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ABSTRACT

b

During Late Silurian - Early Devonian time, vertical
novement of the north-south trending Boothia Uplift affected” ©

regional sedimentation in the central Arctic Islands. Syn— and

post—-orogenic clastic wedges, which include the Pgel Sound

Formation (Erinck of Wales Is., Somerset Is.), Prince Alfred
Formation (Devon Is.) and Snowblind Bay Formation {(Cornwallis

Is.) were derived from the uplift and deposited in flgpking

Sasins.
4

The Snowblind Bay Formation (578 & thick) has been divided
Voo

- -~

into three facies associlations based on constituent'lithologies,

sedimentary structures and biota.
"The capping conglomerate facies association (210 - 240 m

thick) contains more than.90% horizontally bedded framework -

supported conglomerates, which display good bed thicknéss:i mean

- -
Y

particle size correlation; clést-grading at :various scales;

-

sheet-form geometry; and‘radiating sedimen; Hispersal pattexns.

-

The depositional gnvironméné is interpreted as the mid-reaches

.

of an alluvial fan complex..

. [1d
M .

The underlying coﬂgloderate—sapdstone facles. association
(120 - 300 n thick) contains 10 - 90% conglomerate. Lithofacies

display sheet-form geometry'andfare arranged into two major
. & .
types of fluvial cycles. -Thé sand-dominated,  sheet-braided
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cycle (3.0 m thick) contains abundant erosional surfaces and .
trouéh_cross—stratified'sandstone ugits: The gravel-dominated,
sheet flo;d‘cycle (3.7 m thic@) formed from higher discharge,
less confined braided strehm“floWa 4Paleocurreht dirgctions are

-

consistent with those ‘determined in the conglomerate facies

L]

. association and the overall decreased particle size, increased: .

L3

' LS
sandstone component, and decreased sedimentary unit thickness *

indicate a distal alluvial fan-braided strean envigbnment.
The lower association is the fine-grained facles

association (70 - 220 m thick) and contains less than 10X

conglomerate. The noncyclic sequence shows evidence for an

intertidal depositional environment, including a probable

Skolithos ichnofauna, abundant soft sediment deformation

structures, pinstripe bedding and rare resedimentéd conglomerate,
units. A nearshore mud flat facies assemblage can be grossly
distinguished from a more offshore sand flat - tidal flat facies

assemblage by the presence of terrestrial conglomerate units,

?

-scarcitf of faunazl elements, higher mud content, and relatively

higher abundance of low energy bedforms and stratification.
Geochemical evidence (Sr/Ca) reflects the progradational naturte
of the clastic wedge by indiéaqing increased fresh water
inf;uenée on the tidalite assemblage.

Thé'Snowaind Bay Formation was derived from a norfﬁ-

northwest source, possibly from reactivated fault scarps that
: . L4

may have controlled the Ordovician - Silurian basin (Cape
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Phillips Format}%g) to shelf (Allen Bay Formation, Read Bay
<. . '
‘Group) facies change in the Laura Lakes district.
The Snowblind Bay, Peel Sound’), "and Prince Alfred Formations

are coarsening-upward coastal fan complexes: which contain

internal evidence that documents the episodic nature of the

n - - tectonic movemeﬁt.' Source - area climate for the Boothia Uplifg

- . ' o 7 . . *
clastic wedges was seasonally wet to semi-arid, based on the

absence of calcrete and debrislflow units, and the prgsence_§f

f;uvial'cycliciEy and sheet-like sedimentation units.

* ~

it

4
—
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Chapter I __—

"“INTRODUCTION

1.1 LOCATION AND ACCESS

The Snowblind Bay Formation ,outcrops along the central-east
coast of Cornwallis Island, N.W.T. (Figs. 1,2). ‘Exﬁosures are

principally restricted to the sea coast and stream gorges

drgining into Sophia Lake., p

Logistic support'was provided by the ?olAr Continental
.gﬁelf Project in Resolute, 65km southwest of the study area.
The use of two‘Bonda 90 all-terrain vehicles facilitated access
to all expo?ures-from a centrally located base‘camp near Sophia

Lake.

e
P

y.2 GENERAL GEOLOGY \f'\\J

Thg geologic evdlution of the Arctic.Islands has been
sumﬁarised by sevefal,authors including: Thorsf;insson and
Tozer (1970); Churkin (1973); Drummond‘(1974); He}roﬁ, Dewey and
Pitman (1974); Embry and Klovanl(1976); Kerr.(1977); Trettin and
‘Balkwill (1979); and Christie (1980). The reader is referred to

these papers for a more regional description of Canadian Arctic

geology.
) ) .
The study area is situated near the eastern boundary of the

Boothia Uplift on the east coast of Cornwallis Island (Fig. 1).
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The Boothia Uplift includes the following structural elements:

1. The Boothia Horst consists of Proterozoic igneous and’

metamprphic“rocks which make up a bDasement structure
thaﬁ.plunges npfth £eneath you;ger parts of the’
uﬁlift. The upli;t itself extends across the- Arctic
Piatform and géographically divide;;the Parry Islands
agd Central Ellesmere Fold Belts. The horst was
periodicaliy uplifted along north-trending near
vertical basement fauits;.defbrming the overlying
strata. The ;aseﬁent stru;ture tonsists of felsié and
mafic,gneiéses;‘gr;ditic rocks and minér ultramafic
intrusiéns metamorphosed to the amphibolite ;o'
granulite grade (Brown et al.,.1969). The horst was
uplifted by deepﬂseatedrvertical ﬁorbES, although the
genesis of the structure is not fully unders£ood (Kerr
and Christie, 1965); Similar basement upiifts ocedr

elsewhere in-the Arctic (Fig. 1).

The Cofnwallis Fold Belt represents the defqrmed

overlyiné Paleozolc SEdimentary cover affected by

movement along basement structures in the Boothia

Horst. The fold belt 1s a faulted énticliﬁorium more .

“than 650 km long and up to 160 km widé (Kerr, 1977).

-

Ei;dence of uplife andlerosioﬁ of the BéPthia Dplift ﬁs

demonstrated by unconformities which occur withfn the

Cornwallis Fold Belt and by the fact that the Boothié
Uplift perfodically provided. a2 source of terrigenous

clastic sediments. . -
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3. Cretaceous to Tertiary Strata constitute the youngest

covér;rocks,Aunconformably overlying the Paleozoic and

older rocks. Thé sediments are predominantly nonmarine

. . . and ar; préserved as small faﬁltjbounded outliers which
range'in thickness "from 60 to 310 m (Dineley and Rust,
1968; Brown et.al,, 1969; Miall and Kerr 1877).

During Late Silurian - Earl§ Devonian time, movement
occurred along predominantly north-south trending structures .in
the Boothia Uplift.. Kerr (1977) termed this event Pulse 2 of
ﬁhe“Cornwallis Disturgance.v‘Syn-orggenic and post—orogenié
clastic wedges were derived from the exposed fold beit during
the disturbance, and include thé-Peel'Sound Fm. (Miall, 196%; v

S )
. Gibling, 1978), Prince Alfred Fm. (Morrow and :Kerr, 1978;

4 -

1958). . . -

Thorsteinsson, 1980) and the Snowblind Bay Fm. (Thorsteinsson,

Kerrl(19771 suggested that the horst consists of a number
of subparallel blocké which moved u;bards.du;ing each pulse.
There is some evidence that the aisturbance may ha&e progressed
northwards aloné the tectpnic element'(éibling, 19?8).' However,

~preéise ages cannot be assigned to tﬁesé clastic wedges due to

“the scarity‘of biostratigraphic data (Gibling and Narﬁonne,

. '4977). ’ .
. ‘ . The Peel Sound Fm.,ﬁPrince Aifned Fn., and;énqwbliﬁd Béx '
.  Fm. will 5e compared 1;;both stratigraphic and segimentolqgicaf
. - _ : contexts in Chapter 5. | -

]
A

-

1.3 " DISTRIBUTION AND -AGE OF THE SNOWBLIND BAY .FORMATION

' . . L ) . B
o o The Snowblind Bay Fm. outcrops on Cornwallis Island (Fig.2)’

-
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EJ SNOWBLIND BAY EM.

E= SOPHIA LAKE FM. '+ Sakpuesran
" | &2 BARLOW INLET,DOURO FMS, 2308
B CAPE PHILLIPS FM. AREA

[] ©RDOVICIAN STRATA g EF;? a
. FAN
! . :
i .
Fig.2: Simplified regional geology and location of study
sections. ’ ‘

—~_5011id dots on the downthrown sides of faults where
direction of movement 1s known. Anticllnes :
(diverging arrows) and synclines (converging arrows)
plunge in the direction designated by larger arrows.
(Modified after Thorsteinsson, 1980 and Thorsteinsson
and Kerr, 1968.)"°
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and 1s named for- a, sequence consisting predéminantly of

conglomerate, gandstone and minor siltstone exposed between

Snowblind Bay and Read Bay (Thorsteinsson, 1958).

The ‘underlying Sophia Lake Fm. is an approximately 560 m .
thick sequence of planar-bedded limestones and dolostone with
minor siltsone, sandstone and shale {Thorsteinsson, 1980). _The

-~ +

lower cqntact is sharp and conformable with the Barlow Inlet Fh,

-

as resistant, thick-bedded limestone units pass upwafds‘into

'thin—bgdded, less resistant, dnterbedded sandstone and impure

limestone (Thorsteinsson, 1580). Low diversity of faunal

Al

) . . -’
elements (lepetdi:icopidfos:racodes, acanthodian scaleg,‘

conodonts, heterostracan fragments)-and sedimentological

*, characteristics including desiccdtion cracks, vugs, and salt

Easts Suppor; an intertidal origin for the Sophia Léke Fm.
(éislfné, 19%8; Thorsteinssgn; 1980). Thorstéinssoﬁ (i9$0)
;uggestédlthat shallow water conditions mayZhavé érevailed for
the upper.half oé tﬁe-sequepcé; The Ssphia Laké:Fm. is

Gedinnian in age, based'on conodonts (Uyeno, 1980).

The base of the Smowblind Béy Fm. 1is established as the
lowest cbnglomeratesunft (Thorstefnsso;,-lQ&O) and 1s exposed
only at Read Bay, where it confgrhably'ove:lies the Scphia Lake

Fm. Sections 10 and 05 represent the basal portion.of the tyﬁg

‘section for the Snowblind Bay Fm. as eéta%lished by

Thorsteinsson (1958). The estiméted thickness of the sequence .
preserved in the Advance.Bluff Syncline is 578 n (Fig.'2,3); An

unknown thickness of the uppermost beds has been removed by

-
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erosion. The clastic wedge has been divided into three facies

assocliations:

1. Fine-grained facies association (reference sections 10,

05 located at 75° 04'N, 93° 33'W)
N\,

2, Conglomerate-sandstone facies association (reference
section 06 located at 75°05'W, 93° 28'W) R

3. Conglomerate facies.association'(reference sections -
02, 03 located at 75°08'N, 93 28'W)

¢
The.sedimentological and paleogeographic significance of
these three gross Subdivisions will be discussed in the
following chapters. . : .o
L 'The.ege of the énowblind Bay Fm., beseﬁ on a pteraspidid

fauna 25.3 m above the base of the. type section, 1is

Gedinnian (Eporsteinssod, 1980). A sample containing‘a

well-preserved spore dssemblage was obtained from a dolarenite

-

unit ic‘the.conglomerate;eandstone facles association

! (sectioe 073, approximately 275 m above the base. The
sedimentolegy of this unit 15 discussed in Chépter 3. McGregor
(pers.comm:, 1981) identified rare acritarchs indicating marine‘

influence at'the_site of deposition. Spores identified by

Dr. D.C. McGregor include:

Apiculatisporis sp., Apiculiretusispora? plicata, A.

: . spicula, Cymbosporites senex,.Dibolisporites n. sp.,

. . : ‘ D. ¢f. D. echinaceus, Emphanisporites micrornatus, E.
Co. . sp., Retusotriletes sp., Streelisporites Newportensis,
' Tholisporites chulus McGregor var.’ nanus

: - . Although the assemblage 1s relatively low in species
diversity, it is sufficient to indicate that the age 1is Lower
Devonian, probably Siegenian (McGregor; pers.comm., 1981). It

1s therefore concluded that the age of the Snowblind Bay Fm. is

-

Early Devonian {Gedinnian - Siegenian).
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1.4 AIMS OF STUDY

A detailed sedimentological study of the Smowblind Bay

Formation rebresents an extension oﬁ geologile studies of Upper

Silurian.— Lower Devonian strata in the Boothia Uplift by the

University of Ottawa Geology Dept. N

Regressive clastic wedges of the Peel Sound Fﬁflon Prince

of Wales and the Somerset Island and Peel Sound Fms. on Somerset

Island were examined by Miall (1969), and Gibling (1978), among

others. Although Gibling (1978) and Thorsteinsson (1958, 1980)
made cursory reconnalssance observations for the basal portion

of the Snowblind Bay Fm., the séquence has not been studiedéd in

detail.

-

The main objectives of the project were: ‘1? systematic

study. of the sedimentology; 2) establishment of process-response

.

relationships to source areas during tectonic upiift;
3) paleogeographic reconstructions and comparison with other
regressive clastic wedges along the Boothia Uplift duriné the

Late Silurian and Early Devonian.

. 1,5 METHODS

Field data were obtained from 10 detailed stratigraphic
séctions, and 27 paleocurrent stations. Units were measured-on
a graduéted measuring rod to the nearest 0.1 m. Beds were

. —_
described using a sedimentary unit card modified from that of
the tGeological Survey of Canada. ;Thé unit card offers the

obvious advantage of rapid recordipg of observations represented
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by nﬁmerals. The:numerals may be stored under specific types of
observations which are keyed into a computer data. bank. Not all

data can be entered on a‘unit eand "hence qualitative -

description 1is referenced by sectipn-number and unit number in  a

field notebook. . R

3

The unit card is broken_down into five fields. Field 1°
identifies the section nuﬁﬁer, lithofacles ,type, unit number;and
percentage of the unit exposed. A unit is a sedimentary package

composed of onéhor more lithologies interpreted to refleét a
particnlar depositional-event. _Each lithology is described by a
separate unit card under Field 2 observations. These

L

observations include; the number of lithologies within the
unit; identification:and lateral_persistence of .each specific
litholo%y; lithplogy basal contact type; relative percentage of
lithology in unit; sample (if taken), bedding.mode, minimun and
maxihum thiekness;.intiﬂnal_sttatification t&oe; weathering
style. : o ;- "‘f .

The distributicn and spatialftelationship of the composite
lithologies were noted in ;.field hook: JEach lithologv falls
either intv the clastic subfield ot'carbonate subfield of
FieldoS. In the clastic subﬂ&eld ‘characters inclu&e detatiled
clastic lithology type; average grain size (or average framework
clast size in a conglomerate);_matrix‘grain-size in a '
conglomerate; maximum atparent‘elast site:(average 10 largest

clasts); number of clast lithqtyoes (lithotypes and respective

percentages estimated visually and entered in a field book);.

~
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__sqrfing and rounding. The carbonate subfield was rarely

"

Fm..énd.cprresponding pnits were

described ‘in a field book.

Field 4 refers to miscellaneous gharatteristics that
feqpire qualitativé déscription includin seﬁimentaty
structures, biogenic structures and fossilgr Paleocurrent

measurements were recorded under Field 5.

Computer printouts generated from these data include, where

applicable: mean, winimum and maximum lithofacles thickness;

. ' N
mean clast size; proportions of lithofacies in each facies

association, relative abundance of sedimentary structures,

beddfng style, clast lithotype etec., which permit a

Lsemi-qﬁaﬁtitative.appraisal of ihe depdsitional environments for

~
[ .

‘the Snowblind Bay Fm. -

These data were supplemented by s;ndstone petrography,
pa}encurrent analyses, and trace eigment geochemistry to
construct a paleogeographic interpretationf&f the clastic
wedge. The metﬁdds are described in {elevant portions of thev

-

thesis.

1.6 GENERAi DﬁSCRIPT&O& OF'&HE LITHOFACIES IN THE SNOWBLIND BAY
ngMATION‘ '
Lithofacies fefer,to-rqék units with specific
characteristicé cﬁ;§e§ to represenf products of different

environmental processes. Although a rock unit may bear a

specific bedding style and suite of %Edimentary structures, 1t

-

(81
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can be formed by wvarious processes in different environments

(eg. horizontally laminated siltstone in fluvial overbank

- lacustrine and intertidal depositional environments). >

o

. As a result, lithofacies are interpreted in terms of facles
.assoclations which are'considqred to be genetically or

environmentally related. Lithofacies will:be desdéribed in this

context for the facies associations composing the Snowblind Bay

Fm.

Each lithofacies is assigned'a two-part code as described

h

by Miall and Gibling (1978). .All lithofacies are listed in 7

Table 1.
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Lithofacies observed in the.Snowblind Bay Fm.
(modified after Miall and Gibling, 1978)

-

o, t

.-

- Cf

Fl
Fnm
Sh
Sl
Sr
St
Gm

Gt
Gp

ES

limestone

- silty dolostone

- laminated siltstone, fine-grained

gandstone

- massive and/or mottled siltstone

= horizontally laminated sandstone
- low angle stratified sandstone .
- rippled saundstone '

- trough cross—-stratified sandstone

- horizontally bedded, clast-supported

conglomerate, commonly imbricate

- trough cross—-bedded conglomerate
- planar cross—bedded conglomerate

- lateraliy extensive (>50 m} erosional

surfaces treated as lithofacles for
purposes of Markov chailin analysis

e

13°
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- ‘ Chapter‘II

CONGLOMERATE FACIES ASSOCIATION .

2.1 INTRODUCTION

The conglomerate facies association contains more than 90X
' ™~ .

conglomerate lithofaclies. Relative percentages and ranges in
unit thicknesses.fo; the major lithofacies are summarized  in
Fig. 4. Location of sections 01, 02, 03, 04, -08, 09 are given
in Figs. 2, '3. The conglomerate facies association
strafiéraphically oferlies its finer, diétal.equlva;ent
(conglomerate—sandstoné faclies association: Egapt. 3Y. The
minimum thickness for the a;semblage ranges from 210 - 240 m,
The present day erosgsional. surface marks the top'of the é
assoc}ation and the Snowblind Bay Formation. The remainder of

this chapter will-proyide evidence for alluvial fan deposition

for lithofacies composing the conglomerate facies association.

L

The conglomerate lithofacies are laterally extensive

2.2 STRATIFICATION

(>400 .m; P1.1, fig.l) with units displaying very litctle change
in their shégt-like geometry. .

Conglomerate lithofacies are separated into discrete units
;n the basis o0f differential weathéring, usually reflecting

grain silze variations; vertical variations in clast size; and as



Fig..

UNIT THICKNESS (M)

lLTHoFACIES| 76 [MIN. | MEAN | MAX
Gm,Gp | 967 | 030 | 230 | 560
sh - | 18] 003 ] . o015 031
si,st | 15| ooa| o015 | 035
s | -0.02[ 0.03 | 003'| 003

100 S

LITHOFACIES IN-THE CONGLOMERATE

FACIES ‘ASSOCIATION’

Data:taken from sections 01,
Gp lithofacies are minor ((12) and change laterally
into Gm lithofacies.

03, 04,

08,

=

09,

.16



" downslope of the intersectioh.point (Bull,:1977).
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™

Gm-Sh 'couplet units" where‘horizontally laminated sandstone
bodies were observed to cap the. conglomerate units.

Approximately 60% of all bed contacts observed in the S

b

conglomerate facies association are sharp and flat.

1S

Horizontal stratification is predominant tgl.l, fig.2;

P1.2) but in many cases it is poorly defined in the coarse

conglomerate units. ‘The lack of channels and cross—-stratified

units is indicative of relatively unconfined flow on the

a

depositional surface (Sykes and Brand, 1976). Solitary Gp .

lithofaocies (Table 1) changes laterally to Gm and represents. bar
“edge avalanche deposits (Rust, 1979). 'Theée units are usually
finer-grained conglomerates. The geﬁefal lack of evidence for

-

'rgwdrking and écouring demonstraﬁes.rabid aggrédatibn-rétés
(Miali, 1980), preSumébly from sheet floods which rarely deposit
'crOSSﬁstraiified_upits (Allen, 1981). Sheet floods in modern

giluviai fans are_Cha:écterized,by lo; bars and wide, shallow

braided channels as streémS'émerge'on to the fan surface

2.3 LITHOFACIES | _' o '

| "Gmy, Gp These t;o lithofacies are grouped togéther-becaﬁéé
Gp appears- to be geﬁgticaily Telated to;baf dévelogment:as m%nbf;
(<l%)_§valgnche dep&éits..'Gp wedgeseinto Gm over a distance of
leés than 3 m (max. 10 m).obliqué gé the depositional sloﬁe ana

may be difficult to.fecégﬁize in sections normal to the slope or

in crudely bedded coarse conglomerates. Gm 1s’ the predominant



i .
. . . . -

conglomerate,lithology{and constitutes'neariy 97% of.the
"lithofacies bbaerveo in sections 01, 02, 03, 04, 08, 09..
Iniividnal units-ranée in thicknes& from 0-3‘m‘(GpL,fOl5-6 m
(bm), but average 2.0 - 2 5 m (Gm). Basal contacta are'n;
pre&ominantly planar, signifying that there is iittle local -
scouring of the - depositional surface.C The framework-supporten
conglomerates are generally well to crudely horizontallr bedded.

r

Glasts‘average 5= 10 cm-in long axis, with maximum -lengths

1¢approaching'50 cm in Sectione 08, 09 (Pl.3, fig.l).

~

S

) . b
Approximately 350 imbrication measurements taken at nine

stations.(Appendiﬁ 3) show tnat the arerage ciast‘AB.piane dips .
at 25° - 30°, with the A axis Subparailel.to AB strike (Pl.3,
fig.2). This is a characteristic fabric af alluvial
congiomerates. Imbrication is poorly defined in some units,
whicn may be in part due to the orientation of the cliff
exposures, the soheroidal nature of the c{asts or general
horizontal to shallow imbricate orientation of the ciasts.
lShallow dip‘of.imbricate pebbles may'Be caused by‘very shallow‘
flow although this remains to be verified (Rust, rers.comm.,

1981). Paleocurrent studies in the conglomerate facies

- -assoclation reveal a.radiating dispersal pattern which points'to
"a”source in the north, northwest (Fig. 5). Thia illustration
may 9upport other evidence that the conglomerate faciea
association was deposited in an alluvial fan .environment.

| Theiconglomerates are polymodal anﬁ consist of four

extraformational clast lithotYpea: chert (subangular),
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Fig. 5: Paleocurrent directions in the .conglomerate
' facles association. Each arrow represents a
mean paleocurrent direction at a specific
station. The paleocurrent data are provided
in Appendix 3.
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liméstone (subroupded),:dolostone (subrounded) and siltstone

* (subrounded-subangular). Intraformational siltstone clasts

-CQUld be identifded where they outlined scours (Pl.4, fig.2) .or
showed little ejidencg'bf abrasion (e.g. desiccated, angular Fl
clasts). 'Siltstone clasts were not differentiated on the basis

>

of an extraformational oflintrdforﬁational origin during_clast
lithotyﬁe tod&ts. ?ig. 6 summarizes the digirihutipn‘éf clast
lithotypes in Fhe co;glomeraté and congloherate—sandspone facies
.associations. Chert clast content shows a weak antithetic
relationship with the siltstoné clast contgnt.h Thérﬁteinsson
(1986), suggésted that erosion.og'the uplifted Capg'?hillips'
Fm., presenfly gxposéd to the north and northwest of the

Snowblind Bay Ffu., providéd most 6f the chert clasts. Several

siltstone clasts contalning Monograptus sp., including one found

in situ in section 03, hpit 003, were presumably derived from
the graﬁtoli;ic célcareoué'siitstones of the Cape fhillips Fm.
(Thorsteinsson;‘l&SO). Siiicified:fcssil debris, primarily:
cons;sting_of Favosites sp. "heads” (Pl.4&, fig.i);
stromé;oporoia.ﬁnd crinoid fragments, constitutes only trace
émpunts of the cohglomerate clasts. .ihe prgbable source is the
carbonate l%tﬁologies of the ﬁérlow Inlet Fm.\‘

The conglomerate matrix is very poorly sorted

.(medium-grained sand to granuies) and the Paucity.of silt and

clay grains may reflect effective winnowing and removal of fines

by sheet flow. Oua%tz (35%) and feldspars (10%) represent

significant components of the matrix but were not observed as °

\

-
v - B
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Fig. 6: Noté weak antithetic relationship
between chert and giltétone clast
contgnt. :

21
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discrete clast lithotypes. Ouartz and feldspar graiﬁs,ére
probably multi-cyclic in origin, derfved from the pre-—-existing
ﬁugrtzose siltstones of the Sophia Lgke Fm., Cape-Phillip§ Fm.,

and lower Snowblind Bay Fm. Alﬁhbugh there afe no -apparent

"sources in the carbonate platform sediments exposed on -

Cornwallis Islénd, the. primary §Ource-fof the siliciclastic

det;itus‘was probably the uplifted Boothia Horét that was

'exposed_in the vicinity of Somérégt Island. Thbrsgei#sson

(1980) obseérved that the quartz content in thetSpphia Lake Fm.

increased southwards towards the Boothia Horst.

.Bed thickness and maximum clast size data display positive

correlation, particularly in the coarser units of sections 08,

:OQI(Figs'?, 8). This implies little or no erosion of tops prior

»

to aepogition. Fining-upward (FU) hnd coarsening-upward then

-

. fining-upward (CdEU)-trends baéed on clast size variations were

. . X N .
£tgquéntly observed (P1.2, 5, 6) in the conglomerate units.

" Sh, 81, St, Sr
= .

Thin lensésfof-sandstone averaging ' 0.1 - 0.2 m in thickness

»

are discontinuous along depositional strike for more than 400 m,

‘however individual lehées rarely extend beyond.IO'm. Basal

contacts are planar, sharp and frequently gradational with the

Eubjacent'conglqmerate units. Primary current lineation {(pl.7,

figai), intraclasts and rare tbol.marks in.Sh, S1 denote upper
flow regime cond;tions.' Lateral transitions 1in the sandstoné
TYithofacies are primérihy Sh » S1, repreéehting upper flow

. ; ’ ‘ ‘

regime conditions transitional fro£ a flat depositional surface

¥
'
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into low-relief scours (Rust, 1979). St is' locally iresent
. - N B . -

N

where scour relieﬁlwas'sufficigntly great (10 - 15 cm) to permit

dune fotrmation, but cross-stratified sandstone units are rare

(St lithofacies <1%).

Fine—grained Sr caps Sh, 51 and there is normal grading in

most units which display the vertical transition,'refleCting

waning current flow.

2.4 VERTICAL DISTRIBUTION OF LITHOFACIES AND DEPOSITIONAL

ENVIRONMENT

The paucity of channel-fill structures, cross—str#cified
units aad eroéional baéal contacts may be explained by
relatively unconfinéd flow;' Laterally extensive clast-supported

j : ' coﬁglomerhte units are frequently capped by thin, moderately
sorted Sh, S1 lithofacies (Fig. 9). Each Gm-Sh couplet is
interpreted to have been deposited by a major flood episode,
pfdbably as sediment%charged sheet flow (very shallow braided
channels), using the following criteria:

‘1. Regulér, éhee:—like geometry of the conglomerate units
with only minor shallow scouring'of the underlying
lithofacles. Fabric was formed by £fluvial traction
currents,

2. Common gradational contact of Sh, S1 lenses with the

underlying Gm unit, indicating a continuous

depositional process {(Wilsen, 1980)

3. Oc;urrénce of grading in the conglomerare units (ChFU,

P o e e e
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FU treunds) and minor normal grading in the overlying
Sh, S1 beds; ‘suggestive of waning floo& conditioﬂs
(P1.7, fig.2).

4., Significant positive correlation between. the maximum_
.particle size and bed thickness in sections 08, 09.
According to Bluck (1967), this correlation re;ords a
direct relationship between competency and discharge.

During the waning stages of the flood episcdes,

increasingly finer fractionslof the gravel were 'frozen'? no
longer entrained by the weaker currents (FU)._ At this time
suspended sand and fines were carried dowggtream, but as the
competency of the flood waters decreased by ipéiltration,
widening and shallowing of waning sheet floods dowﬁ the
deposition;1 slope, sand was deposited under upper flow regime
coﬁditious. The final stage in the"flood‘epigode was under
lower flow régime conditions, in which rippled sandstone and
thin (<1 cm) nud drapes were deposited. . However the sand and
mud facles have low preservation potential in these cycles.

Waxing then waning flood conditions and/or lateral shifting

of the locus of maximum discharge (i.e. the point where
entrenched cﬁhnnels emerge onto the fan surfacg)-could result in

a CUFU cycle.

The_conglomerate beds are multistory units representing

. coalesced longitudinal bars and diffuse” gravel sheets. Rust

{(1978) suggested 'that the low ratio of water depth to mean

"particle diameter suppresses development of slip faces and hence

-
i
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accumulation cf.facies Gp. Evidence for bar-edge deposits was -
rarely observed in the Snowblind Bay Fum. |
Positive correlation between the bed thickness ;n& maximum
particle size is obtained\irrespective of the type of grading in:
.the units (Frgs. 7, 81. Beds are approximately 12 times thicker-
than their maxiﬁuq particle size in sectionsg 08, 09. However
downslope trends indicate the beds &iminish in "thickness at a
mucﬁ_lesser rate than their corresponding naximum particle
- s8izes. Bed thicknesses ere 22 tiees their maximum clast size at
sections 03, 04 and 32 times their maximum ¢last size in sectilion
06 of the cenglomerate—sandstcne facies association. Nemac

et ai., (1980) stated that any decrease in flow capacity will
pro;ably take: place less rapidly than the accompanying dropﬂiy
competence. This“is probably the case for sheet floods, as flow
shallowe and‘widens.frOm entrenched source stream channels on
the fan cocplex. It is also likely that bed thickness {s an
overestimate of current capacity. Flood eplsodes ﬁere flashy
and episodic in nature and may have been closely spaced. In
eome cases, the measured bed thickness could represent a
composite of several episodes of flow (Larsen and Steel, 1978).
A_thici‘conglomerate unit in section 09 (P1.8) is
Interpreted as a eurge deposit, possibly in a fanhead -
entrenchment environment. Lateral berms or terraces were
constructed by flood eurges of the Rubicon River in the head
canyop‘feeder.(Scott and Gravlee, 1968). These terraces were

observed to be as much as 8 m above the channel thalweg.

+
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Coarsening-upward cyc;es were ;t;ributed by Scott and Gravlee
(1968) té po;sible dispersive stresses forcing larges particles‘
‘to the surface. Differences in surge velocfty of tractionally
moved particles. may account for stranding of the euntrained
boulders as they were byéassed‘by the éurge peak. Although in
Plate 8 there is no CU trend; it 1is. evident that there is a
-parallel alignment of the apparent long axes of the largest
c};sts (0.4 - 0.6 m). .The lower unit contact is sharp and
parallel stratification is well—défined. The largest clasts
were presumably oriented with their maximum projection piénes

. ’ ¢
normal to dispersive pressure by impacts of smaller clasts

(Lewis et al., 1980). The clast concentrations which define the

stratification possibly represent amalgamated beds deposited by
periodic surges. Eﬁtrained bed load layers froze as clasts
interlocked. The high concentration of debris would also_serve
to create 3 clast support mechanism aé excess porefluid
pressures were created (Lewis et al., 1980). Fluid.pressuye
exerted by water-and debris finer than the largest clasts
carried, would be sustained because of the weight of the -
overlying debris.

Debris flow environments are optimized by the following

conditions (Bull, 1972):

1. steep slopes and insufficient vegetation,

2. source rocks which weather to produce a substantial
proportion of fine debris.

3. 1intensive rainfall at 4irregular intervals.

It may be that some of these conditions were
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absent during Snowblind Bay deposition, or debris flow deposits

were removed by subsequent erosional episodes. The possibility

deposition is disqussed:in the paleogeographic reconstruction of

the Snowblind Bay Fm. in Chapt. 5.

Two ménor Fl units. (0.7 m, 0.8 m thick)‘yere observed in

“the ldwgr portion of section 02. Thejbéds are laterallw

exteﬁéive but thin northwards betwéen‘sandwiqhing Gm lithofacies
over a distance of 300 m. Both units consist of alternating,’
very thinly bedded green and red siltstone. “The red siltstone

is dominant towards the tops of both beds. . Sedimentary -

gtructures include: fdindrcp‘imﬁress;ons?, halite casts, .

~

mudcracks, normal grading on a 1.0 ém scél;J ainor riépled
horizons,_and éhin mudstone brgccias. 'Tﬁeialternation sf“dark
and light hues reflects periodic changes 15 wvater chémistr? as
the w%fer level fluctuated (Van Dijk et al., 1978); jThe-agsence
of fau#al elements, unusual thicknéss‘ common_evideﬁce of
emergeﬁce, good léteraL'continuity.and stratigraphic bounding-by‘
terrestrial sheet fiooq deposits suggests an:ephemeral léﬁe
depoé}tional environment based on other studies (Bartqw, 1978;
Collinson, . 1978; Van Dijk et al., 1978).

Shallow ‘topographic lows on the inactive portions of t%e
fan or areas between active prograding fan lobe toes Qag'
poss;ble areas of accumulation. Preservation of eph;:qr;i

lacustrine deposits would be favoured on a low gradient slope.

In summary, the conglomerate facles assoclatlon was
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deéésttéd in an alluvigi fan‘envir;nment.. De;ositidnal
processés'ée;e 1érgély'félatéthd.;heet floodﬁcygles, Qith only
" winor stbgfing ahd channeiized aggradation.
It wi;l‘ﬁe sﬁo;n in the_folléwing chapters how the
iﬂtensitx of the sheet fioods-infiuenced the style of depositioﬁ'.
{in both the c;ngloderaté~sand§t0né facies assbdciation and

fine~grained fahies association.

2.5 NATURE OF CYCLIC SEDIMENTATION

Cyclicity in the conglomerate faci;s association'may‘be a
_fesponse to ailocycli? and/or ,autocyclic coﬁ;rolé. Allocyelic ;.
controls are represented by variati;ns in discharée, load and
slope .caused by climatic or tectonic processeé outs;de the
sedimeﬁtary basin (Miall, 1980). Autdcyclic mechan&éms operate
as proéésses originating within the fan complex (RQst, 1979).

' Cycliéity:will be discussed in terms defined by chgtd
(1978a). - ‘

1. c¢ycle is arn arrangement of related beds (l1-6 m thick).

. 2. sequence is an arrangement of related cycles (10-30 m

-

thick).

3. megasequence is an arrangement of related sequences

“(10's-100's m thick)
The cyclic nature of the sheet floods was discussed‘in the
.previous section. They are postulated to be entirely autoeyclic
in origin. Grouped cycles are superimposed on a 1arée scaie fo

constitute 7 - 30 m (avg. 10 - 15 m) thick CUFU sequences

-
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(Fig._9);.‘Thése are,attrisuted to fault movement which °

,

triggered periods of dncreased’ masé movement (CU as proximal
‘deposits prograded‘across'more distal deposits) by
ovgrsteepeningrslopg profiles, The stability-threshold-wés‘
e;ﬁeeded_by'sédimént buildup at the fan éﬁéx (Hewaré} 1978a),
and the réSuiting;steep ?lopés and tectonic gctiviéy could haye‘
" fIushed largé_voluﬁes.of:wafer'and s;di@ent downfan. The
~fih_ing-upwﬁzrds po€tidﬂ of the sequence reflects a returm to
eQu;librum'betweén{fauft mobements'(Daily et al., 1980). The
CUFU or FU sequences may also have documented the shifting of .

small fans to more stable topographic lows on the fan complex

‘

surface. However the scale of the CUFU complex sequence. .
(10‘- 30 m).suggests‘that an alloecyclic meq#aniém is mo:e‘likelyﬁ
responsible fpr the stacked arr#ngement offcyclesr,'The
altefnating caarse and fine CUFU;c?cles'iﬁ seétion 08 (Fi%. 9)
nay resultlfrom rapid fan ‘lobe ﬁigration dn the'&pperfreaches of
" the fan complex. Béﬁman (1978£ stated that iqcai dep§§iFional

" ‘lobes are commonly formed at the ingersection-points oﬁ mohern:
'a}luvial fans. The embryonic fans sh%ft laﬁéraiiy %nd downfan
without migfﬁting significantly beyond mié-fﬁn. These'lobe—likg
featureg are.localized at the exits of guliiés as a-ré§ulf of:
severe.floods, and sub;equent migration'WOuld be reflected in
alternatin;’fine and coarse flood cycles. Both sections 08 and

09 are proximgl'to a fan head entrenchment environment, but the

geOmetry'of these confined channels cannot be ascertained due to

the lack of exposure. .



Section 09 is =2 50 m coarsening-upward sequence‘
demonstrating increased energy eonditions dering depositoe.
Progradation of the fan lobe may have resulted in an
asymmetrical coarsening-upward sequence. A 6 m thick Gm unit
interprefed as a fanheaelsurge deposit eaps the section. The

present erosional surface marks the top of the seﬁdence;
The sediments Qf the fine-grained, conglomerate-sandstone,

. -
- ) - *

and overlying conglomerate facies associations counstitute a CU

megasequence. This is sebstantiated'by the following

Fl

. observations:

-~

1. mean-unit thickness and maximum particle size is
greatest in the conglomerate facies assoclation

-

.

. 2. sandstone and siltstone lithologies constitute less <
than 5% of all observed lithofacies in the conglomerate
facies associatiOn.

. ' “Nested"CURU sequences and relﬁped cyeles record:tﬁe

progradation offan lobes as the alluvial fan complex built
outward over its equivalents.. The;e depositional events

document the overall increasing rate of tectonic uplift as

- sediments -of the Snowblind Bay Fm. formed é'regFessive‘clastic

wedge;

.

In summary, the three cycle orders observed in the

- [}

,Sugwblind Bay Fm. are: =~ . | | - e
| l.: cycle - aueocyclic . ’
. . 2. sequence - allocycllci individual fault movements
3. megasequence - allecyclic' major uplift

A

Cyclicity 1in alluvial fan deposits has been reported .
.elsewhere in ;he literature. The Devonian Hornelen basin is a

small (50 x 20 km) late ongenic basin in Norway containing a’
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succession of sgndsﬁone and congiohe;ate:%ithofaciés. The
suzcession is nearly 25 km thick and is ;rgénized.into 200
basinwide CU cjclothegs; each in therofdef of ISO-ﬁ thickness
(Steel and Aashéim, I978). Steél and Aasheim (1978) interﬁretgdj
each cyclothgm as a response to episodes of basin floqr
subsidencé as proximal deposits came to be dqpoéited above their'
distal equivale?#g.

fhe term 'cy;Iothem' is uséd in the same coénnotation as
'megasequence' for thé Sﬁowbliqd gay, i.e. aﬁ arrangenent of
cycles and seguenceSj(IO's - 100's m) controlled Ey aliocyclic
proceésesfassociated'with“major uplift énd/qr bésin.subs%deWCe._
. The poorly éxposed congiomerétic p?oximal deposits\aré .
frequghtly.observed as cénglbmerate-sandstsne 'couplets'
(1 ;.6 ﬁ). _Thesg flqod.units (Steel- and Aasheim, 1978) are
'similar,éo'tﬁe ém - Sh:f}oo& cycles oﬁserved_in the‘bonglomerate
féc;es agsbci;tioq.in_the.Spoﬁblind Bﬁy Fm. The conglomeratic
#roxima} deposits H§ not appea?‘té‘bé-oréanized_into éequencgs,
However the pfoximal sandf aliumfum (downglope:of the céng.
. p¥0ximal'deppéits) di§pl;y CU-pn;téﬂtlo 7.22 m) which are |
'approximgtgly the'séme order sf's;ale as the.CUFU seqﬁences
ob&;rv;d inlghé Sﬁow£iina-3$y Fm. The CU sequences Iindicate
inadequagg timé for the Qplif;éd'éoufce to be woré down and the
fan retur;ed t;_eQuilibuium (ﬁugt,‘lQ??). Steel and Aasheim
(19783 suggesteq tﬁat'the qoarséning—upwards nature of thé.
sgquenée-docﬁmenteduthé rapid abandonment of éan lopeg in thé
" proximal reaches o6f the fan'copplex. fhéy may also represent

.truncated_sequences'by meahg of tectonig rejuvenation of the
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'source and intraformational erosMon of the pro;imal'fan-

-

sedimsnts. .
Local debris flow dominated fanglomerates flank the margins
of the Hornelen Basin. Unlike the proximal Songlomeratic
basinal deposits, these’faos are arranged 15‘;0 to 25 m CU
SEéuences. Thé suocyclss ﬁere attrébuted_to ths'recdrrénce.of
rapid.faulti&g'at'the basin osrgin-followsolby fanlprogfadasion'

(Steel and Aasheim, 1978).

Thus, the alluvial fan deposits in both :he Snowblind Bay

Fm., and.in the Hornelen Basin are the reSult of repeated source

v

area rejuvena;ion,by fauvlting. The‘cyclic.sediments record the

history of uplift and erosién of the adjacent highlands.
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Plate 1

.

Fig.l. Laterélly extensive (>120-m) conglomerate lithofacies
. in the conglomerate facies assoclation, The cliff
section (03) 1is approximately 40 -m high.

Fig. 3. Horizontal stratification in conglomerate units at
: section 02. Thin (0.2 - 0.5 m), dark, recessive Fl
units are less abundant towards the top of the
section. Vertical section is approximately 40 m high.
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Plate 2

Hotrizontally stratified Gm units. ' The basal unit’
adjacent to figure (1.9 m) displays a weak CUFU trend
for clast size. Fl units (dark, recessive units) pinch
out to e right of the photograph (northwards).
Exﬁosu_rsis approximately 500 m south of section 02.

-

-
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Plate 3

Maximimum clast size observed in the conglomerate

facies assoclation (sectiomn 09; unit 010). Scale is in
decimeters.

Al

Imbricated clasts (205— 30°) in Gm unit at section 03.
Note low angle cross-stratification in overlying Sp/Sl
unit. Lens cap diameter 15 6 cm.
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Plate &4

Fig. 1. Well-rounded, silicified favositid 'head’ probably
derived from” the Barlow Inlet Fm. Scale is 15 cm;
location at top of section 03.. -

Fig. 2. 1Intraclasts of the Fl facies derived from the ercsion
of cohesive ephemeral lake deposits in the conglomerate
facies association (section 02; unit 008). Hammer
handle is 25 cm long.

.t
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Plate 5

Gm unit displaying CUFU clast 'size trend and capped by.
a2 thin discontinuous Sh unit, Rifle is 1 m long.

Exposure 1s located approximately 800.m south of
section 02. :

/"
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Plaﬁe 6

CUFU clast size trend in Gm unit. The, conélomepate
lithology is capped sharply by a Sh unit. Figure 1s
1.7 m tall. Location &t section 0Z; unit 004.

v ..
- n »
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Fig; 2.

" 022.

Gradational basal coﬁtact of.Sh unit overlying

- : Plate 7

t

Pebbly S1/Sh unit shdwing primary current lineation
{PCL) parallel to the.ruler (15 cm).. Note vertical

transition from S1 to Sh. . Location at section 04; unit

o~

an
imbricate Gm unit.. Note normal grading in the
sandstone unit. Stale 1g 15 cm. Location is
approximately 500 m south of section 02.
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Plate .8

L}

Scale (1.5 m) marks a coarse imbricate Gm unit which
* underlies a.Gm surge deposit capping section 09. Note
" bimodal d4stribution of clast sizes, parallel
st;atifica;ion'and‘paraliel alignment of apparent long
axes for the largest clasts (0.4 - 0.6 m) in the surge
deposit. (see text for explanation):
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Chapter IIIL

.CONGLOMERATE-SANDSTONE FACIES ASSOCIATION N

INTRODUCTION

Th;s facles association includes all sequences which -
contain 10 - 90X congiomerate. The li;hofﬁcies o§ ﬁhe
conglomerate¥sandstone fécies association display sh;et-form
geometry and were measured in sections 06 and 07 (Fig. 2).
Markog qhain ;halysis shows cﬁat the suite of rocks.is a product
of‘cyclic fluvial hrocesses (see 3.4). Fig. 10 summarizes tPe

relative proportions of the constituent lithofacies and their

féspective thicknesses. The distribution of sedimentary

.structures, lithologies, and stratification types for section 06
Y ’ Q : il L] -

" . is illustrated 4in Fig. Ll.

‘The assemblage stratigrafhi;ally ovérlies the fine-grafred

. facies association and is subjacent‘to;the conglomerate facies

association. Total thickness ranges from approximately 120 m to

,300'm. Covered intervals prevent a more precise estimate,

Fig. 11 displays an upward increase in coarse—gfained
lithologlies (sandstone, congloperate)} decrease in fine-grained
lithologies (siltstone, mudstone) and weak trend towards an
increasing proportion of high energy ovgrllow energy bedforms.
This indicates an overall coarsening-upwards trend for the

conglomerate-sandstone facles associlation.



Y
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Fa
] [_UNIT THICKNESS - (M)
HlLITHOFACIES, o; [ MIN. | MEAN | MAX.
Gm | 43.9 .| 030 | 155 4.75
st ~|17.8 | o016 | 103 213
sh |227 | 007 | o063 1.90
sl 30 | 020 | o048 | 086
Sr . 57 | 009 | 042 | o84
Fi,Fm 74 0.02 0.52 1.30

Tl 106 _

LITHOFACIES IN THE CONGLOMERATE

—SANDSTONE FACIES ASSOCIATION |

F:-Lg.' 10: Data taken from ‘sections 06, 07.

45
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{| LITHOLOGIES
CONGLOMERATE
D SANDSTONE

. SILTSTONE
DOLOSTONE

[~ |BEDDING STYLE
<] Hom:onm. ta)

HORIZONTAL (G} |

] E +SANDY INTERBEDS
EHOHIZONTAL
.__._; LOW  ANGLE
= STRATIFIED
TROUGH

CROSS= STRATIFIED
E TABULAR .

CROSS=STRATIFIED
RIPPLE

CROSS =LAMINATION
RIPPLE DRIFT

CROSS—LAMINATION
m GRADED

| SEDIMENTARY
STRUCTURES

= PCL TOCL MARKS

.¢> BURROWS
A INTRACLASTS
I saur casts

@ PLANT FOSSILS
— SCOURS
—~~ MUDCRACKS
H ~~ (oaD cast
STRUCTURES

S vuaGs

COLUMN WIDTH REFLECTS GRAIN SIZE

Fig. 11: Detailed section 06 in the conglomerate-sandstone’

' facies asscciation. FU, CUFU cycles in the
conglomerate units are not displayed in this diagram.
PCL = primary current lineation. )
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STRATIFICATION ~ ~ . - ¢ -
Parallel to low-angle stratification is the dominant

bedding style (approximately 70X). Units may be traced

laterally in excess of 400 m (P1l. 9). _The absence of

well-defined channel morphologies may be_explained by relatively
unconfined flow on the deposicionqi sur::::j(Sykg

1976). 1In measured sections 06 and 07, the bed conthcts are -

~

mainly sharp and flat (49%), although slightly erosijonal,

irregular bed contacts constitute the second most abuimdant.

grouping (33%). Unit thicknesses range from 0.4 m (Fl, Sr) to

1.6 m (Gm) with minimum and maximum thickness of 0.1 m and 4.8 o

-

_Tespectively.

The' genetic implications of the stratification types will

-

be discusséd later in the ch@gter.

LITHOFACIES

EE: Conglomerate units average léé:m in thickness (range:

0.3 - 4.8 m) and exhibit lateral continuity in excess of 400 m.

~
]

Bedding is horizontél, although minor (L1%), isolafe&i.low—angle

_stratification was observed:in'sevérgl units (Pl. 10). .The

L -3

' ‘framework of facies Qm is clast—supported, with a”weLl-deﬁeloped;

-

fgﬁric consisting of ab planes dipping at 25-30°.

%agdgtdﬁe'leﬁses are present in some units. Miall (1977) -

<interpré£ed éimila} interbedded sand/silt lenses as the productsl

. r .

-

of low-water accretion processes.

.The deposiition of the grayﬁls pfobably took place under

-

-



upper flow. regime conditions ia the form of broad, low amplitude

~ bars (Miall, 1977). FU and CUFU trends (Pl: 10) in several of

the conglomerate units indicate.flood~stage disgha;ge

flu;tuations.- These sequence§ rarely disﬁlay a corresponding

upward decreése in bed thicknéss'with'Emaller'scale fining in

el

each bed. -

~ LS

ES o -
Laterally extensive (>50 m) erosional.shrfacés are treated
as a distinct lithofacies for Markov chainm analvsis. The low

relief (<15 e¢m) scours were commonly observed to be .lined with

.~

ex@raformational and intraformational (Fl, Fm) clasts. The

»

erosional surfaces were probably formed by local eddies

"associated with flow dver-low relief bars.

Other Eybeg‘of_scdurs were recorded in the
conglomerate—sandstone.associééion but were not included in
ﬁafkov,chain'aqa;ygis because of their limited extent (<5, m).
Few large cut énd fill structures were oﬁéerved (pl. 11,

fig. 1). 1Inclined stratification in these-scours resulted from

back-filling, as flood waters receded (Picard and High, 1973).
Reactivat%on Surfaces were observed @n the St, S1 lithofacies

armd may have mresulted from’ bar dissection phenomena during slow

falling water conditions (Miall, ?977).

S5t

Trough cross-stratified pebbly sandstonme (Pl., 11, fig. 2)



.

. constitutes nearly 18% of all dbserved-litﬁofacies in the

P -

¢onglomerate-sandstone facles association. The mean coset

.

thickness is 1.0 m (range: 0.2-- 2.1 m). The depth of the
trough sets is generally 5 - 10 e¢m and the width and length
averages 30 —:50 cm, 50 - 100’ém respecfively. The sets’

coﬁmon;y decrease 1in thickness upwards in the units. Troughs .
. . . - ) . b I
are shallow and spoon-shaped in geometry. Foresets are stroungly

v

tangentiélrgo.the enclosing surfaces and maximum dips average 15°

-~ 20°. - _ o | Lo

-

Paleocurrent data is remarkably consistent (see Appendix

3) and indicate low trough set variancé, although the scoops are

-

rarely exposed in plan, leading‘to difficulties in measuring

axial orientétions. Williams (1971) ;ecogpized similar
phenomena in trough cross—stratified flood degosiCS of:shallow
sand-bed ephemeral streams in central Australia.

The St sets arose from simultaneous scour and fill.
_Currént eddies migrating downstream of advancing shall;wl
linguoid dunes resulted in erosiconal-based bedforas (Gibling;

1978). Minor gravel lags and scattered green and red siltstone

intraclasts derived from the F1, Fm lithofacies wqesﬁfbserved at

”

~—

the .bases of the troughs.

Lateral transitions from St to Sh, S1 dindicate flucﬁuating

changes in current\velocity and/or depth of the fluvial. systemn.

Sh, S1
Horizontal and low angle.stratified sandstone units

constitute 25%Z of the lithofacies in section 06, 07. The

IS
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laterally extensive (>400 m) sandstone bodies averagé 0.5 - D.6m

in thickness (r ﬁge 0.1 - 1.9 m). Sh, S1 1ithofacies are

A
o

present’ as lensps with sharp and gradational bases infcm

(P1. 12). e.lenses generally display a lenticular-planar base

and planar tdp, and average 1.0 - 10.0 m in width and 10 cm 4in
thickness. Slxis'dominant where' lenses in thé’conglomerate

Al

units are thickéét. The lateral.transi;ioﬁ Sh. > S1 represents

depoéitidn in shallow hollows of the depositional surface (Rust,

1978). B ' Lo c :

T

Faciles Sh, SI commonly displayrcunreﬁt crescents which
récord local scour around scattered pebbles (Pl:‘13, fig. }).‘
This structure is always associated with primary current |
lineation and indicates high flow regime condition;. Minor tﬁol
marks were observed in fine-grained Sh and may have been. formed
bf éaltating pebbles. Minor siltstone intrgélas;s (pax; size =
2 cm) were probablf derived from indufated fine-gralned bar tép
depoSits.'

Horizontal parallel stratification also. forms 1n lower flow
regime conditions (ficard and High, 1973). Sﬁ formed under both
lower and upper flow~§ggimes is Iinterbedded ﬁi;h St and
frequently ﬁasées upwards in section to Fl, Fm lithofacies.

Thin beds are alternately hematized at 1 - 3 cm intervals,

reflecting a fluctuating water table level.

Sr

Ripple cross—stra;ifiéd units appear to be a minor



component (6%) in the facles assdciatidn, Units of this -
liahofaciés avérage OJA;m’thickness, with an observed range pf-
0.1 - 0.8 m. Sr frequeptlyxoverliés Sh, St .or Si'Bgd passes

vertically into ‘Fl or Fm lithofacies ‘in a gradationsal

interstratified manner.

In a plan Giew, linguoid ripple marks are the most commonly _
’ >
observed form. The ripples are 1 - 2 cm in amplitude and are

generally asymmetric. Minor sinuous asymmetric ripple marks and

- smoothed, irregular 'basin and dome' interference ripples are

<

also present. ' The interferehbe ripples were probably formed as

‘water drained from bar tops during falling flood stage, washing

- N .

out existing rippled surfaces. In section, this feature is
~common in the Snowblind %ay Fm., in the f&fm of ripple c¢crests
that are 'planed off' by units of Sh lithofaciés indiqating
fluétuating flow condiéions. &

Minor climbing ripple lamination, which climbs at 5'\—‘7.-.“1.':0:b
from horizontal is also present in the Sr iithbfacies and €

suggests rapid sedimentation rates.

Fl, Fm

Mudstone and siltstone units constitute 7% of the -

lithofacies observed in sectlon 06, 07. Average thickness of

these lithofacies 1s 0.5 m (0.1 - 1.3 m range).
The laminated siltstone lithofacies contains thin (1 ecm)
sandstone horizons indicating fluctuations Iin sediment supply

and/or flood conditions. The Fl units generally show sharp



.basal ;Qntacts with Cm or St lithofacieg #nd gfadational
| fnterbedded -contacts with Sh or Sr lithofacies.
Gr?en éiitstoné ig ahmidor component éf'the Fl lithofacies

and alternates with red ‘siltstone (1 -2 cm); demonstrating .
Lchanges in:the.waper table 1ével{ which tont;plled-thg
prévalgnceldf ox;dizing:or reﬁucing condieioﬁsir Convolute
lamihat;on; load casts, flaser bedding; fla?e structdfes,_
climbing ripple laminatioh, minor. normal grading (lamianaze scale5
and synere?is cracks (Pl. 13, fig. é) suggestlperiodsfbf high
sedimentation rates for the Fi lithofacies. The lém}n&;ed_to
massive lithologies 1ikely'accumulatgd as.sdsppnsion faliéug in
slowly moving or pon&éd_water during low flowod stage.kieeﬁeg,
1973).

Fl and Fm units représent“éccretion deposits which were

Tepeatedly _drained aﬁd desiccated, as Jhdicated by runzel marks

-t

(P1l. 14, fig. 1); sand-filled, v-shaped polygonal desiccation
cracks with subsidiary polygons; ﬁare plant debris; and abundant
siltstone intraclaéts (Pl. léﬂfjig. 2) including those’ |
Exhibiting—curled (desiccated) edges. |

Proximity to marine Iinfluence is indicated by the presence

of Polarichnus, horizontal burrows (Planolites?), and rare

oxidized plant debris. Marine fauna may have invadg& mud beds
after térrestrial flood waters receded, pqssibiy at abandoned
channel‘sites (ﬁixon, 1979), Evapérite mine;als may have formed
from the evaporatioﬂ of saline ponded water as capillary action

drew dissolved 1on species from the Fl and Fun deposits

¢
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and‘concentfaCed them in shﬁllow ponds. Wrinkled films possibly

reco:d the withdrawal of-interstitial water ;o»topdgraphically‘
' higher areas (Picard and High, 1973). Alternatively saline
water may have accumulated from sea spray blown across the flood

basin (Winston, 1978) or in shallow lagoons during low energy

marine lncursions.

Calcareous soil profiles did qot develop, ﬁrobably because
_ o% thé coaréenesé of éedimenﬁ and restricted cimé-of exposure.

2 . :
Leeder (1975) suggeséed Ehat at least 103 vears are required for
the initdial development of a calcrete profile._ However,
mottled, hemétf:ed,-laterally discontinuous silﬁstone units (Fm

lithofacies) contain minor plant debris? and disrupted wavy

bedding, possibly indicating incipient soil development.

%5

A singie'z -.3 m thick, f}ne-grained dolarenite unit (Fig.-
12) can be tfaced from,séction 06 (50 m above basé-of section)
for 147 km northwards to section 07 (l4 m above base of
sgct{op). This unique lithofacies has a sharp, erosional lower
contact and planar, abrupt upper contact with bounding F1l
lithofaciesﬁ Tﬁe Cf facies was probably deposited by an
exceptional event which did not sigﬁificantly alter thé
depositional environment (Reading, 1978). Thé adjacent Fl units
(uﬁits 1, 5 4in" Fig. 12) contain largé halite casts (appro#.
1 em2), 'basin and dome' interference ripples, symmgtrical Qave

ripples, unidentified Burrows; Fl intréﬁlasts and oxidized plant
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Detailed log of the Cf unit in the conglomerate-
sandstone facies association, section 07 (as in
text). Column width reflects grain size. Units I, 5
are Fl lithofacies. Units 2, 3, & are Cf
lithofacies. Low angle stratification and horizontal
stratificarion are the major bedding styles in units

2, 3, 4. )

—
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deb}is. The load éﬁsts, thin (2 -3 cm) interbedded Cf units,

12

. and Fl intraclasts in unit 5 indicate periodic fluctuations in

15, fig. 1) which commonly display syneresis cracks.

wave energy. .Units 1 and 5 are the only Fl lithofacies which
display burrows and plant debris in the conglomerate-sandstone

fétigs association.

Thin to medium-bedded units 2 and 4 show horizontal
stratification and low angle stratification. frimary current
lineatiqn; depositional, and erosional-based inélined laminée
are common. Thé predominant inclination (5 - 10°) of laminae 1is
down the depositional slope (i;é. towards the paleoshoreline).
The units contain small (1 - 3 cm), angular extrabasinal chert

clasts and abundant buff—&oloured dolosiltite intraclasts (P1.

Unic 31differé from its enclosing lithologies by the

following characteristics:
1. horizorntal stratification is the prevalent bedding
style
. thinly bedded to thickly laminated
. darker grey colour imparted by its higher carbonaceous
debris content '
4., fine-grained
5. abundant reverse grading (Pl,.l15, fig,' 2) and less
common normal grading on a2 I - 2 cm scale
6. general absence of chert clasts and Cf intraclasts
7.  contains abundant, well-preserved plant fragments,
spore elements and rare acritarchs

The sequence is interpreted as a storm surge deposit, formed

2
3

on the submerged part of the coastal fan complex, presumably 4n
an ;rea noé affected by terrestrial £loods or during a period
when terrestrial floods were inactive. The sharp lower and
upper contéﬁts; lack.of bioturb;tion in the Cf lithofacies,

evidence of high energy flow pbwer (PCL, chert clasts, Cf
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intraclgsts); rapid deposition {reverse grading, load casts);
and subsequenp }eturn to mud depgsition (Fl1 lithofacies)
indicntg a suddeﬁ surge of sediment followed by rapid deposition
resulting f;om storm waves.

During severe coastal storms, large sec;ions of ba?rier
islands and sandflaté-may be flatte;ed to form extensive .
washover flats {(Leatherman, et al., 1977). Coalescing washover
faﬁs may gxhibit sheet—like geonetry in the order.of kms width,
normal to the shoreline (Reinson, 1979). Washover flat
sediments‘generally cﬁnsist of only medium to fine-grainmed Sh
lithofaqies where.flow is across a subaerial surfaée' ‘

{Leatherman, et al., 1977). The Cf units were depositéd under

- ~.

upper flow regime conditions by swash action aqsociated'with

breaking waves. Inverse and normal grading, primary current

“lineation and seaward inclined laminae are common

characteristics of swash sediments (Reinsoﬁ, 19795.'_Material in‘
washover fans tends to be well sorted (Leatherman, et al., 1977)
and chgrt clasts in units 2 and 4 represent the most res;stant
clast lithotype that would be found in the offshore sediments.

A vertical arrangement of lithofacies in the storm surgé
deposit is unpredictable becausé of ﬁon-unifo;m, unsteady flow
conditions. Many overwash surges can be counted in a specifiég
time. period. Leatherman et al (1977) documentg@ 121 surge
events during a 4 hr. 40 min. period for a March lé—ZO, 1975
storm at Assateague Island Maryland. Depth, velocit& and
direction of flow changes constantly_duging swash action.

- anys
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Fig. 12 only documents gross changes in flow power for ‘the storm
sdrge'deposit as indicated by bedding stylé and sedimentary

structures.

3.4 VERTICAL DISTRIBUTION OF LITHOFACIES

Lithofaclies were chosen to represent distinet rock types
that formed ﬁnder-certain environmental processes. If a
vertical succeésion of facies aoes not have any major 'breaks',
én,anal?sis of faciles sequences‘pfovides an approximation of the .
changing environmental cqnditions {Reading, 1986)

Markov chain anaiysis deals with the*relationship'between a
giveﬁ bed and the precediné bed. In this study, a first-—order
emPedded chain method is employed. This form of analysis
considers sequential ﬁairs of beds which are in contact,
recprdiné vertical facias changes regardiess of bed thickpess
(Miall, 1977). The'q?jog'pfoblems é;coﬁntered with Markov chain
analysis, include the fngo;ing poi;ts:

1. Reduction of the numser of lithofacies for purposes of

statistical simplification may take away important
hydrodynamic information (Reading, 1980).

2. Periods bfinondeposition are not considered;

However, Markov chainlanalysis does allow comment on
princiéa; éyclic relationships. Fig. 13 représents the majqr
‘path successions of lithofacies observed in~the
conglomerate-sandstone facies association. A chi-square test
indicates that the vertical succession was derived by nonrandom
variatiéns in the depostional mechanisms.

Two méjor types of fining-upward c&cle are distingushed by

the following criteria:
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DIFFERENCE MATRIX

PATH DIAGRAM

ES Gm St |sh,St| Sl |A,.Fm

£S|-0000] " AD3 | 137 |—-304 133 [T-103

@4—.110 0.00Q—167 | .298|-085 | 063

St |=.026 |-.017 | 0000 .220|—136 |-040

Sh

51 |--0t9 |-.027 |-168 | 0000 85 | 030

Sc [~067 [-155 |-a04 | 176 | 0.000 150

Fl,

347 |-.057 |-.156 |—-.280 | 147 | 0.000

No.

of transitions =146

X2 1857 [ 6o veuscamy

Limiting value= 301[ss% cowrvence Lovm :I

Fig. 13: Markov chain analysis of lithofacies traamsitions in
' the conglomerate~sandstone facles assoclation at

section 06.



‘1. Sheét-braided cycle (Fig. 14)
a) :sheet-like geometry of constituent lithofacies
b) " sand dominated; ES » St » Sh,S1. ¥ Sr + Fl,Fm
¢) I ES are abundant '
d) average cycle thickness of 3.0 m

2. Sheet flood cycle (Fig. 15) . _
a) sheet-like geometry of constituent lithofacies
b) " gravel dominated;(ES) » Gm » Sh,S1, » Sr - F1,Fm
¢): sharp, flat basal contacts are abundant
d). average cvcle thickness of 3.7 m

Both cyeles are represeﬁtative of braided alluviaf deposits
. however, the sheet—-flood cycle 1s coarser énd was probébly'
formed by less confined flood events of higher discharge.

The sheet-braided cvecle in Fig. 14 was observed in 10 .

fining-upward c¢cycles from section 06. Plate 16 displays an
inégﬁplete cycle (base ié obscured by scree):_ $Sp?, St » sS1 »
Sh > Fl.

. Thé channel deposits commenced with an eroslonal surface
(Eg).that was generally outlined by a layer of intraclasts.
This was formed by the séouring and reworking of the undérlying
fine-grained deposits during flood conditions.

Coarse, ﬁoorly softed pebbly sand was primarily transported
as dunes within wide, shallow channels.‘ The dunes gave rise to
shallow trough cross-strazification; as observed 1in facies St
(Fig. 14). Minor lateral lithofacies variations, for example St
% Gm, St & S1, document differences in velocity, deptH and load
at any given stage during fl;bd conditlions (MCKee et.ai.;i
1967).. Localized scouring and lateral facies changes reflecé
the episodic nature of the flood conditions. The relatively low
angles (10 - 20°) of the trough foresets in the-St facles are

»

attributed to strong currents during deposition (MCKee et al.,

a -
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BAR TOB/
CHANNEL |

Representative cycle
from data observed
in 10 fining cycles
from section 06.
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Fig. l&s3.

Sheet-braided fluvial cycle in
sandstone facies association.

grain size. The fining-upward
waning flood conditions and/or

the conglomerate-—
Column width reflects
cycle 1is attributed to,
migration from deep to

shallow portions of the braided complex.

*
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Ag the“we;er le{el“droppee, either by waning flood

cbqgﬁtions or'cﬁanqel qﬁération, the dunes  were modified

B . * . L % . .
(Collinson, 1978). -During this phase, interbar depressions

fuqctioned as é&Hannels where currents reworked dune.slipfaces.

.A??Lr plaﬁatien 6f’the bar topéﬁ%;_ghellow, rapidly flowing

.
- -

water, Sh was deposited under upper flow regime conditions. The‘
. ~
p;esence‘of primary currentglineation, sharp basal contacts ené

-~

intraclasts (Pl. 14, fig. 2) substantiate this intefpreteeioﬁ.'

+

The fine-grained iﬁtraclaste‘may haie-been:derived from

PR

abandoned'ehannel segﬁents (Rust", pers.comnm., 1981)¥or mud

-
-

’dtapES debosited on bar bops by much shallower ponded water

(Blodgett and Stanley, 1980). :Bar~relief is unlikely to be
smoothed over as a ieSul;'of ehelloJ flow and the lateral

transition Sh 3 S1 takes place in bar top depressions or Ehallpw

-

channel segments (Rust, 1978). e ‘ } . -

As the veloeity and@ddepth of the floodwaters decreased,
' . S . , y :
finer sediment was mainly deposited by vertical accretion

processes. Rippled eands_and interbedded mud drapes were

depesited on the inactive portions of the stfeém.;ract (bar tob

and channei“mergins). S '

-

Thicker fine-grained déposits may accumulate on alluvial

islands énd:low lying inactive areas‘of terraces. The siltstone

(F1,Fm lithofacies) either lies abruptly over the bar

-top/channel margin deposits or 1s intercalated with: thin Sh, Sr

lithofacies. AlthOugh~these sediments reflect intervening

. ' - 53
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periods of subaerial‘exposure between flood cycles (see section

3.3, F1 and Fm lithofacie;), the exposure was not prolonged
enough to permit calcrete development (Leeder 1973, I75). The
massive to mottled siltstone (Fm) obse?ved in sone cyéles
%robably resul;e& from drainage, and the,a;éociated
oxi@ation/reductibn effects caused ﬁy molsture fluctuations
duriné the initiéi development of a soil profile (Gibling,
1878). [The fine-grained accrétion deposits (F1l,Fm) were eroded

_ by the initiation of a new fluypkal cyéle..

. -

The coarsér,'genérélly,thicger sheet flood cvele (Fig. 15)
displays a fining-upﬁard sequénce with sharp, glét Basal_ |
contacts and diminishing béd'thickqesses3cycles avgraging 3.7 m
in thickness based oﬁ.hi sgquenifs.observed in seétion 06. Beds

were su?efimposed under progressively fécrehsing eﬂergy

conditions (Miall, 1977). . o

The channel deposits consist of Gm with minor Sh,Sl

lenses. The congltgerate units have a lateral extent of -more .

-

-

than 400 m and represent coarse bed load transported when flood

competency was greatest. Crude stratification may be related to

S

- . - \ . .
flood stage discharge fluctuations or migratien of shallow

- -

channels and longitudinal bars. Common FU, and CUFU clast size
trends in the conglomerate un}ﬁs indicate wéning or

waxing—%aning rood:cycles.’ Ihé'coarse gravel was ftransported

as diffuse gravel sheets and'10ngitudinal bérs. Heih and Walker
- (1977) stgted that 1f the water disch;rge leveié wére high, thenir

.the diffuse gravel sheet would léngthen

-

\
-
)
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L e from data observed
7> in 12 fining cycles
' -from section 06
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15:

Sheet flood fluvial Eycle in the conglomerate-

sandstone facies association.

The gravel dominated

fluvial eycle generally do not show undulating bakal
erosional surfaces, However the.underlying
depositional surface may have been bevelled by the

high disgcharge flcod event.
-
~
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downstream faster than it aggraded and no angle-of~repose

slipface would develop. A low water depth to mean pérticle size
) N - . . . € N

ratlo may have-also éugpressed development of slipfaces (Rust,

1975). ..

Waning flood conditions may have been causé@vbyldecrgased
flood eneégy and/or decreased competency as sheet floads thinned
and spread on the fan surface. When coarse gravel ceased .to
move, bars yere built upwar& by the addition of finer ma;eriai
still in tfansport. Sh,51 lenses are‘;resérved in bar topk
depressions (Collinson, 1978). These sandstone bodies pfobabiy
hgd.incregsingly higher presérvation'potential as the flood
cycle waned, and fﬁf this reason are mofe'freq;entiy observed in-
the upper portion of the channel deposit. |

-Flood waterﬁ continued to decrease in flow power below the
leﬁel b? compécency to move pebbles, and a carpet of sand was
transported across the tops offgtavel bars. Botﬁ gradational

and sharp basal contacts were observed for the sheet-like. sand

bodies. Upper'flow regime conditions produced plane bedding

-

with minor low angle stratification as the sand moved ,into

-

bar top depreésion@:

Continued falling water levels depdsited interbédded low
fl;w regime sand and silt lithofacies (Sr, Sh, Fl). Laminated
siitstone GFl)-represents the distal_or.terminai segments of the
flood ;ycle; deposited from ;;sp;nsién in stagnant or slowly
moving water. Although these sediments were periodically

exposed, there are no calcrete units in the Spowblind Bay.Fm.

’

L



The sheet flood cycles are downfan equivalents to the.flood

»

cycles of the conglomerate facieéiassociation based on similar

bedding style, constituent lithofhacies, and unit geometry. This

aspect is discussed in the following section.

3.5 DEPOSITIONAL ENVIRONMENT

The style of deposition Iin the conglomerate-sandstone

facles association may be summarized undef .the following i

headings: ' . /\\"—J-

1. sandstone, conglomerate unit geometry

2. cocarse member - fine member ratio

3. paleoccurrent patterns

4, relationship of lithofacies deposited by sheet-flood
ver sus sheet-braided cvcles

Geometry High continuity of conglomerate beds is common
for wave reworked gravels. Evidence for harine incursions onto

the fan complex was discussed in the Fl, Cf lithofacies

descriptions. However Long (1978) stated that extensive

counglomerate beds may also be evidence for alluvial processes as

sheet-flood or shallow brﬁided stream deposits. Lack of -

restricting cohesive banks could have permitted braided channels

to movellaterallf ;éroégrfhé“fan complex with little incision
into the fan surface during Snowblind Bay depositon. The
resultant sheet geometry reflects changes from channel complex
centers (St, Gm, Sh) to channel complex margins'(Fl, Fm, Sé%‘Sh)
as well as vertical accreti;n processes. {(waning flood cycles).
Cotter (1978) introduced the term 'sheet—-braided' for those |

channels with a width: depth ratio of greater tham 20:1.

However the ratio of mos:\braided'chénnels is much greater than
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~this proposed figure (Rust, 1978). :
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A

Sheet flow processeg are prevalent in the upper reacheX of
fan complexes, usually just doqnslope of the eroéion/deposition

intersection points (Bull, 1964).  Description of the nature of

'deéosition in this ipne is not well described in the

literature. Flow is in broad, shallow channels which pinch and
swell on the fan surface.(Bull, 1977). Consequently, geometry
does ndt-sérve to distingsish sheet-braided and sheet flood

cycles but simply reflects small chaﬁges in thickness normal to

" .the depositional strike for both types.

Graded conglomerate units display positivé bed thickness:
maximum clast size correlation (Fig. 16). This relationship may
directly reflect the competency of the flood events. The

L.

predominance of'sheet—sty}e sedimentation over the presence of
channel scours is suggestive of rapid éggradqﬁion with only
minor reworking processes (Miall, 19805. Reworking would -tend

to disrupt the correlation by removing the upper portioens of the

units.

a

Coarse member : fine member ratio At the highest discharge

levels, gravel was transportdd as bed load and gonstitutes the
coarse member of the conglomerage—sandstone lithofaeies
association. The fine memg;r includes all sandstone and
siltstone lithofacies which were deposited at relatively-lower

discharge.

Coarse member : fine member ratlos are dependent on
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Fig. 16:" Data on béd thickness and maximum particle size in the

conglomerate-sandstone facies association. t = bed
thickness, s = maximum particle size, r = correlation
coefficient., Bed thickness and maximum particle size
data are provided in Appendix 4.
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sediment supply, manner 6f channel migration and the overall
. “ *

subsidence of the-depositional surface (Lodg;, 1978). A high

ratio (Fig. 24) characterizes the conglomerate-sandstone facies

.

assoclation and indicates the braided stream .environment was' the

[

mafor ‘operative depositional system. BRed load was transported

L

by shallow, wide streams and the instability of the banks was

'ipcreased by the absence of an extensive vegetation root systemn

(Cotter, 1978). Hence'finé—gréined accretion deposits: were very
susceptible to reworking and constitute ohly‘a miﬁor pércentage

of the conglomerate-sandstone. facies association.

Paleocurrent patterns Paleocurrent azimuths in the

conglomerateisandstohe'fécies association are strongly
unidirectional (Fig. 17; Appendix 3). The unimodal distribution
of paleocurrents for trough axes is consistent with the mean

directional vectors obtained from imbricatién studies (AB ‘plane

imbrication; current normal *A-axis orientation). Measurements

.

obtained from oéh conglomerate and sandstone lithofacies ﬁave-
low directionkl variances with significance levels of <10'8u§na
vector magnitudes > 70%, This implies a uniform paleoslopq; The
data support the interbrétation that theée fan complex was
developed_by braided stream depositional préces;%s.

. ?
The average clast imbrication angle for the AB plane is

25°~ 30° , whereas beach gravels are imbricated at much

Il
-

shallower angles (Daily et al., 1980). Structures produced by
fluvisl traction. currents (stratified conglomerates, trough

cross-stratification, 'fluvial type' clast imbrication) negate a’
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mass flow interpretatibn for the deposition of the

conglomerate—sﬁndstone facles association.

r
'

. % .
"Relationship of lithofacies deposited by sheet flood cycles

versus sheet—-braided cycles The obvious difference between the

sheet flood and sheet-braided cycle is that the'latter,is sand-.
dominated and ﬁhe former 1is gravel-dominaf%d (see section 3.4).
The thickness of both types of fluvial cycles (3-4 m), common FU
trends, and shecet-form geometry show that large volumes of
sediment‘wete involved in their accumulation (Heward, 1978b).
Although the cycles reflect minér differences in transport'and
accunmulation processes, they are probably related to the same
"£lood événts (L.e. ;heet flood cy;les are transitional to
sheet-braided cycles).

During higher discharge flood events, sheet flood

sedimént§tion processes prograded downfan. A seriés of.diffuse
gravel sheets and large low ampiitude_longi;udinal har§ vere
de;;sited in response to flood conditions. The FU, CUFU
conglomerate units display a positive correlation between unit
thi;kness and assoclated clast size. Following this reasoniﬁg,
each unit was the result of a single flood event (Bluck, 1967).
A decrease in competency was associated {with thinning and’
wi&éniﬁg of flog downfan (Bull, 1977). This response is
recorded by a rapild decrease in grain size for each flood
cycle. igss of competence and deposition of bed load was also
related to the waning stage of each flood event’EDeegan, 1973).

’

|
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During lower discharge fiood evehts, sheet fléod
sediment aééumulated up‘slope of the area for deposition in the
conglomerate—-sandstone facieé assoclation. Thu; thé_sheet flood
cycle passes distally to the sheet-bfaided cycle‘and is a
reflectioh of lesser fload evenés between major sheet flood
(higher dischérge) events, Periodiec increases in discharge are
reflectéd‘by the.presence of thin Gm units. Spget-braided
deposition wa; probably controlled by higher discharge bed
forms. The toes of modern alluvial fans are frequently |
characterized by the collection of sheet flow into broad swales
(Bull, 1977). Bull (1977) attributed this phenomenon to
decreasiné sediment con;entrat;dn aﬁd incipient erosiqﬁﬁﬁiﬂzell' .

. L]
hed -
defined channels in the finer-grained distal portioﬁ/;f the fan

compiex. Evidence af- reworking is demonstrated by the abundance
of erosional surfaces and better sorting oé the thin
congl%merate beds which. may be presené in thersheet-braided
cyclg; .

Brybhni (1978) observéd extensive sandstone units in the
flood deposits of the Devonian Hornelen Basin, W. Norway. He
concluded that the finer-grained braided stream deposits are

revorked sheet flodod deposits with lower mean clast size, better

sorting and no clast size: _bed thickness correlation. Fig. 16

* shows massive to faintly horizoﬁtally stratified conglomerate

units which have lower mean clast sizegy and weak clast size:

bed thickness correlation., These beds could represent reworked

sheet flood deposits.
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The sheet;braided‘cycle displays evidence to suggest that
the low and high fiow regime conditions were'frgquently-
t;.pi's_édic. Small, rapid changes in £low depth and velocity
would have enhanced braiding and subfesgent erosion';f low
'energy'bedforms; - —

As discussed for the conglomefate facieé association, slope
may be related to tectonic and/or climatic events (alloeycelic
processes) and/or autocyclic controls such as fan 1obe.migration
and crevassing (Miall,l1§80). It is sometimes difficult to
distinguish between these two major controls on distal fluvial
dep;sits. A geperal sfatement summarizinglpossible cyelic .

sedimentation processes in the conglomerate-sandstione

association is oﬁtlined below:

Increased/decreased
energy provided by

allocylic processes ‘~s.\

changes in radial and downfan
: depositional ->_ shifts of coarse
slope fan lobes

Variation in discharge

of flood events and location
of coarse sediment transport
versus fine sediment trdnsport
{sheet flood cycles versus
sheet-braided cycles)

<!
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-

Aerial photograph of the conglomerate-sandstone facies
assoclation in the wvicinity of section 06. Vertical
exposure 1is approximately 70 m. Units are laterally
continuous in excess of 400 m

-
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. Elate‘lo

s

Horizontally stratified sheet flood cycles in the
conglomerate faties association. Note the CUFU clast
trend (indicated by diamond symbol) in the first Cm
unit and isolated cross—-stratification in the second Gm
unit above the figure (1.7 m tall). Recessive unitsg
are Sh and Fl lithofacies. Location is at section 06,






Plate 11
3

’

Fig. 1. Rare cut-and-£fill structure 200 m south of section 06.
Note inclined beds within structure. Fl, Sh, Sr units
cap the feature. Notebook is 18 cm long.

.

o

Fig. 2. Shallow, trough cross—étratificétion in the pebbly St
lithofacies. The scale 1is divided into decimeters.
Location at section 06.

3
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A Plate 12

Sh unit abruptly overlying a Gm unit. Overlying Gm
unit displa®$s an erosional,. undulating basal contact
(arrows). Vertical variations in grain size indicate
waxing/waning flood control. _Note clast imbrication in
the mid-part of the CUFU Gm unit. Pencil is 10 cm
loung. Location at section 06, unit 050.
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I

Fig. 1. Current crescents and primary current linéation on the

sole ©f a Sh bed. Lens cap is 6 ¢m diazmeter. Location
at sectiom 06; unit 055.

Fig. 2. Syneresis craéks.ip an-Fl unit. Lens capgis.6 cm
diameter. Location at 'section 06; unit 024,
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i Fig.” 1. Runzel marks on top of a Fl unit. Lens. cap is 6 cm'_~

diameter. L&cation at section 06; unit 024.°

-

L . |

| . . L) .

: .

! .

I -

}

1
A Fig. 2. Angular siltstone intraclasts on.the sole of Sh, Sr

. : - bed. Intraclasts are probably derived from desfccated
- o - Fl1 lithofacies. Scale -is 15 ¢m long. Location at
B ’ sectlon 06; upnit 049. o .
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Plate 15

)

Irregular-shaped dolosiltite rip-up.intraclasts (grey)

and small, subangular chert clasts (white) in .
‘dolarenite unit. .. Lens cap is 6 c¢cm diameter. Location

at section 07; unit 011. - -

N -

-
Reverse grading in a fine-grained dolarenite unit with
flame dtructures at the base. Lens cap is 6 cn
diameter.” Slab removed from outcrop. Location at
section 07; unit O1ll. ' C - <

v
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Plate 16

"+ Sheet-braided fluvial cycle (basal portion obscured by
scree). Vertical transition of lithofaclies: Sp2
St #S1 -+ Sh -+ Sr »Fl. Notebook is 18 cm long.
Location at section 06.

—
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Cﬁaﬁter v

FINE-GRAINED FACIES ASSOCIATION

4.1 Introdpetion

~ .

The fine-g ned facles association contains more than 90%

4

sandss}ne and si

cdnglomerate. The as

tone lithofacies withlless than 1pz -
clation is a distinct assemblaée of
spatially arranged lithqgfacies posséssiné sediment#ry and

ér an intertidal depositional
environment. Tida{ tracgion currents, slack wétgr
sedimentation, late-stage emérgence flow prior to subaerial
exXposure, terfes;rial floods der;yed from the adjacent allﬁvial
fan complex and wind—driven wé;eélwere the major opeéating

_agents of deposition., Stratigraphic sections 10 and 05

represent the uppermost portion of the Sophia Lake Fm. and the

“'overlying lower Snowblind Bay Fm. (Figes 2, 3). The prbportion

'_-énd“;qnge of thicknesses for the major lithofaclies present in

- these sections are displayed in Fig. 18. The thickness of_the

séqueﬁce is uncertain because of covered intervals, but ranges

from a minimum of 70 m to a maximum of 220 m.

4,2 Stratification

The predominantly horizontally stratified units display

lateral continuity in excess of 400 m (P1l, 17, fig. 1). Unit
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thicknesses vary from & cm to 4.6 m but generally average v

-
B

between 0,5 and 1.0 m (Fig, 18).. Bed_géntacts E;esmainly_shéfp
andlplana; (46%) or’gradatiénal (37%). Approximately 10% of the
beds display loaded contacts., Erosional or irregulém‘bed

. ™ . -

- -
contacts are relatively minor ( 10X} and mainly restricted to ‘-

Gm, Gt, Sh and S1 lithofacies. " S\ . oo

~

‘.

4.3 Lithofacies : - | ‘ | .

Sh,S1 Horizontally stratified and low angle stratified . -

.
a~

sdndstone units constitute over 40% of the observed LT
._lithofacies. Thé léterally extensive units (>400 ﬁ) show little"
variation in thickness across depositional strike. §edimentarj .

Structures in&lude'primary‘current lineation, rTeactivation

. . féurfaces:and minor micro*cross lamination and may signify

- . T -
- . . -

'depésicipn by tide-influenced. traction currents (ﬁlein,'1970).

Green s41ltstone intraclasts, groove and prod marks, and

s chevron structures are typical of these lithofacies (Pl. 17,

fig. 2). Minor soft sediment deformation structures and

climbing ripple lamination record. locally high sedimentation

R ”rates. Sh was frequently observed to pass laterally into Sl
. possibly representing infill of shallow -hollows and scours in
the depositional surface. The. overall sheet geometry and sharp,

~planar basal contacts suggest that these sandstone units are

—

probably tidal and wave reworked products of alluvial floods.

§~" s Sh,S1 may be derived from distal ég:ensions of fan lobes onto

the tidal” flats. Storm éurge ebb currents would be effective
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.lobes. . ‘ _ -

ekh;bited by the Sh, S1 lithofacies (shailow scours outlined by
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' ~

transporting,aggnts for moving snnd‘offsho:e from thene fan

~

‘..'-

top of the Sophia Lake Fm. (Fig. 19), displays open-space

structu%és (gas escape structures?, Pl. 22), green Fi

intraclﬁ%ts,_diqarticulated ostracoderm “fragments, horizontal

burrows and ﬁiplocraﬁerion. Although stratification has been

partially obliterated by .bioturbation and post-aépositional.

diagenesis, the presence of primary current lineation, -
intraclasts'and‘ostrﬁcode;m;fragments, and minor groove casts -

indicate thab'most'of the unit was &eposited undgrfugpgf flow

mt

regime conditions. Load casts, convolute lémﬂnatipn and

bioturbated

rizéns are .common towards the top of the aaic.

[ . . - -

The sequence 1is anomalod ¥y thick (7 m) for tynical Sh, Sl

lithofacies‘and:may répresen_ an nverwash surge deposif'

{(Leatherman, é;:aiu,‘1977).

A brief petrographic descriptf\n for sever@l of the sandv '
dolostone units is summarized in secff/; 4, S and Appendix 1. cf .

-li;hofacies are the second most abundant lithofacies observed in

sections 10, 05 (30%). Basal contacts are.mainly sharp'anh

planar. Most sedimentary structures are similar to those:

intraclasts, reactivation surfanes, minor low angle and trough

‘eross—gtratification, waﬁg'and current ripple marks, micro-cross

A bioturbated thick coarsenfng*upwardisl -bshauni; at the

e



“LITHOLOGIES

“BSILTSTONE
FooLosToNE
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BEDDING STYLE|[.
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SEDIMENTARY
STRUCTURES
& BURROWS
~~MUDCRACKS
° VUGS _
a INTRACLASTS||

LISALT CASTS
=OSTRACODERM,
“FRAGMENTS
~~LOAD CAST [|.
STRUCTURES
~ T-TOOL MARKS]|

Fig. 19: ,Detailed section (10 05) in the fine grained ‘facles -
association. Extension of stratigraphic column to
right reflect's mean graln size. Nearshore mud '£lat
facles are indicated by adjacent vertical bars. o
Sand flat - tidal flat facles represent the other .
major grouping in the fine-grained association (see .

vext for: explanation)



'inclndef sofr‘sediment deformatio étrhctures:(?lu

‘fossils observed in ‘this lithofacies include ostracoderm
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- . ST e X .

-

) lamination and ninox groove sole markings). Sediméntary

structures—forned by processes other[ggki'F?ection currents

8, fig. 1),

soldtion cavities and’ normal gradi g. ' The: solution cavinies

-

- . /
~Pprobably resulted from rhe disswlution of evaporite nodules

h formed under hypersaline conditions (Gibling, ‘'1978). Rare

- -

v,

fragments (Pl. 18, fig. 2) and Ostracoda.

.
-

Ichnofossils recovered in the fine- grained facies

il Lo -

association (predominantly in Ct lithofecies) indicate the'

. gresence of-a Skolithos ichnofacies (Narbonne, pers.comm.,

-f981).f Diplocraterion (pL, 19 'f£ig. 1) is restricted to high

-

energy marine environments (Seilacher, 1968; Narbonne,

pers comm. ) : Polarichnus (Pl. 19 fig. 2) is apparentlv

restricted to intertidal engirOnments (Narbonne et‘al., 1979).

Arenicolites and Lingulichnus may be observed over a broad range

of environments but are most common in the Skolithos and

Cruziana ichnofacies (Narbonne, pers .comm,). Unidentified

vertical and horizontal burrows (Skolithos ' élanoliteséa as

well as, .arthropod: walking trails proved to be environmentally

"_non-diagnostic._ However, the low diversity Skolithos

ichnofacies suggests harsh environmental conditions such as

_tnose.exhibfted in the intertidal zone.

L

The laminated siltstone lithofacles represents

., -,
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approximately 222 of the observed lithofacies in the

fine-grained facies association. ‘Unit thicknesses range from

Y oa

18 cm to 4.6 m (mean -‘J-Z_m). Fl facies contpin sandy—silty“

- -

{,laminae alternating'with clayey laminae and is termed"pinstripe

~

-‘~for-the_bedding,style,

1)

Sedding‘ (P1. 20, fig. 1). TFlaser, lenticnlar'and'wavy bedding :

are the abundant stratification types. Reif and Slatt (1979)

suggested that pinstrfpe bedding is formed in response to

-

moderately fast flowing water with high suspension load: These

‘currents may be,related[to'the distal phases of terrestrial Cea

-~

floods, wave activity and/or tidal influence. Pulsations of

current energy in response to - tidal cycles may account (in part)

Il

. . L -y i -
~ - N . -

kfter a period of current activityﬁwﬁenFsand;is no lqngen :

transported as traction load, suspension sedimentatiOn bnries_”

the substrate under a laver of cohesive mud.. Lenticular bedding

ir

is an example of pinstripe bedding where traction load sediments

are, represented by discontinuous small scale current ripples.

Convoliate laminations, small scale’ slump folds, water

" escape structuresj 1oad casts and flame structures are soft

sediment deformation structures which are particularly abundant’

in the F1 lithofacies. Evidence for shallow water-conditions

*

include mudcracks (Pl. 20, fig. 2); mudchips which have been

‘incorporated'witnin'tractionlload deposits; balite 'and gypsum

casts (?l. 21, £ig. 1);'interference ripples (P1l. 21,lfig. 2);
rounded and double crested ripﬁle mark5' gas escape structures

(dimpled bedding surfaces),-and rare _chaotic' mudstone. The -

-



'-ihterfering growth~and subs¢quent dissolut;on‘qf evaporite .
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‘ disruptiqn_of.ﬁhe laminated sfltstone may have been ‘caused by

. ‘ : .

.minergis;in the muds.

-~ '

Lo

Mottled red-green-siltstone is a minor lithofacies (<3%)

Jassociste& with Fl. Seading“consacts are sharp and planar. The
.units aré'generally.massivé; slthoughﬂfaint'dis:ohted laminae

'ars presen{ in”soﬁs.cases.; flhttenéd:(parallel fo:bedding) vugs
10 = 15 mm- long and green siltstone intraclasts are ubiqui;ous.
The lithofacies probably represents suspension sedimentation in
Asgall pbnds'bn.ﬁhe tidal flats. The mottle@_appearance may .
'pef}étt'subsequent dsying~and movemsnt oé moisture in the nuds
(Gib;ing,'l9f§) or bioturbation. .

AGm

>

Thin, extensive (>400 m) conglomerate untts(coﬁtain

extraformational clasts (dolostone, limestone, chert, siltstone)

.sugéestive of a fiufial influence. .Th;ck units (0.4 - 0.6 m)

d;spiay scour and fill strﬁctures; minor low angle clast
imbrication; isolated'trough cross—-bedding; and intérbedded

horizontally stratified to low angle stratified sandstone

" lenses. The basal contacts are sharpjplanar-to'slightly

erosional, The conglomerate 1is generally frémework—supportgd
and ﬁell.sgrte&.al:hough several units display normal grading

and matfix-supported fabrics near.the tops of the beds. Low

bl
9
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level reworking by waves and tidal currents could have parviTity

liquified the gravel beds. At slack water stagﬁrfings nay have

infiltrated the gravel surface.
The sheet™like, poorly chapneif?ed conglomerate units ~

répresent the distal portions of terrestrial floods derived ffomr

the fan complex. Minor, isolated cross—-bedding may be due to
the aggradation of dunes during the waning stages of flood
conditions.

. - . . M -
- B . . , 9

I b

4.4 Vertical Distribution of Lithofacies

The répresentative section (Figﬁ 19) displays the.
interdigitating nature of the constituent litholbgies in the
fine-grained facies association.. It appeérs that the

-~

lithofacies fé;l ;nfo two broad groups.

In-the firét group, Fl is the. major rock type with

subordinate Cf, Sh, S1 ahd Gm lithofacies. The association of.

Gm beds indicates relative prbximity to  a terrestrial source.
Low energ& bed forﬁs and stratification types characterize this
assemblage, Including normai grading, cli@bing ripple
laminacion,xripple marks and pinstripe bedding. Periods of -
current Sedloaé during mid-tide cycles and/or terrestriallfld;d
episo@es and gigh wave activity fluctuate witﬁ‘pefiodg.dominapéd

-

limited terrestrial floods) and is responsible for the pinstripe

bedding (Pl. 20, fig. 1).

b

An impoverished fauna and deep U-shaped burows (>13 cm)
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eﬁergy bed load transport procesees (Fig. 19). Sedimentary.
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indicate high environmental stresses (Seilacher, 1967). Rere
unit packages show a mudstone/sandstone ratio increasing upwards
in a gradational interbedded manner. Loaded and gradationai

basal contacts are suggestive. of variablé sedimentation rates.

Rapid changes in water depth are reflected by variations in

- paleocurrent data, interference ripples, double-crested ripples

and rounded sjmﬁepricei ripples (Klein, 1975). Evidence of T
repeatee‘drainage end éuﬁaerial‘exposure of thefsediﬁents is.
recorded by wrinkly marks, salt casts, intraelasts, desiccation

and syneresis‘cracks, and gas escape structures. l‘

The assemblage probably formed in the mid to high

intertidal.rone a's mixed mud flats, where there_gere widely

varying conditions of‘sediment supply..'The prograding low
eﬂergy inrertidal flat sequehces.ﬁere'repeateelf iaterrupted ﬁy‘
terrestrial sheetAfloods:end'storm activity. fig. 19
f1llustrates proposed sequences deﬁosired in almixed mud flat

environment.

Sediments in the second group were deposited by higher -

-

structures indicative of shallow, fluctuating water depth are
minor componenté compared to those exhibited in the mixed mud
flat éeciee. .Stronger currents associated with terrestrial
flood episodes, high energy-wave.activity andnasymmetric tidai -
cycles, transported sand derived from the fan complex and high_

intertidal flats into- the intertidal to subtidal zone. The

general absence'of thick ( 2.0 m) winnowed sand bodies may
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: . - .
indicate a small tidal range. Sh Sl lithofaeies alternate with
Ct lithofacies in the second grouping or: sand flat --tidal, flat
- ) ﬁacies, and documents the spasmodic nature of terrigenous influx
| into the carbonate tidal flat environment.. Detrital-carbonate
r was provided by reworking of tidal-flat sediments'and

terrestrial input. Emergence ofvthe sand flats and tidal flats
allowed thin mud drapes to form onlstagnant depressions as t;e
area drained, Current velocity-fluctuations, and shoaling
processes were primary factors in determining changes in.flow
regimes in the. sand flat -_tidal flat zone. TFlat lamination,'
iow angle stratification, ahundant;intraclasts iining\shalien'
erosibnal-scours; primary cnrrent iineation and rare tnol marks--

: are nredominant'sedimentary strnctures in this assémblage 7 ' e

% . | (Fig. 19). The Skolithos ichnofacies is mainly restricted to

; - the sand flat - tidal flat facies and is an’ indicator -of a high‘

energy, marine depositional envirOnment.

éubordinate F1, Fn, St lithoﬁacies reflect sedimentorogical

v -

evidence for shallowing to subaerially exposed conditions

(closely spaced mudcracks, branching and linear syneresis‘

‘"crackS‘ normal grading; flattened, 1ow;amplitude wave rippie

~

-emarks, minor wavy bedding, ‘gas escape structures; flaser

bedding). s
The grouplng of lithofacles fnto mixed mud flat facies and

_.sand flat - tidal flat facie€s canmnot be further subdivided,

) because the vertical succession of lithofacies 1is

unpredictable. Deposition.may have-been affected by a number of

pe
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: ,"“: processes, which.interrupted - yclie sedimentation to produce

..random sequgnées. These inclu terrestrial flood episodes,=~

" major shifts of the depocentres of fan lobes shifted across the *
ro - - fan complex; and storm and normal wave activity. Random

o . _ sequences may be enhanced on low depositional slopes, auq where
_sufsidence and sedimentation are approximately in balance (Daily

Lo . et.al., 1980).

-

.

.4;5‘-Petrography-énd_gebchemistfy of the dolostones .

- -

b

4.5.1"ﬁimsuaﬁd'wéthods-'l

In this-éﬁﬁdj; attempts are made to interpret aepoéitional
environments based on trace element studies published by several
authors (Kfnsmén; 1969; Béfhﬁfét, 1975; Dunham and Olson, - 1980;

; ' . Gibling, 1978; Sibley, 1980; Veizer, 1977; Veizer and Demovic,:
: . . . j\‘:

P 1974; Land et al., 1975).
The .aims. bf this portion of -the study were'to-answer"the

! following questions:

i - )

{ - 1. How ddes the Sr+2 distribution reflect- the lateral - -
! - ‘ variation of facies as well as timing of the

! dolomitization events?

i

; 2. Are there any geoghemical differences between
| _ , lithofacies constituting the low intertidalite
o - . " assemblage or sand flat - tidal flat package and the
: "high intertidalite assemblage or mixed mudflat package?
Gross petrographic, sedimentological and paleontological

descriptibns of the samples taken from the tidalite sequence are

summarized in Appendix 1. It 1s clear that there are no
distinguishing characteristics in the Ho;ostone lithofacies to

separate the mixed mud flat facies assemblage from the sand

-

-

[ U U
i
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_were stained:inga SOIutioa of 0.2% hydrochloric acid,\O.Szf

S e e A o aa

-

flat - tidal flat f&hies assemblage._‘

Care was’ taken dn selectiug samples with little (30 - 60%)

. a . -

siliciclasttc material -and no carbonate clasts. Thin seetionsl3

*
- “\ ~ ‘; -
. e

potaasiem‘rerrotyanideland 0.2% alizarin red S. Resuiting
stained mineréra.ihcluded: Fel+-free ca}cite (red), Fe2*t-rich
calcite (purple), Fel+-free dolomite (colqurless, and Fe2+-rich
dolomite'(dark blue - turquoise) L . ) T

.. The corresponding roek samples vwere powdered using the jaw
crusher, plate crusher and shatter box. Approximately 1 g of
each sample was treated with QZ kvlv) HCI odernight. The

solutions were filterediinto 50 mi. volumetric flasks.

Insoluble residue (1. R_) was determined gravimetrically after

.

ashing- the filter paper at 900°C for two hours. Average

reproducibility w&s 11 relative Z. ‘Mg, Ca, Sr concentrations
were “determined on a~VARIAN-TECHTRON AAS-GR. Mg and Ca were

processed.through an air-acetylene- flame, and Sr in a nitrous

‘oxide flame. Sr (N0352Wwaswadded to samples and calibration

solutions for Ca and Mg determinations. Concentrations were

- recalculated on -a total carbonate basis. Average accuracy of

element determinations compared to standard rock samples was 8.3

relative %

T 4.5.2 Petrography

Examination.of the thirteen thin sections revealed ’

N
petrographic evidence for "late diagenetic” replacement textu€§5ﬁ¢

-
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and nineral transformations. -Dolomitization proceeded‘&long_

Sequehtial steps:

L .

1. Réplacement_of'finé-grained‘&éfrix; probably in a near

surface environment (Folk, 1974). Fiﬁely crystaliine, sabhedral

v

dolomite rhomb cores contain cryptocrystalline inclusions,
giving the crystals a cioudy-centered;épped;ance, Folk and Land

(1975) suggested that in solutions of high salinity, rapidly

-~

formed dolomite incorporates a variety of ion species which are

'hastily' c¢rammed into the ct&stal lattice.- Severél of these

‘cores.appear roundéd, implying local reworkiﬁg on'the':idql
flats bf-traction currents. .Thg h;gh siliciciastic content
(30'4 éOZ) indic;tes that detrital dolomite is‘probagly a

significané Eomponent of these rocﬁs;_ Whether the doleomite was

' predominantly from the erosion of older source rocks or forﬁgd

2

s

I N

within the depositional basin is unknown. Reworkiang of early -

) formed dolomite in landward parts of the tidal flats probably

1

provided most-of the detrital dolomite. Gibling (1978) made

similar observations for the Peel S¢uhqum. and Somerset Island

. 13
[ .

Fm., on Somerset Island. A 1ocal_source 1s consistent with the..
limited inpﬁq of the uplift area at that time (5% gravels).

2. Enlargement of rhombic crystzls in the matrix with the

¥

formation of ir?n-free, clearer outer rims on the dolomite _
crystals. The syntaxial rims may reflect gradually changing

.diagenetic solutions (Lumsden and Chimahusky, 1980). Folk
[ & T ’
(1974) suggested that increased influence of meteoric water with

lower lonic strength would result in fewer lattice impurities in

-
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the crystal. The clear euhedral rims may be growing in
diagenetic fluids that are undersaturated with respedt to
calcite,iﬁéﬁce cé}cite inclusions;ihat may be present in the

"dolomite cores are excluded from continued growth (Siblevy,
1980). - |

3. Iron-rich dqlomife rims superimposed on iron—f;ee rims
and coarse-grained iron-rich dolomite infilling voids. ‘Meteoric
waters may'have éignificant Fe and Mn, 1f there is ; ready
source of iron. Examination of the'thié sections fevealed.
traces to 2% ircon oxides. Fe is iIincorporated into the dolomite
‘cr§stal undef? reducing éonditionS'(Eolk,.197&).

4. Late-stage ‘infilling of intercrystailine porosity by

. sparry calcite. Euhedral dolomite rhombs appear to 'float' in

‘coarse iron-free calcite patc@es; however, no enlargements in
the rhombs were observed., Folk and Land {1975) obse&yed that
once Mg/Ca ;atios drop below 1:1 to 1:10, sparry célcite is the
typical cement formed by meteoric waters. Sibley (1980)
suggested that in a-marginal;mariﬂe regressive sequence, once
there is sufficient P.y2 in meteoric ground water,
dolomitization_gill cease and residuval calcium carbonate wiLl be
involved in sélution-precipitatidﬁ phenoﬁena te form low
magnesium calcite.

The petrography records progressive changes in carbonate
mineraleogy in response to the chemical evo%ution of the
diagénetic fluids. This occurred as the influence in the mixing

zoﬁe became subordinate to the influence of meteoric wéter,
. : o -

b

B L
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which is consistent with the progrégacional nature of the

clastic sequence. .

.

4.5.3 Geochemistry of the dolostone units

Introduction

Tidal flat envirounments are transitional between marine and
meteoric conditions. .Fo;k andlLand (19?5)_des€;23§$ a
schizohaline dolomitization model involving rapid changes in
salinit?.

The low io;ic strength of meteoric waters ana a readily

available source of Mg2+ (sea water) favour dolomitization of

carbonate muds. The mixing zone may be related to successive

shoaking cycles controlled by episodic tectonic processes. - Thus
dolomite formationm should display a close spatial relationship

to local paléogeography (Davies, 1978). The driving force for

» -

R .
the mixing zone nmay also be influenced by local evaporation of

the upper part of the fresh water lens, eustatic changes in sea

level and variations of the inflow and recharge of the fresh

water aquifer (Folk and Land , 1975; Davies, 1978).

Dolomitization processeés in the schizohaline environment

require the following conditions:’

1. a sufficient source of Hé2+ to enable dolonitization to
proceed.

© -
L]

2. a driving mechanism to move large volumes of water
- through the rock. {(Davies, 1978). :

These processes include capillary concentration, the flood
recharge and evaporative "reflux” model (Gibling, 1978). In

3

these cases, dolomite formation occurs in response to the

[}
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regction of CaCo3 with hypersaline brines. Dolomitization is
'rap d and near the water - sediment interface. . "Early

diagenetic” dolostone is formed'from>an aragonite precursor
— .
prior to tnversion to calcite (Veizer et.al., 1978). "Late

diagenetic‘ dolostone is formed from calcite (Veizer et al.,

1978), and“is characteristic of the-mixed—water or schizohaline
. : : -t : .

dolomitization model. : The mixing water zones may be.close.both
'laterally and vertically to hypersaline environments (Dnnham andl
Olson, 1980) : S | -

Veizer and Demovic {1974) provided evidence to conclude
that the bimodal distribution of Sr observedrin ‘ancient : .
limestones is facies dependent (1i. e..controlled bv the l
mineralogy and trace’ element content of the original sedimentl.

Chemical studies of -the dolostone units together with

Sedimentological'and petrographic studies (Appendix 1) may
proﬁide valuable infornation for understanding carbonate

-

‘dizgenesis. The chemical results are tabulated in'Appendix 2.

Insoluble Residue

ad

The variationsiof the non-carbonate fraction are presented $
) in Fig. 20. The overall nean I.R. countent 1s 54,3%. There is ~
. no significanc difference in the means between the mixed mud
- flat.facies and the sand flat ~ tidal flat facies (students'
t-test; 95% leyel of significance). . The percentage of detrital
silicate constituents cannotibe utilized to distinguish
dolostonea.from either grouo. o

Linear regression analysis yielded a ‘high poaitive

correlation goefficient value {r = 0.777) for I.R. amd Mg+2data.

S



FREQUENCY

40 60 80
(%) |
HISTOGRAM- OF THE INSOLUBLE RESIDUE" CONTENTS
L

Fig. 20: Dolostone samples obtained from the Cf lithofacies in
. the fine-grained f:a'cies associgtion." o
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The positive correlation between iqsd}uble residue &ﬁd'magnesium

. L. r

'may indicate that some mggﬂésium'wgs derived_frqq the ﬁcidﬁ

',ieaching'pf clay mineral silicates such as chlp&;fé,

-~

‘Strontium - . . = )

"__Bathurst (1975), Kinsman (1969) and othérfaufhdrslhave_
néted?fhat trace honceqtrations of étrontium.pffer clueé te the
diagenetic. history of carbonate minerals. Most work has

utilized Sr as a trace because of its impo;iancenas a

" constituent. in the predkrsor carbpnate“sedihent (Lénd,-IQSO)..'

Because of relative ionic sizes, strontium substitutes for Ca

and Mg positions in dolomite'and caleite. This is refiécteé.by

Qweak'negétive.cdrrelatioh,between‘Ca and Sr, and between Mg and

"u

wpolycompﬁnent_carbcnate rock depends on its relative proportion

. Sr.

- (Mg,St) ; r = -0,394
" (Ca,Sr) ; r = —-0.226

Veizer ‘et al. (1978) noted that because Sr .content in a

of calcite and dolomite,. it is convenient to discuss data in

terms of Sr/Ca. This data will correct for possible

_mineralogical'inhomogeneities; “The bimodal disfribution'of

Sr/Ca in limestones is‘facies—dependeﬁ; (Veizer and Demovic,
1974).  Low Sr/Ca values in littoral zomes may in-part reflect
loss~of strontiun after transformations from aragonitg.té low

magnesium calcite, and also more effective diffusion in zones

. P

with substantial grain surfaces (Pingitore, 1978).

High Sr/Ca values characterize hypersaline nuds, which have

lower effective diffusion rates and high aragonite content.
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Veizer and Demovic (197&) concluded that; earLy" diagenetic'

dolomites frequently had 1000 Sr/Ca ratios greater than 0.4.

b

_Dolomite probably formed by the dolomitization of aragonite

. [ t ','_
undq; conditions of high salinity (Veizer et.al., 1978; Gibling,'
1978). - e .'" . o e

. * .

Insoluble residue content and 1000 Sr/Cs values possess a
strong negative correlation {r = -0. 795).- If insoluble residue

contents are indicative of prorimitv to source, il.e. .zones

linfluenced by meteoric water, then the lower 1000 Sr/Ca values

~

may reflect the dominance of the schizohaline dolomitization

model. High 1000 Sr/Cs'velues.and loéwinsoluble residue

»

_coutents favour an early disgenetic dolomitiiationumodel. Fig.

’

21 d;splays;data_which permit the interpretation,tnat both

' . ) . -
models were operative. TFig. 22 shows an uvpward trend.in

“decreased 1000 sr/Ca values; probably indicative of increased

fresh water influence; : e -

1000 Sr/Ce values cannot be utilized to distinguish mixed
mud flat facles from sand flat - tidal flat facies. The values
likely correspond to the "trsnsitional$ diagenetic dolostones‘of
Veizer aneremovic (1974).

| Therefore,.dolomite probaolj'forped in an "early”
diagenetic, hypersaline orlhyposaline environment, oug.the
chemical character has been modified;b? leter postrdeoositionai
stages of diagenesis. This is especially evident In light:of
the sedimentologicel and petrographic'date provided in the .

previous sections in this chapter.
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~* TRACE ELEMENT GEOCHEMISTRY OF THE
TIDALITE SEQUENCE, SNOWEBLIND BAY FM
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1000 Sr/Ca (wt.) values in the fine-grained facies
association. See Fig, 19 for corresponding
lithological log. '
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4.6 Depositional Environment L

The fine-grained fap}es:association is innerprqtéd as an

-

infertidaiite_succession. .Litﬁéfacies‘include} 1. sedisentsl

deposited as wave —:and‘susrent -~ generated trdctiosnload;

2. sediments déposised as slapk-;éter suspension sediments,
Deposition o£ finés_in shallow water may be related to the

frictional ioss_of.wa;e agd current enefgf during:pgssage'iﬁto

shelteres;parts_sf‘éhe tidsl flat (Daily et;al., 1980} .

' o , -
stroné'csrren; re-working is unable to return to .the landward
port;sns'of ;héltigal fla;s-(mixéd.mud flats). This ﬁypophesis
predicﬁs a-ffning sﬁoreward and apwards in the segrgss;ve

#ida;;té-sequencet Unfortunately onl& ths bassl 60 m of the

- Snowblind Bay‘Fm..cbuld belobsersed and this trend could not be-;

- . . . -,

aséertained

Horizbntally lamiuated sandstones and’ dolostones display

. Scattered unimodal paleocurrent directions (fig. 17) with only

rare bimodality refﬁected in small scale structures

-

(reactivatipn surfaces; micro-cross laminstion). The . defective

bimodality observed.iﬁ :he sedimentar&!structures may‘fefléct

N

one or a combination of several. processes -that are operative in

this environment.
1. The dominant constructionalqphasé is‘the ebb-tidal

current. Asymmetry of the tidal ellipsé would indicate

that subordinate currents  were not strong enough?ts.
. \ L . .
. reverse the bedforms (De Raaf and Boersma, 1971).

. oma T
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7;\ 2. Bedforms may display partiél revefshl:ag the highest
poiﬁc'of‘the structure which has the lowest
- preservation potéﬁtial. Reactivation sErfages méy

. . also;form by "wave reworking or‘repfeéént

| convex~upwards set boﬁndarigg {;rme¢5b§ eroding leeéidéq
eddies of adva&éing superiméosed méga;ipples (Levell,
1980). CoL ) :

3. Tidal currents nay be reiﬁforced by another current
system (eg. terrestriai'floods; tidal”rgnge is
insuffigieﬂt to refgrse flow dire;tions during pericds-

of high.térrestrial‘discharge).

~ 1f large volumes of sediment were derived from an active

P

prograding fan complex and wave-, or tidally-reworked inactive

fans, an accreting barrier spﬁ' shore line may have existed
during deposition of the Snowblind Bay Fm. The develpﬁhent of -~
barrier islands is enhanced by the following conditions

(Reinson, 1979):

l. low gradient continental shelf adj;ceq; to a low-relief
coastal plain

2. abundant sediment supply

3.  nmoderate to low tidal range f‘

The absence 6f deep tidal channels in the intertidal flats
suggests a small tidal range (Tankard ‘and Hobday, 1977), since

the-quantity of water removed from the tidal flats would have

-
-
- T,

"been small. Thefscattered, weakly unimodal paleocurrent

‘ @irectfbns poiﬁts out that the tidal range was not sufficient to .

revers?’bedforms during periods of high terrestrial floods.
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Furthermore, the cloee‘vertlcal'assocfation of marine'and
nonmarine elements on a high—gradient depositional surface.
(proximal to fan complex) indicates a: low tidal range.

Nonmarine or supratidal elements (Gm, desiccated,Fl, Fm)

commonly overlie (<2 m) lithofacies contaiocing trace fossils of .

marine affinity (e.g. Diplocraterion).”*
" Microtidal barrier islands (tidal range <2 m) gend Lo be
long-and linear with extedsive storm washover features because

. . . . - -
tidal inlets are not large enough for storm surge flow (Reinson,

.

1979) During'Snowblind ch time,'barriers were frequently.

_overwashed and storm surge deposition took place on the

»

intertidal flats and subaerial fan complex (e.g.‘Cf unit in the

conglomerate—sandstone'facies.associationﬁ. Because of the high

gradient depositional slope, theré”was no wide surface. for

enhanced tidal inlec J&;ﬂo?ﬁmﬁt S

-

" The barrier island complex was presumarly extensively
eroded by strongly varying terrestrial discharge and by wave
processes inundating inactiye tracts as the locus of eeddment
supoly shirred (Hidedand_ﬁoochroyd, 1978).

In summary, the_ffne-grained facles association exhibits
features indicative of idtertidal depositioc. Aowever' other
geologice processes_including'terrestrial floods and storm wave
activity occurred at variocs times duriné the’depositioc of the
sequence. This is‘signified.by the presence of sheet-like

conglomerate and sandstone units, wave Tipple cross -
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stratification,'and abundgnée of upper flow regime sedimengary

strucures in the dominant Sh, S1, and Cf lithofacies ijthé:

fine-grained facles association.

CEN

PR e 3
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Plate 17.

“Fig. 1.~ 0blique aerial view of the fine-grained facies
...assocliation at Read Bay. Note sheet-like geometry of
“constituent lithofacies. Cliff exposure is
approximately 30 m high.

Chevron structure,groove and prod marks. The large
prod- mark and chevron structu show a paleoccurrent "
direction towards the -bottom of the photograph. Scale
is in mm. Location at section 10. '
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Fig,hl.'fSoft;se&iméﬂt defordation structures in Cf unit. Note
' " box-shaped flame structures and load casts above scale

. ﬁ (lﬁwcm)..ﬁPOSSiblezwater escape structures in strata
adjacent to the scale. "Location at section 05.
. ~ .
. Y

‘" - Fig. 2. -Ostracoderm head -shield recovered from scree 100 m east
. @ :

of section 10. Scale is in mm. View is on bed top.
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" Fig. 1. Deep U-shaped burrows (Diplocraterion) with retrusive

spreite. Scale adjacenc to large burrow is 14 cm
long. - Location at section 05; unic 028.

LLN

-

Fig. 2. Polarichnus, an intertidalite trace fossil, in basal

scree at section 10, Pen is 15 cm long. Other traces
may be Lingulichnus (bottom of photograph). '

e
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- Plate 20

fig. 1. Pinstripe bedding in Fl lithofacieé at section 05,
including lenticular and wavy varieties. Note rippled
sandstone lenses above the pen (14 cm). - -

Fig. 2. Rounded, bifurcating ripplé ¢rests display syneresis
cracks. Silt-infilled trough areas. Lens cap 1s 6 cm
diameter. Location at section 10;,unit 005.
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_Plate 21

. Fig.)l. Syﬁﬁecrical‘tipple‘marks in Fl lithofacies.‘”Crééts_
~ ' - 'were. preferentially hematitized (dark). Note abundant
salt casts. ScaLe is in oW. Location at section 05.

Fig. 2. Interference ripple marks. The two sets are at
L approximately 90° to each other. . Note double-crested
g ‘nature of the smaller ripple marks. Scale is in mm.
' - Location at section 05.

o
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Plate 22
| - . Vugs are partially infilled with sparite cement in a Sh
unit. Lens cap is 6 c¢m diameter. Location at site 10.
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‘Chapter-v ™
PALEOENVIRONMENTAL RECONSTRUCTION OoF SiLURO-DEVONI&N.

CLASTIC WEDGES. IN THE BOOTHIA UPLIFT REGION

5.1 INTRQDUCTION

In this chapter the paleocurrent data, lithofacles

P distributions and paleodispersaiﬁtrends are integrated to

' reconstruct the paleogeography 'of the Snowblind Bay Formation in -

~

the study area. Sediﬁent dispersal patterns are based on:

1; lateral changes in mean clast size *

2. changes in scale and type of sedimentary structures

3. changes %n bedding stvles and bed Fhickngsses
Primary sedimentary structures are indicators‘&f depositional
pProcesses and signifyﬁchanges in flow éegime during‘the
development of the clastic wedge..

The second part of this chaﬁter is a review of other
Siluro-Devonian clastic.wedges bordering the Boothia Uplift.
Sedimentological comparigons of the Snowb1ind‘Bay, Peel Sound
and Priace Alfred Formations are discusséd. -Régional evolutioq
of the clastic wedges 1s examined im the light of recent’ work -

published by Gibling, 1978; Miall, 1969; Kerr, 1977; Miall and

Gibling, 1978; Morrow and Kerr, 1977; and Thorsteinsson, 1980.

5.2 ‘PALEOGEOGRAPHIC EVOLUTION OF THE SNOWBLIND BAY FORMATION 

The coarsening-upward Snowblind Bay Formation is

n Y
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intefpreted as a subaerial alluvial fan complex’ that prograded

oyér,aitidalite_sequence (Fig. 23) on*the basis of data in

LG

-previous chapters.

Alluvial-fans:ghich build into a standing body of water -

_hgve been termed fan deltas (Brown et al., 1973). Rust (1979)

. .

suggested tﬁat“;heée bodies should be called coastal fan
complexes where they form principally in response to tectonism

in the adjacent highlands.

Directional features in the conglomerate facies association

were measured mainly from clast imbrication studies om Gm unit-
bedding surfaces (Appendixn35. Dispersal of the sediment in a
radiating‘pattern'ié evident in Fig. 5. Aasourcé area tp the

north or northwest Eg indicated. This hypothesis 1is

~ substantiated by the discovery of three graptolite-bearing

clésﬁé in sections 02, 03. _Thoféteinsson (1980) éuégestéd that
the most probable source of fhe'cheft and gréptolite—bearing
clasts is the Cape Phillips Formatibh'whigh is exposed north and
west of the Snowblind Bay bemation. The radiating;disperéal
gattern is céﬁsistgnt with the distribution of facies -
assoclations, Tgflecting a2 south - southeastward shift of the
source area (Figs, 5, 17). Sandstone clasts wéEe probably.

derived from the erosion of the alluvial fan‘distal equivalent

lithofacies (i.e. fine-grained facles association; conglomerate-—.

sandstone facies association) as the fan complex prograded
southward. Downslope trends display a distinct decrease in

clast size, ratio of conglomerate to other lithoiogy types, and

[ o S e e e —— e B e LR T et Lo L .

eieas g
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LONGITUDINAL SECTION
PARALLEL TO FAN AXIS

[22] Conglomerate Facies Assoc.
Cong.—Ss. - Facies 'Assoc.

: . Fa
D Fine - grained Facies Assoc.

 ameag. Alluvial Currents

— Weak Offshore Currents

——>Wave -Attack

+— Tidal,Longshore Currents

- - Coastline Exposin
Snowbiind  Bay . Em. oD

-

Paleogeographic reconstruction of the Snowblind Bay
Formation (L.Devonian). The coastal fan complex ‘may °
have been fed by an entrenched feeder system following
structural lineaments Iin a side-stepping fault

system. Wave attack directions and marine current
directions are postulated.
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sedimentary unit thickness.(Fig. 2&).': B -

-

The fan complex was likely fed by an entrenched feeder

river. systen which prog;gded sbu;hwards.with progregsive
eplsodic¢ uplift. The radiating dispgrsél pattern 1in the

-

conglomerate facles assoclation was controlled by sheetflood

deposition downslope of the fan intersection points. Section
08, 04 afe proximsl to a fanhead entrenched system for reasons
outlined in Chapt. 2. Paleocurrent directions obtained from

these sections indicate a southerly flow., Stream power was high

-

enough to spread graveligheets through wide, shallow channels on

the proximal fan surface. The crude horizomtal stratification
aud scarcity of avalanche faces in the Gm units suggest that

shallow sheetfloods deposited debfis on a low paleoslope:(Allen,

1981).

"Bed c¢ontacts afe predominantly sharp and flat in the
LI 8 ’
proximal fan environment (Fig. 25). An increased percentage of

erosional, irregular contacts is observed for the conglomerate-

sandstone faciés association (distal fan). Flow probably became

more channelizéd~beéggse of a decrease in sediment concentration
with progressively décfeasiﬁg competéncy (Bull, 1977).
.Paleocurrent data indicates southeasterly transport:d;nact;onsi
away from the source areas (Fig. 17). The data are ﬁnweighted
to ﬁermit the inclusion of azimuths obtained from parting
lineations. Nonetheless, the dispeision patte;n is consistept
with the p}qkimal fan dispersal.patterﬁ (Fig. 5). Unfértunately

measurements were restricted to coastal sections 06, 07, 07A

PEE Y

-t
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SE APPROXIMATE DEPOSITIONAL SLOPE DIRECTION
A{FINE-GR. FACIES assoC. CONG. - SS. FACIES ASSOC. | CONG. FACIES ASSOC.
LOCALITY 10 05 - 06 o7 o8 09
-9 :
- . A @
o, . | e
CLAST . ® - ® R
SIZE =5 ®
(g -3 ®
. .
SED. 31 :
UNIT 2- N .
THICKNESS, |
YO I ' l -
% : ;
LITHOLOGIES =
G |
- ! - )

Fig. 24.

Downslope trends for. maximum particle size,
sedimentary untit thickness, and relative abundance of
lithologies in the Snowblind Bay Formation.

F- = mudstone, siltstone; § = sandstone;

G = conglomerate. Note that section 10 includes an
anomalously thick (7 m) Sh, S1 unit (overwash surge
deposit).
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Snowblind Bay Formation.

. EACIES BED  CONTACTS (%0
' SHARP, EROSIONAL, LOADED  |GRADATIONAL
ASSQCIATION| AT IRREGULAR
CONGLOMERATE] 60.6 181 | e 21.3
. g ‘
- >
- ||CONGLOMERATE| 49,0 330 2.8 :
H-sanpsTone ) ) ,15'1
FINE-GRAINED | 46.0 7.0 10.0 37.0
General abundance of bedwqbntact types in the-
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because of lack of outecrop further inland.

" Proximity to marine influence is indicated by the preéenca

of trace fossils Peolarichnus sp. and Planolites sp., salt casts

and 2 2 - 3 m dolarenite un;t.interpreted't? be a storm surge
deposit: Thelreédér i; referred to Chapt. 3 wﬁere these °
features are descrigedfin detail. fh@réteidsson (1980) reported
the occurrence of mariﬁe‘acanthoﬁian'scalgs and spines in sone 3
pof the conglomerate units. He suggé;ted that their abundance

and lack of weaf‘indiéhté that they could not have been derived

fronm abraded.clasts{' - -

Other doﬁﬁfan'trendé include an increﬁse_in preserved

_ structures formed during low diséhﬁrge flood conditions, im =

particular low angle and trough é}oss;st:étification'as well as
, _ NG ot

E[ripple.énd éiimbing ripple stratification (Figs. 26, 27).

Coarse, graded conglomerate units are abundant in the

- -

,conglomerate‘fééies association. Finer-grained, crudely to

hgrizontélly bedded conglomerate units qre'abundant in the

'gonglomeraté-sandstone facies association, probably representing

broad longitudinal bar deposits. There is an increase in the

percentage of loaded and'gra&ational bed contacts ia the

fihe-grainea facies association. This was a response to tidal’
sedimenfation and the influx of terrestrial sheetfloods into a
low gradient, low.energy tidal zone. Spasmodié terrigenous

input, storm activity, and the migration of fan lobes

'complicated the distribution of facies belts such that the

tidalite sequence was characterized primarily by noncyclic

sedimentation
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NW

B SE APPROXIMATE. DEPOSITIONAL SLOPE DIRECTION I
{FACIES ASSOC] FINE — GRAINED CONG — SANDSTONE CONG,
LOCALITY 10—05 06 o7 08 — 09
["MomizonTaL - - ‘
LOW ANGLE
TROUGH 'CROSS -
RIPPLE  CROSS
CLINDING RIPPLE . il F ———————————

e — e e e e =

INVERSE —NORMAL : ’ P U
NORMAL = e e e e e = =

o= ————

. ABUNDANT
. ————COMMON

Fig. 26. Downslope trends for stratification in the Snowblind
Bay Formation. .(S) represents grading in sandstones.

(G) represents grading of clast size-in conglomerate
unitg. 7 - ’

s
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The Snowblind Bay £an‘complek displays:?

l. '.rapidly decreasing grain size downslope

2. _evidence for- syntectonic activity
3. vrestricted areal distribution; radiating dispersal
. pattern parallel to the paleoslope - ‘

4, ‘"thick, local accumulation
5. rapid facies changes downslope

6. Hpresence of ephemeral lacugtrine deposits in the
conglomerate facies association

The apparent lack of entrenched fanhead.chanae; deposits
and debris'flow units may be explaicea by the‘intreformational
erosion of the proximal fanfdeposits, as the regressive,clastic'
wedge‘oeilt out southware.and‘eoetheastware. o

fable‘z sunmarizes the sedimentologicai and stratfgraphic'
characteristics for the Snowblind Bay Formation. | | . *

Although the e¢lastic wedge flanks an uplifted source area,
the succession does not appear to be directly related to a fault

scarp. The fan complex may have been fed by entrenched trunk

stream systems to, the north or northwest,

-

The Cape Hotham Anticline is a ﬁqrth-trending, 50 km long
structural complex of counnected anticlines which can be traced
into the study area by a series of steeply dipping faults and
offsett{pg cross-faults.(Figs, 28, 29). Coarse detritus may
have been channeled into.feeder caﬁyoné following_parallel
structoral lineaments into a block faulted structural
re-eatraat; An episodic but increasing rate ofiup;ifttin the.
Source area to the ﬁqrth and nortﬁwest provided a

greater abundance of eroded debris through time. The ==

encroachment of progressively coarser-grained sediment over the

tidalite sequence implies increabed slopes and subsequeet fan -
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Fig. 27. Downslope trends .f.or sedimentary.'st_ructures in the
Snowblind Bay Formatdion. ‘
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Table 2 Stratigraphic and sedimentological characteristics
of the Snowblind Bay Formation

i
»

1. The asymmetric distribution of the facies assoclations

indicates-that the proximal subaerial fan unconformably
) overlies older strata.

-

2. Subaerial fan 6versteps marine deposits. .
3. Depositional sequence coarsens upwards.
4@- -Subaerial fan is essentially composed of stream deposits.

-No caliche development. Debris flow deposits are absent. .

5. Drab coloured, horizontally-stratified Gm units pass
downfan into distal cross—stratified pebbly sandstone and
finer-grained Gm units organized in distinct fluvial
cycles. :

6. Presence of wave-reworked, matrix-supported conglomerate

units in the fine-grained facies association (tidalite
sequence).

7. Dire;tional features on subaerial fan complex indicate
source to the north, northwest.

[

8. |, Sheet-style sedimentation; Cy, CUFU, FU segquences
¢+ digplay evidence for tectonic, concrol of sedimentation
\axprocesses. : =

\

\
A
?

i
t
-
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progradation (Fig. 23). A feeder trunk system ‘would be -

particularly effective in tfansmitting the influence of tectonic
. _ . \

and climatic processes, as torrential rainstorms in the

highlands triggered floodwateré which spread out onto thé.fan N

surface beyond the inter;ectidn'point.
Evidence for an east-west trending faultAtharlp#ovided'then
source of terfigenous detritus is cbnjebtu:al; Anlexfegsioﬁ of
the Snowﬁlind Anti;line as a liheameﬂF in Ehe L#ﬁra'ﬁakes'region
(Figs. 28, 29) iapproximate%y 4 km north bf the Snowblind Bay
.Formatioh-ﬁaﬁ representfa pogsible faﬁl; zoﬁe. “ This lineament

réughly co;ntides with the major eaé;éwest_silu;ian facies
boundapy thch:ééparéxeé the basinal sediments éf Fhé Cape
Phillips Fm. to the north from ?hg platférm Carbona;es of the
Read Bay Gr;up (Fig. 2). This may-inAicaté'tﬁat the break. in
the deposit&§n#l éiope was'felated.to older lines of Geakness in
. the ba%ement structure. Vertical reacéivation_of‘this
- structural weakness(es) may havg'érovided'apVupliéped northerly
sou%ée‘are; for se@fments of the Snowblind Bay Formation.
NBedrock-is not well expoéed in the Laura Lakes region and
‘an east-west fauf: zdﬁe with‘signifiéant'strucgtral religf has
ﬁot been mapped‘by previous workers (Thorsteinsson, 1958;
Thqfspeinsson and Kerr, lQG&;,Thorstéinsson, 1980). _Minor
WSW-E&E'faults which parallel the trend of the Advance Bluff
”_Syncline have been documented in the Laura Lakes area
—(Thorsteinsson-and Kerr, 1968). Whether these faults mark

-

reactivation sites of an older fault system is speculation at
N . .

this time, ‘ _ -

‘\\
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"STRUCTURAL { .
PROVINCES

6 | svERORUP BaSIN

5 CENTRAL
ELLESMERE FB.

4 PARRY
ISLANDS FB.

3 | ARCTIC
PLATFORM

124 CORNWALLIS FB.

HIA UPLIFT -

4 |BOCTHIA HORST

SYMBOLS

.~ STRUCTURAL .
PROVINCE
e BOUNDARY

a——

STRUCTURAL
LINEAMENT

: - :

Fig. 28. Cornwallis Fold Belt and surrounding structural’

) prbvinces (modified after Kerr, 1977; Thorsteinsson
and Xérr, 1968). Note en echelon north-south trending
structural lineaments. Structures prominent in the
study area are shown in Fig. 29. ~ :

-
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Snowblind Bay. Fm.
Sophia Lake Fm.

@1es

Barlow InIet,DOI_.tro Fms.

‘Cape Phillips Fm.

‘O_rdO\_fician strata .
- KM !9

SBIEI

Fig. 29. Structural lineaments in the study a¥ea. Solid dots
‘ on ‘the downthrown sides of faults where direction of
movement is known.  Anticlines (diverging arrows) and
synclines (converging arrows) plunge in the direction
-designated by arrows. ' = :
1. Laura Lakes region, in the vicinity of the
. Silurian shelf-basin facles change - 7
2. Advance Bluff Syncline
3. Cape Hotham Anticline .
4. Snowblind Anticline
5. Centre Anticline

- “(Modified after iﬁorateinsson and Kerr, 1968;
Thorsteinsson, 1980). ' :

-
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“5.3 CORRELATION WITH- OTHER SILURO -DEVONIAN CLASTIC WEDGES
' . BORDERING THE BOOTHIA UPLIFT

-;$:5;311 Stratigraphy
- -

The .Lornwallis Fold Belt srructure was primarily.formed by

-distinct periods of uplift during the Upper Silurian to Middle‘

Devonian fhterval (Kerr, 1977).  The strongest tectonic episode

occurred in earliest ‘Devonian time aepclastic Qedges ef
synorogeniekand.post—orogenié origin including sediments
eompoeing the Peel Sound Fp,, Snewblind Bay F%., and Prince-
Alfred Fm. were_derived-from the  Bbothia Uplift region.”

' Depositionloceurred in marginal basinal depocenters

(extramontane basins) developed within the, flanking sags of che'

uplift.mix )

The.loeations'of the-clasbie-we&gee-ere shown in Fig. 30.

1. Peel 'Sound Fm.
'~ (Prince of Wales Isla%d)'

The Peel Sound Fm. 1is divided inro;two members (Miall,

. . ’ - S
19702). The lower member on Prince of Wales Island is mainly

ieomppsed of thick grey-yellow conglomerate units interbedded.

with red sandstone, siltstone and ergillaceouS and fossiliferous -

limestone (Miall, 1969). The base of the Peel Sound Fm. is
-defined at‘the appearance of the first extensive clastic

horizon, which 1is either red sandstone or thin, small-pebble

conglomerate (Miall, 1969). .Several marine limestone beds occur

above the first conglomerate horizon. The lower member on the

east coast 1s approximately 450 m thick (Thorsteinsson, 1981).

It is unconformably overlain by the upper member. The base of

O
..
<

v it
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the Upper Peel Sound Fm. was defined by Miall (1970([b]) on the

following criteria: v

a) An abrupt “increase in clast size from 6-25 cm’ to
100 em. - "

b) Marked change in pebble lithologies (oligomictic ©
conglomerates to polymictic conglomerates) .

e) Disappearancg of shale and limestone beds.
Miall (1969) divided ‘the uﬁper menmber (approximately 300 m

fhick) into five facies associations:

a) Conglomerate facles association (>90% conglomerate) e
) b) Conglomerate—~sandstone facles association (10 - 90% o
CHP conglomerate)

¢) Sandstone facies association
L . d) . Sandstone—-carbonate facies associatién -
. oL e) Carbonate facies associaticn:H .

TR -}7 The latter association is now-included in the Drake Bay Fm., the
. - ;-'l;-Western facies equivalent of ‘both " wembers of the Peel Sound Fm.
: - - ' —
cLo T (Mta and ‘Gibling, 1978).

The clastic wedge was depogited as an alluvial fan complex
ﬂ-gassing westwards to.f%é predominantly carbonate sequence of the

Drake Bay Fu. (Miall, 1970[b]).

2. Peel Sound Fm;
Somerset Island Fm.

{(Somerset Island)

The Somerset Island Fm. is probably time-correlative with

- the Lower Peel Sound Fm. on Prince of Wales Island, but lacks
the abundant pebble conglomerate and sandstone which
characterizes the:latter sequence (Miall and Gibling, 1978).
‘The basal'cantact'pf the Somerset Island Fm. is marked by a
sharp changelfrom a?gillaceous and bioclastiq limes£0nes.(Douro
Fm.) to planar-bedded, sandy dolomitic'rocks (Thorsteinssog,

}
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1980). The Somerset Island Fm contains subsidiary amounts of

dolomitic siltstone, sandstone,-limeggone and shale, with

abundant tidal flat cﬁaracteristics such as salt casts,

wave- generated ripple narks, desiccation cracks, restricted o

-
*

fauna and various formsiof tida;ite bedding (Gibling, 1978)

LY

The sequence_ranges in -thickness from 150 tg 30

Kerr, 1977). . .

Thevbase of the Peel Sound Fm, on the east flank of the

Boothia’ Uplift is marked by the incoming of the first pro i ent

. R

cross-strntified sandstpne‘unit (Miall and Kerr;y 1977). Fpur

informal members, some of which are, in yart lateral

-~

equivalents (?ig. 31) are based on the work of Brown et al.,

-~

(1969) and Miall and Gibling {1978).

a), Sandstone, siltstone (60 - 400 mz with minor -
conglomerate units, probably deposited in & braided

” stream environment.
I oo ™~ -7 .
b) "Oligomictic conglomerate (280" m), which may represent_
o alluvial fan or proximal_braided stream deposTEsYy

. ' -

- c) Pebbly sandstone, Eonglomerate, sandstone (240 m),
which may have been formed by large sand waves in a
trunk river environment or a mixed ffnvial and eclfian
environment. 7 ‘

- . N

Loa)y Polymictic conglomerate (120 m) probably representing

- alluvial fan -deposits. - :

Lateral transitions of thﬂ members may take place in

l':

.distanqes of less ‘than 19 km, but generally-indicate that

- gradual encroaehnent.of progreSSiveky coarser clastic sediments

5bccurred from west to east (Hiall and Kerr, 1977}.

- Thorsteinsson {1980) snggested that the polymictic conglomerate

\
member everynhere-unconformably;overlies the three*lower

.
B
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Comparison of the Peel Sound Fm. on either side of the

Boothia Uplift. RBF = Read Bay Fm. (Douro Fam.;
Thorsteinsson, .1980) SIF = Somerset Island Fnm.

F-= Facies as in Sandstone - Carbonate,

nglomerate Facles on Prince of Wales lsland.

Miall and Gibling, 1978).

Sandstone and

-

(After
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- I Y ‘ ' : &
informal members defined by Miall aund Gibling, (1978). He
arguedithgt the pbiymiptlc conglomerate unit can be correlated

with the upper member of ‘the Peel Sound Fﬁ. on Prince of Wales

Island, on the basis of lithology and stratigraphic positiopﬁ

Furthermore he equated the lower three informal members to the

'lower member based on gross lithological similarity, .

stratigraphic position,- and Pridolian faunal elements.” The time .

. - i : ' .
interval represented by the lower member - upper member

unconformity is unknown due to lack of biostfﬁtigraﬁhic

. contral. The régional extent of the unconformity may, in fact,

be restricted to the proximal areas of the Boothia Uplift -

: depocenters-and'could simply reflect localized‘éyntecuonic -

-~

influences on sédimentation, similar to the CUFU sequences'

observed in the Snowblind Bay Fm.

3. Prince Alfred Fm.
: Sutherland River Fm.

The Sutherland RiverlFm.-is“an approx}ﬁétely 135 m thick
sequence of alternating siltstone; and dolosténes
tThorsteinsson, 1980). The.basal contact Es.cbnformable on the
darker coloured, recessive dologﬁones of the Devon islanﬁ Fm.
Beds in ‘the Sutherlaﬁd River Fm. are éasily distinguishéd from
the underl;ing.Devon Island Fm. by their resistant, lighter
‘boioured nature (ihgigteinssqn, 1980). The sequence was

. . " [}
likely deﬁésited in an Intertidal environment and 1is notably

barren of faunal elements (Morrow and Kerr, 1977). " The Prince

Alfred Fm. is a markedly resistant unit that disconformably

. overlies' the Sutherland River Fm, It .consists primarily of

(NW Devon Island) . . o "
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sandstone, minor congloméf#te and dolomite, with thin mudstone

beds. The outecrop distri ibn.pattern,ﬁas only beén examined

-

at Prince Alfred“Bay and further studies are required. g

The clastic sequerce displays 'a decrease in tHigkness

towards the easg flank of the Boothia ﬁpiift from the.Suthérland

-

-

River area, probably as a resdl; of the nortﬁwestwarq decrease.
in'Briginal HepoSiti nék_;hickﬁeés.ahq to~§re-Disap§dinEment Bay
Fm. erosion (Mogrbw and\Kerr, 1977). Co;sequééﬁly, tﬁe
thicknéés estimates for the éequénce range from 0 -36fQ'm.
(Tho}steinsson, 1980). o ..' - ' - ‘ ;'.-
‘.'Fig. 32 represents the proposed éepositiOAQILmodel fo; tﬁe
“Prince Alfred Fm. The silty dol&éitéli;thofalies-is . tidal

flat tongue representing a marine transgression episode in an

hd -

othé?wisérgoarsening-uhﬁard, regressive clastic ﬁedge.

ﬁﬁbr;zpntally-laﬁfpatea; latérallf.égtensive sil;stbne and
sandstone lithofacies gsandstone facies).were presumably
dep;%itéa by shallowrsﬁéet floods &owné;ope of the fan
iantersection poing(s) {Morrow and Kerr, 1977). On this premise,
entrenched fan distributaries are é;stﬁi;;ed to exist in the -
proximaf fan equivalent. Conglomeréée units were interpreied as
;eH:is flood and braided channel deposits (Morrow and_Kerr,
1977). |

Because of‘the possible diachroneity of these sequences,
#nd lack of evidgnce to suggest that the clastic wedges bordered
the entire leng;h of the exposed Boothia Uplift, the remainder

of this chapter will discuss the Peel Sound, Prince Alfred and



e ———— e

134

oo _
WINY Quyludnins

’

%

*(L£61 ‘313 pue #OIIOR 1213W) uorilrsodop aufiew

JOo seale U0 PpaydvOIIUI YITYM .%wamsoo yey TRFADYIE

Ue jOo PIEPM]ISED? UOTIDNIJHUCD UT PII[NSAI SYYL ‘I8N
94l 01 UFRIIS] SNOUTBIUNOW UT 8IJBUOYGIBD DJOZO03T®(
4~ aamol pesodxs sey 33yrdp eIyjoog 8Yj ‘uUOFIRWIOY . a
pPaIJTVy @2ufad a2y jo T[apow Hﬁ:oquﬁwqdwn pasodoxg :zg *87T4

o : | .

HINO100
Av@g kITTY

35015 Arhs

JADI0Q UNy INOLS TN

¢
QYIS NOATT

NEOLS 3dvd

. SIYINAINISIO
QOO1113IHS \
T¥e 43N] . LSNEYINGIHISID

) WY QIHINIYEH]




LE)

. " 135

. L ) hd

‘Snowblind Bay Fms. as distinct stratigraphic packages. A

comparisdn of':hesé clastic wedgesiwill‘be‘made‘under the
subheadings: age, tectonic setting, climate-and

sedimentoleogical observafions.-Al

- . . -

5.3.2 Age
The age of initiation of clastic sedimentatiomn on the

flank's of the Boothia Uplift during Late Silurianm - Early

’ %

Devonian time is based primarily on ostracoderm, coﬁo&ont and |

spore elements listed in Tables 3, 4, 5. Although more data are

required. to ascertain if uplift and subsequent development of =

-~

(local?) c}astic wedges proceeded nqrghwar&s“with time, it
abpears that éoa:se clastic sedimentation began éarliér on
Somerset Island a;d Prince of W;les Isiand (Peel Sound Fm.) than
on Cornwallis Island (Snowbiind Bay Fm.) and Devon Island
(Prince Alfred Fm.).

.The onset of upper Ludlovian clastic sedimentation on

- Prince of Wales Island and 'Somerset Island 1is recorded by the
- Lower Memher'of the.Peel-Sound Fm. as deltaic and barrier beach

deposits west of the Boothia Uplift and by the Somerset Island

"~ Fm. as tidal flat deposits east of the tectonic eiement {Miall

-

and €ibling, 1978; Gibling, 1978). . N
' Thorsteinsson (1980) argued that the deposition-of the J

Lower Member beds in the Peel Sound Fm. may have éxtended past
the late Pridolian, but they were removed by erosion during.a

secondhrise of the uplift. He also postulated that tidal flat

-
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rsédiQenté constituting the lower Lochlo;ian Sophia Lake Fm. are

_related’to the second ;ise of the uplift, based on two‘lihes of

- Y

Fvidence:

-

1) quartz content in the Sophia Lake Fm. increases
southwards towards the source Bopthia Uplift

.

2) Sophia Lake Fm, thins southward (980 m on Baillie
Hamilton Island; 560 m on Cornwallis Island)

On these criteria, Thorsteinsson suggested that the Sophia
Lake Fm. thins Iato the unconforhity between the Lower Pqeil

Sound and Uppér Peel Sound ﬁembersf He postulated that the

1.

Bay Fm., and possibly the Prince Alfred Fm. were coeval.

Howefér there is no b;ost;a£igraphic evidence to suggest that
the Upper Heﬁber of the Peel Scund Formation is younger thén_the
Sophia Lake fm.‘ Fig. 33 summarizeg the tentative |
Silurian;Devonian s;ratigraphy in the Boothia Uplift reéionx
according.Eo-fgorsteinsson (1980).

" Another hypothesis for the timing of the clastic wedges has

been summarized by Kerr (1977), Gibling and Narbonne (1977),

., Gibling :(1978), and Miall and Gibliﬁg (1978). These authors

suggested that the eplisodic, diachronous nature of the tectonic

disturbance resulted in the erosion of local uplifts and"

ﬂeposition of clastic wedges as the Boothia Uplift emerged
northwarﬁs with time.

Further biostratigraphic data are required to determine
‘ ] . _ 1
whether- the major diastrophic event(s) resulting in clastic

wedge development during Late Silurian - Early Dévonian time.

were diachronous or contempor.aneously affected localized

:
~
- . ) >
-

deposition of the Upper Member of the Peel Sound Fm., Shbwblind B

)
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Table 3 Age data for the Peel“Sound and.
' Somerset Island Formgtions
PEEL Location: E. Prince of Wales Is.
SOUND FM. Biotic Elements: pteraspids, cephalaspids,
{U.MEMBER) cyathaspids, Ctenaspis obruchevi, .
‘ - .Baringaspis dineleyi, Ctenaspis russelli
(Thorsteinsson, 1980) ' oo '
Age: Gedinnian?
(L.MEMBER) Biotic Elements: Corvaspididae, gen. et sp.
' -nova; Pedavis sp., P.thorsteinssoni,
Torpedaspis elongata, Hemiarges bigener
(Thorsteinsson, 1980)
Age:r Late Ludlovian - Pridolian .
PEEL ' Location: Somerset Island
SOUND FM. Biotiec Elements: -—---
(U.MEMBER) Age: ?
(L.MEMBER) Biotic Elements: Hemicyclaspis murchisoni
: : (Dineley, 1968)
. Age: Pridolian? -~ -
SOMERSET Biotic Elements: ostracoderm fauna
ISLAND FM. includidg: Hemicyclaspis murchisoni,

Pedavis sp., Pedavis thorsteinssoni,

Torpedaspis elongata (Dineley, 1968;

Gibling, 1978; Thorsteinsson, 1980)
Age: Pridolian

'.
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Table 4 - Age data for the Snowblind Bay and
Sophia Lake Formations

. SNOWBLIND - Location: Coruwallils Is.
BAY FM. . Biotic Elements: ostracoderm fauna
. .in¢luding: porolepids, psammosteids,
cephalaspids, Ctenaspls sp., Anglaspis
$p., Pteraspis sp. (Gibling and Narbonne,
1977; Thorsteinsson, 1980)
Spore elements including. :
Aplculatisporis-sp., Apiculiretu515pora°
licata, A. spicula,? Cymbosporites senex,
Dibolisporites n.sp., D.cf.D. echinaceus,
Emphanisporites microrcatus, E. sp.,
‘Retusotriletes Sp., Streelisporites
' - newportensis, Tholisporites chulus
' - McGregor var. nanus
(McGregor, pers.comm., 1981)
Age: Gedinnian - Siegenian

\ L
_ | ‘ ) t :
SOPHIA- | Biotic Elements: conodont faund including:
LAKE FM. Ozarkodina n. sp. G of Uyeno (1980),
Pelekysgnathus n. sp. B of Uyeno 31980),
. ~, Ozarkodina remscheidensis remscheidensis,

0. n. sp. F of Klapper and Murphy (1975),
'Oulodus sp. (Uyeno, 1980)
Age: Gedinnian :




Table 5

-

Age data for the Prince Alfred and o -

Sutherland River Formations
PRINCE Locaﬁion’ NW Devon Island

ALFRED ‘FM,

SUTHERLAND
RIVER FM.

Biotic Elements: age based on faunal

elements from the overlying Disappointment
Bay Fm. Recovered in beds 1 - 5 m above
the disconformity. 'Faunal elements
include: Cortezorthis sp.,, Meristella
sp., M., robertsensis, Pandorinellina
exigua?, Polygnathus inversus, Sannemannia

‘glenisteri, Panderodus sp., Belgdella SP.

(Horrow and Kerr, 1977;- Uyeno 1980) )

- Age: Siegenian - M Emsian” .

Biotic Elements: No diagnostic fossils

~ Age: Gedinnian?
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tectonic activity along the entire length of the Boothia Uplift
‘(i;e, coeval sedimentation of . the Snowblind Bay. Fm.,, Prince

- Alfred Fm;,‘;nd‘Upper Henbér Peel Sound Fmz: ) -

5.3.3 'Tectonic'éecting - _ ' : .

;Ihreé nain'interactingrnariables_influence'type and
" magnitude of sedimentary procéssés:
1) position of sea level
2): ‘¢limatic variables
.7 3) . teetonic movements
Tectonic'monement is a2 particularly important control for
sedimentatiofi because it directly affects the rate of uplift of
the source areaJ thelgradient upon which sediment is c

transported the rate of basin subsidence and the type, shape

and position of the depositional basin (Mitchell and Reading

1979).

Thg Boothia ,Uplift. is an elongate strucﬁural higﬁ extending
horthwa;ds-some lbOO'km.fron'the Arctic Plntform region to the
overlying se&iments of the Sverdrup Basin. Tectonic movements
during iate Ludqvian to Singenian are recorded by the -~
development of clastic:wedges. Critera indicating that the
Boothia Uplift was the source of terrigenous detritus include:

1. Deposition of progressively finer detritus away from
the Uplift (Miall and Gibling, 1978).

2.7 Clast types in-ﬁhe conglomerates reflect the rock types

exposed in the Boothia Uplifc. (Miall and Gibling,
1678).

3. Decrease in clastic wedge thickness toward the Boothia
Uplife (Morrow and Kerr, 1977).

4. ©Paleocurrent data and downfan decrease in maximum, clast
slzeld :

5. Facles assoclation distributions reflecting a downslope
decrease in energy- for operating depositional processes,

. /
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The .Boothia Uplift ﬁedges occupy nonmarine—-par@lic ;1
sedimentgfy depocéntres. The margin#l basin geometry was’likély
cdntrolled.by both sediment dispersal and downwarp, pdssibly.

along older lines of weakness (Miall, 19785. Tectomnic movémgnt

,dccurreé in rapid, épisodic pulséq, in part cdntemporaneous Jiéh
sédiﬁenéation. This is recorded by CUFU-sequences;_basal‘
discontinuous uﬂconformities;lévidence oﬁﬂqarine tfangressions

. T
and reéreséions; rapid aggradation rates ;2 indicated by
p?edominsnt sheet flood sgdimentation, reflecting rapid uplift

relative to local base level; and syndepositional folding (Peel

'Sound.Fm.}.t

.
The Boothia Uplift wedges are coarseniﬁg-ﬁpward
megasequences;‘ Miall (1978) attributes this to accelérated
qplift and érosion in advanﬁe of deformation. Therefofe
sediments possesged greater preservation potential on the margin )
depocentres than within intramontane basins.
The.driving mechanism for tectonism in the Boothia Uplift
cannot be explaiﬁed‘by known features of plate tectonics.
However the clastic wedges were pro$ably fsrmed.on flanks
resembling basin margins (Kerr, 1977; Miall 1978), .where the

rate of uplift was greéater than the rate of downward erosion in N

the source area, and basin subsidence was less than the rate of

vertical accretion. Under these counditions, coarse sheet—-like-
alluvial deposits bullt outwards over finer-grained shallow

marine deposits.

Miall (1978) suggested that structural salients and
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o - _ rg—gntrants may be important Iin controlling sediment dispersal

patterns. The Upper Member of the Peel Sound Fm. on‘thé west

-

side of the Boothia Uplift-wasfdeposiﬁed as an alluvial fan
complex (bajada) that extended north-south at least 150 kms on

the east coast of Prince of Wq;dg Island (Fig. 30). "Miall

(1970a) postulated that structural sslients acted as source
areas for short, high gradient streams. The Lower Peel Sound -

-

Upper Peel Sound Fm. successionrn (40 kms wide) displays different

facies variations from tbe'Somerset_Island (greater than 70 kms
wide). Coarser conglomerate u;its aﬁd a- higher .
 sandstone/carbonate ratio indicate that deposition was under -
higher energy levels on g;incé cf Wales Islaﬁd compared with
Somerset Island (Miall and Gibling, 1978).
The asymmetry of the Boothia Uplift is further emphasized
by differences in structural style in the east and west flanks

(ibid, 1978): .

1. narrow folded and faulted zone west of the uplift

2. broad afégibf bleck faulting and relatively gentle
folding to the east of the uplift

The two styles of deformation probably reflect the
asymmetric nature of upward movement of the Boothia Uplift
flanks (XKerr, 1977). Because tectonic movement inflﬁenced’the
depps;tional slope, hence sedimentation processes reflect “steep
sloées.to the west, réSulting in transportation of coarser
debris and the building of deltas into the sea; and gentle to
the'east, resulting in the development of a broad, low-energy

.Aa;luvial-ﬁlain and tidal-flat complex” (Miall and Gibling; 1978,

p.l115). | ' |

et ‘e?-._-.\.-\'_é .
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Ihorsteinsson and Kerr (1968) noted that .most of “the faults b

-.\‘ -

in the Cornwallis Fold“Belt appear to be steeply dipping normal

A

; faults. Kerr (1977) suggested that the Boothia Horst was -

uplifted along major, nearbvertical faults which gradually

~

changed northwards and upwards (in section) through reverse

» ' ~

s, overtuiﬁpd folds, to asymmetric ﬂoldS'(Fig.,34). ‘En

.

. echelon structural lineaments of the Cape Hotham Anticline and

Snowblind Anticline (Figs. 28, 29) are probably drape folds

'marking the position of en echelon faults in the underlying

.uplifted basement blocks. These Subparallel blocks moved

'Upwards during tectonic pulses, and ds the fold belt was partly
R
unroofbd by erosion, the confiningtpressure decreased and

. b3

hl lateral, expansion occurréd (Kerr, 1977). .

This could eiplain the coarsening-upwards nature of the

Boothia Uplift wedges. ‘As;discuSSed'in.Chapter 2, the Snowblind

-

Bay. Fm. was probably preserved in a structural re- entrant,

possibly controlled by en echelon block faulting. The 4dvance,'

)

Bluff Syncline (Figs. 2, 23) maﬁggpincide'with an older, 1}
- -
‘parallel structural low upon which 3 major fan complex from a

northerly source‘area wag deposited.

The coastal fan compleﬁicomposing’the Prince Alfred Fm. has

2.
- . . v

sbeen examined only on arreconnaissance basis (Morrow and Kerr,
1977; Tnorsteinsson, 1980). The narrow, elongate outcrop
pattern (greater than 50km, generallp less that 3 km wide) and

presence of thrust and normal fault zones suggest thet tectonic

~ - )

" o ) A A

controls on Prince Alfred sedimentation were similar to those on
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'tﬁe western flank of the Boothia Uplift.on-Princé of Wales

Island. A detailed sedimentological study is required to test

this hypdthesis. -
»n

The Boothia Uplift region lacks well developed strike-slip

structural systems. Progressive onlap of sgdimenhs northwards

paiallel to the fault zone bordering the western flank'of the

Boothia Uplifc-éould have produced a coarsening-upward sequence;
however, there is no evidence for a longitudinal mode of
sediment dispersal. A trunklfiver syster flowing northwestwards

has been postulated as é possible mode pf origin for giant

>

cross—bedded units in member 3 of the Pefl Sound Fm. on Somerset

Island (Miall and Gibl;ng,.l978). However Gibling (1978) argued

fqr an eolian origin.becauSE:

1. Large scale Cross— stratification displays vaﬁiability #
in foreset orientations._ '

L

E 2. Bright red relatively uncemented, giant cross-bedded
units (low.water table?) are almost devoid of pebbles
and alternate sharply with grey-dull red, th}n, pebbly
trough cross—stratified units (wadi?) ¢

If there was'a significant erosional hiatus between the .

- Lower and Upper Members Bf the Peel Sound Fm., it may further

support an eolian interpretation for the giant, planar-wedge,

cross—bedded -ynits in member 3.
Thus thefe appears to.bg no evidence of a loggitudinal mode
- s ) % B ’
of fluvial sediment dispersal for the Boothia Uplifrt.

. . - ¢
Furthermore, mismatch of clast lithotypégiand clast size with

respect to adjacent source areas has not been observed in the 7
Peel Sound Fm., Snowblind Bay‘Fm., and Prince Alfred Fm.

It 1is therefore concluded that the Boothla Uplift clastic
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wedges were derived from a source area undergoing predominantly

vertical uﬁiift. Although the Boothia Uplift tectonism and
resultant sedimentation has_peen discussed -in terms of

compressional basin mmzrgins, if is reiterated that the ultimate

. : - ..
genesis of these episodes is not known. ‘

-

5.3.4 Clinmate
Flash flood deposits are frequently associated with

semi-arid alluvial fans (Bull, 1964). In theysSnowblind Bay Fm.,

t¥e“presence of hali;e_and gyps;m_casts,Arunzel marks,
deéiéé;tion cracks in-the Fl lgﬁhofacieg? intraclasts in the St
] 1ithofacies,'penecontempbraneOQS dolomité in tﬂe Cf lithofacies,
andxrarity of plant maferigl in the distal portion of the fan
complex records.evidencé'of periodic aridity. The lacustrine
deposit$ in the conglomerate faecies association show alfernating
‘greiﬂxand red F1 lithofacies reflecting a fluctuating\water
:tablé. _The chaotic mudstone hprizons may represent evidence for
.disrupted bedding-assogiéted with the growth of saline minerals.

The abundant Sh,S1 iithofacies,(ZSZ) as extensive,

“sheet-like” beds in the conglomerate—sandstone‘fdcies

~ -

association ﬁére probably dé?osited by.;phemeral floods.
Horizontal, discontinuous lamination of Picard and High (1973) .-
is reporte&“to be the‘most abundant beddiang type obsdrved in
channel deposits of flash flood streams. The Bijou Creek

deposits described by McKee et al, (1967) contain primarily Sh.

\

~



and Sp lithofacies. However, Williams (1971) observed that St

-

’1i;hofaciés represented 60% of a 1967 flééd deposit in central

- . * : .
Australia, Approximately 18X of the lithofacies in_ the
conglomgratefsandstone facies aEsociation is represented by St.
Floodﬁlaiq‘sediments (F1,Fm) are extremeiy variable in

thickness, from a thin veneer ‘to thicknesses of 1.3 m,

_presumablyhrepresenting the.ﬁaning phase deposits of flash

£loods. * These deposits frequently display evidence for S
subagfial exposure.(seé Fl,Fm lithﬁfacies, Chapt. 3)..

Gm-Sh couplefb in thé co;gIOmeréte facies association
represenf‘distinct flood events ;n the proximai p;rtiqh og the
fan'campléx. The raricty of Gp lithofacies indifateslshallow
channel depth and bar relief, possibiy peflecting,iow or

seasonal rainfall conditions in the source area (Rust, 1979).

The predominance of sharp, flat bed contacts instead of deep

.( 15 em), erosive contacts suggests an ephemeral flood situation

rather than proloenged channel’oécupatiog (Heward, 1978b).

Channel-fill deposits are fare in the Snowblind Bay Fm. although

common in modern ephemeralﬁdepoéits {Plcard and High, 1973).

The presence of fresh felaspar gralns in the sandstones and

absence of debris fiows containing a muddy matrix indicates that
A

intense weathering products-may have been absent in the

Snowblind Bay Fm. source area. An arid or alpine climate woﬁld

favour mechanical weathering and the production of gravel

(Abbott and Peterson, 1978).

-~

Although the Snowblind Bay clastic wedge was probably

.
hY
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constructed in a semi-arid climate, there is some evidence to

. . . .~
‘suggest that the flood events were longer in duration and more

LI N

frequent than flash flood deposits studied by McKee et al,

(1967) and Williams (1971):

1.

In flash flood settings, the size of the clasts

transported is freqﬁently not in equilibriuﬁ with flow

. il
conditions (Allen, 1981). However, units deposited in

- the conglomerate and conglomerate-sandstone facies

assoclation display positive maximum particle size to

bed thickness correlation, demonstrating that there was

.sufficient time to establish a positivetdischarge -

competency correlation. The Qm-Sh coublets~comm0nly
show FU,'CUFU:tréndshand Fend-to be thick (1 - 6 m),
suggesting substantial depositon during flood episodes.
E%posure of fan sediment; was not long enoug& seCWeen
£flood events to allow development of~eolian\aeposits or
calichificatipn of =s0il profilés, even with an abundant

source of carbonates and evidence of dry, intervening

conditions.

Flash flood deposits generajly display poor.
hie;agchical ordering of sedimentary structures as a
result of frequent fluctrvations in flow regime
(Gibling, 1978). The development. of distincg cyclicity
in the conglomerate—-sandstone facies.association argués

against flash flood deposition.

Debris flow deposits, which are commonly present“in
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. semi-arid alluvial faﬁs, were not observed in the

Snowblind Béy Fm. However these units may . have begn N

removed by .intraformational grosi&n of therproximil_fan

deposits.

- -

Therpfoximityrof an uplifted source area and seasonally -

variable discharge'could effectively introduce coarse sediment-

~charged flood waters into distal portions of the fan complex

(Galloway, 1976). This may have been the setting for depbsifion_
of thefSnowblind Bay clasféc wedge.

Paleomagnetic réstorat;ons (Lapointé pers.comm., 1981)
indicate that during Ea;ly Déyonian time the Snowblind Baf'

region lay at_a latitude of about .10° north from a paleocequator E\\

trending northéast-southwgst relative to present coordinates.

In this'position the prevailing trade wind directions would have

been north-to south. T;obical stofms may have triggered

-

catastrophic floods in the Snowblind Bay 'area. Gibling (1978)

suggested tﬁat the mountainous Boothia Uplift could” have

. influenced local weathex. patterns, hence variatiogf in elimatic

controls  -of deposition for the clast wedges shquld be expected.
Tables 6-9 summarize evidence proevided by various authors which
may reflect a generally semi-arid to seasonally wet climate

during deposition of the Boothia Uplifr wedges.

5.3.5 Sedimentary Observations

A detailed sedimentological study has not been conducted on

the Prince Alfred Fm., and therefore sedimentological
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Table 6 Source-ares climate for the Peel Sound
’ Formation, Upper Member; Prince of Wales Island

CHARACTERISTICS

debris flow aeposits in conglomerate .
_facies association (low mud content)
- ‘epilsodic flood events in conglomerate-.

sandstone facies association; refiected by
interrupted FU cycles :

- _ - Sh dominant lithofacies in sandstone
: facies association. Sheet- like_geometrf
and rare sedimentary structures due to -
rapid deposition

/I
[N

SOURCE-AREA CLIMATE : "~ semi-arid

REFERENCES * Miall (1969, 1970a, 1970b), Thorsteinsson
(1980) . . '
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‘Table 7 " Source-area'climate.for the Peel Sound B
~Formation, Somerset Island
CHARACTERISTICS - " penecontemporaneous dolomite and presence
of gypsum beds and halite casts in the

. . ‘ underlying Somerset Island Formation

- probable eolian deposits in Member 3

. (giant cross-stratified sandstone units)
and absence of cyclic sedimentation for
fluvial-deposits (wadi. sediments?)

- absencé of plant material

s = c¢yclic sedimentation in Member 1.
' Evidence for desiccation and brecciation
) in Fl, Fm lithofacies

— ephemeral nature of streams reflected by

. * the fact fluvial channel sandstone bodies

. are virtually absent from the coastal
plaintgnd tidal flat deposits

- o absence of caliche development, debris
g : ) flow units ang abundance of fluvial
sediments may imdicate that torrential -

Tainfall occurreﬁdperiodically ;

SOURCE-AREA CLIMATE semi-arid to seasonally wet -

REFERENCES . Gibling (1978), MIall and Gibling (1978),
Miall and Kerr (1977) Thorsteinsson {(1980)



Table 8 * Source-area climate for.the Prince

Alfred Formation, Devon” Island

. CHARACTERISTICS

SOURCE-AREA CLIMATE

- REFERENCES

w

desiccation cracks in sandstone
lithofacies

no apparent calicheideveloﬁment

prédominance of Sh, and massive tabular
deposits, reflecting rapid deposition,

‘possibly by sheet floods ¢

debris flood deposits in proximal.fan

- environment

fenestrate fabriec, restricted fauna Iin
silty dolomite lithofacies

fresh feldspar grains . -

intraclasts outlining shallow scours.
Beds continue without interruption beyond
trough confines in minor sheet flood St
units . )

.semi-arid

Morrow and Kerr (1977), Thorsteinsson
(1980
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Table 9 - Sourceéarea'climate for the Snowblind
Bay Formation, Cornwallils Island

. N
CHARACTERISTICS

gy

-~

SOURCE—AREA CLIMATE

REFERENCES

~-

. desiccafion cracks, salt casts in tidsl

flat and fluvial:-accretion deposits (F1l,
Fm) -

penecontemﬁo;aneous dolomite; restricted
fauna; scarcity of flora elements in
distal £an and tidal flat environments

ephemerél lake deposits

distinct, extensive Gm-Sh flood cycles .
display FU, CUFU trends and positive
maximum particle size to bed thickness
correlation

sheet-1like geometry of lithofacies

abundant Sh, S1 lithofacies in ’
conglomerate-sands;one facies association

lack of calcrete, debris flow, and eolian
deposits '

presence of fresh feldspar

well-developed cyclicity in conglomerate-
sandstone facies association

semi-arid to seasonally wet

.

this study
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comparisons will be restricted to the Peel Sound Fm. (Somerset

Island) and the Snowblind Bay Fm.

A high-gradient depositional slope is propoeed'for the

proximal fah deposits in the Snowblind Bay Fm., and Peel Sound

Fm. based on criteria outlined by Gibling (1978) and Rust

(1978)

1.

-

Horizontally stratified Gm units and Gp units. )
Shallow, multi-channeled, low sinuosity streams were
prevalent under sediment~charged, high discharge flow
conditions. #Significant slope 1s implied.
Well-developed imbrication (25°- 30° ) of clasts with
high vector magnitudes and low directional variance in
framework-supported conglomerates. Laterally
continuous Gm units.

Distal” fan equivelent sediments display good cyclicit§ in

the conglémerate—sandstone facies association (Snowblind Bay

Fm.) and Member -l (Peel Sound Fm.). Gibling (1978) suggested

that. the presence of minor mudstone, wmoderately well-developed

cycles and the dominance of trough cross—stratified over planar

cress—stratified units 1s consistent with a low slope setting.

Braided fluvial cycles are grossly similar in the Snowblihd Bay

and Peel Sound Fms. and show godd lateral continuity:

l - .

Peel Sound Fm. (Gibling, 1978)
{Mepber 1) ES -+ Sh -+ Fl,Fm

ES - 5t —»F1

ES -» St »Sr .F1,Fm _

cycles'akerage 3.4 n thick and the lower “coarse
member” representing chahnnel and bar deposits average
2.1 m thick -

FU sequence; flood accretion deposits display evidence
for subaerial exposure

.
hd

-
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2. Snowblind Bay Fm. (this study)
(Cong. = ss facies assoc.) ES -\tSt ~»Sh =+ Sr »F1l,Fm

- ¢cycles average 3.0 m. thick and the lower “"coarse : .
member” average 1.6 m thick. L -
- FU sequence; flood atcretion deposits display evidence

for subaerial exposure
Although both fan sequences were characterized by a ° ar

decreasing slope  gradient towards the intértidal flats, there is

-

evidence to suggest an overall low gradient depositional slépe.

-

Gm-Sh couplets and Gm units with Sh lenses typically document

od cycles inqlow slope proximal braided and alluvial fan

(deposits. There is also a géneral absence of proximal high

/

Qlape critieria, including debris flows and greater heterogeneity

of lithofacies (Rust, 197§).

- . ’ : Ty [



—— A o - o — an

—

—— e r ammr et ea e D e e
o e e o= e ms iy mn e = am eyt m e s e v e e Belbet Ty e B e e dm e e R e T e e B T RON - “

s "Chapter VI

CONCLUSIONS. .

. -+
“

-
1

l. The Lower Devonian (Gedinﬁian - Siegenign) Snewblind Bay
Formation {5{8 m) preserved inlthe Advance Bluff Synéline,
Eastern Cornwallis Island, Arctic Canada, is interpreted as the
depésit of a regressive coéstal fan compiex._ It is divided i%to
three facies associations on the basis of coanstituent N .
lithologies, sedimentary structures and biota. .

2. The conglomerate facles association (210 - 240 m thick)

contains more that 90X horizontally ,bedded, framework=supported

conglomerate lithofacies. The units display sheet-like geometry.

with onlf minor evidence of reworking or scouring; are freqently

- graded (CUFU, FU trends) and capped by thin horizontally

laminated sandstone; and display significant positive <

correlation between maximumgparticle size and bed thickness.

Deposition occurred in response to epilisodic flood events in

"sheet flow conditions. The presence of a surge deposit unit in

P,

a8 probable fanhead entrenched channel; thin ephémeral lacustrine

units; and predomiﬁant sheet-flood deposits‘indfﬁate that ’

~

deposition of the facies association took place on the

mid-reaches of an alluvial fan complex.
3. The cyclic nature of tﬁe sheet-flood units {cu, CUFU

trends) are superimposed on a larger scale (7 - BO'Q.thick) and-

ai
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*eflect sedimentological responses to increased slope initiated
primarily by fault movement.

4. The cong;pgerate—sandétone facies association (120 - 300 =m
tﬁiékj iﬁ subjacent to the conglomerate facies association and
contains 10 - 90X ﬁbrizontally'bedded conglomerate.’
Sedimentation occurred in two.m;jor fyﬁes of fining—;pward
fluvial cycle}-.The sand—domiﬁated,'sheet-braided'cycle (3.0 m
thick) displays abundant evidence for scouring and reworking in
the chaﬁnel/bar‘sgquencg. The thicker,Igravel—dominated
sheet-flood cycle (3.7 m‘thick) shows sharp, flat bed contacts;

common FU, CUFU trends in the basal conglomeraté units;

significant maximum particle g%ze to bed thickness correlation;

and ovezall:sheet-férm geometry .which indicates depositon by
N oy . -

high discharge flood eplsodes, similar to flood events and

i
+

resultant sheet flood deposits in the conglomerate.facies

¢
4

assqciation.

-

The sheet flood cyecle gains dominamce towards the top of
the conglomerate-sandstone association, reflecting the episodic

progradational nature of the alluvial fan complex. The

depositional sefting for the cdnglomerate-§hndétone facies

association was a proximal braided stream/distal fan

environment, where relatively unconfined sheet flow from the fan

midreaches was collected into shallow rills and channels at the

toe of the fan complex.' ] . o '

5. The fine-grainéa'facies agsociation (70 - 220 m thick)

. . ~
conformably overlies the Sophia Lake Formation at Regd Bay and

contains léss than 10% conglomerate lithofacies. The assemblage

-
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arose from noncyclic processes including fluvial episodes, storm

and fairweather wave activity and tidal influences, opefating in

-

a supratidal-intertidal depositional enviroument. Nearshore mud
flat facies are distinguished from sand flat - tidal flat facies

by the presence of terrestrial conglomerate units, scarcity of
- - 1

faunal elements, higher mud content, and higher abundance of
preserved low-energy sedimentary struct&res and stratification.
The boundaries arefgradationally irterbedded, reflecting the

patchy, interdigitating areal distribution of the mud flats and

sand-tidal flats.

6. . There are no distinet petrographic or chemical differences

(§r,Ca,Mg,IR) between the dolostdné saﬁples taken from the mud
flat and sand flat - tidal flat facies. Howeve;'dimiﬁishing

Sr/Ca values and increasing I.R. content upwards in the section

records increasing freshwater influence_in the lee of the

advancing clastic wedge. .

7. The Snowblind Bay Formation was derived from an uplifted
source to the north or northwest. This is evident from -

consistent paleocurrent data, clast lithotypes, areal

distribution of the three fdpies assoclations and

-

sedimenfological indicators of decreased energy in thelr

respective depositional regimes (southward direction). A

»

postulated source area is -the Laura Lakes region which lies 4 km

8. The Upper Silurian - Lower Devondan clastic wedges that

formed the Peel Sound, Snpwﬁlind Bay, and Prince Alfred
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Formations are toarsening-upwards, coastal fan complexes which’
o . . : N .

formed in response to tectonism in the Boothia Uplift region.

Tectonic movement occurred in raplid pulses which, in wart, were

contemporaneous with sedimentation. A Thds is recorded by the

presence of CUFU sequences, evidencg;of marine transgressioms -
regFessions, local unconforﬁitiés, synd%positional folding, and
sedimentological evidence which refieét rgpid uélift relative to
the local base level. Develofment of the clastic wedges appears
to have res;lted from verticél move?ents attributable primarily
CB cohpfession.

9. Evid%nce for periodic éridity during sedimentation of the
clastic wedges is present in Ehe Peel Sound, Snowblind Bay and
Prince Alfred Formatioms. Flood evenés were‘pfobablé less |
sporadic an%ﬂbf longer duratiomn i; the Peel Sound Formation
(Somerset Island) and the Snowblind Bay Formation, based on the
lack of calcrete development and debris flow units; good |
development of fluvial cyeclicity in dustal portiomns of the fan
complexes and positive correlation of bed thickness to maximum
particle size (Snowblind Bay‘formation).

10. The Snowblind Bay formétion and Peel Sound Formation
(Somerset Island) diéplay sedimentoclogical evidence for overall,
low-gradient depositional slppg settings for the éoastal fan
complexes, including well-developed cyclicity in the distal fan
facies; the dominance of sheet—-form Gm-S5h couplets ofer cross-
stratified units in the proximal fan .facies; and .the general

absence of proximalihigh slope criteria such as debris flows and

D et T N
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extreme heterogeneicy.of lithofgcies.
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Chemical data (I.R. in %, elements in ppm). Trace

APPENDIX 2:
elements recalculated on 100X carbonate basis.
\
.Sample No. I1.R. St Mg 100 Mg/Ca. 1000 Sr/Ca
10-001 — 35.8 363 60466 15.2 0.91
10-002 43.2 370 89480 20.7 0.86.
05-009 79.9 378 372019 20.4 0.21
,05-013 68.2 148 197924 20.8 0.16
05-014 63.3 297 123467 14,2 0.33
05-019 53.2 212 70399 9.7 0.29
05~019(Dupl.) 48.8 209 79979 15.2 0.40
05-002 44,7 293 52179 11.7 0.66
05-005 62.3 165 125866 17.6 0.29
05-007 43.4 201 = .77582 18.1 0.47
05-023 51.9 281 90372 15.7 0.49
05-025 69.6 2 183865 25.8 0.38
05-028 47.3 233 68273 15.8 0.54
05-028(Dupl.} 50.5 265 74041 14.0 0.51
05-035 52.8 133. 80435 -~ 18.8 0.31

e v
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Paleocurrent Data

1. Fine-grained Facies Association

174

et .
Location Lithofacies n [] L% P Remarks
Section 05 . ‘
Unit 009 Sh,S1- 26 47.5 97.4 2,0X10-11 prod
. - marks,
c i chevron
a structures
Section 05 . -
Unit 012 Sh, St 7 120.3 78.6 1.3X1072: Perpendic-
) " ular to
asymmetri-
cal ripple
. . axes
Section 05 ™ ]
Unit Ol4 Sh 11 63.2 7 97.5 2.9X10”5 Prod
* ' marks,
“chévron
structures
Section 05 ’ 356.4 c -
Unit 016 Sh(set 1) 20 176.5 95.8 1.1Xx10"8 Primary.
' current
lineations
Section 05 . 259.9
Unit 016 Sh(set .2) 18 .79.9 92.0 2.4X10-7 ©Primary
' ’ current
lineations
Section 05 ° 5 S
Units 023, St 24 131.1 90.2 3.4X10"9 Trough
024 ~ . axes
- Avg.set =
) 7.8 ¢cm
: <

n = number of readings
& = vector mean, .
LZ = vector magnitude
P = gignificance .
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APPENDIX 3: Paleocutrent Data . : )

[ -

E 2. Conglomerate—séndstone Facles Association

i

i

; Location Lithofacies n ] L% P Réma:ks,

S ' 5

| Section 06 -~ 287.3 ‘

p Unit 005 Sh - 23  107.3 94.8 1.0X10™%  Primary"

5 : B current

! ' lineations

!

: Section 06 : - S

' Unit 007 St 26 - 116.1  84.9 7.4X1079 Trough

3 . . » R 3 T axes :

! T ‘ . AvVg.set =

' 8 ¢cm

E Se;cion-GS : : ) . _ C

; Unit 024 Gnm 40 87.6 = 85.0 2.8%10-13 Imbricated

P - X ' ‘ " . clasts

b . _ st - N A =-5.3

;‘- . Section 063 ' . : . S

i Unit 048 . St " 26 102,2 85.8 4.8X1079 - Trough .

' - ' S Lo T S _ axes

( : : ' ‘ . ' . . Avg.set =

i - . ' 11.3 ¢cn

] Section.400m - . : Ce e S

i : north of 07 .Gm © 36 113.6 "71.3 1.1X1678 A = 7.7,

. . ' B_- é.& o'

: AB = 28

t . =

f Section 07 . Lo ' :

! Unit 005 . Sh : 37 146.6 88.0 3.7X10~13 Ribs. and

L ’ . . . . furrows,

I grooves, -
primary
current _
lineations

P A = Avg. long dimension of clasts measured (cm)

: B = Avg., intermediate dimension of clasts meausred (cm)

C = Avg. swmall dimension of clasts measured (ecm)

AB = Avg. imbrication angle of AB plane

D vned
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APPENDIX 3: Paleocurrent Data
. ' /'j
3. Conglomerate-sandstone Facies Association
. Loecation Lithofacies n El _LZ' P Remarks
Section 02 - ) : ;
. Unit 004 St 9 55.0 97.6 1.9X10"% Ribs and-
. furrows
Section 02 ) . 7
Unit 018 sl,Sr 5 78.4  93.8 1.2X1072 “Ribs and
. furrows -
. _grooves
8 . -5
Section 03 g 228.2 . . . ' P
Unit 011 sl 23 48.2 97.0 4.0X10710 Primary -
’ ' - " . current
- ‘lineations
Section'04 _ N - 196,1 .
Unit 018 = ‘Sh,sl 18 16.1 97.46 3.8Xx10-8 Brimary
D o R ' - current
- lineations
Secti¢n 08 ; . : A
"tnit 001 . Gm 32, 93.6  69.3. 2.1X1077 - AB = 31.4
- I , - L A = 16.1,
; 5 B = 10.0
Section, 08 S . ; | |
~Unit 009 .Gm - 40 127.9  75.3 1.4%10°10 _aB = 25,0
S A= 10.7,
- ‘B = 6.9,
+C = 2.6
Se;tioh iOODm ‘ : ] . 7
south of 09 ' Gm 43 191.1  69.5 9.6%x10710 AF = 30.4
: B A = 13.2,
B = 8.4,
C = 3.1
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APPENDIX 3: Paleocurrent Dataza

3. Conglomerate-sandstone Facies Association’s

1177

LZ

_Focation Ttthofacies n ] P Remar ks
Section 700m
south of 09. Cm - 42 172.1  67.6 4.7X1077 _AB =:28.9
: . - ' A = 6.1,
B - 3.6,
C = 1.6
Section 09 . Co -
Uanit 005 . Gm 40 173.5 57.3 2.0X107® _AB = 29.4
' - - A = 18.2,
B = 10.6,
T = 4.1
Section 09 s o .
Unit 010 Gm 36 17717  62.9° 6.6X1077 _AB = 28.8
E = 1@__.;6-,
. B = 6.7
C = 3.1
Section 2000m *
south of 03 Gm 31° 157.5 75.3 2.3X1078 _aAB = 25.2
t- . : A = 10.2,
, B = 6.1,
. C = 25°
Section 500m : . -
north of 0l  Gum 33 100.7 82.8 1.5x10710 a3 = 29.5
R ' ) A = 10.6,
B = 5.5,
E -

2.2
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APPENDiX 3: Paleocurrent Data

Conglomerate=-sandstone Facies Association:

|

Remar ks

-

Section 1000m
south of 04

Section 50m
east of 01

48.1- 72.9_ 6.8x10711
. 1

141.2  95.5 2.6x1072

A
B

o

- <

7.7,
4.0

"

)|

-
-

v

Ribs and

- furrows

e e A peiiad
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* Therefore,

179

using (s
dependent

.

using-(t)
dependent

7 Data om Bed Thickness and Maximum Particle Size

-~
~

Two independent variables,chidkness Ct) and size (s), are

fixed quantities preselected by the investigator and have ne
distributionar properties.

"

o two regression lines are: plotted for each group
. T at data in the following manner: - : : :

as the lddependent.variable and (t) as the
variable, i.e. ‘.

as the independent variable and (s) as the
variable, i. F

S-bo+b1t

the linear correlation coefficient (r) may be

determined from either regression line or calculated
from the equation,

r é /a{ b4
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Data on Bed Thickness and Maximum Particle Size

. 1. Sections 08, 09

P

Clast size (MM)

Bed thickheés:(cmy-

145 ,
115 o~
.300%
120%*

370

110

320

- " 80

400
220
200 .
155%
140%
. o 225
170
85
240
200
290%
190%
520
240

n o= 22

* - denotes no apparent clast size grading in bed

L}

80
330
130%
240%

+210

260
420
120
320
280

250"
250%

200%
310
2560
140
430
180

470%

230%
570
330
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APPENDIX 4: Data on Bed f%&qkness and Maximum Pari&cle Size
™~ . B -

-

2. Sections 05, 04 .

N

— ”
Clast size (MM) Bed thickness (cm)
95% . : 90%* -
280%* 290%*
120 320
150% . . "220% .
g5%* - ' 300%
105%* 280%*
© 80 ) 180
130% 260%*
100 . 300
o 80 240
* 90 320
165% 450%
300% , 200%*
90 350
100%* 150%
g5 . 240
75% I'1o*
80 ’ 230
120 120
120% 430%*
130 230.
275 v ' 520
80 ‘ . 310
160% . 220%*
- 140 : 220
129 C 320 /ﬁ
95% 480% : '
55 . ' . 250
115 210
70% 240%
n = 30
T

* — denotes no apparent clast size grading in bed
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APPENDIX 4: Data on -Bed Thickness and Maximum Particle Size.

o

-

3. Sections 06, 07
Clast -size (MM) ’ Bed thickness (ecm).
24% "' s 35%
85 o S 320
40° T 60
19 e - : 50
32 . o 100 . :
36, . - - 140 8 :
- - 24% - i 30%*
33* ' ) S 35%* ~
35% - 200* =
L0* 430%
23% . 25%
90 ' . 460 i -
42% . 130% | - 7
80 © 180 N
45 ' 65
- .45 . 140 -
: 26% . 70%
32% 160% -
42 260
27%* : . - 50%
19% : L 40%
65 - 500
95 230
35% ' 50%*
60 - . 1686
115% ' ) © . 230%
42 100
24% ‘ 25%
85 . 210
. 135 350 .
. ' 95 ’ I60
n =31 ' *

-
s

* -.denotes no apparent clast size grading in bed

-





