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The Pennsylﬁanian Cumberland Group co&sists of fiQe
distinctive ﬁnits comprising two coarse units overlain by a
finer grainéd sﬁccession. If is divided into: 1) the.Lower
Coarse Unit: 1i) the Middle Coal-bearing Unit: 1ii1) the
Middle Non-coal bearing Unit; iv) the Upper Coarse Uﬁif{ and
v) the Upper Fine Unit. The Upper Coarse; ‘Middle Non-coal
bearing and .Loﬁér Coarse Units aré the subject of this
’present investigation. These units were deposited within a
rapidly subsiding intefmontane basiﬁ by.a serlies of ;allu;ial

fans, transverse braidplains and trunk braidplainé.

The Lower Coarse Unit comprises poorly sorted matrix-
bsupportEd conglomerates, 7 rims -the basin margin aﬁd is
interpreted | as alluvial fan deposits dérivéd from the
.édjacent uplands (Cobequid and Caledonian nHighlands). .The
Middle Fine Unit consists of grey mudstones, and thin coals,
* thought to have been depoéited on wetlénds marginél to the .

‘alluvialkfans.

./I
The Upper Coarse Unit can be éubdivided into' deposits
from  an axial trunk Braidplain and a subordinate_ transverse
braidplain’ The axial trupk braidplain shbﬁs contrasting
fluvial architecture in'the proximal and distal reaches. The -
proximal reachgs are coarser grained {(conglomeratic), d;gplay_

thick ‘amalgamated -cycles (iOm to '40m) which coarsen- and
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thicken wupséction. With increasing distality cycles beccme’

'figtt grained, bedding thickness decreases ‘and three dominant

Eluvial architectural styles are displayed, indicative of

different avulsi&e/abandonment mechanisms. The cycles
marked by conglomeratic/sandstoﬁe coarseﬁing/fining—upwa;d
cycles and coarsening-upward.cycles. The CUFU cycles average
10m ‘thick, Have-sharp lower  ‘contacts with the underlying
fine member., They FU 1in thé upper metre and are sharply
overlain by a fine member. Paleocurrents in the lower part of
the cyéle diverge from those of the underlying cycles and the
overlying in—channel'deposits. This feature together with the
nature of the  facies  associations éuggest that
'aliocyclically*induced avulsion was marked by sheet
(crevasse)-splays prograding intb the adjacent wetlands,
Splay progfadation was followed by iﬁ—chénnei—deposition ‘of
trough crossbeds and finally a short pe:idd of gradual
abandonment resu}ting inxphe CUru c?ble51 CU cycles differ by
lacking a period of gradhal abandonmeht. - hence they -are

sharply overlain by fine members, suggestive of avulision.

The fluvial architecture of the tranverse braidplain is
quite different from that of ﬁhe axial system. The Eycleslafé
thinner, have a very well developed Eining—upward: motif,

.thicker fine membérs-and gfadational contacgs, ,indiéative of
" gradual channél abandonment rather than avulsion. Differences-
in‘ architecgu%al styles are ascribed to differing

sedimentation rates, -
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.

Vertical and ' lateral facies associations within the
study area show that an initial fanglomefate stage resulted

from wuplift (6r back-stepping) in the Cobequid Highlands.

This was followed 'by progressive onlapping- of the basin‘

margin by a trunk river. Sediment loading along the bagin

axis created flexural upwarp. in the adjaceht uplands and

~initiated the pragradation of detritus shed from the Cobequid

Highlands in the form of a transverse braidplain.



1.0 INTRODUCTION

'5;; Location and ‘Access

-
.

The Cumbefland Group 1is locatéd in northwest Nova Scotia
‘and outcrops along the east coast of Chiénecto Bay (Bay; of
Fundy) between Joggins and Sqﬁally ?oint fFigs.l.Z). This
study coﬁcgntrated on.the continuously exposed-25km coaétal
section between Sand River énd.Squally Poinf. The whole
section can be examined {from north to south) by entering the
following access points: 1) Sand River; ii) Two Mile Brook;. ..
i11) Birch Cove; 1iv} Poliys Flafs; v) Edgetts Beach; vi) West
Apple River (see access ﬁap Fig.1l). Care should be taken when
exaﬁin;ng these sections due to the‘diurngl 20m-fi§es - the
largest in the wofld. Lumbering fdads leading té the
aforementiongd accesé.pbints are in very poor condition aﬁ&
éﬁould npt be attempted withoﬁt, at the very leasf a small
frdht wheel drive vehicle (a four wheel drive would ber‘the

best suited).

1.2 'Reglonal Geology

7 The -Cuﬁberland'Basin ié a major basin contained Qithin.v
the much iafgef Fundy Rift Zone éf the Maritiﬁe .Provinces.
The basin covefs &pproximately 1036;éqﬁaf;-'kilometres and
" extends along the iéfhmus of-ChigneEto‘in a northeasterly

direction; up .to Prince Bdward Island, which it probably

- -
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underlies (Copélénd,lééa). The basin axis is marked by the .
Athol syncline' and rleSSer_ fdlds_ﬁhich are found in ‘the
northeast part of the .basin. The northwestern Minudie

anticline and Springhill anticiine/sync%}ne are thought to be
due to. diapirs . from‘ the: qnderlying Windsor Group
(Copeland, 1958). Gravimetric work by Garland (1953) in this
region has shown that a nor?hwesfer;y trending arch may exisf
between these. two stfucturesf possibly due to 1ntérconnection
of the diapirs. fhe prssence‘of‘a syndepositional arch is
'corroborated'-by the lack of Cuqberland strata norfh o; the
Minudie ' anticline and the unconformity wiéh.the underlying
Riversdale ‘Grqup. The basin is b&unded'tO‘ fhe south and
northwest by - the Cobequid and Caledonian Highlands
respectivel§ {(Fig.2). fﬁé Cobequid Highiands are an accreted
terrane (Keppie,lgss) composed primarily of Proterozoic and
Early Paleozoic'sedimenfs,fmépaée&imgnts.-felsic plﬁtoqic and
volcanic rocks. Thé Caledoniaﬁ‘HighIands are principally pf-
Proterozolc . . age . and E compriée“ ﬂmetasedimenés
felsic/ihtermeﬂiate voléaéics and "mi.nc:r’"r Mississippian

sediments. The Caledonian Highlands may also be an .accreted‘

terrane (Giles and Ruitenbergd,1977).

The Cumberland :Basin is thought to have bégn- created
during the Lower bevqnian Acadian Ofogeny (Hacquebard and
- Donaldson,1964). The non-marine Horfon'Group (Tournaisian{
was the flrst deposit (Fig.3) withiq the basin and compriseé

continental sediments and volcanics. It is exposed along‘the
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coast qorth of Joggins. During the Visean?gtage a mariAe
tfansgrassion deposited thel assoclated cérbonates and
-evaporites - of tﬁe Windsor G}oup - thérpnly marine sediments
within _tpé ba;in {Hacquebard,1972). '% regression ,initiated
durlng the late Visean, rreinétated' nbn—marine conditions
which persisted during- tﬁe rest of the Paleozoic "and
deposited the Canso and Riversdale Groups. A late phase of
;he Acadian‘ Ordgeny, during Westphalian A  time caused
'tranépressign in southérn New Brunswick, = and resulted in a
zone of extension between the sinistral Harvey-Hopewell Fault
(see Fig.86, Belt,1968) and the dextral Cobequid-Chedabucto
Fault Bradley,198é). This Eérmed a southerly dipping
homocline (half graben) whose exact configuration with -
respect ‘to the surrounding basin margin is diffi;ult tg~
discern due to the lack of seismic data. The few seismic
lines that have been‘shot in‘this area have been hampered by
poor resolution beéause of the presence of igneous basement
close to the surface (R. Leatherbarrqw, .pers. comm. 19855.
The initiétiqn ;f extensional tectoniés between the -harvey—
Hopewell -and Cobequid-Chedabucto Faults during the

Westphalian A resulted in the depoesition of the first

Cumberland Group sediments - (Fig.3).

1.3 Previous Work and Stratigraphy
The Cumberland Group has been known primarily for its
coal as far back as the eighteenth century, when coal was

mined at Joggins by French settlers from Fort Beausejour



(near present day Amherst, Nova Scotia). The first published
account of the basin was by T.C. Haliburton (1829) who

described the Joggins section. More detailed work was

3

completed by Sir Charles Lyell (1843) and subsequently by the
first Director of the Geolagical‘Survey of Canada, Sir wWilliam
Logan (1845), who subdivided the group into five divisions,

Further work was done on this section in 1853 by Lyell and

0l

Dawson. Fletcher (1908) was the first to measure the section

from Shulie to Spicer's Cove but aside from Fletcher, and

. ‘ . . N v
this study, no. detailed work has been done south of.  sand

River. Since the early .twentieth ceﬁtufy, work on the
Cumberland Group has béen spbfadic and only concerned  w££H_
the coal-bearing strata of Joggins'énd Sprihgﬁill {Bell,1944;
Copeland,1958; Hacquebard and-Donaldson,1964; Way,1968; Dﬁffl
and Walton,1973; Kaplan and Donahue,1980; Calder 1984; Rust

et al.,1984).

Bell Lg?l{? was the first to subdivide the group into
formations ‘based oﬁ lithologies: tﬁe upper Shulie

Formation coﬁprisipg‘ sandétones ~and shales and the lowef
Joggins Formation comprising‘basal'conglomerates overlain . by
coal-bearing.  mudstones, passing Qp into cohélomerates,

sandstones and shales. The contact between the formations was
defined at tﬁe base of the upper conglomeratic facies. In.

1944 Bell abandoned the formationél:namesk stating that "this

division was of little practical value  for mapping

‘purpose(s)" and redefined the Cumberland Group to -include

>
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' strata that lie uhoohfo:hébly“or disconformably above ‘the
Riversdale Group and*unoonfotmably below' the PiCtOU‘-GfOUp
(Fig.3). Shaw (1951) subdivided the baSin into'five Eac1esr_

7based on llthology - two coarse clastlc fa01es overlaln‘~by»

T s
w7

finer gralned units, with theimiddle Elne Eac1es subdlvxded

. 1nto a coal bearlng and non coal bearlng Eacies. These Eac1e3

. 1
“are conSLde:ed to be a series of’ Lnterﬁlngerlng wedges not

~bound by time planes. 'SubsequenE workers* (Calder 1982;
Donohoe and' Wallace,l982)f'hé§e. followed thlS A five-ﬁoldl ;
ksubdiviéion of - the basin, No attempts have been' mado__tp
defihej.formations ~in - this study due ;ol'tﬁo' dLachrodods'r
rnaturé, .laterél/vertical varlablllty, ﬂnd: lack of uinland
exposure of the studied'Unitsl ThlS study w1ll use “the -~same
baSio' nomenclature proposed by Shaw (1951J,'.and moditled by
_ Calder (1982) with only a slight modlflcatlon} Shaw's (1951
use of the word "facies"'ls-dot in.aécordance with ;hé.notmal
defini;ion of the word (c;f.. Middleton,lQ?é) and hedoe it
will replaced by the term "stratigraphic unit”. |
.lThe five étratigtaphic'units.are characteri;ed\jb?@ﬁphe

following:

Lower Coarse Unit:

v

The ﬁower_Coarse Unit (LCCa of Calder, 1982J7‘,' expospd-

around tho periphe;y of the basin wheré it offlaps- from tdo
adjacent -highlands. ltrattaihs a maximum thickness oE'”lBOUm
proximal to'.“the Cobequid‘-Highlands, near Sprlngnlll
(Copeland,l958;. Bell,1958),. Gra1n 51ze and angularlty trends

&
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imply that this fécies thins towarq;tﬁe‘interior of the basin
(Copeland,1958; Calder,1984). 1In' this study it is - exposed
north of Squally Point. :
(.I“

Lower Fine 'Unit: ~

The Lower, . Fine Unit (LCCb) 'is the . hbst' economically

important and hence the most studied unit, comprising
mudstones, minor limestones, sandstones and thick coals. ihis
unlt 1s best developed ih the northern Part of the basin (eg.
Joggins and Springhill). The céntact with the‘overiying non
coal-bearing Middle Finé Unit (LCCc) has been placed at the
highest_ known coal horizon (Hacquebard and Donaldson,1964).
Shaw _(1951) was able to trace this hor;zon'froé Joggins to
Sprihghill ﬁsing ae;;a& photographs and noted*tpaf‘it closely

‘matched, the inferred junction'with the two coarse wunits -

hence it 'is posfulated Fhat‘the top of the Lower Fine Unit

approaches a time line (Haquebard and Donaldson,1964).‘ The

~Lower Fine Unit is dated as Westphalian B. "(-w—:

Middle Pine Unit:

The Middle Fine Unit (LCCc) comprises. sandstones,

mudstones and minorkconglomefatgs,-}and is best deveiopéd

Y

along the coast between Shulié and Ragged . Reef. The only

“southeriy exposure of. this unit is at Splicer's Cove, where
several coal seams are found. These coal seams have been

dated by *Hacquebdrd t1960) and Hacgquebard and Donaldson
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.(Eigﬁ) as Wespbhaliaﬁ C ;ypical of the Lonchopteris zone of
éhe“Horien Group, which is the Sydney Ccalfield equivalent of
fée Pictou’ Group (i.e. F}he Cumberland Group is partly
' eQuﬁQ%iéﬂ; with the Pictou Group). The. Cumberland-Pictou
boundéry _méy 5é diachronous throughout Nova Scotia {(G. Yeo,

pers. Cbmm., 1986 ).

-

Upper Coarse Unit:
. ~The lUpper Coafse Unit (LCCd) consists ot conglomerates,
sandStdnes, 'gnd minor mudsgones and can be seen on the coast
between Sand ﬁiver and Spicer's Cové% This unit is_found anly
in the southern limb of the Athol syncline. It has been
. -argugd that.this unit cont}nuously‘oniaps‘the hasement marqgin
(i.e. thé Cobeguid Highlands, Copeland, 1958; Haquebard and
Donaldson, 1964; Calder, 1982;1984, pers. comm.) - this is
regarded‘by this author as a moot point and will be discusséd

in secﬁion 10.3.

Upper Fine Unit:

e

The ‘Upper Fine Unit (LCCd)  is the uppermost unit
comprising . reddish siltstones and sandstones, - .and 1s only

found along the axis of the Athol syncline.

1.4 Method of Study

Mapping' 'gommenced - at- Sand River and proceeded

southweéterly' along the coast to Sgually Point, where the

;“Cumbérlandx Group lies with anghlar nonconformity on the’
) ) oo )

underlying undifferentidted volcanics of the Fountain Lake

Group (part OE'the_CobéQuid Highlands). A total of fourteen
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subsections were delineated and labelled A through N (éig.
4)}. These sections are shown 1n‘Appendices 2-8. Units within-
each subsection are numerically cocded beginning at one,
whereas cycles are noted by the subséction letter and a roman
numeral (eg.‘ AIV). Cycleé T are always‘..numbered _in
vstratigraphicall? ascending order (eg. AIV overlies AI&ILJ
whereas units are numbered according to which Qas encountered
first-while mappling (i.e dependant'on norfhérly or sduthérly
@dip of strata). The fourteen subsections were compiled into
fogr laterally equivalent sections: section 01 ‘CCmprising
subsections A'and B; éeétion 02 made up.of subsections C and
.D; Secfion 03 comprising subsections E,F,G, and ﬁ and section
04 con;isting of' subsections I through N. The lateral

correlation of these sections 1s based on facies, facies

associations, clast provenance studies, petrology and aerial

. photography (Fig.4). The datum used for correlatlon was the

contact between the Upper Coarse Unit and the Middle Fine

Unit (Calder,1982).

The understanding of controls on cyclicity was aided by
choosing épprﬁpriate mapping techniques. Each cycle was
mapped and tbe following charécteristics were noted wherever
'possibie: vertical and lateral facies trends (including
vertical and lateral variations in set size); vertical and
lateral paleocurrenﬁ trends; relationships‘betwéen'céarse and
fine members; log orientation and ,clast analysis. Clast

analysis involved the systematic measurement of apparent A
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1

and 8 axis length, angularity,_ahd‘determinétion of ;ithology?

for.one hundred clasts gdiséﬁ55éégfur£het”in séﬁgion 18.2.1);
Each.- samplec locaiityl,was also photég?aphéd' ih .orQef' to
measure_the'perceﬁtage 6f'mat;ix.:8ach coarse and fine member
was sampléd fof later péﬁtograpbié‘ aﬁalysié ‘(note: thin
sections lweré only_'made .for étfategic’ cyclesd. Sémpled
locatioas. are shown in_App.i. A glossafy of some ‘terms
"specifically used: in this study caq-be seen in App.17.

.
F

1.5 Aims of Study

Very little work other than reconnalssance mapping has
been done since Fletcher (1908) measured the section south of

Sand River. The aims of this study are:

1) Paleogeographical and depositional modelling of
: the sediments deposited, in this part of the
"basin.
i1) Determination of c¢ontrols on fluvial- architecture

within a rapidly subsiding basin.

iii) Introduction of some alternative methods ‘for the
 study of sedimentation and tectonics.

[xd
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2.0 FACIES DESCRIPTIONS 4
N _ : : Y

2.1 Introductioﬁ

Subdivision of gnifshinto‘lithofacfés was aided by using
an expanded ve£§16n.?f'Miall's (£977,1978) and Rust's flé?ﬁb)-
fluvial facies classification. The addition of éubscripts to
the facies codes allowed: i) a mpfe fapid'ahd‘efficient ‘way
“éf mapping .the sedimentsﬂ ii) réinéo%ceme;t of subtle, vet
important, ‘differenées within seguences dominated by oné,
lithofacies. Hence, subsequent analysis of faclies and- facies
associations was able to draw, where necessary,” on a muég

' greater data base. The first. three sections are composed of

twelve major lithofacles, described herewith.

- -

2.2 Mudrock Lithofacies (F) .

2.2.1 Fm—Massive Mudstones

Massive mudstones (Fm) comprise,ﬁetween 5.5% to 9.5% of
-* :

the‘mEasured sectidhs._ The average thickness 1s 1.28m (n=45

=1.09) . and ranges between 0.2m to 4.7m. Massive mudstones,

as the. name 1mplies,_ are massive with scoured upper and
" erosive lJower bounding surfaégé "and lack any visible
sedimentary or biogenic structures. Fm can be subdivided
into red massive mﬁdgtones, érey massive  mudstones, and

mottled massive mudstones,
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“ Red massive mudstones r;hge ffpm afgillaceoususiltstdnes
to ‘claystones gnd make up 50% of,the Fm éccurrences. - Red
.ﬁassive mudstones are commonly assccliated with other Fm—tybe
lithofacies _and low energy sandstone lithofacies {eg. Sr,
Smi. Grey massive ﬁudsfgnes _make ﬁp‘ 27.5% of the Fm
océurrenées and consists cf‘\argﬁllaceous siltstones to
_ claystones. Macerated carbonaceous plént fragments, of

Sigallagiglgp. and Calamites sp. affihities{ are commonly

interspersed throughout the units. GréQ massive mudstones are

.

found most commonly (in 53%_of the cases} as thin unlts (<
0.20m) underlying thick sheet channel sandstones or'
conglomerates _and overlying red mudstones, This is

attributed to reduction of the previously .oxidized red
massive mudstone by reducing waters within the sheet channel
unit. Similar occurrences have been reported by Rust gt al.

(1984} in 'the Middle Fine Unit {LCCc) of the Cumberland Group

around McCarren Creek (3km south of Joggins).

;l Mottled massgive mudgtones comprise cléystones to
aﬁéillaceous siltstonés and constitute 22.5% of theltotal Fm.
Mottling is in the form of grey and red amprphous . patches
within red and g?ey massive mudgtones respectively,and often
is assocliated with rhizoliths. Carbonaceous fragments are
found within the grey mottles but are rare in the red
mottles. Mottling can be attributed to éifher reduction of

the oxidized mudstones around roots or syngenetic percoclation

of reducing waters 1Into _subaerially exposed ) mﬁd:qcks
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(Gibling, 1978). - ' o ‘

-

2.2.2 Fl- Laminated Mudrocks - . o

v

Laminated mudrocks (Fi) comprise 0% to 4.2% of measured
sections. Fl 1is CompOSfd of argilllaceous siltstones ahq'
claysfdhes. and is inféfnally-stratifiéd by either low flow
regimg plane beds or é%all—scale ripple cross-laminatian
(ripﬁle sets rarely exceeding 0.0lm in thickness). Fl units
have planar non-erosive upper and lower bounding surfaces and
usually contain small macerated plant fragments. Fl1 |is
intimately as;ociated with the other ﬁudstone lithofacles
{Fm, Fr) and commorily passes lateraliy inﬁo oné of tbem. Fl
can be subdivided ingo réd_laﬁinated ﬁudrocks grey laminated-
mudrocks and;mottléd laminated mudrocks.‘ The .interpretation
6}..edlour vériat;dn is the séﬁe'as that:put forward under

1

lithofacies Fm. -

2.2.3 Fr- Rooted Mudstones

Rooted mudstones (Fr) constitute bétween 0% to 11% of
the measured sectipns- (averagé 4.1%). PFr is composed of
argillaceous siltstone-claystone with varying amounts of

rhizoliths (Fié.S}, Stigmaria roots being the most common. Fr



Rhizoliths in lithofacies Sg (in
cycle GII at loc.27). Scale on
notebook is in tenths of a foot.
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units have an éverage thickness of l;aém‘(n=14. $=0.51) and
range from O.Sm.to'2.3ﬁ. - Fr can élso_be'subdivided into red
rooted mudstones; grey ;ooﬁed mudétones, and mottledrrooted-
mudstones: Red footed mﬁdstones‘are'éhe mogt'commqn,‘ making
up 47.4% of the totai Pr océurrences-follbwed ﬁy ﬁottled
roocted mudsfones'(as.BX) and Qrey rooted mudstones -(15.8%).
These ratios may indicate that_ah o#idation continuum exists
betweén. these subfacies Fhat relates to subaefigl exposure
time. Hence the predominance of red rooted ‘mudstoneé_ may
indicate either prolonged subaerial expoéure'befween channel
avulsions or the prevalence of well Arained soii conditions
(Bown andVKraus,lgal). The absence of desiccation c;acks and
calcretes suggests either that high deposition rates

proximal to channel margins prohibited calcrete growth-

(Leeder,1975); or that calcrete growth was inhibited by a
humid climate ‘(Allenl 1974} . A humid paleoclimate isg-
postulated from the abundance of rooted horizons, carbonized

"flo:a, rare raindrop imprints (Fig.6), and lack of ’

deslccation cracks.

4
'

. The "percentage of Fr increases from sections 03 to 01

{i.e.from south  to north), and also upsection, denoting
progressive changes in fluviatile style due to overriding

allocyclic controls (Miall, 1980). This will be further

discussed 1n section 6.2.



?ig.s.

_Raindrop imprints in cycle BI (1.71km NE of

loc.1). Molds are found underneath
hammer while original imprints are to
the right. Hammer head is 0.13m.
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' .2.3 Sandstone Lithofacies (s)% - - =

2.3.1 Sm; Sr- Massive , Ripple Cross-laminated Sandstones

‘Massiye’ "sandstones (Sm) are. a very minor facies
comprising an.average of 0.5%‘of the measured sections, ‘with
a maximum of-ll.é% per sector. »rUnit thicknessgs range from
szﬁ _to 2.2m, with a mean ofll.baz (n=é,“'5él,64). Sm is
charadterisgically yer§ fihejgraiqed-(i,b¢,to ~3;0¢),f:§ery
weil :'éo%ted sandstone, "ia;k;ﬁg vis;ble sedipentary" or
bioggnic.structures. Sm gn;ts are‘sharp—basea and géneraliy
fine upwards info silts?oneslmudstones and laterally int; Sr
6r 'lowgr_ flow regime pléné beds. -ém is prevalent In-
heteroiitﬁic'assemplagés. Redﬁand.gréy mottiing ié common in"
this faclies ;na alo;g with its massive natﬁre éuggests that

these are overbank debos;ts which have been severely root

turbated by plants.

Ripple cross~laminated sandstones ISrI qonstitqte' an
average _of 2.7% of the measured séctions and range -between“
1.4% to 5.1% pérrsection. St units ﬁavé a mean thickness of
1.05m kn=59. '§=0.56) and rangerbetween ¢.3m to 2.5m. Sr
'ranges ffom very fidﬁ grained (4.09¢ to‘2.5¢)‘to'lower f}ne)
gréihed ,  very well s;fted sandstones with;ﬁmalr—scalé cross

laminae in sets rarely exceeding 0.02m thick. " Foresets are
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A
éccasionally draped;W}th thin ﬁuﬁsﬁone‘laminae and fragmented;j'
érgahi; material. The'%aék of threé'd;mensional exposures did
not allow positive identificgtion pf'thé ripplé éypes,-.but
the 'irrégular cut-and-£fill uﬁS#ure“ of the - lchss;léminae
suggests that the.rippies_éte“nét f;gular; and most ppobably
arg _a?ymmétric- linguiédi types "(Allen; l§68).'= A .émali
- .percentage (10.3%) of the Sr.occurfences are type B climbing
' ‘ripple drift (Jopling andAﬁalker,'LQGBBP Sr'uhipszhave éharp_‘.
non—erosiénal béSes and may grade upward into mudspones.
Uppet contacts ‘may be etosibnél in défure; Sr, Ais also
latérali} transitionai into 1owér ;nd'upper flow ragime plane
bads and occasionally intoc St.  Sr is found in héterolfthic
overbank ‘éssemblages (46% of occurrences), or‘the-‘top QE
sheet sandstohes ér conglomerates (40%) and ﬁt:the . base of
sheet -sandsﬁones (20%) L raré;y in thé middlg of-.é: cycle.
Percentages of Sr increase ﬁp—section and * laterally from _

section 03 to 01, implying a.progressive change in fluviatile

style due to allocyclic controls (further discussion 1in
f - . ,

+

6.2). S /

2.3.2 81, h

Low Angle Cross-Stratified and Plane-bedded

Sandstone§

Low angle stratified sandstone (S1) constitutes 0.5% of
the sections, 1ranging from 0%-1.8%. Sl units have a mean
thickness of 0.9m (n=2) and range from.0.8m to 1.0m. Sl is

composed of very well sorted, fine to very fine grained (4.0¢
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to 2.5¢) sandstone, with sf;ata inclined at angles much less
than the anj&e of repose (less thaﬁ 100 by definition: Miall;
1978). Parting lineation is a common internal structure and
ihdicates’supercritical flow conditions {Créweil.lQSQ: Allen
1982) . S1 is found most commonly at the” top of
'ééndsgone/conglomeratic fining-upward cycles and 'is laterally
and vertically transitional to Sh and Sh/F respectively. si
is in;grpretedras_formed gy scour filling under supercriticai
flow conditions. Sl is also intimately associated with Sp, St
and Gp bar complexes which will .be discussed under
lithofacies Gp. .
St

P}ane¥bedded¢sandstones {Sh) make up an average of 2.8%
of measurgd sections.and range between 1.2% to 6.9%. Sh units
range from O.6m to-2.0m in“thickness with a mean of i.48m
(n=19,s8=1.02}, Sh Iis ;omposed of very fine to fine grained
(4.0 to 2.5¢), very well sorted sandstones and can be
divided 1into two subfacies- - th; subfacles disfinction ~1s
Betwéen lineated. {Sh{u}} and non-lineated (Sh{l) plane beds,
interpretéd as uppgr. flow regime and lower f;qfw-regime
respectively. Sh(u) is the most common of the two (%E\Q% of
occﬁrrehces) and 1s denoted by straight, cqncoraant, non-
undulatiﬂé laminae arranged in thin to medium-sized beds with
7bedding -:grfaces displaying pa§;ing lineation (Crowell,
1959} . Sh(ﬁ) is found at the top of sandstoﬁe/conglomeratic
finigg—upward cycles'and is cémmonly laterally and vertically
transitional to St, Sr, Sh{(l), or F. Sh(u) is also found as
topsets in Gp-. Sp-type bar complexes (discussed in

o : I
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lithofacieé Gpl. Sh(l)_coﬁprises 21.1% of Sh occurrences and
is differentiated on the basis of no parting lineations, and.
presence.- of undulatiﬁg sandstone . - laminae commonly
intercalated- with thin diécontinuous lutite laminae. _ Sh(1l)
is found assoéiated with heteroi;thgc overbank assemblages

and  in-the upper parts of cycles. No consistent lateral or

vertical trends were noticed in Sh.

2.3.3 Sp: Planar-Tabular Cross-Stratified Sandstocnes

The "nature bf'Sé and 1ts facies as§ociations makes an
estimate of its abundanﬁe Qery,difficult. Sp is associatgd
‘with cbnglomeratic lithofacies Gp and Gt, pebbly sandstones
(ét(c)) and can be diVided into two types. |

| 0

. Type. 1. Sp has low angle (commonly <15 - '} planar
toresets with'.pérting lineation, which are laterally
equivaleﬁt tq‘and/or onlgp Gp, Gt orfS;(c)‘(Fig;7a). Lateral
contacts'betgpeh“thé different facies typeé may - Oor may not be
markedi by reactivation suffaces. The lower bounding cdntact
of Sp is delineated b§’an intraclaét or pebbly lag; the upper
bounding surface may be.erosioﬁal (Se) or may have Sh/Sl
topsets, wupstream from the Sp foresets, ‘and overlyiﬁg the
‘core Gt, Gp, or St(c)w 1In many cases these topsets are

laterally continuous and gradational into Sp foresets. The
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entire complex comprisés a single set rangihg between 0.8m to
3.5m and Iis mosf often found at_éhe base of sheet channel
sandstones or Vconglogerates scourihg into the underlying
‘mudstones. Sp—type' bar complexes are commonly laterally .
persistant over 20m.
0]
The second type of Sp set has low angle (commonly <15 )
planar foresefs that are laterally equivalgnt to and/or are
onlapped by Gp., Gt or St(c) (Fig.?b). The ﬁost ﬁommon
lateral associations are Sp-> Gp-> Gt, Sp->St(c)., or Sp->Gt;
contaéts between fac;es hay be gradational or may be marked
by Areactivation surfaces, The lower bounding surface of Sp
is intra-and extfaclast strewn while the upper bounding
surface, upstream from the Sp foresets, may be erosional (Se)
~—and overléin by Sh/Sl or Gl (low angle stratified gravel
topsets belonging to the offlapping.coarser—grained facles).
In many cases, topsets belonging to the offlapping coarser-
grained facieé are laterally traceable . into foresets
(Fig.7b). The bar complex compfises a single Sp set with a
mean thickness of O;Bm with a range of 0.7m to 3.0m. Type 2
Sp .is alsc commonly found at the ‘pase of sheet channel

sandstones or conglomerates.

Types 1 gnd 2 Sp are interpreted respectively as the
" result of waning and waxing flows. A flood to wanihg stage
origin 1s hypothesized for type 1 Sp due to : 1) large size

of the bedforms (average thickness 2.0m, range 1.0m to 4.0m);
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ii} positioning bénéath erosively-based sheet-channel sands:
iii) erosive Jlower bounding surface (created during flood
stage); 1iv) large paléoéurrent deviation ffom the overlying

strata; v) decrease in grain size from the coarser: grained
"core" facles to the offlapping Sp. A.mechanism for the

formation of type 1 Sp would necessitate a large flood. to

avulse a large channel over overbank deposits (Coleman, 1969

.

"Rust and Jones, 1985, pers. comm.) hence creating an
erosional surface (Se): and the large scale Sp complex,
During waning stages competence would decrease, making

transportation of pebbles by suspension or traction and the
formation of ceoarse-grained cross-strata impossible, Under
these conditions only sandfsi;ed particles could be carried
‘by traction thereby -allowing the formation of only planar
cross—strata (Allen, 1982)., . The presence of reactﬁvation
surfaces between Sp and the coarse-grained core suggests

fluctuating stage conditlons (Collinson, 1970).

Type 2 Sp is interpreted és the result of waxing flows
(rising stage) which had sufficlent stream power to carry
pebbles in suspension/saltation and to creafe flow separation
(Joplingllgﬁﬁ) over the core Sp, thus allowing thé formation
of bravelly trqugh or planar cross-strata. €Complexes with
connected foresets and topsets are 1nte;pretéd as
"cbmpéund bars (Allen, 1983) which need currents in the

-1
range of i-2 ms depending on grain size.
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2.3.4- St- Trough Crossbedded Sandstones and Pebbly Sandstones

’
- P

,Trouéﬁ c:ossbedded sandstoneg are ubiguitous and
compriée‘fzs.éx to 88.8% ( mean of 59.7%) of the measured
sections: The mean thickness of St cosets is 3.14m (n=101
8=3.15) Qith a range from 0.3m to 40m:'_sf is subdivided into
four subfaciés dependent on the percentage of pebbles with
"a' axes >6.01m5 i)St—trough.bross-strata (0%); 1i) st{d)-
dispérsed pebble trougﬁ oss-strata (<5% pebbles); iiiy
St{m)- matrix-supported ‘\pgbbly trough cross-strata

(>50%matrix); iv)St{c)-pebbly clast-supported trough cross-
\ v

strata (>50% clasts, note that grain size makes it St{c) and

gggﬁeéJ: & Set thickness is variable from 3.0m to 0.2m, most
often lying.inifhé tens of centimetre range. Variation of
set @hic&neés ﬁefween the four subfacies was studied 4n a
latgrally extensive unit (D7). “After. application of a
stﬁdent—t test no significant difference was found at the B85%
c?nfidence level Betéeen sets belonging to . the same
lithofacies at different localities. Set thickness between
differént lithofacies showed contrasting results. Comparilson
of St and Gt set thicknesses showed that in 86% of the cases
Gt thickness is greater than St at fhe 95% confidence ievel
(Table 1). Set thickness rarely decreases upward in sheet
channel units which are greater than 5m thick,k and more

commonly decreases upward in thinner units. Thé decrease in

set size is marked only in the upper guarter of the cycle.
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TABLE 1: COMPARATIVE THICKNESSES OF St AND Gt SET SETS

t = t-test result

SIG = statistical significance

AT VARIOUS
LOCALITIES
CYCLE UNIT COM. X X S N N ot SIG
1 2 1 2 1 ra

DIV D7 Gt>5t 0.74 0.71 0.33, .63 30 46 0.302 -
DV D9 Gt>»>St  1.19 0.90 0.87 .39 16 8 1.0é 85%
.E TOTAL Gt>St 0.73 6.40 0.32 .22 3 11 1.91 99%
F TOTAL Gm>St 0.72 0.40  0.29 . 24 15 22 3.55 99,
GIQ G4 Gt>St 0.98 0.53 0.53 .18‘ 5 21 3.06 '95.
GII G6 Gt>St 1.39 0.56 0.98 .24 6 8 é\lé 99,
GI G8 Gt>St 1.01 0.46 0.69 .19 18 65 5.62 99
G TOTAL Gt>St 1.39  0.83 0.98 42 6 12 1.53 " 99,
H TOTAL Gt>St 1.30 0.40 .76 \30 -9 3 1.8B6 99L
"COM., = pair of sets being compared

X = mean of thicker set (m)

Xl = mean of smaller set (m)

82 = standard deviation of larger set (m)

S1 = standard deviation of smaller set (m)

N2,N = number of observations for larger and smaller sets.

T 2

9%

9%

0%

9%

0%

0%
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Trough cross-strata commoniy show tangential foresets
0 : 0
with mean apparent dips ranging between 21.8 _ and 24.5
(n=66). St{(c) foresets displéy a closed framework fabric
which probably indicates that matrix infiltration occurred as

backflow transported sand up the foreset slope. Carbonized

logs (Stigmaria, Calamites) are common on foresets and assume

" orientations sub-parallel or tranverse to flow (Fig 8). The
lack of any systematic trends in" log orientation casts doubt‘
;n the practicality of using Ioés for paleccurrent studies in
St cosets, Penecontemporaneous deformation 1s commonly

assoclated with fossil 1iogs and can be explained by

coﬁpaction'of fhe organic material by overlying sediments.

SE commonly takes the form of low angle {less than 150)
cross-strata. In frahsverse sections they appear as low
angle trough cross-strata with ajwidth of 2m to 10m and a set
thickness of 0.3m. The cross-sets are erosively based,
displaying pebble and rip—up clast lags (up to 0.30m thick)
shafply and concordéﬁtly overlain by well sorted sandstone
foresets {F1g.9). The sharp contacdt between the thick pepbly
lag and the éverlying foreset sandstones requires a mechanism
tor its formation, The consistently large width/depth ratio
and trough shape of the structure suggest formation by
migrafion of a low amplitude/large wavelength dunes (not
sandwaves since flow separation is needed to form a scour in

front of the bedforms, which created a pebbly bottomset lag.

This bottomset lag could be further thickened by overpassing

.
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of pebbles along the back of the bedform and avalanching into
thevzlag-laden trough. This mechanism has been proposed by
Allen (1983, 1984b} to ekplain coarser-grained foresets

within compound bars in the Lower Devonlan Brownstones. The

formation of low amplitude/large wavelength dunes ahd the

overpassing of pebbles demands upﬁer flow regime 'conditiohs

-1

{1-2ms8 ). - _ ' ' . //

There is a lateral increase in St(c) from section 01 to

02, and an upward decrease within both sections. St{c) is

rreplaced by its conglomeratic equivalent, Gt,in section 03.

- .
Vertical and lateral lithofacies changes-follow the continuum

St-> St(d)-> St{m)-> St{c).

2.4 CONGLOMERATIC LITHOFACIES

-

2.4.1 Gp-Planar Cross=Stratified Conglomerates

Gp is very similar to Sp in its facies associdtions and

differs . only in grain size. Gp is found onlyiin section 03
and is esfimated to constitute ﬁp to IQX of conglomeratic
lifhofﬁc}es. V'Sets range in tﬂickness from 0.8m- to 2.5m
avé}éging 1.0m. dp ils assoclated with lithbf;cies Sp, St(c)

ahd Gt, and like Sp can be -subdivided into two types:

- -

0

Type 1- low angle (<15 ) planar foresets which are

laterally equivalent and/or oﬁlap Gt, St(c),‘ Sp (Fig.lca).

L) . ~

Py
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TYPE 1and 2 Gp BAR COMPLEXES o

-1




. =34-

Lateral qongacts may or may not have reactivét;on surfaces; -
.the lower bounding surface 1s non-erosive, whilé‘tﬁe upper
béunding "surface may be‘erosional (Sg) or_cépﬁed b;.Sh/Slror
Gm/Gl topsets.upstream from the Gp foresets,;Aand ﬁuerIYing
tg; core Gt, St{c), sp (Fig.lOaiZ' ThiS'type qf'C6mplex; isd
commonly found at the base of sandstope/cpnglomératic sheet .

a

sandstones scouring into the underlying fudstones. .

- L) N : ‘.09—/ —.-..
Type 2- In the second type, lgw angle (<15 ) planar

foresets are lateraliy equivaient aﬂd/or are onlqppéd'/by
St{c), Gt, or Sp (Fig.10b) with or ‘hitﬁou£ .reactivation
surfaces. In many cases topsets (Sh/Sl1, ;Gm/Gl) belonging to
_thelofflapping-lithofacies are.continupus"with tﬁe foresets.

P

Unlike +<type 1 +and 2:Spf ~type 1 and 2 Gp cannot be.
éimply interpreted as deposits. from waﬁihg’and waxing flows
'ainée the classification 1in both cases 1is bhased on theq'

upstream or dpﬁnstream positioning of ‘the planar cross-strata
‘ o J . .

y : .

with respect to the other lithofacies, and not on hydraulics.

The following Gp associations can be interpreted as waning
) . -

and waxing flow deposits respectively: waning - Gp-> “St(c),

Gp-> Sp: waxing - St{c)-> Sp,‘Gp-> Gt. Conceivably.type 1 Gp

‘could pass in ype 2 Gp during waning stages.
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2.4.2 Gt-Trough Crossbedded Conglomerates

Tféugh crossbedded conglomerates (Gt) are almost

exclusively found in section 03 and comprise 37.9% of the

section (rangg 28.4% to 51.1% between subsections). Gt unlts

average 11.6m in thickness, ranging from 2.5m to 34.0m. Gt
can be differentlated into two subfaciesudepéndant on whether
it is matrix-supported {>50% matrix, note: grain size >0.01lm

defines it as Gt(m) not St(c) or St(m)) - Gt(m), or clast-

supported (>50% clasts) - Gt(c). Sorting and grain size is.

‘quite variable . and will be discussed -in section 8. Mean

. . - . 0 0
foreset dips down the trough axis range from 18.9 to 25.8

Comparison ﬂdf apparent' foreset dips in Gt and St from
sections Oé,andloa show no significant difference at the 95%
confidence level (F-test). Foresets .commonly have carbonized
tree 'truﬁks "arfanged subparallel or transverse to the
paleocurrént dife;tipn. MeanAset thicknesses vary from 0.79m
to 1.39m an&”most.often‘are in the onhe metre range. Set

thiékness decreases upwdard in thin‘(<5m)‘shéet channel units

.but rarely déas so in. thick amalgamated units. Gt set

thickresses are -~ invariably largér than St (Table 1), the

‘difference increasing from section 02 (éubsection D) to 03

from 0.10m to O.SSﬁf and decreasling upsection in 03 (from

0.55m to 0.25m).

Larger 'théefq are interpreted to have been formed by

.migration of .sinuous-crested dunes in deep first order
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channels (williams and Rust, 1969) . Flow was-competent enough
to transport gravel while flow in shallower éecond order (or
tbird order) -channels ;55 less competent,  and hence was only
agie to create smaller sandy bedforms. An alternative
- explanation- is based oﬁ_the intimate facies association
,\between Gt .and St which suggésts that these are stage
controlled features. Vertical and lateral decreases in the
set size difference between St and Gt are due to allocyclic
controls on grain size and fluvial channel style i.e.‘ an

upward and lateral increase in distal-nature.
Gt 1s vertically and laterally associated with Gm, Gp,

Sp and Sh. The most common association is interbedded Gt and

Gm {Gt/Gm),followed by interbedded Gt and St (Gt/St).

2.4.3 Gm/Gl- Horizontally Stratified and Low Angle Stratified

Conglomerates
|

Horizontall? stratified conglomerates (Gm) are élmost
exclusively found in section 03. Gm is most commonly
interbedded with Gt (Gm/Gt),with which it makes up 55.5% of
section 03. Gm/Gt units average 11.8m in thickness (n=6,
s=12g2) and range from 1.2m to 34.05. |

¥

Gm occurs wlth erosive and non-erosive bases. Erosively-
o
based Gm units infjll large -scours which dip <10 , commonly
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0 ;
<5 and cross-cut each other. Pebble imbrication is well

developed with AB‘Q}gnés dipping upsiope within the scour. Gm
beds range from 0.3 to 1.1m in‘_thickness {mean=0.71m,
5=0.29, n=15) and are 73.3% (n=15) normally graded, 20%
ﬁngraded and in few cases show inverse grading. All beds have
a closgg;gramework fabric. Thin saﬁdstone lenses of St or- Sh
{<0.5m thick and laterally extensive up to Sﬁ) with non;
erosional bases and hummocky tops are commonly interspersed
with Gm. his type of Gm is interpreted as deposited within
wide shalllew channels and on longitudiqél bars during flood
stage. Sandstone lenses draped on top of Gm units denote low

3

stage dﬁposition on the flanks of scours or longlitudinal bars

{ ams and Rust,1969; Rust and Koster,1984).

The non—erosively‘ based Gm is clogely asgsoclated with
large scalg Gt. Tﬁis facies association takes the form of
laterally exfensive {up tq_20m) large—écale Gt sets overlailn
by nén—erosively based medium-sized Gm units (up to O.4m
thick; Fig.ll)r In some cases the Gm units drape overléhe Gt
foresets creating low ‘angle stratification (G1). This facies
assoéiation is attributed to deposition by migrating'lingﬁoid
gravelly bars,(Bluck.1979; Hazeldine,b 1983). The advancing bar -

A -

front (foreset) creates Gt and the suprabar platform (topset)

deposits Gm, while a rise in stage might cause offlapping of\

the topset to create Gl. /'
Ve

Gm 1s most common above the lower third of section (3



Fig.11.

Gravelly linguoid bar deposit of
large Gt set (under notebook,
0.19m long)} overlain by suprabar
platform deposit comprising Gm
(unit G-8, cycle GI, at loc.22).
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and decreases in abundance upwards.

£

2.4.4 Se- Erosional Surface

Erosional surfaces are very common in all three
éections. Se is marked by laterally extensive (often>5Cm)
clast-strewn surfaces commonly several clasts thick. Clasts
may be of intra- or extrabasinal affinities, the former
marking amalgamation surfaces between fining-upward cycles.
Se is less than 0.2m thick with a maximﬁm relief of 4.0m and
generally has a planaf convex shape (Allen,1983). Mudstone
rip-up clasts within Se are well-rounded and gfey regardless
of the colour of the underlying mudstone. Erosional surfaces
are interpreted as scoured sﬁffaées caused by chénnel
switching,- channel avulsion, or bedfqrm migratlon. The former
two are differentléted from the latter 'by. their lateral

extent, commonly showing an order of magnitude in difference.
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3.0 FACIES ASSOCIATIONS

3.1 Introduction

Sections 01, 02 and 03 comprise three major facies
associations, namely the heterolithic~, sandstone-, énd
conglomeratic facies associations. The facies associations

are arranged infto cysles, a cycle being defined by a sharp-

based coarse member\{contact erosional’ or non-erosional)
comprising sandstone/cong eratic facies associations (i.e.
in-channel deposits) and an oyerlying fine member comprising
a heterolithic facies assémb age (i.e.‘ overbank deposits;
terminoclaogy of:Collinéon, 78). Cycles from secticns 01 and
02 have "a sandstone fad{es-assemblage coarse member and
become fine.member poor downsection and towards section 03.
The c¢ycles are 5m to 40m thick, sheet-like, 1laterally
e#tensive and fine-upwards, The conglomeratic facies
association 1g most prominent in section 03 and displays
thick amalgéma?ed (17m .to 50m) sheet-1ike, latera}ly

extensive sequences which fine upwards in only the upper few

metres.

’

3.2 Heterollthic Facies Assoéiation

The heterolithic = facies association . consists of

interbedded lithofacies Fm, Fr, Sr, with m;nor Fl and Sm and
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ranges in'thickness from 0.2m to 26.4m with a mear of 4.36m
(n=27, s=5.55). ' On average it comprises 92.2% mhdstone Pand
7.8% sandstone lithotypes (n=27, §=i4.1%); fherpefcentage‘of
sandstone  varies from 0% to 48.1% and increasésl with

increasing thickness of the assemblage.

‘Fm and Fr are the major components of thé heterolithic
“facies association. Fm and Fr éommonly grade vertically and
laterally into each othert' but rarely show preferred facies
transitions within a unit, except fhat Fm{g) commonly
underlies sandstonq}conglomeratic unité: However there are
some vertical and lateral trends in these lithcfacies: An
upward increase in the moving percentage of Fr along with a
decrease in the moving percentage of Fm éﬁd Fl is noted in
éection 01 &Fig.lQ) and is attributed to an- allocyclically-
" controlled upward change in fluviatile style {discussion .ih

section 6.2}.

Sandstone beds (Sr and Sm) wifhin ;the heterolithic
aSsémblage are thin, laterally extensive (cover hundreds of
metres), sharp-based and often fine-upwards intc silty and
" argillaceous sapdstoﬂes indicating eplsocdic deposition under
waning flows- typ;cal of overbank sedimentation. Sr is _the
predominant sandstone lithofacles within the heterdlithic_
facies agsemblage. although interbeds'rarely number more than

.

three.

Thick heterolithic facies assemblages (eg. BI, HII, see

&,
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Apps.2.4 respectively) are__rarerl_and have a_{ggreateé'
proportion _of sandstone :ranging'.from 20.7% te‘ 48.1%1
Sandetone beds can be divided into Ehin and thick vafieties}
both types displaying a lategggly' extensive. sheet—likel
character. The thick beds (>1.0m) are sharp-based, often
"scouring into the underlying mudstones, fine upwards and’ are
internelly stratified with decimetre-scale St (with_ copious
plant fragments) at'the base, ' passing up into ér. Thin beds
{<1lm) are also sharp—baeed and may'f;ﬁe,lIOp. coareen—up or
show no vertical grain size diffe;eﬁce. Thick sandstone beds
may be 1ﬁterpreted -as either thick overbank sendstoﬁe
deposits or minor anabranching breided chaﬁnels?.Wi@hin the
floodplain. Thinner sendetohe/mﬁéStoﬁe FU eYcles are due te‘

T.

episodic overbank sedimentation.

The 7 most common facies association 1within thick
heterolithic facles assemblages islSr—>Fﬁ—>Fr. The sequence i
fines - upward and ranges‘in thickness from 1m to 4@. These
seqeences i'are interpreted in fe;ms of‘ episodic floodpiain
deposition follewed by a lowering-ef the- water table\ and
colonization e'lby ~p1ante. Lower weéer tables must have
persisted foé prolonged periods in order to allow the high
"abundance Of_lFr' (13.6% to 23.1%) and red nmudstones. The
intimate lateral and vertical"facies association between Fr
and“mpttled Fm suggests that mottlinguwas a pedogenic'process
genetically related to rooting (Bown and Kraus, 1981). InA

conclusion, thick heterolithic facles aseemblages indicate

‘that periodic overbank deposition was interspersed with long
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periods of relatively low water tables..

Thé" heterolithic facies assemblage. is horizontally
spratified, fiﬁes uéward, with a lowér. non-erosive base
shéwing negligible'relief. Occasionally, lower surfaces are
inciinéd '(<200) ‘and  infilled with a coarsening-upward
hete;olithic facies aséemblage (Fig.f}). This sequence 1is
“attributed to a‘sudden chénnél avul§ion foliowed,by infilling
- from a  prograding source inpo Ponded watérs. Thié }s
.suggeStive of a‘crevaése—SQlay_building-into ovetSank' lakes
(Ge:gib» ~and .Mccébé,19Bl, _' Fig.ll: Boothroyd and
Num@éda},1978,Fig.13a).' An exposure 1in éection 03 (cycle EV)
shows  two isolated fixed channels with steep sides,
fapﬁroximately 10m wide, 2m deep kS:l width/dépth ratin)
infilled with mudstones/pebbly sandstbnes and enclosed in - a

heterolithic'facies éssemblage {Fig.l4). The mudstone-filled

channel is interpreted as the result of a sudden avulsive

event Edllowed' by “deposition by suspehsion.. The pebbly

sandstone-filled channel iélthought to be'a crevasse-splay
channel also formed and abandoned by avulsion.

Vertical trends in thé heterolithic facies associition
(which includes gil_previéusly discussed iithéfacies in the
héterolithié ﬁaéies -assemblage)afe lplotted as‘ the moving
averagé éf the percentﬁée dﬁ heterolithic facies comprising a
cycle.ISuéhftfénés fdr_ﬁhe éec;idns 01 and . 02 are plotted in

Figs.lZﬂlS and. show a- tlose similarity- in Shape, " the

'différence being that section 01 has a grgaﬁer overall



Fig:13.

" Inclined erosional surface cuts

into sandstone (continues to
the lef't underneath  talus)
overlain by a CU heterolithic

" assemblage {see . text - for

explanation}. Loc. 0,95km south
of Sand River. Scale is 1.0m.
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percentaée of mudstones. Three points of inflection can be
identified (labelléd in Fig.12}) iaibéth sections, thelfirst
indicating a maximum in the moving percgntage. the second a
minimum, while the third peak shows aE’;;brall maximum. The
three correlative peaks correspond to synchronous deposition
of gllocyclidally—controlled thick heterolithic assemblages
{note that . there is an offset betﬁeen the peaks and the
mudstone units due to thé nature of the moving average). The
significance of these peaks will be discussed in chapter 6.
Units correspon&ing to these peaks can be traced laterally

for over 7.5km.

Segtion 03 is also marked _by low percentages . of
heteroli&hic assemblages and shows two small peaks in .the
moving aﬁerage (%ig.lS), labelled "0" and "1". Peak 1 is
correlative with peak 1 of sectlaons 01 and 02 (see Fig.12).

3.2.1 Summary

The heterolifhic, facies assemblage overlies the
sandstone/conglomeratic facles assemblage in a fining-upward
sequence (sensu Heward,1978). Units of the heterolithic
facles association are concordantly bedded with a non-erosive
lower contact and .scoured upper contact; and compriseh
interbedded Fm, Fr, with minor Sr. The seqﬁence averages
4.36m in thickness (range 0.2m to 26.4m); and haé a 12:1

mudstone to sandstone ratio.

Trends in the abuﬁdance of heterolithic facies



—4G_

!
¥ /
ElV I
v . SECTION E
T !
Ell i
—— I
g —
— &« SECTION F
ry Gvi P
El . avi 1
|
200 QE
GIV
generaized strat-ioranhac section _L
ior detailed section see App. 4 G—'.’l
150 T
for loc. see Fig. 1 : '
anl
Legend m App. 2 ' 0
m +
Gl
v
Fig.16 o MOVING F% -
Hiv
Hiul
ry
Hil
*
T
HI
X

—
mdatn sat cong 20 - 40%



-50-

- associations _show: iJ' a decfease downsection. and towards
section 03; 1ii} three péaks in the moving percentage which
can be correlated between sections 0l and 02; 1iii) sections
0} and 62 show an upward decrease in Fl and Fm and aﬁ upward

increase in Fr.

3.2.2 Interpretations

The general fining-upward nature ofl the heterolithic
assemblage;, _. its lateral .-extent, . high " ratio " of
mudstone/sandstone {12:1), sheet-1like geometry of fine
member, and abundance of Fr and Fm are .indicative of suddéh
avulsion followed by suspension deposition into newly creaﬁed
flood@lains. Periodic Dbreaching of Qggetated leveed channel
margins created. crevasse- or sheet splays - (Boothreyd and -
Nummedal, 1978; Gérsib and MéCabe,lQBl) allowing the influx
.of sheet—like,“ sharp-based, FU sandstones into the ‘distal
reaches and channelized sandbodies proximal to the crevasse-
spiay {(Bridge,1984), Pfdgradation of crevasse-splays 1into
parts of the floodplain created coarsening-upward seguences.
The wvast majority of sediments, though, would have been
deposited‘into adjacent flocdplains by suséension deposition
from overbank floods. The large areal .expanse of the
floodplain_ would have been most conducive to deposition from
suspension {to form Fm), while traction cdrrents accumulated
F1 in a limited area close to the channel margins. Subsequent
lowering of stage, and hence of the water pable,¥\§8Uld have

allowed colonization by plants and creation of Fr (Walker and
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Cant, 1984). As_rthe lehgth of subéerial exposure was
increased pedogenic processes started and gréy Fr became
oxidixed to mottled Fr and finally to red Fr. Hence the
‘predominance of red mudstones (Fm, Fr) indicates that
alternating pefiods of overbank deposition and a low water
table must have existed in order to achieve the necessary
thickness of Fm/Fr and the redlcolouf. Further evidence of
fluctuating stage conditions is seen in the abundance of rill
and slumped blocks (Gibling and Rust, 1984), Thé presence of
rill and slump blocks and vertical stepped bases in the
overlying ’'sandstones/conglomerates also implies that channel
banks must have been cohesive. This may have been partly due

to stabilization by plants.

The absence of %alcreteé suggests that‘high depositinn
rates may'hEQe inhibitéqécalcrete growth {(Leeder,1975); this
may . have beén further hampered by a humid climate
(Allen,1978) which 1s postulated for the Cumberland Group
(Duff and Walton,1973: Rust et al.» 1984; D'Orsay ;nd van de
Poilll985). A humid climate is also postulated ip this study

from the abundance of rooted horizons, carbonized flora, rare

raindrop imprints, and lack of desiccaticn. gfacks.

»

Vertical and lateral trends in the percentage of the
heterolithic facies associatibh show an upwgrd and
northeasterly increase (from sectigh 03.to-OlJ— indicating an
incréasingly distal nature 1in those directions. An ‘upward
increase 1in fr {in section 01) along with a decrease in Fm,

and an increase 1in stepped channel bases (discussed in
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section 3.3) denotes a change in fluviatile style towards
further channel stability, problably induced by allocyclic
controls. Allocyclic controls, rather than autocyclikt, are
also invoked for cdrrelagive peaks in the moving perqen!age
of heterolithic facies assemblage due to their lateral extent
and thickness (see sectibn'3.2),. an unlikely cﬁaracteristic
of'autocyqlicqily—coﬁtrolled déposits. These conclusions were

based on the area over which correlations were possible.

3.3 Sandstone Facies Assoclation (Sections 01 and 02}

. The. sandstone facies association, - found primarily in
sections 01 and Oéh is made ﬁp of interbedded St(c), St(m):
5t(d), St, Sp, Sh, and Sr and occﬁrs as sequences that range
in thicknesé from 4.7m to q9.5m with a mean of l4.4ml {n=22,
5=12.5m). _The assembiége is composed entirely of sandstones,
pebbly ‘sandstones- with thin'miﬁof laterally discontinﬁdus
mudstone interbeds, and infernal erosion'surfaées (§g), The .
abundance of pebbly sandstones decfeases in.the upper half of
;ections 01 aﬁd 02 (subsections A and D respectively): énd
laterally towards section 01, |

_The sandstone.facies assemblage is latérally exténsze;
‘sequences ranging "between 16m and 40m can be traced for'ovef
7.5km. They are sheet-like in geometry, with efoéidnai
coﬁcbrdant lower eontact and .concerdant noﬁ;erosional: uppef.-

contacts., The sandstone facies association is commonly
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bounded on the fop and bottom by the heterolithic _facies

-1

assemblage- the -sandstone facles coarse member .and its

overlying fine member definiﬁg a complete cycle. Complete

_cycles are most prevalent in sectlion 01 averaging 18.6m thick

(h=11[ s=11.8m) and displaying a’fining-upward trend in 40%
of the coarsé members. Those fining-upward coarse members
occﬁr in the upper and lo;er parts of_section 01 (eg. cycles
BII, EIII, AII%q AIV} saehhpp.z) whereas the middle section

shows no fining—upward'fnends. Amalgamated.cycles'becomé more

common in section 02 ~(45:5%), where they have  a mean
thickness of 15.8m (n=11, s=12.4)} and demonstrate fining-

.upward trends in 73.7% of the coarse members.

o

Coarsening-upward trends in the lower two metres of
'cycles are .guite. common in section 01 {60% of the cycles

displaying it}), with‘half then proceeding to 'fine—up. This

trend diminishes  towards section 02 with only  18.2%

displaying this property. The lower two metres of these
cycles comprise Sr or.decimetre—scale St, which is commonly
overlain by Se, and finally the rest of the coarse member.
Fining-~up (FU)-coapse members in section 01 exhibit the
following facies associations: an erosional planar coﬁco;dant
base (Se) -> a thin lin to 2m unit of fine—graiﬁed medium-
scale St or- Sf {present in half of the cycles) -> Se ->
interbedded medium to large-scale St(c)/St (or Gt in cycles

BI and BiI.see App.2}, with minor Sp -> a thin to medium-

sized unit of "Sh. An upward decrease in the size of
. e :
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sedimentary stfuctures s noféd in FU coarse members. FU

coarse nmembers in section 02 are more prevalent and 'differ‘
from section 01 by the absence uf the basal St/Sr unit

_(observed in'only 18.2% of cycles) and the greater proﬁortion

of St{c) compared to St. |

&
Non-FU amalgamated. coarse members in sections 01 and 02

(eg: cycles BV, -AI, CVI, see Apps. 2,3) reveal the ensuing
faéies assoclations: Se ->a thick series .of interbeddedr
St{c)/St and minor Sp_witﬁ.ﬁqltiple. intefnal,r discordantt‘
laterally discontinuous e:ésional surfaces .(Sej. - Non-FU

amalgamated coarse members are much thicker than FU coarse

members and often create laterally extensive cliffs..

The internal geometry is difficult to delineate due to
the cﬁmplex ‘crossfcutting relationships shown by - the -
sandstone facies'association and the freshly exposed dfﬁff
surfaces'AFhich do not allow'etching out _of structures.
Channel géometry is best ascertained in thick amélgaméted4
-cycles {(eg. BV, A_.I. _C‘VI, DII, ADIII.,‘ DI%{, DV) where low angle
concave-up erosiénal éuyfacgs,are exposed., Cycle DII'displays
a well—definea' shallowl convex-down’ chanhel Qith Qentlv
inclined channel'sides and infilled‘wffh large~scale Gt and'
St (Fig.17). The gpparght width‘is.over_SOm, with a depth of
2.0m, giving a width/depth‘ratio greater than 15:1; Ihternal -
eroslon surfaces ' are ’mbre common in thicker amalgamafed

DR -
cycles than in thinner FU ones.
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Basal . éontapts. with the heterolithic assembiaée are
indicators _of.séage and fiow conditions and can be diwided
into four categories: 1) slumped channel margin blogKs; 1ii)
soié_ markii//iii) steﬁped channel bases; 1iv) "overhanging "

sandstone/mudstone contacts.

- Channel margin Sldmp blocks up to lm in length are
common, and are composed'of a heterolithic assemblage or
mudstone, ;he latter beiﬁé more prevalent. Sandstone molds of
slumped intracaasés display rill molds on the downcurrent
side f(Fig518) aﬁd,havé ééen interpreted‘by Gibling and Rust
(1984) as rill marks'formed on ' slumped cohesive channel
margin blocks during a loQgring of stage. An alternative
possibility is that »ghey are formed by channelizétion of
Qater from dewateping of the sluﬁped mudblock (B.R. Rust,
pﬁf. comm.,1985), Further work must be done on these features

in order to understand their origin.

-

Flute marks are the most chmon of the sole marks,
éhowing a spectrum‘?f shapés; mostiy elongate (0.05m=-0.50m),
bilaterally symmetrical .and widely scattered. | Kolking
structures (Harvey,l1980) are.commoAIy séén on soles of beds.
Guttercésts are also gquite common (Fig.l9), some scéuring as
deep as one metre, and often traceable for upwards of one
metre. Kolking ét;uctures have been-interpreted as forming

under rising flood stage by kolks (Matthes,1947),” a form of



e

Fig.18. Rill molds in unit D-2 (cycle DI),
’ 0.57km  north .of loc.l. . Scale
divisions are 0.10m.° '
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o
maorotprpulenbe: generated -byu high energy flohs with low
suspended sédiment. andd”ped\roughnees elements capable of
. creating flow separation (Bakerulgis Jackson, 1976a). Bed
roughness elenents capabie of initiating flow ‘Separation

~,
include . dunes, logs, or bank slumps (Harvey‘lQEO) all of

wnioh ‘are preeent. High energy flows needed for the formation
of -kolks are postulated from large—scale (often larger than
2. 5m) cross-strata at the base of cycles, and the presence of
compound ;tars (terminology of Allen 1984} . Gutteroasts also

have a similar origin (WhitaKer, 1973), differing only in

that the marroturbulence'. {helicoidal flow) < = proceeds

I

downcurrent hence creating the elongated furrow.

‘Stepped channel bases (Fig.20) are most common . in the

-

upper'fnalf. of sections 01 and 02 (subsections A’and B) and
are chapacteriz#d by near vertical steps, . the top step often
marked by a laterally continuous internal erosional eurface.
.Unfortunately ‘the sections did not allow viewinb of the

lateral‘ extent ‘of-theselfeatures $tepped bases have ‘been:

reported‘.in braided fluvial depoeits of the Carboniferous

.

Morien Group (Gibling and Rust 1984) and interpreted. as

falling -stage- features although ~ there Iacked internal

1 -

erosion fsurfacéaf ;Stepped bases -have also been anhotated in

recent aﬁeetomoeed rivers (Smith, '1983) and/in"»an ancient

.-,,‘

enample within the Cumberland Group around McCarren Creek by

Rust. et -al. (1984} In both cases the stepped bases and

internal erosion surfaces are attributed * to vertical

i

accretion on a low gradient plain within a rapidly subsiding
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-~ Fig. 20 Northerly stepping channel base

_’ (cycle BI) at One Mile Brook,
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basin. .Ihe presence of rilled blocks (i.e. blocks with
surficial rills), abundant rooted horizons, near vertical
stepped bases, - dnd planar concordant mudstone/sandstone

contacts suggests that muds were very cohesive, hence the

possibility of incision during falling’stage (sensu stricto)

may not be appropriate and a vertically accreting explanation

is favoured.

L

A variation of stepped channel bases are "overhanging"
sandsfoné/mudstone contacts (noted ‘in six examples). These

are .distinguished from stepped bases by a "z-shaped" contact

rather than a vertical one, with the mudstone. unit

"overhanging” the sandstone ({Fig.21)}. "The wupper - 'dipping
° 0 g -
contact between both units ranges from 47 to 67 and 1is

planar in nature. The upper contact may continue as an
internal erosion surface (Fig.21b ).The“ height of the
structure ranges from 0.2m to 2.0m, and averages 1.0m. The

overhang (width of the "z") averages 0.6m with a maximum of

1.0m..

o
.

Some "overhanging” mudstone contactsfare marked by an
erosional surface cutting down into the adjacent mudstones
(Pig.21b}. ' This surface can be tpaced laterally up into the
overhanging contact betwe?n the mudstones and the sandstones,
The overhanging contact can be explained simply by ‘avulaion
(Fig.22,Al,A2) aﬁd_ subsequent mudstone infilliﬁé of a
channel. If ﬁay very well bg that most of these tyées_ of

contacts are formed in this manner, but that poor exposure
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* @-cycle DIV at loc. 7

O -cycle DV at loc. 7
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3

and.thg homogeneity‘of mudstones does not allow detection of

the erosional surface.

The = majority of tﬁe ébserved cases do not show
observable erosional surfaces'cutting down into the adjacent
mudstones (Fig.21a). If these mudstones are'iﬁaeed lacking
erésional surfaces {as obserQed) then an alternate
explanation for these structures is needed. This explanation
would reqguire a ‘mechanism far the formation of a planar
steeply dipping contact that was'oﬁerhanging at the time of
formation. As with stepped channel bases their formation may
be related to either a falling stage or vertical accretion.
Thé former is not favoured, firs{ly bécause~it is unlikely.
that a ehannel coﬁld'deéply underéut - the qohésive banks
during falling stage; ana secondly it would nof:explain‘these
featgres cn a small scéle (those <0.2m}). A  rislng stage-
vertically acﬁreting explanation may be more appropriafe.

.I; is énvisaged that overhanging 'sandétone/mudstone
coptaéts could Eer created‘ on .stépped chahn?l_ baseé by.
fracturing - of the channel margin during flood stage and
piucking“of a block duriﬁg low stége {Fig.22B). Fracture
patterns needed for their formation could be produced by
elther tensionally—iﬁduced fractures'(?g. plﬁmose fractures)
or ~current shearing. Therférmef has been described 1n - the
Carbonifefous M&rien .Group of Nova Scotia (Giblfng and
Rust,1984) ~“as a causative.agent for bank collapse but -t 1is

unlikely .that- plumose ffacturgs were responsible ' in this



Fig.22. Formation of "overhanging” mudstone contacts.

Al

A2

1

~ .downcutting of channel into underlying,

overbank mudstones

subsequent channel abandonment’ and
mudstone ‘infilling

cal&ing of mudstone block - due Lo

[

vigourous current shearing during flood

stage



A1

'FORMATION OF ‘OVERHANGING MUDSTONE GONTACTS

- Fig. 22
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stﬁdy since they were not seen. In addition the fanning-out
pattern of the fractures‘wbuld.create a curvilinear -contact
{on - a large surface) rather than a -rectilinear one;
(Bankwité,lésﬁ). Other types of ténsfdnal_ fracture could.
allow the outward éollapse.of,bank material, But not explain
.th - the .contact congistently dips between-4?0 and 670. An
alternative explanation involﬁes vigourous.current shearing-
~.at flood stage, which would create synthétic planar fractures
(consistent with thg dipé seen on thé ﬁlénar surfaces) on the
side’ of the .channel margin (Fig.22B). " Further _Current
shearing during low stage could piuék away the _blgck"and.
leave the overhanging bank. Allsn (1969) has  shown
experimentally that supercritical flows over weakly cohesive
mﬁdﬁ may create mass shearing; giQen the abundance of upper
fiow regime struEtﬁrés seen overlying ' the heterolithic
assémblage, a lcurréﬁt shearing phenbmenom_may be the cause
of some pladar overﬁanging séndéfone /mudstone contacts (i.e.

" those lackihg erosional surfaces).

'Vertical trends 1Iin the sandstone facies Iaésaciation
plotted és the movihg average of the-peréenfage of sandstone
faéies comprising a qyclé are shown in Fig§.23;24.'Ttends for
section 01 and 02 show an antithetic rélationship befwegn tbe
moving perceﬁtage of hgfqrolithicw facjes apd i sandstone
facies. The antitheﬁic peaks—from the moving percenfage of
héterolithic_facies (Figs.12,15)} are aiso labelled one;u two,

three in K Figs.23,24, and like the fofqer can be laterally
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generalzed stratigraphic section
for detaled section see Apps. 3
Legend in App. 2
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cgrrélated. fPeaks in the moving percentage are attributed to

tectonic control and will be discussed in section 6:2.

]
" Vertical trends for the major lithdfabies (Stl‘ Sh, 8r)

comprising the sandstone facies assemblage are plotted beside
the moving average of sandstone facies (Figé.23;24). st is

the major ‘component showing similar trends. to ‘the moving

-~

percentage of sandstone facies {S%) 1in both sections. Shu)

and , Sr are minor facies, the former being prevaleht in

secticn 02 and the latter being most common in section 01,

I

The _predominénce of either Sr or Sh is indicative of
channel style and channel margin morphology. Sr is a low flow
regime bedform and necessitates low stream power and shallow

depths for its formation. In modern braided rivers Sr is

commonly found near channel margins (Williams and Rust,1969) -

or bartops (Cant and Walker,lQTBLﬂ Its presénce at the base =

of cycles in section 01 wmay represent ‘gradual. lateral
encroachment of a channel upon its marginal sedimeﬁts or
avulsion into adjacent floodplains (discussed further in
'secgién 7.4).Sh 1s an upper flowr regime bedform whose
formation 1s contrcoclled by veiocity; depth, Froude nﬁmher,
énd ratlo between tractive and sugspended ° locad
(Middleton,1977: Englelund and Fredsge, 1974). Sh is often
" found on bartops of channel margins where the depth decreases
|fenough to allow its fofmation. The increasihg proportion of

Sh froﬁ: section 01 to 02 indicates increasingly proximal

[
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conditions " (Smith,1970) and a "Bfrrease ".in  sinuosity

hY

. { . . . .
{Allen, 1970}, both of which can | be corroborated with

paleccurrent data {discussed in 7.5).

.

-

The sandstone facﬁes association is located above and

below the conglomeratic facies assocliation in section 03.

Those -sandstone facies assoclation units lying. above

. \ . 3
conglomeratic units are marked by an overall FU trend whereas

those underlying.conglomeratic units show a CU trend.

.

The'upper sandstong:facies assoclation in-sgction 03 is
very similar to that of sections 01 and 02, differing only in
coarser gra%n size and a predominance {of‘ pebblyr clast—
. supported sandstone llthologies (pebﬁleﬁ .with "ar oo akis
;I<0,01m1. ‘Meag thicknes%hfor the coarse member of_cycles from

the upper sandstone facles association is 6.5m (n=6, s=3.1m}).

The major facles 1include St(c), St, Sh with minor Sr. Most

sandstone assemblages are arrani§fed in FU cycle?-(aox_bf.them)'

. . ‘ s 4,
with only one cycle showing CU in the lower two. ‘metres.

Amalgématioﬁ is displayed in only 20% of the cycles:
Coarse members display the following faclies associations
Se -> St{c)- dgcreasing upwéfds in set size 'and‘ often
" interbedded with lensoid beds of St -> small to medium scale

'St.-> Sr. o | ' L

EN



C.=70-. .

The lower sandstone facies associéfion diféeronrom tre

upper one by being p;imar .y composed ot‘medium to _coarse-

grained sandstones rather han pebbly saqutones TThe major

‘facies include St, St{

'10.6m in th;ckneos (n=5%5, . 554.78m1ﬂ FU .in the lower part (eg.

, cycle HI.HIII, see AppLS) and CU in the'upper part (eg. HIV).

. . . . . 7 L -
) ; L
3.3.2 Summary : N - -
] - ) ‘\ ‘)J
!
’ | / i _(_:/’/ ‘ ‘ | .
The following chart {Table - 2}, summarizeéf.‘thé

' fcharacteristics . of .the coaroe  member séndstooe"'facies

1 & ‘

K ;associatibﬁﬂ BT
- g | .k‘_
e vt B . A .'-." s / . .
"gggggg ggg-gggggggg 1stics of the Sandatone Facies ‘Assoc Eiéb
o ) . ) i , K "o oo
.-in Sections 01, 02, 03 LTABLE ;1 . ‘ - C
- ) vn _.‘. ] . "‘:.' '.
' L]
CHARACTERISTIC® - : otoon - o2 ‘771j.03,
. o
L
FU - | St T sow L 13LT%T 750X
."CU {in bottom 2m) o, .. 60% . " 18.2% 25%
CUFU L , ' . 308 18.2X° =
NON FU : ' Lov . Ts0%T .0 27.3X.r 0% '
AMALGAMATED .. s 10X 63.5%  37.5%
COARSE MEMBER THICKNESS (mean)_y _ 14.9m . 13.9m - 7.5m
TOTAL CYCLE THICKNESS (mean)}. . ° - . 18.6m:  15.8m 7.8m
- SHEET-LIKE : ‘ YBS ! YBS: - .YES
*  STEPPED CHANNEL BASES - MORE COMMON THAN"02 * YES ' . NO _
OVERHANGING CONTACTS 4 # 'COMMON ~  COMMON ~ COMMON -

. Sh and minor Sp. Cyclés aﬁe:ageA



‘1ike 1in gecmetry and resemble sandstone facles assoclation

=71~

- *NOTE: Each category is out of 100% and accounts for only that

specific property.eg. NON FU may include cycles that (U
in the lower two metres. - :

V. ot
- . S v

3.4 Conglomeratic Facie€s Association

’ - V . a
The® conglomeratic facles association ‘is almost

exclusively found in section_ 03, excéﬁt for cycles BII, BIII

{see hpp.?). It comprisqghtwo thick conglomeratlc facies
sequencés - interlavered - with sandstone units, both
conglomeratic sequences, showing an overall FU motif. The

conglomeratic facies association ' consists of interbedded

Gt{c), Gt{m), Gm, St(c) and minor Sp, Sh{u), Sh{l), and Sr.

Units of the conglomeratic facies assotiation are sheet-

units in many respects. They have concordant upper and lower

contacts which commonly rest on the heterolithic facies
’ !
assemblage. ~Cycles are erosively based and FU in all cases;

with only ' 27.3% CU in the lower parts; and 36.4% belng

., amalgamated _cycleé, Compiéte cycles average 14.7m (n=11,

-

ség.gml\ 1n !thickneés, while the coarse member has a mean
~— T :

s T L e ,
thickness of;fG;;m'(n=11, s=8.7m) .

v
! IR )

-
. —_—
o " "

The_.léwer sequence of conglomeratic facles assoclation

’

" comprises three hpwardiy thickening/FU cycles (GI, GII, GIV,

and. lateral eqplvéient FI, see App.4). Each cycle is

erosively based and fines upward in the upper 2m to 4m aqd is

»

sharpiy ..and  céngordantly overlain bi a thin (<1.5m)

” .
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geterélithic fine ﬁembér. Success%Qe conglomeratic cycles
'éoarSen—upwards with  respect to.the ﬁreviqus one’, fhgnce
creating-- a ‘series of Fchycl;s dith an ovbrail _CU‘.mp;iffl

. (Appendix 4). Cytles are internally stratified wlthi Complex
.';.;ntérbedding of Gt, Gﬂ_and“ﬁ;nor Gp, é?: St(c). éfdsé—siratal.

 ;ééts are commonly ‘thicker than 1:0mi°«oftéh reaching 4m, énd
Icémmonly arranged into type 1 and éyp; ) Gph complexes
‘(?ég,lo). _g-shaped‘channéis (Fié.zs) withﬁgpparen£ widths of
46m andiQé;ths up to ém (width/depth=6.7) are common in . the
o .o . . L > . ’ v
_ iowgr conglomerStic facies and are interually cénco;dantly
- stratified by Gnm ;nd thin lensic sandstbne beds tﬁig.ZSJn
;Matrix— to clast-supporﬁedTGm ajéo occurs within low angle
cross-cutting scours anéﬂcomp:iées betweeﬁ 30% to 70%.of the
cycles. Common facles assgciat}ons displéyed are Se -> 'thick
‘sequence “of interbedded Gm: Gt, st(c) and‘ép -> St -> éh?"J.

\

The upper conglomeratic faéies'association can be traced

laterally through subsections E,- R, the upper part of G, and
comprises~ EE;/gyéZall CU then FU sequence. - Cytles from

.subsections E' and P are erosively based, fine-upward and are

" amMalgamated or overlain by .a ﬁhin discoﬁtiﬁuoué ﬁudsfdhe bed:
c?cles from suﬁsectf@n G are thinnerh .énd are cﬁpbed by
thicker laterally confinuous.heféréliéhicrfaciés;aséemblages.
stratification and interhal géoﬁetf;“is similar_to the lower
“conglomeratié facies association ;difféfiné énly- in ’ the
‘ ﬁhihner;'ncyclq .thiciﬁéss - of the ; gpper' bénglomeratip

assemblage.



~ Fig. 25 Large U-shaped channel in cy.clér'G:I'-I

"at__loc. 28 ‘- i
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. Vertical trends in the.conglomeraaic facies 'association
are- plotted in Fig.27 as the moving average of the percentage
' ,of‘ conglomeratic facies assemblage comprising a cycle. The

plot shows three major peaks—-the first a maximum:; the"secong
a minimum ‘the third another maximum ‘The minimum ‘(above
cycle GIV) in the moving G% is due to the 'sandstone faciesg
assemblage whichr caps the upper units of the conglomeratic
facies association, while 'the two"maxima correspond to
influxes 'of,.conglomeratici material from tectonic pulses
" (discussed in 6.2)7”'Peaks\i and 3iare_1ateraily correiative
to peaks-_Q'and 3 from the sandstone-facies”'assooiation of

section 02,

Vertical-_trenos=_for .thefmajor:’lithofacies (Gm; Gt)"
comprising tne'conglomeratic facies.association are piotted
in Fig‘27 and show a predominance of Gm/Gt (i}e.“complex-
:interstratified Gm .and Gt) and Gm in the. lower cong}omeraticl
facies quuence and predominance, of Gm/Gt _in :the -npper

‘conglomeratic assemblage.

3.4.1 Summary
. . R ! . . . . B -
The Afollowing chart } (Table ' 3) summariiﬁsf the

.characteristics of the conglomeratic faci&s association
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for detailed section see App. 4

for loc. see Fig. 1
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Trends= agd Characteristics QI *hequchgioﬁerath _Facies
“Association (Section 03) TABLE 3=~ ~ "7 .. - T

E S Ca e s e T
.. FU ) "_ T . TR . "- . "100* i ; .l‘. v -.' . . ‘ ‘7‘. “.-.
CU (in’ bottom 3m) - . R 3 <1 SO o .
. CUFY. _ - o '__,1h ax Teo L
: GNON. FU -~ FELe oo T e L
 AMALGAMATED. . *. 20 e 36.4%" " T .
COARSE MEMBER THICKNESS ’ . 13.4m Cow e .
. TOTAL CYCLE THICKNESS ~ “* <IdI7M  ." -
«SHEET "LIKE . *YEShA L ~
. STEBPED, CHANNEL BASES . - °- -, T
OVERHANGING CONTACTS . ~ - S ST s
. ¥ e - o l‘;: - . .
: NQTE: ~ each’ categony is out of iOOX and acdounfﬁ for only
that specific property S s T
| -i,g.fz'.ggglz;ﬁq mz KNESS BATTERNS Do,
\ ; <o . . ) . . e ‘. . ) + \' t
4:1 Intrfodiction, - -0 L T s T
.- . ' - H R . . - ‘:‘ | . ) L . : R - o . V‘ . .:' “!- ‘.

. Bed thickneea is.a rarely measured property that can be

-.Trquite _useful in detenmining depositional patterns within

:frbasins Mathematical analysi& of bedding thickness was firat

endeavoured by Kolomogorov (1951) He fopnd that .bedding _

.-

'-thicknesses were atronglg skewed towards the thinner‘ beds,
: {reflecting 'thq“ rarity of: major eVents that deposit thide

”v_strata) and proposed that they were lognormally distributed

. - -

ZSubsequently, many - workers Have sho@p that lognormal,

-

rdisfribution : qf; bedding thicknessesi,are‘ found " in., many

-

i

qidepositional environments ranging from v°1canoc1astic (botter,'

E

':and ScheideggEr 1966). flysch deposits (SChwarzaCher 1953

Bokman 1953 Mcsride,1962) to fluvial (Way 1§sa)

-~ . = - . - . [ A -



'[dépos‘.itic;n- T is

' Of bed thrckness is more dlfflcult because oE dlfflcuity in

~t
7

'

-

- L . - I o . - L . > N . _,".'...
W s BN v = . i ST .

l'fd.ali'the'a}qteméntiqned-”édvirohments; except fluv1a1,‘

‘ Characterized. predomxnantly bef: eplsod1c,

K L P b u
R H - . N

. evehts,_ whlch in general are not er051ve._ Beds wlthln these :

. . - A '.
C e - - >

- sequénces “arej usually qu1te diStlnCt 'andylea51lyf,~Lend_'

themselves to béd thlckness analysls. ‘Thds'ambed- thlckness

o b

study lo these _ enV1ronments‘u w0uld 'llkely : {reveal

Acharacterrstics about the mode of emplacement .(1 e.--theif

- . ,

. eplsqdlc nature) In flUVlal Sequence analysls lntenpretatlon

. = T

- . J "

'f”measurlng _bed; thlckness, :and' because. off the nature 'oE

.

’depdsitionf.' @;thini fluv1al deposits}, eSpec1a11y bralded

* )’

'i~systems,'-indiéidual beds are dlfflcult to d1Scern and 'bf'

.

' must be found. - ‘f R | 'i*'

variable thlcknéss due to thelr compLexly Lnterstratlfled

na-ture', hence the"deflnltlon of "bed" .becomes more.. nebulous.-

The problem rn” analysing bed thlckness, E r ‘ .' ”in__a

:perehnlal, fIUVlal system‘fis:.that“exeept_l;or_ flbods‘.tbe_

E .

:pTimary mode OE sedlmentatlon 1s 1n most cases not . -eplsodlc

(as 1t is' in Elysch and volcanoclastlc deposxts), but rather

.

takes- place by contlnuous"euttlng and frlllng, ':sd .thaﬂ

laterally perslstant beds are rare.. Lateral perSLStance .bff

beds V‘Ls also_ restrlcted byj' channel ‘and' floodplaln

conflnement. QIHefEefm "bed" sensu strlcto,‘ w1th1n Aa. fluv1ai

‘system, hence- becomes  a poor ch01ce Eor statlstlcal bed

- . " ) -

"thlckness'_analySLS and thus a more ea51ly measured property,'

\ -

y,
v

r . oot T .

A
'

_.Ih'la bralded fluV1al system rapld changes 1n Adisbhaqge'

_along  with unstabllized channel marglns allow unrestticted-

. Y
r . S . W . P ) B . . - A

- . . B —_— . . . - -
L . ~ \ - B r !
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o
'

: dep951t10n is indlcated o '~._J: o .

_5‘. Eluv1al sequence{ only depos;ts

4‘~'> ) L -.r . T
b ¢ a. 8

~.€migﬁatidn- of channels to deposxt varlous- llthofacxes ‘units

(eg. _cosets ”Df Gt,f'unlts of Sh et cetera) ;f type

..,\.

lithofac1es runrt‘{wall%depend ofY, where in the system it :was‘

3 rdegosited.oeg. transverse bar, lodgltudlnal bar,_-low ordeE~‘

ﬂ:f%hannel ét“eetera) Overbank sandstonesr aIthough dépbsited

w -

;;by ~an eplSQdic eveng, can. stlll be éomblned ?with iri- channel

]
A

dest;ts‘ 51nce each bed represents a “depoSLtlonal event" in

B T

: 1ts own rlght. The contlnulty between overbank and Ln channel

~-sandstone- sedlmentatlon -can be dlscerned by analy51ng the

o shape of the cumulatlve Erequency curve (analogous to testlng

- for- dlfferent graln 51ze populatlonsi IE the llne'rcen.-be
\1‘ ¥ [ ..

dlssected‘-1nto, two (or mdre) stralght llne 'eegments~ then

dlfferent pogulatlons wduld be suspected 'reflectingfdverbank

pl

iend“- in- channel depOSltiOn ‘o Should“ the- ’curve', élosely

.abbroximate ‘a. stralght llne (i e., a hlgh llnear correlatlon

¥

éoeffieient) then a. contlnuum between 1n~channel and overbaﬁk

___ .
£, . -

+
. - L - . . - +
It [ . - .o e . d
. . -
L. . i 1.
A
n

'Ln conclusxon, to properly analyse bed thlckness wlthln

‘; [ -

p:Eer hdlstinetlve
.o - T .
deposttional events‘should\be-measured o In most -caseés such.

. eVente ;ere represented by lLthofaclesA Unité;i‘which lwere

measured ﬁor the present study, 51nce laterally perSLStant

[ - -

beds were ‘not avatlable . L “'&‘ A .
4 - b _. '_ ; .

‘.'Apart fromj'studles :by Pdtter iand.'Scheidédger"(}966);

’Schwarzacher (1953) Bokman (1953); McBride (1962) “and Way

{lQﬁB)_ very llttle has been done to treat beddlng thipknese

5 ' . . . -~



- B ~80~-".
- T . Lo .% : b K
ustatisticallyl. Statistfcal:*analysisu oﬁ~“cyciically' bedoed

Sequences may'_ be very .1mportant in determlnatlon . of ~

' dep051t10n-controll1ng mechanlsms, espec1ally 1n ;subsgrface
work. ._. ‘ 11_-'.\.A-_d. . :. . n . | -

- 1

" 4.2 Procedure
Cumulative perdentages“of'bed thickness freéquendy - for
sandstones (fncluding,'conglOmerates) -and mudstones wére

K -

'tabulated for sectlons 01/02 and 03 Sectlons 01 and 02 were

combined sznce they are composed prlmarlly of- sandstone,
" whereas sectﬁon;103 comprlses rmalnly “'conglomeraté.j“The
Eollowing- proced;re was; used to test whether the begs ’were'
lognormally' dlstrlbuted .F1rst the ‘data were.-plotted on
probablllty arlthmetlc paper,*-to show that’ the relatlonshlp

‘was not llnear. A 1ogar;thm1c regreSSLOn was then programmed

into. a Hewlett Packard llC calculator and;hthe data 'were

4

;processedr Results for the sandstone and mudstone beds -of

. - -

"*sectidns'. 01/02 ‘and 03 show correlatlon
coeffLCLents for logarlthmlc plots of cumulatlve frequency

" and bed thicknesst sectlon 01/02 r =0.970, r .=0, 973 sectioh
- R s m .
03, r =0,953, 'r 20,986 . The best fit lines were then plotted
- T m
" back ‘onto the log probablllty paper and -dlsplayed sharply .

curv1ng tatls at the both ends of the llnes, ‘lndlcatlve of a

poor ff1t at. the extremltles of the populatlon “hence the

'relatlonshlp was not 1ogar1thm1c near the talls of the curve.

- -
- Y

¢ “
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v

__plotted on

arithmetic paper

‘on the ardthmetic grid

out - between, the\ bed thickness

'thickness'

"correlation coefficient than the logarithmic regression

- e

Section 01/02 r. —o 99T, ’
. - s ‘m

r =0, 993)

m

probabilty paper (Fig 28, 29)

" In order to

'geometric

" was used . in order to aid in

theta scale,- as defined by Bokman

:

‘phi scale

Q. = 410g2t-Where t is the bed thickness_(mml

-
1

.A modification of -Bokman's
calculate statistical parametérs.

was

statistical methods-already in use,

"'also ‘changed in orded to " make
McManus, 1963) .
o = -log t/t
. 2 0
in mm and t is§ the “"standard bed
: o e

log—probabilty paper and

T #0 9?3'

further quantify bedding properties a

theta scale (Bokman 1957),

statistidal'

. measured in millimetres in order to-make use of

In order to test for lognormality the raw data were then

- transferred .onto

i

Each data point was recalculated as a'point.

fand a 1inear regression was carried

frequency and .the " bed

The linear regression showed in all cases a higher

(eg.

"section 03, r =0 985,
4 s

The best fit lines were plotted back onto the log

.
4 -

" akin_to the phi.scale,

computations The'

I3

(1957) is analogous to the

‘o
1
™

-~

thetaﬂscale’ was used to -

tn-this study’ the thlickness

’

graphic
The{originalhequatdon was

it

2

dimenslonless kafter_

rl
where t.is'the‘thickness

thickness" (i.e. 0.00im).

o
A e

/ .
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The use of a modified *heta scale proves very useful because

it: 'i) permité the use of arithmetic-rather than logarithmlc

paper = and; - ii) B simplifies graphic 7'_ﬁd;‘:numerical
(\EalculatiQAS:,; '.E,ﬁf 'if,'iff" :f‘;j'lf-g”';"_-;' '

-

' order to compare reeults with gr_'

[

statistical ‘ parameters i were calculated fér.g the

cumulative bed hickness \curues using graphic 'measures

proposed by Folk and Ward (1957), herewl.ﬂllefined as:-

-

Mean M='(0 + 0. £ 0 .)/3
- 16 1 50 - BE T

Sorting S' = (0. - ©. )/4 + {0 "} ¢')/6.6 -
o I .'B4 . 16.. "7 gdfu 5 ,~:f
Skewness S = (0 + 0. - 20. )/2(0 e m @(:;‘f
- . K . 84 16-. - . "50: ’. \L“‘ L
o w200 )2{e o+ m ) U ,'.jg;[

¢-. .95 . 5.--, : o

Kurtosis K=.(0 ~ ' 0-F/2.44(® - -:0 ) . . .. . -
: ©95 5 L TTB T 0T T e e e

: Another”ﬁarameter,'tha dispersive index (D%) ‘was USed tc

"'-1

‘ compare variation between sections is defined as

b= 100 (&/sfi"é:' IOQ (”’SD}

‘:f.' where SD is the standard deviation from-Z?{j
the arithmetic measures ' ' o

Arifﬁmétic etatiatical calculationa were alSO :cdmppred . in

easures . Results from

- ~ . -

" r_the graphic measures ‘and arith,etic statistical ca1Cdlafions

T
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-~ ’ -
A O
_ .‘._ B ' o - .' I

1y

}‘J-are tabulated in Table 4. Graphlc and arithmet1c calculations

-y

.were also made for the Joggins section (Middle Coal—bearing

n;Unit) usiqg Way s - (1968) data, which were comparegd. with

:results from this study (see below)

,glﬁggg'iiféédaiﬁg‘;Charabteris;ics_ ‘ o : -
R S P 4

,q: WAY " ' SECTION  SECTION
-(1968) I, 01702 - 03
Graphic Measures _ . - '

SST M(m) D165 . 1.66 . 1.51
(m) 0,002 - 0.002 . - ‘0.003
. I o - ST
- “Q(%), R L e 2 © 0.2

s T L -0.,006, . -0.103 - 0.147 . -
oK R e \ s BT
o .. . }(‘: ‘ :‘-‘ ' 1_. 0,588 ) 0'5.52 ) ..0_'803_
w . ' . ree o - . B a ‘ . .

Arithﬁatic Méaagfés;” SR " T ';:-‘_

X(m) '.j~'.r- C2.47 3025 0 °

v

s (m) . 2.80 5467

by 0 T ta1se 0 1680 T

e s (m); " f0:003 -, 0.002 | . 0.602 -

—fGFaphié MeaShfgac._*

MDST M(m) - :ﬁnéif" . 0,83

I

3_'1'[I< YL T U S U P

. g et v oh18a T fou220 0 0.002- \
T -SSR .
' ‘K! . ,0.838. - 0.488 -° 0. 592 o i

. -~ : . 4 . ' . :
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r

‘number in sample

. —86-.

Arithmetic Measures:

X(m): 1.35 . 0.994 . S
B ’ L ' . .
S (m): . 1.01 0:990
D R T
N: o o 48 . 186
D(%): . 148 99.6

M(m)= mean in metres, S;{m)= sorting (standard -deviatlon)
in . metres, D{%)= dispersjve index as a percentage (defined
in 4.3), s, = skewness, K= kurtosis ..

X= arithmetic mean, SD= arithmetic standard deviation,\ N%"

Examination of Figs 28, 29 shows many similarities and

‘ differences between sections 01/02 and 03 Comparison~of best

fit lines for_sandstone.beds in sections 01/02 and 03 shows

very ~ high correlation coefficients ' between  cumulative

—,

-‘.freqﬁency of bed thickness and bed thickness with similar

!

‘ slopes‘wfn50.794 ‘and ' 0.730. respectively) but’ differing y
intercepts;f'comparison betWeenf best fit mudstone lines in

f:.sections 01/02 and 03 show quite dissdmilar‘ slopes" (m=1.16

P T

tandf"OJBQ"respeCtiveiQ} suggestive of different .controlling.

factors on deposition (discussed later) Contrasts between

Fig. 28 29 show sandstone and ‘midstone best fit lines to have

' 'similar slopes fbr section 03 whereas those from',sections

-

01/02 differ markedly ' . .

¢ -

e

It is postulated that the slope and y‘intercept of a
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beSt-fit line revéél'importént information about controls on
sedimeﬁtation. The slope of the line is determined by - the

frequency and magnitude of,deposition events {whether beds or

upits) and reflects the deviation from the mean (S =<l/m, F.
- ) D

::Agterbérg, pers. comm.,1986). A line with a gentle slope will

have'- & larger ‘ deviation from the meaﬁ, j'markfhg large

variation within a depositional system {wg. proximal braided

. systems). Steep slopes indicate a small deviation Erom the

mean, suggestive of more consistent depositional patterns as

‘would bé expected in anastomosed and “meandering rivers,®

- compared to braided rivers. The abové Statements imply. two

corollariest i) shallow slopes result fram allocyclic

_gonfrols, since the . largest variations would " be expected

" . within the- tectonicdlly-controlled broximgl alluvial reaches;

L.

4

iy ‘éteep slopes"are'_more‘likely to reflect. autocyclic

controls since more consistent depositional patterns would be

1
-

expected in distal fluvial systems {eg.

'

meandering. and

anastomosed). Parallelism (i.e. equal-dispersive iddicés),

between lines 1is postulaéed‘lo indicate similar "depositional

. styles™ (and controls),@lthough.magnitudes ~(i.e. mean bed

L}

thickness) may -differ. In the case of section 03 similar

-

slopes between sandstones (including conglomerateé) and

mudstones rule out autocylically controlled depgsitional

mechanisms on the basis of their cdntrasting' modes of

N

emplacement. It is. more likely, in this'case, that simildr
slopes between mudstones and sandstohe best fit lines are

rallocyclically contrdlled. Diffe:éht slopes between mudstones

and sandstones = in section 01/02 imply thak mudstone

L -
LTl
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-déposition wasr controlléd by another factor,; mostl likely
autocylitity. Similar - slopes’' between séﬁdstone beds from
sections 01/02 and 03 imply similar aepoéitiPn.tontrolling
mechatisms, %ost iikelj.allocYclicityﬂ "based on facies énd

 facies associations (discusseéd further in section 6.2).

. . ‘ . . ' = N s

_,'Analysis ~of stét;stical parametqrs‘shown. in Table 4
reveals .important sedihentological properties of proxiﬁal ahq‘
distal deppéits. Proximal deposits ére represented by section
'03- and ‘display'similat graphic means and 1atger ‘arithmetic
mééﬁs. tﬁaq seétianOI/bZ,Eor the sandstone.beds, ané lower
gragﬁit.éné‘étithﬁetic‘ﬁeans for,the.mudétone‘ beds. Results
Vshow”a,dqwnstréam decreaée‘iq sandsténe thitknéss_(also b§rne
-Qut‘bf‘a dqghstfeam decteéée in' set sizé, o.f. Table 1) and
an?!inctgasé in mudgtoﬁé bgd‘thickneés. Analogous downstteaﬁ
decreases in thiékﬁess ot sandstone bodies and set size * have
Beén' énhotated'frgm the Wood Bay Formatioq, (Sbitsteréen),
the WVvidal Supéfgtpup (Greeﬁlandi,_‘and in the Mio-0Okgocene
Luna and Huesca:systems of the Ebro Basin {Spain) byn~Friend
-(1978) and  Friend etlai- (1985). 3 Downstream decregées‘ 1n
channel.ldepth may be die to sevetal féttots (Friepd,lé?Stl

S

'Frlend et al.,1985) 1) loss of‘water into permeable alluvium
- : ‘;‘ N : Ty
and/or; 2) evapo—transpiration. an alternative explanation

o
t

for the downstream decrease in bed thlckness may be - the
1ncreased trunCatlon of beds, which results 1n a smaller mean.
Although possxble,. the latter suggestlon is unllkely since

the downstream decrease in Cross- stratal set size. is also

[
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marked by an 1ncrease in foreset curvature, thus confirming
that the_ decrease is real and not caused by truncation gof

- formerly large sets 52 - B .Ii"'_ CooLL

The.Skewness_data.also'sﬁpportea downsYream de¢rease,,§n.

*cnannel,ﬁdepth 'Sandstone and mudstone b ds from ‘sectlions
'01/02 _are' negatively skewed implyjng a: d ficiency in tnick
beds,=~pessibly caused by shallower chann 5 which did

allow formation of thicker beds. Section OI contrasts by

being positiveiy skewed (;.eu thin bed oorﬁé 'POs;tiqe

[

skewness ‘may be due to several factors ) reeerﬁaticn . of

onlye-the;_thicker beds ‘(flood generated) éf; -ri)'fdeecer'
cnannels'"cnl§ ,allcwed_depositicn:qf( larger_ bedfcrmslr_Tbe*
ubiquitous -ppresenCen of-flarger' bedforns (Figs 25 26 |

: sections; ba, along with ‘a dcwnstream decrease 1n 'set pize—
(Table 1) suggests that tne latter pdint may be .tne:“mdre'
important’factor determining positive skewness L o

.Conparison of “dispersive 1ndicee_‘ {aritnnetic .and -

_graphic) between sections 01/02 and 03jshow a-vdcwnstrean
_decrease for sandstone and mudstone ‘beds. . A decrease - in
dispersive; indices implies less variaticn in bed thickness

-

ldue' to -more stabilizedn channels (also implied_‘frcm-‘the
“vertical sandstone/mudstone contacts and the abundance of
'rqoted’mudstones).
-Analysis of kurtoeis dieplays platykurtic -curvesijfor

muids tones " and. sandstones_ from' sections 01/02 "and 03,

W



‘-

: ‘-thlckness,,

reasons previou5ly‘grﬁend' Mudstones also show a decrease 4n

T 90~

. t . ' . -

L furthermore beds from sectlon 01/02 have lower ‘values than

those Erom sectlon '03. The platykurtlc property dlsplayed by

bed thicknesses may 1nd1cate the follow1ng i), preferentlal

"‘-er0510n of beds wlth thlcknesses approx1mat1ng the mean: ~iﬁﬁ

o

-

fluctuatlons . in stage produc1ng :a w1de range i‘fj' bed ,

111Ji
whlch caused the development of a broad statlstlcal mode. The

flrst exglanatlon suggests that the truncatlon of beds around

'"fth' orlglnal mode (1 e.. the most common bed thlckness) | may

-
1

create a dlstrlbutlon which lacks a dlStlnCthe mode as seen_

- - ' -

-'in the platykurtlc propertles oE both sectlons.ﬂ The second

\ * N P

explanatlon 1s plaus:ble due to the abundance of reactlvation

- " :

surﬁaces:'_ However,,n_the - per51stance- "OF - large scale

\'crOSsbedding‘ suggests that flows were‘sustalned long eﬁough

produce equllbrlum bedforms (dlscussed in’ section 7;27{u

there .was a w1de range 1n channel depths,"

B :

LY L

(Jones 1977), -?h1s_ would Lresult 'lnl a positiveiy,eskéwed

\ * AL . K . . -~

destroyeng smalIer -bedforms created ;durlng rwanlng_ stage

populatlon‘\in,'the-prox1mal Sectlon}- The third 5uggestion

« -

seems more reasonable since ‘a bralded system oomprlseSra wlde

. ] -

range oE channel depths hence oreatlng a normai dlstrlbutlon
1 Ce

wlth a: weak mode 1 e a platykurtlc Curve Prox1mal to dlstal

¥ .- L] . ‘\r

- ‘1ncrea51ng dlstality ThlS may ‘be..on’ account of an even more-

poorly def1ned mode Eor channel depths 1n the d;stal reach s,

90531bly due to hlgher; braldlng :indlces, " or- 1ncreased

~ ) -

trUncatLon.'of}.orxg;naln unlts (thls"is unllkely for the
. ‘ . N . : N \

P L. P - . .

(D

kurtosis -uith,increasing dlStBlltYu Thrs may’be due ‘to’ _the

'relationships ‘in sandstones show a. decrease 1n kurt0515 wlth R
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.“

' hincreasing randomness of distal flocdplain deposition taused

[ P

by Vegetation of channel margins "“';fi . .f"',".i' - \;
- T Rt I

'{' Data processed from Way 8. (1968) study on. the LoWer Fine

-. Unit of the gumberland Group (Table 4, Fig 30) ehow that both

WCsandstones and ‘mudstones have platykurtic properties_ but

-

i.differ in skewness, W1th the formen showing negative skewness :
‘(thick bed poor) and the iatter positive skewness (thin .bed

r-poor}-_ Results- toncur with what is expected on rloodplainS'

']f.:within meandering fluVial reaches Ai deposition of thinn

(S

LI
Y

:4.4 Summary; . ¥

-.‘ ' o

'sandstcne_.due gtollepisodic overbank flooding and - thick;

e

i mudsténéé-. 'dué» :Iﬁfl pervasive suspension f' deposition ;

Interestingly, mudstones and sandstones from this study area

:also have_ platqurtic properties which may 'suggest that

\

,kurtosis :is being controlled by, the actual distribution of

'.?the beds rather than.subsequent modifiCation by erosion

L € oL T [ |

- . X . ” . - -

~ .. - -

' 41) Similar slopes -in. cumulativeé bed -thickness-curves

’indicate similar controls on bed forming progesses.
2)f$andstone- bed - thickness decreases downstream whilé
“ mudstone ‘bed thickness increases Along with -decreases
in set’ size - this .trend . may indicate' a downstream
reduction’ Jin.channel depth‘possibly due to percolation
- of water into the alluvium or ‘evapo- transpiration
’3)'Sdhdstone and mudstone beds are negatively skewed in

section ,01/02 and positively skewed- in 03 suggestihg a
Q-:downstream decrease in‘channel depth e L

4) Dispersive indices decrease downstream _implying more

: ;stabiliZed channels in the distal reaches e

5) All sectiOns show platykurtic properties This mav be on

' ol B . . . .

! - . ““a\:

» .
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R
A

;account .0of actual 'distribution - éf 'peds rather }fﬁén
‘ subsequent erosional modification S <

6) Kurtosis decreaSes.downctream ‘but the.tauae,is unkﬁpynl

S=s memEteTEa=—=

?Ptefe;fed;'facies transitiohsf are coﬁmonly tested by
'dharkcviau ahalysis A Markov process is a. stochastic proc353‘

' which describes a sequence of statea for which the occufrenCe

:“of one'state exhibits a dependence,on the,previous}statep'fop
”'etates).‘ First order, fof'emcedded-Markov cﬁainS'aﬁalﬁsé the
.tprobability ‘f‘ eﬂtering a cettain~state from the , previous
'__‘state moccupied andh exclude transitions between identical'
‘l"states (Kemeny and Snell;1960) ‘ -

Uhltdough; Markovian 'aualyeis~have been'.ueed, commonly,
(‘(Zlu'iug_et"i‘ch,lésg;‘.'"‘ ééli'ey,;g'?d; ' .-M‘iall;_mfze‘} - cant la!nd-.
'walkef.ISTG{ ' they .sutfer'frcm‘theoretical.'and—\statbetdcalﬁ
:.inaquuacies Iheoretical problems are especially commcn1 in

“tbf application of. Markov- processas to - braided - fluvial

‘V'systems Studies' on :these types of fluvial systems guffer

.Vﬁrom, the attempt to categorize a laterally highly variable ‘
4Lé;9£emf into a one: dimensional vertical sequence (Collinson,
',zlsg'laj','i hence "evaporating“ all the important data on’ lateral-
ffacies: relationships jThe statistical problems -are.‘quite‘

;'numerous ,and aref discussed by Carr (1982), Powers and

Y . ’ - : s g '._



at

' regardless of QHE’prééent'state..;

B “.'--'_‘.i e LS

- - "N

gasterling (1982), ! Walker (1984, .and Harpet (1984) and are

[

'herew1th summarlzed _ '“’ o o —_— oo .

. . : '_"'-.\‘ : .. 'I d’

LI

i) By dofinitioh.emﬁeddad-matricés, capnot have transitions

between _two identical 'states, so that diagoral frequencies

must bé_Structu:al.aeroes,,‘thus-invalidatihg the usual tests
. - - . . "‘2 .“.' “ i . .

(chi—sqhare,' or'C.)"for'iddependence {Powers and Easterling,

1982). - Independence is deflned as P. =P (for i=1,2, 3,...n)

i3.07°3

-whécefp ‘is- the probablllty of a transition from i to j i.e.

,1J ’ CT

.a transition tQ s;ate;jzocccrs thh “the -.same - probablllty

-

- b
1
g

A i) ﬁpplicationjof«a Chi=équare”(x ). test to the matrix only

'tests .the whole’matrlx for non-randomness. That is,. it does

1
N

not'~evaluate 'the statlstlcal probab111t1es for 1individual

|’

‘cells (Carc{l982;\2owers and:Easterling,l982).

L hd L

In order .to alleviate the first problem a quasi-

ihdepéndént: modedl (Goodman,l968)ﬁ is used to accommodate
- . .. ‘ . :

'St;uctural'QZeroes. In this model expected .cell transitions

(E{n )) are calculated as . follows.

ij B
‘ E(n )= a b i#j ~ .
- iJ j‘: J ' : s “
E{n )= 0 " ¥=j where i,3j= 1,2,3, .0 " ..
- iJ . hd K] : - . . .‘-". s
- a - and b_,-are parameters calculated uéing‘ iterative

i j
proportlonal flttlng technlques.~ The 1terat1vé proca&ure is

L

as follows (Powers and Easterllng 1982):

N



95— L

., .

(1) - :
First Iteration: a =n /(n-1) i= 1,2,...n
| i i+ : : th
-(where n;+ is the summation of.the i
rOW) |‘ . o ER
. (1) o ‘
b =n /=a 3= 1,2,...n
] S LN S
' {where n. . is the summation of the _jth
- j+ - ' .
“row) . .
th, | (1} (1-1)
I. Iteration: a =n /Zb ' i= 1,2,...n
i iv ¥ 3 .
b-(I)='h /Ta (I) j= 1,2,...n
i it 1

" This.. procedure is continued until a preset convergemce value

1s reached:

(L) (I-1) S S '
a 78 l,<r(a) . i= 1,2,...n0
. ' i Cod g -

N

',_lb.ll)-— b (I-1){a% (b )(I) 51,2, 0xohme

J - 1l J
(r = ‘prgset..converSion,_Eactor which \)

’ vgriés between.0-1.0 i.e. between 0-100%})

- . -

Once a - and. b values: are reached E values may be
. 1 T : , i3

. tabulated, and an E probability matrix may be constructed.
: SRR 5 PR o .

From this, the observed probability matrix can be subtracted,

as in the "o6l1d method" and a difference matrix -is .obtained.
. . - N Q-'.

'
Bl

In order to solve the second problem (testing the whole
matrix- for é;gﬁificance rather than individual cells) Harper

(1984) advocates the use of the binomial probability theorem

to test each individual cell for significance i.e. testing

.

: . : -
for at least 'n transitions in N trials. This can be

.,
L3

v,
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T i . ) . " X ;- A_:\ 1
.CaICulatéd as follows: ' C o ”d“ 7-*?,#: ,ffr
- A=Na n N-n B n ' e sﬁ
P(n)‘ EZC(N k) P g . ) R I

H

'where C(N{k)=aN£/(N-nJln! o observed probablllty

',.- N

IR T q= l-p i.e. probability of
el . : T -
. AL ~ failure -~ . s
" - c F T T
' N= total trials i .
- . . T e th : o W
' T irow m ot -
' B n= ob%ervations_"P=““-“
. . . . Y- e

" To determine significance} the results of P4n) can be checked_

against the null hypothe51s (that transxtlons are random) _at

L

e e

a certaln level of confldente. By us1ng thrs method speoxflce

facies transitlions can be deemed statlstlcally 51gn1f1cant'

and correct facies relatlonshlp dlagrams may be drawn.
L]
L 4 ’ =
J ‘ . !" .
5.2 Procedure . . el K

- In order. for_ Markov chalns to—be statlstlcally corract
column and row totals should be equal although dlscrepanCLes,.
between two oolumnsﬂ'and rows are allowable (Powers~ and-

Easterling,légz). Dlscrepanc1es between column and Low. totalsi

can’ be"aeoided‘a or at 1east dampened by cduntlng.~ﬁac1esf

,transitions' w1th1n sectlons rather than partitioning info“

v
.‘_\ .

facies assemblages as ‘'some. workers have done._ T

. ‘u
~.
- .

-

" Facies transitions were tabulated for sections 01, 02,
s , . . '



;9aﬁdf03 Coarse'and frne member assemblages were separated in

Ve -t r ' u

S gworder to atest for non- randomness lﬂ each.. The problem "of

*_cdlumn totals ndt equalllng row totals was solved by havxng a
4w-‘i." separate tranSLtlon state for the overlylng coarse or fine

T . -

N memberz assemblage (dependang On whlch faC1es assemblage . was

- .
R . g . T -_ S

‘... being | testedJL}vThls ellmlnated unwanted noqse . from the

.. 0 - Ve

"zﬂfaéﬁes .assemblage aWthh was ‘hot. belng tested ““and  still

. . - -
~ ] ~ - X i “) L

- maIntalned equal row and tolumn totals Er051onal surfaces

- .‘- r
g . "\- N

R dwere- tabulated between coarse and flne members only when

-

~ .\' a - -
R -

. - . S A : B

o o .er051onal rellef) and nottat the Junctlon oE every cycle.

- - © . . . .
. e B N S
. e . R . ..
e I o - e M .. - W
RN - R cuT h
e e T .

\.‘: f-hﬁ Results were then analysed us;ng a program develOped by

ol "

Ta e . - s e

. - . N,

_f . based on Powers and.&asterllng s (l982) qua51h1ndependence

i -
* . . "

f'? model for Markov chaln anlay51s and Harper 5 (1984) blnomlal
; prObabllty method for testlng 1ndLv1dual cell -51gn1f1cance.

- N - - b ~

.

;ﬂ: T llmltS (MJ at Q 10 and$0 20~and a null hypothe515 of- : "H :
. : R e .0
LR 'p'>0-,"l‘;0 “{or 0 20) p<0 10 (or"O;ZO.) -__he_nce the null

Tl e ' a. e :
bypotﬁesfs' would be" rejected lf p<0 LQ (or O.20J and the

:;' trans;tlon» wauld be slgnlflcant. In the event that several

e

cells w1th1n the same row had sxmllar blnomxal values hlgher

N . = o s

Coe 'f than ‘the hlghest preset confldence lelts (1 é .. p—O 20), the

lf}_urfr;“‘l'lower value would be taken as the most probable to occur._The_

;i':;; . . T~ whole matrlx was. then tested w1th a ch1 square tes? (d £. —(N—

D D2 . .
1) le ;u51ng observed valbes and «those expected values

A

'*obtalned through the 1teratlon process. The use of the qua51-

L]

it evidence Eor eros1on .exlsted ~(1‘e: . basal : Lntraclasts,

W L', Duke, "and transcribed by the thlS author for the PCJr,_.

Ind1v1dual cell 51gnlflcance was tested by settlng confldence‘



29— ot T e

| . T E : N
independence model fof-‘determining expected ‘celr -values:

L3

validates the use of a chi square test (Harpertlgeiﬁ*!;owers-

“and Easterling”2982):_ B : _" ._:f-- - ff]f
Those values . found to be significant nSing Harper s
method ~ (1984) were then plotted as .a fac1es relationship
_diagram, from which preferred facies transition paths_.were
'calculated using the multiplicative law of probability {P

T
Average lithofacies thicknesses were: then. used along with ‘the -

facies relationship diagram to construct ;a’ the retacal‘_

summary sequence (Walker and .Cant, 1984),, l;<l_;j-

=it <. [

. 5.3 Results . =~ . . ... Y

The raw results for sections 01, 02."_and] 03 .coarse
\ , e ong o o .
E Qéﬂéers are tabulated -in Appendix' 10, while,  the -
. I_'?élat‘ionships and local summary Sequencg\d Y

‘representing idealized cycles ‘pased on . statistically
significant 'tnansitione_ 'aré’ in Figs;ﬁl;SZ, and 33

e

-‘respectively.i“'

Sh . -
+ - .
N S

Section 01 (Fig. 31) sho&é’rﬁat theivéfticalféuécessidn

" . s T 2 - '
was -derivéd’ by a. non random —process (X —94 2 d'f'=§§_.

: significant at the 0 995 level Significant transitions using

1

"thef calculated- binomial probability ceIl values indicate.

three possible pathways ’ The most likely to _ogcur - IP 0 004)
: .. .T
_ is: P -> Sr -> St(c) => Sh et F {see Fig 311.; This concurs

with field observations (cf Table 2) Type cycles are eeen

v,

?
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in the middle reaches f section 01, (eg. BIV AT, -AIT see'

App 29 and are charadterized by thick coarse members with ,cu”
] bases, little if any FU -nature, and sharp tops Variants of

this, type could have a slight fining up 1n the upper quarter

»

'of the cycle.‘f~-\ S R

C LN - : v e

The second - type of possible transition pathway has “a
., - _5
much smaller probability of occurring (P =l.01*10- ) and . has
T

" the following transitions .f.->-3r J$ St(c) -> Sh -> Se -> St

. -> F.. The sequence defines a CUFU cycle and differs from the
first type by the amalgamation of a St unit. ° Field.
observations show that CUFU type cycles are’ the least common

(30% of the cycles in section Qi,  Table 2) and no exact

L

1o

replicas. of type two cycles were found;‘ althoigh wvariants

exlst.

The third ~type of traneition' pathway has a higher

\“probabillty (P.=0.003)_and'has the following transitions: F
;;>'Sr -> St(c)T—> th> Gm ->_ Sh -> F. The preferred transition
pathway defines a very well developed CUFU sequence, variants
. on this theme are cycles BII and BIII at the base of sectiont,

;01.(see'App.2).

ComparlSons between preferred trahsftion pathways (ite.
ntheoretical cycles) and observed cycles show the following
trend- cycles at the base of section Ol are dominated by type
III cycles (conglomeratic CUFU cycles), the middle parts havet:
" primarily type IIAcyclesﬂ(thick cD amalgamated cycles)l while

-
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- -

the ~‘upper parts have type I “c¢yclés ‘(sandstone- CUFU).

' Depositional . epvironments ‘for ' these- sequences will be

discussed in section 6.2.

) . . 1

-

Chi—square' tests on the observed/expected transition\‘

5 2
matrices from section 02 negéte the null hypothesis (X -41 3,

d f —30) at the 0 90 confidence level aASlightly lower level
'than- section 01. Preferred transition ipathways X deing
icalculated ‘binomial probability' oell ‘values; "show ' two
‘orefebred. ‘pathways; .'altnough 'neither nave ver§’ _higﬁ.
confidehce limits. o - |

’
-
PR S—

The,first type has a 0:011 orobability‘of‘occnrring {law

) 4 .
of multiplicative .probabilities) and ehowe- the 'fgllowing.
"transitions: Se -> ét(o) -> St - Se (Fig 320 The oreferred.
.transition 'pathway denotes a FU amalgamated cycle 'and .is‘
represented in section 02 by cycles CII ‘DII (see App 3) he

presence of FU amalgamated cycles was- corroborated by field

observations (cf. Table 2).

- The second type of pathway. has a much lower probability
-6

of occurring (P =4.23%*10 ) and is defined by the’ following
T
pathway: Se -~> St(c) -> St -> Sh —>_Sr,—> Fm -> Se. The

pathway defines a cycle which differs from the first type by
not being amalgamated, i.e. it ‘is a complete cycle.

-

Chi-square tests on section 03 (ng.aa) also show non-
randomness (X =88.0, d.f.=55) at. the 0.995 confidence level.

-
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Significant- transitions 1mply two preferred pathways The

-most  Iikely pafhwa? (p = 0 004) shqws transitions.: Se => Gt
B S - T - o
-» St 7>'Sb”—>‘Fm > Se. The transition pathway outlines _a

well-developed} erosively based FU sequence: _The less

preferred pathway (P = 0. 001) involves -Gm[Gt ->-St -> Sh ->

: DU : T : o C

Fm. -> Gm/Gt with variants found primarily in.the léwer part
. . - I . . [ . . N .

of section 03 (eg. .GI, GII, GIII, see App.4). This- less
preferred seaﬁence"aléod fines-up but is -thicker -and has

multipleirnternal erosion” surfaces.

~

Results from ﬁhé, analysis of the fine-. members

!

(heterolitﬁic facies assemblages) of sectidﬁ 01/02 are
 tabulated in Appendix 10 while the: preferred facies pathways

and summary sequence diagram are in Fig.34. It‘-should be

ndted that cycle BI was excluded from the analysis since it
‘was of a different origin (1.e.’ thick fioodplain successlion) -

'than the other fine members.

K -

L Chi4square .testé show that the heterolithic facies

assemblage from sectjons .01/02 was derived by a non-random
2 B . ; - ‘
process (X = 70.6, ‘d.f.= 41) significant at the 0.995 level.

The most probable (P = 0.0005) facies transition pathway is
MR T . _ .
(Fig.34) coarse member -> Fl -> Sr -> red Fm -> mottled Fm ->

]

¢coarse member. A slightly less significant capping sequence -

is: ...Fm(m) -> Fm(g) -> coarse - member
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SUMMARY SEQUENCE FOR THE HETEROLITHIC
FACIES ASSOClATION |

CM — Fl = Sr —me(r)—aFm(m)-oFm(g)
PREFERRED FACIES TRANstrgaNs'
—+p 0.10.

il 6.10 p 0.20
Fm (grey)

-8m. :
~ Fm (mottled) |

| Fm(red) .

Sr_
. Fl

"CM
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5 0. DEPﬁS‘ITIONAL ENVIRONMENT AND CYCLICITY

’

I - 'Facies}.facies associations and bedding characteristics
l:t-_-suggest. that sections 01; 02 and 03 were deposited ‘on"a. low o

~1gradient braidglain: Channel morphology varies acgording ito

proximity to.sonrce:, proximal‘reaches are characterized by

‘wide, deep}ﬂ gravelly channels while distal channéls.\are

-

sandy, ! shailower' and laterally stabilized by-'cohesive"

»

‘,vegetated mud banks Areally extensibe- floodplains flank

distaL 'reaches. and are marked by mudstone deposition "and

"occasional overbank sheetsand deposits

N

I

lVertICal sequences show tw0 orders of” cchicity’ - the
first,l_oontrolled ”by intrinsic properties of ' the fluvial

'system {autocyclic controls), the-'second. 'reguiated by
extrinsic“controls (allocyclic mechanisms) from outside the

basin. Allocycles can"beicorrelated-throughqut the three

o sections whereas autocycles vary in lateral extent.

4

'6 2 Depositional Environment ®

S

-

Braided .fluviai deposition can be recognized by four
criteria (Steel .and -Thompson} " 1983; Friend, 1983); i)
sand/gravel body shape; 11) paleocurrent variance; 1iii)

[

facies associations and fabric; iv) palecgeographic setting.
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The first <riterion’ for braiding "is sand body shape and

"fs-marked;py'sheet—liké latérélly extensive $ands, which are

P

‘- often mhlti&{oried and lenticular in nature. The lenticular

and multistorey styles are distinctive characteristics
described by many :Workers‘(Friend and Moody—Stuart{lQ?Z;
Leeder,1973;  Campbell,1976;  Nami and  Leeder,1978;

Cotter,1978; Friend,1983; allen,1983; Nemec -and Steél,1984).

‘The second criterion reqﬁifes unimodal low  Qér&ance
paleocurrents. Although iaw vq;iance unimodal §aleocurrents
‘are the norm, bimodality and high paleocurrent dispersion can
oééhr under ephemerai cdnqitions (Mader‘and feyssen,lQBS) and
by the preservation of low and high order channel depdsits
(éénsu Bust, 1978a), thus making-distinction be£wegn‘high and

low sinuocsity rivers difficult.

The third Criterion, fabric and facies associations,
are one of the most definitilvg aspects of braided fluvial
depos;tiéh.‘ Meandéringr rive;s can“bé distinguished from
bra}ded systeﬁS‘ on..the basis of textwpre ., (Rust,1978b).
Texture, sensu iggé is-defined as the pfgportiondof gravei.to
.;and and  is characterized in:méénderihgi "gravelly"™ rivers
(Wabasﬁ, Amite, Endrick) by.localizea gravel lags at the base
of the channel, in which gravel is predominaﬁEly sand hatrixr
~supperted. In contrast;' a framework—suppdﬁbeq fabr§C' is
'typical of gravelly braided streamsﬂl‘Howevef:5 an'.aréumeht:

based on ffamework Suppont may not-by~itself be sufficient: to
¥ .
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distingui-h gravelly single channel rivers (the “wandering
rivers" - of Church 1983 Ferguson and Werri;yu fgaap' or

gravelly anastouosed rivers (Smith and Smith 1980) Facles. "

-

associations in conjunction with the’other criteria provide“e,”,"

powerful method for discerning the type of - fluvial asystem
The absence of lateral accrEtion\surfaces and recognition of
certain types of bar deposits (eg longitudinal linguoid,
.transverse, diagonal) are often_cited aS'charaqte;istics 'ofk

brajded streams.

lnastly[_ the paleogeographic positioning'of depositszne§m
be very helpful in pinpointing. on at’ least bracketing tne}_
iocation of possible braided "fluvial environments. Nonild
genetic fluvisl classificationfschemes,’ like ﬁust's (1978o),
are_ very :useiul for such purposes .In conclusion, no one
criterion may. be definitive in distinguishing braided fluvial
deposits, but the - use of all criteria will lead to

unequivgcal results in most cases.

Sectioﬁ& :01,',162 ~~and” 03 all display) “the four
) afofementionedyhcriteria for fecognition%of' breided fluvial® -
systems The following points were used to discern a braided
. fluvial depositional environment for sections-01, 02, and‘OS{

Sandbody'Shape: i) laterally.extensive sheet-like geometry

' ii) multistorey nature of cycles :
111 lenticular'internal geometry
Palegchrrents: 1) low’ variance, unimodaI (discussed in

section 7)

Facies Associations: i) no lateral acctretion deposits
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ii) predominance of high flow regime

bedforms
iii} coarse- grained units not confined
as lags
_— "iv)- facies associationsg.do not conform
' v - With meandering fluvial models
- (cf. Jackson,.1976b)
e . ‘ - V) abundance Jof large- -scale . Gt Sp.
e . K . 8t Indicative of. large lingueoid and B

crossbedded simple bars

Fabric: 1) preponderance of framework-supported

conglomerates within the conglomeratic facies
association .

Paleogeographic-Setting: i).within a non-marine-basin . -
. ii) paleocurrents and grain size
- distribution compared to basin
gecometry suggests braided
fluvial environment

Within _braided,.flnviai aystem;’a continuum‘=inu‘grain'r.
sizei lithofacies, and’ terttcal prcfiles ‘eniefs. between
. proximal and distal reacheé. The upper part_of section ‘032
}subsections_’ E, F.df displays .characteristicS';qimilar_hto.
kp}oximal to}- distal gravelly ‘braided depositS' (t;pe 'G“ ;
Rnstf1978b). Preferred cycles (Fig.33)f e marked IIéy
lateraiiy entensive sheet~like gravele arranged into:’ §e‘—>‘
| Gt " (or Gm/Gt) “-> St > sh > Fm  ->° Se. : The éyc.:les‘,'- aré
: interpreted' asi deposited within vertically aggrading 'low_
sxnuosity braided . gravelly channels. Common internal erosion
_surfaceshand rapid*Iateralflithofaciee changes'indicate‘ that
ichannels were wunconfined and that 1ateral-channel §Qitcning_
‘must have been aided by fluctuations in stage .luctuating
flow conditidhs are\inferred from type 1 and 2 Gp Sp type bar

complexes and .-from common convex up reactivation ‘surfaces

_(Collineon,1970;_ Jones, 197?) 'The' preeence ofriarge scalei



c}ossretrata ¢>4m,\ g: 'Figs.7,10,25,26). implies that jlood.-T

1 - e

Py

- stage conditions must have persis;eh éong endugh to allow the ;"f

formation of large scale equilibrium Bedforms ' FIood stage

:generated bedforms include Iongitudinal bars~withln shallowe__

.“-. C . -f

channeléw"depositlng Gm, and ligguoid bars fﬁ areas of flow f'

-~ - o

dlvergence_or deeper tracts (Hein and Walker,i 1977), ;:En ce™ ' C
‘debositidé Gm/Gt (Bluck 1979-' Thompson and Steel .1983) The‘; '2%l
predominance of Gm/Gt along with internal erosion surfaces of~“
_vanying- lateral extent (5-40m), in cycles GI—IV (App 4“3, -

suggest that these weae', flood = generated depoeits;,

.

Preservation of flood—stage bedforms necessitates ‘a. .-

R 4

moderately paced decline in flood stage levels, since a rapid

decay in flood §tage‘would.dissect the large bedforms,_ andk

.subsequently destroy them during low stage {eg."Plattedﬁﬁ;Erl

Blodgett and ‘Stanley,1980; . Jones,IQTT)u Hence it '15_:'
imperative that the difference between flood and low-stage be ~.

v LT

moderate (to low) in order to, preserve flood-generated -

bedforms. Low stage. modlfications of the gravels include ”

Y .
draping of lensic sandstone beds on- the sidee or frontsh of'

- bars .. . (Williams and f Rust 1969 _ Ruet 1972 , Rust ~and wr

’Kosterﬂlsa4 Nemac and Steel 1984} which are ubiquitousA kn.

LU . . -. DR

lower. subsection_G; ’ 'f_ﬂ.'“”“_f:l;. -e‘%' TS Fi;sf

. Lo " L - —

LY

Individual cycles in subsection .é; (eg GI II IV - see

o v e
;lﬁpp 4) display a fining-upward nature 1n the uppef fitth ~o£

the . cycle ;Tﬁe' cycles’ are eharp based dh complexly
o . S T

-ostratifded with Gm/Gt with lensic sandstones and internalﬁ{,
_gerosidn eurfaces The aforementioned characteristics, a&&hg_;
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CLos WIth positive skewness of stratal thickness (which ‘suggests
T top truncation of units. sea section 4 3) ., and-thjckucfossbed

L ;SEtS (Often >4m)._ indicate rapid erosive channel switching

- “"

LY el urelatively deep channels (approximately iom, B-R Rust

- : - -~ 4

,:4;_ .;e.‘\ pers, tomm., 1985) It is inferred that sediment input rates

f;%— xﬁu_mh must have been _greater than subsidence to allow -~ for ’the
" IR . N N i ‘...‘ 1+ .

I ;:'}—accumulation\"of ‘thick cycles and the abundance of .internal

A . o ERES H . B .'l' Jbe

R uerosion sunfades-JMcLean and Jerzykiewioz . 1§?Br”i Reduction

- R, ‘ - S

3of ,stage levels 3. e. gradual channel .abendonment) and/or

Lo * Z -
. - .

' xfavulsion, possibly'allocyclically induced {discussed later),

I.'

. e -created the FU sequence and-sharp contatts betwaﬁ% coarse and
. f -~ :
Fi .
s ) fine members * {t_ rs probable that “the FU, nature .was

® N N P
e .-

pT:p;f'_ ’ tectonically— induced since peaks in the moving fine eéﬁsep

ar

percentage« (F% ;) Fig 15) «can he.correlated\\gith thosef of

'sectiona 01, "“a distance of 8 Okm aWay._ The well defined FU .

< ’ = :“

. nature “in the upper part qf these cycles compared to the

v

o - sharp non-PU tops of cycles in section 01 (see ‘Table 2 and

v
.

:,,. ; Y Fig. 83) denotes gradual channel abandonment terminated by in—

- l"“‘
. e . ehannel deposition of mudstonesig N

/A e
hd LR

ofpcycleshin'seotion 03 is shown by the fact

-

YR étac ihg

y that .thezg lower megasequence*.of ’conglometatic facies

N
a1

W S association (1 8. cycles GI ; GII GIV) coarsens-— upward (see
- 1 c :-J-'-_ i -
- o 'AApp.4);"comprises three upwardly thickening/FU cycles and is

2 % -capped by several JFU- sandstone cycles.i.Thewzsuccession is

-

e

o _,interpreted }jaBQUTa series Xof sedimentany, :esponses "to

an |-

reactivation -of hinterland faults f uplift). henceforth

. ':.'.named..the ﬁirst.tEGtonic‘pulse.‘-This iswdn accordance‘ with



similar coarsening/thidkening 'type cYclesﬂthatjﬁnave.%beenl'
documentéd . by'?ivarlous‘: workers (Steel'~:";ﬂ l‘ 1977

-

IHeward—IQ?B-: Rust- and Koster 1984- Mack and RasmuSSen 1984P
as, allocyclic responses to re;uvenation of faults o basin )

“subsidence._‘The‘ capping thinning!flning sequence. indlcates

-|

‘the equilibration of the system as. the’ influence of the flrst T
. tectonic pulse waned _ . 2,_“'ﬁ'_5g

.- -~ [ :

I

Siﬁilar_ allocyclic cpnt;els arejenvisaged for'tha~upper

‘conglomeratic: facies association (eg.'-cycles EII lII'fV? see

-

»”App.4)va1though on asmucn‘smaller scale..- The upper.units of

- "

he congIOmeratic facles associauﬁon coarsen then fine upward

‘r

and are~ bounded by a'.sandstone; facies association.‘ The
smaller. scale'of the unitsﬁf conparedfto thosevof:the lower’

L -

- - -y

conglomeratic facies association, along with ‘a finer rgrain

size (discussed in section 8 4) suggest that this was .'an

“ 1

fallocyclic response to a second less severe tectonic~pulse
This pulse;}s attributed‘to back stepping of. boundary faults-

-or' uplift/in the surrounding borderlands (fupther discusséd

‘section 8.7; Heward 1978 "Fig Sb ‘Rust and Koster 1984). Gm

- e N

is . not - present id the' ‘upper conglomefatic'fassemblage,
Lindicative' of a"'lack of - deeper channels rallowing , ‘the ,

‘formation. of gravel dunes and henCe Gt The upward increase

M

' in the difference between Gt’ and{8f set thicknesses suggests

]

L that :in‘,the lower units of the' conglomeratic succession

- - *

b

.abundant.fgravels Were deposited during flood stage, thus
creatdng large bedforms,f ynereasasandy bedforms deposited
during;falling or - low stage aere;nuch-snallér.p‘ln|the ypper . -

- + ’- - . -
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qoﬁéloméfatic succession the dearth of.Gﬁ suggests deepér

¢hannels, thus enabling sandy bedforms to be comparable in

size to gravelly bedforms..

. ) - . o
In reviewing the facies, facles associations and bedding

characteristics of section 03, a Eransitional-_proximai :t6 '

diétal gravell? braidplain (in between G . and ' G
) & IIT -~ II
Rust, 1978b) interpretation 1s mgst ¢gonsistent with the

-

obsgrvagions. A braidplain depoﬁitional environment-=rather

. than a valley-confined braided river is proposed due to 1its

lateral extent and lateral variability (Rust,1984a). Ancient
analogues might include the Upper Member of the Cannes de
Roche Formation (Rust,1981a; 1984b; Rust and Koster,1984) but

there are many differencdes namely: i) c9c1es'1n subsection G

‘are much thicker, ranging from 16.5m to 40m compared with the

average of approximagely 8m in the Cannes de Roche; 11}
cycles found in_section 03 can be laterally correlated Iinto
sections 02 and 0l, hence. indicating overriding allocyclic

cpﬁtroisr on sedimentation, whereas cyéles in the Cannes de

‘'Roche are interpreted as-autocyclic;‘iii) the Cannes de Roche

_;s_‘interpreted as a valley-confined braided river. A more

app;opriate analogue,‘ althéugh glacially cogtrolled, may be
ihe:d}stal Skeidarasandur (Iceland) at flood stage (Boothroyd
and Nummedal,lgja;‘ E}gs.lla,llc).l The migration of linguoid
and',longitudihal bars under uppef flow regime conditions.

would deposit vertical sequences akin to those of section 03.
P ' o

The addition of tectonic controls (or cycles of glaciai

advance/retreat) to a Skeidara-like system is envisioned to

i
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: . ) - . . 0. L ) ca - ‘ ) ) .
. create . the' .laterally extensivé capping FU beds . for .each
) S : - “ - T

‘tycle..

.
A a

. gré#imal-‘bréidplain' deboéi%s, alfhoudh; te¢tonical;y
zlpfodu;éd are ﬁbt'drganizedl1ntq.éhal¢er scale cy;fgs' which
“ﬁight_ rrep£éqent 1ndividua1-pfégtahic’ pﬁlses {Rust " and
Késter,l.g\all) as seen‘i'n' alluVial fan'dgposi‘ts' (eqg. - Stéel et
al.}1§77; Steel and Gloppen,1980; Muir.éﬁd Rust,1982). Rust
and :Koster . (1984) argue that the influéﬁéém of -1ﬁdi§1dq§1
tectonic _pulses- isﬁ lost duei.to fluvial trangpdng,"thus
‘gedimentological. properties are of autocyclic oriéin. The
arraﬂgemént -of the lowér cpnglomératic facies associat;on'
_1nto.-an overall CU se@uénce coﬁprising three distinctive
FU/thickeninq cycles 1mpiies that thése individual cvcles
haée? been 1nfluénced by individual té¢tonic pulses - hence
the allqcygiic —natgre was not_”overprinted by autocyciic

mechanisms. ' This may be due to the very rapid subsidence

rates gccurring within the Cumberland Basin (0.69km/Ma, after
Bradley,1982). Therefore the downstream control may indeed be
alJoc?clic‘ if tectonic controls such as" fault - reactivation-

and/or subsidence are.stfong enough..

Section- ‘02 is characteritic of distal pebbly braidplain

.'debosité (between S ~and G ; Rust,1978b). Preferred cycles
co : IT1 III

"jﬁ(Fig.SZ) are characterized by: Se -> st{c) -> st -> Se. Tﬁe

preference for . snch'. FU ama;gamateﬁ cycles and low
probabilitieS'for fully developed cyclés {eg. Se -> St{c) ->

5t -> Sh -> Sr -> F -> Se) along with intraclast strewn

&
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internal .erosiqn suffacésvdeﬁofe"fapid channel "switching
within unconfined braided tracts. Channel avulsions, although
common, were not as frequentﬂas in sedtioﬁ 03, as indicated
by a greater pefcéntage of mudstqnes, and thicker mean cycle
thickness {Tables” 2,3). A decrease in-éet size (Tablg i), and
smaller .mean bed thiékneés {Table 4, see 'section 4.3{
indicates shallower channels than section 03. The much lower
perce;tages of gravel withiﬁ these channels also allowed the
formation of largerﬁéandv\bedforms within the higher order
channels, -which in the proximai reaches wefe doﬁinafed by -
gravelly bedforms. The presence of Eothﬂgravélly and sandy

bedforms in these higher_order channels hence pfoduced a

decrease in the différence between set thickﬂess.

Flood-generated bedforms within these channels commonly
&reated sets greater than 4.0m (eg.‘cyclé DII), as in section
03, ‘indicating that fiood‘stgge persisted for long\ encugh
periods to allow the formation of such equilibrium bedforms.
Falling and low stage modificatlions are noted from type 1 and
2 Sp-Gp type bar' complexes, reactiﬁiation surfaces and slump
block;; ?luctuating sgége conditions, botk waxing and waning;.
along with an exéess of sedimenf'i;put over_subéidence rates
pFoduced the abundance of Internal erosion surfaces and
incomplete cycles.

The presence of common internal erosioﬁ'su;faces along

with the lateral extent and amalgamated FU nature implies

that the cycles were allecyclically controlled. Completely
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developed cycles (eg. DI;'DIV see-App 3) are commonly found J
only at horizons laterally equivalent to FU" cycles.:yithin
‘section -03 (cf. Figs 15 16) Lateral.tracing of one suohr
unit (cycle“DIV) shows a’ gradual FU nature in: its most
proximal exposare' and a non-FU sharp upper ' coarse member
‘contact in the most distal locality thhis example shows thep

)

_lateral transitions between the well develpoed FU capping

beds of‘ the proximal cycles and the sharp non-FU upper’
contact of_the distal cycles (cf. -Tables_z,sl.lThese cyclea.-
as witn their lateral equijalents in section 03, are thgught
to oe overprinted by allocyclic dontrols which triggered the

avulsions, - hence creatling correlatable cycles between both

sections. . °

¥ Stacking of cycles in sectfon 02 (subsection C} does
not show the same distinct overall FU/thickening-upward trend
as in section 03. Probable correlations with cycles from
section 03 are shown in Fig.35. Sediments shed from the first
tectonic pulse are seen in cycles CI-VI and DI (App.a) while
those from the second pulse include DII-IV. |

.

A transitional distal gravelly (G )’to proximal sandy
{s ) braidplain environment is envi;:;ed for section 02.
Poéiible ancient analogues include the Devonian Battery Point
Formation (Cant and Walker,1976) and the Jurassic Westwater'
Canyon Member ({Campbell,1976).°* .The hformer dispiays FU
amalgamated ‘c?cles internally stratified by trough crossbeds

and abundant planar cross-strata, formed during low stage by
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laterally migrating transvefse'bars.. Planar cross-strata are

. v

not as. abundént':in: ééction 02 as in the Battery Point
Formation, ~ and do not show é.large paleccurrent divergenge:

'For these reasons they are thought to have formed during

* flood stage. The Westwater Canyon Mémbe:, although lacking -

planar crossfstrata} .may be a better analogue. It comprises

)

"émélgamated FU ‘cycles arranged into 3m to  33m sequences.

capped by Sr and'mudstonés. Campbell (1976) interpréteq this

sequence as due to- coelescing braided stream’ deposits

-

.terﬁinated by floodplain deposition. The main differeﬁce

bqtﬁeen"tﬁe Westwater Tanyon Member and section Q2 is in the

dearth of planar cross-strata in the former.. This may be on

account of short duration flood stages, which did not allow

the'xpredominqntly sinuous-crested bedforms to equilibrate

with the flows. A modern analogue to section 02 may be found

'in the distal reaches of the Yana or Scott outwash plains,

Alaska (Boothro?d‘and Nummedal, 1918). The'disfal reache§ of
the Yana R. are. SOkQ from the Malaspina glacier and are
characterized py 4m Fﬁick FU cycles compriSing‘ large.‘scale
cross-strata (St or Sp), which.pass into Sr, Sh, or . Fm:
Lateral to the distal reaches are marshes and - swamps which
help st;bilize qhannels and create.leveed channel margins.

b

During flood stage breaching of leveed margins - may produce

crevasse- or sheet—splays_(Gersib'and McCabe, 1981; Fig.11;

Boothroyd and Nummedal, 1978, Fig.13a).

Section 01 displays' thfee preferred types of cycle

(Fig.31) depending on their stratigraphic location. Type III
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3 -

cycles (conglomeratic CUEU) are seen near the lower parf of

the section, above BI, and comprises F -> Sr -> St(c) =-> Gt -

> 6Gm -> Sh -> F. TIype I cycles (CU) are found in the middle

parts of the section, laterally equivalent to.qycies produced

by the first and second fectonic pulses in section' 03, and
‘consists of F -> Sr -> St(c) -> sh -> F. ,Typé II cycles
_(sandstone CUFU) are found above the former and afé made up

of F -> Sr -> St{c) -> Sh.->:Se -3 St -> F,

iConglomeratic CUFU c&cles afe,interbfeted:ag formed by
a'combination of laterél encréachment of.a‘Bf;ided ﬁfact upon
its marginal segiments (i.é. depoéitiqn within ;léw order
channels) énd verticgl aggradation -(dispusSEddffuqthér" in
section 7.4), followed by deposiﬁiosliwithin 'high order
channels andf‘finally lateral migration away from the site
“(i.e. graduél channel abandonment) . Sandstoné CGFU cycles are-
formed in the same manner. QU éycles (eg. BIV,BV, sed ApphZ)
are also formed‘ by lateral encrdéchment _and 's?ﬁchrénous
vertical aggradation upon marginal sediments, but differ by
not fining;up and havinq a sharp upper contact with the fine
member rather than a.gradationai cdntact.. The difference
between gradat4ona1 and'sharp ths 6f cycles refleéts lateral

Ll

migration (or gradnal abandonment) ' and .avulsion,
respectively. Avulsions, as seen in cycles BIV, BV, CI (see
Apps.2,3) are-thought to be tectbnically induced since they

can be correlatea between sections 'while lateral channel

migrations are autocyclically controlied.’
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Fine member preferred séquences-are‘as ‘follows: coarse
. member -> P1 -> Sr -> red Pm -> mottled Fm -> grey Fm -3
coaréé-ﬁemher (Fig.34). The lateral extent and high ratio of
Fr.-;nd Fﬁ indicate deposition on floodplains (previdﬁély
'"discussed in 3.2.2), created by overbank deposition into
abandoned channels (Miall,1985). An upward iﬁcrease in Fr
{and ‘decrease in Fm) ‘and Sé (decrease in Sh) dendtqs
incregsed channel stability and lower compétencé) which‘d;s
reflected in an incréaSe in vertically stepped channel -
margins, thinner coarse mémbers_and thicker. f}ne members.

These changes are lncurred by allocyclic controls and create

the upward increasingly distal nature.

Compilation of cycles démonstrétes the saﬂe patterns
seen in the proximai section (03). The lower sequéﬁce- shows
Eraided depoﬁits (conglomeratic CUFU, eg. cycles BII,III)
that prograded over marginai floodplain {meandering?)
sedimen;s indicative of initiatién of the first téétoﬁic
pulse. Subsequent thick amalgamated non-FU cycleinwiﬁh cu
baseé.(eg. BIV,BV,AI, see App.2) reflect distal braiaplain
sedimentation intercalatéd with episédic 'allocycli&ally—
:induced avulsicns which created the&sbarp:tops and fhick.ﬁ;ge
members, Internai-erosion surfaces within'these_thick cyelés‘
formed in response to sedimentat;on rétes that exceedeé“
subsiéence rates &McLeqﬁ and.Jerzykiewicz,lgja)‘as p;eviouslv
seen iﬁrlaterally correlative cycles in section 03. Cycles
above thé'seéond tecE?nic_pﬁlée (cycle AI) return to the CUFU

motif but differ lithologically from the basal ones. The

~
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brevalence of sandstone‘QUFuwcycles with thick fiﬁe .mémbérs
is attributed to diminution of seédimentation rates i.e.
subsidence exceeding sediment inpqt,l.thus' creéfiﬂg more_
stabilized  channels. Thg. éppéarahce of thick %ﬁqlgamétéd
sequences thefefore\appéars to bé coh;rolled by sediﬁentation-

‘ . . 0
rate > subsidence rate. Assumiﬁg constant subsidence rates

(as inferred -from Fig.4, Bradley,1982), the tectonically

controlled sediment_;input ‘rate is the dominant force in
deterﬁining cycle architecture.

A diéfal sandy braidﬁiain.(s ) environment .ié‘:moét
coqsistent.fwith. thé observations éiscussed _anveyr,Anciént
distal bréided:fluvial ana]ogues'display%ng CUFU;type' cyclés
are not - gndwn 'to the author, although ghey“haye ‘been
aoéﬁﬁented iﬁ.aliuviallfan environments (Muir and Rust, 1982) .
fhiéker éﬁqlgamated_sequeﬁces-(cycles_BIv,EV,AIyrape simi}a;_

in character to those from the Westwater Canyon Member

(Caﬁpbell:léYG), previously discussed.

I~
o

1
1
‘o
i)
e
e
=
FU
o)
=
-
Iv-l
w0
//

R '
7.1 Introduction

Paleocurrepgs“ ar§ a very important diagnostic tool in
interpretiﬁg many depoéitional enﬁironméhts. Fl?vipl gysteﬁs
are‘ oftén‘_dESCr%bed as having un;modai .paleocurrents; the
dispersion frqm thg mean being used to classif} low and high

sinuosity rivers. Low sinuosity fluvial sysfehs {eg. braided

rivers) are often characterized as having a. low variance

h
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while high sinuosity systems display a high variance (Selley,
 1968; Walker and-CanF. 19?81. ..This common characteristic\is
"sonewhat idealistic - since - there is a, general increase hin
.directional variance with oecrease in the size of the current
indicator (Allen, 1967; Miall,1974). Hence low sinuosity
"shallow ibraideo streams nay create_ moqefatéiy - dispersed-
paleocurrents. :becausef they form predoninantly smalliscale
strucrures (Smith, lg?ﬁ; Rust, 19?2;.Can€, 1978;_Martini5ano
Salas, 1983; Hader and Teyseen, 1985). Paleocurrenfs also
'aiverge depending where'in the_channel they .are neasnred
(Williams_and.Ruat 1969;__Cant and Walker, 1978; Hein, 1984) .

The proper interpretation of paleocurrents‘ must therefore

M,

rely on careful comparison between the scale of the current
indicator and the vertical and lateral positioning within

the outcrop, and not merely on a lumped ‘aggregate of

readings.
~7 2 Prooedure

Paleocurrent Iindicators of 'all types - were neasured'

-

wherever possible for each‘cyole {eg. trough crossbedding.
sole marks, parting lineation et cetera). . Each type wae
kept as, a separate caxegory, . hence maintaining fhee

.sedimentary srrqcture 'hierarchy (Allen,1967- Miall 1974)

"Most Wreadinoa are'from the coarse member;' since there was a
dearth of well exposed current indicators in the fine member
heterolithic assemblage. "The ;presence of large ‘wave-cﬁt

platforms allowed ‘greater confidence .in paleocurrent
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"7 a Dlrectlonal Statistics

e tied

i

"determination from higher . rank structures such %asiltfoagh

cross-strata “and also permitted stﬁdies .gn: ln—ohannel

variance. Abundant fOSSilized logs exposed_alonp the'.clitf

-

gections'. also provided important : ipformation about

_paleocurrents and flow negimes (McDonald and Jefferson 1985)

*

However log Orientation is quite variable- depending _flow
regimee-and"site of preservation.

2 -

- - . - -

Data collected were-correctedjfothéotooic dip"on a

_ stereonet and the results can be  seen in Appendix 11.

Two dimensional orientation data may be analysed uslng
cireular distribuxions- spherical distribution statistics or

eigenvalue and eigenvector.analysis (Mader and Teyssen 1985)

The first method being .the most common. will be used in this-

- -

study. - - _ T

-

Circular dﬂstributions, especially from _Cross- strata can

tbe approximated using a wrapped normal— (Gumbel et al.,1953;

‘Curray 1956) or a Von Mises distribution (Mardia 1972) The

.h
latter is the most appropriate and is defined as:

k COB(Q—M )

 fo. m ) = (17201 (k)] e 0
Lo ] 0. ) } : .
: 0 < Q < 2
' k>0 .
! - ‘:' d <n € 2ar
) ' h 0

‘where ‘I (k) 1s the modified Bessel function of the first kind

0 -

".and.order zero;



. . -~ |
- . - . o [
- ' L . b - PO
: - -3124+~ '
4 " - v -
1 - . ¢ N . -
. rt . b .
. N L] T
. B i N AR
1. o . "" A 2
e , - - .
) B

et gar '_ L U U

Con T (k) zlfrl (1/21:) " where 3. ='mean direction, k= v
- B 7T I L 0 .. e
e concentration parameter ®=l‘a”.r§udom -yariable

L —.: ‘ “r. which is Von Mises distributed R f: .\uﬁ*"¥ L

The Von Mises distribution is unimodal hence the need fqr a .

|v.

concentration parameter and is symmetrical about 0- uﬂ. ’The=*
‘ N L0 .
Von Miees distribution of cross-strata negates the use aqd-‘

- ..

' valldity of Gauseian test statistics -(E;U_ AgtErberg pere

- comm.,1984; cf. Miall,1974,'197&).$_ ' ; f: : : :JQ;Qi‘} “;if
' * I R . - SRR
B P ¢ o

o ﬁ o ’Mean circular directions can be derived from the Voﬁ'

.

Miaes distribution (Mardia 19?2) and calculated using vector R
R

summation (Gumbel et’ al 1953 Gnrray 1956), that is,,summing : .

the components parallel ta. the orthogonal axes.:fi ﬂ-j:;:,}; J"?. ;W;‘

't.ifv--:E:u cos” 0 NS component n = unit vector With azimuth & T
- e i 1 . i . l:i‘:; . ’ 3 l

W ‘ﬁ:n sin @ 'EW componert. e '_;‘_
o - . '.|:] ‘-I _ i - . - ' o . ' B ---- __._.-." ) . : f o v
v o1t . ' ; IR N )

Sl
It
-
o
D

'(R[V) mean azimuth, » f_7f71¢ - S _f‘-l;”

Measires of dispersion can.be calculated using: s
S 2.2 1/2; - : SR
e R =TV 4 W.J © where R 18 the vector atzength which .
-can- also be expressed as a percentage .- )
s N
. ) : 1, .
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S ThE'Q c1rcular standard "deviation (Mardia,1972) -. can  be
e - el ) . . et S B
_ N S
Galculated asrﬁ:-\#‘ i

R co T2 e T
- =5 = =2 {1l -5 )] where § = 1= R/N.
s R N : .0 .
e - sa T Dow - = 5 .

Statistical’ significance was verified using a :Rayleigh ..
test, defined as: - - '

L hdl

- T 3 -
. f,‘. R -~ »
2 - '

Lo

" The null hypothe51s*(H ) 1is deflned as the probabzllty less
ST e o .
than O 90 of a number belng randOm- -

— .o

R P'<50-90 ; H oz p 5'0,90 o PRPRAR

. a". 4. . -

-

An altetnative Raylelgh test (Stephens 1969) is defined for a
small sample (n<100) as- “.L ke

. B - L
SR L R e Cog e
o - L . - . Ry . - .
—a N X o RN R N ‘ .
R R/N t s _ .
- P I N - .
. e i . . - N ; n
Lt . A‘g, . < P LI . .o
T o .

R can’ then_be tested at A certaln '

level of confidence using
.'jappgoprlate tables (Mardla 1972’ Appendix 2.5).

- . . :
arg"chlrSQUaEe: distribyted

léﬁdét;fﬁhén ‘100; rit and can. be
apptox1mated to-” SRR '2?'~Ll:rl B '

Sample

-e..

'kp;%fzﬁﬁ wlth n- 2 degrees of ﬁreedom -

- =
LT
N . i
- E - . R
. - - . - - D " Ar '_.‘ . . . [
. e e et R T =
. - . A - B ..

AR ST , .
v‘TeSthQ - f'351901flcant dlffereﬁces between Means.- is

. . .
.
' - .
. ~ .
; N

T )
R . - T~ "
S .

1f R > o 95 then °F JT o= (U %)\(R‘+oR “R)/ (n -~ R -
. g ln2 ".', 1 ) . _ 1
w1th 1 and n“2 degfbes oE Ereedom



At R > o 70 then P ‘_7 = {1+ 3/8k} ((n-2) (R"+ R -~ R)/
- 1. 1,n-2. I 1 2
n-2) (n;R = R }] R oL e .

W 1 . 2 . "‘ . . - '-."‘ . ‘. A. .

LR . o .
k 1is from the Von Mises distribution and is 'ob%hiﬂe@ by;
- - . A .
knowing R (where R = R + R ] and cross referencing it with
L . 1 2 :
Appendix 2.3 of Mardia (1972) or Table 2 Of Gumb'El . et ‘all

(1953). . The null'hyppthesis is rejected if the test value is
- R .
greater ‘than the P value atci*O 05. . -

.
»

Results forf the. mean, ‘Vecfor stfength, and‘significance
of results are ceontained in Appendix fli ﬁh&le results from
computations-oh statistical differences between cycles-cén be

' seen in. Table 6. o e

s

7.4 Intrachannel Variabi lity

N v

Intrachannel paleocurrent variability is “defined as,f

paleocurrent lyariationdi becurring“wifhin a given braidead’

.o s
- *

chahneli_complex{ : The-,pEIeécurrent dispersion, ,created. b§

migrating pedforms, an& other'paleocurrent indicators within

‘these . migrating brafded channels can be seen in the coarse

members of c?cies. In geheral cycles .are characterized by

7following succession-'“ basal sole marks ifkl\gting a

angular deflection from - the cycle mean; -low ‘'variance
iﬁ—channnel paleocurrents and high dispersion -in  fining

_upward beda at the top.. ) - ST -

K

4
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4

. Basal sole marks within sections 01/02, and especiallya

e

e ‘- 0 . . [a] ) E
cycle« mean (averdge variation is 8.3 ,. s = 48.3 ). This- .
D T
contrasts with the low deviations from the cycle mean found '
-0 .
within section 03 cycles (average 18 7. ‘The presence of

scours and- fluting at the base of CU- type cycles, ‘along with

the divergent paleocurrents suggest that lateral migration :

was dug- to flood induced breaching of .leveed channel margins

n'

Deeper, less stabifized (i e. 'nagn-leveed) channels in section

‘r’

03 allowed unrestricted migration of ‘braided channels, hence
/ B

there” was less divergence between the sole marks and the in-

"channel ﬂeposits - Similar patterns. are described by ‘Peel

(1972): and Smith tisaa) in \anastomosed reaches of the

. . . . ’

Saskatchewan and Columbia Rivers where new channels are

created by avulsions which initially started :as crevasse-
splays Thus breaching cf.leyeed margins ,in anastomosed

:
- - -

rivers_uis hypothesized to create.a sequence showing ~ basal
sdle’ 'marks atrangles diverging from the original channel
. - e T, . . .

tFend followed by Sr, also at dfverging angles, and finally

.fin—channel deposits (St Sp) thch divergé‘from the original

: channel trend but by a- much lpsser degree- than the underlying

-

crevasse splay deposits (Cross and %mith,lgeﬁ)._ A lower

s

divergence within _the.’ newly created in—channel deposits

’

‘(combared to .the original chahnel trend) is expected since
higher order structures leg channels) diverge less from the

.} grand«vector mean than smaller order structuree (Miall, 1974)

r v - -

Cycles displaying such sequences pommonly are seen in section

.

Q1 (eg.‘,BI-V, AI«III,' see App 2). Although vertically the



-128-

¢
signature implies éyulsions similar'tq .anasthosed- systems
the lateral relatiozshibs-are,uncharacteristic qf anastémosed T
deposits. Vertical and lateral sequénces through anastomosed
deposits are characterized by bertically aggrading sandbodies
with ‘limited léfefal extent, hibh‘.depth-to—width: ratios,
steppgd channel bases and abundant floodplain (wetland)
deposits (Smith and_Smith{lQBO; Smith, “1983; Rust-and Lequn,
' 1985; Rust et al.,1984). CU and CUFU- type cycles from '
. section 61’ differ in that they are . laterally extensive,

“implying uﬁbestricted-lateral channel shifting within braide
tfécté, cbnfiﬁed laterally by areally extensive floo@plains
and subdued levee deposits (terracing is unlikely due to the
rapidly agérading' nature). Breaching of these levees Dby
flo;ds, tectonic tiltiﬁg of the pléin or as a consegquence of
aggradation of active channels could then avulse the system
into an area with_a more favourablé energy gradient (i.e. the
axis of maximum subsidence) thus creating the ﬁbserved CU and
CUFU-type cycles and lateraiiy extensive Eloodplain dépo$its‘
(Filg.36). North—sfepﬁing vérfical ~ mudstone/sandstone
contacts along with a pfogressive noftherly shift in -the

paleocurrents (discussed in 7.5) suggest that the plain was

adjusting to uplift in the south i.e. the Cobequid Highlands.

In-channel paleccurrents generally show a low dispersion
about the cycle mean. Moving vector strehgths (Figs.37-39).
vary between ' 60.2% to 98.4% (i.e. standard deviation (s )

o o D

varying from 50 to 9 )} with lower values borrespdhding to

thigk cycles emplaced by the fifst and second tectonic



Fig.36. Formation cf new braided tracts via
crevasse-splays. The arrows show the
. diverted path of flow. The rectangle shows
. the typical sequence expected as the
crevasse-splay advances into ponded waters
* ' and creates a new braided tract: F ->
Sr -> St and eventually Gt if the main
channel is diverted. '
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'-oulses’_ UIn' general cycles from sections 02/03 have lower

vector strengths than 01 Lower intrachannel dispersion in
section 01 is attributed to stabilized channels which did not
-aliow rampant channel migration _as~ in . t ‘ deeper ggg:
'stablized channels of sectiogn 02/03, nor the‘fordation of low

stage-induced ‘ cross—channel bars . {Cant - and Walkef;197§;1

PO
- N “

Walker and Cant,1984).

v
-

variations  between constituent - in;channel.'lithofacies
show no'consistent trends. -Paieocurrents frohAGtﬁand St were .

measured at various localities within sections 02/03 ;(Taoie

5) and show significant differences atm O 06 in only three -of

the seven locations.. Differences between the means range
: 0 S L0 ) . .
from 1.6 to 30.3 . Dispersion of paleocurrents for St angd

Q ' s

Gt - sHow an average 'standard deviation of 26.4 and ;0;2

‘respectively. Frequency of standard deviations for IShd and Gt

at 19 sites is plotted in Fig.40 and shows modes at 25.6—3025

for 'St and, 6 20.6-25.5 fer Gt.  The lack of ~ overall

-

paleocurrent trends between in-channel facies suggests no
detectable patterns were developeéd within the braided

 channels.

Fining- upward beds which cap cycles often show a wide

deflection from the cycle mean. This is  mostly seen in

* plane-laminated beds '(Sh) where the deviation ranées from
2.6o to Qd.éo from the in-channel mean (average deviation is
4;.6?, s = 38. 10) Tgn_to twenty;degree‘variations in the
aﬁerage_ gaieocdrrent for small—scale St-in.tne uppet ‘narté

e S L
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TABLE 5: STATISTICAL COMPARISON BETWEEN PALEQCURRENTS FRQM Gt AND
. UNIT ~ COMPARISON o Loc gl s " wn ¥ SIG
Coe ) ‘D1 - 'D2| . L
: D7 Gt-St ©oat 2°: 52.3°-31¢6 23 9.35 0.01
Co e  Gt-st ¢ at 3" 23.2-29.7 18 2.44" -
IR . : Gt-St - at 100 23.7 33.1 13° 3.08 -
. b9 . Gt-5t. ) ) ... 36.3 37.? 22 4.15% 0.06
,Ln . Section E . St-Gt . 49401 "i8.1 13 4.14 0.06
-G§ st-Gt B 29.2 23.0 88 2.i9 -
L G8 | St-Gt . — .26.1 .17.4 16 ~1.03 -
. LOC = location where sémpling-odcurrea
s = standard deviation of the first listﬁngf. ‘
' - D1 ‘ ) . o to
S. = standard deviation' of the second listing
D2 e : :
- N = number of observations N
F = F-test (Mardia,1972), see section 7.3
¢ o .
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. deflections between succesaive cycles reflect " regponses to

-

_— " -136- _
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.are commonl(eg ‘ upper ahd middle parts of . cycle “ﬁIV * App.
il). Fining upward beds are interpreted as deposits of higher'

topographic levels. hence deflections are caused bv oblique.‘

sometimes orthogonal paleocurrents.from gradually avulsing

ﬁbraid;tracts'onto‘the channel margin sediments.

-
-

Lateral paleocurrent variability throughout all sections

can' be studied using correlatable sequences - 'comprising the

- first and second tectonicl pulses (Fig.41,42). Uppermost

cycles ‘belonging to the first tectonic pulse were used

' (cycles_év, CVI, FII, GIV), while cycles belonging to the

_second tectonic pulse were: divided into’ upper and lower,.

hence, allowing studiee of the overall vertical and lateral

trends. In'. general lateral variability does not-range higher.

e
than 21 between adjacent sample sites .in th proximal
o o

Sections (02/03) for the lower pulse, and 33 for the higher

one, - Much darger variations are seen in the‘distalreection

'(014 where paleocurrent differences between adjacent sample
o}

'sites are as large as 51 . Larger variations in the, distal
. :

section are attributed to an increase_ih sinuosity, ".or  lower

paleoslopes.

'Interchannel variability is defined as ,paleocurrent

_ variations‘ between cycles "~ Each cycle reprEBents deposits

from a particular braid 'tract whereas.. paleocurrent

»
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-channel 'avulsion (autooycl1c ‘ar allocycllc) and tectcnic:;5

i

tilting .of the alluvial plain (allocycldc controls)

- “ P
£

.
.

Successive ‘cycles from ﬂection 01 show that within njine

~ L]

transitions four were signif:cant at the 0.06 level l.e.

44.4X of the avulsions " had paleocurrents ' significantly

different at the' 0. 06 1evel from the preceding cycle (Table

6 gy the four significant deflections, three were located
-- .~y "' 5 d . '4_

}ﬁ‘ the upper parts of section 01 (subsection A) whlle only.

one was found in the lower part (subsection B). The average
L N . " OA ’ - .‘ . .
deflection in section 01 was 27 . Section 02 shows three out 7

of "~ six recorded transitions were significant at 0.01 (50% of-
the avulsions had significantly Qiffenent paleocurrents at

the‘ 0.06 level from thefunderlying'cycle) with two of the

significant deflections occurring in subsection D (Table 6).

The average deflection between adjecent”cycies in section 02
o T . i
is -'32.3 . . Inm section 03 of eight successive transitions

. seven were significant (87. 5%),at ‘the 0 05 level : with: an
: o : ~ O '
- average devietion from theupreceding_cycle of 41.Q

- .
————-—-_\___‘“
Results from analysis of paleocurrent dev1ations between

sdccessive cycle transitions _Ashow conclusively " that

deviations are largest in the proximal reaches and decline

with-gistance away from the source ; This may be on Aaccount
of two factors: = i) stronger ~allocyclic =imprinting in

’ prox;mal afees and/gr; ii) stabilization of channel switching

N ™

by vegetation in the’ distal areas. "The proximal Iocation of

deposlts from section 03 suggests that switching on alluvial

-
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. TABLE 6: PALEOCURRENT DIFFERENCES BETWEEN CYCLES

Ty . .
.V .. " - COMPARISON , ¢  © & - F SIG,

N e . ' j 1 ’ 2 .

©oosnh 0 ALII-IV : 103 . 34.6 31 97.8 0.0l
CCEL L AIRIT - 99.8° 77.0 30 6.95 0.05

St e AIT-TID 77.0 103 22 . 5.27 0.06 ;
LN, AIV-Ye o 34.6 ., 51.8 19 3.60 = -

3% BI-II .126.9 1i5.6 21
©Jws] BIV-II 4 120.37 115.6 26
ki BIV-V 4 120.3 v 81.7 21

[

.26 -
.09 -
.91 0,01

-] =

‘wm . CI-II A 7314 66.4 22 .71.95 -
T cvI-II - '  130.1 66.4 - 28 11.8 0.0l

o DI-TI ¥ © ©156/1. 126.6°'8  1.92 -
"L e DIII-IL . 136.6 126.6 19 2.53 -
k. .0 DIII-IV - ' 89.8 1237 23.2  0.01 %

S ot T e DY~IV 75:0 ,°89.8 130 4.04 0.0l

- - breb

—
w
- h
¢
[a,]

Loio.0 GI-IT , B82.3 69.9° 107 4.839 0.05

;*i-::; GIV-II . 118.8 69.9 53 21.9  0.01 SR

Coio e GIV-V y ,ﬁ?‘ .118.8 35.3 28 . 30.8 0.01 R
i ?f? GVI -v. _:”:‘100.5' 35.3 - 5 55.5 0.01

e E FI II : 85.0 ' 710.4 31
- :£;—11 : 126.6 93.1 25
S EIV-II 67.4 93.1 22,
“LRIV-V 67.4  169.2 17

.0 -0.05
29 0.05
3.9 0.01

PRI R

w
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HV—IV v - 74.3  69.0 10, 3.13 -

‘CQMPARISON ="Comparison'of palébchrrents between two cycles
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F test (Mardia 1972) .. .
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fans, controlled by episédic fec;onism‘énd/or autocyclicity,
may be -réspcnsible for-;arger'v$riatipn§ in. the proximal
~reaches than in the distai areas. Stabilization of distal
braid tracts by ébu;dant végetatiqn; ~levees and ‘more uniform
slopes also aided in the lower'deflectibn in- paleocurreﬁt

between successive cycles. L -

Vertical paleocirrent trends between cycles for sections
01, 02, 03 are plotted as moving averages in Fig. 37-39.
Section 01 (Fig. 37) shows a sinusoidal-like curve with a

'géheral northeééterly to southeasterly trend and: a 'gradual
* ) . " K o . . . 0
upward northerly shift in paleocurrent from 126.9 to 36.6
o ' .
(a deviation of 90.3 ). - A linear correlation of

'strafigraphic height versus paleocurrents shows a . slope of
0.4go[m {r=0.84). The- moving avefage is marked by minor
pertubations aﬁd .a slight southerly deviation in cycles 'AI.
(upper), AII, AIII, which is correlative with the third peak
in tHe moving gverage.of F% in Fig.lz. Section 02 (Fig.38)
shows an upward southerly shiffrih éhbséction C and a markéd-
northerly shift in subsection D { a deviation of 73??9
between ]both' subégctions). : Stratigraéhici height and
paieocurrents weré also corfeléted for subsection D and
showed a rate of change of 1.46?/m (r=0.98). A gradual
pvgrall »ﬁortherly shift (deviation 14.401 is seen in seétion
03 {(Flg.39), with thél most rapid hortherly {géfleétion
(maximum deviatioﬁ of 56.90) occurring withinl the 1distal
‘ upper_cdnglomeratic facies assemblage {in subgection E} . ?nd

the san@sténe facies asstgiation overlyling the lower
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Conglomeratic facies agsemblage. ' Corrélationé éimilér {i.e.
stratigraphic height versus.paleocﬁrrentj tc the previous two
‘denoted: i) no significant trends in the lower
gonglom;ratic ~Assemblage {(r=-0.24); i) rates of 0.860/m
(r=0.97)) and 1.73 /m (r=0.96) for proximal and distal
equivalents of-the upper conglomeratic facies assoclations.
‘ : . _ )
Rapid northerly shifts ig paleccurrents are apparent in
- the upper‘parfs of‘all three séq}ions. This rapid shifting
corresponds to- cycles;deposifed dﬁriné the second teétonic
pulse aﬁd hepqg 'the_trend‘is interpféfed as -a ‘northg;ly
tilting of theﬂallgvial plain due. to aliocyclic mechéhismé.
This 1is corroborated by Fig. 41, which fﬁowé the latefaily
correiative Qradual northerly shift in paleocﬁrrehfé- béfWeen
the first_and second tectonlc pﬁlsé'(éé.;_gnits Al3, B7, él-
5). Thé sectionwide .correlatiﬁe hatﬁfe‘:of paleocurrent

deflections indicates overriding allocycllic controls must

‘have been in effect.

The.. lack: of any consistent paleocurrent trends in
éediments shed from the first tectonic pﬁlse_ i.e- lower
Eonglomefatic faéies assoclation and subsecfon C, may
indicate . that rapid sedimentafion rates precluded-any minor
changes. 1in. -the gradient of the“alluvial plain caused by

tectoniéﬁ. Hence proximal braided reaches did not receive "a

.

&

strong paleocurrent signature indicative of progressive
tilting. Even though the vast majority of avulsions in

section 03 are stétisticallyldiffefent from the preceding

I
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cycie (previously discussed),i “the ;defleetions are not
' organized into a: consistent oﬁéréﬁl patyéfn; impl&iqg  a
rapidly’ aggrading éyé£emf“whosg_drainage-*pattgrﬁ was not
;controilgd by subsidencé'r;tes i.é.:_eedimeﬂtation rate s
subsidence rate. ‘Iﬁ confrast,i:distai .reaghéé show»:an
excellent correlation be tweer paléoéh;rénts£an&.stratigraphic
-hefght throughout thé_égction,-‘.rhis-ﬁay be éue to either
sugsidencg rates {(or "tilting" ratesi gxqgedihg Sediﬁénpatidn

N

rates or a decrease En‘sedimentation rétes. Thus any teéfbﬂic
‘aq¢4v1t§ Causing tilting or_subsidence of fhe basin created.a
pfefgffed migrationA of braided tracts towards the‘.axisf of
maximum subsidence (Bluck,1976; &lexander'ana-Leeder,fQBS}:_
'_Se@dments from the second tectonic - pulse {fhe'-upper
Vrconglomergtic faclies 'asqpciat;on;and lateral équ;vélenté)
cdnérasé‘with the first pulse gy.being figer-graiﬁed,"th;gner
and‘. showing .a'vvery. good linear correiation - betééen.
paieoéﬁrrenfé, and ptratigéabhip he@ght. All these: faétqrs
indicate ‘more distal deposits which méy havé resulted from
eitner back-stepping of boﬁndary faults (Heward., * 1978;_

) &
Gloppen and Steéel,

1980) or peneplanation of. upl#nds. The
progressively more distal nature allowed ‘subsidence to
overtake éedimehtation rates {i.e. Ca decrease - in
sedihéntation rageé), thus creating the very gooa correlation
between pgleocqrrents and stratigraphic height.

{

Maximum paleocurrent deviations have been used by Miall

(1976) 1in conjunction with Langbein and Leopold's (1366)
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emﬁirical equatioﬂJto retheAanguiar paléﬁcﬁrrenf: rénéé"to
‘sinuosity in-&ncienéasedjments. The'equafion.is converteé to
degrees rather than fédians as in‘tﬁe origlnaluequation; ‘and
is of the form | .

_ 2
sinuosity = 1 /1- (@/252) where 0 is the maximum

angular deflection-

Results for section 01, ,02, 03 are tabulated in Table 7.
Results show average sihuosities of '1.05, 1:08 and 1.01 for
sections 01, 02, 03 respectiveily - all within Schumm's

{1968) designation for a bedload river.

Although this method has béenAused by other workers
(Miall,1976) to determine sinuosity in .lithified sedimehts
its wvalidity ;n this study-ig suspect. The presence of high
corre¥ion coefficients between. péleocurrents and
stratiéraphic height over la;ge thicknesses of section |is
suggestive of :allocyclic controls: (previously discﬂssed).
This “implies that ‘_successive braid tracts §ou1d
preferentially ;céféggh laterally in one direction (upder‘
qnidirectional flﬁw) with‘no ensuing change in sinuosity.
The equation is élso defective by not taking into’account the
thickness over which thgldeﬁlectiéﬁ'occurred and hence the
test may be detébting alIocyclicfincﬁrped deflections rather -
than ~pure qutocyplib variafionsi It seemsrimperétive that
proper testing of briiééa chan@el s}huosiky should ﬁée only

within—channgl. variations.. 'Otherwise, testing successive

cycles may only show allocyciicall&—induceq .variations
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TABLE 7: SINUOSITY, -

L e o7 S
SECTION  CYCLE ., CHANGE( ) THICKNESS(M). SINUOSITY

. 01 . BI-AI - '59.0 " 140 .
.- 7 . -+ AI-II  67.7 - 35
‘AII-V 63,1 : 30 -~
AVERAGE o T

.06
.02

07 .
.05, °

[

LT u

L 06
109
.08 -

02 CVI-I ~"60.9 75 L
. + ' DI-V ' - 718.3 . 60 "
. AVERAGE - .. . -~ *+ .°

O e e

.00 .
.02
.00 L
.05.
.01

03 HIII-HV B2.8 . 72
HV-GVI -/ 37.6 - 70
GVI-EIII '10.3 . 80
"EI-IV 56.9 " 40
AVERAGE - -

e SRy S Ry

.00 .
.09 7
;01

04 LII-V : 17.3 45
LV-I.IF 71.7 - 210 -
I III-IV 27.Q - 15
I IV-VI -36.0 - 25 .02
I VI-XI 39.4 45 C1.08.
AVERAGE | . - ' : "1.03

(T T

CHANGE = pa_leocurrent' chanée between compared cycles

THICKNESS = thickness over which the change occurs -

. '\\‘
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bepweeh braid tracts,' in cod;rast with pigh sinuosity::ivers

for which ppépe; sinuosity analysis _ would . involve
*  measurements made‘betwéen'Cyéles{ - : S,
. . : e .. oL
.+ 7.6 Paleocurrent Rélétionships',l - ' ‘.

In ,ordeg to getra;ﬁétter_yhderstandin@‘6f"félaﬁi5nships

between - paleocurrent “frends and - other sedimentological .

parameters, & series of correlations - wére conducted.
: o . L e e N
Fig.43 ~ shows -relationships--' between ' “the - angular

deflection of a cycleﬁﬁrom'the preceding _ohe*‘veESUSA:the

_thickness. of ‘the coarse member. ° Thick amalgamated . cycles

from sections 01/02 (eg. BV, Al DV, see.Apps.2;3)‘we;e-not'

-
. o

‘: included " since  individual FU .seqpences coild not be

.+ .discerned, . while sandstone facies assocliations were omitted

4
1

"~ ,in section 03 due to their large vériations'from the overall

28" - - e . . ’ . . . _‘ . - - _-'
trend. = The results fOr . séction 01/02 show a  strong
correlation  (r=0.727 - and’ 0.731 respectively) between

paleocuréent'_ﬂéviqtion -and' ééér§e7 %emﬁer‘ thickneséf amq

:similérf _SiQpeS“ (m=%.q89)m :and ,;l,8§O/m ' reépectively)f.
e Aithough these. cqrrelaﬁionu.valuésfére.large.;hey _aEe not
' -Sign}ficéﬁt et5l=,b.0§.ijséétiéh03'§hogs-a.wea5co;ré?atf%h
’(r=0;3353, and a:legsef‘élbpeu.fﬁgb.j%éOZﬁj.' -Although " fhe
szgll saﬁple siéerid nét égléw‘ é%atféiic;lly Aéighiéicanﬁ
;. results,. -the. trend$ Timply ﬁﬁgt: di;téi 16q~‘aﬁd’ CUFU-pype’

1 4 1

.cyéles have a larger &eviétiop if_the iesuktihg avulsion
. N ' ‘ " ‘_ ) ] ' _. -
involves a . larger- braid tract than :a> smaller one - {an

autocyclic control), which .contrasts-with' proximal - reaches

' . . T !
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 where deflections between cycles are.bnly weakly'reLatéd . to

~ the coarse member thickness, and hence the magnitude of the

deflection does not vary with the size of the braid tract.

- The lack of consistent relationships in proximal reaches may

be due to: 1) insufficient data or ;ii) allocyclic

overprinting: of auteccyclic mechanisms. The presgence- of

‘allocyclic controls on sedimentation in the proximal reaches

{previously -discussed) suggests that the latter is probaﬁly

more likely. ' ' . ) .

:Fig.44 plots therangular deflection of a cycle from the

preceding one versus the moving average grain size. Section

+.01 shows the strongest correlation-(r=0.60)'and displays an

.iinverse relationship, section 02 displays a poor inverse

relationship ‘(r=—0.13) "while 03 dispiays a -weak . poéitive,.

correlation {r=0.34). Results from section *01, althaugh
. st&tisticalLy /insignificant (at ¢ =0.05), hréflect ~ the
.increasingly distal nature upward, 1i.e. as the grain- érzé.

decreases upwardly the deflections between -successive -ch;és

also increase, perhaps due to increased sinuosity.  .With

increasing proximality the inverse relationship becomes
' ‘ SN e et

weaker and finally switches to a weak positive one in

section 03 showing that coarser-grained proximal channels, are
more likely to have a larger deviation than finer grained

ones. The CU nature of the majofity of the sect;bn suggests

once again that allocyclic controls mist have played a  vital

role in the relationship beétween inter~cycl¢ deflections ' and

grain size,
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- 8.1 Introduction

Al

A Se;ies of analyses " on dlasté were conducfbd ‘to
alupidate Qeftical and. lateral trends in' fluvial s£§le
provanadce, allocyclic controls and transportatipn modes'

- fﬁese .tests included gatrographic analysis, graln_ alza_ "

Taﬁalyaia;. angularity studies, and clast provenance studl;a-
ﬁeédlts reveal: - gradual dOWnstream diminution-of grain siZe
‘laapid. dhanges. in. angularity in proximal portions aqd -ﬂ¢'
"@arked} dhanges in the distal reaches; a predoﬁinanfzi
'Caledgﬁiah- Highladda' source throughout the section with aa.i“
'dpgardly- Ancreasing cla;tf bodﬁonnnt. from ;hé Cdggquid‘
gighlahda.llfhésé resdl;s also aoncdr'-witﬁ findings' from
paleocdrreﬁt séudies (discussed inlsedtion lO.al.
._.}\ b e . ‘ ‘
8.2 §£§i§'§izg

8.2.1 P ocedgre

. . , .o . .
. ) . .
. ’ A .
—- L .
\. ) . . . : 5
’ ‘L. .
.

'Field procedure for clast analysis involved: measuring
apparent "a" and "b"-axis:for clasts with "a" axls > 1.0cm

‘,(the degise of induration did not allow removal of clasts

1)

from ‘matrix), angularity classification using "an image.

domparator (Powers,1953; Fig.1}, detarmination of lithology.
and photograpﬁing the locality for subsequent calculation ‘of

R maﬁrix percentage. This method- was done for the largest ten



clasts (MPS of BIUCk 1967) and theé mean 100'claats The mean_ o

i'lloo clasts were selected by first locating the area having S

ustarting at a point and analysing each ad;écent clast :ih%'a‘}f
concentric fashion until 100, clasts were measured. Thﬁs‘yaef

‘ done for every cycle, and If the cycle showed’ 1éte:éﬂ”123"

compare the .precision of the two methods. -_The MPS (mean. ..

'.1967) and has been shown to be very effective,'in.conjunction -

’ﬂrather'-'than mass depositien - It thereforé seems

.inappropriate ‘to uae grain §ize descriptors which are based

o R S A . -

-i51- - . - J. . N \'-. . -""" - -

LB . o - o - L

the, largest clasts within a cycle (1ags' excluded), then--¢;

¥ *

randomly picking a spot within the area Once the area 'was

7picked . clasts > 1, 0cm were systematically analysed by. ;-V_

continuity the procedure wae repeated at various intefvals{r
. . ' ‘ . .

8.3 Comparison betw een MPS and Mean 100
) - . - T .on T
The MPS and mean ‘100 were both measured iIn order .to-w -

particle size) 1s based on the largest,ten .clasts '(Bluck, s

with bed thickness - (BTh) -in determiningf and classifying,"

" sediment gravity flows (Bluck,1967:; 'Steel,1974: - Gloppéen and-

Steel,1981; Nemec and Steei I984). {TJuxtanosed with fluviait

~

"environments,' correlations between MPS and BTh have shown no_

sibnificant ‘relationships due to the contrasting 'mpdes .of‘
depOSitinn._-.Unlike sediment gravity floﬁs; fluﬁial deposits -

LN

"-are characterized by "grain -by- grain" mode- of empiacement ‘ R

. , th . .
on hclasts larger than thefJO f.percenti;e (Andrewq,lgeal,

n
\

'Fdf-.eg;: reason,. the meah 100 ehould‘be a better meaeure of |

grain size.
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;..‘ S . ..‘: ‘ | 1 iy . . . .—‘ .:‘.‘ B ha L3N
p = . N .M . b :._ ! '.'.i ‘- ;:“ . .
v ‘ i ’ " ‘ - ’ .\
T rn qrder tq test the suitability qr uﬁing the MPS ‘for'

fLuvdql gravels the MPS for each sample locatioﬂ was plotted

versus the mean 100 If the MPS varied on a one torone basis

withc the. mean 100 a perfect correlation‘ _would result “but
sdnce‘sorting plays a factdr. the correlatlon Has expepted to

-+ - P

deviate-from the ideal Fig 45 shows the ﬁorrelation from 55

Eample -sftes and reveaIs a moderate correlation .coefricient

- ‘-n~‘ 1’ .
oft r = 0 65 . The lack of a strong correlation between * the
. . .. N . X2 \ .
two. demonstrates tbat the MPS is not a precise .measure .0f
éfeih ;siz@ and“hence could not be used with’ any certainty to

detect minorhchanges in distaJ/proximal conglomerates

~ . . N

* 5 i R .
SR T 2 - L -
8.4 Vertical ‘and Gateral Tretds. in' Grain size . ..

R
. .. .
T . " '

‘Verticel and - lateral trends }n the moving grain size:

. Fr by
‘ A v

-average (mean: 100) for the'three sectinns are plotted in

Fig. 46 48 while the raw data are.tabulated in Appendix 13,

5
A ;! :. \
- 4

Beside the moving grain size _,the moving nofmaliZed standard--

'(‘,.1" . ;

_deviation for the "a"‘axis ;s alse given, The normalized

= - - 1Y

{standacdv degiation ;i% ). isﬁ normalized'witH respeEt'to “th

. : -"' ,‘ . '_N . .

. .mean "a" axis (S = %{meaﬁ) and is,a relafive measu:e of the
. o LR T ’

sorting:i.e. ’ thoSe with ppor sqxting pave Valuee approachinq

K

'l.d*-;p; even exceeding inp ~while low va ues Indioate good

. I - H

' sorting (zero would be perfect sorting?._- The ‘normalized

S
b . ' .

standard deviation has-* been termed ,%hel‘cqef;icient of

- - ~ r'_-' i

variation by Church (1972) ib.his.studiee_qtﬁdodetn outwash

plainﬁ. ’ ' '.:.\... '_" 'z .o ._-'. L ~ H i‘: >
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Section 01.-shows an overall "FU trend Wwith two high
points labelled :i and 2 ianig.- 46. The lower peak shows
conglomerates . sharply cverlying 'tloodplain sediments-_and
fining—up to cycle BIV. This sequence is: 1nterpreted as. an
initial response to the first tectonic pulse ’ :The .second
peak comprises a CU sequence ending at the lower -part of
cycle AI and is interpreted as ‘a response to a combination of
the ;irst and second tectonic pulses . Ths_ remaining FU
_seduence is due to equilibration of the alluvial system to
hinterland faulting S |

J

Section- 02 displays a cu then FU trend witH one major

:peak labelled _3 .in. Fig 47 ' -The cu sequence reflects_
”“’progradation ‘of sedimcnts shed from the first and hiecdnd

‘ltectonic pulse while the FU sequence implies relaxation' of

tectonism in -the hinterlands {Heward, 1978) . | T
‘Section 03 displays an overall CU trend with one major

peak (Fig 48) corresponding to the first tectonic pulse: A

" peak forlthe second tectOnic pulse is not readily discernahle‘

from the moving average due . to flow, values - over- and

underlying it.: Thevcappfhg sandstone facies associations

show a rapld decrease in grain size reflecting'a‘ quiescent

“pericd in hinterland faulting.

Lateral trends between sections 03, 02, of show a

gradual northward decrease in clast size from 2. 73 cm to 1. 99

cm respectively. Similar trends are seen ifi ‘laterally

7
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exteﬁsive'cycles such asHDIV,’;FI, and GI (Fig.49). Linear

regressions on 1ateral_grain size variations show cycle DIV
“ has a downstream diminution qate'of‘0.19cm/km (r=0.67) with

minor fluctuations caused by deposition within various orders

of channels. Much more rapid diminution rateés are seen  in
éeaiments from thé first tectonic puIéeﬁ ~b.§5cﬁ/km kr=0;96)
for.chlé\FIland'bl36cm/¥ﬁ (r=0.99)" for GI;.furﬁbefﬁore rates
at ‘thée .top of the CU sequen&e (6.§5cm/km) are much faster
than those at the base (0.38qm/km)% Diminution rétes‘é£ﬁthg

top of the first tectonic pulse are slightly . less. than
. ) : P N . : )
‘reported | values from the midreaches of the‘ Scott , braided

oﬁtwash | of l.ZSém/ﬁm,7 {Booghroyd andl Asﬁiey,lgbf);'the‘
Elfa_lugad.,San-duﬁ (l.'SOc.m/km,' Fig.37 of Church  and
;Gilbert{L9733-“apd greéte?~than:£ﬁe midreaches of the Kni%
gRiGé} Lio.éﬁﬁﬁ/kﬁ} ;takéa' from kilometre 10 to 6, Fig. 37
Chhrch and‘ Gilbert;L975). Assum;ng that CumberlanA- Basin

"clasts ‘proximal to the source rang§d.betmeed 20cm  to  30cm,

and diminution rdtes were 0.95cm/km, the -source lay between

-t

21km and 32km upstream, which is consistent with proﬁenance

édonian,Hidhlands.

[

from the Cal

v

Appatent +a/br ratios were calculated for all sample sites

in order _to see'if‘élast shape was a'fuﬁcﬁiéh'ofL transport -
'(Tablé BJJA Aéparent a/b'ta£ios for subsectidns b“tﬁf;;gh-to
G. are\;ﬁébhiated in Table 8 for thé_mean 100 and"the wMPSfi
Combsrison;yéf 'a/ﬁ ratios to Ziﬁgg,Shape uéiaqgama J(i9ﬁ5)
. indicates tha£ 'clasts lie_wiihin.ﬁhé.bladed—pfo}ateg‘fieia;

field observation on "c" axes suggest that the glasts, would

£

I
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TABLE 8:

"a/b RATIOS FOR SUBSECTIONS 3-G-

UNIT

b5b
D7c .
D74
.Dle
p1f
D1g .
D7h -
D71
D7j

«E7a.
E9

.Fd4a
F4b
Fab(il)
F4c
F4d

G2
G4
Géa
G6b
Gsa
G8b
GBc
Gsd

standard deﬁiatioh

- -

A/B

,
[T I U W A SV W)

¥

-
’

b b gt s e b e e

.97
.51
: 75
.86
.53
.79
.63
.60
:71

.56
.59
.57

42
.49
.59
.61
11
.56

.41

.18
.45
.49

.55
.61

.43
.75
.56

MPS

O@Om-IW0 O~

o]
oy

all

;

L2

axis

& v .
ER
1
: Y
[
\ .
! |
L
MEAN 100 = .
A‘/B . ) S v o
: D
1.50 G.97 -
1.61 0.97 ,
1.63 0.99 R
149 Cl.24
1.75 1.41
©1.57 1.38 .
1.56 1.18
. 1.56 1,44
1.56 '1..38 .
1.58 d.os "' -
¢ ;
Y “’
" 1.55 ° 1.41.
1.62 1.31
1.58. 0.05§
1.63 193
1.63 1.37
1.59 2.6
1.68° 2.14 ,
1.63 0. 04. ‘
i
1.66 1.47
1.60 1.97
1.585 .. 1.61
S 1.61 2.71 4
1.60 2.12
1.63 1.69
,1.:63 1.47
1.53 . 1.70
1.59 .
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..be .eldser_.to bladed than.prelate..: There are ,no:fabpafent‘

,trends 'relating shape and the mean 100 but the MPS for

f'subsectlon + D shows 51gn;f1cantly hlgher a/b ‘ratios than ~§ne '

" other sectlons analysed Lateral trends 1n extensxve cycles"

~

(Flg 50) shgw 1ncreaSLng a/b ratlos ln a distal_ dlrectlon.

Thls ;may,sreflect' either  grain shape \chanées'awithin an

. . . - ¥
- . . * s

1ncreasxngly dlstal fluvial env1ronment,,.where'eqnant gra;nS“““

[

transported by tractlon_ would. become more prolate with.

~

1ncreas1ng transport dlstance or selectlve tranSport {heavier.

equant gralns left behlnd B.R. Ruet, pers. comm.,1986)

4000 . - -

L Y * . R ¥

8.5 Vertical and Lateral Trends in Sorting‘

Studies’ of modern gravelly 'braided outwash plalns

A

-(sandUrs) have shown varlous relatlonshlps bétween graln size
and.sortlng (ehurch, 1972:- Bradley et'al.;l972- Church and

Gllbert, 1975)' Cemmonly, graln size decreases downstream as

- . ”,

sortlng lncreases and hence the converse 1s also expected _to-

be true e, towards the upstream reaches the size increases
4 K

‘while sortlng ﬂecreases., Studies on prOxlmal fluv1al gravels

i
i .

demonstrate,‘,that -as sortiné lncreases 'the'—graln size .
decreasesf_(Gnstavson‘l974) wOrk »by Church '(19f2), ,and
'Church andt Gllbert (1975) ‘on the Ekalugad sandur in Baffin
Island essentlally showed parallel trends between the_ mean
grain‘ size ‘and the:standard devlathn jxue. no downstream -
change in ”sorting even thongh' grain; siie. 'decreased).
‘furthermore, -they noted that sorting«depended on where the

gravels were deposited ~-. those in the channels were better
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better sorted than those on subaerially exposed bar surfaces.

qunstrfam' changes in éed;ment sorting have been
attributed"téJ a myriad of-.causés. Russel (i939) first
.suggested. that rapid aégradatibn'and extreme v;riafions " in
disEhafgq\ promote .gooa sérting. Russel's (lésé) latter
suggestign seems unlikel? since:flood stage will éntrain’ the
vast~’ majority of Elasts' and low sfage' will .only winnow

' granules, -hence . creating .a  poorly sorted deposit.

Bl'lssenblach' {1954) concentrated on' the relation between

mechanics and grain size pbpulatiohsjto state that :sdrting‘

"was a function of: i) range of particle .size; "ii)
lira;sportatioﬁ and depositional mode;‘  Lii) distance of
transport. - Bradley et al. {1972) _ demonstrated that
dqﬁnstream increase in 'sorting- Qas _d;e to vseiective
deposition ‘rather than aiminution of grain size. “These

-

»_resulfs contrast with Church's (1972) work on Arctic sandurs

¥

" in which sediment sorting was attributed to selective

transport rather than selective deposition.’

In 'order to better understénd ﬁossible_ relationships

between grain size, sorting (S ), -dbwnstream transportation
G ) N ) . !
and ‘allocyclic controls, vertical trends in grain size and

_sorting wexe plbt@ed (Fig.51). ,Sédtion 03 (Fig.Sl) shows a

lower €U “sequence {the first téctonic pulse) comprising .a

. lower ~part showing a decrease ‘in sorting and an upper part

which. increases .in sorting . The .lower part, showing an

increase in grain size (from cycle HV to GI) along with ™ a

.
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'decrease 4n sorting,l displays what might typically be found

in proximal reaches {Gustavson 1974) . This can be explained*

by understanding firstly that small grains in ‘a non~dniform

_ bed wi{:nbe hidden in the turbulent wake of iarger particles iy

and sec
]

particle over smaller particles is much’ less than that needed: _

to entrain a. small particle over larger ones (Andrews, 1983

particles 'b.s to 4 2 times the mean diameter in naturally;i

1]
r -

sorted™ river beds -.an, be entrained at . nearly the" samef

dly that the shear stress needed to entrain a largerf

Allen 1933) Experimentally Andrews (1983) .has shown, thatz ;

e

discharge regardless of depth and henCe clasts between 0 35cmi

v L

to. 4.9cm (for cycle GI) would be entrained and depositedx at‘

, -

approximately the same discharge ~ thus,'treating poorly

. sorted deposits : This same relationship between sorting and

\ of either selective deposition (Bradley. eti. 19?2) 'on<
'selective transport - (Church and Gilbert 1975) The rapid

i+

grain size is seen in- the CU sequence of section 02

. . _ : : @
an-increase in grain size and SOrting'(i e. sorting and grainif

' t

size increase'upstreamr; These results differ from those o{
- - .
Bradley et al.’ (1972) . Church \ (1972) Church d

/ /‘

Gilbert (1975) and Gustavson {19?4) wLo 'report eithen a -

downstream increase in. sorting (i e. grain size decreases<and

‘;sorting increases) or constant sorting values ihe exact

t

cause of the sorting variation in section 03 may be a :esult

_aggradation: rates inferred . for cycle GIV along 'with the

increased grain size_indicate possibly higher c0mpetence”

) o ) " . L4 R o .::,-, s
Thq. upper part of the CU‘seqnence in~section 03 show§

JAPRTI
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' flows which might bave been able to Suqund a larger fraction

of - the fine populatldn. thus alloﬁing‘elutriation of l%nb’ :

.. "" ' s‘ u.‘

* fines as suggested by Church and Gilbert 11975?.~; Selectiwe

déposition 'may be a more, difficult eXplanatdon iﬁuoke
‘since the entrainment/deposition of clastsb ranging rrom

0.48cm )tdm‘s 7cm (from cYCle GIV) could bq achieved bY xtﬂe'; "
‘same _ approximate dimensionless criticél"shear sfress

- - . ’1- e e

Similar trends 1n sorting and grain size are SEQn'ln Ehe Cﬁ_ L
3 UV ‘_. 1 ..' . &
sequenceé of section 02 (i q sediments fr m th sgcbnd o

tectonic‘puise, see Fig 51} .? ‘j:[f”.‘% B -o‘f ‘z;jnft'ﬁ;éf;y
The FU sandstoue facies associatio'“

[
oty .

?conglomeratic associafiog in Peotion 03 shows upwaYd
increase in sorting typidal of a progfessivei? drstal iluviak

environmené (Fig SIT,' 'The basa} part ot the FU aequenCe ffn;% E
: section"oa. *andtthexEU congloméno;io.facies oboookations ;t

1r

ca Ping tﬁeﬁ'doﬁe}}

,r.. ".-.._"

:

- vy K H A Cou "‘.'.'.
] et B L'.; ¥ o

" the base of snction-01 all show the same trend.l VL i

5 . . P .

ity Q" PR v, LI

. X RN ¥ . \ AL .

S - .- 3 . \‘ - . . . N '-. i . '
. e, . . R ‘, .

The_ CU' sequence cprrespondihg to the second tectonic '}

pulse in’ section 03 (Fig 51) shows %ﬁ ecreaso iﬁ..sort*ng

«!
.

similar ‘to the beginning,of the lower CU sequence 1n aectidn\wﬂja
' - » 9 o :. Do | :
03.. No similar patterﬁs are %een in seqtion 02 ”ﬂ'rgﬁyugj;}ju

. - . [N AP
> . . R .
. . n = e . ' “ e ’

3

Cycles dominated by sandstdne lixhofacies. such aa.those
from section 01, mostiy dlaplay antithatlc 'relationships

5
between grain sizeiand.s P - aclaat aize is’ proportiohal

"N . .I . .‘. ) Al . f'l
to sorting. v . N P ;.”
- ' N 5. v : . :‘-
. B L . : L
._'The Ccu sandstone.sequende‘in section O1 shows. an h?ﬂéfd']
A : . T ’ EE ST A
° : o | . -

6 - . i - ‘;&,'
- . : : -
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increase 1in sorting, similar to those seen in CU sequences

from sections 02 and 03, and is interpreted as a response to

increasing proximity to the source,. The capping FU sequence
. - . . h

shows a decrease'followed.by an increase in sorting (Fig.51).

® Lateral changes . in sorting show a progressyve dista'l

.increase in _the average sorting values (i.e. - poorer
sorgrng) from S =0.589 (n=22), to 0.459 (n=19) to. 0.426
(n=10) 1in sectrgns 03, 02, ‘01 respectively. . Laterally
extenéive cycles such as DIV (section 02) also show a graduai

distal increase in.sorting values (Fig.52) over gkm.

8.6 Grain Size Analysis

Grain size analyses at various locations were calculated

in order to determine the distribution of the coarse grained

=
fraction and possible mechanisms of deposition. The well
_;nduratéd matrix did not allow the common procedure of
sieving ~and -~weighing various size - fractions. Instead,
™  agpparent grain size-diameters ("a“ axis") were measured,
L y . . . . b,
siLnce thé‘jrue diameter could not be measured. i
- The 'proceduré first involved photographing the sampled
v . .
=% ;locatidn in order to-later calculate ‘-matrix percentages. An

! acéﬁa;e” §heét_-'wds then ruled with dots seﬁaraﬁed ~at  lcm

phopoéeqpivgleﬁt intervals (megn'grain size calculated from

-+
~ -

clast ..count at locality) and'ﬁlécéd over thef‘photoéraph.'
- 3 Lo "-"_. 1

' (K
o

-



o

MS

.. N
(A1Q 3T0AD) 3ONVLSIQ SA.

S

Lo

\/\

mho ays m_nEmm




=169-"

AL

Glagolev type traverses were then conducted on the photograph

by counting whether a clast or matrix 4matrix defined 1as;

anything smaller than* one“ spacing-.'}e;g-oﬁél centimetrey”

underlay \th dot Traverses héré varied -across‘” tne

_photograph until 200 points were completed Percentages? of
. - .“‘4!

matrix. and . clasts were then caICulated (Appendix L41§'.The

- o

'percentage ”of matrix varies between 2?% and ?5% with tne‘

.

-percentage increasing towards the distal reaches Fregquency
'distributions (from field counts) at 1/2¢ intervals for

. clasts ranging from =3:00 to —8 0¢ were tabulated for each

-

locality./ ' These ~ were then converted ,into cumulative

percentages and corrected for the percentage of matrix using

" . )
N .

the following equation

15 . " -—

B =Rt G)/ 100] PR S

“where P - = cumulative % of the i.. fraction™ - AR
i San, e et

p. = cumulative % of: coarse grain i ' fnaction' S
Cl o Cal i LT e e v

C = % clasts o :'Ct-‘-'g o il ftii

M = % matrix . ; k o o R 7-_Jf.}2_if EORRTRERS

The data ‘were then plotted on probability paper.‘(éigzea)::nm}“

halfway Ebetween each class interval /ite; f if tnef~claesﬁf:f;f'5-

-

interval is -3.00 to —3}§¢ then it is plotted at -3. 25¢ QIQ.iﬁ.iw:"

[

v .

' “
P

‘The resultd from laterally extensive cycle DIV are shown

in Fig.53 and reveal .an increase in ‘the mean up to —3 85¢

< e

along with an increase in the coaree siZe fraction {from 12x

v

in D7a to '62% in D7g) in an upstream direction ~Grain:‘srze-“‘

A

analyses on’ several cycles from section 03. (FI GI GII) show

the. following vertical trends: an upward increaee in thef

i . < . ~
S . ~

- - '\I;
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coarse Eractlon from 32% tq 62% and an increase in the mean

.. grain® s;ze up to «4 0¢ (l 6cm)

a

‘The  convex¥up shape of the curves is 'typieal of 'the

e

tracthn poPulatlon LMlddleton, '1976), the lack of any sloPe

break (excepp: for sample D 7a and D Sb) suggests 'that, the

lntermlttent $UspenSlon populatlon was not sampled and henceﬂ

na

1t is- hypotheslzed that sedlments betwéen -3 25 ¢ and ‘-6;75¢

v@jwere' transpotted by predomlnantly tract;ve ’ processes .“
(Mlddleton and ; Southard 1984J fff:h' n'r*"){ B —',ﬁ;,
: S.Fitlast-fithofyge Analzéis-?n _Q‘ _f - . .;'LNE{'

- "

Trends: in 51ze, abundance and angularlty were analy?ed‘

-}
»

for lnd1v1dual clast 11tb0types in order to learn more about

1
v

w

allocyclxcxty and provenance. Clast llthologles were d1v1ded.-

wlntﬁ. ffougp ‘ma]Qr _ classes:» ' ﬁelsxcst-' 5111c1clast1cs,-

‘metamérphics, and others.
mete C ;

N . Lo T 1
'

“The 5111c1clast1cs grdup‘isithe most’ abundant -and < 1is

"made . up of sandstones, mudstones and quart21tes {Cla%sxfled

urider”* 51L1c1clast;cs _and not’ ﬁmetamorphlcs).

Sandstones -

- comprise bariogsly colouted fine to.medium -grained - guartz.

1

arenites,: red medium grained guartz arenites, and brown

medium. to coarse grained arkosic arenites. Mudstones = are
.l . . -, . [N . R Coe .

_made‘up‘ofﬂgrey}- brown Qf'blaék mudstonés. (and shales); ‘and

‘brown/grey siltstones. - Quartzites (petrography discussed in

' 8.9) are USualiygfine'to medium.grainee and range in .colour

- -

n



AN T N L

o B '. a ' . . o
_from white through grey, and red to green WLth grey be:ng the e
most’ oommon..;‘ f L S

S - X - . . RN . .- B

" The felSlC QFOUP comprlses syenltes (lncludrng quart; =

"fsyenites ‘n-and,rr quartz poor ‘ alkallne ﬂ- granltes),
w7 ’ o
.traChYtES/DOrPthltlc _ rhyolltes. ~~gran1tes .and . follat%d-~"

granltesr (feldspathlc gnelsses) and constltutes the' sepond

S A

bl o L] A [ e . -

‘most abundant group‘-, I nﬂ' 'f_*"g=

. The metamorphlcs are :a‘mlnor group compr151ng 'green e
- . . .

-dphyllltes and green SChlStS, whlch are nofﬂrepresented at all
lsample 51tes.~ ﬁThe-"other group constltutes multlcouloured.-o .

bk-«t

‘ cherts and. white veln quartz.

4

* 1

1 . M . . o
. ' .

fPerethages for the varlods clast llthotypes are found
in Appendix 15 whlle tahulated averages for esubsectlons'-A

ey < 1

‘through G are seen 1n Table 9 General trendsffrom Tabieln9

~

- v

show' an. upward 1ncrease 1n the percentage~of fe151cs and

_narked patterns in the 5111c1clast1cs. y‘A plot of the movag'
pevcentage - for each clast llthotype for sectlon 03 (Eig.54)‘:
shows " an Uupward anrease “in felslcs, “and vv:decrease:,in

Siliciclastics. A simllar plot for sectlon 01 (Fig‘ESSQshoGs

-a close'resemblanoe to shapes Seen-ln»Flg;5¢f dlfferxng only _'-.{
.in their magnitudes;- The much larger percentage of Sandstone ~
clasts fn; &the dlstal settlon (OlJ suggest ’elther' closer
proximity_ to the sandstone source or a greater prOportlon of

'ﬂbroken rounds. omParlson between Flgs 54 and 55 reveals

equlvalent peaks ‘'in the 51llclclast1cs/fe151cs Llabelled 17
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. and 2 respectively) at much higher stratigraphic levels in

T

-,

clastic wedge

- - o . - . B o . E .
8.7.1 . Progradational[Retrogradational Trenhds  from . Clast
- Analysis R IR - TS T -

E s A .,

Venxical trends in the grain size and abundance maxima‘:

;are commonlyfused to delineate progradation/retrogradation of

Zsediments shed‘from adjacent uplands Results from this study-f

&

i;show ’that dissection ‘of the moving grain -size: into-'its:

i . LY

'/_.

constituent components oan.aid in.the determinaﬁi::;dij _the
) one by*

type: and location of orogenit'eventsr vThis can -

-

understanding the relationship between 1 downstreamf-

‘morphological changes in individual clast lithotypes and 11

h”relationships between movihg grain size and abundance maxima

. ) -~
L ! ' -

Clast morphology depends on: 1) original shape from the

parent rock;f ii) mineralogical characteristics iii) size

iv) 7transport e'-distant:e- v) tranSporting agent and' viy

oot

probability (i.e. chanc#) {Sneed and Folk, 1958)‘ It is almost

imoossible to conduct a study incorporating all these

factors, rhence theories attempting to understand -dpwnstream

)
_changes in morphology are often speculative -Kuenen (1956),

.in -an exhaustive study showed that. downstream ’changes - in

o

.,morphology were controlled primarily by the nature of the bed

and the kinetic energy of the colliding pebble - a’ pebbly

floor 'will abrade more than a sandy one .while .increased



:wf}clasts) . These results were borne out in. Vicary Creek

ﬁgﬂlﬂfracturei~upon impact with other: clasts, la factor which was Ui

-178- -

kinetic energy is more likely to abrade the ipebble : Kuenen
{1956) also showed in his flume experiments and from fluv1al :.
studies that fracturing (i e, breaking into two orf more
pleces) was not a major abrasion process ‘rather IL't:hipping"’

. and "cracking% yere;the_pervasive;methods of' ﬁorphclogical

3 . T . 5

change. Pittman and‘ Ovenshine {1968) studied pebble-l
morphology' in the. Merced' River- (California),.. observing

depletion of intermediate~91zed granitic clasts and: increases

I H t

- in broken. rounds in proximal parts of; tha' river They

L]

suggested that these effects may be caused by attainment de

‘kinetic energy exceeding the pebble =3 fracture .strength “Ai“}_i

L5 Y
\.\ . ,

cataract was envisaged to provide the needed kinetic energies
fratturing of the pebbles 'Studies by Bradley (1&70) in EE
" the Colorado River showed that granitic pebblea"abraded,

primariiy by fracturing and chipping, hence“%reating broken Jga{"

“.rounds -;It was also- noted that “the abrasion process was.
Tdramatically aocelerated 1f" the granitic.clast had undergone" .
o R *-'aw "

‘iprior weathering (up to a 4ox increase over fresh' granitiq

'_(Alberta) by*Pearce (1971) who documented downstream changel e

~ - a

foﬁf_trachytic cobblee from angular to rounded withtn Bkm rand-"a‘g g

L 2l R

;Zattributed it to rapid fracturing and dhipping Schumm and:r‘
P . - \ . : _-',.
’g SteVens' (1973) ‘noted that,‘abrasion in . fluvial systems (

.'f‘occurred .'much -more quickly than _in tumbling ,xanks*

"?"Theoretical and flume studies showed that clasts .cquld attain’”'?‘ihf

r?surficient | kinetic energy by intermittant saltation to.r. s s

génot:discernable_from'tank expgriments;-.,ﬂ s w gp;.

~
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The dominant process in pebble abrasion can be
ascertained by plotting hypothetical frequency versus ' sgize

plots for coarse fluvial gravelsi If clast fracturing-is an

f_pimportant process one. would expect a negative slope Lon a

"'frequency versus sihe plot (Fig 5?b){i e. the fracturing of

‘large, {or intermediate+w~clasts wiIl deplete that size

'l

fract}on and augment the smaller sizes. In the opposite case,

.:should "chipping” be the predominant abrasive process, then a
.. I“ .

poeitive Piope' would be more likely N (Fig. 57a} since " the
original aize distribution w0uld”tend to be preserved with

,:only minor depletions\\in the coarse fraction ﬁandf“minor
o Y N . ] >
additions to the fine fraction RN B Lo

.V'

Using these cniteria deposits from various cycles were
pfanalysed _ Visual examination of- felsic lithoclasts (granites

?.and-‘syenites) Ashowed that six 'out' of‘ften_ populations

-

'”:;demonatrate at negative slope’ indicative of . fracturing

d

;t'{Fig SB)n This is also corroborated by noting that in cycles

‘.GI II th felsic siza fractron between'~4 0¢ and .—5 0¢ is

e
v i:

depleted even though Yt conStitutes a prominent portion of
- .the total grain size distribution (cf "with the underlying

‘hietograms)-thus reflecting-the fracturing-of'clasts,_Further

"t'evidence for' breakage' during transport -ie seen in‘ the

:ff_abundance of broken rpunds 4Eig 59) in the field: The results

e

'“g‘f‘ felsic plasts show conclusively that fracturing was the

ff;dominant process cf%ating morphological changea as opposed

e t gradual pebhre'diminution by chipping It quartaite iy

;faeaamined in a similar'manher nondOminant elope trend can be

AP . . . Sy

P
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delineated but depletions can ‘be seen in grain sizes between
. 5.0¢ and 6.0¢ (Fig.SB). This depression, although not as well:

.documented " as  the previous case,~ may ‘be bartly due to"

"‘breakage and/or natural depletion of those grain sizes 1n the

-source rock Sandstones in three out of five casas show , a

1 ‘o

’»general positive slope indicative of gradual abrasion rather:

'than fracturing phyllites also show the same trend “This may

et

.beJ on account of the less ‘brittle tendencies of the laxter.

"

two lithotypes, which do not’ allow fracturing These findinQS'
concur with stydies by Bradley (19?0), Pearce L1971), Thpmas
and Ovenshine (1968), and Schumm and Stevens (1973) which see.'
fracturing as an important element in the determination of
clast morphology The vigour of currents needed to fracture
the clasts is also in agreement with conclusions from section ‘

7.2, Results from thiS"study can be used - to infer the
L LN
following downstream changes in pebble size and abundance i)

felsicn_clasts abrade primarily-by fracturing, hence with

|

increasing transport there was a decrease in large"pebhles.
and“an. increase in small . ones. The ‘net 'result ‘'was a

’downstream "inctease n the abundance of felsic clasts along'

-with a,decrease;in size ii) quartzite clasts~are brittle and

' some fracturing s expected but not to the degree of the .

felsic clasts , Downstream transport tended to slightly
increase the abundance and decrease size iii) sandstones and,3

phyllites are relatively' soft hence transport tended to

2,

gradually abrade rather than fracture them Downstream trends

.,

would show no increase in their abundance, " just '~the",

v

" diminution af all‘size fractions

1
»
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_To- reiterate; ;1h a fiuvial system traneporting'yariouS-
.subeguailg' abundant lithotypes, 'the‘ following generaic
"‘relationships will be noted in proximal and distal reaches .
.forlfracture—prone,clasts:-i) in proximal reaches the clasts,
although larger; will have a relatively low abundance: /ii)™
'aubsequent,\fluvial transport into the distal reaches_ will
_cause a reduction in- size and breakage of clasts, some ore

T

"quickly than others, ' resulting in a . greater ‘rela Jve

' abundance of- some clasts due to the increase in broken round
and the ‘total destructibn of more labile :clasts.}~aden e
downetream 'transport of a specific'CIastldlithology* un'ér'
Vthese conditions is expected to yield a higher abundance

smaller clasts in the distal reaches compared to larger 1essr5f

\ot

‘numerous ones in the proximal reaches Clasts with graduaIi'h

abrasion tendencies will' not ShOW‘thE‘ same . pattern f.e.n

L

L.downstream transport will not increaee the abundance, only

"reduCe the grain size

;

The addition*'of' ailoc?clic contr015" to "Vfiuvial'"

system ‘can ‘then cause the maximum grain size to - overlie che

- maximum’ . abundance off: fracturevpnone ‘lithotype ‘ingf'a

K

'.prograding system and the opposite to- occur in -a retrograding:f

Yoo '

system (Fig.-VGO). Hence fracture prone claste (eg feleice)°

-showing the‘ maximum abundance overlying the maximum grain

size' suggést.. a-'retrograding 'ti,ef . backtsrgppjng ) Or.ﬁ
‘ .\ P .

‘peneplaining) source while the LopPOBite relation marks

‘ rejuvenation (i e uplift or subbidence) The application of

this . relationship 'tol abrasion prone ' clasts © {eg.



" RELATIONSHIP BETWEEN MAX. GRAIN SIZE
_ ANDMAX.ABUNDANCE = .~ .

/ . PROGRADING SOURCE

"* maximum grain size overlies the.. -

2 maxirﬁpm abundance

s

/ o “RETROGRADING SOURGCE
. max'h-'nu‘rrl ‘ab’undahce overlies fnax;mum grdin B_iée : . | .
. Fig.60 .

-,
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sandstones;phyllitesi is more conpiiceted: .IfiabrssiOn.;were

~ the onlyi-process effecting pebble 'mofphoiogy tpgn-fthere;‘
'should. be-.no downstreem‘ change_ .ip )abundance' .In “fact,

‘:1fractnring. of some clasts along with the rapid disappearance.

" of labile clasts tends to increase the d0wnstream abundancep

:~resulting in a similar pattern to that seen in the 'frectnre—’--

prone clasts.‘r

. ar : :
Application' of these ideas to fileld examples shows

consistent results Fig 56' shows, the moving"grain.‘size
:averege for pebbles of the various lithotypes in’'section 03.
.AComparison between maximum {based on the mean 100) grain sizeL
and . abund%nce peaks (Figs 54, Ssi'for‘simiiar ‘siiiciciestic
lithotypes (i.e. quartzites and arenites) shows“maximum:besks'
-forf theW moVing grain size stratigrephicailn':oyerlying * the.
'maximum‘ MDvingfabundance“peaksa‘~indicetive of‘s‘igrograding
'sedimentsry'. s?stem. Tﬁe} same comparison ﬁqu ,'granitich

lithotypes  reveals the:'maximum moving abundancet'_peaksip_

'stratigraphicaliy overlying thé:maximnm*moving grsinl size 'd'

peakd.? which 'reflects a retrograding7 'system}'_:bossibIQ
~reflecting back- stepping of the granitic source Syenitic and:f
metamorphics lithotypes displayed no distinct relationehips
The predominance of siliciclaStic rocks in the

Caledonian Highlands along with the prograding nature of the

siliciclastic lithotype component_in Sectiow 03 implieb\that R

. the 'first 'tectoniC"pulse' was ' orimerilv ',effected; 'by'

rejuvenétibn‘_in the Celedonian 'Hionlands. lGrenitic"clasts 'L
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limply ‘a retrograding granitic sourte The presence of granite.nh“'

‘plutons within the Caledonian and Cobequid Highlands alongﬁ

e
Cwith’ no discernable difference in abundance between sections

01-03 ‘and 04 did not allow thé determination of provenancer,-'

(discussed ‘rurtherlin 9.6.1). In summary, the analysis of}

‘individual = clast lithotypes in -clastic wedges can not ‘only

2

‘provide useful information about overall tectonic~trends,nbut-ii

N

cin conjunction_ with knowledge of clast provenance, it can

n.

{slso reveal important information Bn the type and location of
SR _ -

the tectonism.

‘8.8 Roundness. > .
@ . R N
: ’ - At ) : ‘E'

Most clasts from‘ proximal = and . distal sections ,are

";rounded lFig 61) with felsics- being more angular“lthan

: 'clastics'(eg. 4. 01 compared to 4. 43) Overall vertical trends”

in roundness are not well marked although lateral trends in

'the average roundness- of" specific clast lithotypes for eachi-

.saction can .be discerned in laterally extensive'-cycles
Trends between sections 02 and 03 show distally increasing
roundness-(Fig{sz in all except syenitic clasts which have a

minor decrease in section 02 (not shown] Lateral trends are

'.'most marked in proximal cycles (Eig 62, see cycle FII) where

dOWnstream increases,-in -the. subrounded subclasses are

accompanied' by 'decreaseS‘ inathe'rounded-and .well' rounded

cfasses " The’ antithetic relationship between subrounded and

well rounded ‘subclaéses are thought to be due to either°

D

-x-



HO4SSINANNOH NVIN

. . ook - N ' .
' 4 .
. ’ * \ o
1 : R T .
\l Rl ' 1
L . ) . [ -
: - sy iza ey 2
' N - -¢ .
-] N -
R , N . 1 .

LA :

£0-10 SNOM O3S

[ [ : A
ze'r 8D ¥Z'¥ orid O T TSy RIT . wr'y R0

"Nl $3Li§ 3TdNVS, .

TT

9F'r 110

.

3 _ - ﬂ

avrraen ‘vZTr 83

A
| . Le'r POQ
oL’y PQQ .

: ) wz” . m B 91 v |80
. . gZ'r uta o'y 990 rjq
; § . . . BEINONNCH
. 9 £ e e 9 %
. Ly 820 ., te'wwoad - tsEQ
. i1 = B & -.. ’
. . .
. L) - ' 1 ’

A

-~



“=-180- . . : R

" 100%;

" [Fig. 62 o

NE . i T sw

"~ . CYCLE DIV

safmple_. site D7a

-

. __19096

: 0

b e e =

EE _ CYCLE Gl
sarfiple site G8a = S

-
——
-
-
-

ST Sy e LT e et e e o T

'NE -

-

4

e : SW
L .~ .~ ROUNDNESS CLASS
‘sgmple .slte F4a -~ ' 3 subang.

W R — 4 subround.

N -'__\ : _=»=- 5 round.
B DO . .+ == 6 well round.

e GYGLEFN

P tryesppmpae L L . .
- . - -

1 .. © g
km g

CDisTAL " PROXIMAL

-

g
-

A



-190-

Eperator-inconsistengies in demarcaéing both classttypes,: or

" a downsteam decrease in well rennded "clasts iithotypes

4

'possibly due to fracturing. The latter is thought to be most

probable since downstream decreases in sandstone clasts- (the

| most rounded 11thotypes) .are-- noted in all three cycle§ shown

in Fig.55. } _ CoL 3 -

1

Fig.63  plots roundness versus grain size fer the

varioua; clast lithotypes; Results are typiéai of  fluvial"

transport, - and show that.increaaed transport is marked by a

P

diminution 1in  size and,incfeased nounding (Fneed and VFolk,

1958). Examples from section 02 (DIII, DIV, Fig.63) show the

same relatibnship except for the granite 1lithotype, which

L

. reveals a grain Gize . décrease along with a roundness

{

decrease. fPittman and Ovenshine (1968) described'a .gimilar

situatiod.”hifh granitic blastsuand attributed it to clasts

attaining sufELCEent moﬂentum”by saItationeduring floed stage"n

to permit_fractUring upon coliisidn, ?henqe creaiing'angu1ar7‘

bquen:roundan A similar mechaniem is envisaged for the case

'reported here, and agrees with results found. in section

8.7.1. . i

8.9 Petrography-

" Thirty "~ eight’ stained thin section of aandafbnesf" nd
: conglomerate matrlxes were examined to 1nvest1gate provenance
. and lateral trends in mineralogy. The thin sections were-

stained‘ for potassic and eodic,feldsparsl using techniques-f

*
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descr;bed by Houghton (1980) and analysed u51ng a .Glagolev

pOJnt count with a. minimum of 300 counts per thin section A

"

total of' thirteen categories were used- *elassify the

' samples monocrvstallihe quartz (Q‘, u'f polycrystalline,
¢ e mcxl
quartz (Q|, ﬂ};; plagioclase {F ) pdtaaaid feldspar (F B
‘ pcxl ‘ P-- , k
<. igngous *rock fragments. (IRF} - type Fl sedimentary rock

_"* fragments (SRF 1) type 2 sedimentary rock f?agments (SRF 2);
type 1 metamorphic rock fragments (MRE l) \type 2 metamorphic
__J_ o B

J:'rock fragments (MRF 2) héavy minerals (H), matrix ﬂ(M){ pore
‘ - - . : ‘
'75£L space (0} and carbonate cement (if any) '9?’fﬂ»- et

'f‘--\"a,‘, ; -
. < et

Ty ’
-‘ . ‘_‘ !
TN

The various types of rock fragments were classified into'

; “LQTj the -following categories hased on the typical composition of

L. 4t ~
- . A"‘ N i s A
. .,_.",.~:-. B

‘an average thln section

«'“

Igneous rock fragments can be subdivided into volcanic.~

'and plutonic types ‘f Plutonic rockx ftagments‘ are

I

-

distinguished by common granOphyric, microgranophyric. and

perthitic' textures f_Composition of these IRF range* from_
r*””ﬂfﬁ‘“" L - .
'intermediate‘uto silicic‘ - quartz averaging 25%}, 50dic

feldspars range from 10% to 60% potassic feldspars from 10%

'{j_;fto‘.303tﬂ and 5% chlorite (i e. 'altered mafics) {'Plutonics

) have rarely more than a few\percent mafic minerals 'Voicanic’

rock fragments are highly altifed and are characteriZed by an

almost 1Sotropic felsic grouﬁamass with acicular calcicf‘ o

plagioclase (basedw on ‘staining)- and possible,; acicular[”

rthopyroxene -ﬁphenocrgstsi _ VTheSe‘[aré interpreted {asf{

tlg;.intermediate volcanics - 2"Qt_'_‘.7:.?'-.flﬁfjw_ ﬁl't’ft;“}
* o , . _(‘ W v - . ,". . .
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. ',abundant organics fpossible coaI fragments), and muscovite

Type';'ly MR? are characteriéed ‘bj 'abuﬁdant3$ micas | L
. . .-‘-. “-, o . : . ¢ : 2 s .l:'
(muscovite, biotite) whic:h. define foliatign ar;g Ve T

_carﬁehaeeeusf'matter with minor aphanitic .guartz and arelr,ﬁ'

-

-:interpreted ﬂas eericitic 'phyllites. Type- l MRF vwarehsgf

_ ditferentiated by che abundance of phaneritic foliated

o

}crenulate_ quartz with sutured contacts' interspersed with
'7crenulate. potassic feldspars (up to 20%) Type 2. MRF_.

interpreted as quartzofeldspathic gne1sses,?

. L
a! . - e,

-

*

TYPe T ShF 'include”quartéf arenrtee guartz waekes""'

‘intrabasinal clasts -(determined from' compacted outlines), e

T 28

:_siltstones,-: and laminated siltstones . Quartz arenite\\_»

e

‘_dieplay very well sorted subrounded to subangular quartz ;andi> Tt

" very ?_ming. (1x to 22) :SﬁE (which included—. seriqitigh
g.g

-:eiltetohee | . intraclasts) { Other type 1. SRﬁ' fragment N

include’ quartz wackes which contain up tq 10% matrix -

f‘mudgtone rip up fclasts displaying poorly aligned clays,

-1

fiakes. siltstcnes with 20% authigenic clays displaying fair

’ , )

=
-jfoliation and common organics. and laminated siltstones with

“{nintercalated very fine graip quartz and clay rich iaminae

] L
. B . R I T = St
]

n : ‘ - ' . . . [
LR . B " . " - - . s N "t . . . .
e 4 . - . , I oo . P i! R . -
h - . PN L o : . N R
- . - .- - . L et o
- - B : - " N P N .

. Type.2 SRF cgmprise various’”metasediments', Quartéites.”'a'

are':the moet common metasediment typically haVing e&ongate

. ',crenulate quartz with minor sericite ‘ﬂ Sericitic quartzites T

l:‘-
-

are. also quite common.:,comprisihg almost entirely quartz

';framework componenta, with the percentage of authrgenic clays

1y



-_-(1963) class1E1catlon where Q Tf'+d

it was also plotted on a SRF MRF IRF dlagram (Folk 1968) id'

. Lial :

. petrologies for sediments of the same grain size irrespective -

s eean

. . i :
3 . o R LI e

£ - ¢

‘--comprise 30% flne graxﬁ angular qqartz and -70% follated olay
- Y R
‘matrlx, often dlsplaylng stylolltes.:' o T oo

Ll “wa,

+ R . AR .

oo T - - T - . “

8.9.1 13,@1,'31}'1'65--;_‘; S e ' U

S Lt e LS . - . . . -1

- i B .
- ™ . el
B

»; .

1 The Eesults of . the poxnt count studies can be " seeﬁ “in”

Appendlx 16. The data were plotted accordlng to McBEideﬂsr;

. mcxl pcxl " P F

- P

[N

order to Eurther ciaSSLEy the sample,“:'Flne sand (<U 125mm}

£

medlum sand(O Smm to 0 125mm) and coarse sandl(>0 Smm) were

" URF. = IRF * MRF - SRF " -1If.a sample plotted as.a llgharenlte;

glotted separately 50 as~ to aVOld graln size effeCts-

(Inge:sol 1978- Korschir984) Plots for sectlons 01 -03 are

- A\

shown;'Ln Flg 64 whlle the average for ieach sectlon is: found

a - . “ oL -

Examination of the plots:d(Eigs.64,65) reveals ‘siﬁilar

-

of - the section.. Coarse grained sediments are‘classified as -
lltharenltes (Mthide,“-19637, medium grained ones .are .

lltharenltes -Bordering on .- feldepatﬁic -lltharenltes, while

>

fine gralned clastlcs are sublltharentles verglng .on -lifhié'

- .

usubarkoses.': Plotting of ;1tharen1tes_‘on' Folk s (l968f

classification triangle shows all 'to fall 'in ;he sedarenlte

" sector. Fig;65 shows,a-decfeasingﬂamodht'of unstable -pbck

fragments (URF) with decreasing grain .size - caused by “a

\g

s

'{f:'varxing from 5% 30% Ser1c1trc 51ltstones/mudstones :N

F=F +F and, . "7-



Fig.64.

Petrographic C13551ficat10n

Classification . is -as - follows

. 1 centre’ dlagram)

*

: litharenite
_feldspathic’ litharenlte
Iithic arkose

'arkose

lithic subarkose
sublitharenite:
subarkose =
quartzarenite’

(see
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.. ACOARSE GRAIN SST
m MEDIUM GRAIN * -
‘® FINEGRAIN - "
® SILTSTONE . ~

f ’
H N .
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f ,' PETF{OGRAPHIC CLASSIFICATION

- e .

( MCBF!DE, 1963)

Flg 64

" URF

CLASSIFICATION OF LITHARENITES

- (FOLK,1968) °

IRF £ ‘ ——MRF
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AVERAGE PETROGRAPHIC COMPOSITION =

€S

a COARSE GRAIN SST
® MEDUM GRAIN "
® FINE GRAIN
. T~ ONE STANDARD
DEVIATION

— RECYCLED OROGEN

" | . MAGMATIC ARC o URF

PROVENANCE FIELDS AFTER DICKENSON AND SUCZEK,1979

- Fig. 65 o - R
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::comblnatlon of llthr?.fragments (mostly arenLtes) .fracturﬁng

11nto monocrystall1ne quartz -(O - J durxng 'transport'Zand‘

' . omexl . R '
'1ncreased sortrng in the f1ner gralned unlts., ST e

. The predominahge.”of .seJArenitesfféuggestq - provenance

|_'. . , . N " . :" . ) . . ) “.--.
_primarily'fromfthe'Caledonian“Highlands;- whereas, most of the

‘ ' N CPEN

. . felsics ,are“'thought to have orlglnated‘ from the Cobedquid

tHighrends_,(dlscussed further in sectlon ‘9 6. 1) .fIni.many .
- A l .omany.

caées.‘iRF’ can be spec1flcally correlated wlth the"uplifted‘

19

‘Fountaln Lake Group (dlscussed im 9.6. l)

':"Comoarison of Fig.GS'withiDicRenédn and Suscek's (1879)

-

provenance fieids (outlined.in Fig.65). @Iaceé the’sedimehts',

‘..,w1thln‘ the reaycled grogen’ Eleld which - is consxstent wlth -a

1
.

foreiand {or, - 1ntermontane): bas.tn -1nterpretatlon.~forf thid.
. : . g ' )
'Cumberland Group (Kepple,‘1985;-3radley,1982),‘ T R

;;Q.IO.Summagyigﬁ Clast‘'Analysis - B ﬂ‘

- Clast anelysrs_shows the follbwing trends: - L. -'_‘-

.

“® 1) "overall ﬁverticél grain size trends corroborate  .a two
"+ .pulse’ .origin.. for the. sediménts, 'which was "previcusly
- env1saged Erom the fac1es assoc1atlons. _— Lo

. - LT

2): lateral graln size ‘trends show that clast dlmantLOn rates
are typical of modern " sandurs,” presumably ~similar to
non fluvio-glacial ‘braidplain deposits. The trgnds . _ .
‘indicate -a source lylhg between 21km and 32km.upstream.

3y vertlcal trends in sorting within proximal"reaches are

' <thought to -be dllocyclically controlled while sotting’

) in more distal. gravelly dep051ts is regulated by
downstream decreases in olast size and matrlx ‘
proportlons. . '
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T4 graln 51ze analy81s shows that coarse gralned sedlment
- o " {=3.258 to -6.75¢) was ‘transported primarily by C
v )  traction. - . . _ o L
5} downstream morphological changes in tclaSts are
. controlled hy abras.ion processes.: Fracturing (due to
- ".collisions) 1is most common in felsic lithotypes,.less
. common in. quart21tes, and rare in sandstones -and . T
phyllltes. S
. !(,Y . . -' i L . X
o 6), Comparlson of -individual clast maxima. for 11thotype
. abundance ‘and grain. size shows - provenance . from
prograding 5111c1clast1c and retrograding . felsic
- sources. — _ Lo o )

.

. .

) 7) Roundness increases w1th 1ncrea51ng transport, ‘distance
- D S and with decreasing grain.size - except with. granites
- .in the distal reaches, where roundness decreases with
decrea51ng grain size due to Eracturlng of Clasts.
. . '8) "the MPS |is not a relLable trend 1nd1cator of detalled
vertical and lateral changes in. graln 51ze wlthln_
gravelly braldplaln dep051ts. .

Clast analysis .shows  a preddanantly"sedimantary.‘and

metasedlmentary origin indicative -of 5~ provenance from the
Caledonlan nghlands. " Félsic’ clagtélare less} common than

[ |

" ClBSthS and are’ thought to be- prlmarlly derlved -from the
Cobequuikughlands. — S L
LB, ‘ . . N ' °
*Petrographic' analysis‘.of . coarse grain - sandstone and’
conglomératés -{i.e.” the sandy matrix)-inﬁariably clasaifies,,
‘it " as ‘sedarenite. Decreases in grain'fsize‘ result in a

v decreasé - in unstable rock"fragments"and ‘lead ' to  a

’suolitharénite " and lithic subarkose - qlassification.
Comparison of térnary QFL‘classification plots with Dickeénson
~and Suscek s (1979) provenance fields suggests dep051tlon in

a recycled orogen, whlch 1s consistent Wlth prev10us tectonlc

Al

. 1nterpret&tlons Eor the Cumberland Ba51n and findlngs in thlS

' X . . N . o

study., T . e T )
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.0 TRANSVERSE BRAIDPLAIN DEPOSITS (SECTION 04)%

Section 04 is approximately 660m thiok and is divided u

into six subSections I through to N. Subsections I and -J

(total 270m thick) are laterally equivalent to section 03 but"'.

differ markedly - by . comprising thin (<10m) . distinct I

o conglomeratic cycles capped by a unit of heterolithic facies
assemblage - unlike the thick amalgamated allocycles seen in'
settion 03., Paleocurrents suggest a northeasterly flow which
also differs from the southeasterly paleocurrents ' from:
section 03. Clast analysis implies a predominant Cobequid
Highland SOurce, -unlike the Caledonian source seen. in sectionn'
; 03. Subsections IqJ 'are “interpreted- as deposits-yofbla"
.tributary to_ a najor trunk riuer in which ”the lstrata 'dfl
:sections 01-03 accumulated Subsections K, L (total thickness-

229m) 'underlie sections I, J decrease downward in’ average

grain size and have thicker fine members subsection_N_(i40m ,'

1

' thick) ) is characterized by ‘poorly sorted . horizontally
stratified ' conglomerates,J ‘” minorﬂ ” matrix supported_
-conglomerates ‘and is interpreted as alluvial 'fan deposits
. The OVerlying mudstones belonging to subsection M (20m thickL
are - _interpreted as deposits of adjacent wetlandsf'
(lacustrine?).
'911,an1§s'&ssqciétionsa lntrodgczig
Lithofacies from section 04 are the same as those found

in  the prd&ious” three“‘sections_ and hence will " not" be
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fédescribed ? rather, percentages and average thlcknesses for

',subsectlons IJ, KL, NM are tabulated in Table 10.

" '9.1.1 Heterolithic Facies Association (Subsections I-M)

The - heterolitnic facies . association comprises

‘intercalated mudstone_(Fm} Fl, Fr) and sandstone lithofacies

: e L _ ..
-(Sm, Sr, Sh). Units of the " heterolithic association most -

often overlle fining- up coarse ‘members and range in thickness -

from O 4m to 10 7m. Average thickness for each subsection is

' . p
‘tabulated 'inr Table ll. 'The percentage af fine members

Vconstltutlng complete cycles . increases stratigraphically -

downqard ifrqm 25.1% in scbsection I to 50% in subsection K
f§see'faole 11). The percentage of mudstone 11thofac1es in the
neterolithicf fac1es. ' aSSOCIBthH' also . Lncreases
stratxgraphlcally downward from 56.2% in subsectionﬂ,I £o
.82 2% in subsectlon. L " (Table ., 11). -The moVving aberage
:‘percentage'of'the fine member 1s;piotteo in Fig.66. ”

Muoetones"are the major.component"of the heterolithic

1

facies association with Fm being the most common (sge

1%y the

"mov1ng average of Fm, Fig. 66). The peigentage of Fm incredses

from 10.3% (Subsectlon I) to 31% .(subsection M not shown 1in

Flg 66), Wlth red Fm belng most common (13.7%) in subsectlons

- K, L Subsectlon M. has exclus1vely grey Fm whlle subsections

1,3 contain almost three tlmes the amount of grey Fm compared
to .red Fm. _The~predom1nance of .grey Fm in subsections I1,J,M

'suggests‘that higher water tables did not alIowsoxidation of

:



MUDSTONES :

Fm(total)
Fmim)’
Fm{g)

. Fm{r)

Fl
Fr

Sm

- Sr

Sh{1l)

Sh{u)

St
St/St(C)

. SANDSTONES :

CONGLOMERATES:

Gt

Gm
Gms
Gt/Gm

Fm{m)
Fm(g)
Fm(r)

gr

numn

mottled Fm

ey Fm

red Em
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" .\/

CKNESS.\ND ABUNDANCE OF LITHOFACIES IN

SECTION 04
PERCENTAGE
1J KL M
10.3 20.8 ' 31
- 3.0
7.5 4.1 31:
2.8 13,7 -
5.0 1.4 2.
3.3 4.5 43.
IJ KL
3.0 6.3 1.
9.8 5.4 1.
1.5 2.0 .
1.5 7.8 1.
6.9 34.8 38.
6.8 4.2
1J KL
20.3 5.3
12,7 7.3 88.
- o=,
9.3 6.6

13-

0.42
.42
241

- 000

.14

1J-

0.55
0.75 "
0.63*

0.82
1,25

'1,63'

2.19

1.59

.60

-0 N O

W OO0

KL

.95
.05
.48
.16
.53

I 32

KL

.63
.68
.62
41
.15
1,67

KL

"MEAN THICKNESS (m)
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- _TABLE 11: AVERAGE THICKNESS AND ABUNDANCE FOR THE. FINE AND COARSE. .
o \ MEMBERS'.OF SECTION. 04 L

- N

§chié¥i£ .’: . ﬁ.i “-.'u' fh", .
S chr'_ K f}?Mi hiOTAi. s . HFA | '?//
o e Co o ‘ ;'ﬁnsfﬁ% | ss%%“:
THIEKNESS(mj57 5;é§ 2,31 9.20 L T f )
PERCENTAGE: | 74.9..  25.1° .. o 86.2 43.8

-SECTION J

~ THICKNESSim): 3,79  1.82- 5.26 - N

- PERCENTAGE: - 65.4 . 34.6 o 4.1 . 25.3
SECTION: K ‘

THICKNESS(m): 3.60 3.60 . 7.30 e
PERCENTAGE: - 50.7 - . 49.3 © 74,3 - 25.7
SECTION L’

THIGKNESS (m): - 8.1 3.6 ~11.3 : .

PERCENTAGE : 68.1 '31.9 . 82.2 °  17.9

>
. CM = coarse member ,
FM = fine member . ,
HFA = heterolithic facies assemblage ’
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the mudstones _This is also corroborated by the thin coal

seam (4. Ocm) present in cycle JII and the three coal seams in

. R
"

subsection M,-indicative of reducing conditions. ?f'r .':;‘n;;:h'

f.\.- . - . K ‘._,_ N DI N IR s
- Al LT SLoaers

-’éooteo'; nodstones {Fr) Hbeoome .,increasingly”ﬁ comnonl
ﬂ':oowneection;Vfromg_éusx ;6’43.0% ﬂownsection increases in:
total hbercentege of'modetones (F%) Fm,‘: .\m;hickness-féna

uperCentegefof fine member, demonstrate an upsectioh*decrease

. in floodplain depoeition due to. increasing proximality to thef

- ‘sourcet and/or more rapid braid tract migration The- markedl

inc;ease 1n Fl within subsections I J.also concurs with the

" proposal that mudstone deposition (tractive) often occurred

_within abandoned channels (or low order channels) rather than

n

v

‘-.from-suSpension on adjaCent floodplains (eg Fm) The moving

_percentage Fm and Fl is plotted 1n Fig &6 “and shows _aﬁf“ I

antithetic..reletionship throughout subsections I J (i e.
antithesis-f between suspension and -'traction'- influenced E
-'deposition) T -;."‘_"_"...x_,'_‘_‘

\ * . - T . - FERo. -

' -
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ila

-

e

-~ M \ . - ,-..‘ " ~" n

Fine members mostly have sharp bases and fscoureé' tops,

.

v

‘although gradational bases‘ are much more _common thanhﬂin

i L

.sections 01-03, especially in subsections I J T Heferolfthic

) .
R ‘-“'

aesemblage units are laterally persistent like those Trom
. o - - .

sections 01 03 and in most cases fine upward g .f_f h‘:f' Y

. N &
. . [ . .- TR
. . - ‘. . o P -

. K
Aty . f '[
- ' .t - . P

1

Lateral’ facies relatfonships between mudstone N ahd

.sendetone' ‘beds are commonly gradational within subsections

-

'i{l,'.unlike sections 01~ 03 ' The gradational nature is’ -most

- - u ; } . .

o .
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marked_ at the chanpel marginé (Fig.67) where laminated {and

ripﬁjed)‘Fl grades ,into rooted mudstones (F}) which;greq&ently
“éigplay in situ trees (Calamites, Sigillarig)Mup fol 1.5m
" tall. Chaqnel_-ﬁargin heferolithic units thin fowards the .
abandgngﬁ -*channel‘.;(possibly enhanced by . differential
coﬁpébggon,‘ Fig.67) and are interpreted aé'subdued ;levees.
~~Vertical’Vand lateral gradétional contacts between finé and
coarse ﬁémbers are nof displayed by subsections K;L and

closely resemble those from section O1.

9.1.2 Summary: -

.

1) Units of the heterqlithéﬁbéﬁacies association in
. section 04 commonly displa adational vertical and
" lateral contacts with the coarse member, unlike the
sharp contacts seen in sections 01-03. ' -
’, - ' M
- 2) Fine member abundance and thickness increases
downsection. : '

3) Predomina‘ce of grey Fm in subsections I,J. M suggests
' higher ater tables and 1is corroborated by the
presence of thin coal seams. .

4) Upsection decrease in Fr and increase in Fl implies a

. decrease in floodplain deposition and a change 'in
channel-switching style from avulsion into gradual
channel abandonment. )

9.173 Sandstone and Conglomerat cies  Associations

(Subsectlions

Fa
L}

e
L

Céérge. members  comprisé sandstone and congldmeratic
lithofééiés, the latter becoming more prevalent “upsection
(from 13.3% to 42.3%). The average thickness of.coarse member
units iand-coarse member percentage of each cycle) for each

subsection shows a steady downward decrease from I to K



.:201:ﬁ:*f; L SR
P e A .

“(6 89m to 3‘60m. Table 11) and a- marked increase in L (8 lm)

The moving average for G and S type lithofacies is plotted in
Fig.68 -and shows: four major peaks {labelled one throughr
'four), Peaks 1 and 3 are thought to be equlvalent to _the
‘tlfst: and second tectonic pulses eeen in' Siftions 01203.
These peaks ‘can also.be:detected;in moving‘grain size'curves

~ 6

(discussed in 9.5).

.'Coarse memoers in subsections I,J are com@osed-primarily
ﬁof conglomeratic lithofacies with Gt, Gm and Gt/Gm being the
most common (Table . 10). Gm~ is found' predominantly in
subsection J and decreases upwards into subsection I, as Gt
increases concurrently upwafds with its maximum lying in
subsection J, and thereftom decréases upwards into. subsection
I (Fig.68). lhe change in lithofacies from Gm to Gt- is
attributed to_depoaition mithin deeper channels which allowed
the formation  of gravelly dunes (Heln _;na Walker,1977).
Sandstone lithofacies‘are a minor constituent, with St being
the most common, comprising 1357%.of the’ measured eubsections
(Table 10), and commonly capping coarse members. Sr makes up
9.8% of measured aubsections and is commonly found at the
base and tops of coarse members. Sr units at the top oaf
- coarse members have sharp upper. and lower surfaces, although
upper gradational contacts into Fl are quite common. Sr units
at the base haue sharp lower contacts and lsharp, often

scoured upper. contacts.

Coafse members from subsections K,L differ from the
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overlying subgebtions., by méfnl? _ cbyp?iéiﬁg ‘%andstcng
-lithofacies, with conéibmqfaﬁfq_iitﬁbfécie; bécoming-.hére
abundant upséétion. St i# xhe;mosé.ggmmqﬁ,faéies maﬁing. up -
"ﬁg.ox of the meésufed s;ctipqéh_"é;afsg'ﬁémbers afé c;mménly )
.capped by an Sh(u) uni@rtsgwaxtof'fcasésJ':avéragipg 0.63m

thick) and rarely by Sr.

Units of saﬁdstdné-qﬁdléongl@mérétic facies éssociations
from subsectlons I - L, althobgh~hdt'latehal1y traéeable ﬁdr
any great distances, show similar chafacteriétics.‘ Coarse
members are sheet—iike, sharp- or éroéivglbeaéed And FUlin
most cases { 50% to 77.8% of cycies display FU).’ CUFb—fype
cycles sdch as those previbusly seen from section 01 ’afe.
qu;\*ce prevalent in section 04, with 40% of cycles in
subsection I displaying this property. The, abu@dance aof
ident&fiable leveed channel'ﬁarginé {with in situ trees)'.iﬁ
subsection I, along with the highest‘percent?ggaof CUFU-pre
cycles within section 04 supports an origin \as elither a.:
crevasse-splay (or sheet-splay , Galloway,1981); or by
vertical accretion of channel sands onto channel margins
duriné channel abandonment for the’ formation oé the CU  part
of the sequence. The sharp lower contact of -some units
implies* a sudden event which lends supbort to a
crevasse/sheet~splay origin (C?oss ahd Smith,1985) wheréa; .
examples with in situ trees, gfadational bases and laminated
mudstones connote a vertically accreting origin. In summary,
" ‘both processes may he responsible for CUFU-type cycles since

flood stage could- conceivably break a levee (or overflow 1its
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" banks) and create a hew braid tract (discussed in 7. 4) while“

-
-

rapid .;subsidence rates - codld induce quick ‘ Vertibal'

‘:daggradation andf onlapping »of channEl sahdsf onto 'channel

' T,

margins Cycles from subsection L differ from I J K not only

-

in lithotype but also by the presence of amalgamated cycles
~ \

(25% displaying this property) -something not~seen._}n -the

OVerlving cycies The lack of amalgamated eycles in the:upper

,

subseotions may be due to }'i) subsidence, rates exceeding
.o y

.sedlmentation rates and/or fzif)=lateral braidfbelt migratidn'

which allowed sufficient rESidence time before the returning

braid tract.OCcupied the original position, thus-creating"a

L

multistor v geemetry

1 4. Conglom ratic-Facies Association LSuBsecti n Nj.

t
S

DR Y
w

Subsection. ' N. lies with angular:’”unconformity {(a .
: 5 : ‘ _ !

. discrepancy of 411 ) on the underlying Fountain Lake Group

(undifferentiated volcanics). The sectlon is approximately

_ 100—140m ‘thick but the presence'of"several'faults did not

allow precise determination of thickness Work on this_'

Section was further hampered by constantly faixing blocks,-

hence detailed work was not carried out on the:cliff section.

Subsection N coarsens upward and comprises poorly sorted
(angular) matrix supported pebbly conglomerates (Gms) at the
contact,. passing upwatd into poorly sorted {angular} pebbly"
matrixjsupp0rted Gm (Fig.69). Cycles are eheet—like with

sharpn non-erosional bases, commonly FU in the lower part of. -
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the Sectién'éna CU (or CUFU) towé:ds'the f@p. Cycles range in
: thi;kness Betweén 3m to 10m ék the base and thicker upwards
fo:a max;mum of@?Sm (Fig.70) . MQSt’Cycles.compfise only one
lithofacies (Gmf and FU only in thé.upper decimetres where
they are 5sharply overlain by an unit of red Fm. ranging in
slize betweeh 0.10m to 6.0m. =Beds within cycles average 0.56m
in thickness (n=26, s=0.24m} and commonly do.not show -any

grading (50% of "cases); less commonly normal to inver$e

(19.2%) and invérse grading (15.4%); and rareiy‘show‘ normal
(7.7%) gnd inverse to normal grading (3.8%).‘Many éycles near.

the tép of the sequence are interspersed with thin '(<1m.1

thick) discontinuous lensoid sandstone beds,

Although not ‘intensely studied, the moderately developed

imb;icatiqn (discussed in segtion79:4), commonly uhgradéd

* beds, overall poorly defined FU nature of cycles and high .

proportion of pebbly . matrix'sggggst elther deposition by
ephemeral tfactive currents or éﬁplacement by surging -fluidal

sediment flows (Nemec and Steel, 1984):. Hdwever, further

detailed studies hre needed to diétinguish the exact mode of .

emplacement., The change in architecture.from'FU to CU cycles,.

and upward thickening of cycles is attributed to progradation

-of alluvial fans from the. uplifted ' Cobequid Highlands

(Heward, 1978; Rust " and Koster,1984). Deposits from this

subsection are interpreted as distal alluvial deposits.

-

9.1.5 Suggary;

v R
1) Conglomeratic lithofacies increase upsection ({from

et

-



Thickening énd coarsening-upward

‘cycles in sutisection N (500m
"north of Squally Point). Foliation

surfaces dip to .the  right
while bedding dips to the left

Foliation is caused by - late stage'

Maritime Disturbance folding.
Contact with Feuntain:Lake Group
lsISOOm to the rlght

AN
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subsection L)

2) Cbarse member thlckness increases upsection (from
et subsection X). S
3) Four major peaks “{n- -the abundance . .of the
wconglomeratic facies can be discerned, two of which®
‘can be correlated with the first and second tectonic
] pulse, . - o

.

" 4) Compared to sections 01-03, goarse:nemberslare thin

- ;:sharp-pased and " FU in most  tcases, although CUFU .

cycles become increasingly Ccommnon upsection

5). CUFU cycles are attributed to .either. avulsion into
adjacent wetlands followed by,channer nigration
and abandonment’- or vertical accretion within an

. abandoned channel followed by channel migration and |

s abandonment P - A

'6) Subdued leveed margins are common in subsection T.

B .

Sl _g?i Subsectlon N was - deposited by prograding alluvial

fans . . A

9. ggdging Thickness Patterns (Section 041

_.__ == —sn2 T e, '
- . . N .t - .

. . PR
" P . . v r-__ . . . C .

* -

- Bedding thicknesses for section C4 were analysed using

. - B
K o R ~

the * same- procedure outlined in sectipn, -1.2;' Resuits are

tabulated 1n Table 12 and shown in ‘Fig 71. J.- ) ﬂi;

e

4

- by o

bt Comparison of sandstone pumulative bedding thickness*wf""

plots between secfion 03 and. 04 (Figs 29 and TL) show them to

have almost identical slopes {m=0. 730 and m=0. ?21) differing'ﬁ; ﬁ_m

only in Y intercepts Parallelism between best Fit lines Was

N-attributed in section 4 3, to similar mechanisms controlling'

:'depbsition. Similar' best fit slopes found between all three

study areas (i.e. sections-Ol/Q2 qa, and 04) imply that the

same control was in existence throughout this part of_ the

-y
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‘basin. The relatively small distance betweeil these ‘sections

4
c . ~

- - A . Lo S
‘also suggests that differential subé1dence was unllkely The

idlfference in fluvral arch1tectural style between cycles from

o 3 e

sectlons "01f03' and 04 denotes predomlnance* of either

~ = .

autocyctic or allocyclic controls.“.By arguments put forward

¢ oA

in sections 6r2ﬂ‘ 4“3, and 9 l ;3 allocycllélty is envisioned

- ’ l"

- as the dominagfng influence throughout the_ Study area.

s

Allocyclicrty may be . of. climatlc or tectonic origip

—major factor dellneatlng\ fluvlal style Sine thls study, for

. .- - X
{Beerbower,1964 ). The latter can be. 4in response to

A - .

sdbsidence— or sedlmentatlon rates, \and~1s thought to be the.

v

the follow1ng reasonsr i) 51mular--slopes - for sandstone

'possibly

LN
» T

'tuhulative bed th;ckness plots suggESts a 51lear domlnatlng

control (see sectlon 4. 3), most llkely Sub51dence rates, ii)
. B, 4

- .
o

differenée rn‘architettnral.style between cycles inu section

- -

03 and. 04 must be be due to dlfferrng sedlmentatlon rates.

!
ot . V-

Statlst1cal parameters from Table 12 show that:'seotion

04 hhas;{ thlnner' mean. graphlc . and arithmetic beddlng

o

.

~‘_thicknesses than sgction Ol 03. wThe p051t1vely skewed bed

Lthlckness relatlonshlp of the Sanﬁstones (1 e.‘ conglomeratic

L] . a

and sanost ne beds)»1s attrlbuted to a lack of thin beds,

"

R
ue to preservation ‘of only" flood-generated
e

" deéposits. The thlckness of the mudstone beds also dlsplay a

1 -

mbderate 9051t1ve"skeWness, 1nd1cat1ng an’ excess - of “thlck

o

~

'signifies that the anterVal between avulSLOn and relocation

-

gince studie@jseotions'have slmllar subsxdence rates,' the

" beds, whlch‘ (compared to mudstones fnom‘rsectlons 01-03)
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']

of the floodplain wupon the p%evious site wéé;ﬁthe-fi&ngest
(Bridge,1984) of the four sections. The dispefgfyé_ﬁﬁaex and

- PRy

kurtosis ’ﬁo not permit differences to be .dist?hguished

betweeﬁiséftioné 01-03 and 04. -
T,

9.3 pPiefer¥teéd Facies Transitions (Section 04)

Prefefged facies; transitions for the coarse and fine
L e -

S

members were .calculated using techniques described in section
S L . ) R L} ) .

5.2, .Spbseé;ions I,J,K wseré included in the «calculations,

subsection 'i-hwas; excluded-due to major 1lithological and

architectural differences (see” App.7).

Results for the cocarse member (Fig.72) show that the

vertical succession was derived by a non-random process
2 ' :

(X =94.6, d.f.=71.) significant at the 0.95 level. Significant

transitions - using the calculated binomial cell values show

one preferred facies transition:'F -> Se -> Gt -> Gm -> St(m)

, e 4 .

-> =-Sh -> F (P =2.96*10 ). This concurs with field
‘ T

observationd™ from subsections I,J,K, (App.7) and indicates

gradual channel abandonment and vertical accretion rather

than avulsion for fthe following reasons: 1) well-developed FU

éequences; 1i)  gradational contacts rather than sharp onés
between coarse and fine members; 1iii) an upward decrease in
channel depth as shown by the faciés seéqguence, is:ﬁore likely

from vertical accretion and channel" abandonment than

~avulsioh.

Units of the heterolithic facies associations in “section
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" PREFERRED FACIES TRANSITIONS
SUBSECTIONS IJK

F -+ Se —» Gt_ —Gm —St{(m)— Sh » F "L

Sm | —» b<0.‘.1,c_i
' . . - =4
Pt .=2..,96__>,t1:0

metres

-Fig. 72
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v

04 show a more'compléx suite of.éreferred seqguences than in
sections 01-03 (Fig:73). Chi-square téstiqg proved the matrix
to be noﬁ4raﬁd6m (X2¥i15.3, d.f.=55) and significant at the
0.995 level. Slx statistically significant {(at « <0.20)

preferred sequences were €stablished and are herewith -listed:

1) coarse member (CM) -> gre? Fm ->.Sm -> gfeyrFm -> CM 

2) CM -> grey ﬁm -> Sm -> Er -> mottled Fm -> CM

3) CM -> Fr -> mettled Fm -> CM |

4) CM'¥>‘gréy Fm -> Sm ~> red Fm -> Sr--> F1 ~> CM

5) CM -> grey Fm > Sm -> red Fm -> Sr or Sh -> red Fm -> CM

6) CM -> grey Fm -> Sm -> red Fm -> CM

T;L presence of numerous préferred sequences. can be
éxplained by understanding iéterai relationshibs within the
-_heterolithic .facies. assoclation. Eaéh‘ preferred'réeéuénéé
represents é veftical profile'thrOugﬁ a‘section of the fine
,member,.‘andr hence compiiation of enqubh‘preferréd séqdences
:would ideally‘give a good cross secﬁlogal geégfélizétioh _of.
subenvironmeﬁts within the fine MEmber;-In:this'casé-ifig{Ya)
:éequgnqefi repreaents pfimaril§ mddstone‘dépositiﬁn'within én
,aband;neﬁ' channel, w;thioccasiéhélhdeposition.'6fl overbank
'éahdsténég TSm),A_qow root _ turbapgd; . fhé‘ lack .of redi

e

" mudstones -in this part of the ‘channel'is attributed to  high
water'taﬁléé, along with prbximity to -the braid belt (towards
the left of ' F1g.73), which did not allow ~oxldation of

mudstones -(Rusf ét-al., 1984). Preferred séquence 2 1is

envisioned fo lie closer to the old‘ébandoned channel margin,
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and differs from:_the' previeue'ene by having a capplngvn&.

i

sequence of Fr and mottled Fm. Sequence 3 is inferpreted as

the channel .margiﬁ; "possibly a subdued levee complex {eg.
Boothroyd and Nummedal, 1978; Fig.laal. In situ .trees along
with abuﬁdené' rooting and overlylngl mottled>. dudstones
suggests better. drained soils, possibly due to elevation
ebove the Gater table. As the preferred seqdences .erogrese
away from the o0ld channel margin red mudetones bedin to
dominate the dppe£ sequence, due to lower ‘weter ‘tables,

distance from the braid belt; and/o;_a tilted water table

(B.R. Rust pers. comm.,1985). Seguences closer to the active

”ehanﬁel margin \(eg. 4,5) commonly have thin sheet-splay

sandstones which thin away from the channel margin (i.e. 6).
Further‘refine@eﬁfﬁof this model, .with the.aid of drill core

could be used in exploring for possible ecenomic coal -seams

within this succession.

9.4 Paleocurrents {Section 04):

.

-

Paleocurrent data . were processed in.: thé same manner-

'odtlined in section 7.3. 'Unfortunately, the lack of . lateral'

exposure of cycles did not: allow as many readings as 1n the .

N
'

previous sections, hence detailed comparieons of intrachanner'-

trends were not possible Raw data are tabulated in Appendix

11 and calculations are shown in Appendix 12.

1 L . . s

P2 ! - -

Intrachannel dispersion -can be -analysed by examining the
vector strength (L¥). in Appendix 12 or Fig.74, _and shows ‘a
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’ minor upward increase (i é&: afdebrease in.dispersionj’ from

' '.subsection.ix_ to I which may be ‘due to—a smali:sahple'orﬂ an'

gincrease in paleoslope 'DisperSJOn between St Gm and Gt

L

-,iithofacies was. compared (using Mardia s F test 1972) 381}

.;subsection I and showed a significant difference at o( £0.05°

between" Gt St {n 11) nd, . Gt- ~Gm.; (n—lO) . Paleocurrent \

‘differ

between iithofacies are attributed to deposition '

within various,energy level subenvironments large_ fivers“'7"

‘with high discharge ,es.f such as thosef inferred fromy.ﬂ

:r
.sections 01- 03 : would ot nd to’ suppress dispersion betWeenn

‘ilithofacies whereas smalle rivers with lower dischargesil

H

"'fwould induce dispersion (unle 8 valley confined)

"i There are insufficient data to allow statistical testing .

e L

3of interchannel variations as in section 7 5 but some trends;_
‘are‘.apparent "ihe moving paleocurrent» average (Fig 74)"
reveals a generai northerly deflection (with minor sinusoidal

deflections} from subsection L to cycle JVI . then becoming.

'.,Lincreas;ngly easterly Upsection ‘A linear regression analysisf'ff

.fon; the stratigraphic height versus the moving paleocurrent-"”

';.gfafj‘théx loWer half of section 04 (up to cycle JVI) shohs-_af,'

e L : 0 o .
frate, of ‘change of - 0.369 /m (r=0.848),: with a maximum>
0 ‘ , L.

deflection of 112 5 .'-Similar analysis on .the upper half

. p(above cycle JVI) shows a. southerly increase in paleocurrents

o)

" at the rate of O. 452 /m (r 0. 856}._'maximum-deviation: being
. O -

'11.2 . ;Such large correlatable paleocurrent change inplieef..

) allocyclic oontrols,' in this case probably due to; tectonic

“tilting, f the alluvial plain and ldwer sedimentation rates

A
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~

* than section 03 (see discussion in section 7.5). It should
also be noted that correlatable northerly shifts  in
paleocurrents  were eJeo found in all three sections

discussed in section 7.5 and were attributed to the second

tectonic pulse. Northerly shifts jin paleocurrents seen in
sections 01-03 lie stratigraphicaliy higher-thén‘in,‘secﬁion
04. This may. be due to: i) the lag time between equilibration

of 'the alluvial plain proximal and distal to the orogenic
: 'S o . o _
source and/or; ii) larger braided systems (as in sections 01-
)

03) takingilonger to re—equilibrete to alluvial plein tilting

. than ‘smaller systems (eg. section 047).

-

Examination of the paleocurrent moving average (Fig.74)

- shows.mihpr ‘sinuscidal deflections of autocyclic origin upon

the overall trends. Three ‘such‘pertubaticns.are ~seen in

1

subsections .IJ and are labelled ‘1-3, in Fig.74. These peaks

are_:cqrfelatable with peaks- 1-3 from the moving G% (Fig.68)

which comprise 35-40m CpEU”sequences (§gn§g'Heward,19735 see

NApp.S)."Each”,sequencé shows a*gradual uewar& Esoutheriy to

qortherly.shift.in galeocurrente. The southerly (or easterly)'
spiff' in direction corresponds 'to a thickenlng -(and
coarsening). of-cycles, with the thickest one commonly having
tﬁe most southerly {or easterly) deflection The northerly”.
sh;ft in -paleoeurrent is concurrent with a‘?tﬁieping‘ (end
fining) f . the cycles. Thﬁs.patteen of cycficity could ,be

caused by either aufoc&clic " or allocyclic\ COhtrole. ;Anlb
autocyclic explanation.‘woeld- involve the-. migration _’of"

slightly sinuous braid tracts acrosgs the alluvial plainx' Ae,f'

1 »
. . . ' .



- =226-

| ~. . )
”the braid belt shifts- towards and’ passes a certain locus. the
" following would be seen: low-, highf.,; and‘finally low order
. channelldeposits (terminology after RUSt-' i9862pers conm |

thus creating‘ the thlckening/coarsening and thinning/finingh-
'nature of:the sequences. Paleocurrent variations could then
' be caused by intrinsic fluvial controls, but this factor doesi'
Jnot. by itself satisfactorily explain the close relationship
betneen fhe coarsest grain size and the’ most . soatherly jor
. feastérﬂy) _deﬁlection within the useguenCes; Allocyclically--
SR _:induced avulsions better explain these sequences in which

.case the sequence would begin w1th gradual lateral shifting

. .. . of. the braid belt hence depositing ﬂa ‘cu sequence ,as'

-

previously explained A tectonically—induced avulsion (due to;

S
-

‘e .southeasterly tilting of  the alluvial plain) would divert;'_”

thé’ coarser high order channels into adjacent floodplains

-——-_.__
~

creating the southerly paleocurrent Further autocvclically—

H

:\.controlled migration of the braid belt away from the locua of

| . 7sedimentation would create the capping thinner finer grained_'

’ n cycles,:~-anhzc the .'nértherly' deflection (due " to r?*‘:
I equilibration) ,\A :purely allocgclical, explanation would
- o finvolve' three= ninor tectonic pulses :tilting ;thc. alIuviaL
: plain,causing .the southerly'deflection‘anh thef progradation

‘ f coarSer grained deposits Relaxation within the highlands{
~11 wouid allow the plain to equilibrate back: to :ite; original
. :etateiﬂ(i‘e ‘a northerly deflection) and a’, decrease in grain.
gllfsglsize. Although this could be. possible, a»purely allocyclic
. Jflienplanation is unlikely due to . the thin’ overall; seéﬁénéé\\\

':thih?c?cles)- facies associations and paleocurrent patterne 7*
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ey

".all of which can be explained more simply by lateral shifting
of the, braidplain w1th— intefmittent tectonically—inducedf'

avulsions. , I i ‘._,r

Paleocurrents in subsection N’ were analysed by measuring.
;the ‘strike. of a/b planes for clasts with a: b axial ratios
?é.o'and "a" ‘axis >I.0cm. Data were processed using' methods
descrihed in section 7.3. and are shown in‘ Fig.75 AndfT
Appendix i;. ' - o '

¢

'Imbrication ‘'studies showed:no significant 'differehce
betweent results using a/b->270 andf“a“ﬂaxisi>1 dcn (maximum‘
difference: was 1.0%). . Strikes of A/B planes are plotted in'
Fig.75 and _show :al distinct -unimodal imbrication @ean
~1pa1eocurrent averages display a'northwesterly trend ranging
between 329O to 3450: 'which agrees with a Cobequid Highland
'provenance.“ Vector‘ strengths range between 59 4% to ‘90.5%,
averaging 13:2%._Thesejre1atively high vector étrength'ﬁalues'
suggss} that these iaredpoorly sqrted ‘waterlain.-deposits\

. rather. than debris flow deposits (Mills,1984). : S O

$-9.4.1 Paleocu nt ﬁeiationshipsj

‘ﬁ‘Angdlar de&Iation from the preceding cycle was - plotted"

.,

versus the coarse member thickness and the moving grain size

.,Results showed no correlation existed between the parameters.

(1.e. f_r=—Q.i?5ﬂ and'_r?0.032 respectively);v_ihef lack ‘of -

1



STRIKE OF A/B PLANES FOR CLASTS
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correlation contrasts ~-with moderate to good correlations_
LEE N ;

found in sections 01=- 03 Ldiscussed ih 7. 6 cf Figs 43 44) and:’ -
is ' attributed to contrasting quvlal styles Sections 01- 03

- were _ﬁomlnated by large trunk braldplain depositSa which

s

' ?allowed sedimentation rates to exceed subsidenee rates.' thus
o {:\ .

‘ creating thicker often amalgamated cycles with ow: fine-

4

K/coarse member ratios + In this system avulsions were guite ,4

common and probably ‘the main mode for creation~df new " braid'f

l.

tracts. Section 04 'contrasts by being a much smaller

braidplain on which sedimentation rates could not. keep up
with subsidence rates, hence the chles anp well developed

with high fine—/coarse member'ratios In thls system vertical

N K N = ! 'k .
aggradation nd lateral migration of ‘braid belts across the .

k)
R

- 1 N
:

alluvial plain, were common methods of deposltion Rapid

N..-

subsidence rates along wlith the lateral migration fof braid

belts would preserve both low,and higher‘-order‘»channel-'

-

deposits; Hence succeeding_cycles would have palaocurrents L
independant of the underlying cycle, :unlike' in iavulsion~ L
related cycles;, where paleocurrents in the oVerlying .cycle ﬂ

would be expected to diverge significantly

- - . . . [
s f ' . LRI T

' 9.5 Vertical Trends in Grain §iée and Related Parameters e e

- L e e e i)

Procedure for the sampling of'Clasts‘iST outlined in
section 8 2 1 ﬁIhe moving grainrsize and normalized standard .,

. deviation (S ) are plotted in Fig 76 The moving grain size
. ‘N .
showe _a cu’ megasequence up to cycle I IV where it begins 'to

by
heTN . .—\
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T
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L ' v e L
he © ‘maximum grain size in section. 04 is ﬁouﬂd

raphicaiﬁy hiqhef“ than ;gectionS'*Ol-Qa-. and ~””s‘

T

M . LN - R

ted to progradation q; a cﬂastic weGQE' from‘;the

L
o l:\

d orogenic belt, discuss&d turther iy sectlon. 9=6}1
tios sare tabulated- in Table 13 -and shdw"l Small

»

oﬁ decrease from 1. 59 (n 300) An subsettibn K to {'Sﬁr -

- i oot . i LS

) - bsection I refle ting the progradation of
| : :

-, <hore ‘equant clasts (1. e.' increasing proximalitw)

. ~
w "

trendszc reflecting progradation, are seen in he

values (Fig.}ﬁ 77). Fig 77 plots \he moving

' i-‘ L

zed standar&‘ deviation versus the moving grain szze

-t - .

cles in the lower and uppgr half of section 04 ;}iye.

above and below cycle JI) and,shows that increases rn grain

size a
section

- upper s

~ *to low

flner

. LH
re correratable with inereases in sorting in the lTower

)
.( [

(r=—0.779) and decreases in 59{??39 values in" the

u.

*a

ection (r 0 606) rendéiin the,lower gEction;are due

lw M

clast/matrix ratios which allowed winnowing of the
- . N 4 ',
pebbles (i.e.,ﬂselective transportation,‘ Ghurch and' ‘-

LI LI 13
K

Gilbertq1975) ,hence creating the well SOrted ﬁeposits thé‘

npper
'sorting

ystem
- and dec

v

9.6.1 C

Ve

hana}ysedcrusﬁng technlques desqribed fn* section 8.7; ‘'the

part of sectibn bi (Fig 77) typifies grain size~<ﬁfa_‘ﬂ_q

.

trendsiexpected within & proximal_prograding Tluvial

'__h“.— ']l_

increased grain size, ,increased\clast/matrix 'ratio

3

" - 5 2 *
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_ TABLE 13: A/B RATLIQS FOR SECTION 04

., SECTION  UNIT + ' MPS MEAN 100
o : A/B . S A/B S
. " D.. . ' D

v I 1-3 1.54 11..1 1.50 1.75

1-10 1.74 10.2 1.59 1.82

I-12 1.49 7.65 1.58 1.50

I-14 1.52 13.1 1.52 ° 1.97

© I-16 1.52 9,79 . 1.47 1.92

I-18 1.83 5.49 1.53° 1.48

‘ . 1I-21 1.64 7.24 1.63 2.13
AVERAGE_ 1.60 - 1.58 -

B & J-1 1.68 8.80 1.60 | 1.34

-, J-3 S 1.73 6.40 1.50 1.71

J-11 1.. 60 5.83 1.57 1.47

| J-16 1.67 ~11.d 1.60 2.55
AVERAGE: : 1.67 - 1.51 -

; K K-2 1.58 6.11 1.64 1.41
\ - K-6 1.71 5.45 - 1.70 1.37
.. AVERAGE . 1.65 1.67 -

N - .
L L-12 1.50 3.98 1.67 1.14
: L-13 1.69 5.74 1.52 1.36
L-15 1.82 4.75 1.58 1.12
~ AVERAGE 1.67 - 1.59 -
N~ 'N-1 1.46 9.83 1.76 2.20
%, . N-2a 1.69 9.55 L U176 . 2.53
T * N-2b 1.44 7.06 1.65 1.23
o S N-4 1.44 7.65 ,"1.46 1.27-
. N-8a 1.46 9.27 “1.51 2.21
T « N-8b 1.56 16.0 152 1.97
R N-gc 1.48 12.1 T 1:53 1.76
 “AVERAGE ... 1.50 - "1 .60 ~
. - . . N v
o S = standard: deviation of "a' axis
p D : -
. & , ‘
4
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' _results support progradation of Cbbequid Highland éediménts.,

Analysis  of clast size for ihdi@idual lithotyﬁés;'
displayed properties similar té the.overall‘grain size curve
(Fig.76).The moving clast size for the _vafious' liéhbt?pqs_ﬂ
shows (Figslp) a general upward increase in grain-size'With é
slight FU of some constituents in the upper parts. TQﬁ'majdr
peaksl\correlatable w;th those seeg'iﬁ the mdv@ng grain size
(éié.?é), are  shown by syeniti¢ and quartzitic 1lithotypes,
but ofher lithbtypes do not show such pronouﬁced peaks. These
peaks -are att;ibutgd :Eo high ordgf Fhahnel déposits ‘from
lateraily migrating braid belts (discusséd in ‘'section.9.7).

Comparison .of clast'abundance between subsfctions IJK.
(section 04) and those from sectidns'OI/OZ,ba aistinctly show
two different sigﬁétureq (Fié.?g) indicative ,of. provenancé‘
frbmﬁ two sources. Subsecfions IJK are slightly enriched in
felsics, sigﬁificantly enriched in phyllifeé and depletéd in
sandstones compared to the adjacept-séction 03. Subsgqfion'
IjK is alsoc marked by other lithologies .not present in
" sections 01-03, termed "chefs" in 'Fi§5.78;79_which include
ba;alts, metabasdlts, alte;ed basic ﬁélaadtraéic_volcaﬁics[
highiy chloritized granites.ana feldspathlic gneisses, and are
.hoét abundant in_‘cycle fﬂ IV. The marked. differgnce "in
'lithotypes, between theseugec;ions éugéeéts provehance from
two differeht'sourcésf

-

FPetrographic analyses were carrlied 6ut on matrix samples
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to ‘samples from section” 03
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from sectlon"04 in. brder to determine their _provenance.

Procedqree descrlbed in section. 8.9 gere followed, with

reSUltsl'as‘,tabulated in Appendik\lG and shown in - Fig.80.

B

'Samples from,subsection-N plotted aS'feldspathic litharenites

due to the abundance of feldspar rich groundmass and feldSpar

'phenocrysts - from the underlylng rhyolites of the Fountaln

Lake Group. Segregation of .samples from subsections IJK into

coarse-—, .-mediumﬂ .and fine-grain types {see section 8.9,

’8.9.1)_-showed a decrease in lablle fragments and an increase

in quartz'with decrea51ng.gr;;2;slze. This pattern is similar
(see Fig.64). Comparison of
‘'similar grain sizes from section 03 (Fig.64) and subsections

IJK (Fig.BOJ shows: i) coérse grain sizes. from subsections

.IJK have a much greater abundance of unstable rock fragments

(URF), .ii?r medlum and flne grains from subsectlons IJK are

‘enrlched in feldspars and depleted in quartz. “The enrlchment

- of labile rock fragments and feldspars from matrlx samples of

subsectlons IJK compared to section 03 1mp11es either a: more
1mmaturehjsand (1.e.- increased proxlmallty) than section* 03
and/or . a dﬁfferenr eance. Faeies - -associations and
paleocurrent. patterne. preﬁiously discussed lin section 9
sdggeét that a combination of bpth;nypdtheses mey - be .mosr
appropriare.

- Although careful work was carried out on lithotype' and

<a
'

petrographic «classification of samples, determination . of
exact provenance proved difficult for various reasons.

Petrographic studies, alrhough more exacting, may not have
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i

. as pOtaSSlum feldspars. nghly vacuollzed and altereJ ac1d1cm

o
¢

' \.'.|' -~

progerly ldentlfled ‘some LRF s due to stalnlng of felsxc~rlch

groundmasses Erom alkallne rhyolltes (eg.' Pountaln Lake

Group), hence m1$1nterpret1ng the hlghly aphanltlc groundmass

‘ \

thinf~setti6n for other rock fragments, whlle 5111c1f1ed

.

volcanics’ méy:_hage- been 'mlslnterpreted %S{ flne gralned

quartzites -in :haﬁ¢sam§£g.h The end result is that possibly

Y.

_important  factérs are related to ..the basin and  the

»

lithologies found'thefein; First and' foremost it should be

- -

noted that  the 11thologlcal diffefences between . the

Célédonian' and Cobequld nghlands are subtle i, e._ there are

"no lithologies which are dragnostlc of one thhland. Possible

sdurée rocks ~from. the .Caledonian Highland include the

‘Precambrian Coldbrbok" Group . comprising predominantly

siliciclastics with . well developed schistosity "in places,

less common felsic and intermediate volcanigs and minor "

'chlofitic/sericiticp;schists (Kindle; 1962). 1Inhterspersed

: w1th1n the nghlands are Precambr1¢n (?) and Devonian felsic

1

,plutcns. qusxble Cobequld nghland.sodrce":opks include

[

-

and volcanics, and p0551b1e offshore (several kllometres

_south of Squally POLnt) metavolcanlcs and phyllltes..The maln

dlfference may l1e 1n the greater degree of metamorphlsm- in

| . PRI %
. .. ]

the Caledonlan rocks

Certain characteristiés‘were noted ‘in some felsics which

"

volcaq1o rock fragments may have also been mlsconstrued 'in,‘

“distinctivé ‘lithologies may have been mlssed. Other . more

~ Devonian siligiclastlcs, Devono Carbqnlferous félSicvplhtdns’

+
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. . L . e

;may be useful in. detailed provenance studles Many feisicei

. were' depleted in mafic minerals -and' quartz, p0351b1y‘l
dlagnostic of the source area Another charaoterlStic noted'
in many felslc samples {in hand sample and in thin section)“.
was - the ,dearth 5of plagioclase, denoting alkali granite
‘affinities. Alnall‘fgranltea _are common - lnjlthe\?Cobequldr
Highlands and are of Deuono;Carboniferous-age.. The;:largest -

~and closest example.to the study area is the Cape ChlgneCto.

: Pluton- (Fig 81) whlch~ was probably . exposed during the

r

Westphal;an

1 Altnough exact provenances cannot be ascertained, - the
following generallties may be made
i) Syenites (quartz syenites and alkali granites inc¢lusive)
may be from the Carboniferous Cape. Chignecto Piuton {see '
Fig.81) or a ‘Devonian pluton .coeval with the New’ Yarmouth
..Pluton, . The” extent of the.latter pluton 'cannot be .
j:delineated due td. its coverage by the Bay of FUndy._ and
"-.hence it may have been a major source

ii)'Grahités are inconcluslve as to provenance ‘becalse they
are fouid in, both highlands : b

iii} Rhyolites found in section’ 04 are mosft probably derived

. from the Fountain Lake Group : .

iwv) Quartzites' in section 01-03 could have come from the -
Precambrian' Coldbrook Group (Pig.82). while quartzrtes An o
sectién 04 could- come. from the ‘Devonian Rapid Brook
Formation and - sourcea now covered by the sea

v) Sandstones. are more promlnent in sections 01— 03 and may
be - derived from’ Misslsstppian or Precambrian {Coldbrook
Group)’ 'sedlments (Fig 82). Sandstones “-from sectlon 04
are less ‘prominent 'and may be derived from . tHe
Rapid Brook Formation with minor amounts ‘from the
Fountain Lake‘Group. : -

'vi)‘Phyllites[schists within section 04-are.  of uncertain
provenance. The-follation, textures seen in samples

may be due ‘to large intruding plutons capable of
metamorphosing the adjacent sediments. This is seen. in
the strong catacldstic deformation in the Soldier
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Brbok Pluton. due” ‘to . the, emplacement of the Cape SO
Chigriectq Plutpn (Darlohoe and,''Wallace, ;982) An, .
alternate eﬁblanation is that .the phydldtes arem coming'

: from an unmapped source, !

kN W e LR ] »

vifi) Mafit lithalcdies (basalts and altered vbicanics) afound

TR A . C S;'I

Am seq;ion&‘04 are-probably from tné bevonian Fountain
) Lake Grpup “ RYLEEARN ) . St
" PR “-'. o -Lg.

s Y )

- -
[ 4« ey,

. Cbmpandsons betweeh the stratigraphic positioning‘ of@

Ly W%

maxima for the abundanCe df certd‘n li&hotypeé (Fig 83) kd

grain size (Fig.78). ahow results similar te-thoae seen +ih

A . .! .,|_\

section® 8377 Maximum grain size foz a given clast overlies

its  maximum abundanéé ﬂinV]fT?' a?aéa‘

siliciclastic lithotypes implying'progradatIOn as argued “in

r

' section 8.9. The opposi{e relatfcnship was Been with,granitlc

'1lithotypes, denoting retrpgradation of the system supplied

ﬂrom -.graniti¢ source areaa ‘ Relatinq thesa ;evénts to

\ v

provenance flelds reveals no majo% discrepanoies prograding

ﬁ..

\detrttup shed from them“Cobequgd front could hBVE been
v \. 4

-'proddcéd%from the aforementioned areas; s while retrogradhtion

from a granitié sduicé may indicate Ehe peneplaining of

graniéi; plutons. Comﬁarison of patterns ségniin sections 01—
03 and 04 show similarities betwéan{%siliciclastid;
(progradational)':la d grahites (retrobradaﬁional‘ The
ubiquit® of $ilicic1astics in both Highlands mdy inply that
progradation was'fachieved by basin subsidencaj and ‘not
localized ~ uplifts (sensu .qtugggg) ‘hence ahedding of
sedjments would be increased near basin margins _crqating a
prograding clastiE hedga from both adjacentn;hidnlands.'
Proximality of-saction 04 -to the Cdbeqnid baain magginiﬂmeans

- ) . ot
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that sediments deposited during progradation. from 'those
Highiands - It is postulated that a similar study proximal to
the Caledonian basin maréin (if 1t were possible) would. show.,
similar patterns. Granites are also common in both'Highlandeul
but unlike the siliciclastics they display a retrogradational'
:pattenn. Thel. gresence of both similar prograding and,

-retrograding lithologie$ from two different uplands requiree
dan explanation ) Feldspars are known to weather most rapidly'
in ‘humid tropicel regions (Press god_-ﬁeiver,.. ;19;8).‘ A
sihilar environmentlin this region during the Carboniferous
(b'Orsay and van.de Poii.lQBS) would have greatly increased
the weathering rates of Precambrian and pevooian felsic -
. ~plutons (Bradley 1970) Given a substantial ioorease in
-~ telief;- due to subsidence or tectonic, Uplift felsic plutons
’wouid be expected to weather much more gquickly than
cﬁemically resistive siliciclagstics - the‘codtrolling factors
on sedimentation patterns being the rates  of weathering
(chemical and physical) and subsidence (or upiift). For
exemple (see ?ig.84}, if the weathefing rate were much less

than subsidence one might expect a continuum between

equilibrium | (1.e. no pro- or retrogradation) and

progradation; if weathering rates were quite high and even

approached subsidence rates the result would be peneplanation
of the piuton. creating a retreating scarp and depositing o
retrograding sequence. Therefore the differential weathering

-of felsic plutons and siliciclastics under Jhumid/tropical
-1

conditions may have been an Important factor in the differing o

sedimentation patterns:



Fig.84. . Effect °  of weathering and subsidence
progradation/retrogradation patterns (see '
text  for explanation). ' :

e

on
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9.7 DEPOSITIONAL ENVIRONMENT (SECTION 04 )

P

+

. Deposits from subsections 1-L are interpreted aéfbralded-

fluvial-fof the same reesons:proposed for sections 01-03 (see’ "

_6.2f. Although bothuare attributed to braided fluvial ‘origin,

K-their;oafchitectural styles contrast significantly, 'implying

:different,environments of deposition. *

Cycles  within section 04 are characterized by shafp

,céncordant,-loyer _contacte overlain by conglomeratic {or

r

isandstone)h facieshassemblagee which grade up -into Baﬁdstone

and finally he{grolithic facles assembiages Lsee..Apps.GrTIJJ

" Centacts between: the coarse and fine members are commonly* .

gradational. " The presence of such well-developed FU cycles

is often oited as a common characteristic of meandering

.

fluvial deposits (Allen 1964,1965,1970; Bernard et al.,1970;

- Jackson,1976,1978) but is not applicable in this case.for the .

'following.reaeons: . - - s

B

’Nwi)‘.lack of lateral acoretion eurface&

-_iif. 1aterally extensive (up to Tkm) sheet-1like
geometry - ' .
. & ] '
-i1ii) low variance unimodal paleocurrents

iv) «coarse gralned units not confined .as lags

v) faclies associations do not conform with Jackson s
. {1976,1978} meandering’ fluvial models :

vii) preponderance of framework supported L .
conglomerates within .conglomeratic facies
associations :
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‘ Cyclicity within meandering systems is attributed to the L

preservation of both. lateral— and . verticai‘ accretion

v -

-depcsits, the former being formed by erosion of the cut bank
&nd denqsition on the point bar due to- spiralling- flows;,-
(Allen, 1970; Walkef and Can':mau, the latter by overbank
sedimentation .Thee. thickness of tne' fined member-_ (opA :
'atamalgamation' 'ef;'laterally *accreted'Mcnannel-depqsits) s
lcontrolled by rates of aggradation and ‘avulsien, ‘fsinee' a
‘channel belt wili inevitahiy return to a-eivenAleqatidn“ on
its ‘floodplqin, but at.’a‘ different 'elevationhl‘due Sto |
' aggradatidnl" (Bridge 1984; - Bridée ‘ 'andg | Leeder 19?9
:.Aiien 1§78)1 If the system is avulsing at a rapid rate (<1000._
years) overbank deposits will be thin The rate of avulsiqn
~yiil be ‘controlled by allocyclic mechanisms;.:mostl'eften_-
f Sdhsidence/sedimentation rates.
1 :

B whereas' well develbped FU cycles with, relatively low.
"coarse/fine membeY ratios are Xhe norm in meandering fluvial
systems, they arel the. exception in braided systems.
. Coarse/fine 'member. ratios are‘guite_low.,compared itO» mest
studied 'braided deposits :angind from 1:1 in‘subsection K

.and increasing upw stratigraphically to 3-1 in subsection
itl Most braided 7y8tems are characterized by the dearth o}
'overbank_ mudstones.{eg Battery Point Fonmation ' Westwater‘
~Canyon Member; Cannes de ﬁoche_?o;mation, Maibaie Formation, -
.et cetera) Whi;h is attributed to rapid channel switching not
allowing the presetvation of abundant'foverbank' _fines:

Although cycies from .  section ° 04 fit the above

[
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d '
“

' characteristics, they are not of meanderingUorigin for the
reasohs‘ cited -at the beginning;ofjthe section ~ ‘hence the
‘}well developed FU nature is not due- spiralling' flows

~‘rather, aggradation and lateral braid belt 'migration (see |
-sections 9.1.3, 9,3,_914. 9 4.1).

Such Well—developedl fUJ‘cycles hith relatiuelu | low
fcoarse/fine ‘member ratios are only known to the -author. from
the Miocene Kasaba Formation (Hayward 1983) " the Cretaceous;'
Tertiary Brazeau-Paskapoo- Sequence (McLean ! Iand
Jerzykiewicz 1978) and the Cretaceous Tertiary Saunders Group
(Jerzykiewicz Aand“ Sweet 1985 l T-:r Jerzykiewicz i pers.
_‘com.,1985). The Brazeau Paskapoo Formatione and the Saunders:
Group - are similar, comprising erosively—based thin coarse
.members internally stratified by" thin lag depoeite, Sh/S1
interspered with minor Sp: and oVerlain by a ‘thick fine
member - McLean and Jerzykiewicz (19?8) gave no. e#act”
j"interpretation for the Brazeau- Paskapoo sequeAte, although a
braided fluvial interpretation seems most appropriate.-llhe
Saunders Group has been interpreted as an anastomosed deposit
(Jerzvkiewicz_pers. com ,1985) although it does not resemble.
‘modern or ancient analogues . The differences between coarse
member lithofaciee in the Brazeau Paskapoo Sequence Saundere
Group and section 03 do not make them perfect analogues,'
a though tectonic settings may be similar. The Miocene Kaeaba
LForhdtion is a much better analogue. characterized by well-

developed decametre ecale cyclee comprising an erosional base

*(Se} -> . Gm -> minor St -> Sm ->.thick 'fine member. These
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‘cycles; were; &éé&sited 1§'a rapidly_subsiding‘paSin and 'afe
'1ntéf§}étéd aé”gutoqygiic in origin, the thick fine member
created by‘"loﬁ late€él confinement of thé flﬁviai - channel" '
allowing wide ﬁispersai of suépehdéd:.@a;erial- e#gn. under
moderéfe fabods- (Hayﬁarg,léeﬁ). The abundance of "wall-

developed FU cycles (c.f.. Pig.2 Hayward, 1083) , éhd'labg’of'-
ST - )
CUFU-type cycles is suggestive of ‘avulsive channel migration’
akinl.tO‘ what is seen in lower section 04. . The presence of
érimafily'sﬁarp cpntaets between'cbargé éné fine.memﬁérs also
suggests fhat avuision‘was_the‘dominant'gdepoéitional style,
(dlscussed jater in this section}. ‘ -
IWell-developed‘:cycies; in secfién 04 can‘bé subdivided
into two major typesd reercting‘_differ?nt‘ depositional
environments. Cyéléé.frém sﬁbsectiohs-iJK ﬁéke .upifhé first.
major éﬁgup éompfising‘ wei1~déveloped FU and CUFU cycles.
.fhe,:E;éﬁse member 'is'cbmposed of primarily -éqnglomeratic
‘faéie§~_and - has algqadational coétacﬁ' intq'lphe,.overlQing
heterolixﬁiblfacieé. The coarse member'displéys’the following
‘preferred'iraﬁgitiéns: F —}”gg -> Gt -> Gm -> St{m) -> F. The
fine‘ﬁember éoﬁprises‘grey‘mﬁd;tones with‘Fm and F1 being the
‘mdsf cpmmon."?refer;ed faciés transitions shown,.by the
he£efolithic 'faéieﬁ assemblage (see section_‘g.a)- éuggeéts
- depdsition‘:within an abandoned channel rafhé; tﬁ%n} overbank
- areas. | | o

1
L]

Fa

The ‘aforementioned characteristics of cycles from

-

$ubsedt;ons IJK- infer that vertical accretion/gradual
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abandonment, rather than;avulsion,'was‘the domiﬁant influence

on depositidnal.style. This' hypothesis is substantiated by:

-t

the <CUFU- .nature of many cycles (see section 9.1.3); the

gradatibnal contact with the heterolithic 'chies— and the

nature . of coarse member preferred facies transitions

(Bridge,1984; Rust and Jones, pers. pomm.,1985y. ThE'lack‘df

correlation between coarse member 'thicknesé and -angular

deviation between successive c¢ycles also suggesté-t that

avulsion was not-. important in the fqrmation_df new. braid.

tracts. The fine member shows characteristics consistent with

deposition within gradually abéndoned channels. These are:

grey mudstones indicative-of high water tables which did not
allow oxidation; predominance of Fl {over Fr) suggesting!that
mudstone deposition occurred via’tractiveQ)currehts during

channel abandonment, and not suSpensioh deposition on .the

floodﬁlain; preferred facies transitions dispiayed by the

heterolithic facies assémblaée Asection 9.3) which are

4 .

consistent - with deposition within wvariocus- parts of an

abandoned channel rather than overbank deposition.

Staéking of cycles along with paleocurrent patterns: 

infer deposition - b& a vertically accreting/laterally

migratipg braid belt (discussed in sectiﬁh 9.4[; The presence

of CUFU sequences (sensu’ Heward,1978; see examples in,

Apps.6,T) along ‘withq cycilic paleocurreﬁf patterns  are
interprétéd as the result -of raﬁid aggradation rates which
Qould allow thé breservatioﬁ of low-, high-,  and low order

a
.channel deposits as the braid belt swept across the alluvial
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plain (Fig.85).

4
BN .

The second major‘cyéle tvpé-is.seén ih -sectién L anéfis
] éarke&ly di}fergpt %roﬁ 'sgbsectién“ IJK. C?cles " from
subsection L disﬁiay a weii-devéloped-FQ:ﬂatﬁre (see‘}App.85; e
rérel? éfé 'amélgamated, and never CUFU_unlik§ _fhose- from“

subsections’ IJK. (see Apps.f,?). ‘Coarse members,arelcoméésed"
éf ‘sandsténe facies ,and have sharp contaEts with 'fhe_
'évgrl§ing-.hetérol%fhic facies asse%blagé. The ﬁétéfolﬁthic
facies -assemblagé 15 made up of predoﬁinanfly red. mudstone, -

. with Fm.and Fr being the most common.

Characteristics displayed by éycles En subséctioﬁ% L are
indicative  of gradual channel ébanéonﬁent follo&ed by
avuléion, ~r§tﬁérv than_ vertical achetion/gpadual ‘channel
abandgnment as seen‘in cycles‘from subsegtions IJK. The lack
of“ CUFU cycles énd presence - of sharp contacts "with the
ovefiying heterolithic facies asbgmblage énd ﬁell developed
FU cyé;es éuggest :that -gradual channel  abandonment was
_-commonlﬁ preceded by avulsion. The aﬁundance of red muds tones
{Fm, Fr) qnq dearth of Fl indicates that fine members were.
deposited on‘fJSOdplains ;ather than abandoned chanﬁeléi The
presgnée- ot_lqwe; Jater'tabies-allowed the coléﬁization of

plahts,‘henc& creating Fr and the ogidation of the mudstones.

The £volutidg of’ section 04 shows ‘that deposition
occurred in several erivironments. Pirstly, deposition

occgrfed in 3lluvial fans (subsecfion N) prograding - towards

)



"Fig.85.

Formation of CUFU,._cycles by a

laterally migrating“bBfaid tract (seeJ

text for ‘further explanation).
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LOW ORDER CHANNEL/BAR DEPOSITS

HIGH ORDER CHANNEL/BAR DEPOSITS

PORRS

LOW ORDER CHANMEL/BAR DEPQSITS
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the northwest from the Cobequid Highlands Marginal to thesc
&

fans were shallow lponded areas of poséibly lacustrine coq-

4

- swamp affinities. These “shallow _lakeg allowédl the ~
X Fy :

preservat%on _pf rora creatinh thp ﬁthih coals seen in

' .‘
! ", “:f ¥ 1 3 ¥

R}

subsection i N . (i:e.‘ja Spicer s ! Coﬁe,l Hacquebard " and

l

s
Donaldson 1964) Similar spenarios are envisaged by Caﬂder
: 1

(1984} for the noﬂtheaét phrt of th» basin Supsection L’

shows a CuU megasequence with‘éasterly paleocurrents implyihg
% ‘,. t '\\

ba31n margin. onlapphng‘KQraidplain deposits analogous to

\
o Permlan dep051fs with;n the éydnex Ba$1n (Australia} ‘/ahich

s

show coals adjacent to\alluvial éans (Hun; ahd. Hodday 1985)
f(' .

This braidplain }Waé probably marginal to a larger Ltrunk

Tt o ) “.

o) 1

P

the baszn .(Fig 87) Subsettion/,x.con inues 't \fbu trendv
. : " Lo ".-\.

'displaying increasingly northerly paleocurrents thicker fine
' “'_—"'"‘-'—'-—-'ﬁ

.w,.

braidplaxn which flowed long}{udinally (northea'terly} dcwh.

members and ° ﬁistxnctly differen;D clast ?b&thologies “-{ns

o . 4 V} M -
prev;dusly shown\ inf; ectiOn 9 4 _t n@;therly shitt

'i

.4

paleochrrent is 'attribﬁted "'t ‘. upuft “in these, Cobequid

Highiand51 hence subsection K markstthe initial progradatiOn

.P

thq HighlandﬁJ Uplift 15 also borne out by é%é 1nput'-cf

exotic- ciast lithotypes '”The presenFe 'dfi" dlfferent'

. '

flnvial QQétems ;15 ’alsp corroborated -by the change ”1h.

1

depdsitional style between subaecfions L and IJK (proviously
discusSed) _,and.:the‘ predominance of g%ey muds£0nes in ,tﬁé
"hpper! subcectfcns inqicative 3'f higher - water ;'tablen
}Subsectlons .Ii"also .digplay properties. dcmoncgrairvc of

progradatiaon: CU megaseghﬁnce (gxcent fcr";he‘the‘ubpgf_jphj.

-~

.,detritUS shéd by tcanversely flowing braided streams frpm ~

A



-255-

upward thickening of coarse members and a decrease in. fine

member percentage. . ) -

- . -
. a

Compar:son of subsections 1J to the laterally equivalent
sectlon 03 shows many differences not explicable by Simple

proximal/distal facies changes:

.

i) subsections IJ have thinner cycles; thinner coarse
members and smaller mean bed thickness, but cycles
in subsections IJ have larger grain size.

+ii) subsectionstJ have a predominance of grey mudstones,
, as opposed to red in sections 01-03.

iii) Dbases of heterollthlc units are commonly gradational
©in subsectlons 1J.knlike the sharp contacts of 01 -03.

iv)fthere are well developed FU and CUFU cycles in
subsections IJ .

vi)‘heterolithic‘facies associations in subsections IJK
’ show preferred facies transitions related to
“deposition within abandoned channels.

- vil) paleocurrents in subsections IJ are northerly, as -
’ opposed to easterly in section 03.

Jviii) -there is a lack of correlation between coarse member
’ " thickness and angular deviation of suceeding cycles in
Asubsections Iy - the opposite is .seen in section 03

' ix),clast . lithotypes '~ and percentages differ
. between section 03 and subsections IJ.

«

The southwestward distal to proximal trend seen in
N & — .
sections 01 to 03 Snggests,section«04'should have a more

proximal charac{er*if'lt were part of the same system. These

-

~distjinct differences shown by gsection 03 and subsections IJ
cannot ‘be 9xplained by simple proximal/distal facles changes

Two possibllities couid explain the dichotomy: +1) subsections

1J are gpe, result of deposition by anebrenching (i.e.




-256-

2

paralléli brajded streams marginal to ; much larger trunk
braidplain (i.e. deposits from sections 01-03) or;‘-ii)
subgections_ 1J are-deposits of éﬁali b?aidplﬁiﬁs "tributary
(i.e., transverse) to the trunk braidplain. 1In lighé of thé
qiverging ‘palgbcufreqis; different cla;t lithotypés;‘ and

larger grain size of subsections IJ the latter h?bpthes&s

‘seems most appropriate.
o p

e

16.0 TECTONISM AND SEDIMENTATION IN THE CUMBERLAND BASIN

10.1 Introduction

There are numerous tecto?ic-models‘for the origin of the
‘Appalachians. Full-. documentation of these models is beyond

the scope of this thesis and hence only a brief overview will

b

be presented. .

K

Two general views exlst on the tectonic interpretation
of _Aﬁpaiachia. The.first viewpoint is based on a "two-sided
,symmetrical model" (sensu Williams,1964: 1976; 1978: Rast et
al.,1976: Schenk,1978: Bird and Dewey,1970). -In this model
“thgldeformed belt is.divided into five tectonic zones, each

extending the entire length of the orogen. Accretion of these

zones - occurred via Wilson-type Cycles during "the Late

Precambrian _and into the Late Paleozoic. An alternate

explanation invokes a terrane model (Keppie,1985): A terrane

" is defined. as.an area underlain by continental crust and

characterized by-internal cbntinuity which is distinct from
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- . . 1

) .
that of neighoéuring terranes. Modern analogues to these
;erranes 1nclude m1crocont1nents, submarine plateaus, ridges,
seamounks,: yolognlc arc complexes and small ocean .basins.
éoﬁe of tnese continental fragments are large enougnf to
reeist“ suodoction' and‘,henoeﬂ become aecreted onta the
_contineptal mafgine. :\Keppie. {1985) euggested . that  the

previous ‘model is far too simplistic;  the orogen cannot be

subdivided into zones_extending along ite entire length. 1In’

add;tion,',the preuxous model fails. to accomodate sinistral’

transcurrent movement oE the Avalon terrane as detected Erom

D -

paleomagnetic ‘studies (Métris,l976; Kent and Opdyke,1978;
\1979 van der Voo et al.,1979: Van der Voo,and Scotese,l981).
Recent paleomagnetlc work by- Irving and Strong (1984) on the

early Carbonlferoue Deer 'Lake Group (Newfoundland) has Eound

no evidence to support any large sinistral dlsplacement /of

-es_'

Acadia. ~They suggest that euldence for 51n15tral 'faultlng

found by other workers are the - result of post Carbonifebous

imprinting. Further paleomagnetlc work must be done in thlS

field, to clarify the "position of Acadla  during. the'

Carbeniferous.

'l .
\ ' -

The deyelopment

major orogenies: i) t e Late .Precambrian Avalonian. orogeny ;
ii)‘the Ordovician Tacon
orogeny;  and - fv) the

+

correlatable with the American Alleghan an— and the .European.

i

Hercynian Orogeny (Poole,1967, Schenk, lQIS W1111ams 1979}.

only the latter two tectonic-event

of Appalachia can be related’.to four.

aritime Disturbance 'whtcﬁ' ks

are of toncern’in. this o

Orogeny; 1iii) the Devonian-Acadian‘“”
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The Acadlan Orogeny has been attfibuted to the closure
] .
of he Iapetus Ocean with subsequent contlnental GOlllSlon of

—

1

Laurentia, Baltlca[' and Cagedonla. (Scotese -é;- 1979
.Schenk 1978- Blrd and Dewey,_ 197!}; Hdwie andJBarss,lQ?S}.
fThis'- 1ntepretatlon has” been criticized 1§Wiiliaﬁs;1979;'

Rust,l9ala; Kepple 1985) ,due' Lo Ehe laCk'of ”th;ests -kOnly

uprlght folds), inconsistency wlth paleomagnetlc data, ‘dearth
éfh ophlolltes 'and wide zone- ofa' volcanasm ' 1'togethef
suégesfing _that‘ subductlon ‘was not operatlng at this’ tlme;"
'Rust (1981a) has suggested Ehat most of these 1ncon515tenc1es 

may be reconc1led by the contlnenﬁal margin overrldlng a low

r

dip subduction zone and parallel transforms with differing

sense Qf slip. Although this latte:'suggestlon:does eliminate‘
. o - P . - . i -
many problems - it 'still does not addres$ the alledged - 1800-

- 2000 km 51nlstral displacement of Avalonia '(Kent.' and

- Opdyke,1978; | Morrls 1976; -vVan der ch et al. 1979) it"vis
clear that present tectonic..models"fcr“'the Appalachlan

- N

- Orogény . are -inadequate and that future models ‘Shouldf

" .The Maritime Disturbance, a late phase of ‘the” Acédian..'

incorporate paleomagnetic findings.

'Orogeny (How1e and Barss 1975); was mafked'bredoﬁihah;ly‘iby :
etr;ke~sl%p ,'aad . obllque slip faulting'. Lﬁebb 1963-196§;'
'Belt ibéée' Bradley 1982) whlch ended"’ by the 1ate Westphallan
‘(Belt 1968,' Bradley,}982; Kepple,19854 as lndlcated by the

.over~stepp1ng " of faults by the Pictou Group Ihe Marltlme
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Distufbence‘ culminated’ with the collision of Gondwana and

Laurentla wthh is. best recorded in -the Alleghanien/Hercynian

Orogeny of ‘the Central Appalachlans

ot . . B . . . . .
p L - - . .

10,2 TectonlC'Models'for the Cumberland Basin

. There 'is a dearth of studies on.the tectonic origin of

~the' Cumberland Baeln;ﬁﬂThe Cumberland Basin lies within the;

. muﬁh Lg;npr 'EUndyf Basiﬂ"which'vis,'* Ci:ﬁreted by ' Belt

) (196P l968} asﬂa complex rfft valley (ter ed an aulacogen by

Sch%nk 1975 and KePph? 1977 ). It LS bounded an both sxdes by

hldp angle faults (Belt 1965J wlth coarse facxes prox1mal to -

I .
the faults and flner EaLles in. the ax1a1 parts of the ba51n

. Belt (1968) 5uggested ?that 51mllar Eac1e5 .and, tectonlc -

‘-sﬁddies_by-Morrle (l976)

patterns _ln the Fundy BaSLn and the deland Valley of the

Caledonlde reglon (present day Scotland and Irelandl:'place :

_chem as part of ‘the same: rlEt valley system . This side-pyf

© side 1nterpretat10n;‘ie 'also borne - : by peleomégnetic:

Ly

East-west compression ddring the Late Devonien. produted"'

'locallzed areas of ten51on (due to anastom031ng faults) which

_created .'a' : graben Vsystem (Belt 1968) . and : associéted :

volcanlCS; Dufing' the Eérly Carboniferous}‘ .compression

‘chenged. to‘ NW- SE and lnltlated a pe:iod of . brédoﬁinantly

strike-slip tectonlsm (Belt 1968 'Ffalick'and Schenk, 1980-'

‘Bradley 1982) durlng whlch the Cumberland Ba51n (Westphal1an

A) and smaller coeval pull apart basins were formed, (eg}:-
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_StellértOn, Minas. Narragansett, Deer Lake et ceteral. Basin.

Varohitectnre *is inot .well 'known 'at i present although
,preliminary seismic studies between Springhill and ’-the
7bordering Cobequid Highlands profiled a. tllted half graben
.configuration e Af?_in.-Fig 86 Calder,= pers 'comm 1985)
:'Bradiey (1982) 'noted' that Late Paleozoic‘_basins ;subsided

}

episod;cal;y ‘ 1n two stages: 'i): : initial-'phasej of

fstretching} .thinning and rapid fault controlled suBsidenceif

often associated with volcanism and ii) a sec0ndary phase of '

.‘gradual'subsidence.- Bradley s curve for the Gumberland Group

shows very rapid subsidence.' which is also supported by the

npreservation of in situ trees (Logan 1845 Dawson, 1854 ; Duff

and Waltonf_'1973).- Mississipplan plutonism (eg the Cape'

_,Cnignecto. Pluton) is problematic because ;t ‘implies ";ate-“'

-
Fa

Acadian crustal shortening,’

'Bradley (1@82) 'suggested that the"CumberJand_‘Basin-~'

B ‘ .
originated in response to extension between the sinistral

Harvey Hopewell Fault and‘the dextral. Cobequid Chedabuctof'

_Fault 'due to transpression in southern New Brunswick (Rast

-

-and Grant 1973 Ruitenberg et al. 19?3) ‘ Bradley (1982)‘
proposed that a possible modern analogue might be the East.

-Anatolian intracontineﬁtal triple junction of sinistral and .

,dextfal transforms with a convergent plate The junction 15

marked by ‘the 'rapidly subsiding ) Neogene- Karliova .Basiny
(Sengor,1979; Hempton _and Dunne, 1983) Dewey and Sengor‘.”

© (1979) . have shown. that obligue __continental collisions

P

involving irreguiar ‘marginsfcan‘easily_ oreate. str;ke{slip -
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.pfaulting with opposing senses (eg, the East"Anatoliani and"
,North Anatolian Faults) Fig 86 shows a. possible tectonio“'
scenario for the creation of the Gumberland Basin During the -

' Late Acadian orogeny NW SE transpression occurred in southern

New Brunswick (Rast and Grant 1973 Ruitenberg et al.,1973

,Bradley 1982) due to continental collision between Laurentia, d
'Avalonia_ and Caledonia Stress fields during this time

created ) a- sinistral megashear (transcurrent ‘ fault,

LT
]

Keppie 1985) and smaller sinistral side stepping faults such'

as the synthetic Harvey Hopewell Fault The dextral Cobequid—

Chedabucto"Fault is. seen :.as an antithetic' fdult - which

1 - ' .l . .
postdates the Harvey-Hopewell Fault (Fig.BS) and resulted in

the extensianal naturé of the basin (Bradley,1982).

10.3 Tectonics and Sedimentation: This Study

-

.Sedimentation_patterns in the stud? area can oe'.relatedﬁ
to the-‘interaction'of'subsidence'rates WIth _the 'following
elements: 'il_‘an easterly flowing” axial Jbraidplain; lii)
transverse (to ooliquei braidpiains ahd?iiif alluvial“ fans
(Fig 87). During the:early‘westphalianta faulting along. the
Cobequid Chedabucto fault .CFeated _north—northeasterly
prograding- glluvial fans.(eg.d suosectionuN) which debouchedﬂ“

into uarginal "elongate 1acustrine {or- ; amp) areas 5(egﬁ.

'suosection M; see“Fig; '87a).f These lacustrine 'areas 'are-

potential sites for coal exploration Marginal o the swamps

was an east- southeasterly flowing axial trunk braidplain (eg.

section LT. Rapid subsidence within the basin during the



Fig.87.

Citcled letters A,B, , and C refe:ftq-f
different stages of déeposition., =

-The * first stage (A) shows. °~Ehe’

deposition of the Lower Coarse and
Middle Fine Units. ' The second stage
(B) shows the deposition .of -the
Upper Coarse. Unit, -which' = was

. initiated ' by rapid subsidenge _dowa- - -
- the basin, axis and subsequent.

progradation  from  the  adjacent
highlands ({detailed . discussion : 1n
text). i The final stage (C) shows a

northerly tilting “of the alluvial

plain, Capital letters , refer...tgo"

" Subsections from this study.

~
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Westphallan_ B stage created the progre551ve dhlapping of ;ﬁef

fans‘ by the trunk braldplain (Flg 88 1 eg.‘wsubsection L).. o

>
\

Southerly paleocurrent deflectlons at the base of sectlons Ol L

and 03, Juxtaposed 'w1th northexly swlngs Ln the laterally ;;
equlvalent subsectLon J 1ndxcate 1ncreased sub51dence down

,.\

'the basln a%is - (Flg 87b) p0551b1y due to sedlment lqadlng\',j
“The increased sub51dence rates="' doyn the ba51n -ast,‘@

Lnltlated UQWarp 'along £he bas;n marg;n _LBeaumont 1981

._hayward 1984J hence resultlng in progradétlon of transversely :;: ~.'

r . . <

’ ElowLng braldplalns (1 e. deposxts from subSectlon J) :frdﬁf s

" the‘ GODGQUld nghlands 1nt0 the a31al braadplarn? (Flg 87b

'lo ~

1 Fig 88), Thls was Eollowed by—a perlod of northerly 'tllting

_~d€_ the alluv1al plaln either due to diﬁferentlal sub51dence

;tdf“;the.:nonth ‘ﬁ,'upllft _id? the ‘south {Flg 87c}.-~ The t

dlachronous nature of the d99051ts should be- notéd". ; L

w
s \ 3 e 4T . Lo - . . _,_ ]
- - v e . L [ -~
- - . s ... -
REAAA . - f. A3
P . T At Tt . o .
" - . ' -

Results of = this. study are in general agreement. with
- . S LT

Calder (1984) and RUSE st al " (198477 Calgé;,ehyiSioned; a

'

5;m11ar :scenarlq “in. the . Sprlnghlll area, Qith?;cdgk‘ ewampsl
borderfng -alluﬂlal fans and marglnal to 'ah4 axialﬁ:trunk ’“
' -, 1 "r )

system. Alth@ugh todels are SImllar; dlffarlng oplnlons ex1st

:_ - -

on‘fthe‘ integration of sedlmentation 'and tectonlcs. Most -

“ LA Q—
. ’ ; .

“workers ..on “the Cumberland Basin ‘(Hacguebard R &na S{ .

,_d‘,__ aoE o I - .

Donaldson,1964; belder 19847 Donohoe and wellace11982- Caidé}

- .

- - N . , '
pers. -comm., 1985} suggest a continuous onlapping oﬁ

basement by sedlments. 'However, the ev1dence from thls study

™
»

“is- that 1ncreased sedlmentatlon rates {or upllﬁt) caueed

progradatlon Gf transverae fluvlal systems from tHe 'edjédeht:

< kS . . . ¥
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borderlands (Fig 393 . rtf_;é‘ possible that . differential
\subsrdence could result in progradation of sediments iR .the
‘hestern:;sideluof the the hlghlands and not in the eastern
_mardin,',ﬁesultsffrpm th%s'study'show conclusively, based on

-paleocu;rents,- provenance studies, and fluvial architeoture

K
.

d occur from the western‘ CobeQuid
Highiands;: Concern has also been expressed over .a CaledoﬁtaQ\“\\t

Highland source (Calder, pers. ‘comm.,1985) although the . T

[y

paleocurrent data -also fdelineate,an axral.‘trunk systen‘5"
(Calder, 1984 galas and Rust.1985~ ;‘Rust‘ et ai.,lgéé):
However many of the previous studies (Way 1968 Calder;igsir
Buff and " Walton, 1973) assumed a Cobequid Highland source*
ewithout.“haying attention to paleocurrent trends : Way (1968)__‘

~showed _southerly flow from his directional data at Joggins”}3
A ]

(%=186 , after Way 1968) and yet 1nterpreted thisfas evidence

e '

for provenance from the Cobequid Hﬂghlands The presence of

-~

abundant- plagioclase (ranéhng between 1. 7% and 18.3%) 1n‘

!

' Way s rocks ‘contrasts with the dearth in obequid derlvedh_
'sedfhents- in ,thisr study, which implies 'that Way (196$)i'ﬁ

-indentified a Caledonian rather than Cqbequid source: VTQQS

- -
«

conclusion ‘is also bdrne out by Rust ﬁétc‘aif (1984). {hho'
'demonstrated southeasterly mean paleoflow for channels around

G

_McCarren Creek thus connoting a Caledonian source

—

\ ) ) r ) - l ')
o N ‘ ; . .
A probleTatic aspect of the’ axial drainage system is - ‘the
. - ) ‘
_absencé of marine depdsits to the northeast Paleontological 7

R

and sedimentolpgical work by Duff and Walton (19?3) on’ . the

v

E Lower Fine Unit (LGCb) at Joggins showed nd conclusive L

~

: : .3;:]'_;.-a--:.t-.“aiu'«; b,c AT
. . ' . EE R e .~ -, ooy . . . S el
R ST Tt e ST L .
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evidence for:&érdhe‘iduhdarieh.l The presence JT.Ostreeodalzf. ’
’-and pelecypodaL llmestones w1th1n the domlnantly‘imudeEEneza“_} :j
. sequence  at Jogglns was -’ 1ntepreted as™ braeklsh to- freshwater j‘%;ﬂiln

R . . . w UL

conditions unlike thelr : sallne—to—braekleh - European 75;- T
- ' . T o
counterparts._Duff and Walton (1973) idterpreted bhe;eequenge'f:‘A,;?
to 're@réeent de9051tlonl wlﬁhln a delta plaln, fwéﬁﬁ‘itﬁé?uf-;&ﬁfn
rgplieerioh thatf’the sea- Wae - ;"shert dlstanee-ege'erbéV;ﬁ',ijf
. . R - ‘ . -, T e "
nerrheaefd Calder *(19845 :has* suggested “that‘ an ?;axial RO
s e S i . s

'lacustrlne system was present durlng the Weggphallan B lm che

v T P 'u"l

Sprlnghlll 'area. Detalled work On the n&rtheast end of the
N w s A
ba51n by Calder (pers., comm.,1985) has found no’ eV1dence oﬁ

aorte B .
P 1.

-

marine condltlons._ It 15 poetulated by tth author that ;heiif

; . T
v . S, ) . .
s - s

axial ppunk system debouched 1nto a lake. ThlS ;plaem 5ie'

v A

~ TR - -

Eurther-:substant1ated fby_ structural aﬁd sedlmentoloqieel

Nt .
. o : . .-n' r.

evidence. The presence fo aﬁf'unCOnformLty betweenu the:

Cumberland’ Group 'and the Rlversdale Group 1n the northeast

- e e

end of the 6aSLn 1mplles a synde9051tional’ etructural hlgh o

_.~ - .

(COpeland@1958 Garland 1953)._ Cﬁpeland suggested that -e¢f e

.,'t -’
- al

northwesferly trendlng struétural arch pos§1bly due to an;~

extensiod of the Black Rlver D1aplr (Vlsean Wlndsor Group),

= - ....,v P o

was respon51ble for the _structural hlgh._ A tblckenlng of the.;‘

soalt

Lower .Coarse Un1t (LCQqJ:‘jn -th e“ Sprlnghlll area- 1wasw

nT - - - Lo -

interpreted . by Bell L1944)¥“es a d1rect¥ result of ﬁﬁis .
structural 'high,‘ whlch presumably acted as-a northees;erﬁ.';
basin margih}. _°Thus an. 1ntermontane. orlgtn (buE ?,hotle-x

) _“." * . L
necessarlly 1nternally dralned) .for the Cumberland Basin 1is v

based on.&pe lack of marine - dep051ts, ‘basin contalnment kby
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fan.deposits.rimming the basin.

h'_
B

Cem A e m

Depositional charactefistics within the basin indicate

e —-—

that the trunk system passed from a distributary terminal fan

far L 4

(sensu . Friend 1978) ’ into an ax1al lacustrine system

&Calder 1984) The down.stream det:rease ip bed thickness along
b

with ;the—-lack bf‘ readily identifiable deliaic deposits

suggests that ‘the. axial fluvial system: may have become.

C -

distributary in nature’ towards its distal reachez. Similar
)

conditions have been suggested by Friend (1978) and Friend et”
al. ‘(1985) for the wOod Bay Formation (Spitsbergen), _Viddal
\Eupergroup (Greenland) ' Ebro Basin (Spain) and implied by'
Middleton et al}. (1983 19&5) for tne Whirlpool Formation
.(southern 'Cnﬁario) | Friend (1978) suggested that downstream

decreases in bed thickness, lack of incision, and lobate
- N

geometry are due to a distributary terminal fan formed where

tn}-”river debouches Into a lake, sea or dissipates due to

A
-, " ae o

soak—in (or evapo transpiration) J.Tﬁé lack of deitaic
deposits may be~due to: i) erosion of deltaic deposits in the

northeastﬁ part

f the basin or: ii) high density contrasts

1

between rinflo *and the standing body of water hence not

allowing the formation of conventional Gilbert type deltas

L

(i.s. only low angle ciinoform structures) Although tenuous,

the . lack of well defined marine and deltaic deposits,_xqf“

.doﬁnstream deorease in bed thickness (from. this study), andg

+

lack of incisibn*iWay 1968 SaIas and Rust, 1985) implies ‘a

siﬁilar_itype Sf system may haVe been operational in the

Cumberiand Basin. The presenoeiof.an‘axial lacustrine system

f ~

et

~ Lt
~
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would also allow_thelaqcumulation of carbonate deposits, "as
in the deposits Qf'anéient Lake Gosuite of the'Green River
Basin (Eugster and Supdam,1973; _Shrdam and Wolfbauer,1975;
.Eugstef and Hardie, 1975). Hgncé the carbonatei units

describved—by—Dbuff and Walton (1973) could be explained—‘

withoutginvoking brackish or marine conditions.
B [} .

R

Alghoudh an intéfmontane origin.is_in better agreement
with depositiohal characteristics, a probleﬁati; aspect with
this interpretation is the presence of hiéher sulphur coals
ét Joggins ° (average ,!6.0%) than‘: Springhiil‘ (1.7%)
{Copeland, 1958 ; Hacquebapd‘and Donaldson;f9§4). Horne et al.
{19178) _and others have shown from ;studies i; the
Carbpnifefous of thé central Appalachians'that higﬂ values of
sulphur = (>2.0%) most .iikely indicate marine%tofbrackish
conaitiqns. In this case hiéh sulphur-valués may indicate
that: 1) internal (or restricted) dréinage of the basin
élléwgd gsalinity levels caﬁable"of sustaining sulphur-
’reducing bacteria; ’ii):iJoggins may have been closer to a
sulphate sogrcé rock'(Wiédgor Gro@p?); iii) the lake had an
outiéf to the ;éa {eg. Lake.Maggcaibo; ﬁyne,et al,:.lgjé).

- ) S ‘
.Basin evolution due to strike-slip faulting is ébmmon.in

~ the Carboniferous of. the Maritimes (Fralick and

Schenk,1981; Zaitlin and. Rust,1983) but no definitive

evidence‘“ﬁas -fouhd in this stﬁdy o ‘support//gz;X§;;slip
sedimgntation in the Cumberland Basin. Strike-slip basins are
cémmOhly identified by: basin asymmetry, great sediment

-
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thickness. "ongitudinal mode of sedime éispersal elongate
basin geometry, mis-match- of pebble l;{hology with ~ adjacent
qsources, ‘ rapid sedimentatlon raté; and sparse " volcanic .
activity (Reading 1980 Steel and Gloppen 1980) Only sparse.
'igneous activity, rapidrrate of sedimentation, elongate basin
geometry. and axial drainage are readily appliCable to this
basin.- The other features cannot be ascribed to strike-slip
origin. Basin asymmetry is due to the homoclinal nature of
the basin: the sedimentary pile is thin (2kn) compared to
most strike slip basins (eg. the Hornelen Basin, 25km), and
pebble mis-match is not discernable in the Cumberland Basin.
This mnay be due to formations outcropping parallel to the
Cobequid-Chedabucto Fault or lack of strike-slip movement.
Although  variations on the strike—slip " theme exist
(Bluck,1980; Heward and Reading,1980; /Ballance,19801. the
applicable .characteristics‘ — couldn easily . indicate
sedimentation within intermontanE, foreland, .forearC' or
predrift graben basins (Miall, 1981} . Hence it is concluded
from this and other studies that the Cumberland Basin is not
of strike-slip origin and that the sediments were deposited ,

within -an . intermontane basin (although the two are - not

g

mutually exolusive).

10.4 Tectonics and Cyclicity in the Cumberland Basin:
An Overview

Detailed accounts and,interpretation based on various

aspects of cyclicity for the axial and transverse. fluqial'

. wa
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'systems have been presented in. sections 4. 3 5;5,. 6;3p_ 7.4 -

and 9.1?9.1-4, 9.2-9.4, 9 7 respectlvely A brlef generallzed _i

overview of controls on cycllcrty w1ll ‘be presented.

"+ Cycles within_the‘arlal}braidplain séqhencé' dlsplay a.

.

‘continuum- of architectural}kstyles depepdleg -on ¢ theLr‘

-proxiMality. Cycles in the prokimal reathes'ere‘ émalgamated

Most cycles have sharp cohtacts between'.coarse‘ and’ fine

-

of both avu151oQ and gradual channell abandonment.'l Tbe--'

‘ subsidenoe rates.. Amalgamated’ cycles ‘are thought ’towlbe

'
.
»

,

members indicative _of'avulsion. Two of these (due' to - .the

fxrst and second tectonlc pulse)- can be correlated prox1mally
to dlstally and ‘are rnterpreted as allocycl¢celly73nduced"

avulsions. W1th lncreasing‘ distality beddiﬁgf’-thickneSs'

3

.decreases, *cycles %U__and become better -deGelopeduf Distal

reaches- contaln cycles dlsplaylng fluvxal styles ihdicarive'

increase - in- well developed autocycles w1th decreased

paleocurrentr;disperslon in T _{he distal sectlonsa suggest“.a

decrease =  in ' gedimentation rates (section 7.5} and/or-

stabilization by vegetation.

L
-

The predominaﬁde of. amelgameted‘cycles in.the proximél

reaches .end well developed cycles in the dlstal !parrs ”Has,“

bsen attrlbuted to the 1nteractlon between sedlmentatlon ~ehd.

»

indicative of 'sedimentation rdtes exceeding subsidence rates.

*(McLean  and Jerzykiewicz;l§781 _'whereasf‘ the OppOSIte ;

-

coﬁdition“leads to betterfdeveloped, separated FU cycles. on’

,"(i.e."multistoreyl and are attributed tovellocycliclorlgin,,‘
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N o
'-a‘d-eesinenideg:scaletﬁﬁﬁese- edtndfs .noeed- fﬁnét-'ﬂﬁaQiﬁum
degdsdtidnn would‘ dcedr .ini'fhe. nroximal ;feedhee {iE‘_thef.
.'ééﬁiment?tidn nraig' Qas :leSS than sub51dence;trendi ingaé%e
-diStel .negiode‘ iﬁr sedlmentatlon exceeded -theh subsidénbe

lrates."ReSulEs from beddlng thlckness studLes suggest thaf

‘differential subsxdence betweend_.prpxlmal and dxstalz
1Io¢a;itiee"-was not a controll1ng Eactor ;'iﬁf‘ fluvrar
:architettufe' - fethef sedlmentatlon' rates deténmlned ﬁhea

”fluv1al style. Moreover,' tHe. downstream decrease' in'_bed-'-

5th1ckness 1mplles greater sedlmentatlon rates anppe nnsteeam
reaches._ ‘t 'E '.ef_ j-\' . z.-‘. il," a .
These 'feeuite conErasﬁ‘Qith McLeenﬁend'-Jerzyg&ewisz}sﬁu
(1978} -flndinds since'naximum_sedineneatidn is‘dFeu:ning in -
'tne 'pFoxiﬁel7reaches even—thpu@h-sedimentaELdn~retes7‘exceed
‘Sdbsidence.__Tnis ndiscrepeney:.mayi pé' due -;o very“rapid
eubsidenee-'fates'in ﬁhe Cumeeriand Basin (0}69km/Ma, .aﬁper_'
Bradleleéaé) ‘EOmpefed- to those within the ﬁocky. Mduntain}d
fo?edeep: (O.iOkh/Ma,"aEtef UMcLean and -JereykieQici}1?78J.
wnich' did not allow suff1c1ent time for ‘the sed1ment td_ be
'tranSPOrted to the. dlstal reaches.. The end result may ‘haqe

s

been that sedlment ‘was amassed 1n the prOleal reaches (i'e.

sedimentation ratee> subsxdence] and depleted in the dlstalu-“

regions} This  had a marked"’ effect on the ‘Eluqialfg
:architedturai .styie as ' seeh in the 'pfoximai"depqsits.,df;
section 03 and the distal dep051ts of 0l. . These results ‘are

also contradlctory to those of Visser and Johnson (1978) an

the _Neogene Siwalik (Himalayan)'molasse, who suggested‘ that
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fluvial architeotume 'and'fsedimentation‘“rates‘ Were‘""oniyf{‘._:

loosely related",_; UnfOrtunatel§ ‘the-hkork gLVisserlliandlu
Johnson}lgieﬁi 'suffers~-from- oonceptual problems ﬂiﬁ' ‘the
delineation 'of muit%storey units* which make .conclusions'
suspeef. The study by visser and Johnson (1978) also fails to»gd'
address fluvial architecture ‘as-a’ dynamic system regulated by.

sedimentation and-subsidence ratesi“*”

Cycles frOm the transverse braidplain (section 04) -show-;”
'characteristics quite different from‘athe axial system
”(sections o1~ 03) The transverse braidplain cycles are well—
developed . FU and have gradational contacts between :coarse
and fine members indicative of’ gradual channel abandonment
rather than avulsion‘ asg’ in the proximal -axial deposits
Allocyclic avulsions induced by the first and second tectoniC'
| pulse‘ ‘are less distinct in the transverse system, possibly
_duef.tO"contrasting fluvial etyles and/or different; looation .
,on the . alluvial plain Fluvial architecture in the transverse
system k hows cycles arranged into CUFU megasequences which
are; attributed ‘oA lateral migration :of'_th‘ transverse
braidplain‘ - something _'t seen in;fthe‘ axial braidplain
'deposits.fxfhe. close proximity between the. proximal axial
_Vdeposits°,and the transverse system (only 1 km separating the
two )" along with similar slopes of ;the beBt fit bedding
thickness - line -{see Sections -i:'-'and 9 2) imply; that
subsidence f ates must have been similar since differential
suhsidence"could not have taken place over such; ‘: short
distance - thus sedimentation ;ates must haveﬁrheenzfthe* .

bl .
I
-4
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dominant 4control on fluv:al architecture | The fluv&al style“
seen in the tranverse system was controlled by sedimentationtq
rates being less than‘subSJdence rates.' the oppOSite of the.
axial system._ It is concluded that although subSidence rates

are equal for the twor fluvial systems the de9051tional style

was dictated by the difference in magnitude between the two .

-

The - well marked cyclicity-‘within both .- axial“' and

transverse braidplain sequences is becomlng readily apparent"

from studles of other . rapidly sub51ding foreland/intermontane

basins .eg. the Himalayan Siwalik Super Group (Visser'=andu

-'Johnson,- 19785 Kumar'and Tandon 1985 . Tandon et al. 1985)r

"
the Canadian Rockies Foredeep —_the Brazeau Paskapoo Sequence

and ‘others- (McLean ‘and' Jerykiewlcz 1978 ‘Smth \ and_‘

Putnam, 1980; Jerzykiew1cz and Sweet,1985);f and the Miocene.

-~

Kasaba; Basin (Hayward 1983, 1984) Cyclicity ;within .these

;tectonic"settlngs is usually attributed to deposition by

“either braided and/or ‘anastomosed fluv1al '~systems -

'indicative of _rapid aggradation.” Anastomosed deposits aréf
e : .

usually favoured by either i) rapid dufferential subsidence}.

-

tnear the mountain front and slower. subsidence rates ‘in: the

distal reaches -(i.ef a "backwater” effect), “or  iil) a’

”damming" effect due to prograding transverse fans (Smith and.'

Smlth 1980"- Smith and Putnum 1980) Braided deposits on, the

other‘ hand "aref favoured by .‘high stream gradientS'

(Schumm 1968) and no marked differential subsidence ' Fluviali

style_ displayed by the distal axial system in this study,

.. ‘v
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although braided shows‘some charaoteristics“of anastomosed

dep051ts (see section 7 4) such as: "thick-overbank_deposits:'

similar 'avulsive stylesu and poor cu or FU developmentﬁ;

Anastomosed deposits' sensu strlcto have been documented 'in
the Lower Fine Unit at McGarren Creek by Rust et al :(1984};
‘Ihe‘ presence Of, anastomosed like propertles u(i;e;_ thick
overbank deposlts, similar avu151ve styles and poor CU and FU
,development)' in proximal. and distal parts. of 'the- basln
Asuggest that simllar domlnating dbntrols :must have been
operative throughout fﬁe basin Differential subsidence on-a.

'basiﬂ%wide scale due to sediment loadlng along the basin

v

axis. and proximal reaches,_'may have”been respon51ble ﬁofﬂthe\“

development of. anastomosed like qualities ‘Thus differential

subsidence may have caused a “backwater effect which led to " -

(7%

: _dep051ts_‘of the "anastomosed'Channels”[seen in ithe distal

axial'section of this study and in the McCarren Creek sectlon .o

t(Rust et al;,1984); Although differential sub91dence may have
been operstive on a basin-wlde ‘scale (Rust‘et~al 1984) as

-seen inx the large displacement of correlative coal- seams

between"Joggins and Maccan'{Copeland,195$). it is leSs.likelyllz

to . have caused the  change in'ﬁluvial style between the

proXimal and distal axial sectidns- in this study,;l'as‘

preuiously_argued It is suggested here that anastom051s (and-

anastomosed~dike qualities) may be imparted not only by

‘basinéwide', differential subsidence but. also ' by.' rapid-

subsldence ‘and sedimentation rates. Rust (1981b) and"Nangon

and” Rust (1985) have shown in the intracratoni¢’ Lake Eyre
Basin that .anastomosls is net related ﬁto‘ differential
oo . ' . ©- ' N

P

i
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' subsidehce but rather to many complex- factors, notably basin- -

,.g%ge aggradation, stage.levéls-and ¢limate. ' .

L.

10.5 Paleoclimate - - - :

P "~
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Vggetat;on is;'anfpfmportant 'determihant win EluVialﬂ75

archlteﬂture, espec1allyj1n the post Ealeozolc {Cotter 1978)

It has been noted that Lower Pale0201c and earller fluV1alf

systems were domlnated by bralded streams due to the lack 'OE
vegetatlve Tcover allbwlng unrestrlcted mlgratlon oE channels,

(Schumm 1968 ' Cotter 1978) It is, dlﬁflcult to ascertaxn the'

exact__effect vegetatlon had on the rocks of the study area;

since dewnstream decreases in‘rsed;mentatLon_‘Uate . were

accompanied by - 1ncreases in, vegetatxon.. In_‘effect - longer .

-

reSLdence tlmes of channels, due to lower sedlmentatlon rates. I

would allow cOlonlzatlon of plants on-the” floodplalns and as

suéh” ft',is .dechult to dlscern _thef exact relationship

"between rthese twb"fabtors;_ It appears that the cause/effect

telatlonshlp between eedlmentatlon rates and vegetatlve Cover

is. dlfflcult “to. separate.

< .

: A humld troplcal envxronment 15 env1saged for the study

.area for the followlng reasons- T !

-
STt
. b

v

')'abundance of. coallfled trees 1ndlcat1ve of .abundaht.'
‘rainfall T - -

kY

T L . - . . ' b - =

ii) thin—coals-sudgeétiqerefjpeat swahps@‘typ}ealiy found

.,.J. . - .'- R “' .



fln humld cllmates T s K
i) lack of de51ccat10n cracks

. . oL

v ralndrop 1mpr1nts

. ‘v),abundance of grey mudstones suggestlve o@ hlgh water
o tables_'_. : o . Coe ] f _ : .
:'Qi)fabsence oE calcretes and.. evapor1tes o “"“-
A ‘ 0. ) o _
. viL);paleolatltude was ‘8- lO S (IrVLng and Strong 1984J R
Cwviii) based on scannipg eleCtron mlcroscopy of quartz grains
- " ‘D'orsay and van de.Poll (1985) suggest that. the mid
, " . Pennsylvanian Fowler Head' Formation . (whlch lies.on the:
»» . . south’'side of the Cobequid nghlands) was deposxted in -,
a’ humld troplcal environment : .

0 - . -

11, 0 CONCLUSIONS' e o

el

The Upper Coarse, Mlddle Flne and Lower Coarse .Units of

o

tne; Cumberland ‘Group _were dep051ted JWlthln a "rapldly
sub51d1ng intermontane"basin by. a. series of transverse

alIuV1al Eans, ‘transﬁerseibraidplains.and~a*trunkrbra1dpla1n

systemt - oL . o .

'The toﬁer'Coarse Uhit‘rests witn anguiar dncdnformrty on
the Fountain Lake Group .and comprlses pOOrly sorted natrix-'
supported and pebbly matrlx supported conglomerates. - The VéU'
megasegoence dlspiaped by the succe551on, along with north—‘
northwesterly paleocurrents 1nd1cate progradatlon of alluv1al
fans lfrom the adjacent Cobequ1d nghlands. The .fans were
.probaply margxnal to wetlands (the Mlddle Fine Unit} which .

a;ioWed 'tnef growth of plants and’ preservatlon of thin coal

deposits. . - .

N

- -
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. The Upper- Coarse Unit was deposited by a dominant

,akial ,trunk 'braidplain that drained 'northeastward and a

' smaller transverse braidplain " After an initial fanglomerate .

'-phase, -the_ -axial trunk. braldplain started ta progressively

:onlap the.alluvial fans and*wetland deposits.‘ Sedimentation
on the braldplain was initiably marked by sheét like. well-
‘developed + FU cyclesz The épcles are sharp based-and haVe a
sharp contacts with the overlydng red mudstones This-sort of
- fluvial style is attributed to VErtical aggradation within a
sandy braidplain fquowed by,a moderate period of gradual
abandonment, terminatedf by avulsionfand finally, suspension

deposition on, the floodplain.

Sediment loading along the basin axis and concurrent

3

flexural upwarp on the bastn;nargin (the cause and effect

‘could also be reversed) allowed progradation of. sediments

from the borderirng highlands. During this" phase fluvial‘

archdtecturehgwithln the proximal axial braidplain was marked

o

'

by much thicker {up to'dom)f amalgamated FU conglomeratic’
“cycles arranged . into Zan"onerail CU/thickening Vnpﬁardl
megaséquence. Cycles:ﬁw;thin ‘thié megasequenoe have sharp-

"bases and , contacts with the under- and overlying fineﬂ

members. Eacies; aseociatfone : indicate.‘rapid _ vertical

aggradation rates followed by a short period-'of gradua&

abandonment and finally allocyclically-induced avulsions-'and-

_in-channel depoeition of mgdstones.

Megacyclicity is attributed to allocyclic controls. In
‘ - e g s .

-
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the .‘distal‘ reaches ofiithe .ax1a1 system 'the t'fiuviei

‘architecture’ is quite different. Here\three types of-éYc;es' 

are founa: '\éUFU sandstbne, ; CUFU 'conglomeratit~ andﬂfCUlﬂ .

. ‘_'l N ‘ ' % : -
sandstone’ cyclés., The CUFU cycles are: 1nterpreted -to haVe‘- S

been formed‘.by' the follow1ng series of- events. latétal Lbi"’,sr

encroachment of a braided: tract upon 1ts marg1nal sedlments

(or avulsion lnto an adjatent Eloodplaln).wmth 51multaneous*

4. '-_ N o

vertical :aggradation, foilo%ed- by in- channel dep051t}on,. R
gradual"abandonment, and flnally avu1510n.. The CU cyelesuﬂ -

dlfferl only by tne absence of de9051bs from/g’adual channel

w

- “ﬁabandonment, hence coarse membef development was__termlnated
by“a sddden avul51on.= The flne members wlthln the distal -:"7 e

.‘: ax;al system are’ usually domlnated by red mudstones, abﬁndaﬁt

- H - - -

root turbatlon' and a negatlvely skewed beddlng thlckness

T
- [EN-

dlstrlbutlon, 1nd1cat1ve of de9051tlon on dlstal flooﬁplalns

b e

with low" water tables, and sufflclent re51dence tlmes @tq'i- MO
N ! "' A i Clmeaa . I

allow colonization by planbs and ox1dat10n of mudstones. yfﬁﬁ..‘; PR

\ - A e .

L oyt .ot

’ . .. . . T o~ T .

. r“ - . I P 1‘-,.

.- As differentlal axlal suDSLdence contlnued -sedlment was

[

W'Shed frOm the Cobequld nghlands, onto progradlng transverse

bra;dplalns. Paleocurrents, fluvial® style f amd"‘clast 'f L

- DI ‘.

provenance -studies 1mply that this braldplaln was marginal to'”“g,ﬁl;n

the axial system .and hence the Upper Coarse Unit did not

A

onlap progressively ontO'the basin ma:gln-- on‘_the,contr-arj,-/r

offlap occurred. Paleocqffeets shew"thet' tneq_transyérse
fluvial system flowéd obliqgely into'the mueh 1atgerq:trpnk
braidpiain;l The“ f;uvial -architecture of 'tﬁe- t:eﬁsverseF
braidplain is markedly differedt ftompthe_trunk' braidpleigéh‘x

L
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) wfth-. much thinner.‘y very well developed CUFU and - FU - .’
‘q B, Iy .t TN

conglomerarlc:cycles Flu%ial style‘indiqates. predominantly

. ' "Jvertical 'accrEtion and graduai channel abandonment rather\

e - ""~- N

= than avulsion The " fine’ members-also show oharacteristics

cohsistent _lwlth deposition within gradually N abandoned

B -

channels grey mudstones predominance of -1am1natedr_over:
roofed . mudstones i"and . preferred facies transitions

. . M 1
- FEN - . ,

-.ﬁil . _Eetrographic"studies show the presence of exo&ic clasts not

faund in the"axial braidplain depoaits and differing ;’="-¥

perdéntages between many lithotypes

-

1. - . Pp—

——..,— ~ ' . -

The compilatlon of results from various fielde of stuay‘

~ -

iifﬁt{ T ?hows that fluvial architecture is controlled by -allpcyclic:_{1f¥f

. v 7 . '-‘r"'
-~ B . ] ..
.

“j-?f o -»andﬁ_ autocyclic factora.gg-within the_ rapidly i'subeiding'

5:-‘:f 5 _ cumberland Basln allocycllc controls are a dominating force f}

o, - S L
IS5 L - - -

‘ On. fluvlal architecture._ of which the two most 1mportant .

aLlocyclio iactors are sedlmentation'and subsidence rate&

.{ - ) Analyses of bedding thickness along with the reLatively close_

L

:.1 B umu : prbx1mity ‘between -all four measured,seotions euggest that
differential ‘subsidence"wae not a. controlling fhctor“ 1n'f

. fluvial arohitecture It is conjectured from the presence of )

thick amalgamated c9c¢es W1thin the proximal axial seotion o

v,

that sedimentation exceeded subsidence rates This'oonoiusion' :'a

(- -

dlffers from that of 1McLean and Jerzykiewicz (1978) for Athe

Rocky Mountain Foredeep Nho euggested that under the -same

[

conditions maximum 'sedimentation 'should ocgur ;ni‘distal o
" regions; It is suggested that  this discrepancy may be due to.

subsidence rates within the Cumberland ‘Basin’ that are  seven

) R . o . - e
Lae . . : -
. . -
LA . S .

o
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fimes faster- than thbsé frDm the Rocky Mountalm foredeep w
- . R AT
Thus sedlment deposated in the proxlmal reaches would noff'f.\"”
have sufficient time to be transpcrted to the d&stal areas. _' :yjfﬁ-;

r

Several alternative methods= were. used to study “the L.

\

interactioﬁ_' between-_‘sedimentatton :{ﬁﬁ:: tectonzcs _.Thgjﬁ?"
statietical‘ analysis of'bedding thickness ptpviéed‘_resulte-iE:L:“';3
coasistent -with field:observatlons,. ThE‘deaftH otiggrevioas‘;::*aw:i
work ' an this subject makes some Sf the conCIu51ons teeﬁbdé:"fﬁglf;tJ
but with further study it eeuld preae to e very, benefzcialtfa;é.MJ"
%ﬁ_ subsurface_ work where the th;rd GIMEUSJOQI.%S “lacklng i !
Detailed clast analy51s also showed that verti;ai and lateral '*“fg‘,

‘trends f various parameters could theoretlgally be usad

-

discern sEparate~ tectopic eVents from'different uplands -fﬂ"*im-

¢ |_‘ k! P b T R -
assuming that clast provenance 15 known..;‘ _‘\\' R e o

.
. B
J " ' - hd - A e i - -
- o ‘. . =
- L 1 - . 5ot
- A r - . _ ,
' s
w
- - - v
P ¥ - - - -
* . A ' N ¥ o A
. P " ;
.. S . P _ o
” - S
1 P - . .
: : . ,
- [
: . - “r » B
. -
4 i £ .
R - B - - A
. .\ 't - -
. . - . ~
. ’ o S - ,
- g + R .
. . 4 S .
+ ] ' I . . '
L : 1
5 g ! !
. - - +
. e -
. - +
oL .
- - ¥ - -
. - . .
- - R &
. - .
¢ ~ B - .
T e .-t 7
- . -
N ¢ - . .
e - .
-~ - ot ) . -
. w
. - - - - r .
r *
-
sar
[ .
. 1 -
- -~
-, ., N C o
L L - :
" v
-~ ' R ¥
. -~
P
» ‘ v : .
a . 5 . L. .
v . L . 1 <
- ' N ’
. .. a
»
Cl -~ ! .
» K o
‘ . . e - . ¥ ’
- : . .
. + -
L) . ' . -
: 3
g . e .
' e
L : ~ 4
.
- +
-



Ala?andér.‘-J.. and Leeder,,M:R.; 1985. Tectonic controls on
© 7 alluvial arcﬁitecture Third. Ints Fluvial Sedim. Conf.,
1ab& ) P- 1. - ;q"-x ‘

. e -

p,, , - " N -t

Allgn, J. RJL , 1@64 Studies in fiuviatlle sedimentation

six, cyclothems from the Lower_ 01d ‘Red Sandstone, Anglo-w

Welsh aas1n Sedzmep., V. a P 163 -198.

P aul ot

P -

;T_, '1965 A rev1ay of the origin and characteristlcs of
Recent a}luvial sedfments Sedipen. .. V. 5 p 89 191,

v ' ‘.» -

o ;96? Notes son some. fundamental paleocurrent
anal 6es .’ with reference tg. preservat1on ‘potential ‘and
sdur'es "6f variance: Sedimen., v.9, p.75-88. -
”};f,- 1968\ Current Rlpples _.North Hoiiahd”Pﬁb;-CQ,;
Amsterd . p.433. RS . o : ’

A -
Y s -
' .

Some.sadvances in the physics of" sedimentology
Proc G. Brlt V. 80, p:l-42.

". .
S -

-, i97.x/ Studies in fluviatile sedlmentatlon a
SR Acompa ison: of fining*dpwards cyclothems, ‘with, special
- «frrefer nc& - toy ‘3 coarsetmember - composition o and
1nterp etatiqn J Sadim. Geol” A 40 S pr298- 323
. s e v ,’ r o —"
_‘19?4 o Studies~' in,' fluviatide . sedimentatiqn
'1mplicat10ns ot pedogenic <carbonate units, ‘Lower 0ld
, Red. Sandstone, Anglo Welsh outcrop Geol q., v.9,
e, P 181 108 L u-“; o o '
19?8 Studies in fluviatile.‘sedimenfﬁtlon an

fexploratory quanxitative model of the anchitecture of
‘avu&sdon conxrolled allUvaal suites . Sedim Geol.
_‘VNZl ,p 129*147‘; ' SRR ve ot .

.3

L agest Sedimentary strdcfuﬁes}'. v.l. Elsevier,

Amsterdam p- 593

Ly
- . £

o f?fl 983, S%udies in fluviatile sedimentation bars,

bar-c plexes and sandstone sheets (low sinuoslty
"braided streams) in the Brownstones (L. Devonian), Welsh
Qordeﬂs Sedim Geol’., wv. 33; p- 23? -293. - 7

. plane - beds: ‘a- - model based on the ' larger . coherent
1structure§ of the turbulent- boundary _layer: Sedimen.
Geol V. 39_ p.227~ 242
D 1984b Gravel overpassing on humpback bars supplied
with mixed sediment: examples from the lower 0ld Red

., 1984a. Parallel lamination developed from upper-stage,

i



'~283-

Sandstone, southern Britaln Sedimen K v.30, b.285~294.

-_Andrews, E D 1983. Entralnment of gravel from naturallf
sorted riverbed material: _Geol. . Soc. -Am Bull. ,,E,94
S p.1225-1231 :

Baker; V.R.}NEQTS Paleohydrology and sedlmentology of Lake

-Missoula flooding in eastern Washlngton Spec. Pap

Geol . Soc. Am.,_v 144, p.79.

“Ballance., PL.E: 1980 Models of sedlmentation in non-marine.

and . shailow marine’ environments in obllque slip . fault

zones ifi Sedimentation in Oblique-slip Mobile Zones,
,eds.. E “Ballance and H.G. Reading, Spec. Pub. Int.
Ass ‘sedim., 4, p.229-236.. o .

Bankitz. P 'vonp:-LSSS.: Uberc.kluffe I. . beobachtungen in
Thuringshen ‘Schiefergebige geologie: Zeits. Gesan.
Mineral V. 14,’p‘241-253 oo )

Beaumont, C.y 1951 noreland 3351n5 Geophys..J;Rc.Astronu

So¢., v.65,. p.291-329. = o T T
Beerbower, *1 R.; 1964 .Cyclothems and cyclic depositional
. mechanisms ° in ‘alluvial  plain sedimentation: in

Symposium on Cyclic Sedimentation, ed. D. F. Merriam;'

State Geol. Surv Kansas Bull -169, RE 31— -42,

_Bell,i_w.A. ’1914 Joggins - Carbon;ferous sectlon of Nova
Scotia: Geol. Surv Canada Sum Rept J1g912, p. 360 371.

,  1944. Carbonifenous rocks 'and fossil floras of -

northern Nova Scotia: Mem. Geol. Surv.: Canada 238., "

277p.
_, 1958, Possibilities for. the occurrence of petroleum
resevoirs® in- Nova Scotia: Nova Scotia Dept. .Mines,
B-175. T
Belt, E.S., 1964, Revrsionglxdff Néova  Scotia middle
,Carboniferous unrts Am. J.°Sci., v.262, p. 653—673’

_,' 1965, Stratigraphy and paleogeography of Mabou Groupf

_ and related middle Carboniferons facies, Nova scotla,
T Canada: Geol. Soc. Am. Bull., V.76, p.777-802.

., - 1968, Post- Acadian rifts and related facies) eastern

‘Canada: in Studies in- Appalachain Geology,- Northern and
. Maritime, ed. E-An Zen,. W:S. White, and J.B. Hadley,
'p.95-113, Intersciencé, New York e Sl
Bernard H.A. Major, C.F. Parrot--B S. .and LeBlanc, R.J.
1970." Recent sedlments of southeast Texas" Texas Bur
S Econ Geol Guidebook 11. - -

‘B



~284-

B@rd, "J.M., and Dewey, J.F.. ié?O. Lithosphere plate-'

continental margin tectonics and evolution- of the
Appalachian Orogen: Geol. Soc. Am. Bull., v.81, p.1031-
1060. ' o o ’

Blissenbaoh, E., 1954. Geology of alluvial fans in semi arld‘

regions: Geol. Soc. Am. Bull., v.65, p: 175 190.

Blodgett, R.H. and Stanley, K.0., " 1980. Stratification, .

bedforms and discharge relations of -'the Platte braided
river system, Nebraska: J. Sedim Petrol , 'v.50, p 139—

L

148.

Bluck, @ B.J. 1967. Deposition .bf 'some"Upper 014 Red
Sandstone conglomerates in the Clyde area: a study in
“the significance, of bedding: Scot. - J. ‘Geol., wv.3/
p.139-167. o ‘ '

s+ 1976, Sedimentation in some non-sinuous 'Soottish.j

rivers: Trans. R. Soc. Edinourgh;~Vu§9,'p.425—456.
;" 1979. Structure of coarse-grained‘oraided stream
alluvium: Trans, Roy. Soc. Edin., v.70¢, p.181-221.

i . 1980. Evolution of a strike-slip . fault-controlled
. ‘basin, Upper 0ld Red = Sandstone, . Scotland: in
. +Sedimentation in Oblique-slip Mobile. Zones, “eds.- P.F.
"Ballance and H.G. Reading,  Spec. Pub. Int. Ass. Sediln.
4, p.63-78. - S L C - .
Bokman o J. W. 1953 thhology and petrology of the Stanley
“and’ Japkfork Formations J. Geol , V.81, p. 152~ 170.

L 1957 Suggested use ‘of bed thickness measurements in
- stratlgraphic descriptlons J. Sedim. Petrol v.27,

P 333 -335.. . .

Boothroyd, J. c,, . and Ashley, G:M., 1975. 'Process,'.barﬁ
morphology, .-and_‘sedimentary' structures on ' braided
outwash fans, northeastern - Gulf of" ' Alaska: in
Glacidfluvial, Glaciolacustrine’ sedimentation, ‘eds.

A.V. Jopling and B.C. McDomald, Soc. Econ. 'Paleon.
Mineral. Spec. Pub.23, p 193~ 222 ' .

_, and Nummedal,D. -1978, Proglacial braided outwash

a model for humid alluvial fan - deposits: 4in Fluvial
sedimentolgy, ed A.D. Miall, Can.Soc. 'Petrol. Geol.
'Mem 5, p.641-668.. _ f:" o : L
Bown 7M., ' and Kraus M.J. 1981. -Lower Focene . paleosols’
(w111wood Formation,_ Northwest Wyoming, USA) and their
significance for palececology, - paleoclimatology, -and
basin analysis . Paleog. Paleoclim. Palececo., V.34,
P 1 30 : .. : . . . . 3

-3



—2.95- . . .- .

€

Bradley,. D c., 1982. Sub51dence in late Paleozoic ba51ns 1n'
he Northern Appalachlans Tectonlcs, v..1l, p-. 107 123

'Bradley, w c., 1970. Effect on abrasion of granitic gravel
Coloradoe ﬁiver (Texas) -Geol.. Soc.  Am. - Bull., v.B1,
pSl 80 _=_ ' .

T Fahnestock R.X. _and Rowekamp, E.T., 1972.
' Coarse sediment.transport by flood £1lows on Knlk River, -
’ Alaska Geo} .Ass. Am. Bull., v.83, p. 1261 1284

Bridge,f J. S and Leeder, M.R.: 1979 A 51mulatlon model of
alluVial stratigraphy Sedlmen‘, v.26, p.617-644.
, 1984.  Large-scale facies ‘sequences in alluvial
overbank. environments ‘J.‘Seqim. Petrol., v.54, p.583-
588 . - : ‘ . :

calder,- J H., 1ises2. Prellmlﬁary Geologicai Map  of ‘the

- Cumberland .Coal Ba51n Nova Scotia Dept Mines - Open

Flle Map 84 1 .. ) N _ S

;'_i ~f,, 1984 Depositional env1ronment of the Westphalian B’

- Gumberland- 'Basin _.coals of Springhill Nova Scotia

‘Maritime Sedim Atlan Geosci., v.20, p. g2.

Campbell, -~ C.V., . 1976. Resev01r geometry of a fluvlal sheet
: sandstone: Am. Ass. Petrol. Geol. Bull., v.60, p. 1009-
’1020. Lo o . S -
Cant D.J.., 19178 Development of a fac1es model for sandy
, braided sedimentation : comparison of the South
. Saskatchewan River .and . the ‘Battery Point Formation: in

Fluv1al -Sedimentology, - ed. A.D.- Miall Can. - Soc.
Petrol. Geol Mem.5, p.6827-640. :
- and Walker. R.G,,ile?sn Development' of a braided
fluvial facies -model for the Devonian' Battery Point

. I.Sandstone;_Quebec:_Can. J. Earth Sci., v.13, p.102-119.

:_,:.' anhd ___ﬁ,' 1978. Fluvial processes . and facies
- sequences ~in the sandy braided South. Saskatchewan‘
" River, Canada: Sedimen V.25, p. 625-648.

Lo

. carr,” T.R., 1982, Log- linear models, -Markov chains and

, ¢yclic sedimentation J. Sedim. Geol., v.52, p.905-312,
 Church, M., 1972. Baffin Island sandurs Geol. Surv. Can.

Bull. 216, p.208. | :

. LI
_l 1983., Pattern of 1nstabdlity in a wandering gravel
bed channel: 1in Modern .and Ancient Fluvial Systems,
eds. J.D. Collinson and J. Lewin, Spec. Pub. Int. Ass.
Petrol. Geol. 6, p.169-180. : o



( - ;gr_ﬂ

=286~
| P . -
., and Gilbert, R., 197%. Proglacial fluvial ‘and- ¥
lacustrine. ‘environments: . . in Qlac1ofluvial o and-

Glaciolacustrine Sedimentation, eds. A.V. Jopling
B cC. McDonald Soc Econ Paleon Mineral 23, p:193~ 222;.”

Goieman,_-J.M.f _1969. Brahmaputra river channel processes‘_m

- and sedimentation; Sedim Geol . V.3, p.l29- 239.

- Coliinson}_ J.D.. 11970. Bedforms of the Tana River, Norwav
: Geogr. Annlr.., v.52a., p 31-56- ' - .
& -, 1918. Vertical . sequence',and% sandbody shape im.
alluvial sequences: in Fluvial Sedimentology, ed. A.D:

Miall, Can Soc. Petrol Geol, Mem .,p 577 586

. Copeland, M.J. ‘1958. Coalfields, ‘West. half Cumberland

¥

‘County,- Nova Scotia . Mem. Geol.  *Surv.-Canada .298.,
- 89p. S T ;

‘Cotter, E.. .1978. The .evolution of fluvial style, - with
" special referénce to the central Appalachian Paleozoic
in-Fluvial Sedimentology, ed. A.D.  Miall; Can. Q Soc.
" petrol. Géol. Mem 5. p 361 383 Lo . . .

Ve

Cross, T.A. and.Smith N, D 1985 . Comparative anatomy of
. contemporary -and ancient- crevasse: splay . and
.anastomosed crevasse channel. complexes . Third Int. -

Fluvial Sedim Conference (abs ) P- 14 .
Crowell 7. C _ 1959 Dlrectional current structures from: the .
' Alpine Flysch Switzerland Geol. Soc. Am. Bull v V.66, <

. p.1351-1384. : T R

" gurray, - J.R.,' .. 1956' - The analysis of” two- dimensional'
orlentatlon data "I Geol , V.41, p.117-131. ’

Dawson,j J.R., 1854 Cn the coal-measures: 'of ‘the ‘sauth’
Joggins, Nova Scotia ~Quart..’ J. . Geol. Soc . Londan,
‘v.lO_,‘ p141 A " : ‘ " -A ' o . . . -

c . '1 ,‘xi j'.
_ Dewey, 'Y.F-,- and ‘Sengor, _A.M.C.,% 1979, Aegean and
, o surrounding regions- - complek muitiplate and continuum_

tectonics in a convergent zone: . Geol. Soc. Am Bull.
V.80, p.84-92. ~ L
'Dickenson, W R. .. “and Suscek C A., 1979. Plate tecroniéa and .
' sandstone composition "Am., Assgr‘Petrol._Geol:, v.63, -
'p.2164-2182: R S

Donchoe - H.V. 'and‘wallacé,"P'i.; 1982. Geological Map of =
' ‘the Cobequid Highlands, Colchester,_Cumberland -Plctau
:Counties, Nova Scotia:’ Nova 5cotia Dept Minee Map 82—1
6. T . _ .



“D'0rsay, A.M., -and- vanrdelEollL“ H.W., +1985. Quartz-grain’
surface textures: evidence . for -a tropical. climate.
during ~the Middle Pennsylvanxan in eastern Canada Can'.
J. Earth sci., v.22, p.786~790. 1.0 - . e

Duff, - P. McL.D., and Walton,E.K.. - *1973. Carbohiferoos

o sediments at Joggins,; ‘Nova Scofia 7th Int Cong, Carb.
Strat Geol . V.2 p,365- 379 “,~, ) , LT -

i -~

'Englelnnd; F.‘ and Ereds¢e,, .,.1974 Trans;tion from dunes
‘ .to. plane .beds - in - alluvial 'channels:' Tech. Univ. -
fDenmark,.‘Lynby,;.Inst : Hydrodyn ahd" Hydrauﬂ. Eng.
-Series Paper 4, p.56. - L T
-Eugster. " H.P., - and, ' Surdam, R.C.,- 1973. . Dépositlonal”
environment of the Green River Formation of Wyoming: A
preliminary report Geol. Soc’ Am. Bull., .v.84, p. 1115—f/l,‘

r120. . : : o o

'; and'Hardié L.A., 1975 . Sedimentatlon in an anc1ent
-playa lake complex: . the Wilkins Peak Member of ftHe

- Green River Formation: Geol. 'Soc. Am. Bull./ v.86, -
-p 319- -334. . o e T

Ferguson,. R.I., " and Werrity, A., -1983. Bar development and. .
: channel , changes. in the gravelly River . Endrick,
- Scotland in Modern and Ancient Fluvial Systems,. eds.. .
J.D.” Collinson and J. Lewin, Spec. .Pub. 'Int. "Ass. -
h.Sedim,'G, p.181-193; ’ L ' PR

.Folk, . R.L., 1957. Brazos river: A study in the significance .
,. ' of grain size parameters J. Sed. Petrol../ v.27;"p.3—.."'
27, - co : S

L 968 Petrology of Sedlmentary Rocks' Hemphill's
Book Store. Austin, p.236. - S "

" Fletcher, H., 1908 ?\k section of Carbonifercus-rocks oOf ..
Cumberland County Nova Scotia, 2) from Shulie to Spicer |

"Cove by Hugh Fletcher B.A. of the Geol. .Surv... Cap.:

‘Proc. Trans. Nova Scotian Inst. Sci., v.11, p.417-550."

Fralick P.W., and Schenk,iP.E., 1980. Tectonic control of
Late Paleozolc sedimentdtion along  the . southeastern:
‘flank - of .the Merigomish. structural - sub-basin,
northeastern. Nova-Scotia: Geol. Ass. Can. Prog. Abs.,

- v.5; p.54. - . -

., and _ _, 1981. .Molasse deposition and ‘basin -
“‘evolution in a wrench tectonic setting: - the -Late -
" Paleozoic, - eastern Cumberland Basin, -Maritime Canada:

In Sedimentation and Tectonics in Alluvial Basins,  ed.:
- A.D. ‘'Miall, Geol. Ass. Can. -Spec, Paper 23, p./17- 97.

fFriend,' P.F. 1978. Dist;nctive features of some 'anc1ent



SN

:;ci‘-.“.:- . ;'_ - ‘,,. -.‘ "_‘ -'. ' ’ . - L .. l ) ‘\.'\:-
: RIS _4-“2:8-8;_-” P . . o

sriver, -systems: - in" Fluvial - sedimentology, ed: A.D.
. Miall, Can. SOC. Petrol Geol.:Mem 5, p.531-542. .
.. 11983, Towards h field classification of alluvial
’ architecture or- seéguernce: .in Modern and Ancient. Fluviai-
Systems, eds. J.D: Collinson and J. Lewin, Spec Pub
Int Ass Sedim 6. D 345 354 o -

- Hirst J P.P Nichols, G J., Van Gelder. A.. 1985.
General aspects ‘of radial river distributary systems in
the Ebro-.Basin (Oligocene and. Miocene), Spain Third
_Int. - Fluvial, Sedim Conf (abs ). : , .

R -and Moody Stuart ‘M.-, 1972.. Sedimentation. of

7 " the Wood Bay Parmation ‘{Devonian) of _Spitsbergen: ~
« ... 'regional - analysi¥s of. a. late orogenic basin: Norsk
' 'Polar.,Skrifter, v.157, p.1-77. s o
Gallaway, " W. E l9s1. Depositional architecture of Cenozoic
o Gulf coastal plain: ‘fluvial systems: . 1in Recent, ~and
Ancient Nonmarine Depositional Environments Models for
'Explaration,eds, F.G.  Ethridge and R.M.. Flores, Soc. .
Edon. Paleon: Mineral Spec Pub a1, P 127 155 B

Garland G. b -1953 Gravity measurements'in the Maritime
' " Provinces: - Dept Mines. _ ‘Tech. .Surv. Can -Dominion.
Observator? v.16. ; 1‘7' . T

F

Gérsib, _“GaA.,.'and McCabe,_ P.7., 1981. Continental coal-

‘ bearing sediments  of the Port - Hood Formation
“~{Carbon1ferous),' Cape Linzee,’ Nova Scotia, Canada: in

. Recent and Ancient Nonmarine Depositional Environments:

" Models ' for Exploration, eds. F.G. Ethridge and R.M.
Flores, Soc. Econ. Paleon. Mineral. ‘Spec. ' Pub.31, p.95-
‘108. S - P o . oo

1bling,“M‘[ 1978. Sedimentation in the Siluro-Devonian

clastic wedge of Somerset Island, Arctic Canada Unpub:
.Ph D ‘Univ. Ottawa, p.334. s S
. and Rust, TBiR.,. 1984 Channel margins in a
' Pennsylvanian bralded fluvial deposit the Morien Group
‘near SydneY, Nova Scotia, Canada T Sedim . Petrol.,
v.54, p.713-782. '

Giles, ‘P.S.,. and Ruitenberg, A.A., 1977.  Stratigraphy.
paleogeography " and tectonic setting of the Coldbrook
Group in the. Caledonian Highlands of southern New

N Brunswick Can. .lu Earth Sci., v.14, p.1263-1275.

Gingerlch 'p.D. ”.1969: Markov analysis of cyclic alluvial
- sediments - J. Sedimen Petrol., v.39, p.330-332. :

'Gloppen,' T.Gﬁ ~ and Steel R.., 1981, The deposits, internal

structure and geometry in six alluvial -fan-fan delta

A - 3 \\ “



j289;

. bodies (Devoniah, Norway) - a study-in ‘the significance
of .bedding sequences in conglomerates: in Recent  and
Ancient Nonmarine Depositional Environments: Models for

* Exploratién, eds. F.G. Ethridge and R.M. Flores, Sog.
Econ. Paleon Mlneral Spec Pub.31, P 49—69 A

Goodman L A 1968 The analysis of cross- classifiéd data*
lnterdependence, and interactions in contingency tables
with or without missing entrles J. Am. Statis. Ass

V-V ‘63, p. 1091 1131. - .o

Gumbel E“J , ‘Greenwood, J.A., Durand, D., 1953. The
' circular' normal distribution: theory and tables: Am.
_ Stat, Ass. J., v.48, p.131-152. ) - Co

Gustavson, -T:C., -1974. ‘Sedimentation . on gravel ‘ outwash,’
Malaspina Glacier Foreland, Alaska: J. Sedim. Petrol.,
"v.44, p.374-389. T '

Hacquebard p A . 1960 . A summary of -Cafboniferous .

stratigraphy - and -palaeontology of the Maritime

Provinces of Canada {contribution to the stratigraphic .

collogquium): 4th Int. Cong. Carb. Strat. Geol.,. p.233-
235, Table 3. ° o - :
., and Donaldson, J.R., 1964. Stratigraphy and
~ palynology of the Upper Carbgniferous coal measures in
* *. the Cumberland Basin of Nova Scotia, Canada: 5th Int
Cong. Carb. .Strat. Geol . P 1157 1169 ‘

Car

) , 1972 The Carboniferous of Eastern Canada 7th
I nt. .Cong. Carb. Strat. Geol. v.1, p. 69 90.

Haliburton, T.C., 1829. An hlstorical and ‘statistical
. - account of Nova Scotia, in-two volumes. Lllustrated by
v~ .a map of the province, and several engravings, Halifax.
-Harper, C.W., . 1984.. Improved mathnds of fasles- sequence'
analysis in Facies Models, ed. R.G. walker, Geoscience
‘Canada Reprint Series 1;:.p. 11- 13

Harvey, L.D.D., 1980. Shearing and kolklng phenomena in
fluvial sediments, 0ld Crow, Yukon Territory, Canada:
J. Sedim. Petrel., v.50, p.787-792.

-

Hayward, A.B., 1983. Coastal alluvial fahs and associated

marine facles in the Miocene.af §.W. Turkey: in Modern
and Anclent Fluvidl Systems, eds., J.D. Collinson and

J. Lewin, Spec Pub. Int Ass. Sedim. 6, p.323-336.

, 1984 . Sedimentation and basin formation related to
ophiolite nappe emplacement, Miocene, S.W. -Turkey:
Sedim. Geol., v.40, p.105-129.

%



.

PR }:1'-;'-_La5964\.

L e ..

- -

JHazeldine;'R S '1983 Dqscending tabular cross- bed sets and

"bounding. -surfaCES from a fluvial channel in the Upper
‘. Carboniferous . coalfield "of north-east England ‘. in

Modern and Ancient Fluvial Systems,éds. J.D. Collinson
.. and "J.o. Lewln, Spec¢’. Pub, Int Ass Sedlm , V.6, p.449-

T 456

R PR

n
~

‘Hein. E;U.;:1984. Deep—sqa and. fluvial braided - channel .

-, conglomerates: a comparison of two Pcase studles: in
. Sedimentology ‘of Gravel and ‘Conglomerates; eds. E:H.
Koster and R.J. ‘StEel,iGa.. Sgc. Petrol. Geql. Mem.10O,

T p.33-a9. . S e T -

4 . . -

<, and- Walkenfj R. G 1977, . Bar - evolutipn 'and

. 'development .of stratification in.the gravelly, braided

Kicking Horse River, Brltish Columbia " Can. ~J. Earth
o sei., v 14, p- 562-570. . -

_Hempton, M.R. and Qunne.'L.A:,'1983! Sedimentation in pull-

apart basins£‘ active ‘examples in eastern ‘Turkey:- J.
-Geol., v.92, p.513-530.

Héward}' A.L. .1978. Alluvial fan-sequence and megaseqnance

‘models: with exXamples from Westphalian’ D -- Stephanian' B
coalflelds, Northern Spain: in Fluvial Sedimentology.
ed. A.D. Miall, Can. Soc. Petrol. Geol. Mem.5, p.6B9-
702, ‘ .o R '

A.L.., and: Readlnq, H.G., 1980. - Deposits associated

L}

‘with Hercynian to late’ Hercynian continental strike- =

slip system,. .Cantabrian Mountains., "Northern Spain: in

_ Sedimentation in Oblique-Slip Mobile 'Zones, eds.'P.F. "

Ballance and H.G. Reading, Spec. Pub. Int.-Ass. Sedim:
4: p-105“125A' - S o . . o

Horne, J. c. Ferm, J.C. Caruccio. F.T., and Baganz, B.P.
1978. Depositional models in coal exploration and mine
planning in Appalachian region Am. Ass. Petrol Geol
Bull., v.62, p.2379-2411. ' oo

.

Houghton, . H.F., 1980. Refined'“tethniqueS' for - staining
" plaginclase and alkall feldspars-in thin section: J..

. Sedim. Petrol., v.50, p. 629 SBO.
Howle, R.D. énd Barss, M.S., -1975.° Paleogeography and
edimentatlon in the Upper PaleOZOic, eastermn Canada
Mem. Can. Soc. Petrol. Gepol., v.4, p.45-57.

| Hunt, J.W. and Hodday, D.K. ”}1984 Petrographic composition

and sulphur content. of coals agsociated.-with alluvial -
_fans in the Permian Sydney and Gunnedah Basins, eastern.’
Australia: inv Sedimentology of Coal and Coa zBearing
Sequences, eds. R.A. Rahmani a Spec

Pub. Int. Ass. Sedim. 7, p.43-60.

:



-291-

Hyne,. N.J. Cooper, W.A. and.  Dickey., P, A., 1979.
Strat1graphy of’ intermontane, 'lacustrine delta, Catumbo ’
River, Lake Maracaibo, Venezuela: Am. Ass.  Petrol.
Geol., v.63, p.2012-2057. ‘ _

Ingersol, ‘R.V., 1978.-Petrofacies and petrologic evolution
" of the Late Cretaceous fore-arc basin, northern and
central California J. Geol., v.86, p.335-352.

Irving, E.._ and Strong, D.F., '1984. Paleogeography.of the
edrly Carboniferous. . Deer-‘ Lake Group - western
Newfoundland: no evidence for mld carboniferous -
displacement of "Acadia®: ‘ERarth Plan. ''Sci. Letters, -

. v.69, p.379-390. _ : ' h .

Jackson, R.G. AII, 1976a. Largescale ripples of the lower

Wabash River: Sedimen., v.23, p. 593 -623.

-1976b. Deposftlonal model of point bars in the lower
Wabash River: J. Sedim. Petrol , V.46, p. 5?9 594

., 1978. Preliminary evaluation of lithofacies mod9153

for meandering alluvial streams: in  Fluvial

. Sedimentology, ed. ‘- A.D. Miall, Can. Soc. Petrol.
Geol. Mem.5, p.543-576. : - S

Jerzykiewicz,.. T., and Sweet, A.R., 1985. ‘Stratigraphy-and

‘ sedimentology of .coal-bearing Upper Cretaceous-

*.Paledcene’ Saunders Group, ' Central -Alberta’ Foothills
between Athabaska and Blackstone Rivers: ‘Geol. - -Surv, .
- Can, Paper 85-8, p.8. K ' o

Jopiiﬁg; A.V., 1965. Hydraulic factors controlling the shape“
of laminae in laboratory deltas: J.: Sedim. Petrol.
v.35, p.177-191. . : -

, and Walker, R.G., 1968. Morphology and origin of .
ripple-drift cross-lamination, with examples from the
Pleistocene of Massachusetts: J. Sed. Petrol., Vv.38,
'p.971-984. - . Tt

Jones, C.M, 1977. Effects of, varying discharge regimes o
" bed- form sedimentary stfuctures in modern rivers Geol.,
v.5, p.567-570. -
Kaplan, S.S., . and Donahue, J., 1880. Sedimentologlc
' description of part of . coal-bearing.. Carboniferous
sequence exposed near,Joggins, Nova Scotia:” Am. Ass.
Petrol. Geol. Bull., v.64, .p.730-731.

-

Kemeny, J.C., and Snell, J.L., 1960. Finite Markov Chains:
Princeton, Van Nostrand P 210 S T '
Kent, D.V. ‘and Opdyke, NnD 1978. Paleomagnetism of the

Devonian Catskill red beds Evidénce for motion of the



&

T T -202+

coastal New England-Capadian Maritime region relative:'

to cratonic North America: J. Geophys. Res., V:B3,
p.4412-4450. _ _ . - RS
and, . 1979. . The " early Carbbniferous

\\ paleomagnetic field of North America and its bearing on
\ tectonics -of the.northern Appalachians Earth Planet.
" Sci. Lett:, v.44, p.356-372. -

Keppie, J.D.; 1977. Plate tectonic interpretation of
Paleozoic world maps (with emphasis on circum-Atlantic
Orogens and southern Nova Scotia): Nova Scotia Dept.
Mines Paper T77-3, p.1-45,

., 1885. The Appalachian collage: in The Caledonide

Orogen Scandanavia and Related Areas, eds. D.G. Gee and

B.A. StuEt Wiley Pub., Chichester, p. 1267

%
1

Kindle, E.D., 1962. Geology -Point Wolfe, New Brunswick:
Geol. Surv. Map 1109A. i ‘ -

Kolomogorov, A.N., 1951. Solufion of a math problem.in o
" probability theory connected with the problem of the
mechanism of stratification Am. Math. Soc. Trans

v.53, p.8.
- . $ N N .
Korsch,” R.J., 1984. .Sandstone: compositiona from the New
England Orogen, eastern Australia: implications far’
" tectonic setting: J.. Sedim. Petrcl., v.54, p. jg2-211. -
Kuenen, P.H. 1956. Experimental abrasion of pebbias:' 2.

- rolling by current: J. Geol. v 64, p.336-368.

Kumar, P., and Tandon, . S.K+, 1985 Sediment0109y of Plio-
' Pleistocene late orogenic deposits associated with
intraplate subduction - the Upper Siwalik Subgroup of -a
part of Panjab Sub- Himalaya. India: Sedim Geol., v. 42
p.105-158. : :

A -

Langbein, W.B., and Leopold, . L.B;,_1966, River meanders -
thedry of minimum variance: Prof. Pap. 'U.S. Geol
Surv., 422-H. ‘ . -

v

Leeder, “M.R., 1973. Fluviatile fining-upward cycles and the
L magnitude of paleochannels:’, Geol: Mag., v.110, p.265-
216 . - : i

. -1975. Pedogenic' -carbonates . and flood sediment:

accretion’ rates::.a quantitative model for alluvial
arid—zone lithofacies .Geol' Mag., v.112, p.257-270.

o

Logan, W.E.. '4845. A section of the . Nova Scotia ‘coal . -:
measures as developed at the Joggins, . on the Bay of ..~

-'Fundy, in descending order, from the neighbourhOOd of .
the -‘West Ragged Reef to Minudie,_zreduced to vertical..

-



.\ : . . SN P . R . Y . T
] . - - . FEE . Do
: - : - oy o Ree st Lt e
B o " — - . . - o AR .
" L o =293~ o SN
. Lot . N . . ' . ) - . - . e :
5t . [

~:thickness: ' Rép. Proﬁi'_'GEOf, ,Sﬁtv._:Canadam*iBAQQﬁ.i_ 5
_Appendix, 92-153.. : o A R STl l

A

Lyell, C.. 18B43. onh the coal- formation of Nova‘Scotia,:and
’ on the age and relative ‘position of the gypsum ~and -
‘accompanying ' marine limestones: | Proc. = Geol. “Soc. .
‘London ;. v.4, p 184~ 186 o o -l ‘" ' P e o
-, and Dawson,. J.W., 1853. On the remains of ‘a reptilaﬂ"’“
“(Dendrepeton Acadianum Wyman and Owen} and of & land ¥
" shell discovered in. the’ coal measures o¥ Nova Spotia
Quart J Geol. Soc. London, w. 9..p. 58-63.. ' o

Mack, G, H. and. Rasmussen, K.A., 1984\ AlluVJal fan -
sedimentation of the . Cutler «Formation {Permo~ . .
Pennsylvanian) near; Gateway Colorado Geol SOC ;Am,_g
Bull ., v.95, p. 109 -116: ' AR

Mader, . D., and Teyssen, T., .1985." Paleoenv1ronmenta1 A
- {ntepretation of fluvial- red beds by ‘stat1stical f.;:‘”=“
. analysis of paleocurrent .data: examples - from . the '
Bundsandstein . {Lower ' Triassic) of the Eifel ’ and L-L
" payaria in. the’'German Basin (Middle Europe) sed;m.”tjf
eol , V. 41, p.1- 74 - .o

Mardia, K.V, 1912 Statistics of Directional Data Academic
‘f' Press, London. p. 357 '

Martini, I.P.. and. Salas, C.J.., - 1985 Dep051tional R
characteristics of the Whirlpool Sandstone, ‘Lower_'.:
Silurian: Ont. Geol., Surv. Open Filé Report .5363,

p.121: p d : e s N S R

A

Matthes, G., 1947. MacroturbulenCe‘ inz-naturaf hstfeans;“;,"'-“ g
~.Trans. Am. Geophy. Union, v.28, p. 265—261- R

McBride, E.f;,' 1962. Flysch and associated beds of the 595“4'
Martinsburg " Formation (Ordovician), o oentral E
Appalachians J. Sedim. Petrol ' V. 32,_p 39-92.. S

+

o 1963 A classification of. ;ommon sandstones: Ju -
Sedim. Petrol., v.33, p. 654 ~669.. e T Tl
McDonald, D.I.M. and, Jefferson, T.H., 1985. brientation :
studies of waterlogged wood a paleocurrent indicator? CoF
J. Sedim. Petrol., v.55, p.235-239. e Ce s

. . . . ! L

McLean, J.R. and Jerykiewicz, T.,' 1978 . Ccyclicity..
.tectonics, and .coal: sdme paspects of fluvial -

- sedimentology in the Brazeau-Paskapoo Formations, .Coal -~
Valley Area, Alberta, Canada: in Fluvial Sédimentologyr;i-'

ed. A.D. Miall, Can. Soc. Petrol Geol. Mem.5, p.441~ -
468. o e Coa o o



1 PR Ll T Tos Lo B N
- ) .ot S S T :"“ M B ~ . e
ST S \.‘-2a4h,; L cr o, E
. . . . - N . . [ . - - . . ‘. " .
) N . :.‘ ol ST )

l . ..

McManus{ D.A., 1963 A, crltlclsm of certaln usage of the phl"

E,'Inotatlon SJ Sedim Petrcl sV 33,kp 670~ 674

P

Mlall- A. D., 1973 Markov charn anelysis appiied ;= an
?t' aﬁcient alluviai' plarn .succes51on~ ‘sédimen- = v 20, o
P 347-364. Lf"" o R _ .a;_¢ﬂ,‘n

- ~
-y e ., .

“discussion
magnitude" I sedlmen,'Geol.,*v 44. P 1174 1185.

- PR ..-

. _:§'~r97ﬁ Paleocurrent and paleohydrologic analysis _of

m~ ‘seme ], vertical . profiles.throlghia. Cratackous braided

stréam dépasit, BankauISland,-hrctic‘Canhda Sedimen. .,
'__:_::_'(23 pa459 483 ‘:" e '-. = L

-----

cal Y
LI D N

"1 o 1974 Pa;eocurrent analy51s of alluvial sediments a. -
directional: variance: “and . vector’

7TL; 197? ;A“ revuew(of the braidedt‘niuemu“depositronal"

-““‘envircnment Earfh Sci Revs i N ;3. p:l 53 L

A & 5 ‘braided tiver . deposits.‘_a{'summaryt An.. Fluvial
RPN Sedlmentologv. cedl: A DY Mially Mem Can Socd.Patrol
"*.-;Gebl . 8. p 59? 604 ;73.~; T TR R

v, L .
- . -
- . S - .,,.a

SN (4

‘Q,FTLQBO Cycllc1tyw and- the facies model condept '15‘

.'fluvial deposmts~ Buli Can Pet Geol“: .38, p 59 80

- o, I-

" LT e
- -a. - -~ . PO

uf1i,zq!"1978 .ﬁﬁlthofacies tYPeS and‘Vertlcal prdf}le models

.

‘}f 1981 Alluvial sedimehtary basins tectonic aetting.

and basin architecturé4 in Sedimentation and Tectonics-"

Cin AXluvial- Basins« ed “A.D:L Mrall Geol Assi  Can.
1_Spec Paper 23 p 1 33 ; . . . f‘zi15

¢ . - _.n‘ .

;ﬁgguuigeﬁ Varlatlons dn' fiuvial style in the'w@dwer
'fCenoiqic synoraganic Sedlments oﬁ.the Canadian Arctic
-Islands» Seﬁim ‘Geol., v.38, p. 499 523 T

._ LY Y
e -

Mdeleton G ﬂ,, 1976 Hydpaulic intenpretation of sand size
Ndistributlons. J" teql.,.v 84.°p- 405 426 ‘

‘:anﬂ' 19?% LIn,troduction in Hyﬁraulic Interpretaffon
. of Primary Sedimentary Structureswﬂ>ed G.V. Middleton,

'u}':“?Soc EcOn PaIeon Mineral Reprint Sﬂries 4, p.1-15.

,‘1_“

' ::gTF 1978 Facies in Encyclopedia of SediMEntology, eds. -

+" 7. RiW. . Fairbridge and-J. Bourdeouis, -Dowden Hutchinson

N ”and Ross ‘Pub. Stroudsburg, p 323- 325

CR T . .:.

.’\'-_

'-;‘ “mitka, M.A., and Salas, ¢.3., 1985. Bra&déﬁ¢f1uvia11“

. 'Torig;h ‘of the. Whirlpool sahdstone - {Lower Silurian)
o ontario: Third Int. Fluvial Sedim‘ Sonf “{abs.}, p.29.

- ‘ rl

" salas, C.J. and Martini 1.7 ;. 1983. Whirlpoo}

'+ /sandstone (Silurian) of. séuthern Ontarﬁol"ar braided’

> river deposit?: Geol. Soc. Am., (abs.}, v:15,

f‘r“



, and 'Squtnérd, J B 1984.‘ Mechanlcs of sed;ment?;:jm.u.-
' movement: Soc,, Ecom. Paleon Mlneral Short Course 3, -
) 2nd E_d 0T ' EEEE \,,-: ..,.- -l :
‘_Mills,r'H H. 1984. Clast orientatlon in.Mount’éz.' Helens
" debris- £ low deposits, north - fork Toutle River,
quhington 'J-. Sedim. Petrol., v.54, p. 6264634:
_ & . .

Morris, W.A., 1976. Transcurrent motion determined

-7 paleomagnetically in the northern &Appalachians’ and
Caledonides and the Acadian Orogeny: Can. J. Earth Sci,

- v.13, p.1236- 1243 L

Muir, _A.D., and Rust, B.R., 1982.ASedimentology of a 10wer
- Devonian coastal-alluvial fan complex: the Snowblind

Bay Formation _ of . Cornwallis ' Island, Northwest

Teérritories, Canada Can. Soc: Petrol. Geol. Bull.,
v.30, p.245- 263. : '

Nami, M., and Leeder, M.R. 1978. Changing channel
morphalogy and magnitude in the Scalby Formation (M.
Jurassic) of Yorkshire, - England: in Fluvial

Sedimentology, .'ed. A.D. Miall, Can.. Soc. Petrol. Geol.
Mem.5, pP. 431ﬂ440

Nanson, G.C., and Rust, B.R. . 1985. Channel® pattegns and mud
deposition in an arid- zone river:. Cooper Cregk, Central

Australia: Third Int. Fluvial Sedim. conf. ({abs.),
. p.31. . :
' Nemec, W., and Steel, R.J., 1984. Alluvial and coastal

conglomerates: their significant features and some
comments  on gravelly mass-flow deposits: in’
Sedimentology of gravels and Conglomerates, eds. |E.H.
Koster and R.J. Steel, Can. Soc. Petrol. Geol. Me
p.1-31. '

fearce, T.H., 1971. sShort distance fluvial rounding of
volcanic detritus: J. Sedim. Petrol.,” v.41, p.1069-
1072. - e

Feel, B.,l 1972. Steamboats on the Saskaktcheﬁan: Prairie

Books, Saskatoon, p.238.

Pittman, E.D., and Ovenshine,, A.T., 1967. Pebble morphology

in the Merced River  (California): Sedim. Geol., v.2,
p.125-140.
roole, W.H., 1967. Tectonic evolution of the Appalachian

region of Canada in Geology of the Atlantic Region,
eds. E.R.W. Neale and H. Williams, Gecl.  Ass. . Can.
~._ Spec. Paper 4, p.9-51. - '

Potter. _P.E., and Sheldegger, A.ﬁ., 1966, Bed thickness and
grain size: graded beds: Sedimen., v.7, p.233-240.. .

-



—~ L o o ~296~

) Powers..‘ D.W. ' and;'Easterldng, R.Gu,":7iééﬁf Improved

"meth dology for® using -embedded markov chains ta

-~ . describe- cYclical sediments: J. Sedimen. Petrol., v.52,

p.913-923. ; ‘ '

Powers, 'ﬁ:CI;; 1953 A new roundness scale for sedimentary
.- parxdicles: J. Sedim. Petrol., v.23, p. 117 119,

Press, F. and Seivez,;n.,‘197e Earth: 2nd Ed. W.H. Freeman

'*"and Co., San Fransisco, p 649
.t . . : \ R

Rast, N., and Gfant, R. J 1973. The Variscan front in’

.southern New_ Brunswick.mgm. J.8cl., v.273, p.-572-579.

X

" .-,  Kehnedy, M, /J.; and Blackwood, R.F., 1976. Comparison
of spme Eectonostratlgraphic zones. in the Appalachians
gf Newfoundland and New Brunswlck Can J. Earth Sci.,
v.13, p.868-8175. o '

- -

Readlng, H.G.,: 1980 Characteristics and'recognition 7ofw

strike- slip fault systems: -in Sedimentation in Oblique-
Slip Mobile. Zones, eds. P.F. Ballance and H.G..Reading,
‘Spec.. Pub@¥Int. Ass. Sedim. 4, p.7-26.

o o .

RuitenbergJ A.A: Venugopal 'D.V., Giles, P.S., 1973. Fundy
Cata&lastlc Zone evidence for post -Acadian penetrative
-deformation: Geol Soc. Am. Bull., w.83.-p. 3029 3044

Russel, R.D., 1939.ﬁEffects of transportaticn on sedimentary

- -+particleg: in Recent Marlne Sediments, ed P.D. Trask,
‘Am. Ass. Petrol Geol., p.32- 4?

Rust, B.R., 1972. Structure- and process in a braided river:
Sedlmen V.18, p. 221- 246 < - ’

u;, -1978a. A classification .of alluvial channel systems:
in Fluvial . Sedimentologv. ed. A.D. - Miall, Can.
50c. Petrol Geol ‘Mem.5, p.187-198.

s 1978b ) Depositional models for braided alluvium: in
Fluvial Sedimentology, ed. A.D. Miall, Mem. Can Soc.
Petrol Geol v.5, p 605-625.

! Y’ 1981a. Alluvial deposits and ‘tectonic style Devonian

and - Carboniferous: successions in eastern Gaspe in
Sedimentatidh and Tectonics in Alluvial Basins, . ed.
A.Dv Mlall Geol .- Ass Can. Spec'. Paper 23, p.49-76.

) ;~198;b. edimentation in an arid-zone anastomosing
fluvial system: Cooper's Creek, Central Australia: J.
Sed. Petrol., v?51, p.145-755,

, 1984a. Proximal braidplain deposits in tbe Middle
""pevonian  Malbaie-‘Formation of eastern Gaspe, Quebec,
Ccanada:-Sedim., ¥.31, p.675-695. °



;29?:  

., 1984b.. The Cannes de Roche Formation: “Carboniferous
‘alluvial deposits in ‘éastern Gaspé, Canada: Comptes.
‘Rendus, 12th Int. Carb. Cong., v.3, p.72-84.

,» and Jonés, B.G., 1985., Hawkesbury Sandstone of few

 South Wales, Australia: Triassic analdgue for a large
braided river deposit: (pers..comm.) N

... .Gibling, M.R., and Legun,A.S., 1984. Coal deposition.
“{n an anastomosing-fluvial system: the Pennsylvanian-
Cumberland Group south of Joggins, Nova Scotia, Canada.-
in Spet. Publs. Int. Ass. Sed., v.7, p.105-120.
, and Koster, E., 1984. Coarse alluvial deposits: in
Facies Models, ed. R.G. Walker, Geoscience Reprint
Series 1, p.53-69. ' . ‘

., and Legun, A,S., 1983, Modern anastomosing deposits
in arid Central Australia, and a Carboniferous analogue .
in New Brunswick, Canada: in Modern and Ancient Fluvial
Systems, eds. J.D. Collinson, and J. Lewin, Spec. Pub.
Int, Ass. Sedim. 6, p.385=392. :

Salas, c.J., and Rust, B.R., 1985, Distal gravelly
braidplain deposits, the Pennsylvanian Cumberland
Group, southwest of Sand River, Nova Scotia: Geol. Ass.
Can. (abs.), p.Ab3. : A - )

Schenk, P.E.; 1975. Paleozoic . evolution of African Nova
Scotia - polar and deep to equatorial and continental:
Inter. Congr. Sed. IXth, p.17-24. '

, 1978. Synthesis of the Canadian Appalachians:
Geol. Surv. Canada Paper 78-1i3, p.111-136. :

Schumm, S.A., 1968. Speculations concerning paléohydrologic
controls of terrestrial sedimentation: Geol. Soc. Am.
Bull., v.70, p.1573-1588. :

', "and sStevens, M.A., 1973. Abrasion in place: a

mechanism for rounding and size reduction of coarse
sediments in rivers: Gepl., v.1, p.37-40.

Schwarzacher, W., 1953. Cross-bedding and grain size in the
Lower Cretaceous sands of east Anglia: Geol. Mag.,
v.90, p.322+:330. :

. Scotese, C.R., Rambach, R.K., Barton, C., Van dér Voo, R..,

and Zeigler, A.M., 1979. Paleozoic base maps: J. Geocl.,

v.87, p.217-2717. T _

Selley R.C., 1968. A classification of paleocurrent models:
- J. Gecl., v.16, p.99-110.

v



-298-

, ' 1970. Studies .of -sequence in sediments using a
: s;mp}e mathematical device: Geol: Soc. ,London- Quart.
3., v.125, B 557-581. ST ‘

sengor{ 'A.H.C., 1979 The North Anatollan transform fault:'

, ‘i{ts age, - offset, 'and tectonic signlficancs J. Geol:
" -Socw'LondonJh -136., p.269-282. .

Shaw, W.S., 1951. “The Cumberland basin'of deposition ‘Mass.
Inst. TECh unpub. Ph.D. 148p

Smith,.D.G.,  1980. Sedimentation in anastomossd river
-systems: examples from alluvial valleys near Banff,
Alberta: J. Sedim. Petrol., v.50, P- 157~ 164.

., 1983. _Anastomosed fluvial._dépoaits: fodern _
examples . from western Canada:- in Modern and anclent.
fluvial systems, eds, J.D. Collinson and J. Lewin, Int.

- Ass. Sedim. Spec. Pub, 6, p.155-168. o

, and Putnam,_ P.E., 1980. Anastomosed river deposits:
modern and- ancient examples in Alberta, Canada: Can. J.
.Earth Sci v.17, p.1396-1406. - - . ) '

. and Smlth N.D., 1980. Sedimentation in anastomosed
river . systems: examples from alluvial wvalleys near
Banff, Alberta J Bedim. Petrol., v.50, p.157~164.

Smith, N.D., 1970 The braided stream’ depositional
environmeént: -a comparison of the Platte River with some
Silurian clastic rocks, north.central Appalachians
Geol. Soc. Am. Bull., v. 81, p. 299343014 '

, 1972, Some sedimentological aspects of planar cross-
stratification in a sandy braided river: J. Sedim.
" Petrol.,v.42, P 624-634. :

Sneed, E.D., and Folk, R.L., 1958. Pebbles .in the Lower
Colprado River,.  Texas, 'a study ~ . in- particle
morphogenesis: J. Geol., v.66, p 114-150. L

Steel, R., 1974. New Red Sandstone floodplain and piedmont
sedimentation in the Hebridean province,f Scotland. J.°
Sedim. Petrol., v.44, p.336-357. ' S ‘

_, and Gloppen, T.R., 1980. Late Caledonian (Devonian)

basin formation, western Norway: signs of strike-slip
tectonics during infilling: in Sedimentation in
Oblique~Slip Mobile Zones, eds. P.F. Ballance and H.G.
Reading, Spec. Pub. Int. Ass.-Sedim. 4, p.79-103.

, ~ Maehle,S., . Nilsen, H., Roe, S.L.. and Spinnangr, A.,
1977. Coarsening upward cycles in the alluvium of
Hornelen Basin (Devonian), Norway: sedimentary response
té tectonic events: Geol., Soc. Am.” Bull., v.88, p.1124-

hY



-298-

1134, - ' ' _ o ' ¢
. and Thompson, D.B., 1983.:Structures'and textures in
Triassic .braided stream conglomerates ("Bunter Pebble
. Beds") in the Sherwood Sandstone  Group. North
Staffordshire, England: Sedimen., v.30, p.341-367.
Stephens, M.A., 1969. Tests for randomness of directions
against two circular alternatives: J. . Amer. Statis.
Ass., v.64, p.280-289. : - ' -

Surdam, R.C.,* and Wolfbauer, C.A., 1975. Green. River
Formation, Wyoming: a, playa-lake complex: Geol. Soc.
Am.. Bull., v.86, p.335-345. o ’
Tandon, S.K., .Kumar,P., and Singh, .P., '1985.: Syntectonic
controls of paleoflow reversals and ‘variability:
sediment-vector sequences in the late orogenic Siwalik
‘Basin, . Panjab Sub-Himalaya, India: Sedim. Geol., v.41,

.

p.97-112.
van der Voo, R., French, A.N., and French, R.B., 197%. A
“ paleomagnetic pole positicon ‘from- the folded Upper
Devonian . Catskill redbeds, "and its-  tectonic
implications: Geoclogy, v.7, p.345-348.
f . " - /"‘ ’ . N -
, and Scotese C., 1981. Paleomagnetic evidence for a

large (approximately 2000km) sinistral offset along the-
Great Glen fault during Carboniferous- time: Geology,
v.9,. p.583-589. - Co
Visser, C.F.,  and John%bn, G.D., 1978. Tectonic control of
' Late Pliscene molasse sedimentation in a portion.of the
) Jhelum re—entrant, Pakistan: Geol. Rund., v.67, p.15-
37. . ' - ’

Walker, R.G., 1984. General introduction: facies, facies
sequences and facies models: in Facies Models, ed. R.G.
Walker, Geosclence Canada Reprint Series 1, p.1-9. -

, and Cant, D.J., 1984. Sandy fluvial systems: in
Facies Models, ed. R.G. Walker, Geoscience Series
Reprint Serles 1, .p.71-89.

Way, J.H., 1968.- Bed thickness analysis of ‘sqme'
Carboniferous fluvial sedimentary rocks near Joggins,
Nova Scotia: Jour. Sed. Patrol., v. 38, p.424-433.

- Webb, G.A., 1963, Occurrence and exploration significance of
strike-slip faults in southern New Brunswick: Am. Ass.
Petrol. Geol. Bull., v.47, p.1904-1927.

L 1969, ; Paleozoic wrench faults in the Canadian
Appalachians: Mem. Am. Ass. Petrol. Geol., v.12, p.754-
786, : ’ i



R2 :i»: o - ' E -300-" -

N N .. .
B : . r '

[N R -

Whitaker,. J.H. .McD. 1973, ‘"Guttefcastst"a new name-far - .
scour-and-fill structures : with -examples from .the -
- Llandoverian® of Rjngerike rand  Malnoya., = southern.’

" Norway: Norsk Geol. Tidd. v 53 . P- 403-417.
Williams, H., . 1964. - The Appalachians 'in Northeastern
_ Newfoundland - a two- sided symmetrical system: Am. J.
Spd., v 262, p. 1137~ 1158 .

', 1976, Tectonic- stratigraphic. subdivisiéns ‘of - “the
Appalachian Orogen (abs.): Geol. Soc. Am., V.8, p.300.

e '1978."Tect6n1¢ lithofacies ﬁap”of”the Appalachain_
Orogen, Map 1, Memorial University of" Newfounland
., 1979. Appalachian orogen in Canada s Can. J. Earth
Sci.. v.16, p.792- -B0O7. . - : T

Williams, -P.F.; and Rust.B;R.,‘1969.fTha_sedimentoldgy of a
a braided river: J. Sedim. Petrol., v.39, p.649-679.-

Zaitlin, - B.A., and Rust, B.K., 1983. A spectrum of alluvial

deposits- in , the. Lower ‘Carboniferous Bonaventure

¢ Formation . of western Chaleur Bay area, Gaspe and New

‘Brunswitk, Canada: Can.. J. Earth Sci., v,.20, p.1098-

Jco1110. s ’ = ‘ ‘

Zingg, T., 1935:, Beitrage zur schotteranalyse Schweiz “Min.
Pet. Mitt., v.15, p.39-140. '



LOCATION OF ‘SAMPLES

CHIGNECTO BAY

"SQUALLY POINT

’

]

S



,
E I .

. N

* [ ]

g 3 3
s 22
S g€
w..r.m.
5 8

 ONOD

128 |2 W

2 4 h ke

SNQIDVIUDHY

.

8Q39

. 3NOLSOMYS QOSN3

© §3YNLONYLSE

MO11d-ONY-1T¥8

NOILYNINYT JINAOANQD ~

. Lo 4‘.. S MGOJ

| 3ZNOBYD NLIS NI

$001 Q3ZINOBYYD
STSSOFONHDI

~

;o

SR F
-« .

g E .
m - o JF
> X . .

5 & 4

> - -
b ous 3 SH1IN0ZIHY
- = S1EYIOVHINI

as

{eveq {§UD{E0I0) WEG

swo

Ae.-un._c:o_uo_w
yim pepoddns |

xew Ajgqed) Eo

.

(peyioddne o
xyJjour A|lgqed) Eo

.

§4¢

dg

4
vdvh

rri

-

we
n.c-nn |RUDIS0IR) S

19

(ONs

o (ums

B

a‘.b

o (PNS

1S

aN3937

k .E 10) A:vcw

(s

JLVH3INOTIBNOD

" INOLSONYS
A169E834% INOLSANYS

(peniow) 114

.C:o_ou‘ pal
spluub|sep Jeq) EH—



 APPENDIX 2 SECTION 01

>4

\

2

—»| 4

>

PN _epa —




«— Ple < - —»le —— ,
-l < — m
o = o ™ LT - . w




00 ]

B2







"A‘P‘PENDIX 3 SECTlON_ 02 - _

NG










304




'APPENDIX 4

L B §
vil f# ml ¢! vel

cong
E




'APPENDIX 4

~ SECTION 03

G)_
2422

—+8+ 8




. ¢

LEL LR R . L B
vii ff ml cl vcl

cong

vil I mi ¢l vcl

=

cong

vil fl ml cl vcl

cong

F



— G




200>




e ‘\ Gl




"
[ T

APPENDIX 5 .

3060

' SEGTION 03 SUBSECTION H

- vfl

P

fi ;n'lcl vel UNIT CYCLE .




wrexoxs  SUBSECTIONS I

25'0'.. ¥ S —_
- 1
| ;I; I¢XI
2T .. %
é =X
1 i
*
I | 1X
s Y
- 1. ,
16 | VI
1 3
1 r
I8 I+VII
E
19
| Vi
T Iy

.




IW - | — |V.|v_A|“.v_AI“|v_+.|||v_+|.|l..v_ .
| | 0 ©
o —- 2 +— = —2 o _ﬂlleu_.m N

ot

’
..
8- -

LAT. EQUIV
LAT. EQUIV.

150 .
metres J



150 .

metres -

100

%JS XIJXI
:g J|X
J10 JVII
J11 JVI
i |
T |
J12




100

90 e -|- -




-307-

) JT5 ' J
M TIM

<5

- J19
20 + lJ-" |

J21

4
125 = 126

23 T




APPENDIX 7

150]

L.

P
Q

SUBSECTIONS K L

KIX

KVIII o

KVII *

| KVI )

>l <—>

x
12

>«

<« N> |e—




90,

metres FE——

N T (N e )




-308-"

vii fI mi clvel CON

=5 —— 5 —5&A

r
—t
—

L




-309-

APPENDIX 8

SUBSECTION M

\.

- s8J}8U

vil viu fl fu

fine upper
fine lower .
very fine upper

very fine lower




APPENDIX 9

SUBSECTION N

NOT MEASURED — /

1<y
- =T




50

metres

NOT MEASURED






“

-311-

APPENDIX 10: PREFERRED FACIES TRANSITIONS

SECTION 01

-

TOTAL NUMBER OF FACIES TRANSITIONS: 75

OBSERVED TRANSITIONS:

Se

Se
Sr
Sh
St{m}
St(c)
Gt
Gm/Gt
Gm
Sm

OO COOCMO® &b |

OBSERVED MINUS

Se
Se 0.0 -0.03
F -0.02 0.0
sr -0.08 -0.13
Sh 0.09 0.19
St{m) 0.00 0.04
St{c) 0.05 -0.06
Gt ° -0.31 -0.12
Gm/Gt 0.0 0.0
Gm -0.31 -0.12
Sm 0.0 0.0

F

QOO0 WWO | W

Sr

OCOO000OCHO | &0

Sh  st(m) ‘St{c) Gt

O OO0 WM | OrN

COOoOrRrN| OO0ONW

COO0CO | WOWRW

SOOI »w OO WO -

RANDOM TRANSITIONS PROBABILITY:

F-.

BINOMIAL PROBABILTY

Se

Sr
Sh.
St{m}
Qﬁ(c)
Gt ’
Gm/Gt .
Gm - Y
Sm. -

. 389
.584
. 463

tooo |

F

[ 2 T B |

.122
.439

Sr

.08
.26
.0

.06
.00
.06
.05
.0

.05

.0

Sr

o

sh’

-0.05
-0.04
-0.11
0.0
-0.00
0.12

-0.11

0.0
0.89
0.0

]

. 005

h

11 Or |

(@]

. St{m) Sti(c)

0.13 0.03
-0.08 -0.09
-0.22 0,59
-0.01 -0.17

0.0 0.00
-0.08 0.0

0.28 -0.15

0.0 0.0
-0.21 -0.15

0.0 0.0

St(m)

0.141
.188 -

0.392
.109 -

St

1 o1 010

Gm/Gt
0
0
0
.0
0
0
0
-0
)
Gt Gm/Gt
.01 0.0
.02* 0.0
.02 0.0
.02 0.0
.02 0.0
.05 0.0
.0 0.0
.0 . 0.0
.02 0.0
.0 0.0
(c)y Gt
.458  0.478
.014 -
.575 -
0.271
-3

Gm

rFO 1 O QOOOOOO

Gm

.01
.01
.01
.01
.01

wn
3

Yo N-Y-NeR-NsN=Ne

Iy
=]

[oNoNoNeoReNoNoNeNeNol
[«NeoNasNeoNoRoNe ool

Gm -'Sm

0.002 -



SECTION 02

TOTAL NUMBER OF FACIES TRANSITIONS.. 65

OBSERVED TRANSITIONS:

p
Se

se’

Sr

Sh

St(m)

st(c)
-Gt

Gm/Gt

Gm

Sm

[N

L

QBSERVED MINUS

Se F
Se - -0
F 0.19 0
Sr 0.09 0
Sh 0.00 -0
Stim) 0.10 0
St{c)-0.19 0
Gt 0.0 0.
Gm/Gt 0.0 0.
Gm 0.0 0.
Sm 0.0 0.

OCOCONORN W I
0000 Lo

BINOMIAL PROBABILITY:

Se .
.219
. 440
.623
.284

Sr
sSh
Sti{m)
St(c)

1l 0000 |
oo ol

Gm/Gt
Gm . ;
" Sm - -

F . ST Sh -st(m) St{c)
0 .0 .0 2 .2
1 0 0 "3
- 2 1 0
3 .- 2 1
2 2 .3 C-
3 0, .3 9
0 0 0 0
0 -0 0 - 0
0 0. 0 0
0 -0 0 0
RANDOM PROBABILITY:
Sr sh St(m) St(c) Gt
.10 -0.10 -0.14 -0.13 0.47- 0.0
.0 0.05 =0.12 -0.23 0.10 0.0
.07 0.0 0.21 -0.06 -0.32. 0,0
.05 ©0.28 0.0 0.09 -0.20 0.0
.06 0.09 0.0 =-0.29 0.0 0.0
.0 -0.11 0.02 0.22 0.0 0.0
o 0.0 0.0 0.0 0.0, 0.0
0o ©0.0_ _0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0
0 0.0 - 0.0 0.0 NQ.0 f.0
Sr sh  st(m) St(c)
- - - 0.000
. 0.471 - - 0.401.
.425 - 0.156 - .- ‘
. 0.029 - 0.610 -
.393 0.388 0.270 - -
.310 - = 0.508 0.045 -

OO-OOIHOOOO

"Gt Gm/Gt

0

0

-0

0

0

0 -

0

"0

0
Gm/Gt Gm
0.0 -0.0
0.0 . 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0. 0.0
0.0 0.0.
0.0 0.0
0.0 0.0
Gt Gm/Gt

©COO0000006O0

(7]
=

L
=

Gm

obl1lo000C0OO0O0O

D000 0000QO0

w .
3 -

C1L 00000000

Sm
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SECTION 03

]

3=

TQTAL- NUMBER OF FACIES TRANSITIONS: 18

OBSERVED TRANSITIONS:
N

tr !

Se F Sr - Sh St (m)
_Se - 1 o' o 4
P, 11 - 1 1 0
Sr 1- 2 -, - 0 0
sh 0 4 1 - 1
© St{m) 3 4 2 5 -
T Stic)v2 2 .0 1 3
Gt 0 0 0 o 4
Gm/Gt 1 0. 0 0 2
Gm 0 - 0 0 0 1
0 0 0 0

Sm . O.

‘.h

OBSERVED MINUS RANDOM PROBABILTY :

v \

‘Se ° F  Sr Sh
- Se - « " . -0.16 -0.06 =-0.10
'F ' 0.47 -~ 0.01 =-0.02
Sr+ -0:01 0.32. - -0.08
Sh' -0,27 0.38 0.09 -
St(m) -0%11 0.05° 0.07  0.23
St(c) -0.09_  0.003 -0.05 0.006
Gt , .~0.27 .-0.18 ,-0.04 -0.08
Gm/Gt -0.01 =0,17- -0.04- -0.08
Gm* <d.21 "-0.17- -0.04 -0.08

s + 0.0 ;.0.0° . 0.0- 0.0

. BINOMIAL PROBABILITY:

Se . F

Sr Sh St(m).
- Se - - - - -
F ~ .0.00 - 0.540 - -
Sr ~ “0.148 - - -
"sh. - - ', 0.026° 0.297 - -
©ost{m) - © 0.401 0.204 0.014 -
St(c) - 0.615 - 0.627 0.423
Gt - - - - 0.009
Gm/Gt - ] - - - 0.1913
Gm = - -y - - 0.370 .

Sm - . - - -

St(c)

O = | OO0k O =)

b

St(m)

-0.03
-0.24
~0.21
-0.07
0.06
0,.58
0.29
0.29

Gt Gm/Gt
4 0
0 1
0 0
0 0
0 1
1 1
- 0
0 -
0 0
0 0
13
St(c) Gt
0.23 0.15
-0.16 ©-0.086
0.10 -0.05
-0.14 -0.06
-0.16 -0.07
- 0.03
0.05 -
0.11 -0.05
0.36 -0.05

o.o//~41<15‘ 0.0

St(c)

.023

o 1o

. 450
. 255

1 OO0 O |1

.456°

.538

Gt

0.037

0.495

Gm Sm

1 ~ 0

o~ o

0

1 0

O 0

o . 0

0" 0

0 0

- o)

0 -

.“_;q

Gm/Gt Gm Se
-0.04 0.03 0.0
0.03 -0.02 0.0
-0.03 -~0.02 0.0
-0.03 0.11 0.0
.02 -0.02 0.0
0.06 -0.02 0.0
-0.03 =-0.02 0.0
- -0.02 0.0
-0.03 - 0.0
0.0 0.0 -
Gm/Gt Gm - Sm
- 0.394 -
0.444 - -
- ‘0.156 -
O's 475 - -
0.328 - -
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~ SECTION 01/02 HETEROLITHIG FACIES ASSOCIATION

TOTAL NUMBER. OF FACIES TRANSITIONS 173
OBSERVED TRANSITIONS :
Fm(m)h-Fm(g) Fm(r) . Fr F1 Sh
Fm(m) - 2 o 1 00 e o
Fm(g) 0 - 1 1 0. -0
Fm{r) 3 4 - 2.7 "0 L0
Fr 0. 0, 3 - 1 0
"F1 o 2 1 o - 0
sh 0. -0 0 o~ -0 " .-
Sr G- 0 5 - 1. 2 -0
Sm - 2 2 1. 1. .0 0
cM 1 - 3 .3 </ o 3 0
OBSERVED MINUS RANDOM TRANSITIONS:.
Fm(m) Emtg}.'/fm(f) Fr  F1  sh
Fm(m)' .~ . 0.13 [(-0,22°..0.07 -0.08 . oO.
Fm{g) ~-0.09 ' - f—o.1a -0.03 -0.09 - 0.
Fm(r) = 0.10° 0.03 -=- . 0.01 -0.09 oO.
Fr -0.08 -0.02 0,19°% -  0.05 O,
Fl <0.08 0.08. =-0.08. -0.09 - 0
Sh 00 0.0 , 0.0 0.0 - 0.0 -
Sr ~0.08 ' -0.21  0.38 0.02 0.16 0.0
Sm . 0.25 0.13 =-0.06 0.07 -0.083 0.0
cM ~0.0  0.04  0.02 -0.17" 0.18 0.0
BINOMIAL PROBABILITY :
Fm(m). . Fm(g) Fm(r)  Fr Fl Sh
Fm(m) - - 0.350 - 0.458 - -
Fm(g) - - - . - - -
Fm(r). . 0.169% -0.491. -  0.523 - -
Fr - - .. o0.208 ‘- 0.459 -
Fl - 0.432 - - - -
Sh - AN .- - - R . -
Sr « . = 0.023- 0.577 0.149 -
Sm .0.081  0.350 - 0.458 - -
cM - 0.462 . 0.561 - - o0 -

Dol oeamNRO W

O O0O0O0

2]
L |
4]
=)

QIoogoOrrmNE

Sr
-0.12
-0.06

-=0.01
0.15
0.44

T .0.12

-0.14

.0
0.344
0
o

.0
4

IOOOOONODN_

. Sm

0.08
0.06
0.03
0.06
-0.08 .
0.0
-0.08

-0.09

Sm
.402

.429
.455

" 0.15°

0.41

-=0.07

~0.18
-0.18

-0.18
-0.18
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" APPENDIX 11: PALEOCURRENT DATA

CYCLE -

AV

AIV

AITI

ATI
AT -
lower

BY

BIV .

BIII

BII

BI

CI

UNIT
1
2 .

3
4

7

 STR

LOGS.

TXB

" LOGS

TXB
TXB

TXB
PL
LOG

TXB

CHANNEL

11

13

parts:

14

1

LOGS

LOGS
TXB
SOLES

-315- -

READINGS

35,41
o2
35,89,61
11,41,55
87

21,20,46,54,35,53,40,33,33,40,27,07,43,32
32 ’ .
104,114,153,114,94

131,118,117,104,138,114,106,104,02,79,85,
78,78,121,121,145,70,100,146,89,135,119,122
130 -

130

02,108,72,92,44,65,61,06

174,179,147,38,30,11,18,54,03,03
44,89,06,99,89,86
302

RUNNELS 142

TXB

PL
LOGS
PL
LOGS
TXB

TXB
LOGS
PL
TXB
LOGS

-TXB .

LOGS
SOLE

RXL
TXB
TXB
LOGS
TXB
PL

RXL
TXB

101,138,151,91,32,151,86,100,132,126,137,
151,160,107,90

39,29

72,42,171,70,38,60,44,40,64,82,116
05,59,29

09,59,29

321,12,48,19,18,90,130,122,138

314,185 .
104,925,116,116,71,92

142
81,112,90,89,68,28,70,84,74,90,100
178,05,350,14,0,81,108,111

110,103,107,105,121,106,92,90
132,0,156,178,85,85,104,137,145,143
388,119

157

106
86,110,107
160,13,160,171,157,02,132,174

115,124,142

26,30,31 T~

207 .
127,39,40,35,39,34,85,104,125,110,59,25,102
52,10,36,124,136,116



CII-V 2
.
cv 5
DI !
DII - 3
4
DIII 5 7
div_ T

c

LOGS
'LOGS _.

TXB .-
LOGS

TXB -

PL

TXB
LOGS

TXB
HANNEL
SOLES

TXB

TXB

LOGS

TXB
- LOGS

152.153;171,29, 143 28; 54 A
1 48.164,138,179- ;¢ -

. 10,23, 16 159 135 59 54 26 109 ~52, 95 69 90

. 163,147,157,163¢26

T , T
L .
4316= 4 .
PR L
-t -;’ '.. ..-" g : . ‘. . . - '.'. N 1""

.
1f;

163,147, 157 163 25 e 5

62 115, 181 115 121 171 95 125 179 115:151
171 ‘ E L . ;-f - : . ‘

119.215.266h55l0i : ;'." 2-- - o E

94,163,107 . o,
154 . o .o T . ’
a0 : . . ) a T .‘“. . . o . $ .

179,95,95,126,109, 128 ?6 181 ﬂB 144”169 168 211
88,144,269,168,211,159 -
129,156,126,13,153, 130

81,125, 55 98 124, 91, 58, 104 78 179

"137,165

N of Fall D. Bk. TXB 230,218,228,223, 193 185 240
S of Fall D. Bk. TXB(U) 44-30,351,0,09 T ]
TXB(M) 62,47,78,96,100,77,121, 161, 142.122.162y

Yat loc. 1

at loc. 2
at loc._a
at léc. 7
at loc.10

CHANNELS
LOGS

TXB(U)

TXB(U)
TXB{M)
TXB(U)
TXB (M)
TXB{U)
TXB (M)
TXB(U)
TXB (M)
TXB(L)

125,137,150,121,115,61

140

105,107,110,141,112,160, 150
51,62,71,63,99,100,62,56,77,43,67,56
890;97,111,97,93,24,92,41 _
86,111, 132 106,123,122,125,72,132,77,103.
76,80,110,133,101,62,82;, 110 06,60,95,70
115, 113"90 71, so 73

80,80, 56,

56,52 )

85,83,79 *\

'93,96,93,85,98, 47 105 36

21,21

DV 9 at loc.10 SOLE 100,101,73,93,93, 917

at loc.10-1

at loc.
at loc.3-4
at loc.7

CHANNEL 96

1

9

LCGS 82,161,06,01,21, 25, 06 21, 25 06, 21 26 177,201
191,104,206 :

LOGS 159,139,121,145,127,137,11,91, 204 195,21,161,
174,121,161,116

TXB 141,81.73,79.83,111.110,128

TXB 93,60,60,28,40,22,45

TXB 70,61,72,73,75,71,85

LOGS 141,140,158,161,131,152, 162 162,150,132, 144,
150,140,140,141,125,126,120,150,137,145,151, .
154,150,160,147,163,151,130,151,142,162,01,127 "
115,162,109,81,88,150,141



bt W]

EIV

" HIII

SRV O

EITE ", 7

~ EI'  §9

‘;FtI R -3
JFI - 4

Sea P
Cevrt |, 2
3

GV N

GIV =~ 4

GII 6

EII-ﬁ- '5, ?

i’

4

TXB

PL

- PL
PL "
© TXB -
‘,'LOGS

B .

" TXB Y

,a.

1TXB

SOLE 66, 18
* HARROWS

IXB
TXB

TXB

[

LOGS

«'R\_QOGS

or

A

j'EkB

F'.'
v
i .

SOLE. ;

TXB

TXB

PL
LOGS :

PL

. TXB

TXB -

. LoGs:

;PL '
RXL

TXB*',

1\’
4

1

.;31;;‘
355,282,168, BT o
171 155 165,166, L?Q 130 o e

\ 5
ae0’ - "‘ _ oo
102, 255", 32, 25 62 T .o
'82,85,89,0" PR T LE
129 149,148, 148 06, ~149, 132 137 158 146
TR ,,”' |
72 ' '

79,99,129,129,125,92,63, 100, i26, 16,4156

104 IZQ 128 119 220 159 174, 181 159 65’99 79,
42 .?;

T »:ff ﬁ,"ncf .
Lwte . ‘,,,‘m: " L
113,113, oo et ” J
92 52, 45;54 59, 120 95 52, ¥

76152 52, 62 62 46,106, 86

e

. . . .
?Q ?7 67“100 141 408 93,72, 61 54955 SQ 60 67
A2;72; ?1 213 108 725 233 226 77”109 :
165 155 0. 165 178 18,161,.168; 165,164, 155 L4O
65 €5,70,70,70,90,95 ~100,101,101,100, 95, 105n
65, 65 ;70,30,55, 24,72,61, 50. 46 61 46' '

1o§ﬂ92

o
r

*41,,90, 35 S o Cor

132,72, 84 74, 132 51, 118, 118,144, 143,146,174,
131,205,112, L12 113, 121 102 63 140,128,147,

154

ea 104 126 114, 94 110; 88, 99 34 67, 72 19,180,
77,04,03, 20, 46,80,74,94,37, 20 29

66,106 ] :
188,162,168, 1JBfTGB 144, 166 144 143, 147 153

194,126,170,125,140,171,313, 165,250, 86, 71 66 .
117ﬂ14o 147 112, 149 118, 137,140, 05 357 .

63 . : ' S o
107,63,172, 72 ‘61,179, ss e

. 68,70 =~ - o ST .o "
187,20,183,150, 188, 173 172,154, 154 200, 179,
304,25, 196 112, 127 80,278, 117 128,158,149,

: 125

76 ‘ ,q,. . l-.'_.‘ -,'...-‘.‘ _",‘

‘42 T



HI

I VIII
I VII

I VI

I IV

I III

IXII
JIX
VIL
JVI
v
JIv,

JI

- KVIII

K VI
KIV

KIII

10

11

13

14

16

18

21

11
14

15

16
21

22
23
21

TXB
PL
SOLE
LOGS
TKB
TXB

Gm
TXB

CHANNEL
TXB

TXB
TXB

TXB
TXB

TXB

TXB

TXB

TXB

TXB

TXB

TXB
TXB

PL

TXB
TXB

PL

TXB |

PL

TXB

TXB
Gm

TXB
TXB

TXB

-313:

124,114,165,21,96,85,140,25,89,57,66
33,81,26,33,40,32,135
56

0 99,102,145,102,66,63,181

74
16

61
65

135 i
26,28 ’

53,48,354,73,27,27,345,89,58,30
32,30

64
84,138,73,130

46,65,27
85,23,22,20,02

42,26,78,43,31,20,27,55,70"

39,46, 26

60,16, 22
106

0
80

06,09

15
105,71,82,06

144
57,71,218

104,124 -
29,21,28,28,41,44,62,05,60

51,32,25,
14,345

57.329;315"72,102?26,312,32.89
101,2%,37,23,54,61

54,103



LIX 1 and 2

LVI 5°

Lv &
LIII 10
LII 12

13

LI 14 -

WL

TXB

TXB

e

‘319"-' . . - . v Y

1

126,150,96,101,106,51,120,121,152,128,112,
112,122,146,96,120,129,116,109,125,151, 96,

1}1 - .
02,16,75,57,06,:26,49,160C,49
102,109,140,139,63,109,125,96,51,115,142,126

139,111,105,119,152,123,149,162,179
135,107,141,126,138,66,79,40,179

S—

TXB
PB

TXB
TXB

TXB

TXB

©119,3111,130,133,150

129 - :

$0,130,79,60,57
80,60 N

-52,31,36,56,30,43,63,58,48,63,96,57,09,53,

58,19,73,60 . .
92,167,179,147,132,105,172,144,104,118,120,
144,160,182,l45,174,125,142,}30,142,152

legend seen in Appendix 12
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APPENDIX 12: GOMPUTED PALEOCURRENT DATA '
CYCLE ' UNIT STR_ % 0 % R L P N s ° sIg
l':‘ - - . ] N _‘0. - o
AV LOGS. '51.8 4.68 93.6 0.987~ 5§ 9.3 **
TXB 38.7 .4.31 86.2 0.975 5  31.2 % ..,
Al 7 TXB. < 34.6713.6 97.6 1.00 .14 12.6 ‘xr=:
. LOGS - 115.4 . 4.70 94.0 0.988 5 = 20.1 **
PL. 32+ .. S
Al11l 9a - - .TXB - 108.0 14.58.85.8 1.00 ‘17  31.7 *sx
9«.. . TKB '~ 89.4 .5.83 97.1 0.99 6  13.9. s*..
! Locs = §6.9 6.57 82.3 0.995 8 ° 35.8 **
V' cHaNNEL 130. ' | AN S
Allla 1o TXB .”. 130. ,
All 11 LOGS'  43.7 4.62° 46v2. 0,881 ‘10" 71.1
- TXB. . 77.0 4.19 83.9 -0.970 ,.5.  33.9 w¥x:
SOLES 302 - . = . .o .
RUNNELS' 142 = § .
Al 137, TXB |, 118.4 12.68 89.57°1.00° .. 15 ° 33.1 **s
- LOGS- . 68.2 8.96- 81.5 0.999 .11.  36.6 *tx
: CPL - '34.0 1.99 -99,6. -0:862. 2 - 5.1 '*.
14 TXB 53.7 5.66 56.6 :0.959 ' '10 . 61.0° *
. LOGS' 32.2 - 2/81 93.6 0.928 3  20.8° *t*
e PL 13.4 "4.98°°99.67 0,993 .5 4,7 ..¥Ex
TOTAL TXB.  '.'99.8 15.94°63.8 1:00 - - 25 '54.2 . .
- LOGS -~ 59.8 '11.35 8l.1 0.999 . .14 ' 37.0 ¥i=
PL 1902 6.88° 98.4 0.998 7. " 10.2 **x.
BV ‘la TXB . 254.5 1.01 .50.7 0.40 .2 66.7
LOGS . - 111.7 4.46 - 63.8. 0.941 . 1' ~54.2 *
SOLE ' .338 . - 0T o
U RXL .- 157 S U
“2. . TXB 81.0' 10.3 93.7 0.999 11 20.7 = *x*
- 'LOGS - 60.7 4.63 "51.5. 0.908 9 . 65.9 *
TOTAL' TXB 81.7 . 9.30 -71.6 -0.998 ' 13- 46.8 ***
© LOGS  78.5 9.03 64.5 0.997 14 -53.6 **
B1V 4. TXB 120.3 T.44 -92.9 0.999°. 8 ° 21.9 .%*
LOGS  123.7- 7.2 ~ 72.1 0.994 710 -46.3 **
SOLE.  228.5 0.66 .33.3 .199 2 ' '84.9 =
B111 5 RXL 157 - ‘
B11 £} TXB '115.6 15.6 87.0 1.00 18 .30.2 %%
LOGS  120.6 7.6 58.8 .988 13 59.0 **
B1 9b  TXB-  126.9 2.94 98.0 .944°. 3  11.5 =+,
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41" .

/

2

TOTAL

CIISIII 4

1v,v

‘CVI
DI

DII

';QJ :
' TOTAL TXB

DIIT

DIVa

5

5b

PL

RXL
“TXB

LOGS

= LOGS -
T TXB

LOGS

TXB
'LOGS -

TXB
PL

TXB
LOGS

TXB

‘CHANNEL
FLUTES

TKB

TXB
* LOGS
TXB

TOTAL TXB

7

N. of Fall D.
S. of Fall . D.

at.

Tat
at
at

at

DV 9 at
~ at

at

ioc.
loc.

;oc.

log.

-loc.

TXB
LOGS"
TXB
TXB (U)
"TXB(U)

. CHANREL

7

LOGS
TKB(U)
TXB (U)
TXB (M)
TXB(U)
TXB (M)
TXB (U)

- TXB (M)

10

TXB(U)
TXB{M)
TXB{(L)

TOTAL TXB(U)
TOTAL
TOTAL
.TOTAL

TXB(M)
TXB
-LOGS

loc.3-4 TXB

loc.

loc.

7

9

TXB
LoGs
LOGS

{

29,0
207
37.4
107.9
140.0
85.2
123.6

57.2
144.9

130.1
171

156.3

T 149

120.4
154
a0
143
126.

o4}

122.
128.
157,
136.

;WO ow

98,3
151
216.1
14.6
111.5
140
117.9
67.0

108.3
83,
86.
67.
54.
82,
B88.
21,
69.
100.3
B89.8

131.8

OO0 WOOo WK

49.3
72.4

144.9
132.1
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.99
.76
.65
.99
.21

[4,JRT+00 % B VI -3

.26
-37

w N

89,

99.
39.

_ 66.

16,
47,

45.
67.

B2.
45.

86.

88.

83.
72.
81.
78.
84.
97.

94.
94.

.83.

87.
95,
88.
93.
86.
93.
97.
99.
99.
96.
100
88.
87.
74.
92,

92.
99.
90.
80.
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O PR ODDO0OO0OO0000O0ORDOD

oMWl

o
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COoOOoCOo o

= OO000

P OO

OO0+

.95

.00
.66
.83 .
.00

.92

.64
.89

.99
.56
.89

.96

.99
.96
.98
.99

.99
.85
.98
.98
.00

.99
.00
.99
.99
.99
.99
.98
.86
.94
.99
.86
.00
.00
.00
.99

.97
.99
.00
.00

(SN - I+ N R

- W

oo

- T R T

= th O WO

O OO

L |
[N
DO

72.1

30.4

28.

Q

34.
45.
36.
39,

33.
14,
18.
19.
34.

[l I« 3

30.
16.
28.
20.
30.
21.
13.
2.6

Lol € BN B e BT e B I V)

.2.6

16.

w

28.
29.
38.
22,

22,
6.9
25.4
37.3
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LR

xxx

x5x
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TXB 100.4
at loc.10 SOLES 92.9
CHANNEL 96
at loc.10-11 LOGS 145.8
. LOGS 50.5
TOTAL TXB 75.0
TOTAL LOGS  134.7
EV 1 TXB 169.2
EIV. 3 PL 60
© 5 TXB 7.4
PL 88.5
- LOGS 139.3
EIII 7 PL 75
TXB 72
EIT 8 TXB 93.1
EI 9 TXB 126.6
LOGS 142.0
FII 1 TXB 67.4
2 SOLES 42.0
HARROWS  113.0
TXB 70.4
FI 4 TXB 85.0
"~ LOGS  155.2
1 at loc.18 LOGS 71.5
GVI 2 TKB __100.5
3 TXB 35.3
GIV 4 TXB 188.8
GI 7 SOLES 93
8 TXB 82.3
LOGS  158.0
PL 03
GII 6 TXB 94.9
at Carrvying C. TXB 47.7
LOGS  144.4
TOTAL TXB 69.9
PL 86.0
HY 1 Tx8  74.3
PL 63
HIV 2 “TXB 69.0
" LOGS  154.7
HIIT 4 PL 76
RXL 42

<322- -

12.8
6.2

19.4
50.2

5.35

7.62
0.47
8.17

7.56
1.82
2.00
7.23

16.2
8.15
24.1

1.97
2.99

20,9 -

'9.45

10.5
22.1
18.3
1.87

91.
98.

15,
34.
88.
64.

AT N )

6.

-9

7.62

23.3
81.7

87.4

68.7
80.

[, ]

94,
91.3
100.0
90.3

(o2

70.5
67.9
92.8

98.9
99.7
B3.7

88.6
B5.

[

94,
73.
67.
65.
93.

97,

o

99.9

58.7 . °

O gwen
Or = OO

[ == 00 o Ne]

[oRoNa]

O o000 oo

=

.99
.98

.99
.82
.00
.00

.983

.997
.10
.99

.00

.999
.81
.87
.999

.00
.99
.00

.86
. 949
.00

.00
.00

.99
.99
.00
.00
.829

.99

.87
.99

8
7

17
18
22
78

10

T 14

33
28

23.

43.
83.
28.
53.

42.

42.
99,
36.

28.
32.

19.
45.
50.
52.
20.

14,

59.
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Nony
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HI 6 TXB 89.3 8.16 74.2 0.9% 11 44 .2 *»
PL 42.1 5.85 83.5 0.99 7 34,3 =
SOLE 56 o 1
LOGS 95.6 5.45 - 77.9 0.98 7 40.4 =+
1 XI 1, TXB © 74 1
I X 3 TXB 76 T, 1 )
I VIII 8 Gm 61 - . ' ) ' 1
o TXB 65 1
I VII 8 CHANNEL = 135 - 1
TXB 27.0 2.00 99.9 0.865 2 ' 2.56 %
. .
I VI 10 TXB 40.3 7.63 84.8 0.99 9 32,8 *s
Iv 11 TXB 31.0 1.99 99.9 0.86 2 .2.6 ..
I IV 13 TXB 64 : . ' 1 -
TXB 106.2 3.52 88.1 0.96 4  28.8 **
TOTAL TXB 97.3 4.32 86.4 -~ 0.98 5 30,9 *
I III 16 TXB . 36.5 1.87° 98.6 .0.857 2 . 9.62 **=
I II 18 TXB 28.9 - 4.42 88.5 0.980 5 28.3 xx»
11 21 TXB 43.3 8.5 94.4 0.99 9 19.4 **»
TOTAL FOR I 53,2 25.5 85.3 1.00 30 32.2 ¥+
JXII 1 TXB 37.0 2.96 98.9 0.99 3 8.8, ==
. k-
JIX 71 - ©TXB . 32.4 2.83 94.3 0.931 3 19.6 ¥**
JVI 11 TXB 0 " ' 1
14 TXB BO - 21
JIV 15 . TXB 7.5 1.99  99.9 0.864 2 2.56
16 TXB 75 . 1
21— —- TXB 68.2 3.23 80.9 0.98 4 37.2 »
JI P2 .PL 144 i
23 TXB 85.9 1.17 39.0 0.36 3 78.5 *
27 PL 114.0 1.96 98.4 0.86 2 10.2 *
TXB 35.3 8.59 95.5 0.99 9 17.3- *s»
TOTAL TXB 40.8 9.38 78.1° 0.99 12 40.2 sxs
TOTAL TXB 124.0 2.87 95.9 0.94 3 16.5
.- . 'q»
TOTAL TXB FOR I 47.4 18.6 81.0 .00 23 37.1 %%*s
. * bl °
2 TXB 21.6 4.64 - 92.9 0.987 5 21,9 **s
KVI 4 : TXB 25.2 4.53 56,6 0.923 8 61.1 *



KIV & B TXB 49.2  5.38 \Q9r6u7‘0.99
' KITg 7 ' TXB 78.5 ~ 1.81 90.9 0.80
; _ .
KI 10 PL 65.0 4.94 98.9 0.99
(R-TXB 73.9 20.4 81.5 1.00
TOTAL TXB- FOR- K 69.0° 28.1 8248 1.00
LIX 1 and 2 TXB 117.8 24.4 93.8 1.00
LV 6 TXB  134.4 15.4 95.9%, 1.00
T~ PL 127.8 2.9 96.7 7 0.94
LIIT 10 . TXB - 128.3 -4.86 97.3 0.99
PL 129 L.
LII 12 TXB 82.4 4.49 89.8 0.98
13 TXB 70.0 1.96 98.4 0.86
LI 14 TXB 50.2 16.9 S94.3 1.00
15 TXB ~ 141.8 19.1 90.9 1.00
TOTAL TXB 98.5 ~-25.2 64.6 1.00
TOTAL TXB FOR L° 106.7. 67:1 77.9 1.60
STR = sedimentary structure
‘@ = paleocurrent in degrees. “ .
R = vector-length ’ -
L =-vector magnitude in percent
N = number of observations
Sy = standard deviation
SIG = stqtistical significance
(U} = upper part of unit
(M) = middle part of unit
(L) = loweér part of unit SN
TXB = trough crossbedding -
RXL = ripple c¢ross-lamination

PL = pérting lineation .
* =% significant at 0.10-
** = significant at.0.01
*** = significant at 0.001

1
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39

86
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25.

36.
35.
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23.
10.
19.
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51.
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LE R 4
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K xx



APPENDIX 13: MEAN CLAST SIZE

-UNIT

A7
A9
All
Al3
Al4
Bl
B4
B6
B8
Cc1
C4
C5
D1
D3
D5a
D5b
D5c
D5d.
D5e
D7a
D7b
D7c
D74
D7e
D7f
D7g
D7h
D71
D73
Ds
E5S
«~E7
E8
E9
F1
F3
F4a
F4b
F4bi
F4c
F4d
Gl
G2
G3
G4
G4
Géa
G6b
G884
GSE_

MNMNBEBEMNMNOFEFNNNOOONNMMODDMNNEHEROONDODRODOMEDDODNONNROONOOER RN EREDODDDRDNDNN R PO RN RN

A

.35
.42
.88
.70
.14
.26
.88
.18
.04
.63
.76
.40
.53

.50

.31
.17
.57
.16
.66
.86
.93

.58,

.04
.57
.64
.65
.33
.42
.66
.74
.10

79

.33
.51
.97
.87
.37
.18
.71
.60
.14
.29
.87
.88
.37
.24
.86
.57
.84
47

PR gt O HF RN H R R ERE R R RO R HROR, 00000000 H~OORO0O0D000O0

S

o

MEAN 100 (CM)

.440
.529
.963
.670
.891
.62
.936
. 829
.26
. 769
. 849
.27
.26
.87
.79
.97
.49
.97
.66
.71
.85
.03~
.99
.24
.41
.38
.18
.44
.38
.793
.11
.41
.34
.31
.05
.60
.93
.37
.67
.68
.14
.41
.47
.734
.97
.03
.61
.11
12
.69

cNeNeNoNoNeNoNoNeNoNoNoNoNeNoNoReNoNoNoNoNoNaoNeNaoNoloNaoNoNsNeoNaNoNoNoNoNaolNaNoNoNoNoNoNaNo R Ne o lo

S

=

.302
.328
.512
.394
.416
.278
.498
.466
.498
.469
.482
.529
.498 .
.348
.342
.350
.312
.449 -
.398
.41%
.440
.399
.485
.482
.534
.521
.506
.595
.505
.456
.529
.505
.575
.522
.533
.557
.814
.628
.616
. T44
.628
.616
.512
. 390
.585
.460
.563
.593
.746.
.684

N

. 100

100
100
100
100
100
100
100
102
50
50
50
‘50
102
101
1
ioo
100
100
105
100
65
100
100
100
100
100
100
100
50
100
100
100
100
50
50
93
100
100
100
100
50
99
50
99
50
100
100
100
100

-325-

MPS (CM)
- ® A B S
D
2.15 0.65
3.33 -
6.61 -
4.43 -
9.95 -
12.5 -

’ Y 4.72 -
6.56 -
7.55 1.30
8.85 1.33

/
‘6.5 0.94
7.34 1.57
7.71 1.25
6.34 1.17
8.12 0,87
13.3 3.7
9,73 1.64
9.33 1.26
9.61 1.22
8.56 1.11
10.2 1.83
12.9 2.11
9.87 1.24
12.4 1.85
14.6 2.12
14.5 3.7
17.8 3.98
9.72 1.00
15.8 2.66
10.9 1.14
13.8 1.97
14.2 3.15
11.6 2.81
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G8e 455 100  12.6

3.23 1.47 0 _ 1.78
G8d 3.11.1.70 -.0.547 100 15.0 2.3 -
H2 . 2.39 1.35 0.565 100 . 9.05 0.76
13 3.52 1.75 0.497 100 ’ 17.1 2.85
I4 2.45 1.44 0.588° 50 : .
15 3.27 -2.18 0.667 50
I8 2.82 1.57 70.557 100 )
I10 3.25 1.82 0.560 100 , 17.83 2.09
I12 2.87 1.50 0.523 100 . 11.4 1.9 \
I14 3.53 1.97 0.558 100 . _ 19.9 5.26
I16 3.24 '1.92 0.593 100 "14.9 2.07
Ii8 2.76 1.48 0.536 100 ©10.0 <é.32

“I21 2.99 -2.13 0.712 100 ‘ 11.8 1.99
J1 2.70 1.34 0.496 100 . - 14.8 3.09
J3 3.14. 1.71 0.545 100 L11.1 1.77
J7 2.39 1.25 0.523 50
J9 2.61 1:34 0.513 . 50°
J11 2.65 1.47 0.555 75 9.35 1.70
J15 2.30 1.10 - 0.478 . 50
Ji6 3.67 2.55 0.695 100 18.5 3.16
Jis 2.45 1.59 0.649 50 < )

J19 1.68 0.686 0.408 50 . .
K2 2.58 1.41 0.547 100 9.67 1.82
K2 1.96 1.02 0.502 50 B _

" K4 2.05 0.987 0.481 50 . ; ) -
K6 2.67 1,37 0.513 100 9.32 1.17 ‘
K7 2.20 1.12 .0.509 50-

L12 2.11 1.14 0.540 100 . 5.96 1.35 °
L13 2.61 1.36 0.521 100 9,68 1.2 .
L15 2.14 1.12 0.549 100 . . 8.64 1.04
N1 3,75 2.20 0.587. 100 *14.3 - 3.07
N2a 3.26 2.53 0.776, 100 : 16.1 "2.07
N2b 2.52, 1.23 . 0.488 100 "10.1 . 1.71.
N4 2.89 1.27 0.439 100 11.0 1.05
Nga 3.67 2.27 © 0.619 100 - - . . 13.52 2.62
N8b 2.95 1.97 «'0.668 100 25:0. 6.63

.N8c 2.79 1.76 0.631 100 . "17.%  2:09

N15 2.51 1.09 0

.434 100 . .

A = length of apparent a axis

44}
It

standard deviation

w
1l

normaiizgd standard deviation .

N = number df_bbservationsnv
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APPENDIX 14: CLAST/MATRIX PERCENTAGE FOR VARIOUS UNITS

UNIT/LOC. © MATRIX % CLAST % s N
. D
D3 69,3 30.7 10.7 731
D4 26.8, - 175.3 12.2 837
. D5a . 45.3 54.6 18.3 889
'D5b 71.90 28.1 15.3 1070
D5 {tptal) 59.8: 40.1 19.7 1959
‘D7a at 2 85.4° 14.5 - 246
D7b-at 9 64.9. 35,1 - 259
D74 at 3 49.6 50.4 - 224
D7e at 5 . 43.2 56.8 - 227
D7f ~ 43.8 56.1 10.1 928
Dig ' 35.8 64.2 2.9 463
T D7h at 9 58.4 41.6 - 257
D7 {total) 50.4 49.6 16.0 2374
E7 at 11 . 56.4 43.6 S - 220
‘E9 . 52.1 47.9 - 219
© F4 ' 63.1 36.6 9.6 651
. G6 35.7 64.3 6.5 409
.l Li3 . - 80.1 19.9 - 206
N3 " 49.8 50.2 - 201
N8b 54.6 45.3 - 637
N10 60.3 39.8 7.5 416
. . .N13 44,7 25.3 3.9 667

MATRIX is defined as pebbles <0.01lm

'S ¢ standard deviation

p : , .
N =‘ﬁumper of point counts from photographs

LOC. = location
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. APPENDIX 15: .LITHOTYPE EERCE&TAGES_EO_.CLAS?S

UNIT -  SYN GRAN GNS . RHY QT2T \SST . MDST
o : B L
Al1 4.0. 18.8 2.0 8.9 52.8.2 -
Al4a 8.0 8.0 12.5 3.0 40.2°18.7 -
Aldb - 20.0 6.3 15.0 1.3 6.3 45.1 -
Aldc 13.0 13.0 7.8 3.5 10.4 48.4 - -
B1 9.0 9.0 2.0 - 15.0 .58.0 5.0 ,
B4 . 8.3 - 2.1 1.0 12.5 68.8 1.0
B8 . 5.6 ,1.1- 0.7 0.7 31.0 56.0 1.1
D3 7 20.6 2.9 3.9 - | 30,9 34.3 2.0
DSa 10.9 18.8-5.9 - - 40.6,20.8 -
D5b 4.0 18.8 5.9 - 25.7 44.6 -
D5c 12.0%'37.0 2.0 - 20.0 27.0 -
Ds5d | 5.0 17.0 2.0 26.0 47.0 -
D5e . 570 19.0 3.0, - . 39.0.32.0 1.0
D7a 13.5 19.2-4.8 1.0 43.3 14.6 -
D7b , .17.0 12.0 6.0 3.0 43.0 14.0, -
D7c . 15.4 26.2 3.1 - -38.5 10.7 -
D7d .22.0 9.0 1.0- - . 47.0.19.0 1.0
D7e - '+ 13.0 14.0°3.0 1.0 28.0 40.0 - .
D7f . 7 11,0-0.9 6.0 1.0.-32.0-34.0 4.0
D7g 7.0-/-20,0 2.0 -~ " 36.0 23.0 6.0
D7h " 8.0, 20.0 2.0 - 32,0 22.0 7.0
D74 6:07, 13:0 5.0 - :29.0 39.0 2.0
D73 14,0-5.0 - 1.0 51.0 18.6 4.0
E7 19.08.0 1.0 4.0 34.0 30.0 2.0:
E9 5.0 6.0 3.0 36.0 40.0 6.0 -
Fea*r * 5.4 3.3 2.2 - 54.3 27.2 - .
F4bi . 12.0 7.0 1.0- - ,_ 44.0 30.0 7.0
F4bii - 10.0 5.0 3.0 - 35.0 33.0 6.0
“Fde © * . 8,0 5.0 - - 29.0 47.0 8.0
Fgd- = 6.0 7.0 1.0 - 45.0 32.0 2.0
G2 . _ /'14.0 17.0°4.0 - 31.0 24.0 1.0
G4 - - . 8.0 11.01.0 - 39.0 33.0 4.0
Géa - - 13.0 16.0 2.0 - 30.0 31.0 1.0
G6b 3.0 5.0 - - 32.0 47.0 - ;/)
G8a. . 7.0 =~ - 1.0 2.0 53.0 3370 - .
G8b 3.0 5.0 2.0 - 38.06.45.0 2.0 -
G8c’ 13.0 8.0 3.0 1.0 35.0 35.0 2.0
Gsd "7.0.6.0 2.0 -~ 31.0 48.0 -~
H2 10.0° 2.0 3.0 - 60.0 28.0 5.0,
I3 '6.0 12.0 2.0 4.0 236.0 23.0 3.0
I10 " 8.0 ©16.0.1.0 1.0 48.0.16.0 -
I12. "11.0 17.2 2.0 1.0 32.0 22.0 4.0
114 7.0 .10.0 4.0 - 30.0 23.0 -
I16 - - 9.0 1.0 3.0 - 24.0 11.0 -
Iis. -~ °'17.0 5.0 1.0 1.0’ 38.0..8.0 5.0
I21° ©12.0 9.0 2.0 - 38.0 14.0 1.0
J1° ¢ .. '12.0 6.0 3.0 - 26.0 19.0 5.0
J3 -  .15.0 12.0 4.0 - "27.0 17.0 1.0
Ji1 .7 . 29.3 1.3 - 2.6 .24.0 13.2 2.7
Ji6 - . 14.0 3.0 - - 40.0 12.0 2.0
K2 14.02.0 - 1.0 63.0 10,0 1.0

!\J(DD—"HH(D@H(DMU‘.MI



. Ke 13.
L12 - 982,
L13 - 37.
L15 39.
N2a - ‘71,
N2b 39.
Ng . 70.
N8a 56.
N8h- 40,
N8c 34.

SYN = svyenite

GRAN = granite
GNS = gneiss

RHY rhyolite
QTZT = quartzjte
SST. = sandstone
" MDST .= mudstone

PHY = .phyllite
OTH'= others
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PETROGRAPHIC RESULTS
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APPENDIX 16:
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10
11

12

mcx
Q

3 10.0

0 28.3 :
3 18.0"
6
0
3

8.0 0
1
1.
18.3 1.
: 7
1

6 8.

0 19.6
0 12.0
6
6
3

21.0. 2
1
1
16.6 3.
1
2

6 4
3 13.3 4
.0 14.0 10
.0 11.6 3
& 13.0 3
3 20.6 3

'27.6
11.°6

1.6
1.3.
: microcrystﬁiline QUarti._
1 7 o

polycrystalline quartz

pcxl .

F-:.
K

F

]

jo]
IRF:

MRF
MRF
SRF

SRF

potassic feldsphrhf
sodic feldspar
igneous rock fragmeﬁt

1: t?pe.l_metamorphfc rock ﬁragménts

I-

2: type 2 ' metamorphic ro¢k fragments: -

1: type 1 sedimentary rbck-fragments

5

heavy minerals . B} .o -

mat

sec

rix-(includes porosity) . .

ondary calcite: -

2: type 2 sedimentary rock Eraément;
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APPENDIX 172 ' GLOSSARY FOR TERMINOLOGY USED IN THE TEXT

© Clast-supported conglomerate: . A clastic rock with 50% (or
more} of clasts greater than l.0cm. \

Clast: a rock particle with "A" axis greater than 1.0cm.

High order <channel: Large -‘channels within the N

braided fluvial system ysually characterized by coarser

bedload (eg. gravels) and deeper/wider channels. ° o,

Lithofacies wunit: A unit of rock comprising a specific
lithofacies. .

Low order channels: Small channels within a braided fluvial
system often characterized by shallow channels and
fine-grained bedload (eq Sands)

‘ kY

Matrix-supported conglomerates: A clastic rock with less than
50% clasts (larger than 1.0cm}. .

Pebble: A rock particle larger than granule size but smaller
than 1.0cm. .

Pebbly clast-supported sandstones: A clastic rock comprising
greater than 50% pebbles (up to l.0cm).

'Pebbly matrix:' Matrix within a conglomerate which is .lérger
- than-'coarse granule size and“smaller than 1.0cm.

Pebbly matrix-supported sandstoﬁes: A clastic rock with less
than 50% pebbles (less than 1.0cm).

Pebbly sandstone: A clastic rock comprising clasts ranging in
size between very fine sand to 1.0cm. .

Stratigraphic Unit: A stratum of rock deflned on the basis of
its lithological characteristics.





