 08 --- .24 .21 A5 05 .15 Llo 0
2 009 u14 - - 124 -17 006 017 011 -01 TOTAL
3 -09 014 -27 hakd 017 005 017 011 001 RAND(H
4 .08 .13 25 22 e .06 16 10 .01 FATRIX
5 08 12 .23 .20 W14 --- 14 .09 0
6 109 .13 025 -22 115 105 hakedd 010 101
1. «09 12 24 «21 «15 05 .15 - 0
Sh -07 N 311 022 . .19 013 005 -14 309 -
Ss - +037 --02 --13 -005 -.02 -.05 '009 0
1 +015 - -001 . +.09 -001 '002 "007 -007 --01
2 0. 03 ---- +.02 +.01  -,01 +.02 +,01 O TOTAL
3 =05 +.02 +.02 ---- <01 -,03 +.06 -.02 O DIFFERENCE -
4 ‘001 -005 +001 +-01 - "001 --02 N +-08 -.01 NATRIX
5 -.08 -.04 +.01 +.02 O mewa 0 +10 0 '
6 ~.03 -.06 +.07 0 +.02 +.02 e O 0
7 '005 "010 -'02 +.02 0 +008 -002 - - 0
sh | -.07 7103 =08 +.24 =13 -.05 +.15 =09 we--




457

Part 2

Detailed Analyses:

Tests for Differences in EaciegiOccurrences
in Major Sedimentation Horigons -

Computational Techniques Are Given in Most Basic Statistics Books ,

. Note: As discussed in the text, major sedimentation horizons are:

1. Sandstone HoriZons (Member I and Niveau 2: Anse & Pierre Jean -
St. Simon area and Bic)

2. Conglomerate Horizons (Member II, Niveau 3 and Niveau 5: Anse a
Pierre Jean - Cap & la Carre region and Bic¢)

3. Bic Member III Section

4. Pebbly Sandstone Horizons ( Niveau 4 and Niveau 6: St. Simon -
Cap a la Carre Ouest area)

5. Riviere-Trois Pistoles Section 2 ’

6. Grave de la Pointe Section




453

' Chi-aquared Test Results
The mumber of facies per major sedimentation horizon, estimat-

ed bivariate problb:l.litiel and differences between obsérved and expec-
ted frequencies are given on the next page. Results of this Chi-

squared test are as follows:
%°, 2 - 476.53

df = mmmber of cells - 1 - no, estimated parameters

= (c -1) (c-1), where r = no. of rows and ¢ = no. of colunma.
= 40 .

2 .
%40 55.8

The prob value of the ealculated %2 value is much less than 0.001 on
a distribution with 40 df. This suggests that the null hypothesis
A

A :
of identical bivariate probabilities ( H, = '"'1,1 = ’]Ti’ﬂ"j ) is falge,



NUMBER OF FACIES

454

OCCURRENCES / MAJOR SEDIMENTATION HORIZONS (01'_0)

P

Facie " A
~ s, 1 2 3 4 5 6. 7 s |sm]| %@
Horizo _ . : 4
1 | 7 47 30 & 12 63 33 t | 251 | .167
2 6 7 29 3% 8 5 11 o 3|12 an
3 0 o0 15 22 11 & 17 42 6 |-127 | .08
4 |19 76 114 138 564 11 8 17 3 | s17 | .344
.5 3 7 17 3 6 2 13 1 o | e7 | .045
6 23 15 8 50 77 & 42 53 2 | 361 | .260
Sum |72 181 307 277 203 58 231 16l 15 [ 1505
% 048 120 .204 184 .135 .039 .153 .i07 .010 1.000
(ﬁ}) ' _
. .
ESTIMATED BIVARIATE PROBABILITIES (ASSUMING INDEPENDENCE) ( 7 iy -1 1'7[’
Facies . _ J
ss 1 2 3 4 5 6 7 sh A
Horizon TE
1 [.008 .020 .034 .031 .023 .007 .026 .018 .002| .167
2 (.006 .015 .025 .022 .0l16 .005 .019 .013 .o00l| .121
3 |.006 .0l0 .017 .015 .01l .003 .013 .009 .001| .084
4 |.017 .041 .070 .063 .046 .013 .053 .037 .003| .344
5 |.002 .005 .009 .008 .006 .002 .007 .005 .00l| .045
6 |.012 .029 .049 .046 .032 .009 .037 .026 .002] .240
Try[-048 120 .20 .184 .135 .039 .153 .107 .010

DIFFERENCE BETWEEN OBSERVED AND

EXPECTED FREQUENCIES (01_1 - E”)

By = n1le = (1505) Trij )

v

Facies .
S8 1 2
_ ;;;I;Ba_ 3 4 5 6 7 Sh
1 "’1-04 '23 310 ‘4.17 "16.66 12.39 1.47 23.87 5"91 '2.01
2 6.97 53.43 -8.63 0.89 16.08 -2,53 -17.60 -19.57 1.50
3 6.02 -15-05 -10-59 -0058 -5056 9-69 "2057 28.46 4.50
4 ._55'59 14.29 . 8.65 43.19 .15.23 -8.57 5.24 -38.69 -1.52
5 / -0-01 -0053 ’ 3.‘06 “9004 -3.03 -1 -01 2-47 8-48 -1 o51
6 ( 4.94 -28.65 11.26 -16.22 28.84  0.46 -13.69 13.87 -1.01

N



df = 5/10

Y
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SUMMARY OF ONE-WAY ANOVA OF % FACIES OCCURRENCES
IN DIFFERENT SEDIMENTATION HORIZONS

Fg.o5 ™ 3433 (critical P-value)

Facies | Decision |[Results of One-Way ANOVA of % Facles Océurrences

1 Reject F-ratio = 70.2., The computed F-ratio exceeds F
’ Rb ¥ therefore,reject the null hypothesis that the

4

.05
horizons are similiar at the 5% significance lavel

2 Accept F-ratio = 0,55, The critical F 05 value exceeds the

computed P-ratio; therefore, accept the null hypothesis

° that the horizons are similiar at the 5% significance
level, " .
3 Accept F.ratio = 1.95, The critical P value exceeds the
o computed F-ratio:; thetefore,\aégépt the null hypothe-

sis that the horizons are similiar at the 5% sig. level.

r§

4 Aczept F-ratio = 0.96. The criticsel F 05 value exceads the -

computed F-ratio; therefore, accept the null hypothesis
that the horiZons are similjar at the 5% sig. level.

g

5 Marginal |F-ratio = 2,16, The critical F 0 value exceeds the

Accept computed F-ratio; therefore, aécept the null hypothe-

N H, sis that the horizons are similiar at the 5% sig. level,
6 Accept F-ratio = 1,72, The critical F 0 value exceeds the
Ho computed F-ratio; therefore, lécgpt the null hypothesis

that the horizons are similiar at the 5% sig. level.

7 Marginal | F-ratio = 6.92. The computed F-ratio exceeds the criti-

| Reject cal F 45 value; therefore, reject the null hypothesis

that the horizons are similiar at the 5% sig. level.

5S Marginal | F-ratio = 2.72. The critical F g5 value exceeds the

Accept computed F-ratio; therefore, accept the null hypothe-
H sis that the horizons are similiar at the 5% sig. level,

v
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ONE-WAY ANOVA OF % FACIES OCCURRENCES IN DIFFERENT SEDIMENTATION HORIZONS

FACIES 1
Maj. Sed.
Horizon 1 2 3 4 5 6
‘Tndividual 3 42 0 p7A %
Per Cent 1 Kk 17 ,,oh _
at Different | O 55 -
Sections 2 48 12 Totals
N 8 N <
ng 5 4 1 4 1 1 16
I 14 178 0 58 - 10 4| 264
= x, .12 78 8182 0 103 100 16 | 9410
x| 28 45 0 4.5 10 4
s, 9.70 87  --- 64133 <o -m-
5 3.11 9,33 w-- 8,02 --- ——
x; 25 [(-3.43, (25.85, -=- (-1.54, --- .-
9.03) 63.15) 30.54)
Source of Sum of | Mesn ]
Variation Squares)df | Square | F-ratio Prob Value| Decision
Grand Mean 4356 1|4356 | 982.8/14 p<< .00l | Reject H
Between Horiz| 4914 | 5| 962.8] = 70.2 °
Residual 1450 |10 14
Total 9410 |16




ONE-WAY ANOVA OF % FACIES OCCURRENCES IN DIFFERENT SEDIMENTATION HOR

FACIES 2
'Ma§. Sed,
Horizon 1/ 2 3 4 5 6 \
Todividial | 29 21 12 %% 3% %% —\
Per Cent at| 24 10 22 :
Different 0 10 12 .
Sections 15 19 29 Totals
: 12 ' ' :
n, 5 4 1 4 1 1 16 ‘
b x, j 80 60 12 83 25 . 24 284
= ox,2 |l786 1002 144 1869 625 576 6002
* 16 15 12 20,75 25 2
312 126.5 34 —e- 48.92  —-- -
si- 11.25 5.83  --- 6.99 -na ——
":Ei + 25i (-6.49, - (3.34, wa- 6.76, --- -——
38.49) 26.66) 34.74) .
Source of Sum of Mean P
Variation Squares (df [ Square |F-ratio Frob Value | Decision
—J
Grand Mean 5041 1 |5041 41.25/75.48] p> .25 | Accept H
Between Horir | 206.25| 5| 41.25) = @.55 °
Residual 754.75|10
Total 6002 16




458

ONE-WAY ANOVA OF % FACIES OCCURRENCES IN DIFFERENT SEDIMENTATION HORIZONS

FACIES 3
" Maj. Sed.
Horizon 1 2 3 4 5 6
Individual | 16—~ 14 i7 4y 14
Per Cent atf 1 25 9
Different 2 10 . 41
Sectioqs 1;_ PR “ﬂj 25 Totals
n, 5 o4 1 4 1 //} 1 | 16
P2 xi]"J 73 72 17 112 4 14 292
p xuz 1299 1450 289 3436 16 196 | 6686
F | e 18 17 28 6 . 1% ‘
s;2 ]-563 5133 - 100 - ]
Si. 7.4 - 7.16 ——— 10 ——- _——
X, +25, |(0.67, (.67, --- (8, - —e-
29.87) 32.22) 48)
Source of Sum of Mean P .
Variation Squares |df |Square F-ratio Frob Value |Decision

Crand Mean 5329 115329  [133.96/68.72] .255 p> .1] Accept H_
Between Boriz} 669.8 | 5| 133.96 | = '1.95
Residual 687.2 |10 | - 68.72

Total ' 6686 16 {~
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ONE-WAY ANOVA OF % PACIES OCCURRENCES IN DIFFERENT SEDIMENTATION HORIZONS

Q FACIES 4
Maj. Sed, .
Horizon 1 2 /3\/ 4 6
Tndividual | 16 6 ) 14 ) 21
Per Cent at| 20 7 10
Different 13 0 4
Sections 9 0 12 Totals
0] 31 3
n, 5 6 1 4 1 11 16
5 oxgy 89 13 9 40 9 21 | 181
bH xijz 2692 85 81 456 81 a1 13836
%, 17.8  3.25 9 10 9 21
s | 276,95 14.25 .- 18,67 ---  -e-
5 16,64  3.77 ° --- 4,32 -ew —_—
X, £25 1(-15.48, (4.3,  --- (1.36, --- -
L 51.08) 10.8) 18.64)
Source of ﬁum of Mean P . '
Variation Squares |df { Square F-ratio Prob Value |Decision
Grand Mean | 2047.56 | 1| 2047.56/116,38/120.66] p > .25 |Accept H

' Between Horiz | 581.89| 5| 116.38] = 0.96
Residusl 1206.55|10 | 120.66

Total * 3836 {16
TN
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ONE-WAY ANOVA OF % FACIES OCCURRENCES IN DIFFERENT SEDIMENTATION HORIZONS

FACIES 5
| %
Maj. Sed. ' ' ‘
Horizon 1 2. 3, G 5 6
Tndvideal | 0 % 1 ] A
Per Cent at 5 - 2 1
Different [ 0 1
Sections 7 3 5 s
: 6 . Totals
n, 5 4 1 1 1 16
T xg 18 9 17 3 4 52
.o
s xijz. o- . 29 121 27 9 16 | 312
'i‘i 3.6 2,25 11 195 3 & | ,
5,2 1.3 2,92  -.- a.é c—— e
5, 3.36 11 --- 2,22 Je-e ——
¥, + 28 ($.12, (-1.17, -oe (-2.68, -oe = -m-
10.32)  5.67) 6.18)
Source of Sum of Hean P
Variation Squares|df |Square F-ratio | Prob Value |[Decision
Grand Mean 169 | 1{<169 {14.86/6.87| .10> p> .05 |Some eviden-
Between Horiz | 74.3 | 5| 14.86] = 2.16 ce B false
Restdual 68.7 {10 6.87 °
Total 312 |16




ONE-WAY ANOVA OF % FACIES OCCURRENCES IN pirrz’kzu’r SEDIMENTATION HORIZONS '

-
451

FACIES 6 -
Maj. Sed. | _ ‘
Horizon 1 2 3 4 s 6
Todividual | 18 3 3 17 19 )
Per Cent at| 16 S 12 . 17 '
Pifferent 47 0 W 27
Sections 49 . 6 . 10
13 - Totala
n, 5 - 4 1 4 1 1 16
P Xy 143 21 13 71 19 12 | 279
= oxgy® (5359 169 164 M1407 361 144 |7609

EA 286 5.25 13 17.75 19 A2

5,2 | 317.3 1958 - 48.92 oo -

si. 17-81 x 10043 o 6-99 = el
X £25  [(-7.03, (3.6, --= (.76, —ee  emw

64.23) 14.1) 31.74)

Source of Sum of Mean P
Variation Squarea_d( .| Square F-ratio Frob Value Decision
Grand Mean 4865.06 | 1 | 4865.06 [253.85/147.47] .25> p> .1/ Accept H
Between Horir | 1269.24] 5| 253.85) = 1.72 °
Residual 1474.7 (10 | 147.47
Total 7609 16

Sk
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ONE.WAY ANOVA OF % PACIES OCCURRENCES TN DIFFERENT SEDIMENTATION HORIZONS .

-

" PACIES 7
Maj. Sed.
Horizon 1 2 3 4 . 5 6
‘Individual | 18 0 33 4 24 15
Per Cent at| 15 0 () I :
- Different -0 0 3
Sections 5 0 5 :
17 . - |Totals
ng 5 4 1 4 1 1 16
Toxgy |50 0 33 12 24 15 | 136 _
b xijz 863 . o . 1089 .50 576 225 |2803 . ¢ .
% 10 0 33 3 2 15
si2v| %05 0 - 4,67  -mm -
S, 9.53 .0 —ae- 2.16  --- —
X +25  |(<9.05, 0, -me (-1.32,  --- .-
29.05) 7.32)
/—-‘
Source of Sum of Mean P
Variation Squares [df | Square F-ratio |Prob Value Decision

Grand Mean 1122.25| 1 | 1122.25{260.75/37.7| 01> p> .001 | Some evi-
Between Horiz | 1303.75| 5| 260.75| = 6.92 dence
Residual 377 10 37.7 false

Total 2803 16

A T s 8 R S
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ONE-WAY ANOVA

S

OB( % PACIES OC&URRENCES IN DIFFERENT SEDIMENTATION HORIZONS

SCOURED SURPACES

Maj. Sed. . _ .
Horizon 1 2 3 4 5 6
" Tadivideal: |0 T % % e
Per Cent’ 5 7 ] '
at Different | 13 25 3 .
Sections 5 0 2 -| Totals
2 .
n, 5 4 1 4 1 1 16 -
AN 42 .0 16 & 6 | 93
= xy? oo 7Ln/ o 70 16 36 [1119
%, 5.0 , 10.5 0 . 4.0 4 6
5, 24,5 1110 -e= 2.0 eee oo-
S¢ | 495 10.54  --- 1.4 eee oL
% * 28, (4.9, (-10.58, w-- (1.18, --a -
"14.9)  31.58) 6.82)
.E‘:ource of Sum of |- hiean : P
Variation ‘Squares Jdf [Square F-ratio Prob value [Decision
Grand Mean 540.56 | 1 [540.56 | 66.69/24.5] .10> p>.05| Some evidence
Between Horiz |333.44-|'5 | 66.69 | = 2.72 H falge
Residual 245 10. | 24.5 °.
Total 1119 |16
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Part 3

Detailed Analyses:

Sequences of Beds: oA :
Non-embedded Markov Chain Analysis @

Computational Techniques Given by Davis (1973)

Note: The transitions of scoured surfaces - to -:%oured surfaces

( S5 ——-55) and of shale facles - to - shale facies ( Sh g Sh)
are not discernable in the field, All other transitions are possible.
Random probabilities from scoured surfaces and shale facies must take

into account the impossibility of these two types of transitions.

Hence, for rows from scoured surfaces, the random probabilites are

calculated as: rgg 4= __no. transitions in column j ‘
. . total no. cbservations - no. scoured surfaces

-

Similarly, the rows from shale facies have the random probabilitiéé
L]
calculated as: r ho no. transitions in column §
Sh J total no. observations - no. of shale beds. . .

Key: 1,¢44, 7: Facies 1 through 7
8S: Scoured Surfaces
‘ Sh:_Shale Facies
For the spider diagram of the facies relationships, a cutoff value of
+0.05 was arbitrary selected as being the boundary between random and

-non-random transitions (from difference matrix scores). Also eliminated,

were those transitions which only occurred once.

.



S

Fig.120-

Faciew relations in different mljbr sedimentation horizons.

Non-embedded Harkov.cﬁain analysis.

Dotted arrows = difference matrix scores are..OS-.IO
Dashed arrows = difference matrix scores are .11-.30
Solid ﬁrrows = difference matrix scores are >> +30.
1, 2, 3, ...7 - Fgciea 1 through 7

Sh = Shale Fagies

Sé = Scoured surfaceab

Sl -~ S11 sections on iocation map Fig. in text.
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(1

NON-EMBEDDED MARKOV. CHAIN ANALYSIS

1. SANDSTONE HORIZONS L.

'ss 1 2 3 A 5 "6 7 Sh  Sum
.88 | -- 2 2 2 3 ] 2 o. o 11
1 0 o .0 2 3 0 0 0 0 -5
2 2 1 14 4 3 ] 9 5 1 39
3 3 1 3 o 4 0 6 1 0 26 ' TALLY
4 5 0 7 & 12 3 4 3 0 38 MATRIX
"5 0 0 2 0 3 3 1 1 o o .—
6 3 1 8 4 8 5 17 2 0 48
7 0 0 5 2 5 ] 3 13 0 28
sh | o 0 0 0 0 (] 1 0 —a 1
Sum | 13 5 4l 26" 41 11 43 25 1?(1206
. - o
AN
i SS -- 018 018 118 027 0 ) 018 0 0
1 0 0 0 40 60 0 0 (] 0 -
2 — -05 003 036 .10 ' 008 0 023 013 003 OBSERVED
3 JA2 04 2 31 L1500 W23 .04 0  PROBABILITY
4 A3 0 A8 W11 .32 .08 .11 08 0 MATRIX
5 0 0 20 0 -J30 W30 W20 OO0 O
6 06 .02 .17 .08 .17 L0 .35 .04 O
7. 0 ] A8 .07 W8 0 Al 46 O
Sh | © 0 0 0 0 0 1.0 0  -- .
58S | - 03 .21 .13 .21 .06 .22 Ll3
1 06 .02 .20 L3 .20 L05 .21 L12
2 06 .02 .20 .13 .20 .05 .21 .i2 RANDM
;3 06 02 .20 A3 .20 W05 W21 12 MATRIX N
A 06 .02 .20 13 .20 .05 .21 12
5 06 L02 L20 .13 L,20 .05 W21 .12
6 06 02 .20 .13 .20 05 W21 .12
\7 06 .02 .20 .3 .20 .05 21 L12
N ]
§8 | -= 4,15 ~.03 +.05 +.06 -.06 -.046 <5.13
1 ~s06 -.02 -,20 +.27 +.40 -.05 -.21 .12
2 -.01 +,01 +.16 -.03 -.12 -.05 +,02 +.,01 DIFFERENCE
3 +.06 +,02 -.08 +.18 -.05 -.05 +.,02 -,08 MATRIX
& [ +.07 .02 -.02 -.02 +,12 +.03 1,10 -.04
5 06 -.02 0 .13 +.10 +.25 -,11 -.02
6 0 0 -.03 -.05 -.03 +.05 +.14 -.08
7 [ =06 =02 -.02 -.06 -.02 -.05 -.10 +.34 : o
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NON-EMBEDDED MARKOV CHAIN ANALYSIS

2. CONGLOMERATE HORIZONS

A-Sum

8 1 2 -3 4 5 6 Sh
88 |-- 10 "1 0 0 1 0 0 12
1 {10 22 .1 9 .3 2 4 1 62
2 0 5 7 & 2 2 o -0 20 TALLY
3 1 13 2 7 0 1 1 2 27 MATRIX
4 0 3 2 1 0 0 -0 0 6
3. 0 2 1 2 1 0 0 0 6
6 o - 3 1 ) 0 0 0 0 5
Sh 0 1 0 2 0 0 0 -- 3
Sum | 11 59 25 26 6 6 3 3 14l
§S | -- .83 .08 0 0 .08 0 0
1 |.16 35 .18 .15 .05 .03 .06 .02 OBSERVED
2 0 .25 .35 .20 L0 .0 O 0  PROBABILITY
3 D4 48 07 26 0 046 04 07 RIX
4 0 S50 W33 .17 0 0 0 0
5 0 33 .17 33 .17 0 0. 0
6 0 60 20 .20 0 0 0 0
Shﬁ[ 0 33 0 66 0 0 0o --
55 -- 045 -19 -20 .05 005 04 .02
1 08 42 .18 .18 04 W04 04 02
2 008 042 .18 .18 -04 QOIO -04 002 BAND(H
3 08 42 .18 .18 04 W04 04 02 | MATRIX
4 08 W42 A8 18 W04 W04 .04 L02
5 08 42 .18 .18 04 04 .04 .02 .
6 08 .42 .18 .18 .04 L0404 .02
Sh -08 -043 018 019 104 -0"} 004 -
8 | o= .38 -1 .20 -.05 +.03 -.04 .02
1 +.08 -.07 O -+03 +.01 -.01 +.02 O _
2 ' ".08 "017 +ll7 +-°2 +-06 +.06 -.0‘6 --02 DIFFERENCE
3 -s04 +.06 -.11 +.08 -.04 0 0 +.05 MATRIX
4 -.08 +.08 +.15 -.01 -.04 -.04 -.06 -.02
5 -.08 -009 '001 +.15 +|13 -004 "-04 -.02
6 -s08 +.,18 +.02 +.02 -.04 =-.04 -.04 -.02
Sh | ~e08 <10 <18 +:47 -~.04 <04 -.04 --

468



. NON-EMBEDDED MARKOV CHAIN ANALYSIS

3, BIC MEMBER IIX

2 3 5 6 7 Sum
2 |2 6 2 0 2 3 15
3 4 5. 3 0 6 4 22
4 2 -0 .3 1 1 4 11 TALLY
5 1 2 0 7 2 5 17 MATRIX
6 3 2 1 2 5 3 16
7 2 7 2 7 0 21 39
sm|14 22 M 17 16 40 120
2 013 .40 .13 * 0 013 -20
3 JA8 .23 14 0 «27 .18 OBSERVED
4 .18 0 27 .09 .09 .36 PROBABILITY
5 .06 12 0 410,12 .29 MATRIX. '
6 9 13 06 13 .31 .19
7 ' 005 -18 005 018 0 054 )
2 | .2 .18 .09 Jd& L3 .33
3 12 .18 09 W14 .13 .33
4 |.12 .18 .09 .4 .13 .33 RANDOM
5 A2 .18 .09 .14 L1333 MATRIX
6 A2 .18 .09 14 .13 .33
7 A2 .18 .09 .14 .13 L33
2 +.01 +.,22 +.04 -.14 0O -.13
3 | +06 +.05 +.05 -.14 +.14 -.15
4 |+.06 -.18 +.18 -.05 -.04 +.,03 DIFFERENCE
5 --06 -006 --09 '*'.27 "cOl --04 mTRD{
6 +-07 -105 ‘!03 "lol +.18 -014
7 =07 0 =04 +.04 +.21

-.13

469
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NON-EMBEDDED MARKOV CHAIN ANALYSIS

4. PEBBLY SANDSTONE HORIZONS

1 22 3 4 5 6 7  Sum
F
St .. 11 4 2 1 0 3 0 .21
1 {12 17 11 16 5 0 3 0 64 N
2 3 7 23 21 13 2 12 2 83
3 2 12 24 38 8 2. 18 4 109 TALLY
4 1 5 9 6 11 1 5 1 39 MATRIX .
5 0 1 2 1 1 0 1 0 6
6 2. 5 16 21 4 2 21 ] 71
7 0 1 3 3 1 0 2 2 12 -
sh | o0 0 1 1 0o o 1,0 3"~ :
Sum| 20 5% 93 109 4% .7 66 9 408
5§ ] -—- 52 .19 ,10 .05 ¢ .14 \)
19 27 .17 .25 08 0 05 0
04 08, ,28 .25 L,16 .02 .14 .02 OBSERVED
002 -11 a22 035 007 102 017 004 ' FROMBI.LITY
03 .13 ,23 .15 .28 ,03 .13 .03 MATRIX
5 0 -17 .33 n17 lJt7 0 !17 0
6 03 .07 .23 .30 .06 03 .30 0
7 0 08 25 .25 08 0 .17 .17
Sh | 0 0 33 .33 0 0 33 0
58 | -=- A5 .24 .28 .11 02 .17 .02
1 05 14 .23 277 a1 02 .16 .02
2 05 W4 .23 .27 L1 .02 .16 .02
.3 05 W14 .23 .27 11 .02 .16 .02 RANDOM
4 05 14 .23 .27 W11 .02 .16 .02 FATRIX
5 05 W14 .23 .27 .11 .02 .16 .02
6 05 W4 .23 .27 L1l 02 .16 .02
7 05 W14 .23 .27 W1 02 .16 .02
Sh | .05 .14 .23 .27 .11 .02 .16 .02
SS - +-37 -005 --18 -.05 -.02 -.03 --.02
1 [+ed4 413 .06 -.02 -.03 -,02 -.11 -.02
2 -0l -,06 +.05 -.02 +.05 0O -02 0
3 -03 -.03 -0l +.08 -.06 0 +.,01 +.02 DIPFERENCE
4 ~02 -.01 0 -e12 +.17 +,01 -.03 +.01 MATRIX
5 =05 +,03 +.10 -.10 +.06 -.02 +.01 -.02
6 02 ~,07 0 +.03 -.05 +.01 +.146 -.02
7 =05 -.06 +.02 -.02 -.03 -,02 +.0L +.15
Sh | <05 «.14 +,10 +.06 -,11 -.02 +.17 -.02
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, NON-EMBEDDED MARKOV CHAIN ANALYSIS

411

5. RIVIERE TROIS PISTOLES SECTION

~SNoun WG

SS 1 2 3 4 5 6 7 Sum
S8 | «w 2 0 0 0 0 1 0 3
1 0 0 1 0 2 1 0 2 6
2 1 .3 5 1 - 0 0 2 2 14.
3 0 0 1 0 0 0 0 1 2 TALLY
4 1 1 1 0 2 0 1 1 7 MATRIX
5 0 0 1 0 0 0 1 0o 2 :
6 1 0 1 0 3 0 5 3 13
7 0 1. 5 2 0 1 3 5 17
Sum| 3 7 15 3 7 2 13 1 64
S[-=-. 67 0 0 0 0 .33’ 0
0 0 ' 017 0 033 -17 0 033
07. 21 L36. .07 0 0 A4 L14
0 0 «50 0 0 0 0 .50  OBSERVED
Jd4 16 L4 0 «29 0 .14 .14 PROBABILITY
0 0 S50 0 0 0 50 0 TRIX
.08 0. 08 0 23 0 38 .23
0 06 .29 12 0 06 .18 .29
SS - 011 n25 «05 -11 -03 021 -E'
1. 1.5 .11 .23 .05 L1 .03 .20 .22 °
2 05 11 .23 05 A1 .03 .20 .22 RANDOM
3 [.05 .1 .23 .05 JA1 .03 .20 .22 MAIRX
4 05 .11 .23 .05 L11 .03 .20 ,22
S.1+05 Jd1 .23 .05 .11 03 .20 ,22
6 05 JA1 .23 05 .11 .03 .20 .22
7 05 Jd1 .23 .05 .11 .03 .20 ,22
S5 | me= +,56 +,25 -.05 .11 -,03 +.12 -.23
1 =05 -.11 -.06 -.05 +.22 +.14 -.20 +.11 -
2 +002 +-10 +-13 +002 -.11 -.03 '--06 -008 DIFFERENCE
3 =05 -1l +.27 -,05 -.11 -,03 -.20 +,28 MATRIX
4 +.09, +.03 -,09 -.05 +.18 -.03 -.06 -.08
5 -s05 «,11 +,27 -,05 -.11 ..03 +.30 -,22
6 +403 <011 .15 -.05 +.12 ..03 +.,18 +.01
7 =05 -.05 +.06 +.07 -.11 +.03 -.02 +.07
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N‘Q!-EHBEDDED MARKOV CHAIN ANALYSIS

»

6. GREVE DE 1A POINTE SECTION

472 .

58 2 3 & 5 6 7 Sum

s |[--- 8 7 1 2 1 1+ o 2 :
& 1. 3 1 3 0 2 1 15
9 2 28 8 Il 4 8 8 78 TALY
0 1 15 5 11 1 7 5 45 MARKX
1 0 A 16 2 1 5 12 6.
0 o 2 3 0 2 0 1 8
2 o 15 3 7 0 1 6 4
& o 7 9 7 2 8 17 S4

ss - .40 035 -05 -10 005 -05 0

1 [.27 .07 .20 07 .20 0 . .3 .07

2 |12 .03 36 0 4 05 10 .10

3 0 .02 .33 .1, .24 .02 .16 .11  OBSERVED

4 F.02 0 15 .26 ,32 ,02 .08 .18 PROBABILITY -

5 10 o0 .25 .38 0 .25 0 .13 HARX

6 [05 o .38 .08 .18 0° .18 .15

7 1.07 0 .13 .17 .3 .04 15 .31

§S 1 --- W04 .28 . .15 .20 L04 .2 .17

1 |.06 .04 .27 .14 .19 .03 .12 .16

2 .06 .06 .27 W& .19 .03 .12 .16 ;

3 |.06 .06 .27 .4 L9 .03 .12 .16 RANDOM

4 |06 .06 .27 .4 Q9 .03 .12 .16 MATRIX

5 |06 .04 .27 & A9 .03 Q2 A6

6 |.06 04 .27 L& L19 .03 2 .16

7 |06 .04 .27 .4 19 .03 12 16

SS | === +.36 +.07 -,10 -,10 +.01 -.07 -.17

1 [+.21 +03 -.07 -.07 +.01 -.03 +.01 -.09

2 [+.06, -0l +.09 -.04 -.05 +.02 -.02 -.06

3 | -406 <02 +.06 -.03 +.05 -.01 +.04 -.,05 DIFFERENCE

4 ‘.0‘# --04 -.12 +.10 +o13 -001 -.0‘# +l02 MATRD{

5 |-.06 -.04 -.02 +.24 -,19- +,22 -.12 -.03

6 | -0l -.04 +.11 -.06 -.01 -,03 +.06 -.01

7 |[+01 -.04 -.14 +.03 -.06 +.01 +.03 +.15
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FACIES STABILITIES FOR DIFFERENT SEDIMENTATTION HORIZONS

Horizon | PFacies X s? s (/?'t 28 -

1 I-7 | 30 | .02 | .15 00T, -59) ’

2 1.7 - W14 .03 .18 (-.23,.51)

3 1-'7 027 .03 .18 (-008’ -62)

4 ~1-7 o w24 . 01 12 (0, 01}8) . *
.5 "1-7 .19 04 .19 (-.18,.56) '
"6 1-7 23 | L0 | 120 | (-.01,.47)

‘STABILITIES OF DIFFERENT FACIES
Horizon | Facles X s2 S X + 28
1-6 1 ¢12 .02 .15 ('018’ .42)
1-6 2 .31 .01 .09 (.13,.49)
1-6 3. 21 | .02 | .13 (=405, .47)
1-6 4 25 | .02 | .13 (-.01,.51)
1-6 5 ~16 | .04 | .19 (-+22,.54)
1.6 6. «25 02 14 (-.04,.54)
1-6 7 «30 04 «20 (-.10,.70)

In the following two-;factor ANOVA, one assumes that the distribu-
tion is normal and the variances are equal (homoscedasticity). _

The confidence bands of the mean facies stability ( x + 2S) listed
above suggest that there is little variability in the facies stability
“values. Similiarly, f:he variances are all about the same. This SUg-
gesté that the assumption of homoscedasticity is probably valid.

There is not enough data to test the assumption of normality.



TWO-FACTOR ANOVA: PFACIES STABILITY

-

L)

Facies

\‘~\\\\\\ 1 2 3 4 5 6 7 Horizon

Horizon ) Mean
1 0 - .36 .31 32 «30 +35 46 +30
2 35 .35 .26 0 0 0 0 A4
3 0 013 ‘023 o27 0&1 031 ¢54 .27
4 027 028 035 028 0 f 030 .17 124
5 0 «36 0 «29 0 . .38 «29 19
6 07 «36 W11 32 25 «18 .31 23

Facies : ) . 23

maﬂ 012 031 . 021 025 .16 025 030 023

Source of Sum of Mean

Variation Squnfégﬂ df | Square | F-ratio

Between )

Horizons +0978 5 .0196 .8978

Between

Facies .2065 6 [ .0344 | 1.5758

Unexplained |.6549 30 ¥.0218

Total 9592 41

Results:

1) Test for differences between horizons: F-ratio = 0,90 (df = 5/30);
critical = 2,53, The computed F-ratio does not exceed the F

F
vﬁgae. The null hypothesis (facies stability is similiar in

-different horizons) is accepted at the 5% signi{ficance level. The
Prob Value (p) > 0.25, which suggests that the
this sample that the null hypothesis is false.

2) Test for differences between facies: F-ratio = 1.58 (df = 6/30);
F 5= 2.42. The computed F-ratio does not exceed F,
the null hypothesis (facies stability is gimiliar in

.18 acceptable at the 5% significance level.,

0.25Y p ¥

sample that the null hypothesis is false.

%3
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re 1s no evfience from

value. Hence,
fferent facies)
The prob value (p):

0.10, which suggests that there is no evidence from this

et
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Patt &4
Detailed Anllxua:

Sequences of Facies and Clustering'of Facies
Embedded Markov Chain and Substitutability Analyses

Computational Techniques for Embedded Markov Chain Analysis (Miall,1673).
Computationsl Techniques for Substitutability and Cluster Analysis

Ci;i.-aquared Test for Markov Property (Gingerich, 196?) L

Techniques and conventions used are the same as in the preliminary

analysis, Part 1, Appendix 9.

“ , AN
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Fig.121- Facies relations in-qu;; sedimentation units: e;bedded
T Markov chain analysis. ‘
" Dotted .arrows = differpnce‘mag;ix;seoreh = ,05-.10
Dashed arrows = difference matrix scores = ,L,11-,30

Solid arrows = difference mitrix scores ) .30.

-1, 2, sas 7 = Facies 1 through 7.

B Sh = Shale iciéa

S5 = Scoured surfaces

S1 - S11 are sections on location map Fig.10 in text.

®
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MAJOR GROUPS OF FACIES FOR DIFFERENT SEDIMENTATION HORIZONS

ﬁasull:a of Clupfer. Analysis

<

1, Sandstone Horizon‘s

Ll

Underlying substitutability dendrogram: (Sh,7) (4,3) (5,8S)
Overlying substitutability dendrogram: (7,6,Sh) -(5,2,55)
Mutual substitutability dendrogram: (Sh,7) (4,3) (2,55)

2. Conglomerate Horizons

Underlying substitutability dendrogram: (2,5,5h) (6..4.1'3,55)
Overlying substitutability dendrogram: (2,6,SS) (4,3,5)
Mutual substitutability dendrogram: (2,6,S8) (3,4)

3. Bic Member III Section

Underlying substitutability dendrogram: (3,4) (2,6,7)
Overlying substitutability dendrogram: (2,7) (6,4) (3,5)
Mutual substitutsbility dendrogram: (2,7) (4,6)

4. Pebbly Sandstone Horizonsg

Underlying substitutability dendrogram: (2,6) (5,7) (3,4)
Overlying substitutability dendrogram: (4,5,6,7)
Mutual substitutability dendrogram: (4,5,6,7) °

5. Rivfﬁre Trois Pistoles Section

Underlying substitutability dendrogram: (2,6) (4,5,7)
Overlying substitutability dendrogram: (2,3,6) (4,7) : {)
Mutual substitutability dendrogrem: (4,7) (1,6) -

6. Gr\eve de la Pointe Section

Underlying substitutability dendrogram: (4,6,55) (3,7)"
Overlying substitutability dendrogram: (3,7) (4,6) (5,SS)
Mutual substitutability dendrogram: (4,5,6) (3,7)

Note: The major groups of facies were selected as being the three
highest clusters on the dendrogram. If clusters are completely
nested about one central facies, then the three highest clusters
(with the highest probabilities) were selected. All clusters with
a mutual substitutability greater than 0.8 were counted as being
major groups of faciles for further Markov analysis. If the mutual
substitutabilities were less than 0.5, then the clusters were not
ugsed in the Markov analysis and were not considered to be facies
groups.



————— e, e e

. Fig.122- Dendrograms constructed by-uaigﬁt pair-group method using’

arithmetic averages of correlation coefficients).
’c : Gophenepic correlatiqg cqefficients. |

. 81 - SL}§~Sgc:{oqa on location map Fig.10 in text.
ml, 2, .¢£i + Ficies 1 through 7 ' ot

’ 'Sh = Sﬁpie Facies o

55 = Sgoqrgd surfaces.

s T -
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EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES 484
1. SANDSTONE HORIZONS

SS 1 2 3 4 5 6 7 Sh Sum
SS | .- 2 2 2 3 0 2 0 0 11
1 0 -- 0 2 3 0 0 0 0 5 -
2 2 1 - 4 3 0 9 5 1 25 TALLY
3 3 1 < S 4 0 (3 1 0 18  MATRIX
4 5 0 7 4 -- 3 4 3 0 26
5 0 0 2 0 3 - 1 1 0 7
6 3 1 8 4 8 5 -- 2 0 31
- 0. 0 .5 2 5 0 3 -- 0 15
Sh |0 0 0 0 ] 0 1 0 - 1
sum {13 5 27 18 29~ 8 26 . 12. 1 139
8 |--- J18 .18 .18 .27 0 .18 ] o
1 0 - 0 40 .60 0 0 0o 0 (
2 108 104 v WA o16 -12 0 036 020 004 UMRD
3 A7 06 17 --- 22 0 .33 .06 0 TRANSITION
4 d9 0 27 W15 eee 120,15 12 0 PROBABILITY
5 0 0 .29 0 7/ RS TS P/ MATRIX
6 Jd0 0 .03 ...26 L13 0 .26 16 --- 06 O
7 Jo 0 .33 a3 33 0 .20 -1 0
Sh | o 0 0 0 0 0 1.0 0 SR
S8 |--= W04 21 .14 .23 .06 .20 .09 .01
1 J0 --- 20 W13 .22 06 .19 .09 .01
2 011 ! -04 - 016 025 007 023 011 -01 '
3 JAl T 04 .22 . 24 .07 .21 .10 .01 RANDOM
4 A2 04 W24 16 --- 07 .23 .11 .01 MATRIX
5 A0 W04 .20 W14 .22 -e- .20 09 .01
6 |.12 .05 .25 .17 .27 .07 --- .11 .0
7 01. .04 022 -15 '23 106 .21 - - .01
Sh 009 ;OOQ '20 013 021 -06 .19 -09 - -
85 |-ew- +d4 -,03 +.046 +.046 -,06 -.02 -~.09 -.01
1 10 -eee -,20 +.27 +.38 -.06 -.19 -.09 -.01
2 -.03 0 «-ee 0 =13 -.07 +.13 +.09 +.03
3 +.06 +.02 -.05 ---- -.02 -.07 +.12 -.04 -.01 DIFFERENCE
4 |[+.07 .04 +.03 -0l o---c +.05 -.08 +.01 -.01 MATRIX
5 =10 -,04 +.09 =14 4,21 aeae 5,06 +.05 -.01
6 -02 -,02 +.01 -.04 -.01 #.09 ---= -.05 .01
7 -010 --04 +|11 "002 +010 -.06 "001 badaddd -.01
5

-09 -.06 -.20 .13 .,21 -,06 +.81 -.09 ---.

e

19
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umnnnm MARKOV CHAIN AND SUBSTXTUTABILITY ANALYSES 485 ;

1. SANDSTONE HORIZONS o \

sS 1 2 3 4 5 6 7 Sh

s WO,

=2

\ il
sS
1 ‘
2 UNDERLYING -
;
4 SUBSTITUTABILITY
5 WATRIX
6
7
Sh
§§ |-=- 40 .07 A1 10 O 08 O 0
1 0 -——- 0 Al 10 0 0 0 0 _
2 A5 20 --- L2210 O 35 .42 1,0 DOWNWARD
3 W23 220 WAl --- 14 O .23 .08 0 TRANSITION
4 38 - 0 026 .22 ~a-- 38 W15 .25 0 PROBABILITY - '
5 0 0 07 0 W10 --- 04 08 O MATRIX
6 237 .20 . W30 .22 .28 ".63 --- W17 O
7 o 0 .19 11 .17 o 5 § J—— 0
Sh | o 0 0 0 0 0 04 70 ———
ss | .
2 OVERLYING .
3
4 SUBSTITUTABILITY
5 MATRIX
6
7
Sh
s
MUTUAL
SUBSTITUTABILITY
MATRIX

r




EMBEDDED MARKOV' CHAXN AND SUBSTITUTABILITY ANALYSES 485

1. SANDSTONE HORIZONS ' /—/

Cophenetic Correlations Based Upon Dendrograms
S8 1 2 3 4 5 6 7 Sh

=

8S 1 o5 57 -8‘} 53 «53 53

1 «57 37 . 69 57 53 .53 .53

2 84 57 .84 .53 .53 .53 QVERLYING

3 75 .57 «57 53 .53 .53 gRIGHTi

4 | «57 69 .57 «57 «53 «53 SUBSTITUTABILITY
5 84 «57 -84 o75 DENDROGRAM

6 53 .53 .53 .53 .

7 53 .53 .53 .53 c = 0.80

Sh | .53 .53 .53 .53

S5

1

2 UNDERLY ING

3 LEFT ‘

4 SUBSTITUTABILITY
S DENDROGRAM

L) .

7 c=0,78

Sh

58

1

2 MUTUAL

3 SUBSTITUTABILITY
4 DENDROGRAM

5

6

7 ¢c=0 061}

S

é\
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EMBEDDED MARKOV CHAIN AKD SUBSTITUTABILITY ANALYSES
2. CONGLOMERATE HORIZONS |
I 1 2 3 4 S5 6 Sh Sm

[ R RN P AT

oW =W

o

85 | -- 10 1 0 0 1 0 0 12
1 10 -- 11 9 3 2 4 1 40
2 0 5 - 4 2 2 o 0 13 TALLY
3 1 13 2 -- 0 1 1 2 20 MATRIX
4 0 3 2 1 -~ 0 0 0 6 :
5 0 2 1 2 1 - 0 o 6
6 0 3 1 13 0 0 - 0 5
Sh 0 1 0 2 0 0 0 -- 3
Sum |11 37. 18 19 6 6 5. 3 105
T
8§ Ladedod 083' 008 0 ’ 0 '08 0 0
1 25 - ,28 .23 .08 .05 .10 .03
2 0 38 ---. .31 .15 .15 0 0 UPWARD
3 -05 065 010 - 0 .05 05 .10 TﬁNSITIUN '
4 0 -50 ‘ -33 ' I17 -—— 0 0 0 PROBABILITY
5 0 033 017 033 a17 - 0 . 0 HATR
6 0 060 020 l20 0 0 - - 0
Sh 0 -33 0 066 0 0 0 -
S |--- .40 .19 .27 .06 .06 .05 .03
-17 - 028 -29 009 '09 -08 005
JA2 40 --- 21 .07 .07 .05 .03 RANDOM
A3 W44 21 .. 07 .07 06 W04 MATRIX
011 037 .18 -19 - 006 005 003
JAl 0 37 18 .19 06 --- .05 .03
JA1 37 .18 .19 W06 .06 --- ,03
h (.11 .36 .18 .19 .06 .06 .05 «a-
§ | =e-e +63 -11 220 -.06 +.02 -.05 -.03
+.08 -a-- 0 -.06 -.01 -.04- +.02 -.02
=12 -02 -e-a +,10 +.08 +.08 -.05 -.03 DIFFERENCE
=08 +.21 -1l -ee- 07 -.02 -.01 +.06 MATRIX
=1l +,13 +.15 -.02 ---- -.06 -.05 -.03
=1l -04 -.01 +.14 +ll  ceee 05 -.03
=11 +.23 4.02 +,01 -.06 -.06 -~--- -.03

--11 -.03 ‘-.18 +-47 ‘006 'IOG --05 -

-
PR JACISTE S-S LN
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EMEEDDED MARKOV CHAIN AND SUBSTITUTABILITY AHALYSES

2. CONGLOMERATE HORIZONS

2

S§ L 2 3 4 5 6 5h
§§ TJ05 W74 .97 .86 63 93 .43
1 .05 20 45 W58 W36 W44
2 74 W37 .73 .93 .83 .84 UNDERLYING
3 |.97 .20 92 42 (EFD)
4 86 W45 W73 97 .60 SUBSTITUTABILITY
5 63 .58 .93 .65 .84 MATRIX
6 - 093 036 083 ’ -92 097 086
Sh |43  o4b B4 .42 .60 - .84

7

§8 | --= 27 .06 0 0 17 0 0
1 W9l --m 8 47 W50 W33 .80 W33
2 0 g ea= 21 W33 L33 0 0 DOWNWARD
3 [.09 35 a1 --- 0 .17 .20 .66 TRANSITION
5 0 -05 006 011 017 - 0 0 HATRIX
6 0 . 108 006 005 0 0 - 0
Sh, | © .03 0 .11 0 0 0 -—
sS
1
2 OVERLYING
3 IGHT
4 SUBSTILIUTABILITY
5 TRIX
6
Sh
53
1
2 MUTTAL
3 SUBSTITUTABILITY
4 MATRIX
5
6
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EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ARALYSES
2. CONGLOMERATE HORIZONS

U @bhenetic ‘Correlations Based Upon Dendrograms
e L 45 e sk

=

§S - 69 69 .69 .99 .43 . ' ‘
1 . . .“ .u .“ - .65 ~
2 98 : +69 . +69. «98. . L43. OVERLYING

3 | .69 .43 .69 A .98 .88 .69 .43  (RICHT)

4 69,0 43 .69 .98 .88 .69 .43 SUBSTITUTABILITY
5 69 .43 «69 .88 .88 «69 : Dmkwm .

6 | .99 .43 .98 .69 .69 .69 —
Sh 43 65 .43 437 W43 X} c=0.9

5§

1 UNDERLY ING

2

3 SUBSTITUTABILITY
&4 DENDROGRAM

5

6 c= 0,9

SS

1.

2 MUTUAL:

3 SUBSTITUTABILITY
4 DENDROGRAM

5

6

S

- c= 0._97
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- EMBEDDED MARKOV CHAIN AND- SUBSTITUTABILITY ANALYSES

3. BIC MEMBER III

2 -5 [ 7 Sum - . z_
2 l=" 6 2 0 2 3 13
37774 - 3 0 6 4 17
4 2 0 - 1 1- 4 8 TALLY
5 1l 2 e 2 5 10 MATRIX
5. 3 2 V 2 -3 3 11 -
7 2 7 2 7 0 - -18
sm(12 17 8 10 -1 19 77 - - o
2 -'-- 046 .15 0 015 ..23" . )
3 b --= .18 0 35 2% ' -
4 025 0 -—a  L13 .13 . .50 UPWARD TRANSITION
5 0 .20 0 -=e 420 «50 PROBABILITY
6 | .27 18 .09 A8  --a  ,27. MATRIX
7 ull 039 011 ¢39‘ 0 hakadd
2 | --- W27 a3 .16 a7 .30
k| 20 === L13 «17 18 .32 o
4 017 -25 - - 014 016 128. RANDQ! M\TRIX
5 A8 .25 A2 . e L1686 +28
6 -18 -26 .12 -15 - .29
7 20 W29 14 .1? 19 el
2 | eaem 19 +,02 -16 -.02 -.07
3 |+04 --a- +,05 "-,17 +.17 -.08 DIFFERENCE
&4 +008 -e25 - -.01‘ =03 +.22 TR
5 =08 -d05 =412 -e-o +.04 +.22
6 +.09 -.08 * =3 03  caa- =02
7 -09 +.10 -.03 +.22 .,19 ac..

e
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" EMBEDDED-MARKOV CEAIN AND SUBSTITUTABILITY ANALYSES

3. BIC MEMBER III

2 3 4 5 ¢ 71

2‘ 1. 037 -58 059 063 082 ' .

3 37 »75 .61 .38 .48 UNDERLYING (LEFT)
4 S8 .75 68 .37 SUBSTITUTABILITY
5 59 W61 .51 «33 MATRIX

6 .63 .38 .68

7 82 .48  ,37

2 - .35 .25 0 018 016 *

3 33 -=a 38 0 «55 .21  DOWNWARD TRANSITION
4 17 0 ~-= W10 .09 ,21 PFROBABILITY

5 (.08 a2 9o - 18 .26 MARK

6 #25 W12 13 W20 ---  L16

7 A7 41 25 .70 0 -—

2 -
3 OVERLYING (RIGHT)
4 SUBSTITUTABILITY
5 MATRIX

6

7‘.

2

3 MUTUAL

4 SUBSTITUTABILITY
5 MATRIX

6

7




492

EMBEDDED mxw. CHAIN AND SUBSTITUTABILITY ANALYSES
3. BIC MEMBER III *
Cophenetic Correlations Based Upon Dendrograms

2 3 4 5 6 7

2 038 068 076

3 «38 «76 .38 .38 OVERLYING (RIGHT)

4 | .68 .38 38 .8l .68 SUBSTITUTABILITY _

5 (.38 .76 .38 DENDROGRAM . - e
6 -68 038 081 ¢38 ' ; ‘ N
7 .76 .38 .68 .38 ¢ =0.77

2

3 UNDERLY ING ;%FT!

4 SUBST BILITY

5 DENDROGRAM

6

7 c= 0,71

2

3 MUTGAL

4 - SUBSTITUTABILITY

5 DENDROGRAM

6 . ~ —

7 ¢ = 0.72




EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ARALYSES - -

4. PEBBLY SANDSTONE HORIZONS

s~ wmp LN,

ss 2 3 4 5 6 7 Sum
'8S | - 11 4 2 1 0 3 0 21
1 12 - 11 16 5 0 3 0 47
2 3 7 -- 21 13 2 12 2 60 TALLY -
3 |2 12 2 . 8 2 18 4 70 MIEX
4 |1 5 9 6 - 1 "5 1 28
5 (o 1 2 1 1 - 1 o 6
6 2 5 16 2 4 2 -- 0 50
7 0’ 1 3 3 1 0 & -~ 10
shtfo o 1 1 o o I o0 3
Sum |20 42 70 7l 33 7 45 7 295
5§ |-«- W52 .19 .l0 .05 0 14 0
W26 == .23 34 1 0 .06 0
-05 012 - 035 022 n03 020 003 UMRD
03 W17 34 --- 11 .03 .25 .06 TRANSITION
04 W18 32 .21 --- 04 .18 ,04 PROBABILITY .
0 A7 33 L7 A7 --- 17 0 MATRIX
004 -10 032 042 008 OOIG m-— 0
0 .10° .30 .30 .a. 0 .20 ---
h 0 0 J3 .33 0~ 0 <33 0
S5 | e== L15 W25 L,26 .12 .03 .16 .03
1 08 -~~~ .28 ,29 ,13 .03 .18 .04
2 08 18 .- 30 A4 .03 .19 .04
3 09 .19 31 --- 15 .03 .20 . .04 RAND(M
4 07 A6 26,26 --- 03 L,17 .03 MATRIX
5 07 W4 W24 W24 W11 - 16 .03
6 08 .17 .28 .29 .13 W03 .- L04
7 07 W15 .24 .25 12 .02 L16  -a-
Sh [ .07 .14 .26 .24 .11 .02 ,15 .03
8§ | ==me +37 -.06 -.16 -.07 -.03 -,02 -.03
1 +el8 -eee -05 .05 -.02 -.03 -.12 .04
2 =03 -06 ~w-- +,05 +.08 O +.01 -.01
3 =06 -.02 +,03 --e- -04 O +.05 +.02 DIFFERENCE
l‘ -003 +.02 i +-06 ‘005 —mae +-°1 +o01 +-01 HATRD{
5 =07 +.03 +.09 -.,07 +.06 -w-- +.01 -,03
6 =04 .07 +.04 +013 <05 +.01  wue- -,04 "
7 =07 +.05 +.06 +.05 +.02 -.02 +.,04 ----
Sh. | -s07 -.14 +.09 +.09 -.11 -.,02 +.18 -.03
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3

EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES

4. PEBBLY SANDSTONE HORIZONS

] 1 2 3 4 5 6 7
85
1
2 - UNDERLYING
3 . (LEFT
4 SUBSTITUTABILITY
5 MATRIX
6
7
58 | -== .26 «06 .03 +03 Q 07 0
1 60 --= L6 .23 L15 0 07 0 ‘
2 A5 W17 —-- 30 .39 .29 .27 .29 DOWNWARD
3 A0 .29 .34 --e 024,29 W40 .57 TRANSITION
4 05 .12 .13 N8 e L1411 .14  PROBABILITY
5 0 .02 .03 .01 .03 --- .02 0 MR
6 .10 -12 023 130 012 029 - 0
7 0 -02 o04 004 -03 0 -04 -
S8
1
2 OVERLYING
3 IGHT
4 §_li§STITUTABILITY
5 MATRIX
6
7
Sss )
1 .
2 MUTUAL
3 SUBSTITUTABILITY
4 MATRIX
5
6
7

PR P PO T S
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EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES
4. PEBBLY SANDSTONE HORIZONS

Cophenetic correlat:ioq_g Based Upon Dendrogrm-

ss 1 2 3 4 5 & 7

-]

~NoounmgsWwWwo e

SUBSTITUTABILITY
DERDROGRAM

€ -‘0-76

ta

SN W

7]

s~

MUTUAL
SUBSTITUTABILITY

W ka3

[T
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EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES

5. RIVIERE TROIS PISTOLES SECTION

SS 1 2 3 4 5 6 7 Sum
S5 { -- 2 0 0 0 0 1 0 3
2 1 3 - 1 0 0 2 2 9 TALLY
3 0 o 1 -- 0 0 0 1 2 MATRIX
4 1 1 1 0 - 0 1 1 5 =
3 0 0 1 0 0 - 1 0 2
6 1 0 1 0 -3 0 -- 3 8
7 0 1 5 2 0 1 3 -= 12
Sum | 3 7 10 3 3 2 8 9 47
85 | -== .67 0 0 0 0 «33 0
1 0 - W17 0 33 .17 0 «33
2 oll 033 - lll 0 0 -22 022 UMRD
3 0 0 .5 --- 0 0 0 ,50 TRARSITION
4 [ 20 ] 20 L] 20 0 inddad 0 £ 20 - 20 PROMB ILITY
S5 0 0 «30 0 0 == L50 0 MATRIX
6, .13 0 .13 0 .38 0 ~=~ J38
7 0 .08 -42 -17 0 008 025‘ - -
S§ [ --= .16 .23 ,07 L1 .05 .18 .20
1 007 -—- 02‘} .07 a12 005 .20 022
2 08 .18 --= .08 .13 .05 .21 ,24 RANDOM
3 07 16 W22 .- 11 04 .18 .20 MATRIX
4 007 .17 !24 .07 - .05 llg 021
5 07 .16 .22 07 L1 -~ ,18 .20
6 08 .18 .26 .08 .13 .05 --- ,23
7 09 .20 .29 .09 .14 .06 .23  ---

LY

SS | == +#.51 .23 .07 -1 -.05 +.15 -.20
1 | =07 =eee 207 ~07 +.21 +.02 -,20 +.11
2 |+.03 +15 «--e +,03 -3 -,05 +.01 -,02 DIFFERENCE
3 | -07 -.16 +.28 -acc -1 04 -.18 +.30 MATRIX
4 |[+.13 +.03 +.04 -.07 ---- -.05 +.01 -.0l
5 | =407 -.16 +.28 .07 -1l --am 4,32 -.20
6 | +.05 -.18 +,13 -,08 +.25 .05 ---e +.15
7 | =09 +.12 +.13 +.08 -4 +.02 +.02 ----

435



EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES

5. RIVIERE TROIS PISTOLES SECTION

sl Wm

88 1 =2 3 4 5 6 7

5§ 26 .19 ,38 0 32 54

1 10 32 0 .06 .63 .18 UNDERLYING

3 A9 W32 W40 .13 SUBSTITUTABILITY

4 .38 0 .25 .65 HATRIX

5 0 06 34 «39

6 32 W63 64 W42 0

7 oS4 18 .59 .13 .65

S8 | --- .29 0 0 0 0 .13 0 '

1 0 .ee W10 0 &40 .50 0 .22 DOWNWARD

2 133 043 - 033 0 0 -25 322 TRANSITION

3 0 0 B 1 0 0 0 .11 PROBABILITY

4 33 14 .10 0 - 0 13 .11 MA

5 0 0 .10 0 0 == 13 0

6 «33 o ..l0 0 .60 0 ~== L33

7 0 14 .50 .66 0 S50 38 ---

88

1 QVERLY ING

2 (RIGHT)

3 SUBSTITUTABILITY

4 MATRIX

5 X

6

7

S

MUTUAL
SUBSTITUTABILITY
MATRIX
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EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES

L RIViERE TROIS PISTOLES SECTION

Cophenetic Correlations Based Upon Dendrograms

58 1 2 3 4 5 6 7
88 |1 41 27 64 W27 .27 .64
1 41 <27 W41 .27 .27 W41 OVERLYING
2 27 18 .27 .68 .28 .27 IGHT
3 .27 .27 «87 .27 SUBSTITUTABILITY
4 64 W41 .27 .27 =27 DENDROGRAM
5 .27 .27 .68 .68
6‘ . 027 -27 .78 087 c=- 0077
7 -64 .41 .27 -27
58
1 UNDERLYING
2 (LEFT)
3 SUBSTITUTABILITY
4 DENDROGRAM
5
6 c=0.70
7
SS
1
2 MUTUAL
3 SUBSTITUTABILITY
4 DENDROG
5
6 ¢c=0.79
7
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EMBEDDED MARKOV CHAXN AND SUBSTITUTABILITY ANALYSES
k)

6. GREVE DE 1A POINTE SECTION

sS 1 2 3 4 5 6 7 Sum
ss|[-- 8 7 1 2 1 1 o 2
1 4 -- 3 1 3 0 2 1 14
2 9 2 -- 8 11 4 8 8 50 TALLY
3 0 1 15 -- 11 1 7 5 40 MATRIX
4 1 0 10 16 - 1 5 12 45
5 0 0 2 3 0 -- 0 1 6
6 2 0 15 3 7 0 -- 6 33
7. 4 0 7 9 7 2 8 -- 37
Sum 20 11 59 41 41 9 31 33 245
S8 - 40 «35 05 »10 05 .05 0
1 29 --- 21 07 .21 0 .14 .07 UPWARD
2 18 04 --- .16 .22 .08 .16 ,16 TRANSITION
3 0 03 .38 -.- .28 .03 .18 .13 FROBABILITY
4 02 0 «22 36 ---  ,02 11 .27 MATRIX
5 0 0 .33 .50 0. - 0 17 :
6 06 0 45 09 .21 0 ---  Ll8
7 .11 0 A9 .26 .19 W05 22 ..
S§ | === 05 .26 .18 .18 .04 .14 .15
1 09 --= 26 .18 A8 04 .3 .14
2 Jo0 06 -ec 21 .21 05 .16 .17 RANDOM
3 10 .05 .29 .- .20 .04 .15 .16 MATRIX
4 J0 06 30 21 .m0 05 L1617
3 08 405 .25 .17 W17 0 --- 13 14
6 ] 09 .05 .28 .19 .19 .04 --- .16
7 010 -05 -28 ‘20 -20 004 .15 -
S8 | =~=- +.35 +.08 -.08 -.08 +.01 -,09 -.15
1 +.20 -e-- -.05 -.11 +,03 -.04 +.01 .07
2 +.08 402 ---- -,05 +.01 +.03 0 -.01 DIFFERENCE
3 -10 -.02 +.09 <--- +,08 -,01 +.03 -.03 MATRIX
4 ~08 .06 -.08 +,15 ---- -,03 -.05 +.10
5 -008 "'005 +-08 +033 --17 T —— '013 +-03
6 -103 -.05 +-17 -010 +002 "004 m——- +-02
7 +0l -.05 -.09 +.04 -.01 +.01 +.07 ----

bl




6. GREVE DE LA POINTE SECTION

EMBEDDED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES

SS 1 2 3 4 5 6 7
SSs . A3 JT7 W43 W81 48 K
2 040 -75 034 057 071\ .
3 ) o11 +63 «79  SUBSTITUTABILITY
A w17 +29 75 36 MATRIX
5 43 W35 W34 W40
6 .81 .27 .57 .53
7 48 W06 71 .79
S§ | --- .73 .12 .02 .05 .1 .03 .0
1 "} .20 --- 05 .02 .07 0 06 .03 DOWNWARD
2 A5 18 --e L2000 .27 44 .26 .24 TRANSITION
3 0 09 .25 ---  ,27 .11 .23 ,15 - PROBABILITY
‘ -05 0 -17 039 - 011 .16 -36 MTR
5 0 0 03 .07 0 —-- 0 .03 ‘
6 .10 0 «25, .07 .17 0 === L18
7 |.20 o 2 22 .7 .22 .26 ---
8S
1 OVERLY ING
2 IGHT
3 SUBSTITUTABILITY
4 MATRIX
5
6
7
S8
1
2 MUTUAL
3 SUBSTITUTABILITY
4 MATRIX
5
6
7
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EHBEDﬁED MARKOV CHAIN AND SUBSTITUTABILITY ANALYSES -

6. GREVE DE LA POINTE SECTION

Cophenetic Correlations Based upon Dendrograms

ss 1 2 3 4 5 6 7

ss |1 .28 .58 .58 .80 .89 .80 .58

1 |.28 .28 .28 .28 .28 .28 .28 OVERLYING

2 058 -58 058 ' 058 065 m -
3 [.58 .28 .65 .58 .58 .58 .82 SUBSTITUTABILITY
& .80 .28 .58 . .80 .82 .58 DENDROJRAM

5 1.89 .28 .58 .58 .80 .80

6 |.80 .28 .58 .58 .82 c = 0.91

7 ISB . .28 -65 '82 058 -

§S :

1 UNDERLY ING

2

3 SUBSTITUTABILITY
b DENDROGRAH

5.

6 c = 0.92

7 .

$s

1

2 MUTUAL

3 SUBSTITUTABILITY
4 DENDROGERAM

5 AR

6 c= 0.9

7

301



502
. Part- 5

Detailed Analyses:

Sequences of Facies Groups
Embedded and Non-embedded Markov Chain Analyses: Facies Groups

Computat:ioﬁ;l_ Techniques for Embedded Markov Chain Apalysis (Miall,1973)
Computational Techniques for Non-embedded Markov Chain Analysis
(Davis,1973)

- Techniques and conventions used are the same as the analyses in Parts 1
and 3, Appendix 9,

Note: As for the other Markov chain analyses, thase transitions with a
difference matrix score less than +.05 were eliminated from the spider
disgrams, as were those transitions which only occurred once. The ex-
‘ception to this convention, were those individual transitions at the
Riv'i:zre Trois Pistoles Section that had a difference matrix score great-
er to or equal to +.05. This was done becsuse of the small number of

transitions observed at this sectioh.
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EMBEDDED MARKOV CRAIN ANALYSIS: FACIES -GROUPS

1, SANDSTONE HORIZONS

(sh,7) 4,3) (2,55) 1 5 6 . Sum
(8h,7) - 7 5 0 0 4 16 .
»3) 4 - 17 1 3 9 34 TALLY
(2,55) 7 12 .- 3 0 11 33 MATRIX
1 0 5 (] -— 3 0 .0 5
5 1 3 2 0 - 1 7
6 2 12 12 1 5 -- 32
Sum 14 39 36 5 8 25 127
- (Sh,7) R YA V1 0 0 .25 :
,3) . .12 . .50 .03 .09 «26 OBSERVED
(2.58) .21 .36 - 009 e 0 033 PROMBEITY
1 -0 1.0 0 e 0 0 MATRIX
5 .1‘0 . 01}3 - -29 A 0 * - .14 ’
6 406 .38 .38 .03 .16 an-
(sh,7) . 31 30 .05 .06 .29
{6,3) 17l .35 «05. .08 ° .34 RANDOM
(2,58) 17 .36 ——- .05 07 .34 MATRIX
1 .13 .28 .27 _—- .06 26 T
5 .13 .28 -128 .04 —— .27
6 -17 036 035 ’ -05 007 "-"-
(Sh,7) e URA3 0L -05 -u06 .04
(4.3) -.05 p—— +¢15 -.02 -.01' --08 DIFFERE“C;
(2,55) 06 0 ... +04  -.07  -.01 BATRIX
1 -13 +.73 -.27 ——- -06  -.26 »
5 +001 +.15 +'01 --04 - - 'l13
6

"¢11 +-02 +.03 --02 +'09 o tu -




T

EMBEDDED MARKOV CHAIN ANALYSIS: FACIES GROUPS g

2. ‘CONGLOMERATE HORIZONS

=.01

1 .5 Sh  (6,2,55) (3,4) ° Sum

1 - 1 1 25 12 39

5 1 - 0 1 2 4 TALLY

Sh 1 0 - 0 3 . & MATRIX
(6,2,s5) | 18 3 0 - 7 28
(3,4) - 16 1 2 7 -- 26
Sum 36 5 3 33 24 lol

1 —e= 03 .03 64 31 .

5 -25 - 0 025- .50 OBSERVED

Sh «25 0 -—- 0 «75  PROBABILITY
(6,2,S5) | 64 .11 0 -—- .25 CHATRIX
(3,4) 62 04 .08 27 - ) :

1 - 06 .06 o45 .58

5 -40 - 004 029 027 RANDCH -
. Sh 40 04 -em 29 277 MATRIX |
(6,2,58) | .53 <05 «05 == «36
3,4) 52 .05 .05 .37 .-

1 -=- -.03 -.03 +.19 -e27

- -el5 o -«04 =04 +.23  DIFFERENCE

Sh -015 --04 —— --29 +-48 MA'I'RIX
(6,2,58) | +.11  +.06 -.05 @ -w- -.09
(3,4) +.10 +.03 -.10 ——-




L ' ' .
EMBEDDED MARKOV CHALN ANALYSIS: FACIES GROUPS . o

505

3, BIC MEMBER III SECTION

|.47,2)  (6,4) 3 5 Sum -

@2 | - 7 12 7. 2%
(6,4) 12 --- 2 3 17  TALLY
3 8 8 5 aae 0 16 HATRIX
.5 6 2 2 . 10

L . :¢
Sum 26 17 16 10 69
7,2) - W27 6 .27
(6,4) 71 ——— W12 .18,  OBSERVED

3 -7 IO\ JR— 0 PROBABILITY

5 60 .20 .20 -——- MATRIX
(7,2} Y I ¥ .23°
(6,4) S50 -ee U321 .19 RANDOM

3. X T 7 J— .19 MATRIX

5 Sh 29 .27 ——
7,2) m—e= =413 +.09 +.04
(6,4) +.21  aeee SL19 -.01 DIFFERENCE
‘3 4,01 +.,18  ca-a -.19 HATRIX

5 +16  -.09  -.07 ———-

e o



S g

 EMBEDDED MARKOV CHAIN AWALYSIS: FACIES GROUPS ]
4 .. PEBBLY SANDSTONE HORYZONS
1 2 3 88 (4,5 Sh Sum
' 6,7)
1 m——- 11- 16 11 8 - 0 46
2 7 -—- 20 3 29 0 59
3 12 24 - 2 31 1 69 TALLY
SS 10 A 2 .- 4 0 20 MATRIX
(7’5’6’4) 12 30 31. 3 - 0 76
~ Sh ) 1 ] 0 1 — 2
Sum 41 70 69 19 3 1 2712
1 .- 2% .35 24 17 0
"2 A2 el 34 .05 49 0 OBSERVED
3 A7 35 - .03 45 .01 PROBABILITY
ss 50 .20 .10 ——- 20 0 TRIX
(7,5.6,‘) 016 c39 .41 004 - 0 .
Sh 0 +50 0 .0 50 -a-
1 .- .26 31 .09 34 01
2 022 eee 32 .09 .36 .01 RANDOM
3 .23 W29 ... .10 .37 .01 MATRIX
Ss .18 023 027 - e 030 001
(4,5’6’7) .23 !30 035 .10 —— .01
Sh A7 .22 L2 .07 W28 ee-
1 - '002 +104 +.13 '--17 "-01
2 10 a-ee 4,02 =04 +.13 .01 DIFFERENCE
3 =06  +,06 co-- -07 +.08 0 MATRIX
) ,ss +032 -.03 -017 = --10 --01
4,5,6,7) | -.07 +.09 - +.06 “e06  meee .01
sh -7 +,28  ..26 “07 +,22  ee-




EMBEDDED MARKOV CHAIN ANALYSIS: FACIES GROUPS
- 5. RIVIERE TROIS PISTOLES

(7,4) (6,1) 3] 2 3 S Sum
(7,4) ——- 6 1 6 2. 1 16
(6,1) 10 -- 1 2" 0 1 1
Ss 0 3 - 0 0 0 3 TALLY.
2 2 5 1 - 1 0 9 MATRIX
3 Tl 0 0 1 - 0o 2
5 0 1 "0 1 0 -— 2
Sum B 3 10 3 2 4
(7,4) ~-- .38 06 .38 A3 - .06 _
(6 » 1) .71 - - -07 L] 14 0 -07 OBSERVED
SS 0 1.0 -—- .0 0 0 PROBABILITY
2 022 056 011 - - 011 o RIX
3 .50 0 0 50 ——— 0
5 0 «50 0 +50 0 S
(7,4) - .47 010 -30 007 007
6,1 | 47 .- .10 30 .07 .07 RANDOM
Sl 436 .34 e 22 .05 .05 MATRIX
2 40 40 .09 - .06 .06 .
3 .33 .33 .07 .21 - .05
5 .33 .33 .07 o21 .05 -—-
(7’4) bt -.04 "003 +013 +-07 0
6,1) +e24  cmwe .03 -.16 07 0
SS ~e34  +.66  aeea -a22 -05 -.05 DIFFERENCE
2 --18 +.16 +002 - . +o°5 "006 HATRD(
3 +.17 33  -.07 +,29 meem .05
.5

"l33 - +017 -107 +-29 --05 “--
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EMBEDDED MARKOV CHAIN ANALYSIS: FACIES GROUPS

6. GREVE DE LA POINTE SECTION

Ss 1 2 (4,5,6) (3,7) Sh - Sum

Ss -- 9 5 4 1 0 19

1 4 - 4 5 2 0 15

2 9 i . 22 15 0 47 TALLY
(%,5,6) 3 0 25 - 36 0 64 MATRIX
3,7 4 1 20 35 -- 0 60
.. Sh 0 0 0 0 Y S 1
Sum 20 11 54 66 55 0 206

58 —-—— 047 026 . «21 005 : '

1 27 ——- 27 «33 .13 OBSERVED °

2 .19 02 w—— 47 32 PROBABILITY
(4,5,6) .05 0 39 ea- «56  MATRIX
(3,7) 07 02 .33 58 -

Sh 0 0 0 0 1.0

ss --e QOB -25 034 032 -01

1 A0 --- L,25 .34 31 u} RANDOM

2 .12 .09 - - -m 138 - HATRIX
(4,5,6) 13 .11 <33 -——- 42 01
(3,7 A3 L10 32 b4 ——— .01
- Sh «09 .07 «23 .31 29 ——

SS cme- 4,39 +,11 -.13 ~e27 =01

1 1 +el7 e +,02 -.01 -.18 -,01 DIFFERENCE

2 +.07 07 e-aa +.07 -«06 -,01 MATRIX
(4,5,6) -.08 .11 +.06 ———- +.14 -.01
3,7 -06 -.08 +.01 +ol4  aeae .01

sh "009 -.07 --23 " '031 +¢71 ----7

f




NON-EMBEDDED MARKOV CHAIN ANALYSIS: PACIES GROUPS

1. SANDSTONE HORIZONS

- (Sh,7)  (4,3) (2,S5) 1 5 6 Sum
(Sh,7) 14 7 5 0 0 4 30 ,
4,3) 4 28 17 1 3 9 62 TALLY
(2,55) 7 12 16 3 0 11 49 MATRIX
1 0 5 0 0 0 () 5
5 1 3 2 0 3 1 ‘10
6 2 12 12 1 5 18 50
Sum 28 67 52 5 11 43 206
(sh,7) 47 23 17 0 0 .13 :
,3) 06 .48 .27 .02 .05 .15 OBSERVED
(2,55) A4 26 33 .06 0 .22 TPROBABILITY
1 0 1.0 .0 0 0 0 . WATRIX
5 610 030 120 0 130 .10
6 -04 R 124 -2’} 002 010 : 036
(sh,7)- A4 L33 .25 02 05 .21 ‘
(4,3) A4 .33 «25 .02 .05 .21 RANDOM
(2,58) A4 L33 .25 - .02 .05 .21 MATRIX
1 el L33 25 .02 .05 .21
5 Jd4 33 25 .02 .05 «21
6 14 .33 .25 .02 .05 .21
(sh,7) +.33 .,10 -.08 -02  -.05 -,08
(4,3) -.08 +,12 +.07 0 - 0 -.06 DIFFERENCE
(2,55) 0 -.09 +,08 +.04  -,05 -.01 MATRIX
1 -4 +,67  -.25 =02 05 -.21 "
5 -04 -,03 -.05 -02  +.25 -,11
-6 ~10 .09 -.01 0 +.05 +,15
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NON-EMBEDDED MARKOV CHAIN ANALYSIS: FACIES GROUPS

2, CONGLOMERATE HORIZGNS

5 Sh (6,2,88) (3,4) Sum

i 21 1 1 25 12 60

] 1 0 0 1 2 4
:  Sh 1 -0 aue 0 3 4 TALLY
(6,2,58) | 18 3 0 10 7 38 MATRIX
3,4) 16 1 2 7 8 34 '
Sum 57 5 3 43 32 140

l «35 02 .02 42 «20 OBSERVED

5 25 0 0 +25 .50  PROBABILITY

Sh «25 0 ee- 0 75 MATRIX
6,2,58) | .47 .08 0 .26 A8 T
3,4 47 - .03 06 .21 o24

1 4l 04 .02 31 .23

5 o4l 04 .02 .31 «23

Sh 42 04 e 32 24 RANDOM
(6,2,88) | .41 +04 02 - .31 «23 MATRIX
3,4) o4l 04 .02 .31 23

1 =06 = -.02 0 +a11 ~.03

5 --16 -.04 -002 -006 " +027 DIFFERBNGE

Sh =7 -4 eee- -e32 +.51 MATRIX
(6,2,85) | +.06 +.06 -.02 =05 =05
(3,4) +.06 .01 +,04 -.10 +.01
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Nﬂl-EHﬁEDDED MARKOV CHAIN ANALYSIS: FACIES GROUPS
3. .BIC MEMBER III SECTION

(7,2) 6,4) 3 5 Sum
(7,2) 27 ‘7 12 7 -5 |
(6,4) 12 10 2 3 27  TALY
3 8 8 5. 0 21  MATRIX
5 6 2 2 7 7o
Sum 55 27 2 17 118
(7,2) | .51 .13 .23 .13
(6,4) | 44 37 .07 11 OBSERVED
3 «38 «38 « 24 0 PROBABILITY
5 035 012 . 012 01}1 W\TRD{
(7,2) Sh 23 18 e
(6,4) 45 22 18 .14  RANDOM
3 45 W23 17 J4  MATRIX
5 45 .23 .18 g4
7,2 +07  -.10 +.05  -.0l
(6,‘") -001 +¢15 -.11 -.03 DI-FFERENGE
3 -07. +15 +,07 - 14 MERIX
5 -0 -1 06 27
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NON-EMBEDDED MARKOV CHAIN ANALYSIS: PACIES GROUPS

‘4. PEBBLY SANDSTONE HORIZONS

1 2. 3 5S 4,5 Sh  Sum
6,7) -

1 16 11 16 11 8 0 62

2 7 23 20 3 29 0 82

3 12 24 38 2 31 1 108 TALLY

sS 10 - 4 2 - 4 0 -20 MATRIX
(7,5,6,4)| 12 30 31 3 49 o 125 —

Sh 0. 1 0 0 1 - 2

Sum 57 93 107 19 122 "1 399

1 .26 .18 .26 .18 .13 0 .

2 .09 28 2% 04 .35 0  OBSERVED"

3 .11 .22 35 .02 «29 .01 PROBABILITY

sS S50 W20 .10 -——- 20 0 MATRIX .
(7,5,6,4)| .10 24 «25 .02 .39 0

: Sh - 0 . <50 0 0 ] «50 -

1 14 .23 .27 .05 31 0 :

2 14 .23 .27 <05 .31 0 RANDOM

3 .14 .23 .27 .05 .31 0 - MATRIX

Ss .15 25 .28 ——- 32 . 0
(7,5,6,4)] .14 .23 .27 .05 31 0

Sh ¥ .23 .27 .05 .31 ..

1 +.12 -05 -.01 +.13 -.18 0

2 ~05 +.05 -.03 -01 +.04 0 DIFFERENCE

3 .03 -.01 +.08 -.03 +.02 +.01 R

SS +.35 -.05 -.18 e -.12 0
(4,5,6,7)} -.06 +.01 -.02 -.03 +.08 0

Sh <l +.27 .27 =05  +.Jd9 .o
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NON.EMBEDDED MARKOV CHAIN ANALYSIS: PACIES GROUPS

5. RIVIERE TROIS PISTOLES SECTION

Sum

(7.,4) (6,1) SS 2 3 5
(7,4) 7 6 1 6 2 1 B
6,1) 10 5 1 2 0 1 19
$S 0 3 . 0 0 .0 3 TALLY
2 2 5 1 5 1 0 14 MIR
3 1 0 0 1 0 o 2
s 0 1 0 - 1 0 0 2
Sum 20 20 3 15 3 2 63
7,4) 30 .26 04 26 .09 04 ,
6,1) .53 26 .05 .11 0 .05 OBSERVED
SS 0 1,0 ——— 0 0 0 PROBABILITY
2 A4 .36 .07 .36 07 0 TRIX
3 .50 0 0 +50 0 V]
5 0 050 0 '50 0 O +
(7,4) .32 .32 .05 24 .05 .03
6,1) 32 .32 .05 24 .05 .03
SS .33 .33 - 25 .05 .03  RANDOM
2 .32 .32 .05 2% .05 03 MATRIX
3 32 .32 .05 24 .05 .03
5 32 .32 .05 24 05 .03
(7,&) "-02 "'-06 --01 +-02 +¢0l} +001
(6.1) +.21 .06 0 ~13 .05 +.02 B
Ss 33 4,67 --a- =25 -.05 -.03 DIFFERENCE
2 -.18  +.04  +,02 +.12  +,02 -,03 MATRIX
3 +.18 -.32 -.05 +.26 -.05 -.03
5 -:32  +,18 -.05 +.26 -.05 -.03

r



NON-EMBEDDED MARKOV. CHAIN AMALYSIS: FACIES GROUES

6. GREVE DE IA POINTE SECTION

SS 1 2 (4,5,6) 3,7 Sh  Sum
) 5
SS - 9 5 4 1 0 19
1 4 A 5 2 0 16 TALLY
L2 9 1 28 22 15 0 75 MTRIX
~ (4,5,6) 3 0 25 37 36 o 11 -
(3,7) 4 1l 20 35 35 0 95
Sh 0 0 0 0 1 - 1
Sum 20 12 82 103 90 0 307
SS - 47 «26 W21 .05 ;
1 . 025 006 ' .25 -31 o13 OBSERVED
2 A2 01,37 «29 .20  PROBABILITY
(4,5,6) | .03 o .25 .37 36  MATRIX
3,7 04 01  ,21 «37 «37
Sh 0 0 0 0 1.0
ss - 04 +28 .36 .31 0
1 07 04 «27 34 «29 0 RANDOM
2 07 04 27 34 29 0 MATRIX
4,5,6)| . .07 04 «27 34 .29 1]
3,7 .07 04 27 34 .29 0
Sh 07 04 27 34 229 aas
SS bt ] +043 ‘.02 --15 --26 0
1 +.18  +,02 -.,02 -.03 -6 0 DIFFERENCE
2 +.05 .03 +.10 =05 .09 0 MATRIX
(4,5,6) =04 -.04 -.02 +.03 +07 0
(3 ,7) -«03 -.03 -006 +.03 +.08 - 0
Sh 07 -.04 .27 -s34 +71 ..
Lhy
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