I * National Library of Canada " Bibliothéque nationale du Canada

Collections Development Branch Direction du développement des collections
. - <
Canadian Theses on ) Service des théses canadiennes
Microfiche Service sur microfiche
NOTICE . AVIS

The quality of this microfiche is heavily dependent La qualité de cette microfiche dépend grandement de -
.upon the quality of the original thesis submitted for lIa qualité de la thése sdbumise au microfilmage. Nous
microfilming. Every effort has been made to ensure _—avons. tout fait pour assurer une qualité -supérieure
the highest quality of reproduction possuble : 7 de reproduction.

If pages are missing, contact the university wthh Sl manque des pages, veuillez communiquer

5 granted the degree, : avec l'université qui a conféré le’grade.

Some pages may have indistinct print espéclally "~ La qualité d"impressibn de certaines pages peut
if the original pages were typed with a poor typewriter laisser 2 désirer, surtout si les pages originales ont été
ribbon or if the university sent us a poor photocopy. dactylographiées & |'aide d'un ruban usé ou si 'univer-

- ) sité nous a fait parvenir une photocopie de mauvaise
qualite.

Prevmusly copynghted materlals {journal articles, ' Les documents qui font déja I'objet d'un droit
published tests etc)are not filmed. .d'auteur (articles de revue, examens publiés, ete.) ne

sont pas microfilmés.
_*Reproduction in full or in part of this film is gov- La reproduction, méme partielle, -de ce microfilm-
»erned by the Canadian Copyright Act, R.S.C. 1870, est soumise 3 la Loi canadienne sur le droit d‘auteur,
c. C-30. Please read the authorization forms which . SRC 1970, ¢. C-30. Veuillez prendre connaissance des
) accompany thls thesxs formules d‘autorisation qui accompagnent cette thése.
THIS DISSERTATION _ ' - ‘LA THESE A ETE
' HAS BEEN MICROFILMED - MICROFILMEE TELLE QUE

EXACTLY AS RECEIVED o NOUS L'AVONS RECUE

Ottawa, Canada
K1A ON4

NL-329 {(Rov. B/80)



Sedimentolo of the Pirate Cove; Fleurant and Bonaventure
Formatioms of the Western Baie des Chaleurs area, Maritime Canada;
. Depositional and Tectonic Model o

- - -

T

By

-

Brian A. Zaijitlin

A thesis -
presented to the School of Graduate Studies
in partial fulfillment of the
requirements for the degree of
Master of Science
- Lin
the Department of Geology

'\

L

rnM

RS IR



- 11 - PR |

L \ - -
FRONTISPIECE :
: © View of Units 4 and 5-6f the Pirate Cove Formation at low
\ ' tide, looking east across Englishman's Brook.

—

~




COLOURED PreTurs



NBSTRACT

L0
Lower Devonian to Carboniferous sediments in the western Baie des

:Cha1eurs region, Quebec and New Brunswick, conprise a 2.5 gm terrestrial
successipnfdeposited in successor basins of the Acadian ‘and Appa?achian‘
Distur§ances. The threé formations studied- - Pirate Cove {(L/M Devonian);
Fleurant (U Devonianiy and Bqnaventure {L Carboniferous) - were
deposited in a range of aliuvial environ;;nts that.incTudéd alluvial
fans to braidplains to meanderingif]uviai plains. The L. Devonian.La
Garde and Upper Devonian Escum1nac Formations compr1se the remainder of
the molasso*udepos1ts within the study area.

" The Pirate Cove Formation'(535 m) is divisible into 5§ informat
members (or unjts) comprising a) gravel-dominated, mid to .distal alluvial
fan (units 2 and -3) b) gravel-dominated, proximal to distal braidplain’
(unit 5), aﬂg ¢) sand-dominated alluvial braidplain (units 1 agdl4)
deposits. Thé Pirate.Cove accumulated in a NE-SW tggnd{ng basin, with

.a'Nw source area. Debris ?Tow and sheetflogd deposits; redbeds and minor
caliche indicate ephemeral f1ash¥]ood deposition in 2 semi-arid environment.

The Flewrant Formation (18 m ) mainly comprises 1-5 m _'ck,
horizontally beddéd,:imbricate, cabble to boulder céngTqmefates derjved from
a NW source. The grey-green colouration and “absence of ﬁebﬁis flow deposits and
caliche indicate deposition under a more temperatgrclinhte. Sedimgntation'

occurred mainly on large coa]escine Tongitudinal bars gnder flood conditions

¥ona proximal, gravel-dominated braidpl
. . ' \___/ - .
The Bonaventure Formation (170/m in the study area) represents _
deposition on.a) prbxima vial fan / talus slope b} gravel - and sand+
dominated proximal to distal braidplain and c) transitiona].braiﬁed'fo

”'meandéring alluvial b]aﬁn environments. The Bonaventure. formed in a W-E

<iii-



en echelon folds. .The postuldted control was transcurrent motiori to the SW of the

.

trénding basin , bordered to the N s W ; and S by marginal'alluyial fan and
proidmal braidplain deposits, with W to E axial drainage.
Two depositional seouences controlled by changing tectonic style, are

postulated for the Devonzan to Carboniferous succession. The L/Mto U Devonian

- coanse clastic seouence, comorising tbe La Garde, Pirate Cove, Fleurant and

nscuminac Woﬁmations, is characterized by an asywmetric lithofacles distribution

within fault controlled basins. A shallow dipping subduetion zone in the Pundy

Iarea, SW of the study area, céé%?lng during the Acadian collision_botwoed

: tica and Laurentia, has been proposed by others as.the caoéative mechanism.
The L Carboniferous (Bonaventure) sequence is attributed.to doposition in

stfike—slip basins, Supporting evidence inclpdés a symmetric distribution of

lithofacies similar to that of some knowri strike-slip basiné; in addition to

study area created by the collislon of Laurzssiz and Gondwana.
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Chapter I
- INTRODUCTION

1.1 LOCATION ARD ACCESS : .-

‘The Baie des Chaleurs region is located along the south-
ern Gaspé and northern New Brunswick coasts,between the Gulf
of St.Lawrence and the mouth of the Restigouche River ( Fig-
ure 15. The'principal-study‘area is situated near the west-
ern limit Af the Baie, approximately 25 kﬁ east of Campbell-
ton ,New Brunswick. Population centers within- the study
area incluée Miéuasha?and 'St. Omer,Quebec; ‘and Dalhousie,
New Brunswick.

Outcrop and cliff sections of Devonian and Carboniferous

age were examined in Quebec between Escuminac Point and- St.

‘Omer; and from 4 km west of Dalhousie, eastward to Belledune

Point ,New Brunswick (Figure °2). In addition,drill hole

logs for Heron Island were obtained from the New Brunswick
Electrical Power Commission (N.B.E.P.C.). Unfortunatély,
access to the island'wazwanot obtained throughout the dura-
tion of the stud}. | -

The best exposure igzpresent as relatively low" lying
(0-20m), continuous sea c¢liffs that border the western mar-

gin of the Baie. These sea cliffs are fully accessible at

"low tide, when an intertidal gravel to mud beach is exposed.

..")I' -

"“'
.
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Isolatedb;oadcuts,stream banks, scarps and gravel pits
provide limited inlané exposure. Away from the coast, the
regioﬁ is mostly covered by dense overgrowth‘and.glacial mé—
terial, hampéring system;tic inland traversing.

The region 1is dominated by the east-west trending Baie
des Chaleurs "trough",controlfiqg_the topography and drain-
age pattern for the area. - The Southern Gésﬁg is composed of
a narrow lowlgna area,with scattered marginal farms,rising

fapidly into the Notre Dame Highlands.. The New Brunswick

region contains a more widely-extensive lowland, rising to

the south and southwest to the New Brunswick.‘Highlanq§. 

Figure 3 shows the physiographic subdivisions within the

VBaie des Chaleurs area.
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1.2 PREVIQOUS WORK

‘The Baie des Chaleurs S}eé has been‘a region of périodic
geologic intérest since the early to -mid 1800's (Logan;
1846). | Geologic iﬁvestigations during the late 1800's were
predéminantly concerned with Devonian fish fauna within the
'Athblvillé" beds‘énd the Escuminac Formation near the west-
ern limit of the Baie (Whiteaves,1881,1889). The Geological
Survey of Canada mounted major regional mappin' studies in
the area during the late 1920}5 and early 1930's - (a1-
cock,1935). The purpose‘of these studies was .to deterﬁine
the 'structqre,st:atigraphy'and geographic distribution of
the rock units .within the area:; and to determine the pres-
ence or absence of commercial mineral deposits. )

- The late 1940's and early 1950's saw renewed interest {n
the Devonian fish-bearing uniﬁs (Orvig,1957;Stensig,1958);
| and in detailed township mapping by the Quebec and New Brun-

Sem

swick Department of Mines. ' The latter investigations were

intent on redefining stratigraphic and structural relation-

. . . ! . s .
ships in the field, and proposing depositional environments

for the respective formations.

Kindle (1930) was the first to subdivide the Devonian
succession within the Bale area. He proposed a five fold

subdivision (A through E) , listed below in descending order:

=

—

RN S ]
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l;f E- Grey argilleceous shaleS'and sandy shales jinter-

- bedded shaly and th@n'bedded sandstones term;natzng

.in a ls-foot"member (E1) of reddxsh beds. Fossxl
fish and fine plant fossils (Escumlnac Beds nguasha
Bay)....370 feéF s R

D- Coarse rounded-pebble and boulder conglomerate 1n

™
[ ]

. grey matrix. Barren of ‘fossils (Fleurant qonglomer—
ate?; type looalztg Fleurant Peint; also seen at
Muéhroom Rock (now eroded avay)! and 1/3 mile south-
east of Englzshman s° Creek (recently changed to
Brook) ses.45 feet

3. C- Coffee coloured shale (dull red Net) with oca=
sional‘green bando. Upper part wzth a. conglomerate,
0 to 40 feet (Cl).  Lower part of formation partly
concealed. Barren of fossils: (both sides of mouth
of BEnglishman's Creek)....450 feet .

4. B- Coarse, angular-pebble conglomerate with salmon

coloured matrix....210 feet : .

fl

5. A- Angular-pebble conglomerates interbedded with cho- ﬁ,-

colate,green and grey argillaceous ana sandy shales
«e..a2pprox.400 feet

Rindle {(1930) proposed that unite A, By and C were equi-

valent to the Gaspé Sandstone Series of Early Devonian age;,

He believed units D and E to be of Middle to Late Devonian

age.

] added by the author from 1is£ing by Diné]ey and Williams, 1968 a.

O
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8
Alcock (1935) modified Kindle's Devonfan stratigraphy = . for
the succession in the western Baié area. Alcock placéd

unit A with the Gaspé Sandstone Series and proposed that

_units B and C should have formational status (ie Pirate Cove

Formation ). Alcock(op-cit.) believed that the Pirate Cove
was conformably overlain by the Fleurant and Escuminac For-

mations, not recognizing the well-developed unconformity to.

L]

the east of Englishman's Brook. - - . - /

Williams and Dineley (1966) were the first to note the

unconformity between the Pirate Cove and Fleurant Formations.

They proposed the stratigraphic framework that is used in

this study (Table 1).

Williams  and Dineley (1966) grouped .the La Garde Forma-
tion (which rests unconformably upon lowermost Dévonian
(Siegenian) "basement " }, and Pirate Cove Formation (which
confqrmabiy (?) overlies the La Gérde) into a Lower to Mid-
dle.Devonian éequence. The Fléurant and conformably ovérly-
ing BEscuminac Formation were grouped together into the Up-
per Devonian "Miguasha .Gfoup'. - The Carboniferous
Bonaventﬁre:Formation caps the terrestrial .succession “in
the Baie area. It' rests unconformably upon the Miguasha
Group along the séuthern Gaspé shore, and rests unconforma-
bly u@on pre-Devonian "basement™ in ﬁew Brunswick. 

Alcock (1935) noted the continental fluvial nature of the
formations under study. Dineley and Williams (1968 a,b), in
a more detalled account of -the Devonian strata within‘thé

western . Balie des Chaleurs area » proposed that the Pirate

hya

ady “.
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Cove, FIburant and Escum:nac Formations were deposxted "in a

series o£ alluv1al fans flood plains,/river channels and

e

lakeé"(bineley and Wzllzams, 19683,9241). No mention was
made of the - fluvial style active during sedimenta-

tion,nor was’ a descr1ptzon of tectonxc and depositional -mo~

dels given for eather .the Pirate Cove or Fleurant Forma-

tions.- The Escuminac Férmation was attributed to a
lacustrine-turbidite origin. H.Shaw (per. comm. 1581} and
M. Arsenault (per. comm. 1979,1980) have determined that
the Escﬁminéc was deposited in brackish lacustrine waters.
Dineley and Williams (1968 a,b) subdivided the Pirate
Cove Formation into five informal members ("units") based on
their lifhological characteristics. They propesed éhat the
Piraﬁe Cove was déposited as amﬂ,;alluvial-fan floodplain
complex.....from the northeast qpadrantf(1968b,p956); howev-

er paleocurrent data given later show. that the main source

.area was teward the northwest. ‘Dineley and Williams (1968

a,b) interpreted the Fleurant Formation as a fluvial deposit
and postulated a northeastward source terrain. This also
will be re-evaluated in l{eht of paleocurrent‘and.clast stu-
dies given 1n this report.

The Carbonlferous Bonaventure Formation has only been

\
mentaoned in passi ¥ investigators in the Baie des Chal-

eurs area. The Bonaventure to date has been regarded as a

thin capping sSuccession to the more intensively studied Si-

, lurian-Devonrian "basement"” in the region. The Bonayenture

e ringeae .f-‘.,"’r}n)ﬂ
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Formation has been mapped to ﬁhe/,eésf as far as . Percé by

. ' e .
Alcock (1935), and wvas briefly* mentioned by McGerri-

: gle(l§50), Badgiey(lSSS), Aryton(1961,1967) and Sanschagrin -

(1963). ' _ - ‘

The models ‘ﬁroposed fa; ‘the Bonaventure range from ‘an
"outwash fan delta" model by Sanscﬁagfin (1963) to-a "fan-
glomerate” classification proposed by Belt (196833,_ Hth;
vorkers have proposed that the éonaveﬁture Forﬁétioﬂ.is the
proximal equiyalent' of the Bathurst and Clifton Férmations
in North and Central New Brunswick (Alcock, 1935: Howie and
. Barss,1963; iegun,lSSb) but others raise serious doubﬁs to
this hypothesis based on stratigraphic and palynological ev-
idence ( Van der Poll,per. gémm..lQBI).

Hacquebard (1972) éorrelated the Bonaventure Formation

with the Riversdale and Canso Groups of Namurian to Westpha-

lian A age. The Clifton and Bathurst Formations have been

correlated with rocks of the Pictou Group. Table 2 shows
this correlation, along with the correlations of the other

units in this study.

Little detailed sedimentological work. on the Devonian to

Carboniferous succession has been undertaken since the early
1960's, | aside from that of‘ Béland (1958),Dineley: ﬁnd'Wil—
liams (lééé a,b) and Zaitlin (1981). Present work within
fhe study area includes that by H. Shaw of Mcgill Universi-
ty,Montreal,who is investigating - thé ther maturation of

.shales within the Escuminac Formation ; M. Arsenault of the

datae i g
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Quebec Department of Touriém'whol:is actively engaged in the
study of the Escuminac macrofossils; and township mapping by
the New Brunswick Department of Mines. No other geologic

work is being undertaken in the area that is knowﬁ to the
author., ' i
. - /

1.3 REGIONAL GEOLOGY ARD TEéTONICS

The Baie des Chaleurs region is part ‘oﬁ‘the Appalachian,
;tructﬁral Province of eastern Maritime Caéada {(Williams et.
al. 1972 ). The Bale region is within the ngrthern New Brun-
swick subzone of the Axial tectonic zone gf Kennedy (1979)};
and is located iﬁ the Dunnage zone of Wil}gams (1579). (The
tectonic zonation proposed by both Kenneay and Williams is,
based upon the deformation history -of the pre-Devonian
"basement"™ rocks, and has liFtle to do with the overlying
Devono-Carboniferous sediments.)

The Baie des Chaleurs 1s within the Chaleur Bay Syncline.
of the Matapedia Anticlinérium (St.Julien et al., 1972). The
study area is to the soﬁth of the Notre Dame Highlands and
to the north and west of the New Brunswick\Highlands (%igure
3 ). The area forms a small outlier of the New Brunswick
Platform,which during the Carboniferous may have’ coveréd a2
much wider area than at- the preseﬁt.(Figure 4 ).

The pre-Siegenian "Basement” within' the Baie area con-
sists of shallow water carbonates,sandstones’ ana volcanics

_of the Restigouche and Matepedia Groups of (Cambro-?) Ordo-

vician to Silurian age(St. Julien et al., 1972). These de-

/ .
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posits were deposited within shallow epicontinental seas and

coastal plains associated with the Iapetﬁs" Ocean

(Poole,1976). The "basement™ may have undergone up to three
orogenic eQents- Late Precambrian (Awvalenian); Ordovician
(Taconic); and (Late Silurian?) Devonian (to Permi-
ﬁn)(Acadian—Appalachﬁan The main event that affected the
Devonian—-Carboniferous succession is the Acadian (and Appa-
lachian?) Diﬁturbance {Poole,1967; 1975:§Chqwkﬂr1973? wWil-
- liams,1979). . ~\

The clqsure of the Iapetus Ocean by'the continental col-
lision of Laurentia, Baltica,Avalonia and England, (mid-De:
vonian ?) (sensu Scotese et al, 1979) ,possibly resulted.in
the formation of small, isolated depositional b#sfns within
the Baie des Chéleurs area. These basins formed as strike-
*slip/half graben - or intermontane/successor basins
(Poole,1967,1976) as the result of postulated obligue colli-

"sion between the plates (Scotese et al,op.cit.). NW-dipping
subduction , with Baltica averriding Laurentia, occurred to
the SE of the Baie des Chaleurs. Rust (in press (b))} postu-
lates that the collision reguited in broad shallow upwarp—
ing, and the deposition of molasse-like deposits of Devonian
age near the eastern tip of the Gaspé (York River, Battery
Point and Malbaie ?ormétionsf. These deposits are marked by
their uniformity across their respective depositicnal ba-
sins, and the lack of fan deposits which would indicate

abrupt source relief. The Pirate Cove will be shown to

P
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possess fan deposits and will be discussed in relation to
the above theory. . This tectonic event is the Acadian Dis-
turbance,which may have started agd early as the Middle Silu-~
rian in some @arts of the Maritimes. Continental molasse
sediments were déposited in these basins as a result of this

disturbance.
' The Acadian Disturbance appears to "grade " into the Ap-
palachian or Maritime Disturbance (U. Devonian to Permian?
); and may have resulted in the reactivation of Acadian
zones of weakness due to renewed continental collision to
the southeast (Poole,1967,1976). Williams (1879) noted the
lack of volcanics and ophiclites present in postulating that
the latter Disturbance was nﬁt due to a coilision that in-
cluded subduction, Scotese et al. (i979) ahd Ziegler et al.
(1979) theorized a collision between Laurassia and Gondwana
to the SW during the formation of Pangea, qausiné sinistral
movement along the previously-existing Acadian =zones of
weaknes;. The.sepse.-of -movement a]oﬁb the resulting wrench
fault or oblique-strike-slip fault planes is problematic.
One example of this is the dextral movement attri-
' buted to the same collision by Arthaud and Matte (1977).
The discrepancy in sense of movement may be atéributed to
the fact that these.fault zones may Have had different di-
rections of movement durihg different‘ times of their histo-

1]
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-fhe Acadian Disturbance has been correlated with the Cal-
-cﬁdonian Event of Europe which resulted in the deposition of
kihe 0ld Red .Sandstone (Allen et al,l1967;Howie and
Barss,1963,1975a,b;Poole,1967; and many others}. Similar
evidence-equates the Appalachian Disturbance with the Alle-
ghenian of the eastern United States and-the Hércynian of Eu—.

T

rope (Scotese ét al,1979; Zeigler et al,1979).

1.3.1 Gedlogy of the Western Baie des Chaleurs Area

The stratigraphy of the western Baie des Chaleurs area is
presented in Table 1 . The formations investigated in this
study include the tower to Middle Devohian Pi;atﬁ\Cove For-
maticon (approx.545 m )ﬁmelmpér' Devonian Fleurant Formation
(approx. 18 m ); and the Lower Carboniferous Bonaventure
Formation (approx.200 m. Qithin the study area) ranging up
'to 300 m at the eastern tip of .the Gaspé Peninsula.’  The
other units that complete the approximately 2.5 km thick mo-
lasse sequence in the study area Enclﬁdeothe La Garde and
Escuminac Formations. Table 2 attemptéito summarize the
succession and their correlati;é% throughout the Maritimes.

Thg éirate Cove Formation has been correlated with the
gattery Poiﬁt and Malbaie Formations (McGerrigle ,1950:;
Dineley and Williams,1968 a,b; Mcgregor,1963,;973). The Mi-
guasha Group has been correlated with the Horton Group (How-

ie' and Barss,1975a,b). The Bonaventure Formation correlates

with the Cannes de Roches and possibly with Canso- Rivers-
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dale rocks of the southern ﬁaritimes (Alcock,1935:Howie and

Barss,1963,1975a,b; Belt,1968a; Hacquebard,1972).

g e o el bl
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1.4 FLUVIAL SYSTEMS- A DISCUSSION

1.4.1 Introduction

Channel patterns of fluvial systems have been subdivided
into four main varieties:

l. straight

2. anastomosing

3. meandering

4. braided ‘
by a variety - of authors ( | Schumm, 1968,1977;
Rust,1977,1978a). Straight fluvial systems are rafe at the
present day, and have yet to be recognized in the ancient
succession. Aﬁastomosing-systems are widespread today with-
in tectonically active (aggrading?) dry to humid areas, and
have only in~the past few years undergone intensive study
(Smith and Smith, 1980:Smith and Putnam,1880; Legqun and
Rust,1981,in prep.; Rust, in press (¢)). Meandering systems
are relatively well known in both the present and éncient
successions,' encompassing a wide range of depositional and

climatic environments 1570,1965,1964 etc. ). An in-

teresting review the stud

o of fluvial deposits 1is pre-

sented by Miall (1978a).

1.4.2 Braided Fluvial Systems

The braided fluvial system has only been under intensive
study within the last 15 years. The last three years has

seen the development of a series of depositional models to

"\\‘\
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help ~ explain the braided fluvial process (
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Miall,1977,1978b;:Rust,1978b). . These models are based on
both modern and ancient braided fluvial successions ranging

-from glacial fluvial (ex.Boothroyd and Ashley, 1975;Williams

and Rust,1969; Rust, 1972b,1975) to ancient deposits (ex.

Cant and Walker,1976). \§-
Lithofacies as outlined according to the scheme proposed
by Miall (1977,1978b) and Rust (1978b) are subdivided on the

basis of their:

1. lithology - gravel (G) wvs sand (S) vs silt and mud

(£) \H\hJ//-\\\\mfﬂ
2. structure ) -

~ —.type and scaie of structure
Lithofacies are determined by the dominant lithology and
Structure within the bedding unit, and may be gradational,
abrupt, erosional etc., with the units above or belqw. * The
sequence of states, the presence or absenﬁe of cyclicity,

and the ver;&cal and horizontal variations of the lithofa-
éies aid in the reconstruction of the original depositiongl
environment.

Table 3 lists the models proposed for braidé§ fluvial
successions by Miall (1977,1978b)} and Rust (1978b). The mo-
dikg“aqs\subdivided on the basis of:

( . dominant lithofacies association

1
2. proximity to source terrain
3

. energy level during deposition- including duration

i PRV B GIEPR
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s

4. sedimentary structures and the presence or absence '

of cyclicity. . L
Miall (1977,1978b) subdivided gravel-dominated braided

environments into the Trollheim,Scott and-the Donjek mogels.'

These models are ‘equivalent to ‘thosé, proposed by Rust
(1978b) as Gl, G2 and G3 respectively. The Gl /Trollhelm
model is character:zed ‘by poorly sorted angular, clast- to

matrix- supported cpnglomerates; These conglomerates are

massive to thickly bedded? with abundant erosi%na}<surfaces,'

and may . show no cyc11c1ty on a local scale. - Lérge scale re-

petitive alluvxal fan sequences have been reported from Nor-
way (Steel et al, 1977;S€3e1 and Aasheim,1978). Muddy ma-
trix-supported conglomerates (Gms) indicate deposits of
debris flow or1gln in a proximal fan 9051t10n This type of
deposit 1s reasonably diagnostic of a proximal alluvial fan,
above the 1nter5ect10n point (Booke,1957;ﬂooke and Rohrer,
1879), - in which channel processes are nét‘the dominant

transporting medium. - Sheetfloods and mass movements of

either an ephemeral Oor seasonal nature are the main trans-

perting process.

The Scott model (or G2) has been proéosed for mid- to
distal glfoyial faq} proximal gravel-dominated braided flu-
vial dgijzgftﬁﬁ:j?gese conglomerates are horizontally bedded
to massive, and can be well imbricate (Gm). Gravels.of this

type weresmost likely deposited as the result of channel or

sheetflood processes.

©
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The Donjek model .of Miall (1977), analogous to the G2 mo-

"del of Rust (1978b) deals with braided deposits in the mid-
to distal braided’river and/or braidplaih characterized by «
cyclic deposits of coalescing longitudinal bars. These de-
posits contain a paucity of fines,which are only found cap- .
ping fining-upward cycles as Fm deposited out of suspension.
The predominant process is the reworking of clasts during
cyclic flood conditions. Well-developed imbrication and
\}hénnels are to be eipected.

Sand—doﬁinated braided fluvial deposits are divided inteo
£he cyclic South Saskatchewan type; the non-cyclic Platte
River model; and the ephemeral (Malbaie and/or) Bijou Creek
deposit (Miall,1977,1978b}. These are analogous to Rust's
(1978b) S2 and Si types for the first and lasé two pairs
respéctively. )

The sand-dominated dJdeposits may be transit;pnal between
themselves and/or with ﬁeanderihg or anastomosing deposits.
Large tracts of the alluvial braidplain in‘which these depo-
sits-accumulate are 1inactive during long durations of time,

¢ allowing for the formation of calcretes,silcretes, ferri-
cretes ,coal etc., dependent on the climatic conditions.

Detailed discussion of the models presented in Table 3 ,
and the lithofacies contained within, will be given during

the analysis of the formations under study.

e
e .
e
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1.5 AIMS OF STUDY

Little detailed work concerning'the depositional environ-

ments and the tectonic models controlling basin development’

has been undertaken in the Baie des Chaleurs area for the
Devonian to Carboniferous molasse success{on{\_ The aims of
the study are to determine: '
1. depositicnal environments ggnd history of the Pirate
Cove, Fleurant and Bonaventure Formations. 3
2. if models proposed for alluvial fan and braided flu-
vial deposits by Miall (1577,1978b) and Rust (1978b)
can be applied successfully to these ancient terres-
trial successions.
3. na paleogecographic reconstruction for each of the for-
~% mations studied on the basis of their lithofacies,
outcrop distributioh, paleocurrents and clast compo-

sition.

4. changes (if =any) in sedimentation style during the

period of deposition of these units- and to determine

if these changes were a result of tectonic , climat- \~"“\\

ic or other changes within the environment.

s
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1.6 'METHOD OF STUDY

Field investigations in the Baie des Chaleurs area com-
menced during the fall of 1979, and continued _during the
spring and fall of 1980. A total of 15 detailed straﬁi—
graphic sections of the sea cliffs and pit exposures were

measured,. comprising: °

l. Pirate Cove 4 -
2. Fleurant 1l
3. Bonaventure 10

Meésurements of Dbedding thickness,lithology,nature of con-
tacts,clast siig}l§535§l and vertical facies changes and pa-
leocurrents qé%e‘recorded. Photos and representative sam-
Ples were taken back to the lab for analysis. In addition,
4 drill hole logs through a portion of the Bonaventure from
Heron Island-were obfained. The ogiginal core was unfortu-
nately discarded by officials of the N.B.E.P.C. prior to
1978S.

Field investigation was supplemented by computer analysis
of the‘cyclicity within measured sections (Markov Analysis);

and x—ﬁay Diffraction and Atomic Absorption analysis was un-

dertaken on the calcrete of the Bonaventure. Representative.

thin sections were examined for each formation.

-
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Chapter II
PIRATE COVE FORMATION

2.1  INTRODUCTION o~

The Lower to Middle Devonian Pirate Cove Formation (ap-
Prox. 545 m thick) ‘is located neaf the northwestern end of
the Baie des Chaleurs (Figuge's ). The Pirate Cove outcrops

vithin a gently folded NE-SW trending syncline ,parallel to

the axis of Englishman's Brook. Qutcrop is present from Es-

—~. cuminac Point eastwards past Englishman's Brook for approxi-

mately 1 km. The Pirate Cove is believed to be conformable .
on the underlying La Garde Formation; and is unconformably.

. overlain by the Upper Devonian Fleurant Formation (Williams

and Dineley, 1966).
) Relatively little detailed work has yet been. éompleted
on the Pirate Cove Formation. McGregor (1963,1973), and

McGregor (in Dineley and Williams,1968 b,p.949) dated the

Pirate Cove to be of Emsian and/or Eifelian age. On this
basis ihe Pirate Cove has been correlated #1ith portions of
the Battery Point and Malbaie Forﬁations of Eastern Gaspé.

Dineley and Williams (1968 a,b) subdivided the Pirate
Céve into five depositional units (Fiqure 6 ) representihg
deposition within an ".alluvial 1fan ~ floodplain complex of
sediments ....the derivation of the clastic components being
dominantly from the northwest gquadrant " (19568 b, p950}.
' o - 28 - |
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Figure 6 gives the spatial arrangement of the subdivisions

about the Baie de Nouvelle coast.
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2.2 LITHOFACIES

The Pirate Cove Formation is composed of 11 distinct. lithofa-

- cies states, as outlined by Miall (1977,1578b) and Rust

(1978b). Table 4 summarizes the structures associated with -

the listed lithofacies.

2.2,1 Lithofacies States in the Pirate Cove Formation

2.2.1.1 Mudstone, Siltstone and Fine Sandstone
1. Pm- Red to dark grey finely laminated to massive
siltstone and mudstone . Fm rangeé in thickness from
mm.'s representing mud drapes ,to m's in thickness
, repres;nting overbank deposits from suspension. In-
ternal structures include ripples,desiccation
cracks,plant
chaff,rootlets,rhizoconcretions,incipient caliche and
" caliche nodules,r aqd isolated reduction spots. In
some cases Fm . contains thin grey to grey-green layers
that may have marked a fluctuating water table.
Fm is-_usuaily present in cyclic fining-upward depo-
sits as a capping unit.

- Pl- Red and mottled siltstone to fine sandstone ex-

N
,*

hibiting low angle (< 10 degrees) planar x-stratified
sets. Other structures include ripple x-lamination
and ripple drift, desiccation cracks , caliche no-

dules and cccasional rip up clasts. ' Pl units range

-
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2.2.1.2 Fine to Pebbly Sandstones

1.

34

a

in thicknes; from .25 to 3 m, and can be transition-
al to Fm and Fl/S... . Fl most probably represents
deposition in tﬁe upper portion of the low flow re-
gime duringﬂcféggésé-splay, sheetflood or channel
£i11 even;éi

F1/S... 5§onsists of interbedded Fl and fine to medi-
um rippie drift 'and small scale trough x-bedded and
planar x-bedded sandstones. Occasional herizontal

and current lineated sandstones. Fl/S..; ranges in

thickness from .1 to 3 m and occurs in cyclic repeti-,

tions within flood ééposits. Fl/S... is transitional
with FI'and a variety of § lithofacies,and usually

shows gradational contacts.

—_

Sp/Sc- _TFine to coarse interbedded sandstones exhi-
biting rippie drift and planar stratified sets( up to
.2 m thick sets) in .1 to 2 m'thick'composite sets.
Sp/Sr are present‘withiﬁ both ETning*hand coarsening-
upward cyclesfﬂand'are transitiQ?al with Sp, Sr, and

Fil/s... facies: -

Sr- Fine to-medium sandstones exhibiting small to

medium scale currént ripples and ripple drift. Occur

in .1 to .4 m thick sets, with composite sets reach-

ing 2 m . Present within fining- and coarsening-up-

ward  cyc1es in sheetflood,crevasse-splay/levee and

- ———

R PNy L Rrre. peL ]



202.1.3

1.

i

35

channel £ill deposits.. Sr is transitional with Sp/

Sr, St and Sp lithofacies,and can have either abrupt

or erosiocnal, contacts.
St- Eéfdimé to pebbly sandstones exhibiting soli-

tary or groupeé sets of medium to high angle trough
x-bedg. Sets range in thickness from .l to .3 m,

with CQ3p08ite sets up to 1 m. St is transiticnal

into Spyand Sr facies 1in sheetflood, bar, and cre-

vasse splay/levee type deposits..

Sp~ Fine to pebbly sandstone exhibiting moderate to
high angle, solitary to multiple planar x-bedded sets
from .1 to .5 m thick. A

Sh- .Medium to coarse horizontally laminated to
finely bedded sandstones up to 1.2 m thick. Sh may
show well-developed current lineations. - Minor am-
ounts of low angie planar x-stratification (Sh/1) is
incorporated into Sh. Sh is thought to be deposited
in the transitional phase between low and high flow

regime in proximal sheetfloods.

Conglomeratic Associations

Gm- massive to horizontally bedded, pebble to bould-
é

er conglomerate showing open- and. closed-frame-

work,clastfsubported "texture with a medium to

*

oy

coarse-pebbly sand matrix, Clast$ are poorly to mod-
d \ "
erately sorted, angular to moderately rounded and in
places show very well-developed imbrication. Gm oc-
. . J ’
\ C 7

-
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2.2.1.4

1.

curs in both’cyclic and ndn-cyclic deposits , and

-within both fining- and coarseniﬁg-upward cycles.

Depositional environments include alluvial fans and a
variety of bar forms within the gravel-dominated bra-
idplain aqa éhannels. Minor amounts of planar x-bed-
ded (Gp) énd troughlx-bedded graﬁels (Gt) are includ-
ed in Gm. ’

Gms- Massive, poorly sorted open-framework paracon-
glomerate with pebble to boulder clasts set in a mud-

dy siltstone to fine sandstone matrix. Deposits of

this type lack any apparent internal fabriec and .

represent debris flows on the proximal to mid portion
of alluvial fan complexes(Bull,1964,1972,1977;Love,
1976,1979). ' -

Other Facies

C~- - Carbonate filled rhizoconcretions, nodular

‘crusts and 'pseudoanticlines’ representing pedogenic

calcrete (Allen 1974, Leeder, 1975). Caliche occurs
in the distal braided fluvial region of unit 3 and

the braidplain of unit 4.

-

o on e dl
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2.3 STRATIGRAPHIC SECTIONS

n

2.3.1. Introduction

Four detailed stratigraphic logs of the Pirate Cove For-
mation (totalling approximately 180 m) were measured between
Esguminac- Point tothe east of Englishman's Brook (Figure 5§ ).
Seétién-A (Figure 7) represents the topmost portion of unit 1
and -the basal portibn of unit 2 locﬁtéd at Bscuminac Point.
Cl and C3 represent vertical sections through units 4 and 5
near Englishman's Brookjand are gfaphically,displayed in Fig=
ure 8 ,10. Section C2 (Figure 9) contains the contact between
unit 4. of the Pirate Cove and the overlying Fleurant Forma-
tion. | -

Unif 3 was not measured due to,poor; discontinuous (an%g
faulted ) exposure along the north shore of Baie de Nou-
velle. Available™ outcrop was visited and found to be com-
posed primarily of well impricated Gm , with-minor Sp, St,
and Sr .  The Gm was present as "sheets”, .25 to 1.75 m
thick; and showed well developed horizontal bedding.

Unit 3 appear% to have been deposited as a result of in-
termittent. sheetfloods depositing graveis as longitudinal
(and/or traverse bars) in a shallov,low'relief, proxim&l
gravel-dominated = braided-fluvial ~ environment (Miall
1977,1978b; Rust,1972b,1978b,Church and Gilbert,1975). The
paleocurrent data exhibits two well-developed directions al-
most at right angles, which may indicate that the unit was

deposited at the Jjunction of a braidplain and fan complex.

-

The paleocurrent data was obtained from clast imbrication within facies Gm .

T e e e o
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A more detailed description of the environment of déposipion

for unit 3 will be -giveﬁ in the paleodeographic reconstruc-

tion (Section 2.7). :

2.3.2 ' Sections

2.3.2.1 Log A Escuminac- Point

The measured section at Escuminac Point encompasses the

topmost 7.1 m of unit 1 and approximately the basal 20 m of
unif 2 (Figure 7) Unit 1 is composed primarily of fine sand-
stone and siltstone of lithofacies F1l (;0.2 $), Sh/1 (10.5
$) and Sp (49.3 %). Unit 2 is characterized by pebble to
small boulder conglomerates‘with'minor amounts of sandstone.
The lithofacies within unit 2 are Gm (60%), with Gms (5%) at,
the basé and St (25%) and Sp (10%) scattered”fhroughout.

fhe contact between units 1 and 2‘is sharp and erosional,
with little relief. The nature of the contact appears to
show that unit 2 prograded guickly over unit 1 as a sheet.
Two.possibilities may explain the nature of ‘the contact bet-
ween units 1 and 2 . First,the increase in grain size and
the erosional contact may indicate wuplift within the source
area. A second possibility entails an increase in rainfall
that would increase runoff, and cause coarse material to

prograde over unit 1. The fact that unit .2 is a fining-up-

ward sequence and that it forms the lower. portion of a

"mega” fining-upward sequence (units 2-3-4} tends to favor
the hypothesis of uplift followed by dégradation of the
source. Also the unit is a wéllfdeveloped redbed, and con-

\\
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tains minor amounts of caliche that tend to indicate little

climatic change between the deposition of units 1 and.2.

Figure 7 depicts the section losated at Escuminac’ Point.

Unit 1 exhibits 2 distinct coarsening-upward cycles of red-
mottled sandstones . and siltstones capped by Sp and Sh/l.
Interbedded within these cycles are thick zones of Fl wfth
plant chaff and désiccétion cfacks throughout. Thé rela-
tively thick, interbgéded mudstones and siltstones (Fl) are
interpreted as overbank deposits. The desiccation cracks,
plant material and red beds indicate periods of subaerial
exposure. .
The coarsépingrupward cycles, capped by Sp and Sh.sand—
stones,may represent sheeﬁflood deposits and/or -crevasse-
‘splay/lévges; Thesé may have developedAdue to channel avul-
sion during flood events., The presence of low angle planar
x-stratification possibly ind{catés deposition under ephem~
eral discharge conditions(McKee et al., 1967; Turnbridge
1980) cConvolute laminations due teo thixoﬁropic deformation
resulted when the coarser and denser flooé sands were depo-

sited upon the overbank material.: The resulting density

ot
difference between flood sands and overbank fines may have

caused the fines to behave as 2 highly mobile plaStic mater-
ial. The fines would thén be "squeezed" upward and the
coarser material would be displaced downward thereby creat-

ing the convolute laminations.

P . e T
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A channel £ill deposit is present to the east of section

A within unit 1. Coa:sening-upward sheetflood sandstones

appear to develop away from this featuré. The iarge lateral
and vertical variability within the wunit, 'and the lithofa-
cies association appear to be characteristic of silt- and

sand-dominated braided fluvial deposits of an-ephemeral na-

ture. {This evidence would place unit 1 into the S1 model of

Rust (1978b),or the Bijou Creek model of Miall (1977,1978b)

a—

Another possible interpretatis; for unit ] is deposi-
tion by ephemeral flood processes into an interlobe portion
of a fan complex (bajada?). Limited exposure inhibits_thé
choice of one model of deposition over the others The au-

thor favours the first explanation.

Uﬁit 2 is composed of angular, poorly\sorted pebble to
cobble Gm with minor amounts of Gms, Sp and St. The unit is
thickly bedéed to massive at the base, passing upward into
cyclés .5 to 2.5 m in thickness. The Gm in these cycles can

show well-developed imbrication, The cycles fine upward £romGm -

Sp~5t (Plate 1). The matrix-supported Gms is found exclu- -

sively near, the base of the unit, and is interpreted as dis-
tal debris’ flows (Hooke, 1967; Bull, 1972,1977; Miall,
1877,1978b; Rust, lQ?Bb;Lowe,lQ?G,lS?Q).

Clast size appears to decrease upsection in conjuction

with increased cfclicity.' The fining-upward cycles ¢f Gm or

e e B e e st e L e i Y

e e S J AR
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Gﬁ-_Sp -St, and the minor sandstone cﬁannels are interpreted
to represent the pgssing from a proximal alluvial fan to the
portion of the fan that is dominated by coalescing of longi-
tudinal (and possibly transverse) bars (Wiliiams and Rust,
1969; Rust, 1972a,1978b;Church and_.Gilbert,1975; M;Gowan and

: Grdat,lQ?l): Unit 2 therefore is placed, based on litholo- |
gica}_andv{;cies relationships, into the Gl model of Rust

- "’(1978b); or transitional between the Trollheim and Scott mo-

dels of Miall (1977,1878b).

) Ao U D e AT
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.2.3.2.2 Log Cl1 Englishman's Brook

Section Cl1 (Figure 8), lorated approximately 125 m east of
the mouth of Englishman's Brook, confains the topmost 15 m

of unit 4 and the basal 12'm of unit 5. Unit 4 is dominate

.by Fm and Fl lithofacies, with minor associated St,Sr and

Sp sandstones., - The sandstones represent deposits from
éheetflood and channel fill events. Unit 5 is predominantly
composed of a pebble to small cobble conglomerate (Gm) in
répeated fining-upward cycles of Gm- Sp- St (?Fl).

The overbank materials within wunit ¢ (Fl,Fm)are well-de-
veloped red beds,with isolated nodular caliche and occasion-

al pseudoanticlines (Blank and Tynes, 1965; Allen,1974).

~ Plant chaff 1is found throughout the unit along with small

scale desiccation cracks and ripple driff;

Two diétinct types of sandstone bodies‘are present within
unit 4. The first type is composed of grey to grey-green
sheeted sandstones,exhibiting fining-upward Sp- St- Sr cy-
cles in thin, 1laterally extensive bodies. - These grade up-
wards into thick F1/S... and Fm overbank deposits. The
sandstones have an abrupt to erosional base, which may in-
dicate that they were deposited as a result of periodic ov-
erbank floods. The trough x-beds measured withim these
sandstones are probably g true indication of the paleosiope'
of the alluvial braidplain because this part of the braided
tract is "instantaneously” covered by flood events (Williams

‘a

and Rust,1969; Rust,1972;,h),

1)
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The second type of sandstone body comprises Taterally = ex-
tensive,shallow channel fiil aeposits with deptﬁ to wiéth
ratios of 1:125. A small depth to width ratio is'diagnostic
of braided fluvial deposits {(Schumm, 1977). The sandstones
that compose the ch&nnel £111 - are light buff-grey médium to
coarse grained Sp, St and Sr lithofacies. Plate 1 shows the
"edge of one such channél sand cutting into adjacent overbank
deposits. - _ '

The interpretation éf.gnfﬁ 4 will.be'givén after discus-
sion of the unit vithin sections C2 and §3m S

Unit 5 overlies 4 with a sharp.g?osionalfcontact with
miner topographic relief (< .5 m-). _Tge'unit is compo%gg of
facies Gm, and is very well sorteé pebble to small cobble

conglomerate. Gm is present in .25to 1.5 m thick fining-
¥ LY

upward cycles-thag are usually erosionally based. - The typ-"'

ical-cycle édes from G- Sp- St or Gm- Sh/l-~ St- Sr. Mi-
-nor Sp/St- Sf— Fm .channel f£fills dissect the larger
(coalésced?) cycles. ) '

.Plate 2 shows cyclic fining—upward repetitions within
ﬁnit 5. WUnit 5, is attr?butgd to ;oalesqenée of longitudinal
and/or traverse bars in the main'b}aided-chénnel tract below”
a fan complex RMéGowan and 'Groat, .1971;Church and Gilﬁert,

A

1975). The G3/S2 models of Rust (;97éb), or the_Donjék/South

Saskatchewan models of Miall (1977,1978b) best approximate '

the depositional environment for unit 5.

2
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2.3.2.3 Log C2 Englishman's Brook S ]

$ection c2, located to the east of BEnglishman's Brook
(Figuqﬁ 9) represents the topmost 40 m of unit 4 and the un-
conformably overlying Fleurant Formation (Plate 3). Unit 5
of the Pirate Cove is completely cut out at this location.
The unconformity between the Pirate Cove and Fleurant Fm. is
sharp and erosional, with up to .75 m of relief. Minor am-
ounts of Pirate Cove material  are incorpo:ateé into the ba-
sal pbrtion of the Fleurant.

Unit 4 is again dominated by Fm and Fl 1ithofacigs of ov-
erbank origin with three distinct sandstone bodies.  Types 1

and 2 are the channel fill and sheetflood sandstones de-

scribed in -the discussion of section Cl. The third type,’

consisting "of ‘thick, coarsening-upward sandtone bodies,

starts from an abrupt lower planar contact overlain by the

cycle Sh -"Sp - St. Mudchips and plant material are
incorporated into the lower portions. This type of sand-
stone body is iﬁﬁerpreted as either a crevasse splay or.le-

vee deposit.
{

2.3.2.4. Log C3 W, of Enéiisﬁman's Brook

Section C3 (Figure 10) contains the most continuous section

‘through unit 4 (62 m) capped by 10 m of unit S. The section

is located 150 m west of Englishman's Brook , in an area

where unit 4 contains some minor normal faults with less

i e o A% A e+ - [ea——
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! than 5 m dlsplacement. The‘ lack of major displacement al-

lows the sectlon to be re¢onstructed in the field.

*

The description_pf unit 5 is identical to that iﬁ_séc—

tion Cl, and will not.be further discussed.

‘Uniedf‘can be subdivided into the 4 iithofacies asso-
ciations which are intefpreted as :
1. fine-graihed overbank éepogits

| 2. fining-upward sheet sandstones-

3. laterally extensive channel £ill sandstones

A

4. ‘coarsening-upward crevassé splay/levee deposits

All 4 associations have been discusséd'in the previous
sectlbns and only the features not already descrlbed will be
elaborated. : ’ . . . _

Large éegments of unif-é .areidominated by -interbedded to
massive ?l,‘Fl/S... and Fm. ELDesiccation cracks at'specific-
herizons within these .5 to 3 m thick ;oneé together with

concentratians of rhizoconcretions and caliche nodules indi-

cates periods of'subaerial exposure. Pedogenic processes in

an arid to semi-arid climate were actiﬁe on the alluvial
'braidplain.l The sequence of sedzments indicate that it was
deposited out of suspension in  more than one - event. The
presence'of low angle plané} x—-bedded material and horizon-
tal laminations 1s:diagnostic of ephemeral events (McKee et
élq 1@67; Turnﬁridge ,1980}). This is-consistant with a

semi-arid climate .

L
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2.4 . MARKOV ANALYSIS UNIT 4§

‘Markov analysis on sand- and silt-dominated fluvial de-

posits tas’ been. successfully undertaken by a large number

of authors for both modern and ancient £luvial successions

(see Miall 1973,1976,1977). Markov analysis was attempted
on unit 4 of the Pirate Cove Formation for the 8 lithofgcies
that compose the section.. 31 +transitions from'aébroximate-
ly 110 m of section weie recognized, and were analysed for
Single Imbedded Markov Analysis according to Miall (1973),

as programmed by B.Jones . The small number of transitions

coupled with the number of lithofacies recognized place in’

doubt the absolute values obtained.  The analy51s can only
be used to determiﬁé trends in the broadest sense, and1s
not to be used as an absolute indicator of cyc11c1§y. . Cal-
culations ére-presented in Appendix B .

Figure 11 is the graphical repreéentation of the analysis
and of the cycles obtained.  Only transitions with greater
than a .2 probability.of occurring have been included in the
cycles. ‘ )

Single Imbedded Markbv Chain Analyses do not take into

consideration the thickness of the units .or the fact that

similar lithofacies may overlie each other with indistinct

erosional surfaces. An example of thlS would be the thick

sequences of overbank Fm dep051ts that are deposited as suc-

cessive events.

AT e ]

i

B et e A



i
n

e | 430U MoT —~ ABaoug uBpY ¢ ey
(PPITTT 2°% Hor37TTa8d0ad ATuo) voTymIIoy oA

00 d9edrd “f 9tup ‘sreATeuy AodaEy 1T SMNDYA

[ \QQQ\\\%me : 30090
\b / ds o TYNOISO¥T  ¢f-
.. 9SSDAS4I |
1OISIP <— Jowimond [He5 <] <[YS (b

.. 7 /?
2 [A€AS<SE [ <S4S (6

I

H o [4<S14 &
/4<05< IS4 €
A <dSGe—issde (I

_ 1ys
JR .
SISAToNY 1S > uif .
AR &.&%ﬁ%&
L/ V4, x N\
FNOD FIV Y/ S/l

Ao sty s




52

- .

Cycles 1 and 2'reprgsent sheetflood deposits that were

Taid down proximal to a channel avulsion. These cycles are

dominated by Sp/Sr, Sr and St deposiﬁs fining-upward to Fl.
They erosionally overlie Fm and Pl overbank facies. ' Cycles
3 and ¢ represént sheetflood sandstones cépped by overbank
deposits. . 'In all 4 cases the large amount of Sh/l ,F1/s,
and F1 1is- 1indicative of the ephemeral ﬁature of the depo-
sits. ,

Cycle 5 is an attempt to show the transiiidnal nature of
a proximal to '.dﬁsial cycle from a channel avulsion.
Levee and/or crevasse .splay deposits grade laterally into

sheetflood sandstones that are £finally overlain by overbank

deposits during the waning'stage of the flood event .

¥

2.5  PALECCURRENT'  ANALYSIS ,
Paleocurrent\measureménts from the imbricate Gm facies of
units 2 and 3 , and from the St facies within the sheet
sandstones of unit 4 are shown inFigure 12,and summarized in
Table 5 . These data, in addition to the geometric distri-
bution of the facies and clasts were used fér paleogeo—
graphic réconstréction of the Pirate Cove Formation.
Gmlfégcies in‘ units 2 and 3 comprise clast-support-
ed,néémal to ungraded, massive to horizontally bedded con-
glomerate. Clasts have A-axes transverse to the flow direc-
tion with the- AB plane dipping upstream, indicative of

fluvial transport (Rust,1572a,1975). Dips of the AB plane

bty ‘:"’«‘-bfai"'i' .‘i lii
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are within the range of fluvial conglomerates as summarized
by &ostér.(1977; p.19, table-3J. .

Small to medium scale trough x-beds within the sheetflood
_sandstones represent periods of flood in which _the entire
bréidplain vas covered , and therefore sﬁould cibsely repre-
sent ‘the paleoslope direction. ‘

‘Unit 1 digd not yield enough paleocurrent measurements to

be éignifigant ( 7 st crossbeds showing paleéoflow from the

NE to SW). Unit 2, from 3 locations near;Escuminac Point,

gives a mean’péleocurrént direction of 144,9°(with L=90.71%)

from 62 measurements at three stations_that are strongly in-
dicative of NW souéce area. Unit 3 (corrected for the small
fault tilting thé unit)- yiéided 2 sets of paleocurrent di-
recfiégf at appééximately right angies to each other., These
value:xéive a NW-SE and a NE-SW paleocurrent direction for
the unit. The latter unit direction is analogous to the va-
lues obtained for .the St sets within unit 4, while the pri-
mary direétion-is near the values for unit 2.

The trough x-beds within unit 4 give a mean paleoflow di-
rection of 228.9 c’(I.-_-=97.67—) and indicate ca NE-SW paleoslope for
the braidplain of unit 4,perpendicular to the co;rse Gm "ba-
jada?". . | .

»0nits 2,3 and 4 are interpreted as a vertical sequence
through a fan/ bfaidplain complex. The source of the fan is
to the NW, debouching into a NE-SW trending palépvallef.

The presence of coarse detritus on only one side(ie asymme-




latter foldlhg associated with the Chaleur Bay Syncline.

. the Restigouche. Group.

. | . 56
trlc) possibly 1nd1cates a half-graben 51tuatzon, but may be

a functlon of the lsck of exposure along the New Brunswick coast due to

v2.5.1 ~Clast Composition

. Fiela clgst counts on Gm lithofacies in units 2, 3 and 5

are presented in Figure 13 . ~ 7/ The Pirate Cove <clasts are

. predominatly carbonates (95%), subdivided by visual inspec-

tion into micrite (80%) and fossiliferous micrife/sparite
(15%). The remﬁfhing 5% 'are of mixed sandstoq? and volecanic
(andesitic) composition. The limestones_weré'most probably
aerived from thg Matepedia ané/ pr Restigouche ° Groups
which outcrop to the north and northwest of the study area.

Thé sandsones and volcanics most probably derive. solely from
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2.6 INTERPRETATION

The 5 un%ts of the Pirate Cove Fbrmation are piotted:
against the 5ercenta§e' of lithofacies in each unit (Figure
14 ). lThe interpreted depositional models of Rust Er Miall
‘are placed in an adjacent colu?n. Figure 15 shows thé pro-
posed paleogeogfaphic reconstruction of therPirate Cove For-
mation as a whole.,

' ﬁnit 1, thought to be conformable with the underlying La
Garde Formation (Alcock,1935, Béland, 1958; Dineley and Wil-
liams,196§a,b) is the first red bed unit in the suﬁcgssion.
As wés 'seen in the interpretation of 'unit 1 this uhi£ is
dominated by fime clastics exhibiting ephemeral flashflood
depositional features. _The,unit may have developed on eith-
er an ﬁlluvial braidplain or in interlobe areas of an allu-
vial fan complex. The presence of low angle planar x-beds
-and horizontally laminated and bedded sandstone is diagnos-
‘tic of ephemeral deposition in a semi-arid climate (McRee et
al, 1967, Turnbridge,1580)}. Unit 1 is. proposed as an ana-
logue for the Bijou Creek model and/or the S1 model of Miall
(1977,1978b) and Rust (1978b) respectively.

Units 2 ,3 and 4 represent a complete sé&ﬁence of alluvi-
al fan to braidplain deposits. Unit 2, dominated by massive
to cyclic Gm deposits,contaigs a minor amount of Gms at the-
base, which is interpreted as”a debris flow deposit thought
to .form principélly on alluvia; fans

(Hooke,1967;Bull,1972,1977). The low abundance ‘'of facies

-
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‘sited extensively'on.fan complexes (Bull, 19723

61
Gms and the weil-iﬁbricate nature of facies Gm\indicate that

the unit was deposited in the mid to distal fan area (McGow-

an and Groat,1971). Minor Sp and St facaes represent waning

flow deposition or dissected . channel bar deposzts.
The lack of Gp and Gt ‘deposits may indicate an* absence of
well defined channels. Facies Gms needs an apprec1ab1e

slope to form, and is a strong 1ndzcator of (m:d to dzstal)

alluvial fan deposition. Unit 2 is thenefore modelled as an

aMuvial fan deposit transitional between the Trollheim and-

_Scott models of Miall (1977 1978b) or  the Gl model of Rust
(1878b). ' | | .
Unit .3 appgafs to’ have been 'éepo§ited_as 'a-resu;t_'oﬁ
sheetflood evenﬁs below .Jintersection pbinfs (Hooie@lSG?)'
The predomlnance of sheeted Gm, and the pauC1ty of- fines Qre

indicative of coalesc1ng sheet (longltudznal) bars that have

undergone winnowing. .These bars -possess low relzef in - relatién

-

to'the bhannels and surroﬁnding braided tract. Open-frame-

work clast supported conglomerates may have had thelr 1n—'

terstices fllled by finer material carried by later floods

This type.of deposit forms in the braided reaches below the
alluvial fan cpmplex. A second possibility may be‘phét they
are."sieve"” deposits occurring on ‘the mid to distal reaches
of the fan. Lack of suitable exposﬁre makes the chgiEe bet-
ween one model or the other tenuous, but the- author prefers

the first due to the fact that sieve deposits are not depo-
é\12_'!7).
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The two paleocufrent directions indicate that = at times
rﬁnoff from the fans was the major or controlling hydrolo-
gic factor., while the NEfSW trend shows that flood.events

on the braidplain sometimes reworked the“~clasts. Any minor

Sp and St facies found within unit 3 were. the result of van-

- *ing flow deposition.'_ Unit 3 is modelled as the Scott or G2

models of Miall (1577, 1978b) and Rust (1978b) respectively.

_ Caliche w1th1n unit 3 takes  the form of isolated nodules
S

. dr noedular crusts on llmestone clasts. This indicates that

portlons of the tract were inactive for prolonged periods

of  time allowing for the formation of caliche. Leeder

151925)_est1mates thét mature caliche profiles take on the

order of 102 to 10* years to form. Thi§ possibly indicates

that the caliche Within - unit 3 - is immature,and took much

‘less than 10¢ years to form. Portions of unit 3 must have

been at the most distal end of the fan or proximal braig-
Plain to allow for the formation of callche Theegfore areas
of the braided tract must have been active on a 10°-10* year

time scale. - ) i

Unit 4 was deposxted on a NE-SW trending sand-dominated '

alluv1a1 braidplain. This unit can be modelled either as

‘the South Sask atchewan/ Platte River type or S2/Silt type of

. Miall and Rust respectzvely dependant upon whether ‘the cycl-

icity that is weakly displayed in the markov analysis truty

exists,




63
Unit 4 is dominated by (ephemerally derived") overbank

depoSzts ,accmumnyum sheetflood sandstones, crevasse splays - -

and channel f£ill sandstones. The presence of_oalzche,_'de— '

51ccatlon cracks and well-developed red beds indicates su-
baerial exposure in a semi-arid environment. .. ° .
Unit 5 exhibits Well sorted pebble to cobble Gm in fin-

ing-upward cycles. These flood-influenged cycles are 1ndl-

cative of gravel- domlnated distal braided fluvial processes ]
. that undergo repeated fluvzal reworking. The G3 model of

‘Rust (1978b) best approximates this dep051t or the traﬁsi—

tion between the Scott "and  Donjek models of TMlall

(1977 1978b) adaquately satlsfles the features present.“

-
-
- t K . ) . . . ’ ! ¥

- \ . - \

2.7 = PALEOGEOGRAPHIC RECONSTRUCTION ., * 4

F
The Plrate Cove Formation- appears to 'have formed in'a la—

tera{ly restrlqteo_asymmetglc half graben trending NE-SW.-

The main source weé Fo the NW, and may have been undergoing
active faulting during the deposition of the Pirate Cove.
Based on the ephemera} hiFure of the  overbark deposits and
the presence of redbeds and caliche, the climate appears to
have been of a semi-arid nature. |

Figure '15 gives a schematic representation of the Pi-
rate Cove during -its deposition. The formation appears to
have formed an alluvial fan complex to tge‘ﬁw, parallel to

the postulated fault scarp, and debooched into a 'NE-SW

trending alluvial braidplaio.' Units 2,3 and 4-formed as la-

‘,‘-,.

P
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ally eguivalent deposits representing mid alluvial fan--
-darstal fan/proximal braidplain -- to alluvial braidplain de-
‘posits. The toe of the bajada is contained within unit 3,

and can be distingished by the two paleocurrent directions -

in the Gm facies. The bajada was most probably composed of a
series of alluvial fans deriving from the scarp. At times
either the bajada or the braidplain were the main siées for
reworking the gravels.

The internal erosional surface between units 1 and 2 pro-

L4

' bably represents syndepositional tectonic movement. Another

period of uplift most probably occurred between the_deposi-—

tion of wunits 4 and 5, causing unit 5 to "prograde" over
unit 4.  The cycles in unit 5 developed due to periodic

flood events. This is a classic example of autocyclic ‘con-

‘trols overprinting allocyclic controls (Miall,lSSO). Final-

ly, renewed tectonic movement occurred with the deposition

" of the overlying Fleurant Formation.

T

L i AR
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SUMMARY

‘The Pirate Cove Formation was 'dggosited into a NE-SW

trending half-graben with the fault scarp to the NW: The

formation represents the complete transition from an alluvi-

al fan to alluvial braidplain environment. The five units

within the Pirate Cove represent:

1.
2.
3.

Unit 1 - Ephemegal flash flood sands

Unit 2 - Mid to distal alluvial fan gravels

Unit 3 - Proximal gravel-dominated braidplain depo-
sits at the toe of‘the fan '

Unit 4 - distal gravel- to sand-dominated alluvial

braidplain ‘parallel to % scarp Tidge

Unit 5 - pisfal gravel-dominated braidplain deposits.

e



‘Chapter III -
FLEURANT FORMATION

3.1  INTRODUCTION o :
The Fleurant Formation (L;:;\\BEFBnian age) isa 20 m

, thick conglomeratic unit outcropping éidng the northern

shore of the Baie de Nouvelle (see Figuré 5 ). Vertical sea
cliffs, composed of shallow eastward dippiné conglomer-
ate,range from 2 to 15 m high. Beach:exposure is relatively
_continuous %:om a point approximately 1 km east of English-

man’s Brook to Pointe 3 Fleurant, and is accessible only at

)
-

low tide. Spot'outcréps of-poor QUality are present inland

along the roadcuts between Escuminac Flats and the village
of Fleurant; apd along the banks of Smiley Brook.

The locality west of Miguasha Pier ezhibité' the contact
of the Fleurant and overlying Escuminac Forﬁation ( Plate
4). The contact - is marked by a 'thin, red, fine-grained
sandstone to siltstone that follows the irregular surface
of the Rleurant .Fdrmation. The contact also marks the
abrupt change from olive-green fluvial conglomerates capped
by a minor redbed, iﬁto grey—green lacustrine turbidites. A
change 1n the source area from the NW (this study) to the E
for thé Escum1nac (Dlneley and Wllllams 1868,2,b) alsoc oc-
curred.: A transzt:on of this type 1is not the normal beach
to lacustrine facies change. ‘It 1is based on this evidence

- 66 -
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that the contact between the Fleurant and Escuminac forma-
tions should be termed a disconformity . -

The presence of a disconformity within the Miguasha Group
may or may not be laterally extensive. The Group as.a whole
was deposited undef_ similar tectonic and climatic condi-
tions, and therefore the retention of Group status given by
Williams and Dineley (i§66) should be maintained.

The unconformable contact between the Pirate Cove and the
Fleurant is seen 1in Plate 3 . The Pirate Cove was folded
into a gentle syncline prior to Fleurant deposition and the

erosional surface between the Pirate Cove and Fleurant con-

tains scours and hollows up to .75 m deep. The Fleurant er-.

oded into the Pirate Cove at an apparent angle of 7-15 de-
grees>\\Elasts of Pirate Cove material are incorporated into

the lower portions of the Fleurant. ]

The age of the Miguasha Group is based on the presence of_

Archaeopteris spp.™,  in the Escuminac Formation (McGregor,
1963, 1973, per. comSY 1980), which indicate Frasnian to Fa-
mennian age. Macrofossils listed by Arncld (1936), McGregor
and Terasmiae (1959) and Dineley and Williams (1968 a,b)
yield similar ages. R

The Fleurant Formation has under&Shex;ittle sedimentolo-
gical study to date. Clarke (1924) proposed a glacial ori-
gin for the formation ,while Alcock(1935) was the first to

propose a fluvial origin. Dineley .and Williams (1968 a,b)

also suggested a fluvial origirf based on the facies associa-

. 67
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- 68
tions'and the presence of percussion marks (though these
were not observed in this study). Dineley and Williams (op.

cit) -proposed an east to west paleoflow _direction for the .

formation which 1is in conflict with results obtained from

this study. The ambigquity is dependant on the hierarchy of
the structure used for the measurement of-lpaleocurrents.
Dineley and Williams (op.cit.) ~mea§ured planar x-beds that
may be in-variance t¢ imbrication from the Gm facieé. This
will be expandeéd on in a latter section. They also did not
propose a comprehensive model for the deposition of the for-

mation. . "

A et
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LITHOFACIES

Introduction

The Fleurant Formation 1is subdivided into 5 distinct- 1li-

F

thofacies below. Table 6 summarizes the . structures within

1-

the lithofacies. ‘ h’_—\\\hm___\\B
Gm-- This facies consists predominantly of framewdrk-

supported polymictic 6rthocbnglomerates of pebble to
large cobble size(with the occasional boulder wup to
1.2 m}. Thé clasts are poorly to moderately sorted

and exhibit poor tc moderate sphericity and round-

‘ness. The clasts are set in an olive-green medium to

coarse grit ,lithic sandstone matrix. Minor amounts
of coarse sparry calcite infill void spaces.

Cycles of massive to horizontally stratified Gm
occur in .2 to 5 m thick units,that exhibit great la-
teral Eontinuity. Cycles show a sharp to eroéional
basal boundary and in some cases fine upward into Sp
and/or St facies. Certain zones afé strongly imbri-
cate with the A-axis transverse to flow and AB- plane
dipping up paleoslope , indicative of fluvial deposi-
tion (Rust, 1972)}. Induration varies within the fa-
cies.

Gp- Facies Gp consists of framework orthoconglomer-
ates, clasts beihg better sorted and rounded in rela-
tion to Gm. The clasts are somewhat smaller ( pebble

to —cobble size) ,5et in a matrix similar to Gm.

Coarse crystalline sparry calcite cement can be a ma-

it
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jor component?, ‘filling in wvoid space between clasts
_and is more-abundant'than in Gm.

. Gp occurs in .1 to 1 m thick, large-scole planar
cgoss—bedded1sets, with low to-moderate foreset dips.
Gp 'pas.be 'prgoent in upward>fining.cycles grading
into pebbly Sp and/or St facies with an erosional ba-
sal sgrface.‘ Imbr1catlon of the variety prev;ously

mentloned for £ac1es Gm appears to be ubiquitous

throughout_Gp, though no statistical study.gas per-

formed on the clasts. Imbr:cat;on, however,. appears

.

to be more variable than in Gm.

*

Sp- Faczes Sp is composed of medlum-gralned to peb-'

bly, ol1ve-green to drab—grey 1lithic sandstones. - Sp

—-.._.- -

occurs as small sodle planar x—stratlfled unlts, .5
to 50 cm thlck with foreset dips rarely greater than

25 degrees.

Facies Sp is found as either .lenses or . wedges

ranging from cm's to 10's of m in lateral exten;fg

between Gm and Gp cycles; or as part of £ining-upward-"

cycles.

-

'SE-, Facies St ;s olmzlar in grain size to Sp, alt-
hough 1n_some cases _1t ig more-fznq gralned% St oc-
Cprs in small: to fedium scale trough :;Lstraﬁified
- sets .from .05 to 1ﬁﬁ‘in thicipeés.. :The small scale

trough x-strata ‘were ‘grouped. with the small scale
. ' * '

.. ripple and ripple drift into the St facies in the

Cfield. -~ BRI R
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*Facies St is found as part.of sandstone lenées
and wedges; and as part‘of Gm or Gp bésed fining- up-
ward cycleé. | .

Fl- Facies Fl is a very minor component in the For-

mation ,occurring as massive and /or tRinly laminated

olive- green siltstone/ mudstone units.

Faczes Fl increases upsectlon, and is found oxi-
dlzed.ft the contact between the Fleurant and Escumz-
nac Formations. The mlnor amount of Fl found w:th1n‘
the section is most probably due to the poor preserva-

tion potental of fines within the fluvial tract.

L

-
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‘overlain by Sp~St (-F%).
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3.3 ANALYSIS OF COMPOSITE SECTION

A composite 18 m section for the Fleurant Formation was
constructed from section C2 (Pirate Cove) and a number of

stations along,the coast (Figure 16).. The vertical nature of

the sea cliffs prevented the measurment of complete sections -

through the Fleurant. _

‘The section is composed of massive to thickly bedded,
well-imbricate Gm (65%), with subordinate amounts of "Gp
(15%), Sp (10%), St (8%) and F1 (< 2%) lithofacies. Facies
Gm is - found in .1 fo 5 m thick horizontally beddqg units,
Minor erosional bases occur with the Gm facies® "stacked" one
atop the;other. The Gm, frém visual estimates, appears to
be present 1in fining . -éoarséning- fining-upward cyclés:'
Bedding has a2 very low dip angle and ‘is laterally continu-
ous. .Platé 5 shoys the continuous nature of the conglomer-

ate sheets that appear to fine in the down paleésiope direc-

. tion.

Facies Gp also commonly has an erosional base, and fines

.upward into Sp and St sandstones, Gp fills in erosional

hollows and scours up to 4.5 m deep, that are interpreted as .

broa§$shéiioﬁ channels. The fining-upward cycles of Gp-Sp-
St are interpreted as bar or channel f£ill deposits.

Minor sandstone lenseslof §p-St may contain minor amoﬁnts
of Sh sandstones as part of the Sp faciés (Plate 5). tycles

may OCCUr ywhere- either Gm or Gp facies are .the basal members
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3.3.1 Cgcies

gFour distinct cycle-types are present withyn the Fleurént
Formation and are presented in F}gure 16 . .The first cYple
iSdomﬁmﬁﬂy; composed of composite sets of.thiéklyfbedded to
massive'Gﬁ‘facies ranging in thickness up to 5 m. These are

laterally continuous, fining laterally in the down paleos-

. lope direction ,and contain many minor basal erosional sur- ..

“faces. These erosional surfaces are good.evidehce that this

-«

cycle was deposited in a segquence of events.

Cycle 1 is attributed to a number of flood events washing

coarse detritus onto the braidplain., A variety of ‘bar forms .

most probably developed, the most common being longifudinal

bars in shallow channels. The thickness of the Gm deposits

and the internal erosional surfaces Hndicate that these de-
posits developed from the coalescing of longitudinal bars.

- The "sheeted" nature of the Gm indicated rathér broad, shal-

. . A . .
1dw channels. Absernce-of debris or debris like flows, angu-

lar poorly sorted cénglomerates or large scale channels in-
dicate that this cycle was deposited on a gently sloping

braidplain rather than an ahﬁpvial fan complex.

Cycle -types 2 and 3' are variants of similar deposits.’

Both begin with an erosional base overlain by either Gm or
Gp facies. The conglomeratic facies then fine upward into

Sp - St -(F1 ) fagies. These cycles appear to represent bar

RS WL FPR NP A -
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'eage or channel filli‘deposits. Again the shallow nature of

the channels postulated would not possess the. energy to cut

into the channel banks due to the low gradient. The bars

. . N
-"grew upward and downslope, and their edges were reworked

during waning flood events, producing cycles 2 and 3. The

finidg-upward nature indicates decrease in flow velocity as

the bar either T"grows " ‘upward or outward into adjacent

channels or scours as the flood conditions wane.

Cycle 4 consists of minor sandstone channels of Sp-St
(-F1) deposits with subsidiary Sh and Sr deposits. These

‘ . J .
most likely formed during waning or low flow conditions when

floodwaters dissected the previously existing bars. These

]

minor sandstones~may also form as channel fill deposits.,

”, i -
™ .
3
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"3.4 .PALEOCURRENT ANALYSIS

‘controlled Pirate Cove development wds re-—activated during

v e 7

Clast imbrication within facies Gm was'measured_ from 4
stations'alqhg the -northern Baie de Nouvelle <coast (Figure 17).
Thirty clasts were measured at each station. Table 7 sum-
marizes the paleocurrent data.; The - mean péleocurrent di-
rection obtained #or the Fleurant was 128.9 degreeg'(n=120)'
with-L=88.lO%. This value indicates a nbrthwesterly source

for the Fleurant, possibly indicating that the scarp that

Fleurant time.

These results differ from those 'presentéd by Dineley'and i
Williams (1968'a,b) and quoted in Greﬁmr (1978). It ap- : %
pears that Dineley and .Willjams® (op.cit) used faéies GP and | |
St éé .obtain their east.to‘ west paleocurrent direction. | i
Therefore, their values were obtained from strucﬁures within
lithofacies that have a greater degfeeiof variance. than im-
5fication within Gm (Miall, 1974). Williams and Rust (1969)
and Rust (1?72a,hJ975)showed that Gp and Sp values can vary
as much as 120 degrees from the paleoslope direction. Rust
(1978b,in press(b)) showed that péleocurrent directions for -
tacies Gp 1in the mid-Devonian Malbaie Formation wefe far
more variable than directions derived for imbrication in fa
cies Gm. The Gp and St values can be formed yhen flood con-
ditions wane - and dissection and reworking of previously de-
posited bedforms take place. imbricatidn in Gm is thought
to undergo less modification after being deposited under

-

high flow condition§ that affect the entire braidplain.

H
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‘ : : « .
The average AB-plane dips within the Fleurant range from

' 24-36 degrees with the average Being 29.3 degrees. The

p:ihciple A-axis is” alsb perpendicular to the derived cur-
rent flow. This agr closely.wiﬁp the values quoted by
Rust (1975) for AB-plane dips_ﬁn gravelly braided rivers and
is in the range for fluvial deposits quoted by Céllieﬁ;

'(1945) and Koster (1977). These values -are greater than.the

.dips quoted by Ca llieux (op. cit.) of approximatly 12 de-

grees for beach gravels.

n

3.4.1 | Clast Compositi‘

Figure 18 shows Elast composition. for facies Gm in the
Fleurant Formation. Carbonate clasts are again the dominaﬁt
lithplogy (60%) with Jélcanics(andesiteél and sandstones
comprising apéroximatelyl20 % each, with Gery'minor pluton-
ics. The carbonate clasts are subdivided into massive dull
grey micrites (47 %) with.the remainder being fossiliferous
1iﬂéstone clasts. Minor amounts qf‘jasper pebbles also oc-
cuf& lLike the Pirate Cove Fm;;tﬂe derivation of such an as-
semblage appears to be from the Restigouché and/or Matepedia
Groups lésgted north anq?nor?hwest of the study area.

A Zingg (1935) plot of the B/A vs C/B axial ratios for 47

representative cobble-sized <clasts-is presented in Figure

19 . The grouping is similar to that presentgd by Koster et

al (1980) for clasts defiﬁed from known'bfaided fluvial de- .

posité. Thus the information deriveé?%romuthis texture dia-

.

r c,:
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3.5 INTERPRETATION S

The Fleurant Formation consists of massive to horizontal-

ly bedded Gm conglomerates with minor amounts of secondary

Gp, Sp, St and Fl facies. The conglomerates are present in °

large continuous "sheets" with abundant internal.erbsional

surfaces that indicate deposition resulted from successive

influxes ®»f material. The conglomerates most probably de- -

veloped from the coaiescing offlohgitudinal bar forms.

The absence" of ta;iche and redbed development” are evi-

dence that “the climate was uﬁlike_‘that of the Pirate Cove .

Formation. ,Tée larger scale and laterally more continuous
bedforms indicate iﬁteﬁse and continuous flood conditions on
a gently sloping braidplain. = The grey-green fo-olive—greeﬂ
colouration of the matrix and sandstone may indicate an ele-
vated water table. All.of :these lines of evidence indicate

a more temperate climate during the deposition of the Fleu-
I X -

rant.

The cdnglomerate sheets and the percentage and.-spatial
arraﬁgemen; of the lithofacies indicate that the Fleurgnt
was deposited on pré&imal reaches of a gentlylsléping braid-
plain, below the alluvial fan complex{(McGowan and Groat
1971). This type of deposit would be similar to the G2 mo-
del prépdsed by Rust (1978b) or the Scott model proposéd by

Miall (18977,1978b)
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3.6 DPALEOGEOGRAPHIC RECONSTRUCTTON

The well developed unconfomzty between the.Pirate' Cove
~and Fleurant Formations ;ndzeetes that the latter developed
'due'to genewed faulting,to the NW during the Upper Devonian.
The re-actlvatlon of - the ‘same fault system that controlled
half graben development of the Plrate ‘Cove is the most like-

‘lyllnterpretet19n cons1§er1ng the NW-SE paleocurrent direc-
tion obtained for éhe ﬁleurant. In this case a transvefse
braidp}ain'was formed (oé(g#eserﬁed) perpendicular eo the
fault scarp. | |

Figure 20 ‘is a schematic. representation of £he paleogeo-

graphic reconstruction for the Fleuraht Formation. .The
Fleurant was deposited as sheet gravels most probably due to
seasonal variation'in pluvial activity. The 1 to 5 m repet-
itive £ining- upward cycles are probabaly due to“ repeated
flood events. A NE SW trendlng fault system some distance
to the NW (0-10 km’) of the present outcrop was uplifted,
and acted as the sediment source. A diffuse G2 or Scott
type gfavel sheet prograded over the ,previouslyudepositeé
i@irate Cove Formation. At some time the source area may
%ave either subsided, or the-fault bloék: containing the
'if'leuran;c was tilted ,dipping to the WNW, allowing for the
lacustrine-turbidites of the Escuminac Formation (Dineley
and Williams (1968 a,b) to accumulate in the resulting de-

- pression.
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Chapter 1V
BONAVENTURE FORMATIOM

L4

4.1 ISTRODUCTION -

The Carboniferous Bonaventure Formation forms a thin cap-

ping succession upon the Ordovician to Devonian sequences

within the Baie des Chaleurs - Lower Restigouche River Re-

gion ( Figure 2).-The Bonaventure is flat lying :except-in ar-

eas‘.of minor faulting or gentle Afolding'associated with

post-Carboniferous events. The Bonaventure 1is either un-
conformable or in fault contact with the underlying "base-
ment™ Ordovician to Devonian rocks. ’

The redbed Bonaventure Formation-is characterized by many
rapidAfaéies changes. Maximum thickness of the Bonaventute
is approximately 250 m at Mount St. Anne , .and'reache; a
thickness of 180 m on Bonavent#;e Island, near Percé, Quebec
.(Alcock, 1935; McGerrigle ,1950). Thickness within the study
area reaches approximately 170 mpwest.of Miguasha. |

The Bonaventure is a coarse clastic deposit belieQed to
hgve been deposited into an extramontane basin (2aitlin,
1981). The formation has been grouped with other terrestri-
al deposits of Canso-Riversdale age within the Maritimes
(Howie and Barss, 1963, 1875a,b;Kelley, 1967; Hacéﬁe-
bard,1972) and "fanglomerate” deposits (Belt, '1968a). Re-

_8‘7.—

.
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-

gional studies have regarded the Bonaventure Formatlon as

a capping. unit to the pre- Carbonlferous "basement” (Kxndle,

. 1930; Alcock, 1935- Sanschagrin, 1963; - Arynn1w 1961, 1967\~\\\
Dlneley and W1111ams, 1968 a, b). These authors .hazg&ggpfﬁﬁJ .

' dealt with the sedimentology of the formatlon_ln any detail.
Paleomagnetic studies of the Bonaqenture Formation east
of the study area yielded a paleolatitude of | 35 and. 38

degrees north < - (Roy, 1966,1969).° Reconstructions by

Scotese eg_al.(197§) and 2iegler et al (1979) for -Westphali~
\J . .

an time would place the unit between 10 and 15 degrees
north latitude. The differing ‘results are a function of

the precision ,accuracy, and the size of the data base used

by Roy . Scotese and Ziegler use a mult}ﬁ\§C1p11nary ap—'

‘proach that 1ncluded faunal and lxthologxcal dzstrzbutzon in

'conjunctlon with paleomagne¥dic, evidence. . for their recon-

structions and are therefore believé to be more accurate.

The difference between paleopoles: is not critical, though,
because both sets of values would allow for a climate that
is thought fo be conducive to riieea and caliche development

(see Chandler,1980 for a review ‘of red bed development).

-
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4.2  LITHOFACIES STATES

The Bonaventure Formation is divisible into 1) distinct.

lithofacies states ©  In cértain cases lithofacies are com-

binéd when structural ot lithological parameters cannot be-

Separated (‘ex.” Sp and st = Spt) as summarized in Table 8 .

The following are the lithofacies states found in the §tudy

area :- . _ _ -~

4

—

-t -

4.2.1 . Conglomerates -

1.° Gm- similar in bedding, texture - and grain size to-

Jfacies Gm in the Pirate Cove Fm. Cyclés are not as

gronounced 1in stratigraphicallY.loyer portions of the
formation. ' . )
2. Gms- similar to Gms within the Pirate Cove Fm. Can
contain ripdp clasts of caliche Fl, Fm and gh sand-
stones in addition to extrabasinal pebbie§rand cob-
bles . - o
3. Gp- similar to Gp in the Fleurant Forma;ion.except
that the matrix “is red sandstone  and may iﬁciuae
coarsé.crystalliﬁe calcite cement in void spaces. '’
4. Gt- Facies Gt consists of framework—supported,'.peb~
ble to cobble sized orthoconglomerates. Clasts are
moderately to well sorted, 556’?Z;;ded, showiné a
moderate degree of sphericity. ’
Gt contains large scale trough cross-beds up’ to
1.5 m thick. Gt is found within Gm or Gp based fin-
ing-upward cycles aésociated with channel fills.

Y

Py |
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4.2.2

1.

s

- 3.

e : oL 90
Sandstones - '
e . \/—"-

Sh/ls Facies' Sh/1 consists of horizontally to low

_.angle planér x}bedded' current-lineated-sandstones in

mm to 2 m"thick:sets._ﬁiFounﬁ _in both ”fining- and

, coarsening-upward cycles ., they are transitional with

Sp, St and F1 1itﬁof§ciés.

Sp- similar in all respécts to Sp in the Pirate Cove

-

; Formation.

St- similar.in all respects to St in the Pirate Cove

Formation: .

4. "sr- 'siﬁila: in all respects to Sr in the Pirate 'Cove

L]

4.2.3

1.

" Formation

L

Formation

-

Siltstones and Fine Sandstones °

F1l- similar in all respects to Fl in the Pirape-vae,

Formation

Fm- similar.in all fespects to Fm im the Pirate Cove
../__.\_.'. .

Other facies

" C- Caliche is well-developed in the Fm, F1l, Sh/1

and Sp/st lithofacies. Caliche can occur as-isolated

-

- rhizoconcretions, isolated nodules, <rusts , honey-

comb and harfdpans (Plate 6).

.
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4‘. 3 ANALY:SI S OF STRATIGRAPHIC ‘SECTI ONS *
4;3.1 Infroduc;ion |
The locations of the ten stratigraphic sections through
the Bonaventure Formatio; measured ‘in this study are pre-
-sented in Figure 21 . Six sections were measured in the vi-
cinity of Miguasha rPaQus o
1. YaEEE'Poin;
2. Hugh Miller-Cliffs:
23, “Anse aux Corbeaux East ’
4,"hn§e aux_qubeaux West
5. 'Ppiﬁte aux'éorbeéux &
6.- MiguashA-Road Sécfioﬁ- -

and four sections in northern New Brunswick:

7. Pit Section at Dalhousie Junction

8. (Charlo .. ' P

S. ‘Armstrong quok

10. Belledune Point

In Qédition »logs from four cored drillholes compieted
for the’ N.B.E.P.C. | on Heron Isléhﬁ by A.D.I. cOnsdltants
vere made available by Mr.J. McGrath of the Commission. Un-
fortunately the core was discarded p;ior to 197S. -

Yacta Point offers-the most complete and continuogs sec-
tion in the. stuéy area through thé Bohaventure (approx the
basal 115 m ), aag\reﬁresents a complete transition from al-

luvial fan to @raﬁd/alluvial plain deposits. The other sec-

l-.
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. tions are confined to 1 {or possibly 2) specific subenviron-

ments“within the praided flyvial environment.

-

4.3.1.1 fﬁcta Péint -

The Yacta Point section starts approximately 1/2 km east

of Miguasha Wharf where the Bonaventure rests with pro-

- nounced angular unconformity upon the Upper - Devonian Escumi~

nac_Forﬁgtion ( Plate 7). ‘The unconformity is sharp and
érosional,' displaéiﬁg up to 10 m of stepped topographic re-
lief. Large blocks of Escuminac métérial (pp to 1.3 m) are
incorporated into ‘thé lowest portions of. thg Baonaventure.
The contact contains no evidence of regolitﬁ development,
which possibly indicates rapi& depqsifion after uplift.

The Bonaventure exhibits a 15-20 degree (depositional)

dip at the contact that shallows quickly qpsectidh/ to ap-

proximately 3 degrees; The dips are assumed 0 represent
. . . e

the original paleotopography during deposzt1on.\ - The Bona-

venture has undergone little later tectonic movement except

for minor open folds and flexures : ;rendin§~NE—SW; In addi-

tion minor normad faults and intrusives are reported to the

east (Alcock,1935; McGerrigle,1950).

The section (Figure. 22)is divisible into three distict por-

tions :—
_ )

. ] .
- - L
e e ;- .
o RELD el i b e s it
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1. a lowver portion'dbminated by Gm, with minor Gms near
the base. This portion represents the proximal to migd
alluv;al fan envzronment (appro; 48 m). .

2. a mlddle port:on domlnated by fining-upward cycles of
Sh/Sr- Sh:’Fl sandstones and siltstones that are re-
presenta£}ve ok ephemeral braided fluvi;l' deposits
below the fan complex (approx. 35 m).

3. .gn upper portion dominated by Fl, Fm and minor Sand-

_.stone lithofacies that represent overbank deposits.
The channel and sheetflood sandstones within the ov-
érbaﬁk deposits may indicate a .transitional dgposit

) bétween.braidqd and meandering'environmeqts (apprgx.
40 m).

The lower poftion of the section contains 2 conglomerate-

dominated "cycles” sebarated by a minor amount of medium'to

o ——

. codrse grained sandstones and siltstones.The lower conglom-

erate is dominated by Gm , with Gms lithofacies pggr'the

 base. "The Gm is a massive, non-imbricate clast-suppdrted

boulder to large cobble orthocenglomerate. No internal cy-
cles were' discerned.

Interspersed with Gm are zéﬁes of ill-sorted matrix-sup-
ported Gms, interpreted as debris flow deposits. At the
contact betyeén the Escuminac. and the Bona¥enture Fm. ,Gms
contains sub-horizontal blocks of the Escuminac that have a
maximunr - YTength of 1.3 ﬁ {Plate 7). This type of~deposit‘is at-
tributed to plastic flow conditions thats resulted 1in grain

and/of cohesive debris flow deposits (Lowe, 1979). Upward

ey b et g e

L T
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dispersive pressure in this type of mass flow would cause

. the blocks to ‘assume sub&hofizontal orientation. 'Fioﬁ:?gg.
joI=

thlS type occur in areas of steep slope, ‘adjacent to scar

(for example). A second pOSSibility for the orientation of
the blocks is that they are.'still attached to-the Escuminac
Fm.. 1In this case the blocky nature would be the result the
original paleotopographic surface that may have ébveloped
due to some "Rarst" tépe of weatheringh‘ The presence of a
high original depositiéﬁal dip (15- 20 degrees) and the lack
of regolith development at the contact tend to indicate "ta-
lus " environment, near the scarp. On this basis the second
possibility is deemed unlikely. Debris f'lovies that formed
upsection appear to have characteristics that 1ndicate depo-

sztion under more fluidized conditions. The dep051tional

—-dip of up to 20 degrees may be indicative of talus slope de-

»

posits along the margin of a scars.
) The upper cycle is.also dominated by Gm, but appears to
contain (?hdisthmti'fining-upward cycles of boulder- cobble
conglomerate. .Minor amounts of imbricate Gm and Gt are pre-
sent upsection, with some Sh and Sh/Sr sandstones.
The interval between the two cycles is composed of gritty.
to medium sandstones in repetitive fining-upward Eycles~
capped by Fm. The relatively thick Fm de9051ts contain some

caliche . All features are typical of ephemeral de9051tion

(McRee et al.,1967; Turnbridge, 1980},

«
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The lower portion of the Yacta Point section is inter-

preted as a proximal alluvial fan éepcsit. | The presence of

well developed Gms and massive Gm deposits, the high angle

of dep051tzonal slope and 1ts position adjecent to the apex

of the fan ‘indicate depos:tlon on a fan complex( bajada?).

"The upper cycle-may.also have been formed on a fan, but
further away from the fan_ apex than the lower cycle.

The small amount of intervening sandstone. (with Sh/1) ‘is.
thought to have »beeh deposited under high ~energy ephemeral,
conditions‘(furnbridge 1580).The sandstones indicate either
an .interlobe area that was not recelvzng coarse detfltus, or
that two syndeposztzonal tectonic uplifts occurred.

The lcwer portion of the Yacta Point section conforms to
the G1 or Trollheim model of Rust . (197sbpnd Miall (1978b)"
respectively. The second conglomerate cycle eppears tc ha%e'
developed under more fluvzal than mass flow condltlons (note
presence of Gt, imbricate Gm, etc ) and may represent a
transition between the Trollheim and Scott models of Miall’
(op. cit). fThe Gl model of Rust (op. «cit.) holds for both
cycles. ' L

Red bed develcpment,the presence of Gms ,and the coarse
clastic nature of the deposit indicate,that the feult scarp
.that controlled sedimentation was near by. Paleocurrent
data given later indicate the scarp‘was to the north and
northwest: The climatic environment is thought to have
been arid  to semiarid due to the presence of calicheégnd

redbeds .
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The middlé portion of the Yacta Point section is char-
acterized by repeatedlfining-upﬁard.cycles of Sh- Sh/Sf- sp-
St- Fl1 (and Fm) sandstones .and siitstones. Cycles are ﬁased
.cnminor erosional surfaces and may contain incipient ca-
liche within theff%ner grained lithofacies. .
Laterally extensive sheet sandstone quies are profuse -
in the 1lower part of the middle portion of the section.
These consiét of Sh-Sp-St-Fl sandstone bodies which may in-
corporate occasional rip up clasts . Channel fill sand-
.stones and coarsening upward crevasse splay/levee (?) depo~
sits are present within the.middle of the section . Large
scale desiccation ;raqké (up to 2.5 m deep) that may contain
nodula? caliche are .p?ésent in the crevasse spiay deposits
(Plate 8). | |
The predominance of Sh and Sh/Sr sandstones near the base
of the ﬁiddle portion indicates the ‘recurrence of ephemeral
cénditions. The presence of channel f@ll,-sheetflood sand;
séones and crevasse/splay deposits indicates more continuous
pluvial conditians (possibly seasonal). Models proposed for
deposition ‘of this type would be a transition from the Bijou
Creek to- S.Sask:/Platte River (Miall, 1977,1978b), " or the
S1/S2 transition terminolgy of Rust (1978b). The lack of

well~developed Ss and Se.facies would place the base of this

portion in the Bijou Creek submodel of Rust {(op.cit.).

The upper portion of the section is dominated by F1,Fm

and. Sh/1 overbank and sheetflood sandstones. Well-developed
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‘¢hannel fill with moderate to high depth:width' ratios in-

crease upsection (Plate Q). The -channel fills contain at
their base ‘laterally continuous {(up to 4 m), sinuous_ bifur-
.cating. -° 3-10 cm deep scours occurrding in a radi&;ing‘pat-

tern parallel to the channel axis (Plate 9). They are

., filled with coarse grit to small cobble material lacking any.

apparent internal structure. Spacing appears regular (20-40

.cm apart) depending on the size of the channel.  These are

.interpreted— as harrow or kolking structures that are indica-
-ﬁyepﬂigh energy turbulent scours and infills in ephemeral
channéis.(Harvey,ISSO: Karcz,lSS?). ~Caliche development in-
creases upsection. .

These characteristics are indicative .of an alluvial

(braid?) plain environment. The £ide grain size of the ma-

terial and the (apparent) lack of cyclicity make it Jiffi~
‘cult to place in the scheme of Miall{1978b) . The low depth

to width ratios of the channels fall below those .pfoposed

for braided systems by Schumm (1977). In addition, indis-

tinctlateral accretion surfaces occur in the channel fills.
All of Ehese features would tend to favour a meandering
channel pattern. }

The presence of the kolking features indicate extreme en-
erqy conditions that were channe}ized.' Sheetflood sand-

stones may form in either braided or meandering environ-

: ﬁents. The most likely interpretation of the top portion of

the Yacta Point section'is‘that it_was formed 1in a transi-
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tional position within the alluvial. plain, between true’

braided and meandering deposits. amTrggéitions from braided
.y )

- to meandering sequences are well known as gradient decreases

away from the scarp. An.anastomoﬁ}ﬁg model was not consid-
ered due to the absence of vertically persistent sandstone
bodies and the le to subegual ratios of channel sandstones

4.
to overbank deposits..

3

1
In summary, the Yacta Point section represents the
transition from alluvial fan through proximal-distal braid-
plain into a transitional braided/meandering depositional

environment. N

4.3.1.2 Hugh Miller Cliffs
The Hugh Miller Cliffs are located approximateiy 9 km

west-north-west of_MiguaSha, and form the prominent .red

cliffs inland’ from Escuminac Bay. The section presented

(Figure 23) is a composite 40 m thick because no one section

L.

-
was completely accessible. The,section is divisible into

two distict units:
"l. a lower Gm-dominated unit
2. an upper, repetitively fining-upward mixed Gm=and S...

unit

The lower unit (approx. 12.m thick) is dominantly a large

cobble to pebble, ,wéll-imb:icate, horizontally bedded Gm

unit. Indistinct fining-upward cycles (from .5 'to 1.5 -m

~

(RIS Y - N
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. Sketch Section
‘Hugh-Miller Cliffs

Mixed,repetition of
fningupward —
Gm-S.. = . a
cycles

BRAIDED FLUVIAL
DEPOSITS

METERS

2% || Conglomerate
- dominafed

.. N
DISTAL FAN (?)

'FIGUFE 23: Hugh Miller C1iffs section
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thick) éontain ébundaﬁt internal erosional s;;facés and mi-
nor'Sp-St channel £ill saqﬁstoneé{ ' Thé'proporgion of sand-
stone appears.to increase upsection. Occasional . "Gm" zones
-;re massdvé and-ill-sorted, displaying an open- to matrix-

- ~ -

supported framework that -appreaches Gms. These lattgr depo-

" sits may be 1nterpreted as the most.distal of debris-flow

like -deposits. - >

The fining-upward cycles of Gm or Gm-Sp-St, 1in addition

to the channel sandstones that dissect these dep051ts, may °

——r

be 1nd1cat1ve of mid to distal alluvial fan sedlmentation
(McGowan and ‘Groat,1571). Well-developed imbrication may
indicate floogd reworking of the clasts within unchannelized

flow (Bull, 1977; &Koster, 1977). Models proposed for the

lower portion of the Hugh Miller cliffs are a Scott~like de-'

posit (M1a11,1977,1978b); Or transitional between Gl and G2
of Rust (1978b).
The upper portion of the Cliff section (34 m approx.) is

a mixed repetitive fining-upward conglomeratic~sandstone

unit. Cycles range from .25 to 1.5 m thick’and contain lo-

cal erosional surfaces, laterally per51stent conglomerate
sheets and well- imbricate Gm. ‘The unit probably represents
coalescing longitudinal and /or traverse bar sheets (Church
and Gilbert,1975) below the intérsectionﬁpoint of .a fan com-
plex (Hooke,1967). The unit is very similar.to unit 5 of
the Pirate Cove Formation but,cqntaihs much larger clasts,

and cyclicity is not as well established.
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- ~The sheeted nature, abundant-erosional sprfacesfandifin—-

ing-upward'cycles indicate depoSition in the proximal braid-
ed fluv1a1 tract at the dlstal &nd or past the fan complex—
es. The models that. best represent thzs type of dep051t are

the Donjek (w1th cyc11c1ty) or G2 model of M1a11 (1978b) and

Rust (l978b) . réspectively. I _
Note: The Hugh Miller cliﬁfs are stgatigraphfcal—

. 1y above the Yacta Point Section. ‘These two sec—\

tions, when placed in stratzgraphlc .context,. give a
minimum thzckness for the Bonaventure w1th1n the stu-

dy area in excess of 170 m.  Together they can be

interpreted to form two major. fining-upward cycles'on'

the scale of 10's to ldﬁ m. .

4.3.1.3 Miguasha Road Section ’
The Migtasha Road section Figure 20 ' ,located along the

secondary road between Miguasha and Miguasha West, is a 17.5

:m thick mlxed pebble to small cobble conglomeratzc sandstone
succession composed of .75 to 3.25 m repetltlve fining-up-
ward cycles. The cycles may be er051onally based and show a

poor degree of 1nduratlon.

The cycles present include fining-upward Gm ; Gm- Sh- Fi:

.Gm- GpT Sbt ; and St- Sp- and Fl deposits. Interspersed,

within the cycles are interbedded Gm / Sh-F1 deposits. Mi-

nor Sh-Fl and Fl deposits are also present.

.
L.

-
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| Miguasha Road Section
. <= CHANNEL FILL
’ (St-Sp-FI)
‘ —| sh
2{;3,{; Gm(with minor Gp)
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The cyclic nature of the (units and the fining-upward pna- -

ture'indicates successiv; depositional events. The type of
“sedimentation may indiééte 2 distal-gravel—déminated braided
fluviai environment on a Braidplain. The model ‘that best
characterizes the deposit is the Donjek type or a transi-.
tional deposit hetween the G2 and G3 of Miall (1977, 1978b)
and Rust (¥978b) respectively. The presence of Sh and Fl
sandstones_énd siltstones within the wunit, and the lack of
well dggglbped channel or channel £ill deposits are evidence

for ephemeral deposition(Turnbfidge,lQSO).

4.3,1.4 Anse aux Corbeaux- Bast and West
Anse'ﬁux Corbeaux is located at the southwest tip'of Mi-
guasha, . Peninsula -,in a qﬁallf}éolated cove. Two sections
(Figure 25 ) were measured on the east and west limbs of a
gentle, open anticline. The sections are divisible into two
:distfnc-'t units : - _ . |
1. a lower sandstone-dominated unit th minor sheet-
flood and channel fill déposits.
2. an upper sm§li boulder to cobble <onglomeratic unit.
possessing massive to sheéted Gm deposits.
The lower unit ranges in thickness. from 25 - 35 m and is
'predominantlf compdéed of inferbedded fining-upward cycles
of Sh/Sl- Sh/Sp— F1 deposits with subordinate sheetflood and

channel fill sandstones. Plates 10 and 11 exhibit abundant _



-
\;.v
A
.
3 B
=& T .
. "’.':33 o
g‘f?—\-ﬂ%g
s | y & =
58 & &5 §
S 8 & ©

et

-
c -2
8
2 =
c

<:8

— ! mial
w) II: ': HAT
<< ERAIS !
% 1y
i
- \ : . =)
e \ R Q )
\ spsodap

pool: Ysbis |oJawsyd3l

S
%ﬂﬂ

o
‘M S =

25: Anse aux Corbeaux- Fast and West Sectlons

L

107

¢

3
1



o 108

erosional surfaces, low angle planar x-bedded and single -
) g

pebble horizons.. Grey green reduct1on spots indica;e the |

presence of dzssem:nated plant material. Plates 10 and 1

show the repetitive interbedding of Sh and Sl with minor am;

ounts of Sp/St. -Single pebble horizons and_a‘scpuf near -the
top £illed by an assortment of bebble and caliche types are
visible. Plate 11 shows the presence of an imbricate mud-
chip conglomerate zone with Sh and single pebble horizons.
Laterally extensive sheetflood sandstones have abrupt
‘ lower contacts. Channel fill bodies, possessing width to
depth ratios on the order of 100:1 are erosionally based and

contain Gm- Sh- Sp- St- Fl or Gm- Gp -St fining-upward cy-

cles. The top and bottom of the section contains minor Fl.
7/

‘and Fm deposits that contain caliche .

-~

The features ment;oned for the lower unit of Anse aux

Corbdaux indicates an ephemeral sand-dominated braided flu-

vial deposit of the Bijou Creek-or Sl type (McKee et al.,

1967; Turnbridge, 1980; Miall»1977,1978b; Rust>1978b).

The upper unit 1is a larger fining—uéward seqguence of
massive to horizontally bedded Gm ( >70%), with associéted
amounts of Gp, Gt, Sh, Sp, and St. The contact betwegn the
lower éna upper unit is sharp above a moderately deyglcped
caliche horizon. This may indicate a small lapse in time

between the deposition of the lower unit and the prograda-

tion of the overlying unit.

e
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The m3551v€/\Eo horlzontally bedded Gm deposzts conta;n

1Y

. 'i'must'inct fming-upward cycles and channel £ill. In. many re-

gards this portion of Anse aux Corbeaux is similar to the
. : : ‘ . i
upper conglomeratic cycle within the Yacta Point sectior.

.

As one continues © . :< upsection the conglomerates be-

' come more sheeted and fines become rarer (Plate 12). The

depoéitional envircnment for the loJ;r gonglomerate}portion
resembfes. that <of - the distal braided portion of a fam
complex, above the intersection poiht:kﬁboke,1967): = -
}he sheeted Gm would have developed in unconfined flow con-
ditions at the toe of the fan or the proximal portion of the
braidplgin.below the interse:fzbn point (similar to wunit 3
of the‘Pirate Cove Fm.). .bepositional models for-the upper
portion include the Scott or G2 model of Miall (1977,1978b)

and Rust (1378b) respectively.

4.3.1.5 Pointe aux Corbeaux

The Pointe aux Corbeaux section Uﬁgﬁn{éﬁ) is located
along the eastern coast of Migquasha Peninsula; north of‘the
Pcinte._ A 35 m plus continuous section of mixed sandstone/
conglé&erate was measured that exhibits two -(and part of a
third) major fining-upward cycles averaging between 15 and
20 m in thickness. The cycles are based by massi%e, well-
imbricate, finihg-upward Gm-(and.Gm—Gp) deposits that corf®
tain kolking structures (Harvey, 1980; Karcz, 1967). The Gm

or Gp facies are overlain by Sh or interbedded Sh/Fl units.
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- These - . = grade-upward‘ihﬁo relatively'thick-—Fl or

Sh/Fl deposits with dxssemlnated plant and caliche materzal..
The middle and uppq; portzons of . -some ‘cycles -

-

contain sheetflood - sandstones that can include - pebbly and -
ripj up clast beaeidé‘zones and large ‘scale dune bedding o
‘(Elate 13). AQain, ‘plant and caliche materxal may be ub:-
guitious - - .. No ev1dence of channel or channel f111
was seen in the finer-grained Zones, but in areas vhere Gp
was present, channels were observed.
These eycles represent depositiqiﬂnear the toe of the al—
lu¢1a1 fan complex or in the proxlmal p051t10n of a brald- |
plain (McGowep and Groat,1971). “The lack of internal ero-
sional surfeees within Gm seguences, and the fining-upwe}d ,'
natiure of qehe depesit may indicate ‘depositibn as one
'eveet' The internal truncation within the Sh and F1l units
1nd1cates successive (ephemeral ?) dep051t10nal events, on a

. short time scale. The cle as a whole appears to be the

result of. one event allocyclic event overprinted by
a%tocyclic'control
Three p0551b1e 1nterpretatzons of the cyclzc nature exhi-
b1ted w1th1n the Pointe aux Corbeaux section are: .
1. 1pluv:al flood eplsodes that resulted in cyclic fluc-
tuatlons in flow conditions and the ability to move
different sized material , '
2. periodic syndepositional -tectonic uplifts resulting
in the elevation of source and subsequent erosion and

return to-base level , and
)
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s 3. autoéyclic svitching wvithin the dispersal system.
The writer prefers a cémbination of all three hypotﬁéses .

' The de;osits are representative’ 6f the Scott/D&hjek/
S.Saskatchewan’ .* modelsof Miall (1877,1978b); or of a G2/S1-2
models of Rust (1978b ).In this case the models of Rust (op.
cit.) are more flexible ieretermining a depositional model

than thosefof Miall. .

4.3.1.6  Pit Section- Dalhousie Junction
The Pit section (Figure 27)- . located abproximately 11 km
west-south-west of Dalhousie, consists of 3an 11.5 m quarry

exposure of Gm- (and Gms-) dominated Bonaventure Formation.

[

The section can be subdivided into:

1. é lower 5 m section composed of ill-sorted, massive,
open—framework matrix-supported Gms deposits fining-
ﬁpWard inte Gm, Gp or Sp type deposits.

4+ 2. an upper 6.5 m with massive to horizentally bedded,

. well- imbricaée Gm with minor amounts of Sp and St
deposits.

The lower unit contains conglomeratic deposits that re- -

semble Gms but do not contain more-than 50 § matrix. 1In

zones the conglomerates are supported by a muddy matrix, and

may therefore be of debris flow origin.  Deposits of this

kind may be interpreted as grain-flows (Lowe, 1979).
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FIGURE 27: Delhousle Junction— Pit Section
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The upper unit is composed of masséve to horizontally
bedded and well-imbricate Gm deposits.' These units have
abundant internal erosional surfaces and minor amounts of
Sp-St channel fill saﬁds;ones. . AB-planes dip upstream and
the A-axis is transverse to paleoflow direction, ‘indicative
of.fluvial,transport (Rust, 19723 ). Indistinct : zones of ép.
may aiso pg present. These types of deposits resemble coal~-
esced longitﬁdinal bars in the proximal béaided fluvial
tract (Church and Gilbert, 1975). A Scott or G2 model best
typifies this succession. .
' The Pit section is an example of the distal alluvial fan
in which ' debris flows are still active, to the proximal
braided fluvial tract on either the 'faﬁ complex or the bra-

idplain.

4.3.1.7 Charlo _

The Charlo sectipn, locgted along a 2 km stretch of coast
at Charlo,N.B., is a gently}éipping ( < 3 degrees) 46 m suc-
cession similar to Pointe aux Corbeaux (Figure 28). The seé-
tion consists of fining-upward cycles of Gm(s)- Gm- Sp; Gm-
Sp- St; Sh~ FI and Fl/Fm deposits.

The conglomerates‘ are essentially—composed of cobble to
pebble well-imbricate deposits with minor interbedded Gp and
Gt facies. ‘The Gm depgosits are laterally extensive and show

moderate vertical and ‘horizontal facies changes. They ap-

Iy .
& .
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pear to represent the formation of ‘longitudinal bars in
stream flood dep051ts. ' |
The finer units (Sh-Fl and Fl1/Fm) appear to be of over=
" bank origﬁn. The occasional coarsening—upwafd successioh
- may be due to crevasse splay or levee formation. '
Plate 12 shows a coarsemng upward fining- upward coarseﬁ-
ing- upward succession. Overlylng the caliche horizon are St '
sandstones that have cut a minor scour or channel into the
deposits: The lower unit represents a near proximal flood
event while the overlying deposit represents a mid-flood
" event. ‘ : 7 /y
1% 'Cycles in the Charlo Section are less distinet than in
~other sections, but apﬁear on a 3 to 5 m fining-upward sca-
le. The lack of internal erosional surfaces within these
deposits and their gradational contacts indicate °that they
are the résulé of one depositional event. The scale of the
cycle may indicate a climatic ,seasonal or avulsion mechan-
ism, but tectonic control is not favoured. The section as a
whole may have been deposited on the proximal to mid reaches
of the braidplain. Paleocurrent data for Gm show a paleo-
flow direction that is parallel to the proposed bajada, so a
position in close proximity to the fan is indicated . The
section can be modelled as a transitional seguence between
the Scott and Donjek models of Miall (1977, 1878b), or the
G2 model of Rust (1978b).
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4.3.1.8 | Armstrong Brook
| The Armstrong Brook section (Figure 29) located midway bet- -
wveen Charlo and Belledune Point, ié a discohtindbus section
of 20 plus m within a 1.5 km section of beach. The sectiom
possesses a very shallow dip and is composed predominantly
~of fining-upward cycles of Sh, .Sh- Fl, and Gm- Sp- St depo-
sits.Very little Fl or F;[?m deposits are present except for
a few minor interbeds that contain caliche.zones.. 4
The discontinuous nature of the outcrop makes it diffi-
cult to propose an interpretation. The section seems to
represent a transition between deposits seen at the lower
section af Anse aux Corbeaux and Charlo, i.e.,mid to distal
braided fluvial deposits on a braidplain, A Donjek or G3

model of deposition is the most likely interpretation.

N




']
™)
D

ME TERS

Armstrong Brook

¥

&
HE
1)
10

-
.




s . 119
4.3.1.9  Belledune | ’

The Belledune sect:on (Figure 30) is the most easterly sec—
tion of the Bonaventure v151ted. The section rests uncon-~
formably upon tilted Siluro—Devonian carbonates. The sec-
tion is only 3 m thick in the area and consists of a pebble
to small cobble, massive Gm, filling in the paleochollows ov-
erlain by Sh and St sandstones. The sandstones are them-
selvés overlain by Fl deposits that are'rippled andlcontain
well~developed caliche.

‘;The Belledune section ié interpreted to be .representative
of the alluvial braidplain. Locally, coEEse'grained materi-

al fills in the original palechollows, but once a 1evei'graﬁ

. Qient was reached deposition consisted of Sh (ephemerally

derived) sandstones. Caliche is evidence of protfacted-
breaks in sedimentation. . )

The Belledune section would best resemble the 2 /silt mo-
del of Rust(1978Db). The lack -of section,‘ and the inability
fb determine cyclicity make it difficult to'jscribe'u:one of.

the models of Mall (1977, 1978b).
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4.4 DRILL HOLE DATA- HERON ISLAN1§

Heron 1Island, situated 'approximately 1.6 km off the
northern New Brunswick coast, was drilled in the fall of
1973 as part of a site investigation project for a nuclear
power plant by the N;B.E.P.C. . The solid . core erm the
project'was discarded prior to 1979, but the drill hole logs
recorded by Xﬁﬁ:l Consultants, Ltd (1974) were made availa-
ble for study.

The island is composed entirely of the Bonavenéure Forma-
tion except where ovérlain by a thin cover of g{acial drift.
The Bonaventure strikes approximately NW-SE , lﬁith a gentle

NE to E dip (A.D.I.,1974.).  The thickest hole through the

Bonaventure reached 44 m without reaching basement (DH-D)..

Figure 31 is the schematic representation of the four drill
holes.

The logs were difficult to decipher , due to the lack of
sedimentary structural information_. Six lighofacies based
solely on lithotype were discerped:

1. G- conglomerate

2. S- sandstone’

3. Sfl- interbedded sandstone and shale

4, F1 - intérbedded silé%tone and shale

S. PFcl- réd claystone

6. Fe - caliche, seat earth, and nodular breccias. (The

pobr guality of the log -descriptions, and the absence

- w

\
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FIGURE 31 : Heron Island Drill Core - Locations and Sections
(after A.D.I. L£d, 1974)
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of any typé cf "breccia™ deposit witﬁin the sand-do-
m;naféd brqidplain; led'té‘the~grouping of the 'car-
bonate ncdular breccia’ with caliéhe and’ seat earth
_units).

Markév Analyses on each drill hole were combined for an ana-
‘lysis of the entire drilled thickness. Appendix B contains
the derived matrices , and Fiqure 32l summarizes the re-
" sults. |

The individual-d;ili holes show distinct cycles from

1. G- Sfl1- S ; G- S- Sfl- Fl; G- S- F1 and that the fin-

er material is usually erosionally overlain By coar-

;er material o )
2. Fe- Sé Fl- S; in cbarsening—upward cycles -
The composite analysis of all four drill holes (n=71
transitions) shows a Iack of cyclicity excépt that -Fe is
.usually overlain by S. The four possible model cycles ob-
tained from the analyéis'of the - drill holes are preéented in
figure 32 . The first is'typicalfoé overbank @eposits while
‘the second and third may,repfesent'flood incursions of coar-
ser detritus or sheetfioods repectively. These las£ two are
combined together to form what méy be termed a fining—upwafé
(splay?i deposit. .

The lack of cyclicity in the drili dat# , and the lateral
and ﬁertical facies changes noted Ey thel authors of the

A.D.I. repor£7(A.D.I.,1974) may indicate that the Heron Is-

land deposits axe of the sand - dominated braided fluvial
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Platté or S2 type of Miall (1§78b) and Rust (1978b) mﬁmeﬁ-‘

. tively. ~ The eastward dip of -the bedding probably indicates
the original palebslope and is regarded as such in the later
reconstruction of the Bonaventurézdepositional environment.

The absence of.solia core and"fhe-lack of access to Heron

Island make it difficult to be moreqpreéise about deposi-.

tional environments.

’

/
’

-

4.5 PALEQCURRENT AND CLAST COMPOSITIONAL DATA

‘The‘paleocurrent_measuyements obtained from th€,§929239‘
ture Formation . are summarized in Table 9 and Figure 33 .
The data from the Quebec portion of Baie des Chaleurs show ,a
strong north to south and/or northwest to southeast trans-
port diréction; The valugs obtained.from New Brunswick show

a stroypg south to north and/or southwest to northeast pa-

t direction.. These opposed directions strongly

suggest that the Bonaventure Fm. gccupies'a paleovalley ex-

humed by recent erosion to form the Baie des Chaleurs.
Hence!ft~§s.;éasonable to intérpret the eastward dip of the
Bonaven{ure on ﬁéfon "Island as thﬁlorig;hai paleoslope di-

rection which suggests a west to east paleoé?ainage direc~
tiqn.down the axis of the Baie des Chaleurs. Figure 33
shows the proposed model of paleodrainage during thé déposi-

tion of the Bonaventure Formation. ;;:
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FIGURE 33: Paleocurrent Data, Bonaventure Formation
(Location points refer to Gm imbrication, Tabie 9)
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—~ The clast counts for the Bonavenfure Fm are presented in
Figure 34. The Gaspé portion 1is still doQipatea by carbo-
nates, with le#sor amounts of volcanics ané:sandsténes most
probably'derived frém the Restigouche and Matepedia Groups}
The N.B. portion is dominated by andesitic volcanics of bro-
bable oceanic crust derivation from the New Brunsyick High-
lands {(Tetagouche Group) to the south. The differences in
clast composition within the Bonaventure from the é;spé and
New Brunswick areas confirm the palecocurrent éata rand show
that the Bonaventure was draining aréas to the north, nor-
thwest, west, southwest and south of the study area. The
west to east postulafed drainage flow direction from Heron
Island, in conjunction with the geometric distribution of
the'lithofacies indicate that the Bdnaventure was deposited
in an enclosed basin opening eastward,draining highlands-to
the north, weét, and south; that flowed in a trunk river
system, eéigyard down_the axis oi tﬁe Baie des Chaleurs. It
is postulated that the. Bonaventure eventually debouched

onto the New Brunswick Platform.
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4.6 CALICHE

Calcrete (or caliche) 1is defined as a "hard mass of cal-
N o cium carbonate precipitated from solution and redeposited
through the agency of infiltratihé waters in the soil zone,
‘or deposited by the escape of carbon dioxide frﬁm vadose wa-
- ters” (A.G.I. Glossary, 1972,p. 100). Caliche is found in
areas of arid to -semi-arid terrestrial deposition and as
surficial crusts on modern or ancient carbonate successions
(Reeves, 1970;Wil}iams,'19?3; Siesser, 1973; and many oth-

ers). ‘

Recent work on céliche‘has  dealt with the textural zona-
tion of the pedogeni¢ profiles wi;hin modern environments
(Reeves, 1970; Gardner, 1570). ' The few St;dies'to date on
the geochemistry of caliche have dealt with the major and
trace element distribdtion within the profile. The aims of

¢ this study of three caliche preofiles were to determine:

1. the concentrations' of Ca and Sr from the leachable

carbonate fraction

2. the mode of formation of the caliche and to determine

the composition of the natural waters that controlled
‘caliche development .

Caliche is present-in the Bonaventure Formation within

the proximal alluvial fan/ braidplain facies and the transi-
;tiénal braided/meandering facies. Three caliche profiles

from the upper braided or transitional braided/meandering

P 1 )
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facies were chosen for chemlcal analys:s by Atomlc Absorbf

tion,
- * . f * . \

The samples ' of caliche - were obtained. from the top(a),

middle(B) and bottom(C and D) of the profiles located at-

Yacta Point (C-Y- ): Belledune (C-B- );-.and Charlo (C-C- ).
The results are liated in: Table 10 . '
The values obtained ahow mSr/mCa raﬁios between .11 ~.40
x 10-32. Accordlng to Rinsman (1969) values approachlng 32
x 10-? are dlagnostzc ‘for normal ground waters., The ppm va-

lues obtained for Sr (. 19— .70) ‘are Wlthln the range of .2

.’to S0 ppm for S: ‘concentrations found in ground and neah
' surface waters by Skougstard and Horr (1963). This indi-

cates that the Sr concentration found. within the soluble .

portion of the caliche was‘ controlled by the chénisfry of
the ground and near surface vaters. ) . v

The water table in sgmi-arid ephemeral deposits,is usual-~
ly deep in relation to the topographi; sorface '(Waiker,
1967,1976). ThlS is the cgge near the active’ scarpiféhereas

the water table may approach surface w1th1n the bra:dplaln.

The analyzed callché is thought to have developed in areas

of elevated water table near crevasse splaYs'and/or levees.

It is postulated that at certain times of the 39ar'the water

table was charged or flood condltlons prev?lled\,and the

dlssolutlon of carbonate was enhanced. As the season. became

~arid the” water table was depressed, pedogenlc processes

took over and carbonate waS‘prec1p1tated. : -
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Sample ca st sz}  (Msx) s=*
T = =3 s
‘ (Meay Ke (TCe) H,0
opm opm | oom

c-3-4 337395 127 .17 x 1077 .12 x 1072 21
C-3~3 206566 171 5o Lk .25
C-B=C 369082 128 36 / .11 .19
C-5-D 361682 155 .19 . L .25
C=-Y-Al 382382 540 A1 . - .51
C=Y=p2 363569 324 W41 . +25 b9
« C=Y-5 366873 213 .39 .28 .37
c-¥-¢ 1237 216 .29 .21 .39
C-C~A1 358316 322 N h e .29 T .51
Cc-C-Al 371723 358 s ’ .31 .5k
c-C-B 213229 265 .56 0 .70
» Partial Chemical Analysis of Caliche Samples (leachable

TABLE 10:  fractien) .

Sr# values for precipitating solution (Kinsman, 1969)

28

e

eote en
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4.7 RECONSTRUCTION AND INTERPRETATION
o

The‘Bonaventure Formation has been deduced to efico s

the three following deposi;ional environments from/the ana-
lfgis oé the measured stratigraphic sections:
1. 'proximal alluvial fan .
2. prdiimal to distal gravel- and/or sand-dominated
* braided fluvial deposits from the distal fan and bra-
idplain environments
3. éand-land silt-dominated transitional deposits from
between the distal-b}aidplqin “and the ﬁeandering al-

luvial plain

Figure 35. represents the proposed distributiord of the above

depositional . environments about the western Baie des Chaleurs

region,

The Bonaventure is attributed ‘to deposition in a res- .

tricted, west to east trending basin within the western Baie
area. This basin ,orhpaleovélley is now exhumed and‘forms
the present Baie_dés Chaleurs drainage basin. East of the
line made by Belledune-Cape Noir the Bonaventure basin hay
have opened out onto the New Brunswick Platform. Data to
confirm or re fe this Qas not collected, és it was oﬁtside

the study aréa.

t
i
]
i
i
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The major source areas for the western Baie region were
to the.north, west and south. Clast compositions from the
Géspé contain carbonate from the Restigouche and/or Matape-
dia Groups to the north and northwest and in New Brunswvick
a§ characterized by .voicanics of the -Tetagouche Group to

the south.

The bajada to alluvial plain succession is deduced
from the measured sections. The only continuous section is
'at Yacta Point, but the other sections provide specific de-
pos?ﬁonaT.information. Proximal alluvial fan deposits (ie.
containing Gms) are present at Yacta Point and the Pit sec-
tion at -Dalhousie Junction. Proximal gravel-dominated
braided fluvial depdsits represénting mid to distal fan to
proximal braidplain (ie.containing longitudinal bars). are
present at Yacta Point,lower Hugh Miller Cliffs,upper Anse
aux Corbeaux and Pit section. Areas of more distal gravel
dominated braided fluvial conditions that have both dissect-
ed longitudinal and traverse bars were the upper portion of

the Hugh Miller Cliffs, Miguasha Road and Pointe aux Cor-

heaux section. The remaining sections represented sand do-

minated alluvial braidplain to transitional deposits (at.

Yacta Point). .
The ephemeral nature of the deposits,red bed development
" and the presence of well-developed caliche indicaté thatlthe
‘Bonaventure was é:posited under semi-arid climatic condi-

tions.
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Chapter Vv -
TECTONIC CONTROLS ON THE LOWER/MIDDLE DEVONIAN -
CARBONIFEROUS TERRESTRIAL SUCCESSION,WESTERN BAIE DES
CHALEURS AREA- '

5.1 INTRODUCTION

Lower /Middle Devonian to Carboniferous terrestrial depo-
sits in the northern Appalachians have been attributed to
mo}asse deposition as the result of the Acadian-Appalachian
tectonic events(Belt,1968b;Poole,1976). Molasse, though, ‘is
defined as "a distinctive seaimentary facies consisting of
alluvialfggg shallov mariné deposits derived from source ar-

eas undergeoing rapid uplift and erosion”

Wt

N

(Miall,1978c,pl613). The L/M Devonian near the eastern tip

of the Gaspé (consisting of tﬁe York -R}ver, Battery
Point,and Malbaie'Fﬁs.) most probably represents "classical"”
molasse (McGerrigle,1950; Rust, in press (b)}. Rocks of si-
milar age studied in the western Baie des Chaleurs region do

nogggepresent the transitional sequence from marine to non-

ma;fne'infill. Deposits of this type are termed molassoid

' (Miall,1978c).

The Devono/Carboniferous deposits of the western Baie

area have been attributed to deposition in successor basins
(Poole,1976}Zaitiin,lsal). A classification o¢of non~marine

paralic sedimentary basins by Miall (1978c,Table 1) places

-136-
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molassoid deposits in."late'orogenic to post?éfogenic (su-
‘perimposed ?) intermontane basins” . Miall {op.cit.,pl614)
states that ba51ns of this type are present in técfoﬁically
actlve areas and are characterlzed by : | ]

1. pronounced fault scarps .

2. coalescing alluvial fans (bajada) . o

3. the occurrence of landsl;dés and debris flows.
Such basins can ;150 be subdivided into Enterna;_anq exter-
nal basins, subject to their. position relative to'the.orq-

genic belt.

Mizall (1978c) ‘notes that while the characterlstlcs of mo- '

-

lasse are dlstlnctlve, - the llthofac1es attr:buted are

not exclusive to molasse sequences. No mention™is made of
. 1%} :

the type of tectonic regime needed to form molasse (-o0id)
basins, but that only sharpdrelief iszpeeded to produce
coarse detritus. _ Both nérﬁgi (dip-slipj “and strike-slip
faults can produce the neccesgary vertical relief.

Relief can form due to 1) compressional, 2) tensional,:ér

3) horizontal movement. All three can preoduce dip-slip com~ -

ponents . Tectonically active areas, that are normally as- -

sociated with basin development, are found in active cont1~'

nental margin and/or interior rift areas.

F
1
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5.2 APPALACHIAN TECTONIC MODELS

The reg1ona1 geology and tect0n1cs of the Mar1t1mes was
™ bn1ef1y summar1zed in section 1.3 . There are two main schools:
of thought concernlng the tectonic events affecting'the north-
'ern'ApEa1achians during the Devonian.and Carbeniferoes. The
-first school believes that. subduction and transcurrent motion
-were actiye during all tectonic events(Bird and Dewey, 1970;
Poole,. 1976; Schenk, 1978). According to this hypothesis the f,
Appalachians woJ]d have undergone compressionaI and/or tension-
51 stress dependant on the\pature (straight or oblique) of
the associated collision. \ ]
The second school believes subduction, which began in the
_Ordovician, stopped prior to the Devonian Acadian Event. The:
Acadian was thought to.have developed so]e]y due to compression.
The .absence of ophiolites is c1ted 2s negative ev1dence “to
discount subduction during the Acadian (H. wi11iams, 1979).
Rust (in press (b)) notes that the period between the ;;conic
"and Acad1an events is such that it.is difficult to attr1bute
the warp1ng 1n the Devon1an to a cont1nuat1on of the Tacon1c
Event. A more probable exple nation is that Taconic zones of
weakness were react1vated dur1ng the Devon1an by the postu]ated

ob11que c0111s1on'between Laurent1a and - BaIt1ca (Scotese et al.

1979).

w

Cont1nenta1 co111s1on to the SE therefore caused renewed
motion along preex1st1ng zones during the Carboniferous.
Webb (1969 ) and Belt ( 1968 b ) noted strike-

ar
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- slip displacement along major faulks in the Maritimes. The
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sense of displacement_along faults dJiffers between left and .,

right lateral, with some fauilts posgessing both senses of

movement during different periods of their history, but dex-

tral movement appears dominant. Kent and Opdyke (1978) and
Morris (1576) noted portions of southern Nova Scotia have

been displaced 10-15 degrees relative to North-America,~ and

"obtained their present position during the Carboniferous. -

"This is definitive evidence of transcurrent motion during

the Appalachian event.

5.3 MAJOR SEDIMENTARY FEATURES IN THE WESTERN BAIE DES
CHALEURS MOLASSOID DEPOSITS

The Pirate Cove and Bonaventure Formations are character-

ized by alluvial fan deposits (with Gms) that gradé lateral- . -

"‘ly into proximal to distal alluvial.(braid-) plain deposits.
The Piféte,Cove appears to have formed in an ésymmeﬁric ba-

sin, with i braidplain draining. longitudinally NE to SW,

parallel to.a major (postulated) fault scarp to the NW. The -
e . §

alluvial fans of the Pirate Cove appear to coalesce, forming
2 bajada that drains transvérsly from the fault scarp. The
Fleurant Formation, a proximal gfavel-dominatéd_braidplain
deposit,also drains transversly from a NE-SW trending fault
scarﬁfto the NW.
The Bonaventure Formation in the western Baie area 1S

chmactmﬁzédtw a. W to E trending longitudinal drainage sys-
tem, girdled to the N., S., 1;nd W. by fan complexes that

drain transversly from postulated fault scarps.

£t belor o pe Eaibdaliadnldd
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The L/M Devonian to Carboniferous -terrestrial depo%its'in

the western Baie area: can be subdivided into two Tistinct

‘packages based on” their sedimentological and tectonic

styles. The Devonian sequence, composed of the La Garde,
Pirate Cove, Fleurant and Escuminac Formations appear. to

have been deposited into NE-SW elongate basins, controlled

by a major fault system trending NE-SW, to the NW of the

present putcrop‘area. Drainage was transverse to the faults
in a SWWto SE direction, with a_longitdﬁinal drainage system
parallel to the scarps from NE to SW. |

Only the NW gside of the basins outcroﬁs. The SE portion
of the basins should outcrop in the Baiz- des Chaleurs when
the synclinal-E—W trending Chaleur Trough is éakén into ac-
count. If the basins were symmetfical,' the SE porfion
should consist of marginal’coarée clastics, and. the resis-
tant nature of the sediments should cause the formations to
outcrop. It'is based Sn this weak evidence, and the struc-
tural setting of the area, that the Devonian basins are as-
sumed to be asymmetric.

The depositional ﬁasin for the Bonaventure Formation
opens outward from the west to the east . Coarse fan depo-
sits with associated debris flow deposits are better devel-
oped_in the N and N.W. of the basin. In the S and SW the

conglomerates are less extensive, finer and lack well devel-

oped Gms. Major fining-upward cycles are present in the N

s

e




- 141
and NW., in the Yacta Point and the Hugh Miller Cliff sec-
tions. In this respect the Bonaventure Basin is asymmetric
at the western end of the Baie des Chaleurs ,though it may
be a function of exposure. 1Its lithofacies distribgtion,“

drainage and overall shape closely resemble the Hornelen Ba-

. —~§in of Norway (Steel et al.,197.7; Steele and Aasheim, 1978).

:\" »

. 5.4 RECOGNITION OF ANCIENT SEDIMENTARY BASINS

5.4.1 ’‘Introduction

The tectonics of modern depositional basins are relaﬁive-
ly easy to deduce because of the available information on
continental mérgin se;ting, active fault systems, outcrop
diétribution etc. . . The most important feature, however, .
is that the entire ;ecord is available and has not .been af-
fected by later tectonic events.

Aﬂcient basins are mofe difficult to place in a tectonic
setting because the entire record may not be present; or has
been altered by iater faulting, erosion or masked by overly-
ing material.

In reconstructing ancient sédimentary basins the regional
‘cqﬂtext is an important aid. It is for this reason, based
on the studies of Belt (1968a,b),Webb (1969) and Poole
(1967,1976), that the Sedimeni‘s Within the Baie area are assumed to
-have been deposited in half-graben and strike-sHp basins during =
-this time, The tectonic setting for the Devono-Carboni-

ferous ‘molassoid deposits will Se..modeled from that prem-

ise,altﬁough’other interpretations that - - include normal
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dip-slip - . faulting ﬁay equally vell ;exgiain
certain of the features. It is of my opiniops %ouevgr,'that . - ;
strike-slip tectonics best .explain the qve;alll features of ‘ ;
sedimentation in the Western Baie des Chaleurs area during the 7

Carbonifercus.

S.4.2 Recognition of Ancient Strike-Slip Basins- a
discussion

5.4.2.1 Shear Couples vs, Compression
Strike-slip motion associated with major shear couples o
produced a variety of st:;ctufal components that control

sedimentation.Figure 3fa.. represents a stress ellipsoid that

has'undergone a NW-SE dextral shear couple producing:
1. E-W en echelon fold axes ' | -
2. conjugate synthetic and antithetic strike-slip faults
3. normal faults
4. thrust faults
Figure 36b represents N-S'compression, and the resulting'struc-
tual components: )
1. fold axis (possibly en echelonl ).
2. sinistral strike-slip faults
3. dextral strike-slip faults
4. normal faults : ' ‘ | \
5. thrust faults _
It is important to note that certain compressional elements
are equivaleﬁt to shear couples. Normal dip-slip faults and
_ dip-slip components to tranécurfent faults are produced un-
der both types oflstress , forming the needed vertical'movei‘

ment for molasse or molasscid deposits.
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5.4.3 Criteria for the Recognition of Strike-Slip Basins

Steel and Gloppen (1980) and Reading (1980) ﬁroposed
criteria for recognizing ancient strike-slip basins. Alt-
Hough overlap existed in both sets of criteria, 11 basic
poihts are deemed to be helpful in distinguishing strike-
slip basins: .

l. overall elongate basin shape delimited by fault
scarps or major fold axes. ' '

2. rapid sedimentation rate

3. 4quick lateral . facies changes and/or extensive thin-
deposits

4. thick deposits in relation teo lateral extent

5. proximal onlap of subsequent deposits (that follow
one of ¢ possibie models for -lithofacies distribu-
tion by Ballance (1980)).

6. basin asymmetry |

7. “longitudinal mode of sediment dispersal '

8. mismatch with postulated provenance of ‘either clast .
size or composition '

9. coarse marginal fanglomerates 'inclﬁding debris flow
deposits.

16. strike-slip fault Structural system

1l1l. scarce igneous and mmtammphi; activity

_Criteria 5,8 and 10 are solely attributed to strike-slip ba-

sins, while the other features, though found in strike-slip

e pTae o amwt . mee e e r e memmema eoan .
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settings, can form or be Qroduced' in settings having a dip-
slip component.

" Other features presented by Steel and Gloppen(1980) and-
Readlng (1980)appear to have dealt with specific basins. An
example of this is the coarsening-upward criteria postulated
by Steel and Gloppen(op; ¢it) from the Hornelen Basin.
‘Bluck (1980) noted that his postulated strike-slip basin
sediments fine upward (simi}e: to the Bonaventure). Bal-
lance (1980) explained how strike-slip basins can generate
either fining- or coarsening—upward deposits depéhdant on
‘the sense of displacement along themfault and drainage with-
in the basin. If longitudinal dfainage ‘parallel to the
fault zone is in the sense opposite to fault‘movement, “then
the coarse sediments will "prograde" over the finer sedi-

ments, producing a coarsening-upward sequence.

5.4.4 Strike-Slip Basin Criteria Applled to the Devono-
Carbonifercus Sediments, western Baie des Chaleurs
Area

~ Table 11 summarizes 12 criteria for both the Devonian
and Carboniferous Basins in the western Baie area. It is
important to note thak‘goth eﬁccessions have elongate basin
shape,abrupt lateral facies changes,basin asymmetry(?), and
coarse marginal "fanglomerates". Neither succession shows
well-developed proximai'onlap. The overall minor tﬁickness
and calculatedfsedimentation rates are slow, 1in contrast to
quick rates and thick sediment piles postulated for_otﬁer

strike-slip basins, The Pirate Cove Fm. of the Devonian
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Criteria ‘ Devonian
Sedipentation Rate " slow - .02m/1000y
Sparse Igneous and Net. . yes

Activity '
Marginal "Fanglomerates® yes
Wrench Fault Pattern%- _ no?
Mismatch of Clast Size +/or yes?
Composition ' :
Longitudinal Mode of yes
A Sediment Dispersal .
Basin Asymmetry l7.7 yes
Proximal Onlap | .no?
Thickness 2.2 km
EXtensive, thin deposits , yes?
Rapid Tateral + vertical yes?
Facies change
Elongate Basin Geometry yes
- NE-SW
4 x 20km -
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Carboniferous

slow - .0Im/1000y

»
yes .
yes
yes?~

?

yes

yes?
no
200m
yes? .
yes
yes r

W-E
10 x 70km

Table 11: Criteria for the Recognition of Strike- STip Basins Applied
' to the Devonian (incl. La Garde, Pirate Cove, Fleurant and
Escuminac Fms.) and Carboniferous (Bonaventure Fm) Successions

of the Western Baie des.Chaleurs Area.

A
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succession has a longitudinal mode of'sediment aispersal, as
does the Bopgventﬁre. Other ‘formations in the Devonian suc-—
cession do not appear to possess such a discharge system .

“ Thé Devonian succession may show a mismatch in regard to
the preéence of Gms,coarse clasts and angular clasts in unit
2 Bf the Pirate Cove. B.Skidmore (per. comm.,1980) noted
the lack of fit between the clast size of unit 2 'in relation
to its closest source area. Limestones of the Restigouche - _
Group outcrop approximatly iggkm\to the N and NW of unit 2. ' i
AUﬁ%E two does not have a high depositional gradi-
ent,suggesting that the slppe needed'to generate debris flow ﬂ_ﬂ'i
depoéits and cobble to small boulder sized 1limestone clasts
had to be relatively ciose . Limestone clasts abrgde rapid-
ly in transport (Abbott and Peterson,1978). All these lines
of evidence appear to indicate that during deposition the
fault scarp (in a NW direction from analysis of paleocur-
rents) must have been close by. since‘the present outcfoﬁ
area is approximately 10 - 15 km to the SE of the pdstulatedl f
source, two possibilites exist: ) r ‘

1. Either the outcrop distribution has been modified by
erosion to their preseht position ,or
° 2. the sedimentary basin has shifted 10 km to the SW,
Analysis of the aeromagnetic maps for the Baie area show
little offset between units. However, offset would bring
limestone aéainst limestone, yhich would not show up well

in aeromagnetic maps. -
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The presence or absence of a2 mismatch between clast size and expected
lithofacies distribution is therefore nroblematic for Unit 2 of the

Pirate Cove Formation.

v

Feetures of a wrench fault system:( i.e. en echelon*folds s con-
Jugate fautlts » ete. ) were not discernedlfor.the Devonian Succession.
The Carbeniferous Bonaventure Formation , however , may contaln
wrench fault features. The'Miguasha Hinge ( named by B. Skidmore,'per.
comm. , 198@), is a-NE-SW trending syncline whose axis is epproximately
30~MQ° off the major E-W trend of the depositional basin (Figure 355.
Other less apparent NE-SW trending open'flexures occur along the
Gaspé and northe New Brunswick coasts. These ét"uctures are seen to
form Dart'of a W-SE en echelon fold system. In th*s arrangement the
fault scarps that contro’leq basin development trena eaSuward gs
expected by the lithofacies alstribut*on. Subsiaia”y normal faults
may also be presens normzl to the urenc of the fold axes. These
structural elements may define & NW-SE compression across the folds
wlth a2 transcurrent component. . |

The faults and folds postulated could have formed due to a
regional dextral sgear system that is assumed to heve existed.in the
Maritimes at this time (Arthzud and Matte , 1978) . The assoeieted
featyres cited above ,‘however > can also be explained by simple'
compression. The choice‘of one model over the other 1s based soley

on the regional setting. The -

-
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lack of structural data available makes it difficult to
choose one or the other model.

>

5.5 . R ‘
A POSSIBLE DEPOSITIONAL MODEL: 3

The information presented in sections 5.3 and 5.4 makes
it problematic to choose.a speéific model for dgpbsition.of
the Devonian and Carboniferous déposits in the Baie des
Chéleurs area. Certain assumptions can be made with.confi-
dence, however, when the regional tectonic setting is uéed;
to limit the choice of model. |

Firsé?\;é have  divided the Dévonian—Carboniferbus terres-
trial succession into two "Packages": |

1. A L/M to Upper Devonian Sequence

2. A Lower Carboniferous Sequn?e - . A~

The Devonian sequence is correlative ' to the Q/M Deyonfaﬁ"\\\
Battery Point and Malbaie Formations of the- Eastern Gaspé._
As mentioned previously, the major difference petween the
two L/M Devonian Seguences "is the presence §£ fan deposits
in fhe Pirate Cove Formation. Two poésib;e mechanisms for
the development of the fan deposits are l)strike-slip fault-
ing associated with a dextral shear or i2) normal fdﬁifing
solely due to compression. The Fleurant and Escuminac For-
mations have the same laterally extensiéé and uniform style
as the Battery Point and Malbaie Fms.. Rust (in press (b))

postulates a shallow subduction zone causing upwarping due

to compression. The continental collision occuring to the
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SW during Acadian time surely had a component- of compres- -

.
¢

sion. .

R

. Therefore}despite-the lack of definitive evidence, the

Devonian molassoid succession is thought to have formed in

successor basins that developed due to compression, forming

asymmetric basins as the result of normal dip-slip faulting.

One possible model to develop such basins would be a shallow

-NW dipping subduction zone in‘ the SE Maritimes causing

‘éé style. " The Maritimes are thought to have undergone dex-.

broad, compressional warping. -

The Bonaventure Formation, composing the Carboniferous

"package", appeérs to have developed under different tecton-

tral shearing in, the Carboniferous (.Poo}g,1976). It is not

- important in this case whether the shear was dextral or sin-

istral, because the structural elements developed will con-
:

trol sedzmentdtlon 1n a similar manner. Many basins in the

Maritimes are thought to have formed due to shear couples

related to transcurrent movement (ex. Fundy Basin).

The Bonaventure Formation may possess the structural ele-

ments (ex. echelon folds, conﬁugate and normal faults) to be

classed as a étrikeﬁslip basin. Its sedimentological char-
acteristics do not contain any.features (diametrically) op-

posed to such an interpretation except for its low rate of

sedimentation. The low rate of sedimentation may be due to

its position removed from the - major shear zones in 59hthern

New Brunswick and Nova Scotia. The fining-upward nature is

~
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similar to strike slip basins studied by ~Bluck (1980) and" -

its facies distribution 1is similar to basins studied by

Steel et al.(1577,), Steel and Aasheim (1978).
The Bonaventure Fotrmation therefore is thought to have
developed in, a strike~slip successor basin as a result Xof

transcurrent moticn during the Appalachian Disturbance.

-
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‘; L - ‘Chap;er Vi-
CONCLUSION
6.1 SUMMARY _ -

. The,}ower to Middle'Devoﬁian - Lower Carboniferous ter-
}estrial'succession located at the western égd of the Baie,
des éhéleurs is— interpreted Fo"haye developed as a vériety
of. alluvial fan and braided fluviaf’deposits‘in restricted,
asymﬁetric 5uccessb;'baéins. Sedimentary and tectonic style
changed at the Uppgr.Devonian / Lower Cé}ﬁoniferous boundary
dué te the the postulated cﬁange'from dominantlg compres-—
sional stress resulting ffom' a shallow dipping subduct ioh

zone to the SE to compréssié? and tensional stress resulting

LY

-from obligue transcurrent motion and resulting from a-dex-

]

The Devonian succession is composed of the La Garde, Pi-

_rate Cove, Fleurant and- Escuminac Formations. The Pirate

Cove Formation consists of five informal /mexbers (called

units) that represent: - ' : -
1. Alluviél fan deposité with dist&i_Gms (unit 2)
2: distal alluvial fan énd proximal- gravel-dominated
braided fluvial deposits {(umits 3 and 5)° .
3. sand-dominated alluvial bréidplain deposits (unit 4 )

L -152- | o
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4. alluvial braidplaih and / or interlobe‘area'ephemeral
dep051ts (unit 1). | _

The - Plrate Cove Formation was deposzted into a NE—SW asymme-

trlg elongate basin wztbra prominent fault scarp to the NW
trending NE-SW. ﬁrainagg-‘wi;hiﬂ the basin consisted .6f a

NE~SW trending longitudinal "trunk™ river system, parallel

to the scarp, béing fed from a coalesced fan‘complex drain-

"1ng transversly NW—SE across the fault scarp.

The Fleur@nt Formation -(Upper Devonian) consists predomi- .
nantly of a coarse cobble to boulder, proximal braided flu-
vial deposit. Drainage was . transverse (N4 to SE) across a NE-SW
ftrénding fau;t'écarp;rhe Fleurant was éepositedﬂon a rela-
tively gently §1oping NW-SE braidplain.

The Fleurant and Escumiﬁac Forma£ions form thg Miguasha
Group. The'Gfoup was_depésiteé in a NE-SW.trenéing basin
that was tilted IEast-Wést between the dep051tlon of « the

Fleurant and lacustrine- turbiditic Escumlnac Formation.

The Bonaventure Fprmatlon is the most widely developed
unit in the Baie des Chaleurs area, and was deposited into a .
East-West trending'asymmetric.ﬁasin similar i? facies organ-
ization to thé Hornelen Basin of Norway. Alluvial fan sedie
ments including debris flow depositg are present aloqg the
m;rgins of the basin, which had transverse drainagé. Longi-
tudinal proximal to distal alluvial braidplain deposits are
transitional to pogtulated brai@ed .queandering debosits;
The Bonaventure is composed’of a largé variety of braided

fluvial deposits. -




154

6.2 CLIMATE

Climatic Ehanges from arid/semiarid to temperate to
Semiarid are postulated to occur between the deposition of
the Pirate Cove , Fleurant, .and Bonaventure Fannatmns The
Pirate Cove Fm. » - 2 red bed sequence, ~ confains incipient
caliche, pseudoant:dlznal development angd ephemeral/sheet-.
'flood deposits that are characteristic of a semi-arid enéir

ronment, . T

The Fleurant PFormation is an olive-gnéen cocarse clastic
deposit which lacks caliche and is characterized by large
scale coalesced bar forms, well—developed'igbricafion ;Bd.é*
paucitg of. sand and silt facies. These features all tend to
indicate a more .temperate clzmate that have more frequent
and powerful flood events. .

The Bonaventure Formation is a well4developedf%édbed for-
mation with thick éones of caliche. Sr values for the ca-
liche indicate formatioﬁ from percolating grdund waters in a
se;i-arid' environment. Aliuvial fars, debis Flow, ~
sheetflood .deposits and the large amount of low-angle trough

cross—strat1f1cat1on in conjunctxon=v1th caliche are indica-

tive of a semz-arld climate. @
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6.3 BRAIDED FLUVIAL MODELS

Models for gravel and sand ;ized braided alluvium pro-,

posed by Miall (1977,1978b)and Rust (1978b)were successfully

applied to the deposits in the Baije des Chaleursarea. The mo-

dels proposed by Miall have two,_ serlous drawbacks:

Tl . the connotat1ons of the orlglnal model in terms of
its tectonic/geographic sett1ng~1n"'relap;on to the
.deposits under study, and .. Pl ‘

2. the lack of flexibility in transitional cases bgtween

models. )

‘The models proposed by Rust are considered superior due to

theif_greater flexibilify,? Both ‘model sets are invaluablo

inc&tenﬁning the t;pe of depositional environment pnly-when

wbed in its lateral and vertical facies context.

64  SUGGESTIONS FOR FURTHER wonx

1. The cooylnuatlon of/fhe sedlmentologzcal study of the

Bona#enture Format;on to the east to determine if it

\_
was deposited 1nto one or more ba51ns, _—

2. Structural study}pf the Baie reglon to determlne more
prec1se1y F?\q\/strlke slip tecton1c model is cor-
rect,and to determine whether the strike-slip tec-

I\ tonics affected the Devonian sediments

3. Correlation of the DevonorCarboniferous basins in
Newfoondland, Gaspé, N.New Brunswick and New England
states to determine more about the tectonic history

of the area.
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PLATES . -66. }
TIATE 1 P .
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"*_Iﬁ.ng-tmd Gné?t:—St cycle, bounded by ﬂ‘osicnal surfaces

(Trdt 2, ”*..rate .Cove "?ozmt:...on)

Scale Ea:m- (eprrox. 30 om)

mgeofme:ényextensivécrmlmld;msit atutting -
overbank deposits ().’ Below are grey to grey-green, extehsive

' -.fin:!ng-u:owam sheetflood sandstanes (E) ™~

(Unit 4, Pirate Cove ch:ation)
T.ocation az:mrcx. 50 m eas" of Englistman's ‘Br\ook
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>+ FLATE 2 ‘5
A) Repetitive, fining—upward cycles of pebble to cobble Gm-Sp-St i
. _ : _ _ 1
( .25-1.5.m cycles). 5
.+ . (Unit 5, Piratei€ove Formaticn) . }
. Location: 20 m west of Englishmon's Brook i
Scale: Packsack (agﬁ:ro:; 50 em) , ) %
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_PLATE3

Unconformable corri:act between the Pirate Cove and Fleurant

. "‘ormtions -(note that unit 5 1s eut ocut uO the east (right side

of photograph)

Location: aporox 2.2 km .east of Englishman's Brock
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. , S~
Cortact between the conglomeratic Flewrant Formation and -

the overlying Stdmﬂna.ted Eécuminac Formation. |

Note the -"L?ld'istil-nbt, red mxistore horizon that follows |

the cortact between Formatiens.

'Locatien: epprox. 35m west of Miguasm Pler. ’
- .Seale: Hamner (acprox 30 cm) =~

SN

Conformable contact between the Fleurant and overlying

Escuminac Formetion. Note well deveicpec_'l imbrication and

sandstone wedge within the Fleurant Formetion.
Location: approx. 60 m west of the M:Lguasha Pler

Scale : Eammer (approx. 30 cm)
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PLATE 5

Well developed, horizamtally bedded ("sheeted") Gm

conglomerates of the Flewrant Fo:mtion. Note low arigle of dip
£0 the bedding, and-the I-5 m thick depositional wnits.
: Locatim° Fleurant Point

, -

oi‘ the Fleurarrt: Farmation in sea cl:I.ff exnos::re

naucity of fine material and the occasional Roulder -

Locaticn: approx 3 km east of Englishman's Brgok

-

L -

Minor SD-St sandstone body within massive to thickly bedded
very well inﬂaricate Gm of the Fleurant & "brmation.

-

Location: Flem'arrt Point 3
Scale: Hammer ( epprox 30 cm) "
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B)

" Seale: lenscap Capbrox_ 4 em)

m
PLATE 6§ | -

AN
- ¢

Well developed caliche horizon in the upper third of the

Yacta Point Section. Note the nodular and hemeyecmb textures
mresent in the lower portions of the ‘profile, coalescing up-
vard into noduler and hardpan caliche. (Sonaventure Farmation)
I.ocabic:?:appmx 1.5 lcn;ea.st of Miguasha Pler.

" Scale: Hammer (approx 30 ch)

Closeup of "honeyedmb™ texture within caliche
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A)

- Unconformable contact between the Escumdinac, and overlying

172

ofi

] ‘Bomaventure Formation. Note stepped refief from left to -

right in photograph, and the large, sub-horizortal blocks

of thé Escuminac "ecaught™ up into the lower portion of the

.. Secale: Hammer' (aporox 30 cm) '

B) . :

Bonaventure Formation. £ - \
Location: approx 3/1 Km east of the Miguasha Pler

= -

Close up of Plai:e 7A. Large clasts of &m:minac appear ta f.'loat )
in 2 muddy-matrix, with pocrly sorted, angular cobble to
boulaqr\ clasts. . . .
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PLATE 8

_A) Charnel £111 sardstone with lateral acciefimsurfa_ces in Iower

- left hand partion of the chotogranh, Coaréem!ng-upwa:ﬁ "splay(?)"

deposit with large (wp to 2.5 m) calerete filled desiccation
features within the mid porticon of the Yacta Point Section.
(Bonaventure Formation) ‘ :
Location:- /approx_l i east of IVH.guasm Pler |
‘Scale: largest desiéeation feature apm'ox 2';5 m
r

-
- 4
B) = Large charmel £111 sandstore within overbank deposits in
upper portion of the Yacta Point Section. Note indistinct
y 1ateral aceretion surfaces and asymmetric morphology

Location : approx 3.25 km east of T‘Iiguasha Pier
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L - PLATE 9
a) Asymetrically stacked charmel £111 sandstones ard pebble

conglamerates within the upper portion of the Yacta Toint -3 .
Section. Note kolidng structures at the base of middle £111, :
Location: approx 3 lm east of Miguashe Pier ‘
* Scale: Hermer ( apprex 30 cm) .- q
B) , Close up of Flate 9A. Note radisting pattemn ard censistant .
soacing of Koll}d.ng structures Ttbase of charmmel £411.
* :

b -
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. PLATE 10

Trterbedded St sSh and ‘s1 sandsstones with snall pebble

ard single pebble- horizaons. Note scour filled with ca.lcrete

fragments and smell pebbles. Features of this type are
indicative of high energy ephemeral depositicn.

. Location: Anse aux Corbeaux West

Scafe:Harmer (approc 30 cm)

Sl and Sh deposits interbedded with "massive™ pebble -
conglegerates that show.sub-horizontal orientation to

/,

tlasts. Asymmetric scour f111 of coarsening unward upper /
pebble conglomerate. Features of this type are indicativeK
of ephsnerej. deposition.

Location: Anse aﬁx Corbeaux East .
Scale: Hammer (approx 30 cm)
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PLATE 11

A) | Single and mitiple pebble hordizons and mdehip conglomerate
s low ahgle Sh and S1 deposits 211 Indicative of -ephemeral, ..
high energy flood deposits. |
Location: Anse aux Corbeaux East

Seale: Eammer (30 cm) -

' B) Well develtioed S1 and Sh deposits. Nete abundant erosional
surfaces within beds. ;. .

Location: Anse aux Corbggux 'East

Scale : Fammer ( approx 30 cm) o
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A)

E)

" Bonaventure Formation . e

" FLATE 12

.Sheeted, hori..mtally bedded (i:zﬂ:ricate) Gm deposits

thought to form on the proximal braidplain under
uneanfined f‘lood conditions., Deposits of this tyve
are similar to Unit’ 3 of the Pirate Cove Formation,
Location: 3/4 m-ﬁest of Point a:m Corbeaux.

Benaventure Formstion

|

. ’ Vs ' )

Splay deposit showing increased development, of caliche
tmvard Atnmcated bty overlying St flood sq.rxistones.
Note s:ynmet:ﬂcal scour :!nfilled by St sandst

Calerete fﬂ.led desdceation stmcttx-es similar £

Yacta Point are r:r-eserr!: ' ,.' C -
Locaticn Chario - .
Scale: Himmer (approx 30 em.) - :
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PLATE 13 T
Dune bedding present within 'Sp, St and ¥1 sandstones
Location: FPoint 2ux Corbeaux X
Scale: Hammer (approx 30 cm )
Banaveritire Formetion '
“
,__?_/’—" .
Large scale desiccaticon features in a silty mudstone.
Note the rainprint immressions in the upper left of - 2 ,-/
. ' . i
the photograch. : = : <. ) ‘\

Location: Polmte zux Corbeaux
Scale: Pencil (approx 10 cm)
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APPENDIX A -

HERON' ISLAND DRILL CORE

Drill Hole 4

4

Transiti Zount Matrix

Fe - A1 s1 s G ‘Total

Y]

70,000 0.000 0.000  1.000

0.000  1.000

- . . . -
. H -
Ll

Independant Trisls Prob. Matrix
.F¢ - ‘F1 - sf1 S G

0.000  0.423. 0,038  0.462 0.027 .
0.063  0.000  0.063  0.750  0.125 .

) 7
Sf1 . 0.038  0.423  0.000 . 0.462  0.077

0.087 0.733 0.067. 0,000 0.133

Pransition Prp'babilify:f Matrix
Pe ° PFL  se1- g G

. 0,000 0.000 0.000 © 1.000  0.000 .
. 0.000 0,000 0.091 0.818 0.091

. 8f1 . 0,000 0.000 ¢.000 1.000 0.000

0,083 0.833 0.000 0.000 0.083
0.000 | 1,000 0.000 0,000 0.000
Difference ntrix
Fe F1  sf1 s ¢ - °

0,000 -0,%23 -0,038 0.358 -0.077 .
-0.063 0.000 --0.028 . 0,068 ~0.03%

Sf1  -0.038 -~0.423 . 0,000 0.538 -0,077-

0001? . 0.100 -0.067 0.000 -0.050 -
-0.040 * 0.560 -0.050 -0.480  0.000 g

: )
d \
.
’ : .

- Sf1 0.000 - 9,000 0,000 1.000 . 0,000 1.000
1.000 10.000 - 0.000 0.000 1,000 12,000
0,000 2.000 0,000 C.000 - 0.,000. _2.000

N
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.Prill Hole B

r

rrmsition Count Matrix _' ,
Fl sf1 S G: Total -

Fl 0.000 0.000 3.000 1.000 %.000
) Sfl 1‘000 0.000 . 0.000 1.000 7 2.000
S 3.000 2;000_ '0.000 0.000 . 5.000
G 0.000 - 0,000 2.000 0.000 2.000

-

Independant Trials Prob. Matrix
FL  sf1 - s G

rl 0,200 0.222 . '0.556 0,222
Sfl 23 0,000 0.355 = 0.182
S «500 0.250 0,000 0.250
G - 0.364 0.182 0.455 0.000

Transition Probabdility Matrix

P1 s£1 s ¢
Fl 0.000 0,000 0,750 0.250
Sf1  0.500 0,00 0,000 - 0,500
S 0.600 0.400 0.000 ° 0,000
G 0.000 0,000 /_)1.000_: 0.000

. I’ .
Difference Matrix
FlL  sf1>_ s ¢

F1 0,000 -0.222 — 0,194 0,028

Sfl 00136 9.000 -‘0.“55 0.318 '

S 0.100 0,150 ° 0,000 <~0.250 = -
G -0.368 - -0.182  0.545 0,000

]
B N O S

e



Fe
Pl
S
G

-;,.nﬁ”//\
7
\\3
Fe’
Fl
S
G

0.000
0.000
1.000
0.000

~

0,000 - 3.000

183"

Drill Hole C

e /.
Iransition Count Matrix /.
Fe F1 s )

00000 * 1.000 ’
0,000 . 2,000
3.000 0.000

Independant Trials Probd. Matrix

Fe

0.000
0,111
0.125
0.100

Fl s G

0.333 0.417 0.250
0.000 0.556 - 0.333 ‘
0.500 0.000 0.37 L

-0.4500.. 6.500 ~ 0.000

Transition Probabdbility matrix

Fe
0.000
0.000

0.200
0.000

Fe
0,000

-0.111
. 00075 )

-0,100

Fl. ‘S G

0,000 1,000 0,000
0.000  0.500  0.500 -
0.600 0,000 0,200
0,000  1.000 0,000

Difference Matrix f
F1l S G

-00333 ' 0.583 -00250

0.000 -0.056 0.167

0.100 0.000 -0.175
-0.400 0.500 0.000 )

[
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Fe
Fl
Stl

Po 

Fl
sf1

Fe
Fl
Sf1

Fe
Fl
Sf1
S

G

Fe

0.000
1.000
0.000
1.000
0.000

Fe

0.000
0.077
0.059
0.0%1
0.071

Fe

0.000
0.200
0,000
0.143
C.000

Fe

0.000
0.123
-00059
0,052
-000?1

_ Transition Cownt Matrix

Fl

. 0,000
0.000
0.000
2,000
2.Q00

Sl

0.000
0,000
0.000°
1.000
0.000

e

prill Hole Q@’ ‘

S
1.000

. 3.000

1.000
0.000

2.000°

G.

0.000 -

1.000
0,000
3.000
0.000

Independant Trials Probdb. latrix

Fl

0.294
0.000
0.294
0.455
0.357

Srl

0.059
0.077
. 0000
0.091
0.07%

%

S

0.412

0.538
0.412

. 0,000

0.500

G

0.235
0,308

0.235.

0.364
¢.000

Transition Probability Matrix

Fl

0.000
0.000
0.000
0.286
0.500

« ST

0.000
0.000
0.000
0.143
0.000

S

1.000
0,600
1,000
0,000

0,500

Difference Matrix

Fl

~0.294

0,000
"O .169
] . ;43

sSfl

-0.059
-0.0??
0.000
0.052
-0,071

S

0.588
0.062
0.588
0,000

0.000

G

0.000
0.200
0,000
0,429
0,000

-0.235

-0.108

- -0.235
0.065"

,0.000

18%

. Potal ..

1,000
5.00Q

- 1.000

+000
+ 000

I8.000




. Pe

Sf1

Pe

S11

- Fe

Fl

" ST1

Fe

0.000

1.000
0,000

3.000.

Fe

\0.000

'IO.064
0.04%

0,073
0.050

Fe

0.000
0.042
0.000
0,100
0.000

. Fe

0.000
-0 0022
~-0,044

0,027
-0.050

—\ -

Drik)
LY

Pooled

-

Transition Count Matrix

Holes-A-D

N oa

-

L]

.\ Total

3.000
24,000 ;
3.000

0,000 -\

Fl sf1 S - G.
0,000 0,000  3.000 0.000
0.000 1,000 17.000 5,000
1.000 0.000 2,000 0.000

*18.000 3.000°  0.000 6,000
Independant Trials Prob. Matrix
. R - sf S - e
0.353  0.044  0.511  0.162
0.000  0.064 o.ggs 0.234
0.353 0,000 0481 0.162
o.igs 0.0?3' . 0.000 0.268
0.500 0.050 0.500 0.000
Transition Probability Matrix

Fl sr1 'S G
0.000 0,000 1.000 0.000
0.000 0,042 0,708 0.208
0.333 0.000 0.667 0.000
0.600° 0,100 0.000 0,200
0,364  0.000 0.636 0.000

Difference Matrix
P1 5£1 s G
- =0.353 -0.04%  0.559 -0.162
' 00000 "0.022 00070 '-0.026
-0.020 0.000 0a225 -00162
-00036 -0.050 0.136 0.000
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Qf Petrographic Data Based an Renresentative Specinens
Pirate Cove Formation ) ' . o
-
Unit 1 2 )
o eads '
. Lithofadies gn/1 S So
Samole Nk, 2-80-2 . I-80-8 Z=80-25
W ! . . : .
Reundness angular-subamgular ’ angular-subangular angulsr-subrounded
Size Range L05«.35 mm . -05=.2 mm #1le.2% mm
Nean Size . omm .15 mm \15 m
L]
. Serting £oor to modevate moderate Door o moderate
-
Cementation moderate - acderate moderate
- . Grai~ lY¥re .. , “" b a
Quarsts a - '
t 28 )35 25
Quatzitic 12
- Ll s
WA mwad g o
Migpicic 8
: . )4.5 )<5
Velcanie <2
Ctrer ‘ 7 20
Clay Sizec 10 ) 23 ’ ic
droundmass
- [l
Feldso . g <5 i <2
Cpaque g - 3 <3
Carkonate 7 10 g
’ Pe Oxide 13 12 12
Type Lichis = e ;
Lithic Arkese Lithic Arkdse LitEie Arkose
Cormments ° .
lay ané ca“bc1uue nreferred or_enta:icn Se ané Sh scracifi-
;.;il;s volds; of grain axis to Sp catlon marked by
secondary mica and at“ati._cau-c clay bands,
Pe oxide
' (N.B. : all percentages via viscal estimate)
Q

POOR

COPY
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COPIE DE QUALITEE INFERIEURE




RO

: : — . .
- . - - . - -
H * N
- 1 + "
) ' .
\ . 8 *
el ) P :
. ' : _ ) A8T S
. :- , ~ - -
Tleurant Formatlion .. . Bonaventure Formatlion *
Lfhofacles © om Sh- {Yacta Point} C, € (Yacta Polint)
Sample No. z-§0-23 I-28-2 ' ‘ C-¥=2 = )
- ¥
Reoundness? .angular to subrounded. subangular T . .
Size Range ° . .05-50 m=m L2-1 mm .05-1.3 mm
¥ean Size - bimedal-.35 =m o ) -3 mm
) - 2 mm . ’ ‘
Serting goor roderate - . meodérate - o ;
Cementation moderate moderate gocd .
3rain Tyre s ' < ' - '
Qua-.- s . 12 -
. : )55 ,
Quartzis 15 ) .30 -
. Mieritic” 40 L3
' . jLo - - '
Voleani ’

Other 10

Clay Sized : . . . : )
! - - . .
Groundmass s - is
Tat - '-~~ ) - .
Feldspar ) . 13 3
Opague . - - * o
o - - * -
Carhonate 30 15 . ) 30 i
Te'Oxide ) 5 5 -
.
Type - Conglomerate . Lithic Arkese- ' ¢ Caliche ‘ ‘
2 matTix -
Lomménts . )
: ‘At least 2 generations very immature carbenate vienlets cress-
¢f carbenate cement, with ecutting lichice fragments,
grains "floating” In cement carbenate nims and rhizo- R
) e . g : retions alohg with
! . . ‘ i
: . ’ .. % "npdular” and massive ¥
> | Va ) cement.

(N,2,:* 211 percentages viz visual estimate)

-—
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- : . COPIE DE QUALITEE INFERIEURE





