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. .S8torelk Formatibn, and part of tHEﬂgz\‘hltt Formation,

'Tobermory Formatlons are mutually exc1u51ve from flVe of.

- ¢

. ABSTRACT .

The Tyrwhitt, Storelk and Tobermory Formations ~

LY

constitute the major part of a Pennsylvanian siliciclastic

~

succession in the Southern Canadian Rocky -Mountains.

The‘eiéht defined facieSvcomposiné the Tyrwhitt and ',‘

‘

the 51x fac1es comp051ng the Storelk Formation. The«

are further delSlble into laterally perslstent fac1es

and faczes assemblages {Intexvals). - .

Major facies 1n|the Tyrwhltt and‘Tobe;mory o

-

Formations, interpreted in the context of a storm domina-

ted shallow-mérine shelf, are:‘(l) é fossiliferous

thgroughly bigturbdted structureless sandstone facies

ﬁhich—dominaféé Ehe sequences, and fepresents backgroﬁnd

'

‘condltlons of sedlmentatlon, (2) a medlum scale trough

-

crossbedded facxes, yith paleoflow dlrected oﬁfshore,

(3) a.sﬁhll scale‘crosslamih;ted facies, and (4) a

. P EERN . I . L B
- horizontal laminated facies, both which are intimately

vertically and laterally associated. Three carbohate

facies and a siltstone faqies; deposited during periods

i At e e




‘be the priha}y depoﬁitiohal_me&hanismé; The strength

:(3) a "large scale trough crosSbedded-facies} and (4) a

‘deposit of a brief marine transgression during

of restricted sand supply, constitute a minor proportiom

T

of Formational thicknesses. Virtually 'all facies- interbed with
the structurelegé-facies, and all were apparently deposited at

‘or below.storm wave base, where storm surge currents with

weaker superimposed oscillatory flow are interpreted to \'

s 3

of the storm surge currents, together with the grain size

‘and rate of sediment supply, controlled the.lithnggg

oo . S
of the facies aqg'the type and preservability of the

. sedimentary structures.

- Facies constituting the Storelk Formation,. inter-
N Lot . .

preted in an‘aeolian contgxt,»ére: (1} a megaplanaf

facies) composed of planar sets -2 - 10 m thick; 2) a y .
megatrough"facies,‘cdmposed.of trough sets 2-6 m thick;
. . - i N . .

large sgcale blanar.qrossbedded facigs,:containing sets. \/’)

r . - ‘ . .
less than 2 m thick which interbed with (1) and .(2)¢

-

~-(5)-—the Storelk struétureless_faciés, composed of

structqreléss sandstone devoid of Hbdy or tiaée ;ﬁésils, )

and which has a problematical origin; and (6) a thin

fogsiliferous carbonate facies;_intérpfeted as the .

Storeik

)
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time. The aeollan 1nterpretatlon is based on the abhndange‘

5

of glant crossbeddlng, the moderate (10-25 degrees)
r

i

foreset dlp anglés, the total absence of body or trace.

\
|

f0551ls (except for fac1es), and the presence of wide-

spread truncatlon surfaces. Each of these features is

comparable to that of ancient or modern aeolian examples,
and a shallow marlne origin is improbable. Facies .

assemblages in the crossbedded Storelk Intervals appear
J -
to be correlatlve w1th spec1f1c types of w1nd reglmes.

The Storelk succes31o? was dep051ted 1n a low latllude

coastal desert under the 1nfluebce of prevarllng north-
easterly tradew1nds. Aeollanldepos1tlon commenced 1n
this area p0551b1y as a result of a g;vlacroeustatlc‘I
lowexing of Sea level, and was terminated by a major

marine transgression/during Tobermory -time. -

T
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CHAPTER 1

- , ‘ " INTRODUCTION

1.1 STATEMENT OF THE PROBLEM

This thesis presents the results of 'a sedimentoldgical

study of a Pennsifgérian silicielastic succession in the

Rocky Mountain Front Ranges of southeastern British‘Columbia.

-Specifically, the stgﬁy involves the Tyrwhitt, Storelk and

"Tobermory Formations'in the lower part of the Rocky Mouhtainr

Supergroup as defined by Scott (1964). Interest.was generated

in this area by repofts of extremely. large scale brosébedding

' . ’

‘ . L1 * —
.in vertical association with fossiliferoys shallow marine ~
‘sediments.» The‘crossbedding oécurs in the Storelk Formation,

Y
.and ‘the p0551b111ty of an aeollan 1nterpretatlon was flrst

——

suggested by Scott (1964, p 122) A major reason for 1n1t1a—‘
ting this’ study was to. attempt to establlsh the dep051tlonal
context of the Storelk crossbeds relative to 1nterpreted

~

shallow-marlne sedlments ‘in. the vertlcally adjacent Tyrwhitt

3

“and Tobe!mory Formatlons.' ThlS is of- partlcular 1nterest

.
.
R B

.




becadse of the recent controversy regarding»suppcsed."classicaL"

ancient aeolian-sediments, which in some cases.have been ré-

interpreted to be dep051ts of tide domlnated shallow marine

settlngs (e.q. Freeman and Vlsher, 1975; Pryor, 1971).

1.2 . PURPOSE AND SCOPE OF THIS STUDY

- . The purpose of this study is two-fold »éirst, 1t 1s

intended to prov1de a detalled descrlptlon of the phy51cal

characterlstlcs of- sedlments com9051ng the Tyrwhltt Storelk

.; -. and Toberm\ii Formatlons. The .second purpose of this Study
. temp

is to attem to interpret the sedlmentologlcal processes

—

at were operatlve during dep051tlon of these three

ormatlons .

‘ Previous studles of this Pennsylvaelan sequence have

; : focussed on the probleme of nomenclature, age and correlatlon,
'W1th only. generallzed references to . lnterpretatlon of ‘depo-
sltlonal env1ronments.‘ This study contrlbutes to’ the
env1ronmental lnterpretatlon of these rocks, and has 1mpll—
cations in paleogeographlc reconstructlons for this time
period. 1In .particular, the 1nterpretat10n of aeollan‘

C e .Slemenxs has 1mp11catlons rega;dlng the p051t10n of the

. shorellne, Whlch is here placed further west than prev1ously

ot e T L R T TR TR T T T e e

| . - : ‘ :
: l ' . ) ’ L . e e S SN PO ST, W SR




regime.

. as a fundamental bage -for later .Studies more ‘regionaly in

0
]

thought, and regardlng paleow1nd dlrectlons durlng the |

Mlddle Pennsylvanlan. The latter permlts comparlsdn with

Permo-Pennsylvanlan Sequences in the southwestern U S.A.

contrlbutes to the controversial literature on this subject
a constltutes the first Canadlan example of its kind.
F:Eally, this study contributes to knowledge of sedlmentary
pProcesses that are actlve in shallow marine settlngs, whlch
is useful in the constructlon of models for this dep051tlonal
The study. ‘area of this thesls is small ahd it is ‘
not intended to be a- reglonal study.- However, the detalled
descrlptlon and lnterpretatlon of this core area can serve

~

“scope. . T

A ..

1.3 LOCATION AND ACCESS L

The study area of thlS the51s corresponds to the

- location of the type sectlon for the Tyrwhltt Storelk and

Tobermory Formations as de31gnated by 5cott (1964) Scott

'(p 18) descrlbes the position of the type sectlon as belng ’

-

.
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. {'.o

' - at the north end of the Elk Vailey in southeastern B.C., and

LT
+ ‘

‘... on the southwest side of Mount Storelk, 1 mile <
east 32 degrees north from the mouth of Toberﬁo;y
Creek,>and 4 niles east 20.degrees south from

.° . . Lower Eik Lake. A consgicuous large, low i

” < - elluvial,fan composed of cobbles and boulézzs, . ".1 >f
and covered with low vegetation marks the mouth
of Storelk Canyon. .

All mehsured’sections in this thesis are'exposed on the east
side of the Elk Valle?‘hln deeply incised steep. walled

canyons over an 8 km stretch between Mount Storelk and Mount

,w\

Loomis (Flg e l 1) ' Thé sections are all on the back51de
. Of the Lewis hrust Sheet which forms the‘Continental
_Divide in thds area.  Exposure within the canyons is

- .
approaching 100% in some cases. Sedimentary

n N

structures: are generally v1ewed in two dlmen51ons on high .-
_w# east—west trendlng cliff walls in the main canyons, with
. L ) occas1onal three dlmen51ona1 views afforded by north south ' .

. trendlng trlbutary canyons. _ T _ . o

- . v

o 'i‘ o Access to the area is via the Elk Valley?}aad north
. Sl

,:'; ‘ : of Elkford _B. C. The road is composed of dirt and gravel,

'ff?& . " and is passable by two wheel drive truck.
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‘.‘crossbeddlng Orlentatlon measurements from the foresets

. Lo - i
. .

1.4 . SPECIAL METHODS UTILIZED IN THIS THESIS

. .

Collection of Paleocurrent Data: paleocurrent data .

wereprimarily derived from crossbedding, with a minor contri-

bution from the strikes of symmetrical ripple axes. Two i

w
.

types of crossbeddlng were iavolved: trough and planar

. 4

@

of the latter yield true paleocurrent dlrectlons once field

measurements are restored to thelr orlglnal horlzontal

positions by stereonet rotatlon. ~ For trough crossbeds,

however, a trﬁe paleocurrent dlrec ion can Only be obtalned

'from measurements ‘of the trough axgdzr This was prohlblted

.

by a paucity of’plan views;:-Hence, orlentatlon measurements

were ‘made on the crosslamlnae of the troughs in the same’ ; S e

“way that they were nmade on foresets of the planar crossbeds.

'all trough measurements were llsted-separately from planar-

1 LA

v

- set measurements. ' T e '

) cases, the geometry or scale of a Srossbed

could ot be dlscerned from the outcrop Orlentatlon _) o

“ >

ments were_rggerded-fromgthese and listed "surfaces" _

(Appendix 1).




.
.

- were restored to thelr orlglnal horlental posrtlons usrng

.a stereonet " Data ‘from the planar sets needed no further

treatment, since the resultant azrmuths reflected true paleo-
current dlrectlons. For~ the trough sets, a vector mean

S
azrmuth was calculated for specrflc data grouplngs using the -

. cmethodology o tllned by Curray (1956) and-adapted by Martlnl

(1965). Thi a21muth should represent the preferred crossbed

orientatioi, prov1ded that the sample is, suffrczently large

and that the troughs are falrly consistently prlentated A

Chi- square test- was used to determlne the level of srgnlfl-

cance of the resultant vector mean, ‘V

The treatment of data descrlbed above - hés the dls-'

fadvantage that lf more than one preferred paleocurrent

’

dlrectlon is 1nvolved, th resultant vector mean wduld glve

;an erroneous 1mpressron '@ the paleocurrent pattern.-

Identlflcatlon of more ‘than cne mode had to be made by
observatlon of point clustering on- ‘stereographic prOjeCtian'd

of the data.. This methed is suhjectlve, ‘but should be

accurate where s fflclent measprements were made, and where

polnt clusters wefre well separated.f In some” cases, however,

a spread of a was 1nvolved and the apparent pornt clusters .

were not well separated. Thus, the 1dent1f1catlon of

potential preferred paleoflow modes would have become,'
] f v

¢

N '

Treatment of Paleocurrent Data: all field measurements




-

tenuous and subjectivel In such-cases, a vector mean for
all data was calculated.' All ﬁaleocurrent data are listed
in Apﬁendix l. Stereographic projections. of the data are
included. in the text in places where paleocurrent data are
discussed. '

. Petrograghz: detalled petrography ﬁes not attempted
in this thesis. due to time llmltatlons. Cursory examlnatlon
.was glven to a number of thln sectlons stained for pota351um .'_

feldspar. "This, together with fielgd observatlons, ovidedf

the llthologlcal descrlptlons in thls the51s.‘ Some petro- '

graphlc work was also done by Scott (1964) -

1.5  FORMAT OF THIS THESIS . = . R .

. . . . -
~

, o - ’

Chapter 2 dlscusses general geology and structure of.

the study area, together Wlth previous work and the" stratl—

4

graphlc scheme of the Pennsylvanlan sequence. Individual
facles are descrlbed in detall in Chapter 3. In Chapter {4,

laterally per51stent fac1es ‘and fac1es assoc1atlons - =

(Intervals) are dlscussed followed by a quantltatlve approach

. \
to the analysis of fac1es tranSLtlons. The deflned facies

are interpreted 1n_Chapte¥:iﬁ\€raw1ng on exten51ve comparlson

. R - .

-

. ~ -
-
. ;

.

-~
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with modern and other ancient examples. Chapter 6 lists the ]
major conclusions reached in this thesis. Appendix 1 lists 1
all collected paleocurrent data. Detailed stratigraphic N
sections that were measured for this thesis are in the back
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.crustal rock progre551vely overlapped and burled the

CHAPTER 2

GEOLOGIC SETTING AND;STRATIGRA?HY.

2.1  GEOLOGIC SETTING _

The Pennsylvanlan succe551on conSLdered here is a

small part of a tectono- strat'

aphic assemblage composed
of carbonates, shales an /Mmature sandstones ranging in age
from Hellklan to Late

C

mainly derlvedlfrom

urassic. Terrlgenous detrltus,

e -Noxth American craton, accumulated

-

on a prograding rrace wedge llkened by Prlce (1971) to

that on the pr sent eastern coast of the U. S A. The supra—

1% S
cratonit 1n erlor, resultlng 1n7a-southwestward‘thickening

wedge more than lSakm in'thickness. ‘ .

[

urlng the Prbter0201c and Lower Pale0201c, sedimenta-

tio took place along a generally statlc contlnental margln.

I land arcs above subduction zones of urfknown polarlty are -’

. postulated to have exlsted to the west (Monger et al. 1972)

At the commencement ‘of the Late Pale0201c, therevﬁﬁs a




major change in the tectono-depositional regime of the

Cordillera. Upllft in the west contrlbuted the flrst sedl—

ments from a western source in the northern Cordillera.
Deformatlon of the outer contlnental terrace wedge occurred .

-with contemporaneous décollement thrusting in the southeastetrn
Cordillera (Wheeler'§§‘§l;, 1972) These phenomena'are

attributed by Monger et al. .(1972) to reorganlzatlon of the

5 ‘-llthospherlc plates, converting the western margln of North

America from an 1nterplate-boundary to a plate margin whlch.
interacted with a_plate to the west.

| From the Miesiasippian through Middle Triassic Periods,
the lithologioal aesemblagerln the Rocky Mountain Belt'is :
ihterpreted.to hare been-deposited in a relatively stable"
‘shelf-slope environﬁent_(Monger-eg.al., 1972); To the west,d
there were tWO‘relatively mobile’voldanic arc systeﬁs

3 . »
H

. ® .
S séparated by a belt of oceanic crust.

’

The volcanic arc in -
the Omineca Crystalline Belt, immediately west of the Rocky

Mountaln .Belt, was actlve at least durlng the MlSSlSSlpplan

v i

and Permlan. It was, however, apparently well removed from
the Rocky Mountain Belt, because of the lack of evidence

for volcanlc byproducts

the shelf sedlments (Monger et'al.,

.

- /1972y

In reconstr Ztions of the contlnental margln for the
.-

Carbonlferous, is generally.shown to have a NNW-SSE trend




. N
e e ke

‘shorellne reglonal trend must also be: taken to be NNW- SSE.

'7,east taper of “the sedimentary’ wedge through bevelling

towards the craton (Wheeler et al., 1972). /The major ;}%;_‘ -

of 5solat1ng Pennsylvanlan strata in the southeastern . e

‘the north, and from those in Montana to the south (Scott,

"(e.g. Monger et a;., 1972, p.587). This trend parallels the . o
structural grain of the present Rocky Mountain Belt. In

the absence of definitive evxdence to the contrary, the

There is no control on 1ocallzed varlatlons in thls trend.

- Perlodlc‘lnterruptlons in sedlmentatlon were at tlmes

accompanied’ by w1despread erOSLOn, accEntuatlng the north—

Jura551c unconformlty truncates M1551551ppianfstrata at the

.

eastern edge-of the Foothills, and splits westward into .

-

At A

4

1esser unconformltles (Dahlstrom, 1970). These 1nclude .8
pre—Mlddle Pennsylvanlan, pre-Permlan and pre—Tr1ass;c

unconformltles, in aédltlon to the pre—Jura351c unconformlty. o "
The pre—Permlan unconformlty 1s the major one in the study

area of this the51s (Macauley et al., 1964) Extenslve

erosion durlng post—Pennsylvanlan Perlods had the effect

Canadian Cotdillera from those in.the Peace River area to

1964, p.96, 97). Hence, correlatlons among these widely ... .

separated areas are uncertaln (Table 2. l), and are of llmlted

. value ln reconstructlng a ‘detailed paleogeographlc plcture of

the Pennsylvanlan Perlod B e ' ‘ o T i
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2,2 - STRUCTURAL SETTING

. S . ;
The study area of this thesis is located in ‘the Front

Ranges (Pride and Mountjoy, 1970), aLso called the Foreland\

Thrust and Fold Belt (Wheeler et al. 1972) "This is the
easternmost structural subprDVane of the Cordlllera, and
it 1s bounded on the west by the Maln Ranges of the Rocky
Mountalns. The southern part of the Front’Ranges is domina-

ted by a serles of southwestward dipping subparallel fault

sllces stacked in imbricate fashlon. In the study area of

thisg the51s, all measuredxseotions are iocated oh the

back51de of the Lewzs Thrust Sheet, whlch has .a’ local strlke

. of about 330 degrees and local dlps ranglng from 56 70~

degrees in thls area. Other exposures of the Pennsylvanlan
successzon studied by-* Sggtt {(1964) -are on thls and other
thrust sheets whlch form a serles of mountaln ranges ifn-
southeastexn British Columbla and southwestern Alberta

(Figure 2.1).

»

2.3 - STRATIGRAPHY OF THE PENNSYLVANIAN SUCCESSION AND )

-

BOUNDING FdRMATIONS : _ <

-

The Late Paleozoic sandstone Sequence was first

recognized by McConnell.(1887) in the Bow Valley, end later

TR
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renamed the "Rocky Mountain Quartzite” in the Canmore area
by Dowiling (19D7)' Slnce that tlme the nomenclature and
correlatlons of ‘the succe551on have undergone considerable

-

,evolutlon as better fossil and lithological coritrol was
attalned. Hlstorlcal summarles are given by various )
authors, the most recent belng by Norris (1965) ¢

The prlnClpal studies of the Pennsylvanlan and
vertically adjacent succ9551ons are by Raasch (1956 1958Y,-
McGugan and Rapson (1960, 1962, 1963), Scott (1964) and_
Norris (1965). ﬁach'of these authors has proposed unique’
'Formational names, and in  many cases, unlque ages and

correlatlons for parts of the successmon. A comparison of

the four‘ major schemes that are in use is glven in Table

2.2. '

-

.

The Formatlonal nomenclature proposed by Scott
(1964) is utilized in thls thesis (Table 2.2). His scheme
‘d1v1des the Pennsylvanlan 5111c1c1ast1c sequence ‘into flve
formatlons, in contrast to the sxngle Formatlonal name N

used by other authors. Scott! s‘(1964) scheme is accepted

in thls thesis’ because {1) the Formatlons are readlly

‘recognlzed in the study area of.thls the51s, and (2) it is
‘:the only. scheme that recognlzes p0551b1e unconformltles

- or diastems in the sequence. The latter are espec1ally

1mportant in a sedlmentologlcal 1nterpretatlon.

'
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2.3.1 Stratigraphic Scheme of Scott (1964)

i T
Scott (1964) ‘proposes that the term "Rocky Mountain
Supergroup“‘be used to incorporate all pbrmo-Pennsylvanian
clastics ané carbonatea. . The Sﬁpergroup is @ivided into
five Pennsylvanian Formations and the Pe:ﬁian,lshbel Group-l

(Table 2.2). Of the Pennsylvanian Formations, -the Tyrwhitt,

Storelk and Tobermory are described and interpretdd in this

thesis, whereas the Todhunter and Kananaskis Formations

were'superficially examined to help establish the context

of the Formations between.them.

- L]

. Todhunter Formation: this Formation rests conformably

and often gradationally on the blOClaStlcS of the Etherington

S

Formatlon, which constitutes the upper part of the Rundle '

Group. Scott (1964) Lnterprets ‘the Todhunter to be Morrowan

S

in age, whereas Norrls (1965) interprets a Chesterlan age

for the Eormatlon and<a5519ns it to the upper part of-the

Etherington Formation»(Table 2.2). Scott's (1964) age

_a551gnment is based on two f0551ls not reported by Norris

(1965), and the guestion- of age has not been resolved._ The

‘contact between the Pennsylvanlan 5111c1clastlcs and the

Etherlngton qarbonates 1s consxdered dlachronous by some

authors (Nelson, 1962; Drummond, 1959), which could ‘explain

e mia s 4B vk ot




. glcally tran51tlonal betwaen the Etherlngton and Tyrwhltt SR

19

N

the difficulty. .

In gross aspect, the Todhunter Formation is litholo—i

-u
Formatlons, in that it contalns major units 51m11ar in

lithology to its boundifig Formations. Scott (1964) -

recognizes‘two‘majof carbonate units in the Todhunte:,
named the Lower and Upper Splrlfer Tongues. The top of

the Lower Tongue forms the .base of all measured ‘sections

in this study, the Upper Tongue is apparently absent due

to erosion in thlS sarea. R . ‘ .

Scott (1964) 1nterprets the contact between the , ' s
Todhunter and Tyrwhltt Fotmatlons to be reglonally uncon-

formable. This is based on two main llnes of eV1dence.

1. _Where the full Todhuntei sequence is ﬂeveloped, it
‘ ‘is informally divided: 1nto lOWer, middle and ‘ _
upper d1v151ons. The_H?sal Terhltt bed, a wide- - ,:: -
spread'Productid—péaring,siliceoue sandstone, |
~rests on diffefent levels in.the.Todhunter in
different afeas.
2. . The uppermost part of .the complete Todhunter . -

sequence con51sts of an 0rb1cu101dea—bear1ng

51ltstone. ‘At ;ocalities where the, upper .
‘Todhunter»is missing, a‘conglomeratic'depoéit

of rounded detrital phosphorite pebbles and




ey — -

‘fragmented Orbiculoidea shelis is present.

ghls is a lag de9051t, ie appears to preclude

If

the 90551billty of fac1es changes being

respon51ble for the 51tuat10n in (1) above.

- . . /u ) -‘ ’ . U.
The nature of the Todhunter—Tyrwhltt contact is attributed '

by Scott (1964) to a comblnatlon of dlfferentlal subsadence_

and sedlmentatlon rather than to subaerlal erosron.: The ' v

-

tlme break 1nvolved is not substantlal, since both

Formatlons are lnterpreted to be Morrowan in. age. In the

Y

study area of thls the51s, the . contact 1s paraconformable,_ ! T

~and there lS no evidence’ of a break Hence, nO new. 1nforma—

tlon can be advanced.

- N
°

- -

Tyrwhltt Formatlon-- the Tyrwhltt Formatlon lS

.

'composed domlnantly of sandstone with subordlnate dolomlte

T'and 51ltstone. Thin shale units are present in areds removed

/ '«
;A dlstlnctlve : . -
J C
Orblculoldea —bearing dolomlte unlt occuts about mld Tyrwhltt,

AN

from the study area of thlS thesrs.

C .

and; agpears to persrst laterally thr gh the ngh Rock and

'rKananaskls Ranges.A The Formatlon Ts 1nterpreted by Scott_

{1964) to have a Morrowan age, based on f05511 data. . N ) e

v The upper contact of the Terhltt w1th the Storelk

Format'on appears to be reglonally conformable. Thickness

’

itt ranges reglonally from about’ 3q m to about

.
-

«
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106 m, and the‘Formationléenerally thins to the NW and SW.

Storelk FOrmation- the Storelk Formation is entlrely’

composed of unf0551llferous sandstone, and varles reglonally

xn thlckness from 12 m to 86 m. The Formatlon thlns to

-

the NW and SW.' Abundant cross’ stratlflcatlon 1‘

[}
.on

_reported

by Scott (1964) 1n the Elk Mountalns and Hji fRock Range,

although in other areas it may appear to be a 51ngle ma551ve‘

bed. The Storelk Formatlon is 1nterpreted to be Morrowan

~in age, based on its 1ntermedlate pOSLtlon'between the

Morrowan Tyrwhltt-/prmatlon and the Atokan Tobermory - ' v

- -

Formatlon.

The cbntact between. the Storelk and Tobermory ' -

Formatlon is 1nterpreted by Seott (1964) to be a reglonal

‘conformlty. ThlS is based on the. follow1ng llnes T

C ¥

-'9‘1

of ev1dence'

’
..

+

-1." the local pPresence of a chert- phosphor;te or

sandstone-pebble conglomerate at the contact,

P «

2. evidence of erosion (relief up to 20 cm) at the

L. &

contact at one localltﬁh

3. _reglonal stratlgraphlc relatlonshlps between
! .ok . - - ’

the Tobermory and older Pennsylvan;an Formatlons- o 9

(see below) L f‘ﬂb. Ty




<¥,' correlate thlckens eastward into the nghwood and LlVlngstone'

¥

22 .

Tobermory Formation: the Tobermory Formation is

composed mainly of sandstone, but dolomite beds become

-

- thicker .and more numerous in its upper part. The Formation

" may be as. llttle as less than 1 m thlck in the Bow Valley,

-

- and as much as 100 m thlck in the Crowsnest Pass.- It

generally thlns to the NW and SW. The Tobermory Formation

is assigned an Atokan age by Scott (1964) on the ba51s of

fossrl data.

»

The Tobermory Formatlon thins eastward from the Elk

Mountalns to the Mlsty Range, and an 1nterpreted Tobermory

.

" Ranges. In the latter two Ranges, the Tobermory correlate

overlles progre551vely older Carbonlferous Formatlons, s0

that the Todhunter Tyrwhltt and Storelk Formatlons are

m1551ng altogether in the Livingstone Range. ThlS is a
major 11ne of” ev1dence for an unconformlty between the

- Storelk and Tobermory Formatlons.

‘

The contact between the Tobermory and Kananaskis

Formations is interpreted'bj Scott (1964) to'be. conformable

on ‘the basis of lack of evidence for erosion and the litho~

logically transitional nature of the'contact at somé
llooalities. McGugan and Rapson (1961) consrder thlS

contact to be unconformable becaﬁse apparent dlStlnCthnS
r

between the erosional and deposrtlonal factors-affectlng
\ . '

o o S <

e ST -\-..v.,. N




23

the Kananaekis Formation, and those affecting the under-
lying siliciclast%c succession..  The-=status of the contact -

has not been fully resolved.

Kananaskis Formation: the Kananaskls Formatlon is

composed of sandy microcrystalline dolomite w1th .abundant

chert nodules and layers, and lntraformatlonal chert
breccias (descrlbed in detail by McGugan and Rapson, 1961-
Rapson, '1962). The Kananaskls is thlckest in the ngh Bock
Elk and Kahanaskls-Ranges, and.thlns in al{’dlrectlons away

from these areas. Thinning is apparently due to pre—Permian‘

[N

grcsion (Scott, 1964). The Formatlon 15 dated as Atokan

by McGugan and Rapson (1961 1962) ) -

- ot
(2]

-

L.

2.4 ; PRESENT GROSS ' INTERPRETATION OF THE PENNSYLVANIAN
SILICICLASTICS AND BOUNDING FORMATIONS

-
4
'

The Ether%q?ton Formation together with the Todhunter,

Tyrwhltt and Storelk Formations have been ” lnterpreted by .

"Scott (1964) as representing a major regre551ve cycle.

ThlS is essentlally a contlnuatron of tranSgr9551ve regre551ve.
~cycles of various magnltdﬂes that pervaded MlSSlSSlpplan

sedlmentatlon (e g. Douglas, 1958; Mlddleton, 1963 Macqueenk

et al., 1972). Scott (1964) asserts tﬁgt 1n1the study area,
— - e . ‘
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.

the Etherington Formatfon was deposited mainly in an open

shelf environment west of an area of restrlcted lagoons.

. The Todhunter, - Tyrwhltt and Storelk Formatlons are 1nterprer

ted to have been dep051ted in progressrvely shalIOWer water
Oor more nearshore condltlons, and the Storelk Formatlon is’,
postulated to be partly aeclian 1n orlgln. .At the ‘termina-~

'tlon of thls major regressive cycle, Scott (1964) belleves

. that the Storelk Tyrwhltt, Todhunter and Etherlngton

Formations were upllfted and - er051onally truncated During
early Mlddle Pennsylvanian tlme, = transgressrve sequence
of Tobermory sandstones and overlying Kananaskls dolomltes

was deposrted west of a postulated topographic hlgh formed

‘by the Storelk sandstones, located in the present Mlsty

I .

Range . The Kananaskis Formatlon may 1n part represent
'another reQressxve cycle, -as Rapson (1962) reports ev1dence

.

of subaerial. and restrlcted evaporltlc condltlons north of

) the study area of thls thesls. W1th contlnued transgres51on,

a Tobermory correlate was dep051ted east ‘of the topographlc R

high on eroded strata of older Carbonlferous .Formations.

.

© o Uplift and erosion durlng the Middle and Late Pennsylvanlan '

termrnated the cycllc sedlmentatlon, and the Pennsylvanlan.

Formatlons were overlaln unconformably by the Permlan Ishbel
‘ Ll . .
Group. '




. CHAPTER 3
FACIES DESCRIPTIONS

3.1 ~ THE FACIES APPROACH ' <
The sedimentological study of -this stratigraphic

.Sequence was undertaken using a facies approach. The term

"facies" is a descriptive term unconfined by stratigraphy,

‘wherein a rock body is differentiated from vertically and |

1

late:élly adjacént rock bodies on:tQé basis of physical,
biological or chemical characteristics (Harms et al.,

1975, p.63). Specifically, the assemblage of character-'y

™ }’! R

'.istics includes lithology, sedimeﬂtafy structures, palec—:

_ current data, and trace and body fossil dontept. . The

-

_combination of these characteristics defines the total

aspect of the rock unit, and aids in the interpretation of

-

depositional environments. While recognition of facies

. is ideally objective, it depends to some degree on the

-

‘ L] . - .
experience of the operator, his familiarity with the

.observed sedimentary features, and the relati%e Signifi¥

* B .

cance of those features. : f~“\//fi:>

25

1
!
i
1
i
i
1
i
3
i
5
3
!
]
|



| A
R U

y .
3.2 ORGANIZATION OF THE DESCRIPTION

The descriptive"portion of this thesis is discussed.

on £wovlevels: This Chapter deals'with the descriptive- )
characteris;icéﬂof individual fapies; In Chapter 4, ' ;
Intérvals are déscribéd, followed by a discussion of the

interrelafibnships of the facies.. Two térms used in thié'

i . . N ’ N l
thesis require definition: : . - o :

1. Facies unit: a facie® unit is defined gé‘a .
‘discrete occurrence of a pérficuiar facies at
somé point in-the étiatigraﬁhic sequence.
Takeﬁ\tﬁgether, All faqies'units'of the same
typeycompqse the facieg,‘Which itself is a

term unconfined by stratigraphy (Section 3.1).

i
t
!
H
1
¢
!

Interval: an Interval is cémposed of a
.. . ks T - . ' .

~ specific facies or facies assemblage that
. persists laterally N-S through most measured

- sections (a distance of 5-8 km) .’ Intervalé

' are stratigraphically confined. In a strict.

1

1

|

. ) ot t

nomenclatural sense, the term "Interval" ;
is equivalent to the'term "Member". -~ '

e

The Storelk Formation, and part of the Tyrwhitt Formation,

. ~

are divided into a series of Intexrvals (Figure 3.0). The .

Teejii;.”-;,wm”-mm”ﬁ,;_._ﬁ wW,,. .
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FIGURE 3.0

. RELATIVE POSITIONS
. OF INTERVALS AND THEIR
‘ . CONSTITUENT FACIES
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Intervals are distinctive enough that certain descrlptlve

parameters, partlcularly paleocurrent data, are dlscussed

at the Interval level as well as at the facies level. The

use of two levels of description servesftq clarify some of

-
-

-

the ihherent veftical veriability'in.some facies. .
A1l facies are designated by“%horthand.symbols.
fhese are sumﬁarize& alcng with full facies ﬁames, basic

r
descrlptlons, and ba51c 1nterpretat10ns in Table 3.1. .

Inﬂthe following dlscu551on, the stratlgraphlc

'.p031t10n, phy51ca1 characterlstlcs, blogenlc characterlstlcs

and boundlng relatlonshlps of 1nd1v1dual fac1es are
described. The latter is based onethe results of a-steti$;
'ticel treaLment of facies.transipions,,which is discussed
more Qenefally.in Chapterr4. Since the Major'Tyrwhitt MX

Interval 15 an exceptlonally thlck, laterally per31stent

MX fagles lt, the pale0current data for the entire .MX .

‘facies s dlscussed in thls Chapter. The MP, MT, -LT and

LP fac1es each occur 1n ‘more than one Interval, and each

I*f?nterval is characterled by a’ unlque paleoflow configura-

tion. Hence, the paleocurrent data for each of these facies

is discussed at the Interval level in'bhapter 4.
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3.3.2 Stratigraphic~Position
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3.3 STRUCTURELESS FACIES (ST)

3.3.1 Introduction and Basic Interpretafion

The ST facies is composed d ﬁinantly of thick,

= . . -

laterally\exteneive units of struct eSS'sandstohe,. A

mottled texture is evident in"x-radiogfaphs. ~The facies
33 interpreted to be shallow marine in'oriéin} and to
have been depesited'geaward of fair wee;hée wave base
where‘ektensive'bioturhation effectiVel§ destfoyed most ' S~

sedimentary structures:

[

The ST facies forms thick 1aterally exten ive unlts
in the Tyrwhltt and Tobermory Formations (Flgure 3. l)

. t
In the Tyrwhltt, fac1es unlts range 1n'th1cknes from

less than 1 m to more than 25 m (e.qg. MS 5: 2046 m), and

the thickest unlts can’ persxst laterally N-5 at least 5 km.

o
.The fac1es-may constltute up to 65% of,the total Formatlgn

thickness. ‘'Facies units in the Tobermory Formation are

ushally less than about 3 m thick, except 1in the 1ower

part of the Formatlon where they may be up to 15 m thick w//jv'\

fce g. MS 3:193-208. m),-and can persxst laterally up to .

5 km. The facies may account for up to about 30% of

“

........
.......
......




.or silica, or.a'compjnation of both."
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Formation thickness.

3.3.3 Facies Déscription

.é? facies units are characterized by an almost'total
lack of sedlmentary structures observable in the field.

A mottled texture, however, is evident in X—radlographs of

.samplee taken from the facies (Flgure 3.2). The mottling

may be somewhat subtle,or very pronqunced, althbugh a few

t o

- samples appear to have a uniform texture. - In some cases,

vague wispy laminae are -visible. The.observed-mottled
texture is 1nterpreted to be the result ‘of bloturbatlon,
Wthh is responsrble for the apparent structnreles;
condltlon of the fa01es.

Most thlck ST facres units contaln thin zones of
crosslamlnae -a. few centlmeters or less thlck Such zonea
often.contaln vertlcal burrowsl In eome cases, oross—
laminae are vagnely defineo, and.most %ones éersist‘L
1aterally only.a few decimeters.‘ Symmetrlcal low .
amplltude rlpple marks (rlpple lndex 8 20) are occa51onally
visible on bedq%ng plane expesures (Figure 3. 3)

The facres is composed of well sorted very flne
gralned sandstone for the most part The‘maxrmum-obsermg&.
grain srze wasiflne_sand; Sands’ areroemented by dolomite.
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Figure 3.1 Gross appearance of ST facies. Note massive

bedding. Man is 1.8.m tall (Lower Tyrwhitt
of measured section 1).

Figure 3.2 X—radlograph of sample from ST fac1es show1ng

characteristic mottled texture, natu;al 51ze
{MS 1: 35 m). -

LT

s

!



.pods and lesser numbers of Orblcu101dea and Productld

33 A

3.3.4 Bounding Relaticonships ) ™

Bothicontacts of facies units may be sharp or grada-
tional against vertically'adjacent units. The ST facies

is- lnterbedded w1th almost 2ll other fac1es characterlstlc

of the Tyxwhitt and Tobermory Formations.

a

3.3.5.Body Fossil Content,

The ST fa01es commonly c0nta1ns Sglrlferld brachlo—
.

brachiopods. The.f0551ls‘are usually concentrated into

B

thin'layers a few Centimeters .thick, although some are .

- always randomly dlstrlbuted between the layers ‘The brachio-

pods are always dlsartlculated ‘and are not in 11v1ng

9051t10n (Flgure 3.4). One dlstlnctlve unit conta;nlng 2- 4

‘Sglrlferld brachlopod layers occurs at- 51mllar stratlgraphlc

pOSltanS ln the Lower Tyrwhltt of each, measured sectiqn

(e.g. MS 5: 26-34 m, MS 3: 22-27 5 m). Small tubule—llke

,bodles (bryozoa?) are commonly assoc1ated with the brachlo-‘

pods (e g. MS 5- 40-45 m; Flgure 3. 5) Pelecypod molds (?)

also- occur in the Tobermory Formatlon (Flgure 3. 6)

3.3.6 Trace Fossil Assemblage * ’ e ‘

Preserved trace fossils are uncommon in the ST

‘.
o a3 Ve
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®
Figure 3.4

Lt Figure'3.§

'(MS 3:

13
AN .
P

Bedding plane exposure of symmetrlcal low
_amplltude rlpples Book is 19 cm long

(MS"1: 70 m).

‘ ;—?? .

SElIlferld brachlopods zn ST fac;es. Scale . -

in cm.

-
-

Bryozoa (9) in ST facies.
32 m)

B

Scale in cm.
. :

ﬁelecypod'mdlds (2) -4 beddlng plane. Scale,”

in em. . (MS 3: 228. Y.
' : [ - . ‘. ¢
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facieg except.ih the Tobermory Formation where_they are
exposed on large bedding planes (e. gf/ﬂg/;/722§—235 m) .
Only a few.vertlcal forms werefvhserved in the Tyrwhitt
Formatlon, also on beddlng planes {(e.g. MS 1: 31.5 m;
‘MS 2: 49 m). A common feature of trace fossils in the.
Tohermory‘Formation is'that‘horizontal'ané vertical forms
occur on:the same bedding plane. -

The ldentlflcatlons of trace fosszls is tenuous,

because all were 1dent1f1ed from photographs. Also, the

vertical forms were only seen in plan v1ew on bedding

‘planes, and w1thout cross—sectlonal views their Igentlflca-

tlons are subject to questlon.‘ Hehce cla551f1cat10ns are

‘Lonly at the generlc level, lncludlng a number of form

genera. A . further llmltatlon :Ls that th'e‘al trace fossil

-

assemblage could not be deflned quantltatlvely to determlne"n

‘the relatlve abundances of the rchnogenera. Moreover, the

assemblage may be 1ncomplete. Therefore, only generalltles

are pdssible in relatlng the forms to a de9051t10nal

environmenb‘

v

The follow1ng trace fauna are tentatlvely 1dent1f1ed

‘ from the ST fac1es by G. Pemberton - (McMaster Unlver51ty)

e
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1. Paleophycus spﬁ,? (Figure 3.7) s Palethzcus is a

form ichneogenus descrlblng‘horlzontal feedlng trails formed
. by deposit feedlng worms. The burrows may branch Or Cross

over one another, and the sedlment in the burrow is the

same as. the enclosing sediment.

The 1chnogenus occurs at

Py

a w1de.var1ety of depths, and is usually 1nd1cat1ve of a

L

o

relatlvely low energy envrronment.'

"

.

9
a

fl

2.

Planolites reticulatus?; Planolites annulutus?
7.
~ (Figures 3.8, 3.13): -Planolites is a form ichnogenus

describing horizontal feeding trails 'with no branches.

Its formatlon is attrlbutéd to deposrt feedlng WOImS.

The 1chnogenus occurs. at a wide | f depths, and is

"

usually 1ndice%&ye of a rel; 1vely'1ow.energy environment.

this ichnogenus is

3. . Rhizocofallium? (Figure 3. 9)-

composed of horizontal or 1nc11ned burrOWS w1th 1nternal

-

lamlnae that are congave in.the dlrectlon of movement of

the organism.. Formatlon of the burrows is attr;buted to

deposit feedlng organlsms 1f .they are horizontal, and to‘

e : ¢

S

suspen51on feedlng organlsms if they are 1ncllned. The

®

1nterpretatlon of the. type of organlsm is- problematlcal. .

. The form may occur at a W1de-range of depthe,‘and is S

T

: generallyrindioative.Of_d'relatively low energy environment.

St ety MU P s Pyreeir e o R L G BT PL SUC U
P o ",’._h eI A e IE e L b e e S S R g e B S T A
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4. " Lingulichnus? (Figure 3.10): Lingulichnus burrows

are oval shaped in plan view, resembling the forms observed

3. )

in the ST facies. 1In the absence of cross- sectlonal
views, howaver, ldentlflcatlon is very tentatlve. The d

burrows are formed by suspen51on feeding Llngulld brachlo-

) pods. Depth zonatlon 1s problematlcal since Llngglld

brachiopods have been recently dlscovered in 51tu at great

~depth (G. Pemberton, in press) whereas they once were

conSLdered cla551c shallow marine forms.

i

5. - ~Rad1ally Groping Feeding Burrows (cf. Asterichnus?,
Flgure 3.11) : these forms have a central core- w1th dy .
N

”yserles of horlzontal radlatlng arms. Thelr origin, is
. -problematlcal but they are thought to be formed by large

‘organlsms. The forms occur at a wide range of depths..

6. Bergaueria? (Figure 3. 12) 1\ this iehnogenus is a

. vertical stubby burrow formed by burrow1ng actlnlan sea

anemonles. In the 51ngle example observed in the ST .
fac1es, only a plan v1ew lS v151b1e, maklng 1dent1f1catlon
hlghly tentative. . The form is generally characterlstlc

of relatlvely hlgh energy env1ronments w1th actlve currents.

-

o
-

!
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Figure 3,7‘

-

Figure 3.8

Figure‘3.9

-

Figure 3.10

Intensely .burrowed bedding plane exposure..
Burrows are Paleophycus sp? Scale in cm.
(Upper Tobermory Formation) . -

_— ‘ | _ ‘\\s\

Flanolites annulutus? on bedding plﬁne
exposure. 'Seale in cm. (MS .3: 228 m).

Rhizecorallium? burrow (arrowed) in cross—
sectional view. Scale in cm. (MS 5: 229 m}.

Lingulichnus? burrows, bedding plane

exposure. Scale in cm. (MS 3: 67 m) .
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7. Skolithos? and Plichnia? (Figure 3.13): B of these

are form.ichnogenera ‘describing _straight vertical burro
thought to be formed by suspension feedlng worm—llke Co
organisms. The dlfference between the two forms.is in

scale., 'Skolithos is generally less than about 1.5 cm in

diameter, whereas Plichnia generally has a larger dlameter.

- The' forms may occur at a wide range of depths, and commonly

"indicate a relatlvely hlgh energy enviroénment with actlve
currents.

N P ‘

1 -

3.3.7 Problems of Recognition of the ST Facies

‘The ST facies is‘defined primarily by the lack of

‘sedlmentary structures observable in the field, and by a

S

L

characterlstlc mottled texture VlSlble in X—radlographs._,/_‘

The latter is useful 1n confarmlng a tentatlve field
-~ design 1on, but 1t is not practlcal to X—ray samples from
every suspected 5T fables unit. Of 39 samples from ‘all
parts of the Tyrwhltt and Tobermory Formatlons, 26 had a
mottled texture, 9 had a relatlvely uniferm texture or :‘c

- sllght mottllng and 4 contalned laminae not v151ble in

‘the outcrop. Lack of recognltlon of lamlnae stems largely ‘

from 1nsufflc1eht weatherlng#of the outcrop, espe01ally in
) 1 f

slllca cemented sandstone oharacterlstlc of much of the

-

“a |

.
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‘Figure 3.11 Radially groping feeding burrow {arrowed)
. ‘ on bedding plane éxposure. Scale in cm.
(M5 1: 233 m) . ’ . :
v ' e | ' L
§ Figure 3.12 Bergaueri ? burrows on bedding plane
= o .exposure. Scale in cm. (MS 1: 32 m) .
+* o \-. y e - ) |
. ¢ ‘. - ’ -
Figure 3.13 1Bedding’ Plane exposure showing vertical
Skolithos? and’' Plichnia? burrows in
' . plan view. Long straight horizontal
) . burréw in lower left is Planolites._r
. ’ Scale in cm. (Mg 3; 228 my.— . -
i : ‘
i . ) v
b .
i - .
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I ' ’ .
Tobermory Formation.

a

size of sands constltutlng the facies would make lamlnatlons

Also, the relatively uniform grain

dlfflcult to see if they were developed. However, the
presence of at least slight mottling in the great majorlty
of samples suggests that field 1dent1f1catlons of the ST

facies are correct in most cases.

3.3.8‘,Facies.Reéognition

The ST facies is recognized by the: o ; :
1. e;most'tetal lack of sedimentary structures
. -'observable‘in the'field;'
2. presénce of a mottled texture visible in
v e, ¥-radiographs; |
3. dccesional preservation.of ﬁorizontal-and
?veriical trace fossils; and the

4., presence of body fossils. , !




3.4.1 Introduction and Basic Interpretation
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3.4 MEDIUM‘QQQi%-CROSSBEDDED FAéIES (MX)

‘

The MX fac;es is domlnantly c0mposed of trough. cross-
beds 6- SO cm thlck, whlch are occa31onally 1nterbedded w1th
planar crossbeds (10-180 cm thlck) and large scale-trough
crossbeds (up to'l.6 m tthk) . The fac1es is lnterpreted

to have a shallow ma;ine‘origin, and to have been deposited

by storim surge currents seaward of fair weather wave base.

3.4;2‘.Stiatigraphic Position ‘ _ E
. ‘ ) ) o

- The  MX facies occurs in both the Tyrwhitt and-
Tobefmory Formations.' 1In the Tyrwhitt ' the facies méy

constltute up “to about“ZO% of Formatlon thlckness, and

o b

there are usually 4 -6 fac1es units presentﬁ- The Major

Tyrwhitt MX Interval (Flgure 3.0) is actually an exceptional

\example of the MX fac1es, since the former may attaln

thicknesses as great as’ 9 m (e.g. MS l 10 5-19.5 m) and

persist laterally at least 5 km. The MX ‘facies may account

for.up to about 10% of the total tﬁiékhéSs of the Tobermory
_Formation. Individual facies units for both Formations

are -almost: univefsally thicker than‘llﬁ,‘and more‘than?f'

half are Ehicker than 2 m (é.g. Ms 3: 45—4T*mi 56~58.5 m; .
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 60-62.0 m)l These units are laterally traceable at least

100 m before they are lost undér~cover, -~

.

3.4.3 Facies Description

The MX facies is eomposed of poorly to moderately

-sorted fine and medium‘sand, w1th occa51onally abundant

' coarse grains. The sandstones may be cemented by dolomlte

.

or 5111ca, .or some comblnatlon of the two. This llthology
contrasts markedly w1th vertlcally adjacent fa01es which
are domlnantly composed of well sorted very fine gralned
sand. ‘

Medium scale trough crossbeddlng 6- 50 cm thlck is
the most common set type in the MX fac1es (Flgure 3; 14)

The average set thlckness 1s about 30 cm.’ The w16th of

the sets: has not h?en clearly establlshed due to a pauc1ty

of plan views, _Planar - tahular crossbeds with similar

' thlcknesses are occas10nally 1nterbedded W1th the troughs

(F:Lgure 3.15). N o ,‘ R

: nLarge scale trough sets up to 1.6 m thick and
planar sets up to 2.8 m thlck are occa51onally 1nterbedded

w1th .their smaller scale counterparts (e g. MS 1: 45— 47 m;

" MS 2: 60 64 m) The Major Tyrwhltt MX Interval always

contains a few t%oughs of the maxlmum scale about mid- unlt

(e g. MS 5. 10 ~18 m; MS 3: §- =16 m;- Flgure 3. 16) ' In the

>

°

. . .
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Figure 3.14 Medium scale trough crossbedding in MX facies.
L - Scale in cm. (MS 3: 44.8-47.5 m).

Figure 3.15';Trough and planar crossbeadihg in'Mx.facies{
‘ Scale in.cm. (MS 3: 55.8-58.7 m).
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' Fz.gure 3 Lg Large scale trough~crossbedd:.ng 1n Major
o © [ "Tyrwhitt MX Interval (MS 1: 10.5-19.5 m).
’-: Crossbedded unit has sharp-®flat base
! (arrowed on photo) ,rwhlch is parallel to
* regional. hor:l.zontal. Man i% 1.8 m tall.
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- ’ ¢ ' .
Tobermory'of measured section 2 (208—211 m), an:MX facies
unlt is composed only: of the larger scale sets, a 1.8 m
thick planar set 1s succeeded respectlvely upward by trough

sets;1.3 and 0 9 m- thlck (Flgure 3.17). ‘Similar large

X scale trough sets occur at about the same - stratlgraphlc -

- level 1n-measured sectlon-S {(220-226 m) Both of these

4

-examples are exceptlonal relative to other MX facies

occurren ces .

Where large and medlum scale sets are. 1nterbedded

the upward tran51tlon from the large to the medlum scale
v

setg may be marked by elther a gradual or abrupt décrease,

"ln set scale (e g. Ms 2- 9 1é m). Upward decreases 1n1

. _‘-.

set scale are also accompanled by an upward flnlng of graln

size. Two to three such sequences may be superlmposed in

some MX fac1es unlts. L T /;;}’- : i

-In two cases, deformatlon was evident w1th1n 51ngle

-trodgh sets. In measured sectlon l (5m), a set contalns .

folded lamlnae (Flgure 3. 18) A 30 cm thick set 15 folded

-into a recumbent fold 1n measured sectlon 2 (65 m) Both

examples are exceptlonal, and reflect soft sedlment

+

‘deformatlon...' ' L g

-

3.4.4 Bounding Relationships )

: . . A R : L
" The lower- boundary of MX facies units tends to be-

.o . . - - . - o i

e =
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Figure 3.18

Large scale planar .and trough crossbeddlng, MX
facies {MS 2: 208-211 m).. Planar set has hori-
. zontal flat base (arrowéd on photo). Photo
rotated to correct for regional dip. For scale,
planar set is 1.8 m thick at thickest p01nt.

. Trough crossbed‘lng exhlbltlng folded lamln e,_
Mx facies. 'Scale in cm.’ (MS 1:' 5 m) .
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" slightly lrregular but not notlceably scoured. 1In some
- cases it is very flat (Flgure 3. 16) and in ‘all cases it is
horlzontal. The upper boundary of the facies units 1s
usually sharp and also horlzontal o ‘ '*

The MX facres 1s most commonly 1nterbedded w1th

the ST fac1es, and to a lesser extent _with the XL facies.

Less.commonly, the MX facies may pass upward int¢ the 81 -

Trace and Body Fossil’Content

and TC facies. -~ , = ‘ o L

ot

Trace f0551ls are exceedlngly rare in the MX fac1es

‘the tdps of fac1es units (e.g. s 1 44 m) in the cited ‘

ple, the burrows are vertlcal about 3 cm in dlameter,

and*are characterlzed by a concentrlc rlqg structure.

- G. Pemberton (pers. comm. ) states that they were formed

by organlsms whlch packed sedlmenﬁ agalnst the sides of
the burrow, a process that can only take place under
_l;ttle or no current act1v1ty. ‘No genus name has‘yet been

- a551gned to this -form. . o . -

Body fosslls .or fragmeﬁts are totally 1ack1ng from

/
LR

i
1
[
:
£
!
X

the MX facmes.-

) » ‘ . =
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3.4.6 Paleocurrent Data

Paleocurrent data for the MX facies was subdivrged
according to set tfpe; set thickness ahd stratigraohic‘
9051tlon of MX facies units in an attempt toc discern
varlatlons in paleoflow direction among the various group—
ings (Table 1, Appendix.l- Figure 3.19). &an assessment
of varlatlons in paleoflow drrectlon is compllcated by

) the 1nherent high. varlatlon in the data that results from_
£ - measurlng lamlna‘dlps as opposed to trough axes {(Section
1.4). The latter were not possible to measure dne‘tova:-

-paucity of plan views of the troughs. "The calculated

vector mean azrmuths for each of the various data groups,

as well as. a grand vector mean for all data is given in-

-Table 3 2..- . .

It is ev1dent from Table 3 2. that there‘are no

srgnlflcant dlfferences in paleoflow dlrectlons among the
various grouplngs of. data for the MX fac1es. The vector

mean azrmuth for each data group has a relatlvely hlgh

&

standard dev1atlon which overlaps with tﬁat of other

-

data groups. Hence there 1s no signi 1Ca t difference in

paleoflow drrectlon in sets of dlfferent ty “sdale or -

strat1graph1c=p051tlon..-The grand vector mean azimuth

for the entire MX fac;es (202 degrees, Table 3. 2) is

‘

taken to be representatlve of, the paleoflow dlrectlon. .

B
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TROUGH CROSSBED
PLANAR CROSSBED

. SET GEOMETRY NOT VISIBLE

VECTOR MEAN AZIMUTH .
FOR TROUGH CROSSBEDS
VECTOR MEAN AZIMUTH -
FOR PLANAR CROSSBEDS .
GRAND VECTOR MEAN
AZIMUTH FOR FACIES

FIGURE 3.19
STEREOGRAPHIC PLOT

OF PALEOFLOW DATA
FOR MX FACIES
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3.4.7 Facies Recognition - . RO

i

The MX facies ig characterized by:

1.  abundant medium.scale tfough crossbeda é -50 cm
“thick w1th a few 1nterbedded planar tabular
sets of the same scale; - . )
;2} 'large scale trough crossbeds up to 160 cm-thick
'and'p%anar crossbeos'up to 180 cm -thi k_whi/ch
are occasiona¥ly inte:bédded withltheir medium
"5ca1e‘oounterpa£ts; and ‘ \
f3: its common 1nterbedd1ng with the sT fa01es, and .

to a lesser ex;ent with the XL, fac1es

3.5 . SMALL SCALE CROSSLAMINATED FACIES - (XL) ‘ ' oy

HORIEONTAL PARALLEL LAMINATED FACIES (HL) . '
Yo

‘

3.5;1'.Introduction and-Basic'Inﬁerpretatioh-

. ' TR o L . -
The X1, and HL facies have a common 1nt1mate lateral '

and vertlcal relatlonshlp, and are descrlbed together as

a facies assoc1atlon., ThaJXL fac1es is composed of small

scale crosslamlnatlon .and subordlnate symmetrlcal wave form

crosslamlnatlon, whereas 1am1natlon in th= HL facies is

g

generally horlzontal and stralght or somewhat irrégular.

@ R
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Both facies are 1nterpreted to have a shallow marine orlgln,
and to have been deposzted seaward of Ffair weather wave

base by storm surge currents with superimposed weaker

- oscrllatory flow.

3.5.2 Stratigraphic Position

ey )

The XL and HL facres occur in baoth the Tyrwhltt and

Tobermory Formatlons, althOugh facies unlts are thlcker

and more abundant in the latter. In the Tyrwhltt Formatlon, N

XL fac1es unlts are generally several decrmeters thlck
(maxrmum about 1 m thlck), and thin 1nterpreted remnants
of XL facres ‘units are usually present in parts of the

ST. facres {(e.g. M5 2: 70- 96 m) HL- fac1es unlts are rare

in this Formation (e. g. MS l 61-62 m; 71-72 m). In the
TPy

" Tobermory Formatlon, XL fa01es unlts may attain thlcknesses

of Sseveral meterS'(e.g. Ms 2: 212- =219 m, 240 5= 244 m).

HL facies units are generally less than 25 cm thlck although

a- range of‘9-1OU*&m is possible;‘ : ‘ B

' ) . Cow

3.5.3 Facies Description

~

The XL facies is domlnantly composed of small scale

_trough crosslaminae 1n sets 0.5 to 2 cm thlck and 2= 10 cm

w1de (Flgure 3 20) *Set lamlnae are concave upward and
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(a)

R . (b)

Figure 3.20 Common vertlcal relatlonshlps between horlzontal
) laminae and small-scale crosslamlnae.. Note

. 1rregu1ar1ty of laminae in upper part of (b).
- . ~Scale in em. (a: MS 1: 208 m; b: MS 5: 236 m).

.

P
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_COzf ining thln lnterbedded crosslamlnated and- horlzontal /
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intersect the lower set boundary tangentially. The degree

of set preservation is variable, and in many cases only

.small remnants of crosslaminae, are preserved. Wave form

crosslaminae are much less commonly preserved (Figure 3.21}.

Laminae within the wave form may“be form concordant, where

they arch upward, or form-discordant, where . they truncate

against the wave form (termlnology of de Raaf et gl.,
1977).
Laminae in the HL facies are ‘generally horlzontal

and stralght, and less than l:mnthlck (Flgure 3.20 a b)

“These may be traced. laterally without change in form- over

a few declmeters, and commonly termlnate ln ‘tiny concave
upward scours.' ‘Some 1am1nae have an undulatory aspect
(Figure 3.22).. In some cases, 1am1nae appear to have been
deformed somewhat, causxng them to be irregular (Figure f

3.20 b; Flgure 3.22). 'The 1rregular1t1es are often due

to dlsruptlon by burrowers or to soft sedlment deformatlon.

Flgure 3.20 demonstrates the . 1n1tmate vertlcal

+

~relatlonsh1p between’ horlzontal lamlnae .and small scale

crosslaminae. Predomlnantly horizontal laminated units

can‘%lso pass laterally over about a meter into units

‘,J

1a nated subunlts (Flgure 3 23).

The XL fac1es can be’developed in grain sizes

ST e g v Qeurrt e B T Rt
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Flgure 3.21 - ﬁ%rm—concordant an& form-

discordant wave form
crosslaminae. Scale ln cm. (M5 5: 230 m).

“f

ooty
., .

Burrowed and undulatory horlzontal laminae.

‘Figure 3.22.
i Scale in cm. (MS 5:" 229 m).

'

[



(b)
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dominantly parallel and slightly wavy laminae.
Note simgle wave form which truncates laminae.

approximately 1 m laterally from (a), small

‘scale crosslaminae and horizontal laminae, are

intimately related. Note sharp base. Scale
in em. (M5 1l: 245 m) .
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ranging from'coarse silt to fine sard. The most'commonly
.o o

g occurrlng graln s;ze is very fane sand

Sands 1n the'HL

PO o The XL facles 1s commonly 1nterbedded with the ST,

3 v :carbonate facresL
S

_ \\; fac1es range from 5ery flne to medlum grade but moEE//’_"

commonly are. very flhe*gralned.

o

Where HL XL, tran51tlon.

couplets are found, the graln 512e 1s always very flne

s

sand. BRI ‘a; T L '(‘ e

}

“..‘ . ) ) - - . ..

‘Bourrding RelationshipS'l.

- . ) : T r)

l'

":‘h;'f between the HL and XL facres, where horlzontal 1am1nae .

.-... q s

beébme undulatory before passrng upward 1nto the'XL facles._

L2 2

- -8 The HL fac;es may vertlcally succeed the XL, ST and
. . ¢ ) , N
The fac1es most commonly passes upward

‘>
.

1nto the XH facmes,‘and 1ess commonly upward 1nto the ST

fac1es...,;.f-

3.

facles, and are’less common 1n the HL fac1es

MOSt of

i T i .. ‘ I .”. LT . '
R S T
b3.5.5_,Trace Foesii AéSemblage~hi N y

T , ——— e . .
g S = - e, ~‘;* : , . .
: Trace f0551ls are mod%rately abundant 1n the XL

P

- _\,’ - \ -‘
the observed trace f0551ls 1n these faC1es were descrlbed
- \ . o ; . LI i ~___. i -W -
» . RO :* . e .-
. Oy o
5 - R N -
’ YL o o N IR . _
1 I.wm ’ - - -
e TR ; sty

o,

HE and MX facres. It also may Vertlcaily succeed the TC
fac1es. -In most cases-facres boundarles are sharp.--
' ty‘pe of gradatlonal trans:.t:.on is: sometlmes observed ’

4
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earller from" the ST fac1es (Sectlon 3.3.6), 1nclud1ng

ﬂiPllChnla ¢ Skolithos: (Flgure 3,24) and Bergaueraa (Flgure“

3.25) A fourth. form ldentlfled&HEre by G. Pemberton

g\(McMaster Unlver51ty) is Arenlcolltes sp° (Flgu:e 3.26) .

hArenlcolltes lS a U—shaped burrow lacklng ébreiten.' Its

;-'orlgln has not been well establlshed and it has been
“. . N & J
attrlbuted to both crustaceans and susgen31on feedlng

+

worms. The form usually dey ops in a relatlvely hlgh
‘ B .

. - energy enV1ronment w1th act1 e currents.
v o

S . - ’ - .
-l . : . L. - ) . o

3;5.6 ‘FaéieS‘Recognitioni.

]

« The XL fac1es is recognlzable on the ba51s of an'

-abun nce of small scale crosslamrq}e and subord;nate
. s e—form sets, and dts- lnterbeddlng w1th the ST, HL and
MX.fac;es. The HL faqles 1s recognlzable on the ba51s of

: ltS characterlsth horlzontal parallel lamlnae and- 1tS'
: 1nt1mate vertlcal and lateral assocmatlon w1th the XL
' - 1 . . ' .

. fac1es.
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Figure 3.24 , Skolitho burrows (arrowed) in cross-— ‘
sectional v1ew.,_Scalg in cm. (MS 1::212 m) . T
; "Figure 3.25. Bergauerla burrow (arroWed) in cross-— L
= ; , - sectional v1ew. SCale ln cm. - - (Ms J: 228 m) : .
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o o Figu:é'3.26 Arenicolites sp? in cross- sectlonal v1ew.‘ I
. s, . .  |Scale in cm. (MS 5: 216 m) o
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Flgure 3.27 OrblculOldea layers in. mlddle FC fa01es unlt.

e . Scale in cm. (MS 1: 54 m) .
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«

3.6 SILTSTONE FACIES (SI)

. . -
1 z ! - N - ¢

3.6.1 Introduction and Basic Interpretation

. . . ’

The SI facres is composed of ma551ve bedded silt- o

-stone, and is 'the finest grained clastlc sedrment observed

in the Pennsylvanlan sequence. Tt 1s 1nterpreted to

have a shallow-marlne orlgln, and to have been deposited

-

. seaward of fair weather wave base durlng a period qf

$3.6.2 Stratigraphic Position . ".'>

-

restrlcted sedlment supply and current act1v1ty

;‘ Two siltstone unlts 0. 5 l m thick are present at

similar stratlgraphlc levels in- the Tyrwhltt Formation’

- of most measured sectlons (e.g.. HS 1: 19-20 m, 50-51 m)

g g
Hence, . both appear “to perSLSt laterally a mlnlmum of 5 km

~in a N-S dlrectlon. e T ’

,:- ~

. e ; -

T ’ . ; 4

R | . LT C .
3.6.3- Facies-DeScriptiog Co ; L

e,

. - . - ] :
The SI fac1es 15 composed of srltstone whlch nay’

L4 - Ty
be somewhat dolomltlc or’ arglliaceousﬂln some cases.'

-

Sandy layers are occa51onally present, and the fdcies S

. unlts commonly exhlblt heavy ‘Lron stalns. o ) -

R Y,

S AN SR




3.6.4 - Bouﬁding Reietionships

}Gf.G.S' Faeies:Recognition
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N . -
- - ’

' The siltstone units are usually massiVe bedded
. 4
except for occaSLOnal thln partings where muscov1te flakes

are concentrated. ‘No/ sedlmentary structures were

observed, and the units appear to be thoroughly biotur-

bated. . - . . e

‘The - SI fac1es 1s commonly 1nterbedded w1th the

P “" -

‘g& faCLes. The- lowar SI fac1es unlt may dlrectly succeed ,

the Major Tyrwhltt MX Interval (e 'g. 'S l 19 5 m). Unit

contacts are always sharp.:

r
The fac1es is. readlly recognlzable on the bas;s o

of its- llthology and 1nterbeddlng w1th the ST fac1es.

- .
.

~

FOSSILIFEROUS CARBCNATE FACIES (FC)
CROSSBEDDED CARBONATE FACIES (TC)

v
. . ..
. : - . 1
- . . . R . -
) .

3.7.1 ‘Introductien and Basic Interpretatién,. _
. B i B " J ' N R
! -

-

The ‘NC, FC and TC fac1es constltute o&ly a mlnor,

v

.

. proportlon of the bredomlnantly 5111c1clast1c Pennsylvanlan‘

du g : . , e

‘3}7‘-_lNON-FOSSILIFEROUS CARBONATE FACIES (NC)
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- succession., All are interpreted to have a- shallow mafing
origin and to have been deposrted under condltlons of & .

llmlted-5111c1clast1c supply.

3.7:2 ‘Stratigraphic Position ‘ ; A

The NC facies is usuallz;restricted-to-thE'upper‘

part of the Tobermory Formation (é.g. MS 2: 239—240 m;
244 245 m} 248- 252 m) , although in one case the fac1es
‘ocgurs at the base of the Formatlon (MS 1 T89 7190 m).

The facies is apparently not laterally per51stent between
measured sectlons, spaced 0. 5-2 km apart. The usual
thlckhess‘of the fac1es~rs 0 37 -1.61 m, and exceptlonally
om0
‘- .,,dhe Fc'facies incorporatesjthree distiWctively - ’—2-

different f055111ferous carbonate units, each of whlch

occurs once in each measured sectlon. The lower FC facaes,

unit (e. g. MS'1: 0-1 m) forms the base of all measured

‘ sectlons,gand is part ef the Lower Splrlfer Tongue in the *
*fTodhunter'Formatlon as deflned-by’sjﬁkt~(1964) e_‘

‘middle- FC fECles unit (e 'g. MS 2:°55-56.5 m)’ averages ' ﬁ5\f’.

/ﬁuwghout 1.5 m thlck, and occurs at about the m1ddle<of °
the Tyrwhiit Fcrﬁkgion in -all measured sectlons. 'The

a~. upper FC facles unlt (e g. MS 2- 121 5-122.5 m) averages

- -
>y .

.
B
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- “and abundant Sglraferl brachlopods are scattered through—

_out.‘ Unlts a@é ma551ve bedded w1th no 1nd1catlon of '

64"

about 0. S ~-1'm thick, and occurs in the Storelk Formatlon
of most-measured sectlons. All three FC facres unlts
are laterally persrstent at least 5 km.

The TC facres 1s present in the Tyrwhitt Formatlon

of two measuragd sections (MS 1: 77-78 m; Ms 3: 76.5—77 m) .

Fac1 uni s'pin out laterally over a distance of a AU

; ! . t
few tens of meters.

- - - . s
-

3.7.3 Facies Descriptions

B -
. [y
. ,‘_' '

~ The NC fac1es is composed of sandy mlcrocrystalllne *

dolomlte, although where sand becomes hlghly abundant

the llthology of parts of some units reverts to a hlghly oF

dolomitic sandstone. Chert 1ayers up o about 1 cm thlck

[
H

and chert nodules are common in indiwvidual facies unlts.

3 M Lo

The units are masslve bedded and structureless, and the
underSLdes of unlts dlsplay lntense bloturbatlon.' No

specrflc 1chnogenera could be - 1dentlf1ed _—_ ’ -

The 1ower FC facies unit is composed of hlghly"‘_

sandy lxmestone and c0nta1n_

numerous 1rregu1ar light

brown weatherrng lmpure -ch odules (1dent1f1ed by

Scott, 1964) Flne to coarse gralned echlnoderm fragments

w . Lol .
. 3 .
1ntetnal stratrfrcatlon. L " R

-~

-a B .#_ LR
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The middle Fdhfacies unit is composed of highly
sandy fine to ccarse crystalline dolomite, or, with

abundant sand, -a‘highly dolomitic sandstone in parts.

The unit contalns abundant Orbiculoidea brachiopods

" and contains‘

usually concentrated lnto layers a few centlmeters thlck

(Figure 3.27). Poorly preserved articulate brachlopodss

are rare. The fac1es unit ‘is always horlzontally stratl-

fled, and commonly beds ‘are irregular and are about 2 3
ém thick. . - -

The upper FC- fac1es unlt is composed of hlghly -

\ sandx dolomlte or hlghry dolomltlc sandstone. The unit

. contalns Terebratulld and Splrlferld brachlopods at someg '

1loca11t1es, and is mass;ve bedded with no 1nd1catlon of

®, v
. . "

. sedlmentary structures.

The TC fac1es 1s usually composed of dolomlte

' conta n1ng abundant sand and phosphorlte gralns

Textura
¥

undan% casts. and fragments of shells

cross stratlfled in trough Sets 20 30 cm- thlck. ’An

1nsuff1c1ent number of- paleocurrent measurements could

nbe obtalned to establlsh a paleoflow dlEFCthn.

: 1t is hlghly porous and vuggy (Flgure 3. 28),_ o

T

fthereby resembling a coqulna.. The faczes 1s crudely -]ﬁ'

ot ——



3.7.4 . Bounding Relationships

The NC facies is usuaily interbedded with thehST
facies, ano.contacts between. the facies‘tend‘to be grada?
tional.. The HIL facies soﬁetimes vertically succeeds the
NC facies via a sharp contact. In one case, ah MX facies
unit vertlcally succeeds the NC fac1es, and promlnent

léad casts. are v151b1e at the base of the MX unlt (Flgure

. 3. 29).

g

The lower FC facies' unit usually passes upward *
into the ST fac1es where the contact is exposed The

middle FC fac1es unit 1s usually succeeded vertlcally

' by the ST facies, although. 1n one case (Ms 1: 55 m}: 1t

lS overlaln by the MX fac1es. The 1ower contact of the

-

facmes is poorly exposed except in measured sectlon 1

where it gradatlonally overlles the ST fac1es. The upper

FC-.facies unit gradatlonally overlles the S&Lfacies, and

rests in sharp contact with’ the vertlcally succeedlng f,
LT. fac1es in the Middle Storelk Megatrough Interval.

The TC facmes may pass upward 1nto the XL or HL
@

‘facies via a sharp contact - It is usually underlaln by

.the MX or HL fac1es.
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. .
Ct . Figure 3;28 Porous texture of TC facies. Scale in.cm:
. ' (MS 3: 62 m).
%
. ¥
r .
9
- . ) . - ~.'
q
- Figure 3,23.'Load casts on basé_bf_Mx facies unit yeftically»

‘ Succeeding an NC facies unit. Scgale in cm.
- - ‘ . (MS 2: 240 m). L ,/F
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3.7.5 Facies Recognition

- All facres may be dlstlngulshed by thelr predoml-
nantly carbonate llthology. The follow1ng crlterla dls-
tinguish the carbonate faczes from one another fossil -
‘content ln the FC fac1es, exten51ve bloturbatlon and
lack of body foss1ls in the NC facres, and_cross‘;trati—
fication 1n the TC fac1es. ' »

o

3.8  MEGAPLANAR PRATES (MP)

3.8.1 Introduction and Basic Interéretation -

<

The Mp fadAes consrsts of megaplanar crossbeds

.with a max1mum thlckness of 10.15 m. The sets may be
solitary, or may be lnterbedded wrth the LT, LP or MT

lfaciesi The MP facres is 1nterpreted to have been

: dep051ted by aeollan dunes.'

* . . . - -
. : : Y .
L ! N ) -—

.+ 3.8.2 -Stratigraphic Positidnﬁf

" p
i . “'.

The MP. fac1es 1s conflned to the Storelk Formatlon,

3

'._where lt occurs - ln the Lower Storelk Megaplanar Interval

“,and 1n the Upper storelk,Crossbed Interval (Flgure 3 0-

-

e

.. . -
rad \ .
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' there is more than one set, set thlckness 1s generally

e.g. MS 1: 98.5-116 m; MS 5: 168-195 m). Solitary mega-

Planar sets also ocecpr ln*other‘parts of the'sequence
(elg."MS 2:°156.6-162.2 m; Figure 3.30).

3.8.3 Facies Description

The MP fac1es is composed of well sorted very

v

flne gralned 5111ca cemented sandstone The pauc1ty of

-

other graln srzes 'appears to be the reason why lamlnae

"are very dlfflcult to discern in parts of most sets.

" Rare - gralns up to medium sand size'are scattered through-

out many sets, but do not concentrate along the laminae..

e e e e e e

- ' The MP facmes is characterlzed by two set types-
‘pPlanar, tabular sets, and.sets w1th dlvergent set bound—

aries (wedge shaped planar sets) . These are.dlscussed

separately below.. ot
S . . . . r
;o * L . e

Megaplanar Tabular Sets. megaplanar tabular sets
are the thlckest types-observed 1n the Storelk sequence.

Where sets occur by, themselves ln Intervals, they cant

»
LR .

.

reach a maxlmum thlckness of 10 m. "‘ In Intervals where

less than 3 m.

The lower set boundary is generally horlzontal

and flat, although it" may undulate sllghtly. ‘The boundar&

L
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truncates underlying set 1f present.' In almost all
A

tabular sets, cross strata in the 10warmost part approach

_the lower set boundary asymptotlcally (Flgures 3.30, 3 .31},

and in only a few cases was an angular relationship
. ~ .

observed. Upwards in b?th types’ of tabular‘sets{ the '
‘foresets form regular. planar surfac€s which maintain a
‘consistent orientation'throuéhout the rest of the set
(Figures 3‘30”'3'31L'3‘32%' Where orientation measure-

ments could be made from the same set on opposite sides

of a canyon, there was no detectable_varlation'in the

" orientation of the cross strata. This suggests th

the foresets are true geometrlc planes, and do nota%
‘a broad lateral curvature. The upper set boéundary of

all. megaplanar tabular sets is generally hor120ntal an

flat or sllghtly undulatory. It truncates the underlylng

.

cross stratlflcatlon (Figures 3. 30, 3 32). T

- In some cases, sets bounded v horxy ntal parallel

set boundarles were observed to .contain curved Cross
stratlflcatlon. The foresets approach the lower set

boundary asymptotlcally, and closely resemble the lower-

‘most portion of megaplanar sets descrlbed earller (e.q.

a
Figure 3.31). Sets of this . ype are 1nterpreted to be
erosiohal remnants of origi

lly thlcker megaplanar sets,

so that only the asymptotlc base was preserved.

In such

.

?.VE
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. , tabular set, Bedding below set parallel to T,
T, ‘regional horizontal (arrows). Note : ' .
. regularlty and constant dip of partihg
L ’ anes in rest of set. Man is 1.8 m tall. )
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Megaplaﬁar,tabylar set 6 m thick fLowgr

‘Storelk Megaplanar Interval, Ms 2).
Man (1.8 m tall) is about 15 m in fore-
ground nelative to outcrop (3:32B), and

" true scale is shown in 3.32a. . "Photo
~distortion" ‘due to convergence effect

- with increasing distance of outcrop from
- camera. Regional horizontal indicated
by ‘arrows ‘in"3.32a and by white lines

in 3.32B.

....
'
R
.
~
\
;
.
i -
P v .

N




PHOTO :
DISTORTION




e




‘
e

cases, if the lower set boundary: was poor;y exposed, the
set could be mlstakenly 1dent1f1ed as a megatrough set.

In a unlque case, a megapLanar set was cbserved
to contaln convex upward cross S\J.ratlflcatlon (F:Lgure
3.33). - Stratlflcatlon w1th1n the set becomes progressrvely
steeper upwards (Flgure 3.33A), and the set appears ‘to be
.overrldden by another set in which foresets are sllghtly
‘convex up and dlp less steeply (Flgure 3. 33B)"

Megaplanar tabular sets could rarely be traced -
laterally far enough to observe changes in form an
exbeptlonally well. exposed set i¥ the Upper Storelk'of
measured section 2 (Flgure 3.30}, however, could be traged
laterally at least 40 m without dxscernlble changes in
thlckness or set’ boundquhgonflgu atlon..

In the Upper storelk of measured sectlon 8, an
exceptzonal Cllff wall exposure of a megaplanar set
'_demonstrates how ‘some megaplanar tabular sets may appear
“lf they could be traced. laterally over long dlstances.
(Flgure 3 34). -The set has a- maximum thlckness of about
8.5m and can be trated laterally a mlnlmum of about 37 m
(all measurements from photographs due 'to 1nacc9351b111ty):
The 1nte¢nal cross stratlflcatlon of the set is stralght
in cross sectlonal v1ew, except where 1t approaches the

VVIOWeraset boundary asymptotlcally} similarly'to previously

G L

fa
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Figure 3.33 Convex upward cross stratification in
. megaplanar set. ‘Morphology described
in text. Regional horizontal: indicated
T by arrows. Man (right hand corner) is.
1.8 m tall. ({(Lower Steorelk Megaplanar
Interval, MS 3: 106-114 m) . ’
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described megaplanar sfts. High on the cliff wall (Figure

3.347), the lower set boundary is horlzontal and flat R

As this boundary is traced laterally to the bottom of the.

canyon (Flgure 3. 34B), it curves and climbs stratlgraphl—"
cally. The upper set boundary is gently inclined high on
the cliff wall (Flgure 3.34¢Q), becoming more steeply

. inclined towards the canyon_botton (Figure 3.34D).  1In-

. the canyon bottom, the tvo'set boundaries nearly converxge,
and the set at this p01nt is only about 1mnm thlck. From
the above descrlptlon, the set geometry does not strlctly

: adhere. to that for a megaplanar tabular set, since the
set boundarles converge laterally.’ Slgnlflcantly, however,
had only)fhe part of the set hlgh on the cliff been
exposed, it would have been termed a megaplanar tabular -

set.; Moreover, had only the portlon of the set in the

canyon bottom~been exposed, it would have been termed a

v

large scale wedge shaped.planar set. Henoe;theldegree
of exposure is crucial in accurate identificatioh.
éhe dlps of foresets "in megaplanar tabular ‘sets
- range from 6 degrees to a maximum of 26 degrees.; The
.\1owermost dlps, however, were measured from sets where
_:only the IOWermost asymptotlc portlon of the set was

,-exposed or accassrble. Hence, these‘are'unrepreSentative

of. the foresetrdlp values from higher in the -set.
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~Figure 3.84 Cliff wall exposure of megaplanar set show1ng

set wedging out towards base of, canyon.

'
1

; il - "Morphology of set discussed in ‘text. Set ,
! ‘ ) . bounded by other megaplanar sets. Regional .
: . horizontal indicated by arrows in-3.34a and &
E - by white ljnes in 3.34b. Man (1.8 m tall) o,
- circled in 3.34b (Upper Storelk Crossbed S
‘ _ ‘ " Interval, MS. 8) . R v
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.The foregoing desoription‘makes it possiblelto
portray a three dlmen51onal vxew of megaplanar tabular
set geometry (Figure 3.35)% The draw1ng emphaszzes the

. fact that in some exposures &Flgure'3.35,lface 1) all
' - othat,can be seen_isla serles.of apparently horféontall%
stratified beds. 1In such cases the presenoe of a mega-
planar*set can be’confirmed by measuring the dip‘angle |
v.- o of the- strata together w1th the observatlon that

1nd1v1dual strata can be tracgd laterally w1thout apﬁarent

curvature . » :
¢

B - - S
. . . . . .

P . ot ) . . - o
. . L . . : ) A
; » X . . 1

4 Lo . : - . . ¢

H . L . . .

i . . ' .

e ' ‘Megaplanar'Sets with Divergent Set Boundaries:

almost all sets with this conflguratlon adopt a cla551c

‘5\.':9\ eramoe g

RS wedge shape w1th planar set boundarles,.although the

PSP

j_; o : ] set desgrlbed earlier from measured sectlon 8 shows that

B . the overall conflguratlon of some sets may -be sllghtly
.more compllcated., The usual range of thrckness for

f”? o - " wedge shapedcnmgaplanar'sets'is 2-5'm, Thelr foresets.

" | range ln dlp between 13 and 26 degrees, w1th most falllng
’ lessen upwards in the set._; T hu,'-'_, -

7,#’* B The lower set boundary may be gently to steeply

stratlflcatlon elther parallels the lower et bound

.

.
. ) . t V' .

o=
e
%,

ln the 13-20 degree range.l The angle of dlp may gradually‘

H‘Q-T 1nc11ned, truncatlng underlylng sets 1f present, Cz:;jg e
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THREE DIMENSIONAL
GEOMETRY OF

MEGAPLANAR TABULAR
CROSSBEDS -
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or has an angular relationship to it. .The foresets are

true deometric planes, based on rare' bedding plaﬂe

exposures and on the consistent orientations of foresets

exposed on apposite sides of caﬁyons. The upper set

‘boundary truncates the cross stratification, .is generally

flat, and is horizontal or steeply inclined. Set boung-

aries converge over short distances, giving the set a
wedge shape (Figure 3.36).
Where wedge shaped seﬁs occur in the Storelk

sequence, - they tend to be paired. Foreset dip azimuths

—of Vertically aajacent"sets are divergent, tending to .

* be about 25-60 degrees apart (e.g.MS 2: 109-117 m).

~

3.8.4 Bounding Relationships ’

' The MP, facies characteristically is interbedded
with, or.succeeds the LT and LP facies in the Lo&er
'Stprelk‘Megaplané;-Interval (e.&?’hs 1: 99-116 m, MS é:
96.5-117 m). . It méy also vertically succeed the SS

facies (e{él MS 2: 156.5 m) or pass upward into it

—

(MS 5: 173 m). The MP facies can also interbed with thé.

M faé;es ﬁﬁé“5= 175-190 m) .

K4

YT PP R
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Figure 3.36

Paired wedge shaped megaplanar sets.

Lower set dips into photograph.(to 5E8W) and "
hence appears to be horizorital bedded. " Set
is truncated by inclined lower set boundary

. of upper set, which dips towards SE (laminae
" parallel lower set undary) . '

Upper set truncated by horizontal surface to
right of photo. Regional horizontal _ |
indicated by arrows in.3.36a and by white
lines in 3.36b. Man is 1.8 m tall (Lower :
Storelk Megaplanar Interval, MS 2: 109-117 m).
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Facies Recognition

.With good exposure, the chief .identifying character~ T

istics

1.

of the MP' Ffacies are: - J

£
3

-

geqerally flat bounding surfaces, which ‘are

parallel and horizéntal in tabular sets, and

’

'which'converge-in wedge shaped sets;

¥

‘lnternal Cross strata whlch are true geometric

planes except at the base of the set where they

usually curve to- meet the lower set boundary

.

asymptotically. Rarely, croSs strata may be
: : N : ~

'convex'upward- and

3.9.1

attain

g thelr lmmense scale. Sets‘vary in thickness:

.t . . -

from 2 m to 10 m. '

MEGATROUGH FACIES (MT)

Introduction and Basic Interpretation

-The MT facles is composed of megatrough sets whlch

a maxlmum thlckness of 6 m. The sets are- most

commonly interbedded w1th .sets from the LT and MP fac1es.

The MT

faCLes is interpreted to ‘have beén dep051ted by -

: aeollan‘dunes. ‘ S oo . :

PaTel
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3.9.2 ‘Stratigraphic Position T

-~ Py

The '‘MT facies is confined to the Storelk Formation,

where it occurs in the Middle Storelk- Megatrough Interval

© 3.9.3. Facies Description

o>

and -the Upper Storelk Crossbed Interval (Flgure 3 0: e.qg.
M5 3: 126 -144 m; 163- 186 ) . Megatrough sets occur in
groups, and no solltary examples ‘were noted elsewhere

in the Storelk sequence.

. ?he_MT facies_is composed of silica cemented guartz

sandstone.- In the Middle Storelk Megatrough Interval,

1

the sand is flne gralned wrth scattered medium and
coarse gralns.; "In ach measured sectlon there is always
a 51ngle megatroug set contalnlng numerous alternatlng
flne to medlum and coarse gralned lamlnae, and in many

cases abundant coarse plnk chert gralns. Laminae'are

generally ‘well deflned in thls Interval as a. consequence

of a wider- graln 51ze range, and hence graln 51ze segre— S

gatlon. Sands 1n the Upper Storelk Crossbed Interval are
generally unlformly very flne gralned and consequently '
lamlnae are poorly developed in parts of most sets.

The megatrough sets have maximum. thlcknesses of

- }
.6 m. Thelr foresets generally dlp between 10 and 20

w2

. .- .
e e e



”recognltlon of such ‘sets may be dlfflcult.‘

'

.degrees, although dips as high.as 26 degreés were recorded.

The lower set boundary of a megatrough set is
broadly curved, and erodes into underlylng ‘sets (Flgures
3.37, 3.38). In some cases where -the megatroughs are

scoured down to a consistent level, the lower boundary

3

may appear to be relatlvely stralght in two dlmen51ons.

v

Slnce no plan views of megatrough foresets were observed
they are inferred to have a very broad subtle lateral ’
%

curvature in three dlmen51ons on. the ba51s of occa31onal

three dlmen51ona1~v1ews-and paleocurrentadata:'
X ‘ v

1. Three dimensional views: the mair canyons

int which the' stratigraphic sections were measured were:

usually oriented sub—parallel to the dlrectlon of trough
lnflll (side v1ew, Figure 3.39). End views (Flgure 3.39)

were occasionally exposed in trlbutary canyons orlented

~at 90 degrees t6 this. trend. In end view, cross_stratifi~

cation planes‘are very broadly:curved, and the-overail.

.

scoop shape is subtle. Where large blocks spall off,

broadly curved surfaces can be seen to dip infe’ the Cllff

Often this is- the only 1nd1catlon that ‘a megatrough 1s

belng observed show1ng that in the absence of 51de views
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Flgure 3 37 Megatrough sets in Middle Storelk Megatrough
: Interval, MS 1 (124-136 m. .

[

-Regional horizontal 1ndlcated by arrows in

3.37a:and by white lines in 3.37b.
(01rcled) is l 8 m tall.
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Flgure 3.38 Megatrough crossbeds in M;ddle Storelk ) . ’

: 'Megatrough Interval MS 2 (123 134 m) " o h .
Recessive zone below crossbedded outcrop o . )
contains FC facies unit .with Terebratulid
brachlopods. Regional horizontal indicated
by arrows in 3.38a and by white, lines in | E

- 3. 38b Man, (circled) is 1.8 m tall. . ) ‘
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2. Inferences from paleocurrent data- where

orientation measurements were taken from the same set -on
opposrte 51des of a canyon (lateral dlsplacement ~about v

15 m}, the strlkes of the cross stratlflcatlon surfaces

" varied by a few degrees.- The dlfference may in part be

due to.errors in measurement but a subtle variation

in strlke, suggestlng subtle lateral curvature, Seems

. well. establlshed based on a number of measurements. Also, -

‘ foresets of 28 of the 30 measured’ megatrough sets in the

L]

© Middile Storelk Megatrough Interval have dip azimuths

clustered w1th1n a 56 degree. spread (Flgure 4.3). Since

the values are single measurements taken from each set,

'they can be con51dered to be a more or- less random Ssample .

.
o

'of measurements from different parts of the foresets.

If the troughs had a pronounced spoon shape, the spread1

of dip azimuths would have been. expected to be. much

‘larger even if. 1t were assumed that all foreSets were

orlented in prec1sely th same dlrectlon. Hence, the

:data suggests that th degree of lateral curvature is

subtle (and that the tro gh sets are fa;riy consistently

orlentated) ' The above data permlt a hypothetlcal

'reconstructlon of the scour plt in whlch the cross strata

'were dep051ted (Flgure 3.40).. ‘The broadness of the scour

pit suggests that the degree of 51nu051ty of the dunes
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with both the 1T and MP fac1es (e.g. Ms 3: 167~18§ m) .

95

. -

that deposited the megatrough was not very high.

-

3.9.4 Bounaihg Relationships

>,

The MT fac1es is most commonly interbedded with
the LT facres (e.q. MS 3: 126 -144 m) in the Middle Storelk
Megatrough Interval. In the Upper Storelk Crossbed

Interval, the MT facies may be vertlcally assoc1ated

'3.9.5.'Facies Recognition-

~

In view of the three dimensional geometry of the

megatrough sets, they may resemble the lowar part of a'

. megaplanar tabular set wlth an asymptotlc base The two ;‘

may be dlstlngulshed by the follow1ng criteria:

'

1: ‘the lower set boundary of megaplanar tabular

‘sets 1s planar 1n three dlmenslons, whereas
for megatrough sets it is broadly curved, and
cuts into underlylng sets. In cases where |
the megatrough is scoured down to a. con51stent
level dlfferentlatlon is more subtle without

-~ a fortuitous. end v1ew whlch would show the
overall scoop shape of the IOWer set bouhdary.

. However, in sich. cases the megatrough set .
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"tlons and does not dimply a genetic oxr morphologlc
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LY

boundary tends to undulate somewhat if 1t can

be traced far enough laterally. .
2. the curved’ stratlflcatlon in the lower part
'f.of a megaplanar tabular set ‘is usually 1-2 m
thick. The observed megatrough sets are much

« too thlck to be mlstaken for this ¢

-

3.10  LARGE SCALE TROUGH CROSSBED FACIES (LT)

Fa

-

3,10ul,Introduotion and Basic Interpretationvl -
. . } i i . . JJ .
L ; N . .

[y

The LT facres 1s composed of broad, sometlmes'

‘ subtly curved trough crossbeds 0. 20-2 m thlck The upper

thlckness llmlt is .arbitrarily deflned from field observa-‘

AL

dlfference between these and megatrough sets.. Large

‘scale trough sets of the LT facies are almost always

: 1nterbedded wrth.sets from the MP and MT facies, although

on occa51on they may 1nterbed with the 85 facies. . The
LT facres isg 1nterpreted to have been deposrted by

relatlvely small aeollan dunes




"

3.10.2 Stratigraphic Position

The LT facies is ubqultOUS in the Storelk sequence
It forms a large proportlon of the Lower Storelk Megaplanar
Interval (e.g. MS 1: 99-116 m) and the Middle Storelk
Megatrough Interval (e.g. MS 5:"130-144 m).. The facies
is less common in the Uoper Storelk Crossbed‘lhterval
(e.q. MS 3' 163-186 m),‘and may occur w1th1n the Mlddle
Storelk Structureless Interval (e.q. MS 2: 147-152 m).

|

3.10.3 Facies Description

LI i

The LT fac1es is generally composed of 'welll sorted
very flpe gralned srllca cemented gquartz sand.' Fine
grained sand .may be scattered throughout the sets.

' Individual trough sets are generally very wide
.relatlve to their thlckness. Sets can vary 1n_w1dth_fromw
less than 1 m to several meters, and'ramge in_thickness
from 0.20 m to nearly 2 m. Most sets are in the 0.5-1 m
‘thickness range; Laminae vary'ln'dip between 10 and 30
‘degrees for the most part, although in many cases dips Qi
less: than 10 degrees were observed. Examples Gf large. }‘
“scale trough sets are‘given ih_Figures 3.41 and 3.42. |
The large. scale: trough sets are variable in con-

figuration, and many appear transitional to planar forms.

Sring e Cwlied
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2

. ¥ . U\ —
Figure 3.41.\ Large scale trough crossbeds (LT facies).in

o Lower Storelk Megaplanar Interval of MS 1 ¥
© {99-102 m). Man is 1.8 m tall.



Figure 3.42

99

.Large scale trough crossbeddlng (1 fac1es)
in Upper Storelk Crossbed Interwal of Ms 1

(159- 165 m) .

Note small preserved dune (descnlbed in

_.text). 'Regional horizontal indicated by 1
- arrows in '3;42a and by white llnes in 3.42b.

Man is 1.8 m tall.
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In some cases, the trough form is 1mmed1ately obvious;
lamlnae have'a pronounced curvature, and the troughs‘
cut,down into one another. In other cases, recognltlon -
of the overall trough geometry is more subtle and requires
-good exposure. Lamlnae are subtly curved and the sets = .
~do not erode deeply 1nto underlylng sets.u If several

relatlvely thin sets of this type are stacked on top of

one another, all that is seen in small outcrops is

“h'dlvergent sets of laminae. In the Upperxr Storelk of

e g L

o e s Fom e,

measured sectlon 2 (166 181 m), subtly curved tréughs
are 1nterbedded with wedge shaped planar sets of similar
thlcknesses. Over the length of the outcrop. (about 5 m),
1am1nae 1n the trough sets can be seen: to curve, whereas
lamlnae 1n the planar set;lare straight-over this dis- : .
tance. ‘In poorly exposed or small outcrops, then, the ‘ ‘

dlstlnctlon between the two is not always p0551ble.

e =

3.10.4 Bounding helationshipsl' -

Because of ltS ¢ommon cccurrence throughout the : )
e . ,
‘Storelk sequence, the LT fac1es is lnterbedded w1th all
other\fac%es that occux 1n the Formatlon. Hence no

. prefe red*tran51tlons could be dlstlngulshed oo T T
! _ : ‘
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3.10.5 Facies ‘Recognition N ‘ .

e ‘3- : The LT fac1es is readrly dlstlngulshed from other

' ) Storelk facres by 1ts /scale and by 1ts trough geometry.

“ When sets are subtly curved; however, it is difficult to b
. distinguish between the LT and LP facies without good */%
. ‘ exposure.

. L3

The LT facies resembles the MX fac1es in many
aspects, except that sets in the latter are on® the -@verage-

Lo

‘, _ thinner and have a pronounced -trough geometry. Sets in
. the LT facies resemble the largest‘sets.found in the

MX faeies. Hoﬁéver, the LT facies crossbeds are'always'h =
A:iﬂterbedded with ﬁegaplanar end megatroﬁgh sets,hdhereas

the larger sets in the MX facies are esually interbedded
" with medlum scal: ‘trough ﬁsgssbeds.‘ Where solltary large

[ —

scale trough sets occur in the Tobermory Formatlon, they .

"are assmgned to the MX facmes on- the basrs of their,
vertlcal tran51tlons to the bloturbated XL and ST fac1es,.

whlch places them in a different context than that for

the sets in the LT facxes.z ) ' ‘ ' |




'facles. The Lp. fac1es is commonly 1nterbedded w1th the

'Megaplanar Interva
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3.1} _ LARGE' SCALE PLANAR CROSSBED FACIES {LP)

LY

3.11.1 Introduction and Basic Interpretation

! *
e

. B The p fac1es contalns planar tabular and wedge K

shaped planar crossbeds 0. 75 -2 m thlck The . upper thlck—"

“ness llmlt was deflned 51m11arly to that for the LT °.-

. -

~WLT and MP facres, and is interpreted to have. been dep051ted

’

by relatlvely small aeollan dunes.

3.11.2¢§tratigraphic'Position

e
1

Y 5 .
The facres is falrly common in the Upper Storelk
A

vCrossbed Interval especrally 1n measured sectlon 2

(170 181 m) where 1t domlnates the sequence (Flgure 3. 43)
The LP fac1es is r;éatlvely uncommon in the Lower Storelk

(e g MS 2z ‘96 117 m).’
‘? I,l , : . -’ .-- :.

3L1113 Facies Description . ' e S -;’.;
i d N B A . .

PR R N .‘ - . . . ) N |

e
s

The. LP facies 1s composed of well sorted very fine

or flne gralned ‘quartz sand. The sole cementlng agent is

silica. o fj“f ,' L {f” . S .., | '

‘ .

Two set types are present in the facres : wedge

fshaped planar sets, whlch are the most’ common, and_ planar

N E - SR SRR
AR L e e R e e T BIE NI Coy
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tabular sets. These are discussed separately below: -

. >

Wedge Shaped Planar Sets (Flgures '3.43, 3 44)

'these sets vary between 0. 75 m and 2 m tthk and tnelr.

foreset laminae dlp between 11 and 17 degrees. The'lower7

set boundary is flat, gently to steeply ‘inclined, and

'truncates underlylng sets. Foresets are true geometrlc

~

planes, as suggested by thelr consistent orlentatlons
laterally within a set, and elther parallel the lower

set boundary or have an angular relation to it. The

‘upper set boundary may be horlzontal or steeply inclined,

and truncates the cross stratlflcatlon. Set boundarles

coqyefge laterally,’giving the set a Medge,shape,

‘Planar Tabular Sets (Figures 3243, 3.44): tabular:

sets vary in thickness between 1mandg 1.75 m,'and'their

. -

foresets dlp betWeen 11 and 33 degrees, averaglng about

20 degrees.._Sets are bounded by hbrlzontal flat surfaces,

and lnternal foresets are. true geometrlc planes based

on orlentatlon data. Lamlnae generally have an angular ‘

' relatienéhip with the lower set boundary,
. Y - . }

-

»
-

e

e b it
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Figure

3.44
S

Large scale wedge' shaped planar sets

- (LT facies) in Upper.storg}k Crossbeq .
. Interval of Mg 2 (166?181 m), . . ‘

Uppermost set (visiblé‘only'in’upper_ L
left corner). is Planar tabular. Compare -
to upper part of seguence (left -side)

- of Figure 3.43, Canyon too narrow to
permit full photographic coverage.

Book is 19 em in length.
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3.11.4 Bounding Relationships »
. /',\

The LP facies is most commonly interbedded with

the LT facies (e.y. MS 1: 107-112 m). It is also vertically

associated with the MP faties (e.g. Ms 2: 98-105 m).

3.11.5 Facies Retognition

.The LP facies.is recognized on the basis of set
. thickness and the plana;,geometiy of set foresets.

Problems of differentiation between the LP and LT facies

-were outlined earlier. Differentiation between the LP

facies sets and planar sets in the MX facies of the &;
‘Tyrwhltt and Tobermory Formatlons is made on the basis.

of context, as-was descrlbed earller for the LT facies.

~ ) .
s .

v

3.12 . STORELK STRUCTURELESS“FACIES-(SS) .

3.12.1 Introduction and Basic Interpretation

The S8 fac1es is characterlzed by an almost total

*

lack of sedlmentary structures se le in the fleld
and by a unlform texture evident from X-radlographs
On the baSlS of itsg context within a sequence composed of

facies Wlth 1nterpreted aeolian orlglns, the S8 fac1es ig

chg

"

.
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interpreted to have originated in this environment also.
However, the type of processes involved are Problematical
to” interpret. P0551bly, intense post- depesitional soft
sediment deformation may be the cause of the structureless

condition.

v, S h
. .

‘,3.12.2 Stretigraphic Position'

The 8§ "facies composes two Storelk Intervals The
Mlddle Storelk Structureless Interval (e. g Ms 1: 136—
158. 5 m) is the major one, ‘and ranges in thlckness from
19 2 -23.4'm 1n the usual case. The Lower Storelk
: Structureless Interval (e g. MS 1: 116-122 m) is usually
about 6 m thick where it is fully exposed Thln Ss_
facies unlts sometlmes occur in the Upper Storelk Crossbed\

Interval (e. g. MS 5: 173 -174 m).

3.12.3 Pacjes Des¢ription

.
The 5§ facies is generally composed of well sorted
very fine gralned silica cemented quartz sandstone The .
uppermost few meters of the Middle Storelk Structureless
Interval are often composed of well sorted flne grained
sand. L,Thin green arglllaceous sandstone zones (e. g.-

- Ms l 140. 5m, 150 m) are usually present along major

.
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1 \
horizontai-beddieg élanee. In one case (MS 5:?148.5‘m),
at 10 cm thick fissile siltstone zone was ebeerved.

The chief identrfying characteristic of the S§

- facies is the alﬁoet'total absence of_sédimentary,struc«
-tures obeervabie iﬁ‘the'fiela. The facies is-.character-
istically massive bedded, broken oﬁly by 2-3 major

‘horizontal‘bedding pienee (Figure'3‘45) Samples'from

' the 58 facres have a unlform texture, evrdent 1n -
x-radlographs (Figure 3.46).

' _The only sealmentary structeree observed in the.
Ss facies Were eete of horizontalféarellel laminae in
' the‘Middle.Storelk'structurelees Intervai (MS 1: 142.5-

143 m; MS 3: a 10 cm thick zone about 3 m below top of

.Interval) . A set of crude inclined laminae was also

. . e ' '
present about 5.6 m above the base of the Interva
meaSured section 4. In measured sectionfz, the
Storelk Structureless Interval is broken into two parts

(134 l4s. 5 m; 152 -156.6 m}, with an 1nterven1ng LT ies
_ :

unit. This srtuatlon is unlque relative to all other
measured sectlons. s : EJ'"

+

3.12,4 Boﬁnding'Relationship55

. Lower Storelk Structureless Intefval: the lower

contact of this Interval is -always a major horizontal
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bt N EC ey gk 4 -
Gross appearance of SS facies. Note massive

bedding and characteristic vertical fracture.
_Man (near base of photo just right of centre)
is 1.8 m tall. (MS 3: 144-163 m}.

Figure 3.46 X-radiograph of sample from Ss facies. Note
uniform texture. Natural ‘size. (MS 1: 148 m).

»

el
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.bedding plane'whicp truncates underlying megaplenar sets
l(e.g._MS l:'llG m) belonging to the Lower Storelk Mega-—
planar Interval. Where exposed,-the uppermost part of
this Structureless'lnterval becomes prooressively more‘
dolomitic in‘content and grades 1nto ‘an FC fac1es unit

-

(e.g. MS 2. 121-122 m) :

Middle Storeik‘stru tureless Interval: the upper

and lower contacts of thlS Interval are always major
horizontal bedd1n§ planes that may be flat or sllghtly

3:_ - undulatory in conflguratlon. The lower contact truncates

/

“large scale trough sets in the upper part of the Mlddle

Storelk Megatrough Interval (e.g. MS 5:144.5 m), and

- -

the uppermost part of thlS latter Interval is often iron
: steinedll The uppermost few meters of the Structureless

Interval are commonly lron stalned and the ~overlying

unit usually belongs to the LT facies (e. g. MS 5: 168 ﬂn

. or occaSLOnally the Mp fac1es (e g MS 2. 156. 6 m).

jf'_ 3.12.5 Facies Recognition
The S§ facies is characteriied by its:

1. almost total 1ack of observable sedlmentary

structures,



'3#-‘

112 N

2. uniform texture, as is ev1dent in X-radlographs-

and ltS

3. context, where it is vertically.associated with

- 7
. the LT and MP facies. [

i
. ;

. i . ) ~ .

The latter two ¢ aracteristicé dre essential in'differén—
\,

.tlatlng between the S8 fac1es, and the Sx fac1es of the

-

Tyrwhltt and Tobermory Formatlons. The ST fac1es has a'
mottled texture, and deces not interbed with elther of

the LT or Mp facles, Settlng 1t w1th1n a dlfferent context

-

.than that for the S5 fac1es. Moreover, the ST facles 1s

N

“fb55111ferous, contalnlng both body and trace f0551ls,

whereas "the SS fac1es contalns neither of téese forms.

5

3.13  DESCRIPTION OF FEATURES ' NOT INCLUDED IN FACIES
‘SCHEME _ , .

1
!

-

3.13.1 Low Angle Inclined Strata;'Tohermory Formation

v .

‘Two sets of low angle inclined strata, each 2.5 m

thick, occur in' the Tobermory Formation of méhsured

sectich 1 (215.5-218.5 m). Both contaln broadly concave

Aupward strata, 1nc11ned at 10 ll degrees (F;gure 3.47).

\

The lower set is inclined southward (188 degrees); and its

* lowermost strata approach the lower contact tangentially,
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At

1

" Figure 3.47 Lew angle 1ncllned strata, Tobermory Formaflon
. of MS 1 (215-218'm). .

13!

Two sets- are visible (A and B); upper set
truncated by major horizontal bedding plane.
Reglonal horizontal indicated by arrows 1n‘

‘ ‘ < 3.47a and by white lines in 3 47b. Man lS;.
i ) ) : . letal} :

:
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with no noticeable er sion. The upper set is inclined

westward (észkdegr s), and its-lowermost portion erodes

':into‘theﬁunderlxingrset The lncllned Sstrata have a

very broad lateral curvature,'as seen, in an end v1ew

side of the canyon. Inleldual parting planes w1th1n

the upper set can ‘be traced 1aterally at least 18 m. The
sets are dlrectly underlaln by an Mx fac1es unlt, which .

ltself is underlaln by the XL fac1es._ The sets are

truncated by a promlngpt horlzontal beddlng plane, Wthh

. 4is overlaln by a laterally lmperSLStent sandy dolomlte

-unit (NC fac1es) and the ‘ST facies. i.‘ .

~

!
In gross morphoL67', the Tobermory sets resemble

‘ megatrough.sets from the MT fac1es._ Foresets in the

angles o thlS value are common 1n the lower parts of-

megatrough sets. However, the context of the Tobermory N

. sets 1s dlfferent from. that for the MT fac1es. The MT

fac1es is vertlcally a55001ated only w1th the LT and MP

fac1es. In contrast the Tobermory sets are’ bounded

'vertlcally by the MX, ST and NC facres.. It will be

1nterpreted 1ater that the latter three fac;es are marlne

in orlgln, and- that thelr vertlcal associaticen' w1th the

Tobermory sets suggests,that the sets are also marine“in

.(perpendlcular to azimuth of lncllnatlon) on the op9051te°

‘latter usually dlp more steeply than 10 degrees, but dip

-
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origin.

. R o N o 1 : J

-

3.13.2 Deformedbtaminae;-

Deformed lamlnae are common in the Upper Tobermory

sFormatron of all measured sectlons : The deformatlon is - o

1nterpreted to have occurred in unllthlfled sedlments._
wrthln a. relatlvely short tlme after dep051tlon.- Slnce

" the deformed 1ntervals probably represent former horizon- _

tally 1am1nated or orosslamlnated units, they are not o 'i“”
N - - ’ . o

,con51dered;as a separate facies. Two types are recognized::,‘ .]&f_f'

Y LA
Sy

' ;Convoluted‘laminae: convoluted lamlnae are most

. commonly warped upward 1nto sometlmes broken sharp peaks
(Flgure 3 48), and 1n some cases resemble dish’ structures.

The convoluted lamlnae may-. pass vertlcally

- T ¢

‘ and laterally 1nto 1rregular lamlnae or undeformed lamlnae,

and the latter two may have a broad undulatory aspect

All examples occur in very do omltlc sandstone or hlghly

sandy'dolomltes characterlstlc ef the Upper Tobermory

Format;on. A A

Deformed lamlnae assocraﬁed w1th che t- irregular

-

;, and undulatory lamlnae are ch cterlstlc of units

4
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'unreplaced sandstone.

L]
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nodules {(Figure 3;49). The chert layers are horlzontal

usually about 1 =30 cm thlck, and often contaln deformed

-~

or. undeformed lamlnae that ‘can be traced laterally mnto

They often have a pronounced plnch ’

and swell conflguratlon, and are laterally dlscontlnuous.

-

-
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. Figure3.48 Defarmed laminae exhibiting peaks.
- “in cm. (MS 1l: 256 m). . .o

: IR SR By SO, . 8!
.49 Deformed laminae in unit with abun
- layers and nodules. Scale in cm..

A

2N

(MS.

N
.
.
.
PR
L
N .

dant'chert
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CHAPTER h

« . o

INTERVAL DESCRIPTIONS “AND ?ACfES SEQUENCE

4.1 .  INTRODUCTION -/

As dlscussed earller in Chapter 3 the Storelk
Formatlon and part of the Terhltt Formatlon were lelded
i con " into a series of Intervals, con51stlng of a fac1es or a

; ..'«'j facies' assoc1at10n that perSlStS laterally through all

P .
rd

measured sectlons (Flgure 3 0) : In the follow;ng, the

R AT ; com9051t10n of-. the” 1ntervals and thELI lateral varlatlon
IR is dlscussed. 'Y‘ :"‘_ o _ . 'f ‘

‘ The latter part of thlS Chapter dlscusses the =

.

e C Lnterrelatlonshlps among the facres 1n a vertlcal sense.

to the: complexlty of the sequence, the fé%les tran51-

"‘g oL " tighs are treated statlstlcally to determlne preferred
Y s , , o o a
; //;;in51tlons. ’
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4.2 INTERVAL DESCRIPTIONS - |

0
- 0

4.2.1 ;Major Tyrwhitt MX Interval

A . s .
. . . c .
' . . -

The Major Tyrwhltt MX Interval is only brlefly

- . P

dlscussed here, since its major characterlstlcs were

’ descrlbed prevrously in the general descrlptlon of the MX <
facies (Sectlon 3.4). ThlS Interval was separated from

other MX faczes units because of two major characterlstlcs'

. . .
e -

1. Its relatlvely great thlckness (up to 9 m),

. : e whlch is at least, three tlmes greater than that
. s i '
of other MX facies unlts. ' B o

2. Its lateral per51stence (minimum of 5 km) ‘and
In contrast, other MX facies units cannot bhe.’

correlated between measured sectlons about C . -

E
}
i
i .
1] . .
R ' ’ uniformity over a wide area .in a N-S direction.
i " . ’ . B . N - . : . : : N
‘ .
|
£
i
'
i

~ . 0.5- -2 km apart. o \'

In other aspects,rthe Interval As not 51gn1f1cantly dlfferent

from other MX facies unlts.f The types of sets and set

thlcknesses, ang paleoflow data (Sectlon 3 4 6) .are comparable

between the two.
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4.2.2 Lower Storelk Megaplanar Interval

. .
L -

The Lower Storelk Megaplanar Interval is dominantdy

characterized by a facies association involving the MP and %

LT facies. The LP facies is a minor constituent in the
association. The Intervailoccurs at EheQbase of the
Storelk Formatlon of all measured sections, and varles

ln thrckness between 17 15 m and 23. 32 m.

" Interval Contacts: the lowerﬁcontact of the’

Interval is always marked by the abrupt appearance of’

cross stratification above ‘a-thick ST facies unit in the

.uppermost Tyrwbitt'Formation. 'In measured sections 2

(96.5 m), 3 (95.5 m) and 4 (89 m), the lowermost facies

in the Interval is the LT facies. The base of the'Interval‘

in measured sectlon 1 (93 m) is marked by al3m thlck/

LY
set of 1nc11ned strata bounded by horlzontal surfaces,
™ .

whrch is 1nterpreted as the lowermost portlon of an

'-eroded megaplanar tabular set> It is vertlcally succeeded

by a 4 16 m thick unit of horlzontally thin bedded but

'otherwrse structureless sandstone whlch is unlque in all-

'the measured sectlons 3 In measured sectlon 5 the lower—,

most unit in- the Interval is a thin- horlzontally lamlnated
unit (100-100.5 m), whlch is vertlcally sucgeeded by a

thick LT facies unit. The upper Interval contact in alld‘

-
-
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-

' measured sections is a ﬁajor horizontal bedding plane (e.qg.
MS 1: 116 m; MS 5. 122 m), succeeded vertlcally by the
L *  Lower Storelk Structureless Interval. The conSLStent
’ stratlgraphlc p051tlon of the beddlng plane in all measured

sections suggests that it may be a w1despread truncatlon

surface. ‘ " - s L) "

Lateral Variability within‘Interval: the Interval

displays a falrly high degree of- 1ateral varlablllty, _' T
caused by varlable proportlons of its constituent facies
;;)///’\n and by changes 1n ’the nature of thelr vertlcal assoc1atlon

In measured sections 1 (99- 116 m) and 2 (96 117 m), the
@ ’ o ..MP facies ls 1nterbedded Wlth the LT, and to' a’ lesser .
§ « .'extent the LP fac1es.' In measured sectlons 5 (101-121 m), o
é h . -3 (95L120 m) and 4 (89 108 m), the lower part of the o
»  Intexval lS domlnated by the LT (and/or Lngﬁac1es, whereas
the upper part of the Interval is composed of the MP
fac1es (sometlmes a SLngle megaplanar set)

S

Paleocurrent Data: for purposes of analy51s, paleo—

- current data for the MP-LP fac1es (Table 2, Appendlx 1; | _" -
‘:1 T Flgure 4 1, and that for the LT fa01es (Table 2 Appendik l;
N Flgure 4 2) were’ treated separately. Table 4.1 llStS _the | o .

\
vector. mean values for the varlous grouplngs of data

.......
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fac1es (also 162 degrees, Table 4.1).
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' ) -

‘\The configuration of ‘the clustering of' data for
the MP-LP facies (Flgure 4.1) strongly suggests a blmcdal
distributi The three pornts that do not plot w1th1n R
the two main clusters represent sets that do not appear

.

dlfferent in morphology from other\sets, and thelr signi-

.
ficance is not known. . "
" The configuration.of the clusteriné of data for
_the LT facies (Flgure 4. 2) isg suggestlve of a bimedal -

_dlstrlbutlon, although 1t is not as well defined as for

the MP~LP facies. Hence, vector means for the SE and SSW -

clusters were calculated (Table 4. l), although admlttedly

the selectlon of data p01nts to be 1ncluded in. each

‘cluster wasg arbltrary. It remains possrble that with more

data collectlon, more - azmmuth values 1ntermedlate between

the

those for the two clusters my

number cf sets measured (56 should have been adequate

'to establlsh the paleocurrent pattern ‘ The grand vector

_mean a21muth for all: data from the LT facies (162 degrees-:

-

Table 4.1) is in good agreement ‘with that for the MP -LP

' .

\ ' . e

4.2.3 Middle Storelk Megatrough Interval .'_& . Y

The Mlddle Storelk Megatrough Interval is character—‘l

~

ized by a fac1es assoclatlon between the MT and LT fac1es.>f




" of scour at the eontact.‘ The upper Interval contact is . .

LT facies unlt is thlcker than in others (e g. Ms 1 vs..

126

The thipkness of the Interval varies between 11.20 m and
17.79 mhﬂaveraging 13.80 m. . !

..
-

Iﬁterval Contacts: ‘the lower contact of the ;nterval,.

where exposed, is marked by the abrupt;appearaQCe of large

‘scale trough sets (LT facies) above a:thin FC facies unit

—
T

(e.g. 'MS-2: 123 m). The bottoms of the lowermost sets

arerpfteh lined”with chert, and there is 1ittle“evideﬁce
3 . A

. . 5
always a- major horlzontal beddlng plane, overlaln by the ~ :

Mlddle Storelk Structureless Interval In 1ts uppermost - - ’
4 ’ R '
meter, the Interval usually exhlblts an iron staLn.. The .
7/ . ! i

c0nsxstent stratlgraphlc posrtlon of the. upper Interval

contact ln all measuféd sectlons suggests that 1t isa - 7

W1despread truncatlon surface.

. o . . B -
Y AN . . .. B

- .- .
Lateral .Variability within Interval: ' in all

measured sections where the entire Interval is exposed,
]

" the base ‘of the Interval is occupied by ‘the ﬁT:facies,« -

. . N
. . Lo

fOllOWed upward by 2-4 megatrough sets from the MT faciesv. {' ;“_/f

whlch é&e capped by the LT fac1es (e .. MS 1: 122 136 m;

' Ms .2: 123 134 m) " In some . measured sections, the upper _ o

MS 5: 137-144 m). Otherwise, the Interval-malntains a "

’

o
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I

laterally consistent facies confiquration.

-

Paleocurrent Data--

paleocurrent data for ‘the MT.

faCLes {Table 3, Appendlx 1; Flgure 4.3), and that for the

LT facies (Table 3 Appendlx 1; Flgure 4.3) ‘were’ ‘treated

separately. Table 4 2 summarlzes the vector mean a21muth

values for the varlous grouplngs of data.

The clustering of the data from both fac1es suggests

a unlmodal paleocurrent dlstrlbutlon (Flgure 4. 3), and the

]

dlrectlon of trough 1nf111 foramost sets was towards the

southWest (219 degrees) The data for the MT facles is

conflned in, a much narrower spread than that for ‘the 17 -
‘facies..

set orlentatlon laterally, and- to the. overall geometry o

of the megatrough sets (Sectlon 3 9. 3).

.

Lower Storelk Structureless Interval )

Mlddle Storelk Structureless Interval e

" Both Structureless Intervals are composed solely
of the sS- facles,

and are treated only brlefly here since
they were descrlbed earller 1n the d15cusSlon of" thls

fac;es (Sectlon 3. 12)

‘The Lower Interya L maintains a-

conétant thickness'of.ahout 6 m'in.each measured- section

where it is;fuldy‘e3posed.;}The Middle Interval:osually

: TN g TR TR S L T
T M T T T T T S
R oA A
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 MEGATROUGH CROSSBED

LARGE SCALE TROUGH -
CROSSBED-

'SET SCALE NOT VISIBLE

VECTOR. MEAN AZIMUTH

"FOR MEGATROUGH: SETS

VECTOR MEAN AZ]MUTH

FOR LARGE TROUGH SETS -

GRAND VECTOR . MEAN

AZIMU_TH FOR FACIES"

CFIGURE 4.3 . - .

STEREOGRAPHIC PLOT )

" OF PALEOFLOW DATA
- FOR.MIDDLE STORELK
: MEGATROUGH INTERVAL‘
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varles between 19, 2 m and 23 4 m thlck In the southern—'

. most sectlon where it was measured (6), thlS Interval 1s

- elther side (Ms 5; 23. 4 m, MS 3; 19. 2 m) Hence, the three o

T

pnly 13.2 m thlck. In measured sectlon 2y the Mlddle
Interval 1s lelded 1nto two - parts 12, 80 and 4 87 m thlck
separated vertlcally by a 4 94 m’ tthk LT facres unit.

The comblned thlckness of all three unlts (22 61 m} 1s
comparable to the thlcknesses of the Mlddle Intervals on.
comblned unlts ln measured sectlon 2 are con51dered equl-
valent to the Mlddle Storelk Structureless Intervals of Ve T

other measured sectlons." The conflguratlon in. measured

sectlon 2 also represents th% only major dev1at10n from

e

the otherwise unlform lateral character of the Mlddle

Interval, asrde from ltS apparent thlnnlng to the south

No notlceable lateral changes were evrdent in the Lower
f‘

-l4.2;5 ﬁpper Storelk Cro3

M

Storelk Structureless In{e'val

'Interval”

L . o ._1,_._- . @: . N - ] : "i."’ i‘: :

b

The Upper Storelk Crossbed Intez’dl lS characterlzed“Vir"

- Q
z
4
;

by a fac1es assocaatlon lnvolvrng the" MP MT, LP and T

AL

facres. 'The Interval 1s the most complex-relatlve to

,& K ,‘. N

other Intervals ln terms of lateral. varlatlon. Unfortunately,:nj"

R

J 1dent1f1catlon of facres types was hlndered ln many cases

by heavy vertlcal fracture and black llchen cover_]especlally}fivf

\ ) . - o L ’ : r . ' - o
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- measured sectiomre'l and 4, and-parts of most other. sections).

The Upper Storelk Crossbed Interval ranges in thlckness

betWeen 25.35 m and 30.10‘m, averag1ng_27.10-ml

Intérval Contacts: in most measured sections where

‘theIIOWermost sedimentary structures Were'visible the base

of the Interval was marked by the abrupt appearance of ‘the

LT fac1es (e g. MS l 158.5-164.5; Ms 5: 168-170 m) above

u'the Mlddle Storelk Structureless Interval. ~In measured

sections 2 (156 5 162 m) and 3 (163 167 m), a. megaplanar

Lset (MP faczes) forms the base of the Interval. The lower

contact in all cases is a major horlzontal bedding plane

thategscﬂrs at a falrly con51stent stratlgraphlc level in ,‘

all measured sections. The upper Interval contact is also

a major horlzontal beddlng plane, and is equlvalent to the

contact between the Storelk and Tobermory Formatlons.
eThe contact is marked by a thln granule conglomerate com—

‘posed of quartz sandstone fragments set’ 1n a sandy dolomite

-

matrlx._ The uppermost ‘Storelk beds are poorly deflned

because of heavy vertlcal fracture and cover 1n most

-

‘measured sections.’

“Lateral Variability in Interval° the Upper Storelk,'

Crossbed Interval exhlblts the most complex lateral varla—

“.blllty of all Intervals.. The varlabrllty is ma1nly,due to -

S

i hem

:ns
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R Y
CE .

lateral changes in the relative proportlons of "the constl—

tiuent facres. There appears to be no - predlctable pattern

1

- to these changes, and each measured sectrcn contalns a
unlque facres assemblage. The stratlgraphlc sectlons if

: \self-explanatory in. this regard, and only the moxe. unusual

- ’
[

features requrre further descrlptron.

lq,//fk> S J'In measured section 1 (158.5~ 164 5 m}, the base of

. ' the Interval contalns an LT facies. unrt, w1th some 1nter—"

¥

bedded large scale planar sets.- A small preserved lens-

L ,f'fz' shaped dune w1th a maxrmum thlckness of 2.4 m and a max1mum‘

;
;
;
i
1
i
;
¥
!
L
.
i
:
}
t
!
!
i
}
i
i
5
;

' 1ength of 1l m lS preserved in this unrt (Flgure 3.42).
The 1ower boundary of the set is undulatory, and truncatesr
underlylng sets. Internal cross stratlflcatlon 1s gently
concave upWard 1n the forward part of the dune, becomlng
conVex upward on the stoss s1de.- The front of the dune

Wedges ‘out, passrng laterally into large scale trough sets.

r
.

« " The Interval in measured section 2 (170 181 ‘m)

is domlnated by the LP fac1es, Wlth minor lnterbedded °

‘ mlnorlty of cases where sets of thlS scale. domrnate the ’

.n

‘to sets from other measured sectlonsj

large scale trough sets (Flgure 3. 43) ' Thls is. one- of a d‘f.
:'Upper Storelk Cros bed Interval.r The sets are also unlquely o

{res 4.4, 4 5) The sectron 2 sets face elther south—r
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“degrees, Table 4, 3) paleoflow is 1ndlcated

133

bipolar distributionf; In many cases, vertlcally ad]acent

sets have - nearly opposite orlentatlons.

RS

' -Paléocurrent Data: the paleocurrent data for the

'MP—LP fac1es (Flgure 4. 4) and for the MT-LT fac1es (Flgure
o,

4. 5) were treated separately. In addltlon, data: were

taken from sets 1n whlch‘the scale or geometry was not

) v151ble (Flgure 4, 6), and from what appeared to be foreset

surfaces oﬁ_sets exposed oh dlp slopes (Flgure 4.7). All

S

B data are llsted in Appendlx l (Table 4) The vector mean

' ‘a21muth data for the varlous data grouplngs are glven in

‘ Table 4. 3.

\ "’.
- There  is a much w&der spread in the paleocurrent

’ data for the Upper Storelk Crossbed Interval than for
‘ vother InteIVals. The clusterlng of data in some. cases,‘.

-‘partrcularly that 1n Flgures 4. 4 and 4. 6 suggestsa p0551ble p

blmodal dlstrlbutlon, but ‘the. apparent gaps between p01nt

.:clusters may be due to lnsufflclent data collectlon, so lt
‘cannot be conflrmed. The clusterlng of data 1n Flgure 4. 5
‘appears to be- trlmodal but a 51mllar problem may be

;lnvolved. Hence ln each case, grand vector mean a21muths DEEEHE

were calculated for the data, and an overall SSW (191

E . . . .
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’ (i::’;//;yertlcal and lateral complexity of the Pennsylvanlan /- A
o\ - Sequence. Hence, a quantltative approach was undertaken o
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4.3 'FACIES TRANSITIONS

4.3.1 Introduction and Method

Specific 1nterrelatlonshlps among the defined facies

are not lmmedlately obv1ous because of the inherent

to analyze vertlcal fac1es transrtlons. ThlS approach

“is useful in that lt establlshes preferred transitions

between facies, and also shows whlch fac1es are mutually

exclu51ve._ .
The method used was flrst proposed by Selley (1970)'

and modlfled by’ Mlall (1973) - Fac1es transztlons for the

complete sequences in measured sectlons 1, 5, 2 and 3
\

"were flrst recorded in* an observed transition matrlx.

'A tran51tlon probablllty matrlx was' then calculated from

*

this data (Table 4. 4a) A third matrix was subsequently

calculated assumlng an 1dent1cal abundance of . fac1es,

'..except in random sequence (Table 4. 4b) Then, a dlfference

]

matrlx was calculated by subtractlng the random transltlon

Y

. probabilities from the observed trans;tlon probabllltles

i_(Table 4.5). The latter matrlx emphaSLZes transitions

" which have a hlgher or lower probablllty of ocsurrence

b

than they would have had the sequence been random.
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FIGURE 4.4a
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TRANSITION PROBAEHJTY ﬁATRH

SI
0.00
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0.00
.00
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MATRIX

SI
'03
.03
.03
.03
.03
W0k
.03
.03
<03

0.08

T.03

.03
.03

- 81

-.03
-.02
-.03
-.03

-.02

-05‘

.03
-a03
-3
0.00"

r-ﬂ%
=03

HP MT  LP LTSS ST W XL WL -
“HMP 0,00 .08 .08 L6 .38 0.00 0.30 0.00 0.00
MT 33 0.00 8.00 .67 3.06 6.00 0.00 0.00 0.00
LP .33 0.00 0,00 .67 0.00 0.00 n.qglu.no 0. 00
LT o40 .20 .15 0,00 .25 0.00 0.06 p.o0 1.00
' Ss *33 0,00 Ge00 &4 0,00 0.30 (.00 0,00 .00
ST 04000000 0.00 .02 0.00 G.00 .35 ..25 .47
LMX 8.00 0.00 0.00 0.00 3.00 .67 0.00 .21 ,03
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From this matrix, a facies relationship diagram can be \\\

-
drawn to illustrate facies tranSitions which occur more

frequently than random (Figure 4, 8).

LY

4.3.2 Discussion

The most - obVious aspect inherent in the difference
matrix (Table 4. 5) and the facies relationship diagram

-

(Figure 4.8) is that there are two major faCies assoc1a—'

-tions which are linked by tranSitions out of the FC fac1es.‘

The upper ﬁaCies assoriation is composed solely of facies

in the Storelk Formation whereas the lower facies aSSDCla-.

tion is composed of faCies occurring in the Tyrwhitt and

.y

Tobermory Formaticns. The linkage of the two Via the FC.

;faCies indicates cnly that it is the only faCies that

' occurs in both the storelk and Tyrwhitt Formations.. The
]
‘actual Tyrwhitt Storelk tranSition in most cases 15~from

_ the ST faCies to the LT- facres, but this is masked’ by the

large number\;f tranSitions from the ST fac1es into other‘

that all of thé facies that .occur in: the Storelk Formation
(except for the FC facies) are mutually exclUSive from
those which occur in the Tyrwhitt and Tobermory Formations.

Each cf these facies associaticns are discussed separately

.below. ‘ R

acieg relationship diagram therefore indicates‘\-"
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Exrwhltt Tobermory Fac1es Tran51tlons (Flgure 4. Sb)

nthe total aspect of the fac1es relatlonshlp diagram shows
that all fac1es except . for the TC fac1es have preferred
: tran51t10ns both into-and ocut of the ST facies. This
relatlonshlp hlghllghts the dominance of the ST fac1es in
& the Tyrwhltt, and to a lesser extent, the Tobermory
. Formatlons, and the fact that the ST facies is intimately

w0 1nterbedded with. v1rtua11y all other facies at some . p01nt

"in the" sequence. ~In the next Chapter, this relatlonshlp

.hecomes hlghly 1mportant in establlshlng ‘the de9051tlonal

context of all thesgvfac1es.. The large number of vertlcal
- tran51tions lnto and out of the XI facies is also a

'reflectlon of its ublqulty in the Tyrwhltt, and espec1ally

"f. ‘ - . ‘the Tobermory, Formatlons. The fact that most of" the

v o preferred tranSLtlons are two—way empha51zes the 1nt1mate

. } o o “1nterbedd1ng of certaln of these fac1es. Although the

,i.ﬂf,. Jd . dlagram demonstrates the complexrty of 1nterrelat onships - ;J‘
'Ef ._ . among fac1es, it clarlfles somewhat certaln spec1§%§
e .
- B . vertical assoc1atlons. Certaln of these will be discussed n&l
;E? ! -+ in thefnext Chapter. L L ‘71 ‘ ‘A'fl, : : ..‘ ’ﬁb
ﬂ Storelk Fac1es Transztlons (Flgure 4. 8a) the total
S ' l‘aspect of - the fac1es relatronshlp dlagram lndlcates that ' uf

Lall fac1es (except for the FC fac1es) show. preferred B

.

3 i e --kw.;uf"i‘m-'-f;‘:nn PR L AT R £ P U O
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. o ‘
vertlcal transitions into and out of the LT facies. This -

; is mainly a reflectlon of _the ubqultY of the LT facies
. ' throughout the Storelk sequencé The two—way nature of
. ' almost all fac1es tran51tlons empha51zes the intimate
‘lnterbeddlng of certaln of the fac1es. Moreover, the
diagram clarrfles whlch fac1es are mutually exclu51ve from“
. one another (e.qg. MT from Lp and 88).
- In . Summary, the quantrtatlve analy51s of fac1es
-tran51tlons 1nd1cates that there are two mutually exclusive *
no 'h- ;lfaC1es assoc1atlons. that of the Storelk Formation, and

that of the Tyrwhltt ‘and Tobermory,rormatlons. ‘The A o

. commonness of two—way transrtlons between fac1es in both"

Py et e,

'assoc1at10ns Suggests that. both .are characterlzed by an
- S -Lntlmate 1nterbedd1ng of fa01es, and that there is no one .

preferred facies sequence.‘

"
) )
Mﬂ:?ﬁww “*'M‘rw:Mdﬂm‘,\mv A
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o 5'shelf settlng All facles wereXdEPOSLted seaward of

':;falr weather Wave base, and the tréh51tlon to Storelk

T P !

"Fi‘aczes degosxted 1! c*og*essxvely shal‘cwe' wate*. Iqs.ead
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' . CHAPTER 5-
- .A-‘- . ‘e
Lo FACIES INTERPRETATIONS
‘ A
T e, Vo o ;
. 5.1 .INTRODUCTION . T e S

Each fac1es descrlbed 1n thls.Fhapter lS 1nterpret%d s

on the basxs of 11thology, sedlmentary structures, body

b
. 4

- and trace f0351l cqgfent, paleocurrent data and context.

-

' ?g‘-The vertlcal assoc1atlon of fac1es and thelr contexts then7'”

-ca& be used to 1nterpret deposmtnonal frameworks of whlch
the fa01es ‘are a part -i';f;"‘:' C h ;fi;;- l‘f”‘, ‘
' En‘the followxng dlSCUSSlon,.tWO dep051t10nal .

frameworks are 1nterpreted., shallow marlneb_represented /?“*—

) 'by the Terhltt and Tobermory Formatlons, and aeollan,

N
,represented by the Storelk Formatlon.u The Tyr%hltt

fac;es are 1d¥erpreted 1:'

- . -

‘J

;ffcontznental dep031ts does not resemble a normal progradlng

‘shqrellne sequence'lnvolVLng ar vertlcgl successLOn of

‘e
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e L . .
7shorellne progradatlon was rapld, possrbly due to glac1o-
eustatic control or a sharp 1ncrease in sand supply

Y

fThe Storelk aeollan sedlments are lnterpreted in the S

s

'context of a low~lat1tude coaétal‘desert fected prlmarlly

. ‘g}
by prevall' g trade#&nds. Changes ln w1n pattern and
rates of’ s_dlment supply were lmportant var bles. Rapld
marlne transgre551on termlnated aeolian sedlmen tlon.

The overlylhg Tobermory sequence was deposmted under: storm

domlnated condltlons 51m11ar to those of the. Tyrwhltt

[Tl

L The facres from the Tyrwhltt—Tober Y Formatlons, _

and those from a Storelk Formatlon, are dlstinctlvely

; dlfferent ow1ng to thelr deposrtlon 1n d1s51m11ar dep051—
| /
tional. frameworks. This . feature lS suggested by the facres

relatlonshlp dlagram (Flgure 4. 8) Hence, the facreS'

/"
t‘lnterpretatlons are d1v1ded 1nto two - natural groups

[ucorrespondlng to the two frameworks. .Sectlon 5 2 deals.“}f'
» 1 [ R 3 ’
*'wmth’the 1nterpreted shallow -marine faC1es, and Sectlon
‘5, 3 dlsdusses the 1nterpreted aeollan facres. |

a ,. . . -
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\dlsartlculated brachlopods are concentrated lnto thln

.
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5.2 " FACIES :Ii\l THE TYRWHIZT, AND TOBERMORY FORMATIONS

Summary

. ‘.. AiThe ST fac1es is marlne and thoroughly bloturbated

Thls process destroyed most ev1dence for current act1v1ty

: .whlch orlglnally 1ntroduced the sedlment The fac1es-ls '

1nterpreted to have been dep051ted\seaward of falr weather

wave base where current act1v1ty was 1nterm1ttent and

usually unable to dlsrupt blogenlc act1v1ty. Other fac1es"

w1th whlch the ST fac1es is lntlmately 1nterbedded represent

_ temporary dev1at10ns from this preValllng dep051tlonal
reglme. . e . i‘d. o

" Salient Characteristics

‘.d The most dlStlthlShlng tralt of ‘the ST fac1es 1s

 the almost total absence of sedlmentary structures

'observable in the fleld ‘and the presence of a mottled

texture dlscernlble in x—radlographs (Sectlon 3 3 3). f“u‘

Preserved trace f0351ls are. uncommon, and where founds

layers. The, facies may.const;tute up-tO.Gﬁﬁqu.tqtal"ﬁn

. D - C 7 . Lo P Co ‘ @ L
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thlck and persrst laterally at’ least 5 kmf, Tobermory

/. P« 146 - | o T

"y _
Tyrwhltt thlckness, in whlch facmes unlts range up to 25 m

'unlts are thlnner and less persxstent laterally, and

account for a max1mum of about 30% of total Formatlon ,

_ thickness. - - - o £ j, o e

+

Context and‘Process?Interpretatron‘ S R
The 8T facres is 1nterpreted to be of marlne orlgln

by vrrtue of Preserved body fossrls and trace fossils,

The fac1es occurs throughout the Tyrwhltt and Tobermory

B Formatlons, suggestlng ‘that both are wholly marlne.

The mottled texture of the facres is the result of

thorough bloturbatlon, 1mply1ng that the rate of faunal

) U o _ ) e o
‘fauna shiftfupward_with_accumulating sedimentr(Seilacher,' .

1978) | Hence, the great thlcknesses (up to 25 m) observed .
1n the Tyrwhltt and ?obermory 1nd1cate that long tlme . .-(jﬁy
perlods were lnvolved when bloturbatlon was the domlnant )
process. These condltrons prevalled\oyer a,w1de area

at least 'in a N-S dlrectlon, ln v1ew of Eheﬁlateral ‘ ‘“

persxstence of some fa01es units, - \ R




\swell waves, have been observed 1n anc1ent sediments
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"Evidence for Current Activity in the‘ST Facies

Certaln relatlvely rare features suggest the type

of current activity that was lnvolved in dGPOSltlon of

the gT fac1es ‘The thln crosslamlnated 1ayers observed

in parts of the facres probably represent remnants of .~

'Jorlglnally thicker XL‘fac1es unlts, Wthh the trace fauna

had 1nsuff1c1ent tlme to totally- destroy. Thin shell

layers composed‘of dlsartlculated brachlopods may be f

analogous t¢ macrofauna concentratlons ln North Atlantlc -
Hoiocene sedlments at depths of 15-45 m, ‘attributed to

the passage of hlgh amplltude swell waves (Powers and

R

5'K1nsman, 1953)t5 Similar "sWell lags p 1nterpreted to -

B .
have been deposrted by storm generated hlgh amplltude .

(Brenner and Davres, 1973) The presence Uf vertlcal

‘o

suspension feedlng trace fauna (e g.~°Sk011thos, °P11chn1a)

f{:‘ln pafﬂs of the facles suggest that condltlons were occa— H
: »lfSLOnally turbulent and organlb matter was held in. suspen51on
(Frey,,lQ?B) Slnce the Vertlcal forms -are often assocra-_'

'ted on the same beddlng plane W1th horlzontal dep051t

-

‘feedlng forms (e -g. Planolltes, Paleophycus), ‘it is

“probable that current act1v1ty was 1nterm1ttent %ith .

—

an 1n1t1a1 lnflux of sedlment, trace fauna responded by

: Zconstructzng ver rcal_burrows.- Du*lng Tater cond;txons of

Voo



v

e i e e

. but had insufficient time to homogenize the sediment prior . s

. served. If contlnuous tldal or semipermanent oceanic

' number of fac1es, the most’ 1mportant of Wthh were entlrely

N

L

»
e e r—

\

slow or nil’sedimentation, horizontal forms took over,
r, 1O .

20 the next sediment influx. Hence, both forms were
preserved together.

The above 11nes of eV1dence suggest that current .

=, .

act1v1ty was 1nterm1ttent, and that only exceptional events

(e.g storm generated currents) were preferentlally pre-

Rad

currents ‘were operatlve, they were lncapable of deposztlng
sedlment at a hlgh enough rate to outpace faynal reworklng.

It w111 be suggested later (end of Section 5. 2. 2) that

~

these currents were unlmportant 1n the system, and that

storm surge currents were a.more llkely means Qf'sedlment S

iy

o

transport.' . i e a o _ o
A T R . % ] Cooe e B
- Association with other Fadies . . . * -

The ST fac1es 15 vertlcally assoc1ated w1th a e

9 .
depos;ted by current actlvitxa(XL, HL MX; Sectlon 4, 3 2y, pE

All of these fac1es pass preferentlally both lnto and out ‘ ‘
I : J 1 ‘ 3 |
-of the ST - fac1es. A second. 1mportant fact is that they

8T fac1es domlnates the Tyrwhltt and Tobermory sequences

in terms of stratlgraphlc thlckness.' These relatlonshlps
suggest that the ST facxes 15 representa*xve of ;he 7}:” "1-,. .<:::;
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background conditions of sedimentation. ' Other facies

represent temporary deviaticns'from the‘conditions ofﬁ
:sedlmentatlon prevalllng durlng ST fac1es accumulatlon.
The - temporary devratlons reflect the products of lnter— .
_mlttently occurrlng processes resultlng from some comblna—
tlon of changes 1n.sed1ment supply, current ‘strength or
. depth of flow. ThlS lnterpretatlon rs fundamental to the
.f;lnterpretatlons of other Tyrwhitt and Tobermory fac1es
fﬁ{Wlth whlch the ST faCLes is- lntlmately interbedded
’ V(Sectlon 4.3.2). ' : S 1'7f7

-

P

Depth of ST Facies Accumulation .-

> .
ol

The deposrtlonal site of the ST fac1es must have‘

: been remoxced from - -zZones of apprec:.able contlnuous current

co actxvrty and seﬂ;meﬁé\supply. ThlS suggests that the

-

‘facies was dep051ted seaward of falr weather wave base,‘

where, lt was beyond the zone affected by normal osc1llatory

’

‘waég§ectlon and nearshore currents (e. g._rlp currents,
‘longshore currents) "The depth of fair weather wave

base is’ dependent on several factors. These 1nclude'wave

'\

‘perlod and helght, whlch depend on wind fetch and the “ﬂgf-

.aﬁlope and type of contlnental margln (w1de or narrow B

‘e .
-

‘shel¥). !netz (1963) sugcesped that ef‘ectxve wave base

. Y
...' - .- . L - . a
o L o : . v
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5.2.2 Medium Scale Crossbédded Facies' (MX)
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for theaAElantic'Shelfhlies at an-approximate depth, of
10 ml_ H.E. Clifton (pers. comm.) asserts.that thoroughly
bioturbated sediments are present below the same depth on

the hlgher energy PaCLflC Coast (San Diego area) whlch

is characterlzed by long perlod swells. He suggests that

‘flne and very flne gralned sedlments are'more sus&eptible

to bloturbatlon than medlum sands, which couﬂﬁ account .

for s;mllar effectlve wave ‘bases for two coastal areas

: Sea, a semi- enclosed mlcrotldal basin, sedlment? are

[N

thoroughly bloturbated at depths as little’ as 4 m (H. E.,

e

c11fton, peer comm ).

Establlshment of a maxmmum depth of accumulatlon

-

and the relatlve pOSltlon of storm wave base Is con51dered

in the next Sectlon. - _ b e
‘ L ST T ‘f}‘?"f}é*"* i <
bl . o K

i 54 BN

~

-

- Summagx . . : T e
- - \ St o ,.‘*' PN
: L . ' .

¥ - . . . . 5

in'a laterally exten51ve dunégfleld "The deposxtlng

\
e

curreqts were unchannelxzed. essentlally unxdzrec 1onally

The MX. fac1es 1s marlne 1n orlgln,'and was depOSLted“

. qxperlenclng dlfferent wave reglmes. :In theﬁyedlterranean-
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an

- oriented offshore, ang Primarily depositiqhal. Vari

in set scale in some facies units suggest deposition

miltiple evelrts rather than ga single continuous even

T“Buhéled“.MX'facies units appear to‘haye been deposi
by multiple events.occurring “in }elatiyely rapid suyc

Semipérmanént Oceanic currents and tidal curr

"aie'concluaed.to be unsuitable‘analpgues of the Penn

' paleocurrents thatwdePOSited'the MX facies, Rip cur

: 'Pe%nsylvaniaﬁﬂpaieocurrents.

-

' are also unsuitable mechanisms, although under stornm

ations
'hQ, e,
£

ted
cessiqﬁ;-
eﬁts‘
sylvanian

rents

conditions they may-cont:ib&te significantly to offshore

sediment transport. Barometric'storm Surge currents

<tﬁe most likely process to haye deposjiteq the MX_faéf%%)-”

and their_characteriséics most closely match phose'of-the

L e

'

variable, and in the latteracaée[vérticalJchanges in
~ ) R ’

S ] Yoo D oL
scale may be gradational or abrupt. _Palepf;ow was directed,

A S T : s
towargs the SSW, although there g a fair degree of

r

. ) Lo . By , . L
vari 1liey, - . A : . . : 8

-

Set

b

-
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The facles is composed of poorly to moderately

sorted flne to medlum sand Trace fossils are rare, and .

C

-body fossrls are lacklng." Facies units are commonly

thicker than 2 m, and per51st laterally at least 100 m.

’

'The Major Tyrwhltt Mx Interval is exceptlonal in that it
may be 9 m thlck and per51st laterally at least 5 km in
"~ a N-§ dlrectlon. The MX fac1es occurs ln both the_

"Tobermory and Tyrwhltt Formatlons, but 1s’more commdn in

_the latter. A C -

*

Context and Process Interpretation

.The MX fac;es is 1nterpreted to. be.marlne in orlgln
on the basis of observed 1nt1mate lnterbeddlng between it
and the fossrllferous ST facres There is no evrdence

_that the Mx facaes was emergent nor is there deflnltlve
eVLdence that it formed in shallower water as. part of 3
i;progradatlonal shorellne sequence. The thlckness of Mx

faC1es unlts 1s mlnor compared wrth that of ST facres

"?<"units, and- moreover the MX fac1es passes preferentlally \

v .

the ST fac1es (Sectlon 4 3 2) " In

_-(a.

both into and out o)
r :

sedimentatxon,_and that at

(ueatbe* wavé baqe._ Hence, the swo Telaticnships besween

- . . L
- LT
f- '

L.
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' 1n.at least -a N-S dlrectmon.
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the ST and MX facies named above suggeat'that the MX
facres represents a temporary deviation from condltlons -of ,

background sedlmentatlon, and that it was deposited in

this zone. also.

The trough crossbedding of, the MX facies was

‘deposited by dune migration. - Subordinate interbedded
rplanar crossbeds indicate that straight crested sand waves

were also active at times. The lateral extent of the

fécies eapeCLally in-the case of the. Major Tyrwhltt MX
Interval, demonstrates that the dune fleld was wrdespread .

The Mx facdies unlts are thlck (greater than 1 m) ,

- and have relatlvely flat bases which show llttle evrdence

. '
of scour.i ThlS 1nd1cates that thé~currents were capable

of transportlng a large volumeaof sedlment, and that

they were prlmarlly deposrtlonal ;ather than er051onal.
> .‘
In addltlon, facres unlts are traceable laterally 10ng

dlstances wrthout ev1dence of an overall lentlcular shape.

Hence, the currents are 1nperpreted to have been unchannel-‘
Y - ha

ized. ﬂ; AR | \.,

- - .
- -
. . L

. P - -

- -

Orlentatlon of Paleqfﬁow Relatlve to the-
Shorellne

: The dozinant palecflow directicn indi

T Lo - - ‘

a



: louve:' lazge scale crossbeds '\re':
R L - . . o . ‘

crossbeds is ssw (Flgure 3 19) relatlve toa NNW—SSE

-preglonal trend of the shorellne (Sectlon 2.1). Hence,

paleoflow was essentrally unrdlrectlonal although there
is a falr degree of varlablllty, and was' directed obllquely

offshore relatlve to the reglona1>trend of the shorellne.

'Thgﬁe is no control on local varlatlon 1n shorellne trend

S50 the exact angle between thlS and the domlnant paleoflow

I

-:dlrectlon cannot be specrfled for this area. Barring

any major devratlons 1n;the reglonal trend of the shore-

‘lihe, raleoflow is 1nterpreted to have been dlrected

offshore. -

3 .
o

Impllcatlons of Varlatlon in Set Thlckness o o

‘¢

.
— - . K

oy

- e A varlety of set thlcknesses is commonly preserved
ht H;;:h;;151ngle facres unlts.. Typlcally, where the range

< in set thlckness 1s more extreme, the crossbeds are

Qe

;ordered lnto sequences characterlzed by upward decrea51ng o

-set thlcknesses For example, in’ measured sectlon 2

13

~there are two superlmposed sequences (9~ 10 m; 10- 13 m) of

‘_thls type. ‘In. the lower sequence, set thrckness decreases

upward abruptly from 80 cm to lO cm. In the upper sequence,

"?set thlckness decreases gradually upward from 90 cm, to. 10

. -~

‘Cm., Both secuences ‘xne upwards ;n_each:sequente,,the "

-’



v

‘suggests that current strength waned sharply, assumlng

«18
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conditions of relatlvely hlgh flow strength The abrupt

-

’upward decrease in set thickness in the lower sequence

"

. sufficient sedlment supply. In the upper sequence, . .

'TEryh:::-HI Interval is"a'?ar;a:dc: en this, since

however,-current strength apparently waned more gradually

to deposrt progressrvely thlnner sets (agaln assumlng

sufflcrent sedlment supply). Each sequence is ihter-

preted to be the result of a single deposltlonal event.

The super1mposrt10n of sequencesfSuggests that thls and

other similar facres unlts Were dep051ted by successlve

events rather than one contlnuous event.

O

T

. : . . -
. - 4

, . Modes of Occurrence of M Facies Units

k3 v . '

- MX facres unlts may be solrtary or "bundled"

_‘.-Solltary unJ.ts (e g.- MS 2: 240 241 m; MS 3, 45 47 m)

-

“are.. usually relatlvely th1n (0 5= -2 m) and contaln sets of

* . \3

51m11ar thlcknesses. These probably represent the productsl

of srngle de9051tlonal events. Commonly several such

unlts, separated vertlcally from one another by thln ‘ST
~

facies unlts, occur together wrthln a llmlted stratlgraphlc

-thrckness (e g HS ‘1: 42 =50 m; HS 2 57-66 m) - These

*

'Vfﬁ"bundled' unlts taken together are bounded above-and below

bv thxcs -nte*va‘s do::nated bv *he S* facies. . The Major.

-
-
- e ) - T . . ' ) N ’
- . . . - ’ . . .
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.of markedly dlfferent de9051trongd con

A

- . 156 .

. . L
. ' . ’ L0

-

contalns superlmposed sequences deposrted by srngle

deQ031tlonal events but wrthout 1nterven1ng ST fac1es unlts.

c\.,

Apparently the events were closely spaced 1n t1me, prohlblt—
lng re-establlshment of trace fauna, or trace fauna =

togethér wrth reworked sedlments were swept away durlng

-

-the succeedlng event. The modes of occurrence of MX

fac1es units suggest that the dep051tlonal events occurred—

more frequently durlng some perlods than durlng others..

.~

T

" Implications of" Interbeddlng of MX and 5T ‘ "é?:'r
Facies . I

[

o et [
. - - "‘ b}

dThe MX and ST facres apparently accumulated at the

same deposrtlonal srte, even though

-

“tioné; StrOng

-

unldlrectlonal currents ang- rapld aggradatron character-.

' lzlng MX facres dep051tlon temporarlly ellmlnated tkace
: e

fauna.. Upon re-establlshment, trace fauna were unable to -

.

'rework tnﬁ deposrt ekcept for the uppermost part.. These °.

-

departures from background COﬂdlthnS of sedlmentatlon _ -

were temporary and exceptlonal and more lmportantly,<

occurred lntermlttently through tlme

s L e s .'.',»-.'“,L*
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thS of the currents which &eposrted the MX facres.
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1 B ' d ’ .
‘Summary of Current Characteristics ' ’

N

The following summarlzes the essential characteris-

The

currents -

wrth currents operating on modern shelves.

‘ occurred lntermlttently through trme. \

. ComPariSon with Currents Operating on Modern ‘ - "
‘Shelves : : .

.
~

were essentially.unidirectional; : - : ! .

were directed offshore’;

.

were capable of - transportlng large volumes of ) ) "

) sand

were strong enough to' generate dunes in fine to

-

medium sand;

were unchannelized, and mainly depositional
rather than erosional:

waned gradually or abruptly durlng a srngle

deposrtlonal event--

.0

aﬁfected a wide area in a N-s direction)\end . :

\ -
extended .well offshore, and ) A

y

o
i ’ . v
- . . L

v ' ' . o

N e

-Dellneatlon of the nature of the currents whlch

deposrted the MX fac1es makes it o

p0331b1eﬂto compare them T

P

Three marn'

v .. ]
- .

e
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’ near-bottom speeds of 130 cm/sec.
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. . . »
. . ~

“ . ) ‘.‘:i"
types ‘of currents’ have been deflned by Sw1ft et al (1971) ;

semlpermanent oceanlc currents, tidal currents, and ; o
meteorological currents. The latter two types may be
5 subd1v1ded§lnto a helrarchlcal array~of components. Any

of these currents and therr components may be superlmposed K e

1n a’ natural system.

Semlpermanent Currents' formatlon and- mlgratlon

of bedﬁorms gndes\the lnfluence of semlpermanent currents

is podrly understood Recent studles have indicated,

. .

however, that - semlpermanent currents are capable of

generatlng large bedforms. Harms et al. (1974) have .' 't%\_“) :

described sand waves up to 45 m hlgh in carbonate sand

I
mlgratlng under the 1nfluence of the Yncatan Current where

o
-

it is constrlcted 1n a strait between the Yucatan
Peninsula and an 1sland The water depth is 5-6 m, and

" the current is unldrrectlonal with an aVerage veldgzt;¥of .
N

o‘j

50 cm/Sec. Flemmlng (1978) ‘describes large bedforms 0.5~ 81\
m hlgh mlgratlng under the influence of the Agulhas%f,“‘

f,ﬁ

Current on the outer shelf along the southeastern African
“ -

_contlnental_margln. The: bedforms are at depths between

50 and iOO‘m, and the Current. is unldlrectlonal attalnlng

v . . - -

,<Sem1permanent currents are an unsuitabLe‘mechanism



159 - : -

to explaim the origin of the MX. fac1es. Most 1mportant1y,

T —

v e

-thls mechanlsm does not explaln the apparent 1nterm1ttent .

uature of the paleocurrentﬁ-.) o l'b

. v . - -
" .,

Tidal Currents:nftidal'currents are known from'f

modern studles to be capable of forming mlgrat%ng dunes
- Vo “on tlde-domlnated contlnental shelves. In the North Sea,

L 'actlve dunes have been observed on the gentle and ‘'steep "

‘slopes of tldal current rldges (Houbolt 1968- Caston,

"M 1972) The dunes form in response to tldal current flow

i I 1paralle1 to the rldge crest. McCave (l%]{érreports dunes . 1
mantllngl“sand waves" (actually low sand mounds) off the '
cbast of'Holland: All of the observed dunes from these

L

. studles are actlve at depths of 31 ~40 m, which could be : .

S

5 EEEE VA

o e g

. an- exceptlonal 51tuat10n since the North Sea is character—
1zeé by -a hlgh tldal range and tldal currents which attaln
-hlgh speeds. T -

The concept of tronoy contlnuously operatlng -
itldal currents durlng Tyrwhltt and Tobermory sedlmentatlon
1s contradlcted .by the 1nterpreted 1nterm1ttent mnature 1 0
of the currents that deposrted the MX fac1es. There is
also no ev1dence of blpolar—dlrected crossbeddlng, nor -

is there ev1dence of other sedlmentary ‘features in the ; A

sequence suggestlng a macrotldal env1ronment (e g B "

-t
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‘extensive tidal flat deposits). Moreover, since tidal-

- currents were apparently tooc weak to significantly affect

relatively quiescent sedimehtation during ST facies

t

dep051tlon, they are interpreted to have been relatlvely
{ . .
unlmportant in the dep051tlonal system.

An alternatlve pOSSlblllty is that rilatlvely

, Wweak tidal currents may be‘51gn1flcantly enhanced by -

storm processes; Data from the Noxrth Sea indicates thatwj

storm waves may 1nduce strong osc1llatory near—bottom
»

'movement, yhlch enhance the rate of sedlment transport ;'

by tldal currents (Johnson-and Strlde; 1969) - Kenyon and
Strlde (1970) c1te two studles whlch report near-bed
current velocrtles 1n excess of 1 knot (51 cm/sec) at
depths of 160 200 m on a 51gn1f1cant number of days per

. year. They also state. that for glven waves, the strength

- .

T of these currents would lncrease with decrea51ng depth.

It is- doubtful however, that thls mechanlsm could ‘be

-solely respon51ble for. dep051tlon of the MX facres.

1

Slmple 5§c1llatory current input on weak tidal currents

.cannot account for the large amounts of sediment 1ntroduced,

e

.

and current veloc1ties comparable to those observed in -

the North Sea would be barely capable of generatlng dunes

It will be shown later that bottom surges from storm

IRy ST Y

'm\ i ® AL T T N T

o
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A

.

. and that the facies was<?jybably deposited near or below

‘storm wave base. '

-

4
«

Meteorclogical Currents: the types of meteorclogi-

- cal currents are direct wind cUrrents, wave . surge currents,

longshore currents, rlp ‘currents and barometrlc storm

/
surge currents (Sw1ft et al., 1971) -Fair weather dlrect

w1nd and wave surge currents are not likely to have had a

__31gn1f1cant 1nput 1nto the Tyrwhltt and Tobermory dep051—

tlonal systems since the MX (and ST) facies are 1nterpreted

to be dep051ted seaward, of falr weather wave base. Thelr

input under storm condltlons has been partly dlscussed

in the precedlng sectron, and w111 be returned to later.

Longshore, rip, and barometrlc storm surge currents requlre_
further Giscussion.. - : o : -
. ' N

Longshore and r1p currents are actlve in the near—

shore z as parts of a system of cell c1rcu1atlon

~(Komar, 1976, p- 168) Longshore currents are usually
. conflned landward of the breaker zone, although they may

_extend further seaward in a late pre- storm stage (Murray,

19%0) . Rip currents flow offshore through the breaker

zZone. Dav1dson—Arnott and Greenwood (1976) descrlbe

crossbeds up to 20 cm thlck belng dep051ted by dunes

_mlgratlng under the 1nf1uence .of rlp currents with velocities
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exceedlng 75 cm/sec on a mlcrotldal barred coastllne. The

maxlmum depth to which the dunes migrate is approx1mately

equal to 5/4 of the wave height- (H.E, Cllfton, pers. comm.).

The greatest reported depth to Wthh actlve bedforms have

“been observed 1n rlp channels is 4- 6 m (Ingle, 1966) .

‘ _These data suggest- that falr-weather longshore -and ripi'

. . ) N )
currents do not operate to a great enough depth to act as

. possible mechanisms for the deposition of the MX facies.

'However, Clifton et al. (1971) state that the chief effect

of w1nter storms on the Oregon Coast is the great intensi- Ji

'flcatlon of rlp currents. The effects of more 1ntense

storms. such as hurricanes would be expected to have more

drastlc effects, and it 1s concelvable that 1nten51f1ed

rlp currents ‘under these condltlons would contrlbute

srgnlflcantly to offshore sediment transport. The trans-

..

_ port of sediment further ‘out onto the shelf, though.-must

. be accounted for by some other mechanlsm.

‘Barometric storm surges are rises in sea level that o

result from lowered atmoﬁpherxc pressure and increased

[l - ~

3w1nd stress (L151t21n, 1974, p 69) Water plles up along

\

the coast, then returns seaward generatlng strong near-~'

unldlrectlonal offshore dlrected‘bottom currents. Hayes
(1967) descrlbes storm surge currents that were active

durlng Hurrlcane Carla in 1961 le] Texas Coast. Strong

E Lo

/ S "

R

[r—
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currents rlpped through hurrlcane channels in barrler
islands and apparently evolved: 1nto den51ty currents whlch
dep051ted sediment at 1east 24 km offshore at depths of

40 m and mote. Gadow ang Relneck (1969 ‘c1ted in Kenyon
and Stride, 19]0) report -that. storm surge ctrrents trans—‘
ported sand about 50 kq from the German Coast into water

up to 40 m degp. ‘he velocrtles attalned,by these

currents 1n ffshore areas are—uﬁknown. Direct measure—»

.. ments by Murray (1970) in shallow*ﬁater (6.3 m deep) ,

however, show. that bottom current speeds up to 160 cm/sec
N /’

,Were generated durlng Hurrlcane Camllle 1n 1969 The

above data suggest that storm . surge currents are capable

of transportlng sand well out onto the shelf. oOne locatlon

P

where they are most pronounced ‘is in relatlvely shallow

shelf areas that experlence hurricanes (Llstizin, 1974,

p 70) ‘ . . . .o ..'

Storm Surge Currents as a Mechanism for
MX Facies Deposition '

Storm surge currents’ are the most llkely process
to.have deposited the Mx ies. These currents best.
explain the nature and context of the Tyrwhltt and Tobermory

paleocurrents, which -e con51dered below.




LU

164

being unchannelized, essentiallx Enidireotional,'and
generally directed offshore. These are all characteristic
of modern storm Surge currents. The relatively hlgh degree
of variability in the ‘Paleocurrent data ig partly due to

the method of data collectlon (Sectlon 1.4), although 1t

- The initial storm surge current probably flowed approxi-

mately perpendlcular te the shorellne. Further out .on

the shelf, the dlrectlon of flow would be largely con- -

trolled y the direction of the paleoslope, whlch is not
necess 'lly perpendlcular to the shoreline, Moreover,
mlnor bottom Irregularities nay affect the current path,
causing local dev1atlons Slmllar effects ‘Were documented
- by Hayes (1967)\ Other factors that could affect the
initial orlentatlon of the storm surge current are local
-varlatlons in shoreline trend, and the orlentatlon of
" the storm track relatlve to the shoreline.
The Pennsylvanlan paleocurrents were capable of ¢
transportlng large volumes of sand which formed units at
least a meter thick durlng s1ngle depos;tlonal events.

" Deposits of thlS thlckness have not been observed in -

' .modern sedlments. .The maxlmum thickness of sand layers

\ -

- deposrted during Hurrlcane Carla is 9 cm (Hayes,_lQG?)

Storm sand layers observed in the North Sea are on the
r ~ .

is also llkely related to prlmary sedlmentary Processes. "f

i o b st b
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. order of a few centiméters‘thick (Reineck /and Singh, 1972).

Hoﬁever, units comparable in thlckness te those in the

'Tyrwhitt and Tobermory Formations have been described in

other lnterpreted storm surge dep051ts Hamblln (1978) -

descrlbes sand unlts averaglng 75 om thlck 1nterpreted

to be deposxted by single dep051tlonal events in Jura551c—

Cretaceous sediments in Western Canada. It is p0551b1e

- that in the case of the Tyrwhltt and Tobermory, much more
1ntense storms than those descrlbed from the modern were

‘1nvolved. Hence, stronger and relatlvely long llved

currents mat'have been generated. The type of coastline

._/!

1

may also have been 1mportant. It will be suggested later a

that the Tyrwhltt and Tobermory shelves bordered on a
desert area. ' Thus, a large volume f unstabilized sand >
could have.been made avallable during extensive coastal
- ebosion by thense storms- -As a result, currents would
have been heavily sand-laden, which would explaln why they
were prlmarlly dep051tlona1 rathen\than er051onal
) The Pennsylvanlan paIEOCurrents were capable of
generatlng dunes (and sand waves) ln fine to medlum sand
‘grades, dep051t1ng trough and- planar crossbedhlng. These
dep051ts are unlrke modern storm surge current and other

storm generated dep051ts, whlch are generally descrmbed

as graded beds charatterlzed by parallel lam;natlon

f‘
- s



(Hayes, 1967; Reineck and Singh, 1972; Kumar and Sanders,

- 1976) . - Storm related deposrts similar to these ‘modern

examples haVe been descrlbed from the ancrent (Howard
1972; Kumar and Sanders, 1976) The Pennsylvanian deposits
are also‘unrlke ancient storm deposits described. as belng

characterlzed by hummocky oross—stratlflcatlon (Harms et al.,

1975; Hamblin, 1978).

&
The formatlon of trough crossbeddlng rather than

.

_Pparallel lamlnatlon may be partly a functlon of grain-

srze.' In flume experlments 1nvo1v1ng unldlrectlonal
currents and shallow depths, dunes and upper plane bed can

be produced under equivalent flow strengths and flow depths,

4

except that dunes form in grain sizes coarser than very

fine sand (Flgure 2= 5 in Harms et al., 1975) If the .

-‘
Pennsylvanlan current conditions are assumed to be roughly .-
\/' .

analogous, current speeds of several tens of centlmeters

per second. mlght 51mllar1y have produced ‘dunes rather than

i

upper plane bed- because of thrs drfference in grain 51ze.

Hummocky crosg stratlfrcatlon 1s lnterpreted to be-
a storm generated dep051t. Bottom currents apparently
transport sand in suspen51on, and mold it 1nto a low undula-
tlng crest and trough topography. These "bedforms“ are;
contlnually moved and mOdlfled by varlously oriented .

Cx

currents. Harms et al. (1975, p.88) attribute thiszcurrent
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a¢tion to strong storm wave surges which are characterlzed
by larger velocity and dlsplacement than that required to

form wave ripples. The nature and depth to which these

reach were described earlier. None of the facies in the

Tyrwhitt or Tobermory Formations contaln evidence of
remolding of the substrate lnto a hummocky topography
by this process. This suggests that the MX and other
facies were dep031ted 3ust above or seaward of max1mum

storm wave base. In this zone, strong osc1llatory wave

motion would be relatlvely weak or absent, so that it

would be “incapable of eroding andaredlstrlbutlnglsand.

- .In some cases, However, the largest waves were apparentlyd

. capable of concentratlng sh 11 material in thlS zone, as

was suggested earller.

‘The varlatlons in 'set scale dbserved in the

Tyrwhitt and Tobermory is also compatible with a storm

'snrge-hypothesis. The 1n1t1al storm surge current would"

be relatlvely strong and capable of dep051t1ng the largest )
crossbeds. Wlth wanlng flow and decrea51ng amcunts of .
sand held in‘suspen51on, succe551ve1y deposited sets would
be brogressiVely sm;ller. The time perlod involved would
be on the order of a few hours .to.a. few days (LlSltZln,

1974, p.?O), oF even longer in more intense storms. The

abrupt decrease 1n set scale noted in some MX’ fac1es unlts
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could be the result of a rapid decrease in suspended sedl—

ment locad, whrch would restrlct the 51ze of the set being

deposrted de591te continued current action. .
The lateral contrnulty of Tyrwhitt and Tobermory

MX facies units would alsd be expected if storm surge -

&urrents were 1nvolved. Wlth a broad storm front;, large

. sections of the?coastllne would be affected and return

" storm surge flow would occur laterally over long dlstances.-'

The two observed conflguratlons.of the MX facres,

solitary and "bundled" unlts, have 1mp11catlons on the'

I -

-frequency of occurrence of the storm surge currents In

a short term senSe, major modern - storms are 1nfrequent.
¥
Hayes (1967) estlmated that troplcal cyclqnes pass over

the Texas coast~at the rate of 0.67 per year "Rare™"

.events such as these, taken 1n the context of geologlcal

tlme, have high- absolute frequencres (Gretener, 1967)
Hence, in a 10ngterm sense, storm processes may domlnate

a dep051t10nal system, and storm—generated deposrts could

, domlnate the ‘Stratigraphic record This - could explain

the “bundllng“ of MX facies units, but does, not-exblaln
the nuch thlcker 1ntervals dominated by the sT facles and
minor solitary Mx facres unlts. It is possrble that MX. '
facres unlts Were only deposrt/a and preserved during |

perlods when large volumes of ‘Sand were available to the
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‘system. There is evidence that the rate of sand ;upﬁly

varied markedly during Tyrwhitt and Tobermory -times, since

units suggesting abundant sediment supply {e.g. MX facies)_

‘are in close wvertical proximity with units suggesting a

very restricted sand supply.(siltstone and carbonatesfacies).

-

Hence, lt is suggested here that the transport agents

1nvolved in MX and ST facies de9051tlon were essentlally
-~ .

the same . With comparatlvely sand- def1c1ent currents,

~
\

'only thlnfsand beds would bhe d posrted, and these ‘would

£T l'

be thoroughly bioturbated lf'

e bed thickness dld not
exceed the depth of penet: tlon of the organlsms (1 e. a

few centlmeters) De9051t1 of-sllghtly thlcker layers

-at times would explaln why evidence of current actlvrty

is sometimes preserved in the SI facies, 1In thls reglme,

- -

-deposrtlon of MX facies units would be the product of

exceptlonally 1ntense storm-generated currents together
”'t
with a high rate of sedlment supply. The above processes

explaln the observed relatlonshlps between the ST and MX
facies.’ g - ST

-

‘In conclusions storm surge currents are 1nterpreted

" to be the only current typ% capable of deposrtlng ‘the Mx .

facies in the zone Jdround storm wave base. Moreover,'

R

such currents llkely lntroduced the sedlme t @ 1 1tut1ng

" the ST facxes. The Lnterpretatlon of storm surge currents o

E

e - R T
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idlfferent flow condltlons. ' - .

. 170 ‘ :

. appears to explain why the Pennsylvanian paleocurfents

were essentlally unldlrectlonal orlented offshore,

_unchannellzed prlmarlly dep051tlonal and 1nterm1ttent1y

occurrlng. The latter -is most important 1n dlscountlng

the’ effects’gf tldal or semlpermanent oceanlc currents.

~ H
. ~
.

.o ' 2
5. 2 3 Small Scale Crosslamlnated Fac1es (XL}

Horizontal Parallel Lamlnated Facies  (HL)

/\ | l. ) “ ‘. | .-“’

The’XL'and HL facres are 1nterpreted to be marine

N

.
. °

in origin, andfto have accumulated seaward of falr weather -

directional or osc1llatory flow, and experlmeJtal data. '-_d"

,.u -
v

ﬂsuggests that they need not have accumulated under radlcally

.t

Evrdenc for both unldlrectlonal flow and osc1llatory

flow rs preserv An the XL facres.' Thls, comblned w1th a

““lack of dedglopment of hummocky cross stratlflcatlon, e

.
‘ .

‘t,suggests that the XL and HL fac1es accumulated near storm

*

wave base. Storm surge currents of varlable 1nten51ty,

-

w1th weaker superrmposed osc1llatory wave components, are.

,'1nterpreted to have depOSlted the fac1es Preservatlon .

of'more abundant sedlmentary structures in the upper

hwave base. Both could have been deposrted under uni- -’ e fjii‘
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£ ) : .
. Tobermory is 1likely -a function oﬁ'segiment supply.

-

i

Salient Characteristics
— % -

The xL facies-is'characterizéd mainly by trough
chosslamlnatlon in sets 0. 5 Sjcm thick and 2-30 em wide.
‘ Rare wave forms w1th form concordant and dlscordant ’

1nternal lamlnae are preserved Fac1es units range in

thlckness from a few decrmeters to several meters, and
- L] ‘.«-

B commonly contain vertlcal burrows of suspension feedlng

®

1
organlsms.

stralght to somewhat undulatory or 1rregu1ar 1am1nae. :
//;Q\\Fqlts are usually less than 25 cm. thlck (exceptlon—
ally 100 cm thlck), and rarely c0nta1n vertical burrows-

oﬁtsuspen51on feedlng organisms. A g
L .
' Both fac1es are usually cemp&sed of very flne sand.

r

o The XL facies is ub1qu1tous throughout the Tyrwhitt and
Tobermory Formatlons, and is commodly interbedded w1th
the ST, HL and MX fac1es. The HL facies ls less common

‘in. both Formatlons, and passes preferentlally upward into

To e a,,_r

the XL facies. XL to HL tran51t$ons also occur’ laterally

over several dec1meters.

The HL fac1es is characterized by horlzontal - F
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Context and ProceSS'In;erpretation

The XL facies is interpreted to be marine in-origin

: . T
_‘on the basis of intimate interbedding between it and the

fossiliferous ST facies. By close association with the

XL facies, the HL facies is also inEerpreted to be marine.

: Interbeddlng with the ST facies suggests that the XL (and

HL) fac1es accumulated seaward o{ falr weather wave base.
Ripples and upper ‘plane bed &re formed under 2
symmetrlc ‘and asymmetrlc oscrllatory flow (CllftOH} 1976) °
and under unldrrectlonal flow. ‘It is unllkely.that the
borrzontal laminae ln tne HL fac}ég\yere deposited from |
migrating low amplitude'bedforﬁs under lower. flow, regime

-

‘conditions,,which'has been shown experimentfally by. McBride

ﬂgggal. (1975). It is doubtful ‘that units up to 1 m thick

S

‘can be deposited by this meckanism. Moreover, the presence

a

of suspension feeding forms (e.g. Skolithos) suggest a

*higher flow strength than would be- expected in conditions

I o

compatible with the lower part of the lower flow regime.

The intimate vertical and lateral association of

" the XL 'and HL facies requires special'consideration. : N

ey

n

PN
%

Dlrect tran51tlons between rlppfgsiand upper plane bed”U hY

have been observed under unldlrectlonal flow in flumes

(varlous authors, in Harms et al., 1975y, and in oscrlla—

r

e :
tory flow tunnels (varlous authors, in Dbavidson-Arnott and

Lo 7
Ty §

SN — e

TR



o
~Greenwgod, 1976).' Under unldlrectlonal flow at shallow.

- —/
) depths, these tran51tlons occur without an 1ntermed1ate

dune phase in 51lt and very flne sand (less than 0.125 mm)

This 1s compatible with the HL to XL tranSLtlons in the,/

Tyrwhitt ang Tobermory, where-sand is very fine grained.

mlnor compared to velocity and‘graln 51ze ‘when flow depth

is large relative to bedform helght (Harms et al ¢ 1975,

p 11) Cllfton (1976) states that under symmetrlc osc1lla—

tory flow,-the most 1mportant factor governlng ripple to'

Iplane bed tran51tlons is the max1mum orbital veloc1ty at
the bed. The threshold veloc1ty for this tranSLtlon is
dlrectly dependent on. graln 51ze, and poss1bly partly
.dependent on wave perlod

| From experlmental data, approxlma :estimates of
the threshold velocity of the ripple to Iat bed transi-
tlon can be made. Experlmental data c1ted by Cllfton ‘
-(1976) glves a threshold veloc1ty of about 55 cm/sec for
0.08 ‘mm sand when the wave perlod is 7- =10 sec.“The

' thresholqd veloc1ty under unldlrectlonal flow 1s about 65
cm/sec for 0: 08 mmfsand at’'a flow. depth of about 20 cm
"(Harms et al.,f1975 Flg. 2-5). These two. threshold

-veloc1t1es, whlle subject to modlflcatlon by a large ‘

N . . . ! .'-‘: . 8
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- Types_of Crosslamination and Their Implications

the MX facies. Therefore, the/orlgln cf the currents must

174

-

variety~of variables, give a qualltatlve feel for. the

Strength of currents necessary to lnduce a rlpple to flat 5

¥

bed tran51t10n under given condltlons The values. suggest e
that high current strengths are,not requiregq, and demonstrate
that a minor increase or -decrease in current strength may

be all that is needed to 1nduce a phase transition,

N
©ome ¢

T The XL fac1es contalns trough ¢rosslaminae and

I

symmetrical wave forms, suggestlng deposition by unldlrec—

ftlonal currents -and oscrllatory flow. Crosslaminae depositeqd ;

by these processes ray be very similar dependlng on the S
degree of asymmetry of osc1llatory flow, as has been demon—
strated by de Raaf et al.-(1977) Hence, no attempt mas ‘

made to dlfferentlate between crosslamlnae formed by unl—
dlrectlonal and osc1llatorf~flowr—and as deflned the XL .t ;- \

fac1es contalns both types. o SN ‘ .
L N
Very llttle paleocurrent evidence. was recorded

LSt

from the XL or HL facies, so.it has not been quantltatlvely

determlned whether the currents that dep051ted these

facies fIOWed in the same dlrectlon as those dep051t1ng

be ’ 1dent1f1ed by 1nference and context.
\ .

] . . ‘—-?l’ - " . X ' ' . "--f"

. . 2 L]
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Position of Deposrtlonal Site Relatrve to
Storm Wave Base .

-~

. . ) e ' ’ o S
The presence of symmetrical wave forms in the X1, .
facres suggests that it was deposrted w1thln a zone

1nfluenced by wave acthrty. Storm waves are 11kely v

) responsrble for these and possrbly some of the trough

crosslamlnatlon 1n the XL fac1es, srnce the facres was

q

'apparently deposrted seaward of fair weather wave base.'

- -

The storm’ wave surges, however, were incapable of remoldlng
the substrate into a hummocky topography and depositing
hummocky Cross stratification. The slight undulatory .
aopearanceHof some HL facies unlts 1nd1cates minor
1nfluence only. Hence, it 1s probable that the XL and HL

facres accumulated just above or at storm wave base,

where although storm wave surges were felt, they were only

o capable of rippling the substrate.

'ﬂ

-~

S L_s

o
v

Type of Currents-

For the Tyrwhitt and Tobermory sequences, it was-‘

prevrously 1nterpreted (eu%‘of Sectlon 5.2.2) that storm

surge currents Were the most effectlve agents of sedlment

transport and deposrtlon in the zone near storm wave

-

. base. ' The same currents could be responsrble for'dep051t1ng

. the majorlty of sedlmentary structures composing the XL and

E I




"‘Formations can be exglained in terms of storm surge .

‘176

HL facies. The common 1nt1mate vertlcal and lateral

,assoc;atlon between the facies is probably largely a

functlon of gra;n size (very fine sand) and could explaln
wh¥qﬁhnes dld not develqy/;;—:;\the MX facies. The
vertical assoc1atlons of the HL and XL fa01es resemﬁle
storm sand layers.descrlbed from modern and ancient eedi;

ments,  although there is .a lack of grading in the former.

In cases where ripple crosslaminae are observed in coarser.

w

_grain sizes, the storm surge currents apparently had lower

flow velocities than those depositing the MX facies.
Vertical transitions from the MX. facies into the XI, facies

could reflect waning fiow'of the CUrrent. The rare cases

where horlzontal lamlnae are developed in flne and medium

sand suggest even higher flow veloc1t1es than those required

-

to form dunes. 'Hence, the various types and sequences of

sediméntary structureg?in the Tyrwhitt and Tobermdry
. - A

ki
T

clirrents of varlable lntenSLtles, w1th superlmposed (but

aweaker) symmetrlc and asymmetric wave surge components. .
. : T O
u.i . .

Differences Between Tyrwhltt and Tobermory .La
Formatlons

The thickness and abundance of XL and HL facies

units differ between the Tyrwhitt and Tobermory Fprﬁations.
' . . Al . . . /
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In the latter, facies units tend to be thicker and more

common than in the Tyrwhitt-Formation. Also, sedlmentary
structures become more abundant in the upper part of the

. Tobermory Formatlon, whereas in the Tyrwhitt Formatlon

“the fac1es do not appear to be more abundant in one part

of the sequence over anotper. .

v The dlSSlmllarltleS descrlbed above” can’result ’ <
from two factors. The upper Tobermory sequence could have
been dep051ted in slightly shallower water than the |
Tyrwhltt and lower Tobermory sequences, and ‘thus be ~subject. ' \

to more wave action. . As mentioned prevrously, ‘the depdsi- o .

tlonal site for the upper Tobermory would strll be seaward

of the zone of strong wave 'surges. Alternatlvely, the

 more frequent preservatlon of sedlmentary structures would

-

be a function of sedlment supply A hlgher rate of

sedlment_supply belng dlstributed by (geologioally) frequent
storm surge currents would prohlblt extensive bloturbatlon,
as was postulated in dlSCUSSlng the preservatlon of Mx

facres ‘units (end of Sectlon 5.2. 2)

*
i
~ 4 - .
LN L

"
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5.2.4 Siltstone Facies (81}

-

&
Salient Characteristics

.

The SI facies constltutes only a msnor proportion

- of the stratlgraphlc thlckness of the Tyrwhltt Formation.
The facies represents the finest graised clastic sediments
of the entire Pennsylvanian succession. Two laterally
per51stent unlts occur 1n most measured sectlons, and hoth -

- appear to be thoroughly bioturbated,

Context and Process Interpretation

Interbedding with the fossiliferous ST facies
suggests .that the 8I facies is marine, and that it accumu-

lated seaward of fair weather wave base. The l;thology of

. the SI facies shows &hat it accumulatediduring a perrba
of'severely restricﬁe sand supply. Thls, toge
-its thoroughly bloturbated nature, suggests that
'n“was no appreciable current act1v1ty durlng fac1es deposltlon.

The lateral persmstence of the facies shows that these = - gy

condltlons prevalled over a wlde area 1n a N-S dlrectlon.
In most measured sections, an SI fac1es unit

_vertically succeeds the Major Tyrwhitt MX‘Interval.

"Barring the possibilify of a sudd&n relative deepening of
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the depositional site, this suggests' that the facies

e &

accumulated in a zone that might potentially be subjected ’

'

te storm surge currents. Apparently, the SI,fac1es
represents a period ©f time when there was a paucity of .-
. L4

storms intense enough to generate surge currents capable

of reaching the depo%féional site.

5.2.5 Non-Fossiliferous Carbonate Facies (NC)

'Fossiliferous Carbonate Facies (FC)
Crossbedded Carbonate Facies (TC).

- ' ’

' salient Characteristics

N

The NC facies is composed of thoroughly bloturbated

mlcrocrystalllne dolomlte, and occurs only ln the Tobermory

'Formatlon, The facmes usually succeeds the ST fac1es,

passes upward 1nto the HL or ST facies, and contains no

body fossils. ' - R :

| Two distinctively d%fferent FC‘facies units occur
in the Tyrwhitt'Formation. The lower unit, composed of
sandy lxmestone, contalns Splrlferld brachlopods and

echlnoderm fragments.. It passes up 1nto the ST‘facies. A

. The middle unlt is composed of hlghly sandy dolomlte,

contalns abundant OrblculOLdea brachlopod layers, and

-
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succeeds the sT facies. It may pass: upward into the Mx,
HL or ST facies. 51ngle {(upper) FC fac1es unit isg’
Present in' the Storelk Formation of mest. measured sectlons,‘
and will be con51dered Jdater (Sectlon 5. 3 4).

The TC facies consxsts of trough crossbedded (sets

20-30 cm thlck) sandy dolomlte or dolomitic sand contalnlng

abundant casts and fragments of shells. ' Facies units. are

.1aterally dlscontlnuous over a feW'tens of meters, and

are vertlcally assoc1ated Wlth the MX, HL ang. XL faCles

L

N
-

Context and Process Interpretation‘

.
The FC and TC facies are marlne 1n orlgln on the

basis of body fossii content, and the NC fac1es is 1nter-‘

Preted to be marine in view of its close assoc1at10n with

the f0551llferous ST facles. Interbeddlng w1th other .
facies lnterpreted prev1ously to be dep051ted Seaward of
fair weather wave, base Suggests that the carbonate fac1es
were dep051ted in this zone also.. ‘

The - llthology of the fac1es shows that they were
deposrted durlng perlods of restrlcted sand supply,
although in aij cases minor to ahundant amounts of .sand
were 1ntroduced In the case of the FC facies where
sand-rich and sand- def1c1ent layers commonly alternate,

sand lnflux appears to have been periodic.

.
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Crossbedding in the TC facies, and shell layers 1n

the middle unit of the FC facies, 1nd1cate current activity.

v

The admixture of dlsartlculated brachlopods and echznoderm

fragmeqts_ln the lower FC facies unit suggests®that it.is

transported debrig. The NC fac1es accumulated during

'conditions of lnactlve currents.

" Origin of Currents

.z .
B

T '*'

e The carbonate facies likely accuhulateﬁkunder

essentlally the same dep051t10nal condltlons as the silici-
clastic parts of the sequence, except that sand supply o
was restrlcted in the former. Hence, each carbonate facxes
has a siliciclastic countstart The TC fa01es is com~
parable to the MX fac1es, the NC facies to the SI facies,
and the FC fac1es to the sT facies. The processes

-

prev1ously 1nterpreted for the 5111c1clast1c fac1es apply

to thelr carbonate counterparts.
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5.2.6 Interpretatlon of'Features not Included in
Facies Scheme

Low Angle Inclined Strata, Tobermory Formation

Low angle inclined strata occurring in-the'Tobermory

Formatlon of meesured sectlon 1 were descr;bed in Sectlon
3.13.1. Although the sets resemble megatrough sets from
the MT fa01es, théir context,suggests that they are- marlne
(l e. a vertlcal assoc1atlon w1th the MX, NC and ST fac1es)

&

If the 1ncllned strata'are marine in origin, then modern
A ® ; . :

and ancient analogues are‘lacking.' It is possible that °

the SetShere lateral accretion“features‘in view of the low
angles of stratal dips (10-11 degrees)-' This forces the
hypothe51s that erosive currents were capable of formlng

. a broad depreSSLOn in the substrate, whlch was later
1nf111ed from one side.r Wlthln the 1nterpreted context,

storm surge currents are apparently the only type wrth

-
-]

suffigient strength. ItAWOuld‘heve to be assumed that '

they were not carrying‘a‘sqfficient‘sediment 1oad' so as

to be effective erosive agents. The 1nterpretatlon of the fk

q °

1nc11ned strata cannot be -taken beyond: this suggestlon.

' The alternatlve that the sets are aeolian would entail -a«

drop«ln sea level, followed by a rapxd rise. There 1s no

1

ev1dence from laterally equlvalent stratlgraphlc 1ntervals

“

I B Kaal ke " ©
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°

sugge@géng that such a drop occurred.

S

Deformed Laminae

.

| The deformed laminae characterizing the upper

I

Tobérmory Formation (Section»§.13.2) are interpreted to

be the product of soft sedlment deformation. The observed
f

str%ctures llkely resulted from the comblned effects of
sediment lo ing and dewaterlng of underlylng sedlments.
Rapld aggrgdation of sedlment lntroduced by storm surge

currents is probably the cause of sufficient loadlng to

induce deformatlon. ‘ T ‘ C i,"

5.2.7 Conelﬁsion o T

1.7 All facies’ in the Tyrwhltt and Tobermory Formatlons

are 1nterpreted to- have been dep631ted on a storm domlnated

_ shelf There 1s no deflnltlve ev1dence for tldal or

N
oceanlc currents. (RS
* L -

.2, The physical characteristics of“thefST facies,'

~ together with the abundance and'thickness of .facies units,

'suggest that the fac1es was - de9051ted seaward of fair

¢

weather wave base, and that it represents background

v ™

. ¢
- - . f

T

.

"
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".5.. : Storm surge currents are’ 1nterpreted to/be the only

(\
L%

N - '
v :
> 18|4 f .
) . - . N . - I ‘ ’ e EY ': ’ - Q; - N
conditions. of sedimentationb B o e 5\1,
‘ / : e . PR :
- ' ' ¢ - - N .
- _‘ ‘ . s -cm .
"3, . The 1nt1mate lnterbeddlng of the ST and v1rtually SR A

all other fac1es suggests that’ all fac1es were depoSlted
seaward of fair weather wave base.

Ay N . ’ ’ *

4. - The relatlve unlmportance of wave—génerated sedi-

¢
'

mentary structures, and the lack of development of .

hummocky cross - stratlflcatlon in the sequence, sugggst a .-

-:,g_:".

dep051tlonal 51te ‘near storm ‘wave base. This sﬁp_orts
the’ 1nterpreted offshore origin of. the ST and otller facies: -

- ’ : : -

-

The strength'of the surge current, toget?er w1th the graln

T

s%ge and rate of sedlme supply, dete "ned the type and

‘offfac1es unlts.

et e
LI M e ] T
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5.3 . FACIES IN STORELK "FORMATION . ~
B x \

i, . Megaplanar Facies (MP), Megatrough Facies kMT),

) Storelk Structureless Facies (SS), Fossiliferous

'Carbbnate Facies“(FCl,’Large Scale Planar

.} Crossbed Facies (ILP), Large Scale Trough
Crossbed Fac1es (LT) b

.o

2

‘The above facres are grouped 1nto a facies assoc1atlon
'for the Purposes of 1nterpretatlon. In subsequent dis-

cussion, lt‘w111*bexshown that.the first four facies'are the ..

a

most dlagnostlc in 1nterpretatlon of the dep051tlonal frame-

work tha; prevalled durlng Storelk timel. E g LT
e . b ‘o ‘ ’ ol

-5.3.1 Salient Characteristiesiy; e - S '

/

* Facres 1n the Storelk Formatlon occur in. spec1f1c

tombinations at certain stratlgraphlc levels, and are S

-

agcordlngly a5519ned to.a series of Intervals (Sectlon 4 2)

y: generallzed sequence show1ng dlstrlbutlon ‘of fac1es,
ranges of set thlckness and paleoflow data 15 pgesented in

Figure 5. l.- Pertlnent EaEIés haracterLstlcs are summarlzed =%

below. B . '
The MP facmes con51sts of planar tabular sets and

7subord1nate wedge shaped planar sets. Foresets -are true

-

geometric. planes, and range in dlp betWeen less than 10

- Ve
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degrees to a maximum of 26 degrees. . In tabular sets,

laminae are generally asymptotic to the Jower set boundar&,

whereaslin wedge shaped sets the 1aminae may paraliel this
boundary -Angular relationships’ between lamlnae and the

~ .
lower set boundary are also pOSSlble for both set types.

Sets in the LP fac1es resemble those in the MP facies,

dlfferlng only in scale.
. The MT facres con51sts of trough sets whlch have
broadly concave upward foreSets The foresets have a

broad lateral curvature, and generally—dip'between-lo

. degrees and 25 degrees. Sets in the LT facies- resemble

their MT facles counterparts, dlfferlng only in scale.
' The srngle most 1mportant characterlstlc of the 88
facres is the almost ‘total absence of sedlmentary structures.
radlographs reveal a unlform texture with no ev1dence of

mottllng Rare thln horlzontally laminated zones may be Q

‘.present (e.g. S 1: 143- -143, 5 m} , and thin arglllaceous

.or s;ltstone zones ‘are always present.

A 51ngle thln FC fables unit is usually present at
the base of the Mlddle Storelk Megatrough Interval (Flgure
5 l) The unlt is composed of highly dolomltlc sandstone
or 5andy dolomite, and in places contains s 1r1fer1d or

Terebratulld brachlopods

The top of each'Interval is marked by horizontal

e ‘
4




‘shallow marine example (by Nio, 1976) which is character-

188

surfaces ‘which truncate underlylng sets. ' The surfaces .

occur at srm%lar stratlgraphlc levels in all sectxéns,

'and hence could be centinuous laterally. The 55 facies
'commonly overlles the truncatlon surfaces. Within InferVals,.
fac1es unlts are commonly separated by horlzontal truncatlon
‘surfaces (e.q. between LT and MP facies unlts, MS l- 99 -11l6

m). -. » ) l\

5.3.2 Ozrganization of the Interpretation
R 0 . \"

Three depositional environments are known or are

interpreted to be characterized by large'migrating bedforms

.which can’deposit cross stratifieation of the scale

obsérved in the Storelk. These are aeollan env1ronments,
tide domlnated shallow marine env1ronments, and fluv1al

env1ronments. It wrll be shown that a fluvial 1nterpreta—
L]

tlon is 1mprobable. Then,.the major lines of. ev1dence

-

regarding aeollan and shallow marlne lnterpretatlons W111
be assessed. Subsequently, an aeolian’ 1nterpretatlon will

be favoured. From that p01nt a comparison of the Storelk

w1th modern and anc1ent aeollan sediments will - be made,

and specific features in the Storelk'w111 be 1nterpreted

Als? a comparlson will be made to an 1nterpreted ancient

' 5

ized by -giant crossbedding. Finally( the vertical

- i
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&

relationships between the Storelk and adjacent Formations
will be discussed, and the source of the sand constituting
the Pennsylvanian siliciclastic succésSibn will be

considered.

5.3.3 Improbability of'a Fluvial Ihterpretation

Extremely large bedforms have been reported in.

godern river systems. In the.Brahmaputra.Rlver; Coleman

.(1969)‘reports "dunes” 1.5-7.5 m in height, and "sand

waves" 7.5-15 m in heigh%., Based on numerous natural
exposures and excavations, Coleman’ (1969) found ‘that these

features were composed of. complexly interbedded cross sets

less than 2 m thick. Thus they were not composed of giant.

‘ crossbeds as their external form might lmply.

Giant crossbeds up to 40 m thick with an 1nterpreted

.fluvial origin have been descrlbed from Upper Carbonlferous

deltaic sediments in northern England (McCabe, 1977).
The sets are in;erpreted'to have beeﬁ deposited by foreset

9 . . .
accretion of side-attached alternate bars. Coleman (pers.

comm. to McCabe) also reports similar morphological features

25-30 m hlgh in the’ MlSSlSSlppl Rlver, although these do

'not have avalanche faces. If McCabe s (1977) 1nterpretation

;s correct, lndLVLdual g;ant cross sets can be deposited

/ANEQ_a‘fluvial environment. S L
N . . . . .

’

>
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A similar origin for‘giant crossbéds observed in
the Storelk. is unllkely based on several lines of ev1dence.
There is no ev1dence of channellzatron on any scale in
the Storelk. There is also a lack of upward fining
sequences characterlzed by a progressive upward decrease
in set scale, as are reported from point bar and braided
stream de9051ts (e.g. MecGowen and Garner, 1970 Wllllams
and Rust, 1969). Moreover, fluvial systems are character-®
ized by an abundance of suall bedforms (e. .g. small dunes, .
'rlpples, ¢limbing rlpples), whlch are absent in the -
Storelk. Vértlcal accretion de9051ts characterlstlc of
flocd basins are also Jdacking 1n the Storelk. Thick (up :

to 23° m) laterally extensive structureless units like

“those in the Storelk are unknown from modern fluvial -

" environments. A fluvial model also does.not account for‘

the presence of a laterally per515tent marine horlzon ‘ Lo

{the FC fac1es unlt) Hence, the Storelk facies do not

-

-

resemble’ modern and anc1ent fluv1al dep051ts, and a ~

fluv1al origin lS 1mprobable.

. ﬁ -
5.3.4 .Aeolian versus Shallow Marlne Interpretatlon
)
The determlnatlon of whether the Storelk fac1es

£

accumulated in an aeollan or a tidal domlnated shallow

marine environment is compllcated by conflicting evidence.
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Thus,  the major lines of evidence must be’ weighed against
one another to reach .a plau51ble 1nterpretat10n. Two

opp051ng lines of argument could be advanced:

1. Certain characteristics of the Storelk facies
favour an»aeellan 1nterpretatlon' the S &
abundance ana glant scale of the crossbeddlng,
the angle of 1nc11natlon of the foresets, the
lack of body or trace fossrls, and the presence
of mpltlple_parallel truncation surfaées.'.In

. this case, the Presence of the thln f055111ferous
T 'marlne FC. rac1es unit requlres ‘sSpecial 1nterpre- . . ‘_ '

. tation.

‘2. Alternatlvely, the presence of the re. fac1es
unit could be taken to indicate. that the entlre,
. Sefuence isg marlne, 1n‘wh1ch Case the character-
isties named_in (1)‘ especially the giant ‘ .,
cr‘ssbedding, would requ1re 1nterpretat10n ~
in a marine. -context, However, ba51ng an 1nter—
.pretatlon of the entlre Storelk sequence on
the presence of a- 51ngle marlne horlzon would

v

have to be assessed.

-
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Aeolian Interpretatlon- Consideration of

the Evidence / ,

The_most important evidence:supporting an aeolian

-origin for the Storelk sequence 1s the abundance of glant

scale crossbedding. Abundant sets at least as' thick as_'

'those observed 1n the Storelk are characterlstlc of

. 1nterpreted ancrent aeollan examples (e g. Walkeér and

Harms, 1972: Sanderson, 1974) ‘Cross stratification of

the scale observed in the Storelk 1s not knownufrom known .

/ v
modern tlde domlnated shallow marlne env1ronments
(evidence dlscussed belowﬂ
J

The lack of development an& preservatlon of angle-

of repose foresets is coﬂmon in aeollan environments.

In the Storelk Formatlon, the max1mum observed foreset
i

dip was 29 degrees, whllermost foreSets had dips in the

i
1
i

10~ 25 degree range.l By comparlsonh the angle of repose

- for dry sand in alr 1s about 34 degrees (Bagnold 1941

) .
P. 201) The relatlvely low angle dips in the Storelk

may be due in part to. post—dep051tlonal compaction. For

-example Walker and arms (1972) calculate that 1f an

© initial porosrty of 40% is reduced to 20%, a.34 degrée

dip angle.would beareduced to 27 degrees. This. mechanism;-

'

.hoWever, does not account for dip ngles less.than this. i

.

Observatlons from both modern an anc1ent examples




* on hedferms (see below) .

.except the FE facies uni
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.

suggest that lower dips are the result of primary deposi-

tional mechanigms, and that mass avalanching is not the

only_means'of foreset accretion. The lower slopeslof
many modern dunes accrete as a result of sand belng

drlven laterally along the face by ?aflable winds . (Walker

and ‘Harms, 1972). Since the lowermost part of the dune

is preferentlally preserved, foresets with low dip angiles

would bé characteristic. of ancient deposits. Foresets

accreting by this means should be characteriied-by wind

rlpples with crests allgned approx1mately parallel to the "

dlrectlon of maximum foreset dlp. These were not observed
in the Storelk, perhaps because large foreset faces were

not seen, and because low amplltude w1nd rlpples are

- difficult to dlscern except under low angle light'conditionel

Theadevelopment of 1ntermed1ate dlps (10-25 degrees)'
does not dppear to be characterlstlc of shallow marlne
env1ronments, where a 51mllar prlmary mechanlsm does not
operate. In these envxronmente,‘only very gentie_dlpe

(less than 6 degrees) or angle of repose ‘dips are common

The absence kine fauna in all Storelk facies

suggests that the seqﬁence is

-dominantly non-marine. A lack of fossils in, the cross-"

\bedded fac1es is not surpr151ng ‘since fauna would have been

N

[
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swept away by current. act1v1ty._ However, there is no vw#'

ev1dence for such phy51cal coenstraints in the s§ facies,

whig .if marine, would be expected to centain some

' preserved fossils as does the ST facies of the Tyrwhltt

and Tobermory Formatlons.

The unmottled texture of the gs fac1es suggests
that faunal reworking cannot’ be lnvoked to explaln the
structureless condltlon as it was th the case of . the
marlhe ST facies. 'The absence of faunal bioturbation is

often c1ted as evidence for an aeolian 1nterpretatlon,

' although bloturbatlon is reported from modexrn dunes

1

(Ahlbrandt et al., 1978) and from some ancient aeollan de9051t5‘

(e. g. Plcard 1977). Trace f0551ls apparently requlre

special condltlons of preservation in aeolian sands (e.qg.

»

cohesive sand, relnforcement of ‘burrow walls; Ahlbrandt et al.,

1978) . However, when they are preserved, trace fossils .
'are minor features in ancient aeollan sedlments‘ The

absence of faunal bloturbatlon in shallow marlne sedlments

is clearly anomalous, espe01ally 51nce trace fauna - were

so prollflc durlng Tyrwhltt and Tobermory sedlmentatlon.

There is no evidence “of physical constralnts on faunal

-

act1v1ty in the SS facies, unless it 1s hypothe51zed that

water conditions were abnormal (e. g¢ arguments by Freeman

- and, Visher, 1975}. Therefore, the‘lack of evidence for

4
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o
traoe fauna is a feature more indicatiue of an aeclian
environment. ot

The Storelk sequence is characterlzed by multlple
horizontal -truncation surfaces. Slnce the truncation
surfaces at the tops of Intervals are apparently wide-
spread 1t is suggested that each was formed by a single
mechanism operating over a wide area. Truncation surfaces-
are characteristic of anoient aeclian deposits (e.g.
Sandersoh, 1974}, and are interpreted to be forming in
modern'aeolian settihgs.(Brookfield' 1977), although they .
cannot be documehted dlrectly. Stokes (19%%) 1nterprets
them to be deflatlon surfaces, the level of which is con-

-trolled by the water table. Other authors attribute the
surfaces to migration of 1arge hedforms (ﬁckee and
Moiola, 1975 Brookfield, 1977) The reiative‘impbrtance
of these is discussed later.. ' | ) |

The formatlon of srmllar exten51ve surfaces in’
shallow marlne env1ronments is dlfflcult to explain.

. Freeman and Visher (1975) suggest that truncation surfaceg

may form w1th a lowerlng of ‘wave base over the tops of

t1da1 ridges during heauy weather. Steldtmann (1977)

notes, however, that short term processes such as this

would cause local dlscontlnuous truncatlon surfaces, and

g not w1despread contlnuous truncatlon (11ke that in the

a

e

Uik P
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I

Storelk) .

If the precedlng lines of evidence are accepted as
favourlng an asolian 1nterpretatlon for the bulk\of the .
Storelk sequence, then the marinhé FC fac1es unit must be

\lnterpreted in thls context. The lateral per51sten\e of

- of the unit indicates that tfie marine incursion was fairly

i .

widespread, at léast in a N-S direction. The lithology
of the unit (sandy dolomite and dolomitic sand} suggests
" that sand suppli was restrlcted, in contrast to the
abundant sand supply ev1dent in the Lower Storelk Mega—
planar Interval stratlgraphlcally below. If sand supply
were restrlcted, 1t is probable that wave and storm processes
degraded the shorellne at a greater rate than it could be
. reburlt, resulting in a temporary transgre551on.5%The ‘ ':axﬁ
T transgre551on was not substantlal, 51nce the marine horl—

zon is thin. Moreover, 1t 1s abruptly succeeded by the'gf“

,aeollan Mlddle Storelk Megatrough Interval w1thout 1nter—

X}

vening foreshore. sedlments, suggestlng rapld sh line -
progradatlon 1nto shallow water. The presence of brachio-
pods does not necessarrly 1mply relatlvely’deep water.
Stevens (1971) states that some Pennsylvanian brachlopods

(lncludlng SElrlferldS) were capable of 11v1ng nearshore

and almost onshore in the Minturn Formatlon of Colorado

: (the Storelk SElrlferldS are too poorly preserved to be
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'models for bedforms that deposit glant crossbeds.'
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identified to”species level for direct comparison) .

el

Shallow Maring Interpretation:
of the Evidence

Consideration

1t was previously postulated that the FC facies
might indicate a shallow marine origin for the.entire

Storelk sequence. On the‘other hand, lt was ‘shown that -

the presence of a thln marlne horlzon is not necessarlly

detrlmental to an aeollan lnterpretatlon. Nevertheless, -

there are two morphologlcal features observed on modern

some authors cons1der to be

2 9

tldal o
current ridges and “sand waves". ‘The merits of this .Vzé'
requlre.specral consrderatlon.' | ‘ _ )
Tidal current.rldges have beer described from - A

the North Sea hy,variousnauthors {Stride, 1963; Houbolt,

1968; Castont 1972)

banks 30-40"m hlgh 1 -2 km w1de rand .20-60 km long (data
from Houbolt, 1968) and orlented parallel to tidal flow

Sparker sections across the features show'that they are -

asymmetrlcal and apparently contain steep 1nternaL stratl—'

frcatlon surfaces re5emb11ng 1arge foresets. However,

the proflles publlshed by Houbolt (1968) are vertlcally =

exaggerated and calculatlons demonstrate that the "steep“

i

5\

They are described ag large sand o

",,xv o

w"(
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i . B !
’ .

faces of the rldges dip an average of only 5 degrees

-

.~‘. : : {Walker and Middleton, 1977; 4- -7 degrees calculated by .
’ ;Caston, 1572). The reflectlons from the apparent stratl—
. ‘ ' i flcatlon planes may be from erosion surfaces or. clay &

L - layers, and are not foresets in the sense of those in
dunesa

~ . “e @

- “Sand waves" are reported from the North Sea
, (McCave, 1971a, Terwrndt 1971) and the Atlantrc Shelf : - E

(Jordan, 196? Sw1ft, 1975) - North Sea‘ sand waves" have'

herghts up to 7 m. and wavelengths of 200- 500 m. . Some are : S

asymmetrlcal, and the‘“steep" slopes shcwn on proflles '

of the bedforms are’ only about 5 degrees. dn Georges ,;

Bank, sand waves" have heights up to 13 m, but.the

steep" faces of the bedforms dlp onl 2 3 degrees.l\blps
y

of 18 =20 degrees are recorded from "sand waves" up to 10 m

5

hlgh on Cultlvator Shoal representlng the steepest
recorded examples (Walker and Mlddleton, 1977) T . .

i ‘The low dlp angles of the "steep" faces of tldal

v ’ . . [

e sand rldges and most "sand waves“ suggest that these are

unsultable models of bedforms that dep051t glant crossbeds . ‘'’
L. - - . .
; oo w1th foreset dip angles between 10 and 25 degrees.‘ A - o -

possrble except1ontas the'" and waves" on Cultlvatcr o Co
& :

Shoal, although lt has not been demonstrated that these

N

, are composed of large foreseii. "Most studles 1nd;cate that

. . . — v

S N o : 7

- . B
- .
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‘of repose ‘slopes.' (on megarlpples), and dg,not ‘deposit

199

megarlpples cover tldal current rrdges and "sand waves“ )
(e.qg. Houbolt 1968- McCave, 1971a) ﬂ%nce, it is probable
that these features are composed of abundant medlum

scale crossbeddrng (Walker and Mlddleton, 1977- Johnson;
1977) . ~ This lnterpretatlon, 1f true; suggests thatfrecent

relnterpretatlons of "classrc" aeollan dep031ts (e g.

Pryor, 1971 Freeman and VLsher, 1975) are unfounded It -

would appear that for the most part bedforms produced in

tlde domlnated shallow marlne envrronments elther have

gentle "lee“ slopes (less than about 6 degrees) or angle

7

abundant crossbeds contalnlng foresets with 1ntermed1ate
(10 -25 degree) dlps.;

If the StoreIk sequence were dep031ted by rever51ng

trdal,cﬁrrents,,theréﬂ_ﬂould be some- ev1dence of reactlva—

o tlon surfaces dhd blpolar paleoflow. No reactivation

- 1

surfaces Were observed. Apparent blpolar paleoflow was

observed in an-isolated case (MS(i"Upper Storelk Crossbed

Interval Sectlon 4 2 5}, but thls cannot; be taken to. :ﬁ

'1mply a tidal orlgln for the entire Storelk sequence. ‘A
: =]

‘tldal hypothes;s also does not account for the apparent

i bimodal dlstrlbutlon of foreset dip az1muths observed 1n_‘

the Lower Storelk MEgaplanar Interval (Sectlon 4, 2 2)

Preservatlon of a unldlrectlonal paleoflow conflguratlon,
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]

like that in thef;ZEéie Storelk Megatrough Interval
(Section 4.2.3), may be possible under some crrcumstances
‘in a tlde domlnated envirohment. ' " This . would involve -
cases where one tidal current direction dominates over
another, or where unldlrectlonal storm generated currents
are superlmposed on . tldal currents (Johnson, 1977)
‘However, some ev1dence of bipolar flow would be expected .
'latenally, which is not the “case 1n the Storelk The
Mlddle Storelk:Megatrough Interval can be traced l;te;;§ly
at least 8 km w1thout notlceable variation 1n paleoflow

dlrectlon

« N . b
.

AL A final argument - agalnst a tldal current orlgln

Aifor ?he Storelk facies can be advanced with reference to

‘ the context of the Storelk relatlve to the Tyrwhlgt and
Tobermory Formatlons.‘~In the latter Formatlons there is
‘no deflnltlve evidence for tldal currents., It would be

dlfflcult to explaln why tldal currents would become s0

after Storelk de9051t10n.

.
] o \’— . .
. . . B -

‘Conmeclusion . ' L ot
tonclusion .

Iy

The llnes of ev1dence presented :above" strong%y Co

s

favour an aeollan 1nterpretatlon for the Storelk facies.

t

T
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In short, a tlde domlnated shallow marrne 1nterpretat10n -
N .

cannot satlsfactorlly explain the abundance of giant

crossbeddrng, the common intermediate foreset.dips on

the 'crossbeds, the absence of body or trace fossrls, the .
'_ presence of laterally exten51ve truncation surfaces, or,

the observed paleoflow con?iguratlons. Each of these:
: features can be in erpreted in the context of aeolian’

sedlmentatlon. .

v

. 5.4 INTERPRETATION OF FACIES IN THE STORELK FORMATION..
COMPARISON WITH MODERN AND ANCIENT EXAMPLES

S | . .

e

5.4.1 Problems Involved. in the Interpretation

- Dlrect comparlson between modern and ancrent aeollan
deposrts rs compllcated by the ‘current llmlted knowledge
‘©of “the lnternal structure of modern dunes. This reduces

the confldence w1th which, dune type can be determlned o :
[}
., ‘through matchlng sedlmentary structures ln ancrent examples

~

wWith those in modern examples. In’ the most recent revrew
of aeollan sedlments, WalkEr and Mlddleton (1977) were able

" to identify an assemblage of characterlstlc features of

aeollannﬁePOSLts. Ho&ever, they falled to ascertaln any

pr&ferred sequence of sedlmentary structures or conslstent
S . _ .

. !

-~

o S E S L

e
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S~ | | <
lateral changes that could be used to identify anc1ent dune
types.l Slmllar problems are adﬂressed in this thesis, and
even though 51m11ar1t1es can be found between the Storelk

example and modern examples, noc comprehensrve attempt willl

be made to 1dent1fy anc1ent dune types.

»

: Wllson (1972) has 1dent1f1ed two mutually exclusive .

cla551f1cat10ns of large aeollan bedforims which cahn be

d1v1ded -into transverse and longltudlnal elements- draas

e

vlrtually

a

and dunes. The Lnternal structures of draas are

unknown from direct-investigation.- Their complex. external

form is a poor indicator of the conflguratlon and orienta-

1

"tion of- 1nternal structures, Wthh may be simpley than would '

be expected (Walker and Middleton, 1977). Studi of the

internal structures of dunes are inhibited by the problems

" of adequate trenching, and have been restrlcted to

' relatlvely small desert dunes (e.g. McKee, 19661 McKee and

lebltts, 1964) -and various forms of coastal dunes {e.qg.

o Blgarella et al., 1969; Goldsmlth 1973). Structures

mobserved in studled desert dunes may not be typlcal of those

3

preserved rn ancient examples. For example, McKee (1966)
was able to trench varlous dune types in New Mexlco, but
these were composed of gypsum sand whlch is relatlvely“
ea51ly stabrllzed by ralnfall Hence the observed dune

stratification may not be typlcal of quartz sand dunes,,

Y
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‘aitho h documentatlon of the structures is an’ 1nvaluable
"~ aid, and has been used successfully in matching certaln
modern and ancient dune .types (Thompson, 1969) ~ The =~
_ ' 1nternal structure of some other diunes is only known from
| surface trenchlng {e.qg. McKee and Tibbitts, 1964) These,'
however, may not be representatlve of the deposzts of the
ot lower parts of dunes, which are most llkely to be preserved.

The dep051ts of lnterdune areas contaln eroded remnants

of dunes, and hence are more likely to-contain structures

=3I

a'analogous to those foundtinm"’ an01ent dep051ts. Interdune
- deposrts have not been studled in detail. exceptdforli
brlef ncte by McKee (1966)
| -~ In the absence of a conprehensive knowledge of duyne

stratification, mUCh of thlS 1nformatlon must be inferred

‘from the ancient record. Hence, the modern .and,ancient

e et s

6_ L cannot be divorced from one another during comparison with

the Storelk facies. The salient characterlstlcs of 1nter—
preted ancient aeollan dep051ts from the U.s.a. Great .
Brltarh and South Amerlca are compared with those of the ‘ aLb
Storelk in Table 5.1. Several aspects of this Table

will be elaborated below, including the abundance,,scalel

and geometry of cross stratlflcatlon, dip angles of the

foresets, presence of a laterally extensive structureless

Interval presence of multlple truncatlon surfaces~and

a . 4+

P T T E,
7 e T WA G R EE 3




: . )
- - < .
. . .
::.mﬁ_ 1abeag "E38E503 buot . ] - . (*sn)
. ° sawed] avTnqe3 leuw(d A73soN Lz=61 0z o3 dn 002 NYINH3d WIH JLIHM '8 \
.. . . o ' ’ e .- : : - :
sybnoxy . ‘ ) : .
- Atasouw :31ed 2addp . - - . . .
- (rLE1) Ieinqey aeueyd §388903 buot . g o3 dn sybnoxy - - t*s°n) |
uUoEBIapuUeRs Ar3sou uumun asmo |- ) 0g-02 457 031 dn saeuetd Q0L " . oIssvdnr T - QLYAYN ‘¢ - L.
(eL61) - . c- : . ' .
- BUITH ¥ 1axieM - Bz -xew : -~ - . . .
. {8¥61) uosdwoyr/ aeTnqey awueid Arisou 14 3:95_8) £1 ©3 dn 0¥ : NYIWSE3d | ("S°N) SNGXT %
o ' . L (*s°n)
»9paqes01d ) : . . .o (I EWIN -
{SL67) smeys ueyrose butdasms, . | . MI0H AOI'TS) - .
pue byex) «B8328 Bbutbpom, . § 03 dn 08Z JISSVHNL N NavdINg g
B " . . -3 .
= L 308 | : . , ‘ t'sn) .
o (z9¢7) saveq aeraqe) reuerd atdwrs GE-ST §€ 03 dn © OEE - NYIWE3d ATI3HD Ha ‘¢ :
o~ . 1 - .
. s398303 burtdaoms -~ . . ’ - (*s'n}
{296T) saved| Ieinge3 Ieueyd AT3soq 5¢ 03 ‘dn 0f o3 dn ' osp NYIWE3d | - ¥S3IW Y¥a3o “¢ - '
. S . L. S sen) -
{2961) 8xeeg ¥38s padeys abpap 0€-5T : : wabny,. 0EE - - © NYIWS3d ONINODOD ‘2
(LL6T ‘uolatppTH| - N . . . ’ )
pUu®R IaNTeM) N . ) . o ) ) . . . .
Ut ‘6Z6T) ) E R ibuoy se soura T . . .
IybyuA {{pLET) [e12A95 “2pTA W cOf) o | : ) iy
uuRi pIeYs| . ybnoay Ar3son ST-ST : {-utw} gy .orz . ‘Wd3d-°HNIQ {(*S'N) ¥AdSVD T
- - 4bnoxy frvuetd padeys : 9 03 dn sybnoIy g
abpam pue Ielngel {67 “xew} §zZ-0T 207 03 dn szPURTd 111 NYINVATASHNISE | HITLOLS,
. , : :
] ik (saduoaa) . TR . ) . .
FONTHIITH SAIAFTTOYD 40 IdAL 43855042 . S5INADIHL SSANNDIHL | c)'s NOIIVHNO4 .
+ do dIg . Q3ESS04D XVH *Xoudav . -
. . ) {LLET ‘UOIDTPPTH PUP IsTEM WOIJ PopuedXd pue patjjpow) s47fodsp ; . .

URTTOAE juITOUR pelsldislUT IIYIO pUER HTBI035 woly 82T3I5T19300avYy> 30 uosTIEdWO) 1*'6 2149l

- - B Rt NN PUS T NI S - TG
: 3




205

o

- [
- . i ‘
B (GRVIL00S
. N (sbuymeap ‘SODIHEYY
(LLET) ybnoay Ioutw !reuerd " uwoIz paansesw} P - -Hool)
pretz)yoolg ebpam favTngel Ieuetd 9z ‘REW L-1 *xoxddy . NVIHY3d |THYN *HI ON A
{aRvTON3)
. . "HEH
839891037 pIesdn Xx2Au0f fw g-1 HWYHSQOH I
sybnoi3 Joujw {ieuerd - ueiys s8] Aruvouwos)| . ¥ INOLSANYS
6961 ‘uosdwoyr] Ielnqwl pue abpop 02-01 €1 o3 dn SS JISSYINL w43dnad, 9T
‘ . (ONYTAT)
8395803 buoy - . *dD HSIH
TLET 'BsuioH Ivingey aeuerd €4 o3 dn I-1 - 002 NYINOA3Q JATITS °ST
. N [aNYTONT} .
. - (g9 axd) .
reinge; pue ybnozgy . {opTM w p3} INOLSANYS
9967 ‘Hutuel sues. {reuetd abpep £f ‘xeR 6 o3 dn_ 1134 NYIHY3d e MIN “PT
, . : . - | tawvrzoosy
B . - OISSVYIHL FHOLSANYS
* QLT ‘aedyg ybnoxy . 0f "xoxddy ST 03 dn (‘utw) opf - ‘B¥O N azy MaAN ‘T
4 * . -
R . - o {o9g . {(*s*n)
, . . {pE uey3 saow swos) -05T ArTensn) ANOLSANYS
9667 “‘3YybBrIM 8398 ,dn aavouop, 92-51 S*b-S*1° 0zZs AIVILNIT VASNHD ‘TT
) : ) {aNvIoNa
. 83889103 ) Tot3'N)
dn XxeAuco Y3TH . - o SONVS
TLBT *aokag aeuerd Jouyw fybnoiy {*ae) 81 < £-52°0 15 - NYIWd3a MOTIIX 11
~ LT
A¥n
ZLET ‘erTsaebig . . Mqunm“mq._
{1961 ‘TUnUETES aengey {uowno> 0z} u . gT-27 auwes iw z JNOLSONVS
pue evyTeavbig aeuetd awos {ybnoagr €€ 03 dn ueyl sea1 Ayuounod ozt JISSYIYL OLYONL0H “07
o (*s'n)
SE6T ‘surg 0f o3 dn g1 03 dn 0ET - JISSYIL *n ILVONIM *6
} . (saFuoaq) . (w) . () ’ . .
FONTH IS SJAGSSOND 40 HdAL ' SQIASSOUD * SSANNITHL SSINNIIHL 2ov ROILVWE0J
. " 40 4Id a3asscds XYW *X0odddy . .

- penuTIuLD/T'§ STqRL

U
A

JETIREFVGRNSE




206
paleoflow data. ‘ ’
y
5.4.2 Sset Scale- )
{ ,
\-‘ The max1mum thlcknesses of' crossbeds in- the Storelk

are comparable w1th those in other lnterpreted ancient
aeollan deposits (Table 5. l) In the latter, .however,
Cross stratlflcatlon may attain much greater max1mum

thlcknesses (e. g. 3, 4, 8; Table 5.1). - Slnce oqu the
lower part of a dune is favoured for preservatlon, the
original bedforms could have been substantlally hlgher

than the maxxmum preserved thlckness in each case.

Most authors emphasize the thlckest sets, although

most andient examples~conta1n crossbeds with a wide range

of set thlcknesses like that observed in the Storelk.

"In some (e.g. 10; Table 5.1L the relatively smaller sets

may dominate.

r Crossbed thlcknesses measured in modern desert

.

dunes are somewhat less than thelr anc1ent counterparts.

The.max1mum set thlckness observed at Whlte Sands National

Monument, U.S5.A., is 6 m (McKee, 1966). These ,dunes;

\

,hohever} are rélatlvely small (max1mum 12 m hlgh) relatlve

to other modern dunes whlch have ‘heights up to 100 m,

and draas which have helghts up to 450 m (Wllson, 1972)

The thlcknesses of crossbeddlng in the largest bedforms

L.

r

RS
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are unknown, but in view of their scale ,they must be
=-.capable of depositihg Cross stratificatién at least as
thick as that observed- in ancient examples.

>

5.4.3 8Set Geometry

Trqugh, Planar ;abﬁlar, and-ﬁedgé shaped planar
crossbeds similar to those in the Storelk are very.common
in ancient examples (Table 5;1). Planar crossbeds appear
to be the most common, and either dbminate or afe'thg
soie set type in many examples (3, 4, 6, 8B, 15; Table
5.1). ‘T¥6ﬁ§h.crossbeds are relativeﬂg_less c§mmon,
although they may dominate a sequence (1,:10; Table 5.1),.
Br déminate a particﬁlar'part of‘éhg'sequence (7; Téble
.5.1) .as in the Storelk Formation. l

Plahar sets in mosty ancient examéles are composed -
-of érbss strata that can’ be traced vertically up to tens ‘

of meters without diScontiﬁuiﬁies‘or chénges in dip‘ -
{e.g. Lyons éandstbne; Walker and.ﬁarms,‘1972). The
Sforegkdmeqaéianar séts‘can be siﬁilanly'traéed_up ??‘

N

10.15 m. 2 prominent feature in both the Storelk and

‘ other examples (e.g. 3, 7, 8; Table 57l) is 1ong}toesets

that intersect.the lower bounding surface asympfoticélly .

(Figure 3.31). Often this is the only portion of the set

-
.
N 1

et ¥X
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preserved. Walker and Middleton. (1977) suggest that these.

toesets aggrade into thicker and-longer sets than those

formed’subadueously.

Planar tabulaf sets'are the mgst abundant set type

.at White Sands, being common in all studied dune types

(McKee, 1966). Two cla351f1catlons of tabular sets were'

established: those w1th subhorizontal boqndlng surfaces

?‘formed in the upper. parts of dunes, and those with moder-

g

'ately to steeply dlpplng boundlng surfaces formed in the

lower and downw1nd portlons of dunes. The latter boundlng

L4

surfaces are attrlbuted by McKee (1966) -to 1ncreases in

w1nd veloc1ty. They Were not' observed 1n the Storelk,

and have only been seen;in-a few’ancient examplee {16, 17;

Table 5.1). Hence, wind - veloc1ty during dep051t10n of a

51ngle Storelk set was either fairly constant, or the

bcundlng surfaces went unrecognlzed tecause crosslaminae
above and below‘them dipped at equal angles.

. Wedge shaped sets aré apparently most common ln_
areas of varlable wind dzrectlon (McKee, 1966) ", but

thelr.formatlon also depends dn dune shape; Such sets

' ‘'are common in the upper parts of seif dunes, where w1nd

is domlnantly bldlrectlonal (McKee and lebltts, 1%64).

~Wedge shaped sets are also common. in parabolic dunes,

which is probably a functlon of the sinuous shape of the

crest. Modern transverse dunes may also have somewhat -

T

N S



in this*case are too small in scale, however, (1-2 m) to . : : i
attributes the convex-upward configuration in parabolic
- . R . .

cross winds by the protruding front-margin'cf the dune.
: e .

Cross winds -undermine the base of the slip’face and over-

209 -
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‘” . . =
sinuous crests, so wedge shaped sets might be expected to

form in these tYVSS as well,.

In some of the megaplanar sets of the Lower Storelk

o
i

foresets are convex upward (Figure 3.33). Similar conflgura—

tions have been obserqed‘in'parabolic dunes at White Sands

(McKee, 1966), and in precipitation ridge ﬂuﬁes'cn the
coast of Bra21l (Blgarella et al., 1969). Convex—upward S ;
3 '.
1

foresets form in the latter because of sand stablllzatlon ‘

by high humidity and vegetatlon‘effects. The cross sets

be comparable to the Storelk example. McKee (1966)

: s s
dunes. to dune shape, since the. slip face ‘is ‘exposed to

i)

v
4

steepen the lower part. Parabolic dunes are common in’ . .

coastal. areas} which is the geographic ldcétion suggested

by the position of the Lower Storeik Megaplanar Interéal

(whlch contains the set) 1mm3d1ately above the shallow

o
.
SN, 7

marine Tyrwhltt sequence._ Hence it is concelvable that ¥ "

. ‘.

. parabollc dunes Were actlve durlng Lower Storelk dep051tlon,

and’ theéF may have dep051ted the observed convex—upward ' PR

R

‘sets.

The Storelk megatroughs are inferred to-be broadly ST -

.
I
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concave upward, and to have a broad lateral curvatures

Thus, differentiation betweeo these aﬁd olanar‘setsacanf

be subtle unless the lower curved setqboundary is exposed.
This conflguratlon is common in other ancient examples.
Knight (1929, cited in Walker and Middleton, 1977) reported'
trough sets that were very wxde (up -to- 305 m) relatlve te
thelr depth (up to 15 m). Sanderson (1974) noted a

similar. conflguratlon for trough sets in the Navajo

Sandstone, which he attrlbuted to dep051t10n by transverse

,dunes with crescentic reentrants. The subtlty of

distinction oetween megatrough and megaplanar sets may "‘¢

‘explain the relative scarcity of the former in the
. Fet : :

literature. .,

Tiough crossbeds are relaﬁively uncommon in the

" -.dunes et White Sands;twhere they form largely along dune

 crests as blowout features. These would have fow preéer4

vatlon potentlal, and ere hlghly unllkely to b analogous
to those seen ln the Storelk and other ancien example§.
Brookfleld (1977) asserts-that trougp cross stratificetlon
méy form in front &f a ginuous_crested aklé‘dune or draa
ridge in a manner aphloQoﬁs'td'depositioﬁ ef t;ougﬁ cross-
bed@ing(in'front of sinﬂous.crested subagueous ripples

and dunes. This is the only reesopable‘intefpretatioh-

of the mechanism of formation of the megatrough and 1erge'

L
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, scale,trough,facies. zIt can also be concluded that during

certain periods of Storelk deposition, 51nuous crested

bedforms were the only type present (e g. durlng dep051t10n

of the. Middle Storelk Megatrough Interval) Mixed mega-

trough and megaplanar crossbeds {e.qg. Upper Storelk

Crossbed Interval) 1mply that sinuous and stralght crested

bedforms coex1stedodurlng the same tlme perlod.
. . ‘ *

5.4.4° Dip of Foresets .

- -

The dips. of foresets.ef cross stratification-in
the Storelk Formation generally range between 10 and 25

degrees. ThlS range compares well w1th foreset dlps

recorded from almost all other 1nterpreted anc1ent aeollan

. dlps greater than the angle of repose {34° degrees) were

observed in ‘the Storelk, as ln ‘the case of some anc1ent

examples (15; Table 5.1) Oversteepened foresets are
. )

‘generally attrlbuted to wetted sand whiich is cohesive « .
<

under actlon of surface tensron, permlttlng development
of hlgher slope angles (Blgarella, 1972) This 51tuatlon
is common 1n coastal dunes (McBrlde and Hayes, 1962;

Band, 1964) _ & ‘

The mechanlsm contrlbutlné to the. abundance and-

preservatlon of moderately dlpplng foreset strata was

L exampleSf(Table 5.1). No examples of oversteepened foreset

A




: uratlons, and a correspond;ng‘vertlcal varlatlon'ln set

type.

- Poole, 1962). . . .. 4
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reviewed previously (Section 5.3.4).

*

5.4.5 Paleoflow Data and Source of Winds

— : . \

o 4 . ; s ) =
A general comparlson between the paleoflow conflgura—

&

tlons of the Storelk Formatlon and. other 1nterpreted

~

‘age permlts 1dent1fioation

o a

Then, two other 1mportant

anc1ent_aeollan examples of simi

‘of the types‘of winds inVolVed
aspects of thé Storelk paleocurrent data can’ be evaluated

the stratlgraphlc separatlon of dlfferent paleoflow conflg-

1

Source of Winds: ln an overall sense- 1nvolv1ng

paleoflow data: from ‘the entire Storelk Formatlon, a domlnant o
paleow;nd component from the NNE to the SsW 1s 1nd1cated
by - the grand vector mean a21muth‘ﬂ196 degrees, 5.D. = 68

degrees-.n‘— 356 measurements) : ThlS paleoflow configura-

'tlon is s;mllar to observed paleoflow patterns from Permo—

.Pennsylvanlan Formatlons w1th 1nterpreted deolian - orlglns

-

from the southwestern u.s. A. (Opdyke and Runcorn, 1960 N BN

.

These auther//jand others (Blgarella and Salamunl,_

1961}, have noted w1despread con51sten01es in w1nd

o

e
directions recorded from ancient examples, and'have
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attributed£the observed paleoflow.configurations to
paleotradewind belts. Modern tradewinds blow between

about 20 degrees N latrtude and 20 degrees g latltude,

P -

except 1n the mOnsoon belt of Indla ) In the northern

. ‘hemisphere, tradew1nds blow domlnantly from NE ta SW.
on the. contlnents,.topographlc and seasonal effects may
modlfy the wind pattern (Opdyke and Runcorn, 1960) lThe-
major assumptlon made is that 51m1l§£,tradew1nd belts
ex1sted in the past, although there may have been sonev

degree of latltudlnal varlatlon due Jto dlfferent tempera—-
N
ture gradlents between equatorial, and polar reglons, and

.a. dlfference in the angular velocrty of the earth in the
‘past. T - f—“. ‘ C "

The Permo—Pennsylvanlan paleoequator passed
obquuely through the southwestern U S A (Opdyke and
Runcorn, 13%60; Seyfert and Slrkln, 1973), pPlacing the
‘g. S. examples in the northern hemlsphere (Flgure 5. 2)

When the approx1mate 30 degree clockwise’ rotatlon of

North Amerlca relatlve to 1ts present orlentatlon is *

taken 1nto account the general SSE—SW paleoflow dlrectlons'

.

for the U S. examples fall between south and west.

Opdyke and Runcorn {1960} conclude that these paleoflow

dlrectlons correspond to rnferred NE paleotradew1nds of

the northern hemlsphere. ‘The merits of this cannot be .
* . . ' . - .

v
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u.s. examples were ‘in- the northern hemlsphere during the *
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o

fully-assessed til the'precise position oﬁ!the paleo— .

equator is determl ed. Dott and-Battea (1576) ‘tentatively

place the paleoegn tor about lO degrees further north, \

which would put the U.S.'examples.in the southern hemi-
sphere. Whatever the actual p051t10n of the paleoequator,‘

the geographlc location of the Storelkr Formation is about

+

10—20 degrees north (Figure 5.2), and hence it would be

-

within a postulated tradewind belt. Assuming that the - ' .

Permo-Pennsylvanlan, lt is suggested here that the .“?{f

'Slmllarlty of paleoflow dlrectlons between the Storelk and

)

. U. S. examples is the result of - thelr locatlons within .
the same paleotradew1nd belt. Thus, the paleoflow conflg-
‘uratlons represent prevalllng tradew1nd patterns. To

'_test the valldlty of thlS assertlon, it would be necessary

to establlsh a more regronal paleoflow plcture for the "

Storelk, since measurements were made only in a small
~ .
area. *’ -

\

Some authors stress the 1mportance of storm w1nds,
which maQ domlnate over prevalllng winds for short perlods
R W
(e. g- ‘Sharp, 1966) or 1mpart a second W1nd mode unrelated‘h

to preva;llng w1nds. Blgarella (1972) asserts that thls: =

) may be true for local areas,,but the- con31stency of w1nd ;" o

dlrectlon reconded from anclent examples over w1de areas




~——

IJ:data from thls Interval (191 degrees, S.D. = 71 degrees,

.
' . . =
Y
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indicates the long term dominance of‘prevailing winds.

l ,

For example, paleow1nd dlrectlons are consistent over

4

more than 1600 km for Permp—Pennsylvanlan sandstones in
the southwestern U s A., and over more than 2500 km for
theBotucatu.Sandstone of.Brazil. fThe dominancelof pre-
vailing winds is supported by Goldsmlth (1973) who. found
that dlp azimuth- dlstrlbutlons for coastal dunes correlated
w1th prevalllng w1nds rather than w1th the domlnant

(storm) w1nds.

- ’ L. S I

‘ Stratlgraphlc Separatlon of leferent Paleoflow

‘ConfiguFations: the Storelk sequence 1s characterlzed by

dlfferent conflguratrons of paleoflow at dlfferent stratl—

- :graphlc levels (Flgure 5. l) . In the Lower Storelk

-

'Megaplanar Interval, w1nds apparently blew domlnantly from

_ 5
. WNW to ESE, and from NNE to SSW (Flgure 5. l Sectlon

4 2. 2)._ The Mlddle Storelk Megatrough Interval is character-

‘1zed by -a unlmodal dlstrlbutlon, where w1nds blew

-

domlnantly from NE to SW (Flgure 5. l Sectlon 4 2. 3)

= Durlng dep051t10n of the Upper Storelk Crossbed Interval

w1nd dlrectlon was apparently more varlable, and w1nds

‘1‘blew over a broad arc.' The grand vector mean for all

Sectlon 4.2. 5),_hOWever, suggests ‘an aVerage w1nd component

“ L PR : - o
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rrom the NNE to the SSW. Hence it is. ev1dent that the
southeasterly directegd (NW) wrnd component that pPrevailed
during dep051t10n of the Lower Storelk Megaplanar Interval
became actlve agaln after 1ts apparent dlsappearance,

durlng dep051tlon of the Mlddle Storelk. Megatrough

uInterval

As prevrously suggested, the overall SSW dlrected

C?szBEEIk paleoflow component could ‘be the result of deposr-

~tion. under the” 1nf1uence of prevalllng paleotradewrnds.

The- presence of southeasterly dlrected paleoflow components

in two of the Storelk Intervals, however, suggests that
fi there was con51derab1e varlablllty.ln the wing reglme.

hBigarella (1972) States- that Seasconal variations in ‘wind
“ direction are characterlstlc of low latltude deserts due

to alteratlons of temperature dlstrlbutlon by the ‘oceans

and contlnents. It is possible that a regular seasonal

Shlft of the w1nd from the NE to the NW quadrant 1s

) respon51ble for the two Well separated paleoflow drrectlons_

recorded in the Lower Storelk Megaplanar Interval Less

regular seasonal shlfts, perhaps comblned w1th topographlc

effects“,could be the cause of the w1de spread in paleo—

, flow dlrectlons rn the Upper Storelk Crossbed Interval.

'ThlS possrblllty, however, is speculatlve “

The common case in the LoWer storelk Megaplanar

4 b

-




- growth sequence were. followed by the Storelk bedforms,7

'recognltlon dlscussed earlle

218 -

Interval where vertically adjacent sets are oriented

towards each of the two dominant paleoflow directions is

unlikely.to strictly.represent a succession‘or dunesi
aeposited in different seasens. For large bedforms,

there is a iong lag time between‘a change in wind direction‘
and subsequent'modification of the bedform' .It is possible

that once &’ dune nucleates under one prevalllng wind, it

retains the Sllp face Efééntatlon 1mparted on 1t éesplte

[l

leter Shlftsrln'Wlnd direction. This srtuatlon would.

be heeEuselthe seeond‘wina is neither long'éneugh‘in dura-
tlon, nor does it: have.a- surflc1ently large angular dis-
placement relatlve to the orlglnal wznd direction to |
substantially modify the bedform. Hence, a dune, could

grow until it “is deflated or buried by other bedforms,

preserving the origéhélspaleeflow direction. If the above .

there should be reactlvatlon surfaces 1n theAsets. ‘These

b

twere not obsarved, p0551bly because of problems of

The paleofloW-conflg ratlon 1n the Mlddle Storelk . -

MeQatrough Interval is con51 tent wzth the 1nferred paleo-

tradew1nd dlrectlon, but ev1d nce for: a southeasterly

'_paleoflow component is almost lacklng.. Sharp (1966) : -

';notes that;thlck dep051ts of ancient aeollan sandstones

as
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involve a long time of accumulation, and hence have a

~high probablllty of experiencing a meteorologlcalochange.

'lP0551bly, a temporary cllmatlc change ellmlnated the

regular seasonal wind shlft, so that only the domlnant SW

lerected paleotradew1nd component prevalled

Up .-to this point, it has been assumed that .the
varlatlon 1n crossbed orlentatlon is a dlrect\result of
variation 1n wind direction. Under ‘Some 01rcumstances,
Ccertain types .of dunes may be characterlzed by dlfferently
orlented cross stratlflcatlon even though the dunes
developed under a- domlnantly unldlrectlonal w1nd regime.

Coastal dunes often exhlblt blmodal dip a21muth

dzstrlbutlons, where the domlnantly unlmodal wind vector

”blsects the modes (Goldsmlth 1973). The cressbedding

with this orientation : pattern 1s/aftr1buted to "pyramldal

W1nd shadow dunes", first- de cribed by McBrlde and Hayes

(1962). The observed coastal dunes are’ composed of cross

‘stratlflcatlon 1ess ‘than 1 m. thick, which.resembles sets

from"® the LT and LP. facxes.. It 1s unlikely that 51m11ar

dunes were respon51ble for deposxtlng the crossbeds in

the Lower Storelk Megaplanar Interval, slnce sets with

thlcknesses comparable to those in the MP fac1es have

not been observed in modern coastal dunes. : v

s

<«

Blmodally orlentated crossbeds may also be dep051ted

C etaame———



&g

~and Tibbitts (1964). The dune studied by them grew by a

in the Lower Storelk Megaplanar Interval is unlikely to

‘thlsilocallty. Hence.the crossbedding in this part of

g ' 220

-

in longitudinal dunes, which can develop parallel to a

unidirectional wind (Hanna, 196%). The dunes grow as

P SO

sand is‘hlown.across the crest alternately from one side -

-

" to the other. The resultant cross stratification could. , -

be similar to that observed near the dune crest by McKee -

similar process, except that bidirectional winds were
o . 3

inYolved. The observed crossheds .were wedge.shaped and

. o
[} -

oriented in nearly opposite directions approximately

normal to the dune crest.“ The paleocurrent pattern seen

ﬂbe the result of thls process, since the domlnant paleo—

flow a21muths have an angular separatlon of 83 degrees, : d :- '
not close to 180 degrees. ‘Similarly, bipolar drp azimuth .-

distributions were notAobserved in the Upper Storelk

-

" Crossbed Interval, except in one case described below.

|
i
An apparent -bipolar d1p azimuth distribution was, _ . \
|
|
|

observed ln measured sectlon 2 (170- 181 m; described in B f

Sectlon 4.2.5}. . If the opposed‘crossbed dip azimuths .

. .
were 1nterpreted to be the result of opposed wind: dlrectlons?///’_—\\\J

then it would have to be hypothe51zed that substantlal ’ - o

: alrflow modlflcatlon about’local topography occurred at .

the measured section’is interpreted‘to'he the result of . ‘ %

v

it

. t)v\ .
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deposition in a different dune type- than ‘those observed -
laterally. The type of crossbeddlng and paleoflow pattern
resemble that-observed in modern longitudinal dunes by
McKee and Tibbitts (1964), and conform to the model for '
such dunes suggested by Glennie (1970 P.85). . The |

Preservation of a vertlcal se%uence of oppositély orlented

sets would requlre that the longltudlnal dune shifted

laterally -as it grew at the downwind end. Modern longi—{
tudinal dunes apparently'do not do this, and it is not |
known whether the structures observed in surface ‘trenches
conform to those deeper in the dune. In splte of these °

H]

uncertalntles, the lnterpretatlon of a 1ongltud1nal dune

~in this case is more likely than lnterpretlng the NE

'dlpplng sets to be upwrnd dlpplng strata, which have'low

preservatlon potentlal

Comparlson to Other Anczent Examples. a direct’

comparison of the consrstency of conflguratlons of paleo-~
flow between the Storelk and other an01ent aeollan de9051ts
is not p0551ble except in a generallzed way. For the )

Storelk Formatlon, Paleocurrent data were subd1v1ded

accordlng to set type any,scalelras well as stratlgraphlc'r.
' level w1th1n the Formatlon Other authors tend to group

: together all types of crossbeddlng, omlt &ross strata with

L e mn
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dips less than 10 degrees in some cases, and calculate a
vector mean for the entire Formation. The analYSlS of
cross stratification 1n other anc1ent examples (prlnCrpally
by Relchle, 1938, and_Cpdyke, and Runcorn, 1960) generally
indicates a unlmodal pattern, Wlth a standard dev1at10n

of 38- 76 degrees. Treatment of the Storelk data in the

Same manner ylelds-a similar pattern with a comparable’

standard‘deviation of 68'degrees.

At ‘the Interval level, however, the Storelk data

show that varlatlons from this ba51c pattern are possible.

The narrow spread of megatrough dlp a21muths in the Middle

\Storelk Megatrough Interval demonstrates that dep051tlon

of crossbeds with hlghly con51stent orlentatlons is

poss;ble 1n the aeollan environment. Also, the bimodal

paleoflow dlstrlbutlon 1nherent in the Lower Storelk

Megaplanar Interval has not been observed 1n any other
ancient example, presumably because of the method of data

treatment normally employed. Thls stratlgraphlc separatlon

of dlfferent paleoflow conflguratlons is rarely documented -

in other anc1ent aeolian examples. However, Sanderson
(1974) reports changes in paleoflow conflguratlon upward
wrthln the Nava]o Sandstone, and uses thls as a crlterlon

for - correlatlon between sections.

-/
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Vértical Variation.in Set Type: _the Storelk

Sequence is characterlzed by dlfferent fac1es associatlons

at dlfferent stratlgraphlc levels, which is the .basis" for —
d1v1d1ng the succe551on into Intervals (Flgure 5.1)." In

the Lower Storelk Megaplanar Interval the MP- LT(LP) facies

assoc1atlon developed in response to a bldlrectlonal wind

regime. The MT-LT fac1es association' of the Middle

Storelk. Megatrough Interval formed in response to a uni-,

'-dlrectlonal w1nd reglme. Inrthe Upper Storelk Crossbed'

Interval, an MP—MT'LT—LP facies ass001atlon (1 e. essentrally

‘a comblnatlon of assoc1at10ns from the, lower two Intervals)
developed 1n response te a more varlable w1nd reglme. This

7vert1cal varlatlon suggests a connection between the type - -

ofrw1nd reglme and the types of bedforms that are produced
(and hence the type of Cross stratlflcatlon that is .
produced) . It appears that under . certaln w1nd reglmes,

spec1flc large bedform types (dep051t1ng megaplanar or’

: megatrough Sets). grow to equlllbrlum Moreover, the bed-

i - .
form type that 1s produced per31sts over a large area, as

is demonstrated by the lateral con51stency of the fac1es
Mﬁ

e

a55001at10n in each Intervalﬁ The relatlvely small bedforms

that de9051ted the LT and LP. fac;es, however, appear - to

deveLop 1n all types of wind. reglmes. Thelr formatlon v B

could be related to w1nd/strength rather than w1nd conflguratlon.‘

T W
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Vertical variations in set.type and‘paIeoflow -
conflguratlon have also been observed in the. Navajo Sandstone
(Sanderson, 1974L. Trough crossbeds dominate the upper
part of the sequence, whereas planar crossbeds dominate the

, lower part. 'However, from éanderson's (1974) data, there

_is no obvious correlatlon between set type and paleoflow
13

configuration. - : ‘ . ) o oo b
5.4.6 'Summarz . . i

The preceding discussion compares Storelk cross
stratification to that of modern and'ancienr*sxamples.~ A
foen e ' comprehensive interpretatiOn'of-the bedform'types-or

sedimentary processes: active. during, Storelk time is not .

possible due to the'problems outlined in Section 5.4.1.

~ The following‘summarizes the pertinent points:

i.. The Storelk{orossbeds'are similar in scale and .
. geometry to those known from other ancient examples, and

to those known or 1nferred from modern examples.

e | - o N ‘ Lo

2. Certaln featﬁres of the Storelk crossbeds .are

f
: comparable to features in modern' dunes (e g. convex upward

foresets and blpolar Orlented wedge shaped planar sets)’.

o These are tentatlvely used to suggest bedform’type.

—
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-4, " The Storelk paleoflow conflguratlon suggests
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.

3. The moderate (10 =25 degree) foreset dlps in the

Storelk are comparable to those in modern ang other

anc1ent examples, and probably result from foreset accre-

tlon by sand blowing across the foreset face. . T

control by prevailing tradewings. Seasona varlatlon is
a p0551b1e explanatlon for devratlons from the general

SSW directeqd. paleoflow._

\

-5, The grossrstorelk paleoflow.cohfiguration is

Spe01f1c Storelk features (hlghly consrstent unldlrectlonal
paleoflow, bldlrectlonal paleoflow at certaln stratigraphic

levels), are generally unrecognlzed in other ancrent

I - .. '
examples. e

6, ' The vertlcal changes in fac1es assoc1atlon 1n the

storelk suggest that spec1f1c types of large bedforms

can be correlated Wlth certaln types _of w1nd reglmes. ‘

PR ¥ . . .
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v L '5.4f7> THEEE/;;terally Extensive Structureless Intervals *

§ . ¢ . Thlck structureless 1ntervals similar to- the SS fac1es'
1n the Storelk have only been reported in one: other ancient _ s}
aeollan dep051t. the NaVa3o Sandstone (Sanderson,A1974)._u s

Sanderson descrlbes the unlts .as being apparently structure—

‘ .

less from fleld observatlon, although hlghly deformed and

dlslocated rellct stratlflcatlon is ev1dent in x—radlographs.
il

The unlts are usually vertlcally tran51t10nal upward from

th:.ck un.lts of contorted stratlflcatlon, and are over—

+

lain by a. major beddlng plane above which is undlsturbed

: -S;=,,\_. cross stratlflcatlon. In some cases structureless 1ntervals~
Kt AR U . ~ '

dlrectly succeed undlsturbed cross strata,‘;n whlch case

oL ﬂ‘ the lower contact 4is a major beddlng plane.- Sanderson .’

- . (1974) 1nterprets the structureless(condltlon to be the-'-
v 'result of intense penecontemporaneous deformatlon which -

. \destroyed the 1am1nae, on the basrs of the X—radlograph Q@

Lutl' " data and close assoc1atlon ‘with the laIge scale contorted

a

- f_ ,stratlflcatlon.' He asserts that deformatlon occurred in ® .-

water saturated or Wetted sand and is a large scale ﬁ%i : o

R counterpart of: deformatlon produced experlmentnlly by

. e . P
’\ . . .

l.McKee et al. (Lo7ny. - e e T

AP The pOSSlblllty ‘of a 51m11ar orlgln for the SS L e
a . ' ot !

‘ . e E

|

fac1es requlres 1nVQR1ng temporary abnormal condltlons

e

whlch apparently dld not ﬁrevall durlng the dep051tlon . - ot

- - - . . . ' . - L PRl
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and preservation of most of the Storelk sequence. This ". .
. 4 o . ‘
‘mechanism is, however, the only documented one which can

produce thick, apparently'structureless intervals, even
“;thoughzit has not been observed in the modern env1ronment.

radlographs of Storelk samples do not reveal the

+
-

o deformed lamlnae noted by Sanderson (1974)l ~The grain

L : 51ze in the Navajo Sandstone ranges from very fine to

- 'y

medlum, and laminae are well deflned because of grain d
. 1 gize segregatlon (SanderSOn, 1974, P- 222) In contrast,h
.‘the SSs facxes lS domlnantly composed of well sorted very
‘flne sand w1th subordlnate zones of well sorted flne‘”'
sand. It lS possrble that lamlnae are not v151ble in- the

S8 facres because of lack of graln 51ze segregatlon. ‘In
L
crossbedded parts of the Storelk whlch are 51mllarly

"composed of well. sorted very fine- sand lamlnae are. o

v -_'5- frequently lndlSthct or are not v151ble. :\‘ -
. B v - 1> . tmm amsmn
o ,_;_,,:_-. -

The Storelk sequence lacks the thlck zones of

i large scale contorted strata llke those 1n the Navajo _,' .

e . .

o - Sagdstone, -and, there lS no’ ev1dence of even small scale

o oy T :
‘. P deformatlon llke that reported in modern dunes (McKee,':_,:._. ki

-1965 McKee and Blgarella, 1972) _ If ‘as, sanderson, (1974) L gk

suggest§J the flowage to' ace 1n ‘water saturated or ;
{ e
wetted sand, then spec1a hlgh groundwater levels would

13

T,

‘t/ be assumed to have exlsted durlng certaln perlods

£y
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. of Storelk deposrtlon and not others. Alternatlvely,
high groundwater levels could have been pPresent at' all
times durlng Storelk deposrtlon, except that sand was -
‘fully water saturated about the time the ss’ fac1es sedl—
ments were belng de 051ted 1nduc1nd mass- flowage at thlS
‘tlme and not others. It is unllkely that mass flowage“
- ;‘ a would occur in’ dry sand 1f experlments by McKee et al

‘fc;_*'t(197l) can be extrapolated to large scale” deformatlon. '

0

There 1s evrdence that groundwater levels could have

rlsen durlng deposrtlon of the Lower Storelk SS Interval.. . .db
o ‘ 7 In thls case, sand supply was restrlcted resultlng 1n .a
. : o :lhmarlne transgre551on. The groundwater level would have‘
Lrﬁ,ﬂ'ﬂ ;rrsen correspondingly, prov1d1ng water to 1nduce mass .
LflOWage; There 15 no such ev1dence for the Mlddle
1Storelk Structureless Interval however. '

The lateral per51stence of the SS facies (min 8 '

km in a N-§ dlrectlon) ShOWS that 1f a rise-in the water

‘table was’ 1nvolved ‘lt occurred over a.w1de area . R

_Sanderson (1974) found that contorted and undlsturbed _fh~ )

i ot ',cross stratlflcatlon graded laterally 1nto the structureless )
c T I
- e unlt, and there 15 ‘no evldence of lateral per51stence of. E
e -the latter 11ke that in the Storelk T - i

;r‘ ‘ o ; o The presence of arglllaceous and 511tstone zones

w1th1n the SS fac1es is probably not related to the

Py i;
T feo b
? ~: : {'!“ AN LT h




praocesses that formed the _facies. Silt'and clay dr0pped
’
from suspension are ¢ommon 1n 1nterdune areas.. The zones'

» )

'1n the Storelk may have been orlglnally preSent at .the

v 'baSe of foresets prlor to deformatlon of the cross strata.'
- Had any 0f these zones been seen in three dlmensmons,‘

o o they would presumably have been contortedulaterally

- -:..L

In. summary, ‘the concept .of mass déFormation belng

" .the. cause of the structureless condition of the Ssﬂfac1es

‘ -

:1s based only on inference and speculatlon throughacom—~
parlson\W1th another ‘ancient example._ There is’ no solld v
evxdénce conflrmlng thls procass, and some of the features,d-h
of the fac1es, partlcularly 1ts lateral persrstencet are
o d - : dlfflcult to explaln. There are no known modern analogues:
| | ld_‘: .for such large scale deformatlon. It w1ll be shown below
' that known processes produclng structureless sands 1n
vh modern examples are not sultable for explalnlng the orlgln”

of the SS fac1es.

o ( .Bigarella (1972) states that 1nternal structures of

?, stablllzed vegetated dunes on the Bra21lllan coast werel

.‘} probably lost because of heavy concentrated ralnfall
. durlng a change in cllmate. It is unllkely, hOWever, that: o
thlS process could bulld up thlck laterally exten51ve |
unlts 1ke those ln the Storelk.‘_ ' | |

Ly B : -

- oo e__ v ]‘McKee.and'lebltts (196;) observed strictureless - iy

A 4
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N sand in interdune areas inLibya, but did not ascribe any

features of ;9&and sabkpas. Structureless sand:forms
immediately-beloh the sabkha‘surface whe;rsalt deposits
deflate or dissolve} and the sand slnks into the sediment
_below; However, it is 1mprobable that thlck structureless

sand dep051ts could be formed by thls process, and no

particular origin db it. Brookfleld 977) states- that .
rnterdune areas 1ntercepted by’ the ater table-should‘show

. features typrcal of 1n1and sabkhas (e- g. adhe51on rlpples,

de551catlon cracks, sand. dlﬁes) were observed.

" A third 90551b111ty is that structureless sand may

be the result of floral and faunal bloturbatlon. ThlS

L

would nece591tate a restrlcted sand supply to allow
extensrve reworklng, and cohe51onless sand so that the
traces would not be preserved._ In addltlon, for non—.
preservatlon of plant roots,'lt would have to. be assumed
L . that the groundwater was not mlneral r1ch (Glennle, 1970,
| P 117). Even 1f these spec1al condltlons were attalned
) they would have to had prevalled for a long trme perlod
: to form thlck -deposits. Plants weie not llkely abundant
because of the presumably dry desert condltlons, and trace
fauna were llkely sparse because of a lack of organlc - 5.“
matter which would be exp101ted for food Hence, 1t is

probably unreasonable to expect that thls mechanlsm would

-

. e

.

-

g 1y
n . . (- 3 .- .

|
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:evrdence.

;Storelk‘may b
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account for the 5SS facies.

In coaclusion,'there is no completely satisfactory

1nterpretat10n of the processes that formed the 55 facies,

based on what is known from modern enV1ronments and

‘lnterpreted from ancrent ones.- Sanderson 5. (1974) proposed'

Process is perhaps the best explanatlpn, but 1ts applica-.

tion to the Storelk has no firm base.in the available

e

5.4.8 Multfple Truncation Surfaces Co

Multiple truncation surfaces are‘almost universal

- in 1nterpreted ancrent aeolian deposits.. They are usually

;’bed as near—horlzontal surfaces’ truncatlng sedlmen-
. ) N
structures, and spaced about 0.5= 15 m apart (Walker

'.

~and M1 dleton, 1977) ThELI extent may be’ greater than

2. 6 sy km (Stokes 1968)

parr pn,ﬂsurfaces.ln—the'

*Mostl anndtrbentraced

. between measured sectlons, but major surfaces at the tcps

of Intervals are present at 51mr1ar stratigraphic levels .

‘-over a dlstance of at least 8 km

The truncatlon surfaces in the Storelk are marnly

flrst order surfaces follow1ng Brookfleld's (1977) c1a551f1—

N

" cation. ‘The d:.pp:l.ng bound:.ng surfaces of § wedge shaped
e

sets would be con51dered sec0nd order surf s. No “third

fa e
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coastal area of the Storelk paleodesert, since the bedforms

tend to grow ony in the upw1nd portions of erg where

‘sand supply is abundant. It 1s p0551ble that th

The Storelk truncatlon surfaces could represent
1deflat10n surfaces developed in a s1m11ar‘manner to that

1nferred by Stokes (1968) Deflatlon would have occurred :

durlng perlods when sand supply was relatlvely rest 1cted
;and the’ level of deflatlon would ‘be controlled byﬁﬁ?

_ level of the water table.‘ Since restrlctlon in sand supply

would affect a w1de area, the deflatlon surface,could be | ST
e extensrve. The SLgnlflcance of the facéfthat the trunca~-_

tion surfaces are overlaln by the Ss fac1es is unknown. ot

-"‘ S ey e




233,

. 8

5.4.9 Commonly Cited Evidence for an Aeolian Interpretatlon 7
not Observed in the Storelk - .

-
The presence of certaln mlnor sedlmentary structures
con51derably strengthen an aeollan 1nterpretat10n when they
. occur in assocratlon w1th abundant glant crossbeds. The
‘most 1mportant of these, documented in the Lyons Sandstone
(Walker and Harms, 1972) include w1nd-rlpp1es, ralndrop
1mpre551ons, anlmal tracks, avalanche structures and graln | .
lag 1ayers. All of these except the latter nould be pre—
o -Served on the foresets of the crossbedsr whlch were rarely
o .Vexposed 1n the Storelk. d;aln lag layers would be ‘seen
on truncatlon surfaces, which' were not exposed in the ~“‘- S
Storelk. ol . Ny
- Ev1dence of soft sedlment»deformatron, partiouiarly
‘that characterlstic of dry or Wetted sand, us also con- ,

splcuously absent in the Storelk Deformatlon is character- —

B

istic of the Navajo Sandstone ISanderson, 1974) and’the
Casper Sandstone (Steldtmann, 1974) . Slump and sandflow “;
‘dep051ts are concelvably absent because the preserved :
fportlons .of the Storelk sets apparently do not contaln true

sllpfaces. Also, many deformatlon structures observed 1n . . ]

e modern dunes occur hrgh in’ the dune) and are not llkely to

~[' . be preserved T ‘
o ' T e




3.5 . ANCIENT SHALLOW MARINE COMPARISONS .

.

-

It has been argued that in known tlde ~dominated
shallow marlne envrrcnments, glant crossbeddlng is unllkely

. to be- deposxted. There are,. however, 1nterpretat10ns of é

ancient shallow marine eposits contalnlng glant crossbeddlng. : 'ﬁ

‘Chlef ‘among* these is the\ Lower Tertiary Roda sand wave

complex of northern Spain io, 1976).

Nio (1976) interprets a transg&e551ve seqguence,
beglnnlng with tidal flat-estuarineg - dQPOSltS at the base.
’These are forlowed upward respectively by a "pre sandwave
facies” and a “sandwave facmes" the latter of Wthh con—.
talns crossbeds up to 20 m’ thlck Sets in both facres are
.characterlzed by reactrvatlcn surfaces, showing evidence

-

«cf a change in current’direction, and dlS ontlnulty

- s

surfaces, showrng no evidence of er051on.

h are marked

vby clay layers or current rlpples. Significantly,-the
"sandwave facmes" is separated from the overlylng "slope':

 facies™. by a major er051on surfacé. The latter fac1es is .

'ccmposed of lcw angle surfaces (less than 15 degrees) on N :

_Wthh there are crassbeds up to 1. 5 m thick, NlO (1976) lnterprets [(

-the pre-sand wave" - and "sandwave“ facies’ to have been

deposrted by strong tidal currents in a transgre351ve

m81tuatlon. Under 1n1t1al relatlvely shallow condltzons .




probably marine. The slope fac1es"'strongly resembles
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and with abundant sedlment supply, glant bedforms were
built up. Wlth continued deepenlng, actlve upbulldlng
1diminished, and the action of waves and rever51ng tidal’
currents planed off the glant bedforms dep051t1ng the

"slope fac1es" Nlo (1976) compares these facres to "sand'
waves" in the Southern Nerth Sea, where sand wave upburld—
ing is rnterpreted to have taken place in the former,

Rhlne—Meuse estuary- complex during the Holotene transgres—,

) 51on. These bedforms are presumed to have ceased bulldlng

.

up because they are now at too great a depth

Oon the basis of data presented Nio's (1976) 1nter—
Pretation is somewhat amblguous, and in view of the scale
of the crossbeddlng a p0551b1e aeollan origin should have
been consrdered an alternatlve p0551b111ty is that a

regression could have taken place followlng deposition of

' the lowermost facres. The major erosron surface" Separating

‘the sand wave "facies" ang the "slope fac1es“ is a potential

transgressive gurface, and hence the latter fac1es is

lnterpreted storm 1nfluenced tldal sand ridge dep051ts

'1nterpreted ln North Noyway . (Johnson, 1977) The reactlva—

tlon surfaces in the giant crossbeds might be interpreted

as being due to- ﬂﬁﬂjéuatrons in wind strength or velocity,

or local airflow dlflcatlon caused by conflguratlon'

AL TR e i e e A T R T T T TR e T T
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-

changes in dune patterns as suggested for aeolian bedforms

by Brockfield (1977). The clay layers could be suspension

4 deposits-that settled during lulls in wind veleocity,

although admlttedly they should, have low preservatlon

potentlal The current rlpples reported to‘be on these

surfaces WOuld, however,_be dlfflcult to 1nte;pret.in this
context.
. A . ) .
The validity of a poseible'alte:nate;aeolian inter-
pPretation for the giant crossbeds in the Roda complex

canhot be properly assessed until Nio's forthcomind

‘detailed paper is published It is apparent from prev1ous

dlSCuSSlon (Sectlon 5.3.4) that North Sea "sand waves"‘
are unsultable models of bedforms that dep051t giant cross—'
beddlng, and hence a direct comparlson between these ‘and

the Roda complex sand waves may not ‘be. valld ~In addition,

there .are no known modern examples of macrotldal estuarles

in whlch glant crossbeds are belng dep051ted If Nlo

’:succeeds in establlshlng deflnlte ev1dence of tldal actlon

-

;1n~the Roda complex, then it would have to be assumed that

under certaln c1rcumstances glant crossbeddlng could be -

dep051ted by tldal currents.. Thls does wnot: threaten the
| .
present aeollan 1nterpretat10n of the StoEelk Formatlon,'

.whlch is the most reasonable one based on the ev1dence out-

lined earller.
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.

“5.6 VERTICAL RELATIONSHIPS AMONG THE PENNSYLVANIAN )
FORMATIONS

Up to th.'LS p01nt the 'l‘yrwhltt, Tobermory and Sto;;elk

Formatlons have been treated as 1solated entltles because

: Formational boundarles c01nc1de with major changes 1n .
dep051t10nal reglme. No new information can be derivegd
from thlS the51s regarding the Todhunter- Tyrwhltt or the_‘ v
Tobermory—Kananaskls transitions. These were descrlbed

' in Sectlon 2 3 1. However, the interpretation of aeolian

. dep051tlon has 1mp11catlons regardlng the Tyrwhltt "Storelk

.

and Storelk- Tobermory tran51tlons.' These are discussed
below. . ' - . oo

5.6.1‘.Eyrwhitt—StOrelk Transition

The contact between the Tyrwhitt and Storelk ..

'

Formatlons has been lnterpreted by Scott (1964 P. 59) as

belng conformable on a reglonal ba51s, and there is no

ev1dence ‘in the study area of this the51s to suggest

otherw1se. The uppermost Tyrwhltt strata are composed of

- the ST fac1es, Lnterpreted earller to have been dep051ted
seaward of falr weather wave base. The lowermost Storelk~
strata are characterlzed by the LT and MP fac1es, whlch

are 1nterpreted to be-aeol;an in orlgln. Hence,_it appears .
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that aeolian depdsits rest in direct contact ‘with offshore
shallow marlne sediments, and the tran51tlon bears no'

resemblance to progradlng shoreline sequences known from

other anc1ent examples (e.q. Land,,1972; Dickinson EE'E&"'-

1972{ Harms et al., 1975, p.84-91). There.are two possiblée

_reasons for this unusual stratlgraphlc relatlonshlp-

eustatlc changes in sealevel and the effects of varlable

rates of sedlment supply to the system.

LY

Eustatio Changes in Sea Level: w1despread glaCLatlon

1n the Southern Hemisphere 1s 1nterpreted -to have- culmlna— o

ted duiﬁng ‘the Pennsylvanlan Period. F1gure-5r3 presents

the tlme ranges of glaciation on flve contlnents comp051ng

‘the Gondwanaland Supercontlnent, whlch drifted across the

» * i

south rotatlonal pole durlng the late Pale0201c (data from

[

several authors, in Crowell and Frakes,.1975) The style

of glac1atlon ls 1nterpreted to be characterlzed by the

-

\development of 1arge 1ce caps which occupled dlfferent

”Jplaces at dlfferent times from the late MlSSlSSlpplan untll

5

. 'the Permlan. It is apparent that durlng thls tlme lnterval_

there. is a strong probablllty that eustatlc changes in sea'

level could have affected coastal and shallow marlne -k

. . Lot

It is‘suggested here that the Storelk aeolian

—— v

.-
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‘*:‘; and resulted in rapld shorellne progradatlon.

,fsedlments could have blown out over portlons of the adjacent
.

: contlnental shelf exposed by a gla01oeustatlo drop in sea
1evel Wlth abundant sedlment suppIy, rogradatlon of the
shorellne wouldgbe rapld (1nstantaneous 1n geologlc terms),
espec;ally when drlven by southwesterly dlrected offshore

;w1nds.‘ Further factors that would ald rapld progradatlon'=
B Q) P

e .
. would be a low shelf gradlent and relatlvely lew wave Lot

: \actlon (a cqnsequence of low gradlent) lmpmnglng on’ the Jis
PO 1] \o - - .

7"“ﬁ shorellne. “With rapld.progradatlon alded by these factors»

Vforeshore and shoreface deposrts mlght be poorly.developéd
. o~

»

and subsequently not preserved.‘ Moreover, it is p0551b1e

Lo

that remnants of these deposrts were reworked by w1nd ,l“~

: actlon, therby removrng them from the stratlgraphac record

-.‘.‘
F _..?- Lo
.. .

L Effects of Varlable Sedlment Supply.~ 1t was

prevrously suggested that the rate of sand supply varled

Y

‘
il

w

markedly durlng Storelk deposrtlon,_ranglng from‘%éry low -

rates (Lnrtlatlng a marrne transgressron inc the LoWér

- .Storelk), to very hlgh rates (at}owrng deposrtlon of very

@large bedformsr" It 1s po 51ble that an abrupt 1ncrease
. L T

[

of offshore wrnds, upset ;he equllrbrrum between wave.

' 2
% er051onal processes and aeollan deposltronal processes

. . ' . .- . T o ‘. ” o

Ce N B B ey - R . . : b i
o o ' ' \- ' Lo e b PR

N -, ; - . . . X . . X N .
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1n-the ra erof seg;meatvéupply,-qomblned w1th the a ‘.Vi
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‘Desert coastllnes‘could hypothet;cally be prone to
rapid shorellne progradatlon, because of potentlally large
voluries of unstablllzed sand that could be made avallable

to the system.x In'a system whlch is normally sand starved

-

s

 relative to the‘transport capac1ty of the prevalllng wrnds,"

of the‘shoreline as bedfor%sfare*driven éééwaéd b& o

T_ wind need not be 1nvoked

e

the coastllne would bé: ségble or ‘even. erodlng.‘ An abrupt

,1ncrease ln thé rateio 'and supply, exceedlng the trans—f\

port competence of the’ WLnds, would lead to prograda ion.

¥

‘w1nds. As prevmously stated the rate of shorellnb pra- -

e . ‘ " -~
-offshore gradlent and w or moderate wave act1v1ty

9Hence, clrmatlc change -cau51ng 1nten51f1ca ion of the‘

Whether or not thg above mechanlsms could 1ndué;;a
rapld,enough shorellne progradatlon to prohlblt dep051tlon
and preservatlon of Qhoreface and foreshore dep051ts can: -

L G X ’

only be speculated upon. There are no. modern examples
g

establlshlng rates of progradatlon of desert coastllnes

known to the author.- Progradatlon is occurrlng along Lo

desert coast;on parts oﬁﬁthe Persran Gulf and the: R

Medlterranean Sea, but these 1nv01ve developmeﬁt of pro-

tectlve offshore bars, followed by a’bgzldup of lagoons

- and‘sabkhas whlch 1ater become covered by dunes (Glennle,

. '»' P . . - fe
. Ld

sk . . . b : ¢ '
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B . 1970, p 126). There is no ev1dence for this type of
sequence -in’ the Tyrwhltt or Storelk, and it appears that

thls type of prqgradatlon would Be too slow-to exp}aln
oo £ . o
the nature of the contact between these two Formations.

S.G.anstorelk¥Tobermor§ T:ansition s
< ] . .._/ ‘\7

,Q;d -.f'_.”‘f ' The Storelk—Tobermory contact represents a major

¢ : mamafini transgressmon that termlnated aeollan dep051tlon.

Scott (1964, p 77) 1nterprets the contact to be reglonadly

"

unconformable. The evxdence for this was outllned Ln

a . . -
Sectlon‘Z 3-l. The contact appears paraconformable TH

O the study area of thlS thesxs. ;"

R

Wlthln the llmlted@the51s area, the Storelk—

“Ti;;-d o Tobermory transmtlon can be lnterpreted 1n terms of a:

W

o major marlne transgressmon. The lowermost Tobermory beds

are composed of sandy dolomlte or. dOlOmlth sandstone,;

,‘f.‘ S suggestlng that 1n1t1ally the rate of sand supply was

f restrlctedm' Hence the tranSg:e551on Ltself could be the

- Coa

result of termlnatlon of 51gn1f1cant sand supply, perhaps

T

N - 1n comblnatlon w1th an 1ncreased sub51dence rate, cau51ng-

..:.Lf .a reversal of shorellne progradatlon. The cutoff of - sand oo

supply could be the result of EIOSlonal removal of theﬁlﬁ

‘ sourée'rocks that fed-storelk_deposltlon, exp951ng-r
- - . CH . . ‘ ) ‘J_ . T . .‘ ~ ‘- o . - . N

e e

MR
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v
lnon srllcrclastlc rocks (source dlscussed later) Whatever
the cause, ‘the transgressron was rapid and left only a
-basal lag As a result, foreshore and shoreface deposits
were not® preserved .and the flrst Tobermory_facies above’ »J 5‘
the contact were-deposited in relatively deep Water (ST
and NC facies). . | o | RN
The uppermost Storelk beds below the contact are .
’ usually massrve and structureless.‘ The loss of structures
'at this stratlgraphlc level may be the result of two

factors.‘ (l) the ‘effects of ralnfall and vegatatlon growth

. on 1nact1ve dunes cut off from their sedlment supply, or
(2) loss of structure due to 1ntense soft, sedlment deforma—
tion ass0c1ated with .the: r151ng water table. " In some’

h..cases, there are thln medlum scale crossbedd;d and/or small

'uscale crosslamlnated un1ts below the contact {e.g. ' s 2:. &§§71

N

~.ﬂ182 185 m), suggestlng a primary mar;ne 1ncursron prlor

: to the mamn transgre551on.

Al

- East and southeast of the study area, the

Tobermory FPormation rests unconformably on older Carbonlferous'

'Formatlons ‘ Hence, extensrve erosion was occurrlng to the

east and southeast whrle sedlmentatron was: taklng place
‘1n the study area. Areas to the east Were eventually
Vlnundated w1th contlnued transgressron but not before part

. or all of the Tyrwhltt and Storelk sediments were eroded

4 . ) - s !
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-

Hence, much of the sedlment supply for Tobermory dep051tlon
Probably was derived from recycled sands derlved from:

older Pennsylvanlan sedlments.

»

5.7 ' SOURCE OF SEDIMENT -~ °° L e e

- Y

© The thickress and areal extent of the ﬁennsylvanian

1

_siliciclastic\Forﬁations testify to the existence of a

L

source capable of.prov1d1ng a large volume of sand. ‘The
source area is 1nterpreted by’ Scott (1953, P. 107) -to be - - .
" the craton to the ~gast and northeast, based on evidence : B
of subaerfal er051on Jin thlS area and on petrographlcw .
data. The paleocurrent ev1dence presented in. this thes1s
confl;ms that sedlments were derlved from the dlrectlon

. o Y

of the cratOn. There is no ev1dence of input. from island : j

- 3

':-arcs-postulated to have ex1sted in the Omlneca Crystalllne

-

i

: the lithology of the source rocks cah be presented; .'t o

) 1nd1cates that the Pennsylvanlan sedlments are texturally

‘f'thls area (Monger et g_., I972).

Belt to the west. These- are con51dered to have- been well\

removed from the. Rocky Mountaln Belt in vlew of the absence

of tuffaceous materlal or. other ev1dence of volcanlsm 1n.

Detalled petrographlc examlnatlon has not been
at;empted 1n thls the51s, so llttle new. 1nformat10n on

Gursory examlnatlon of thln sectlons stalned for K—feldspar
%

[
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o . . )
- ’ ’ N . { '

mature and are composed almost entlrely of’ quartz and chert.

[

There is very llttle feldspar and’ few heavy fnineral gralns.
EThese features suggest a sedlmentary'or metasedlmentary
source for the sediments. Since the craton was almost T

ki
entirely covered by sedlmentary rocks, a domlqantly sedl-

. ”mentary origin is" plau51ble. :

. .

o . : ot ; .oe .
v Sandstone units are rare in post-Cambrian sedimentary. |
.

_rocks of the In%erlor Plalns, and only mlnor amounts of
dlssemlnated sand are present in the predomlnantly llme—
stone -dolomite- anhydrlte shale sequences. Scott (5564

P. 109} suggests that the’ sands comprlslng the Pennsylvanlan
sequence were derlved from this dlssemlnated sand and
poss1b1y from the Colev1lle Sandstone- Member of the w1de—

T spread Bakken Formatlon. The latter attalns thlcknesses |

‘of up to.18 m at 1ts er051ona1 edge,an Saskatchewan ' Other

'sandy units- maA have exlsted locally elsewhere, but now

“are’ eroded. As was suggested prev1ousmy, a. large proportlon

~

o of. the Tobermory\sedlments were probably derlved from

v

. er051on of older Carbonlferous Formatlons.

,-

The Pennsylvanlan sandstoﬂés are T markably free

of shale, even thgugh extens:l.ve shale un ts in &he Interlor
o s

Plalns mlght form potentlal sources. There are two

p0551b111t1es that could contrlbute to this. - Slnce much

SR of the sand probably accumulated 1n a sand sea prior to
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being transported offshore, clay could have been w1nnowed

R -out, blown away’ and deposrted elsewhere. Scott (1964,

p.51) noted mlnor quantltles of shale at some localltles
away from the-stud& area., It is also possrble that under

condltlons of . relatlvely low suspended sedlment concentra-

>

.- .“tlon, wave .and Current act1v1ty prohibited the deposrtlon

of mud. Evrdence for strong current activity and ‘lesser -

-

wave actlvrty in the Tyrwhrtt and Tobermory were presented

/

S S e b

earlier. McCave (1971b) used these parameters to explaln

mud distribﬁtion in the. North and Celtic Seas. -

(. / .
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CHAPTER 6

L . CONCLUSIONS S : T

‘ The following general conclusions are made regarding -
. : , , -
the. interpretations of the depositional frameworks that

prevailed_during-sedimentation of the Pennsylvanian silici-

clastic succession: . ! R

! ~.l. ‘&he‘Pennsy;ﬁéh%aa_siliciclaeéic suéceaéidn'can R
be divided into a series of 13 facies which aid | ' - .
in'envirdnﬁéhtal‘recenstrueéion. However,.bethf
the i;; anqle'incllned strata in: the Tobermory %%

Formation of” measured sectlon 1 and unlts of + . ir ' e;\
_#” : deformed lamlnae,do not;flt;izﬁﬁ\ﬁpe fac1es : P

scheme.

2. Faciesiiﬂ the Storeik Formafién aie mutually

exc1u51ve from fac1es ln the Tyrwhltt and f' o o *

'
'!- . B
Y-

Tobermory Formatlons, except for the "FE fa&;esy*

. L 247 o



-an aeollan orlgln, except for a s1ngle thin

%“pretatlon 1s based on the abundance of glant

.crossbeddlng (max1mum 10 m thlck), the moderate

the: crossbed foresets, the total absence of body'or e

examples and that known or:, lnferred from modern L ot

248

The Storelk Formatlon, and part of the Tyrwhltt

Formatlon, can be dlv1ded into a series of

laterally SLStent fac1es or fac1es assocza—

tlons, callegd Intervals.

5 ~ ..,_
- + v

The Ty rwi ltt and Tobermory Formatlons are
lnterpreted to have been dep051ted entlrely in
a shallow marine env1ronmen§ ‘Thls is based
on the body ‘and trace fossil assemblages in
some facmes, and on the 1nt1mate vertlcal
1nterrelatlonshlps between these and all other
facres occurrlng in- the Formatlons. -b:-l-

Kl -
' -

The Storelk Formatlon is: Lnterpreted to have o

‘marlne’transgre551ve unlt. The aeollan 1nter-‘

dip angles (10-25 degrees) characterlstlc of ' ""_ ) f 65%57

trace fosglls (w1th the exceptlon of a 31ngle

thln unit) ,. and.the presence of- wldespread trunca—.j

.

tion surfaces. Each of these features is. . Lo

comparable to that known from an01ent aeollan"'

) | R |

. . . . . - [
. B i .
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Tobermory tlmes. o : o
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aeolian}examples. None of these characteristics.

is known from modern tide-dominated shallow

-

marine settings.

6. The Tyrwhltt and Tobermory sequences were probably

"deposited on a stable shelf whlch bordered the

- ,‘ .

North American craton from which sediments were
derived. . The “Pacific'Oceah" to the west was

open, except for 90551b1e volcanlc arc- systems .

whlch had no discernible effect on shelf

it

‘sedlmentatlon.

LR .y
® . ' g o .
.

‘,'1. The Storelk sequence was dep051ted 1n a low
-: latltude (10—20 degrees north) coastal desert
apparently under the 1nfluence of prevailing
northeasterly tradeW1nds. ~The wrnds probably
': varled in strength and dlrectlon on a seasonel

ba51s, contrlbutlng to varlatlons in’ paleoflow ‘

dlrectlon as reflected by the Storelk crossbeds.
S

o

The follow1ng conclusions are reached regardlng .

.SpElelc 1nterpretat10ns of fac1es, vertlcal fac1es relatlon—h

'

;shlps, and the sequence of deposmtlon ‘from Tyrwhltt through
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1. The Tyrwhltt Formatlon was deposlted undef storm

" dominated condltlons. There is no. deflnltlve

. evidence for the effects of contlnuously

operatlng tldal or ‘Oceanic currents 1n the

©

sequence,

2. On the basis»of'the“physical characterlstlcs of
| the sT facies, it is 1nterpreted to have been
deposited seaward of fair weather wave base,
where the .rate of infaunal reworklng generally
exceeded the rate- of sedlment supply The .
o thlckness and ' abundance of the ST facres through—.
" out the- Tyrwhltt Formation suggest that the ‘
facies is representatlve of background con%itifns

of 'I‘yrwhl tt .sedlmentatlon .

.

- .

;.3. The 1nt1mate 1nterbedd1ng of ‘the sT fac1es w1th
v1rtually all other fac1es occurrlng in the

- Tyrwhltt suggests that the latter fac1es were

‘ also dep051ted seaward of falr weather wave base.
The other fac1es represent dev1at10ns from the -

.
-

background condltrons of sedlmentatlon.' o
. . o b ."
4, The lack of ev1dence for the effects of strong

' -Storm wave surges {e.g. in the form of hummocky

V-

- - . B .. " T
N . . : . . ’
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"

‘5..

.4

- been operative in the deposit}énal system, based

251

J

) 5 : ot i . <
Cross stratiﬂ;catlon or abundant wave-formed

' 'structures) suggests that the depoeitional site

for all fac1es was at’ or below storm wave base.
Thls supports the 1nterpre$ed offshore orlgln

of the ST fac1es. . .

- v

Storm surge currents are interpreted to have

© on paleocurrent characteristics inferred from

the MX faCLes.. Such currents were égobabiy the

‘ bnly effectlve sedlment transportlng agents at

the dep051tlonal 51te, and hence are 1nterpreted
to have:dep081ted both the sedlment and most of

" the sedlmenxary structures 1nherent in all facies.

o
P

The strength-of the storm §E£g§ currehtéy

together with the graln Slze and rate of sedlment

supply, were the controlllng factors that

determlned the type and preservablllty (relatlve

to destructlve blogenlc act1V1ty) of the sedlmen—

:ta ’ ructures,_and thé’ llthology of fac1es Ain

C—

the Ty¥whitt Formation. Cos

o

f.

Shallow marire sedlmentatlon ‘was termlnated by

rapld progradatlon of the Storelk .shoreline as

+

'
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>

-aeolian dunes were blown seaward by offshore-

'directed Winds. Aeollan sediménts are superlm—
posed on 1nterpreted offshore shallow marlne

sedlments, 90531bly as a result of glac1oeustat1ci

lOWerlng of sea 1eve1 and/or a sharp 1ncrease

“in the rate of sand supply.

Crossbeddlng in the Storelk Formatlon is comparable

1n;sca1e and geometry to- that known from.other

ancient aeollan examples, and to that known or

1nferred from modern aeollan examples. However,
confident 1dent1f1catlon of the types of dunes

actlve durlng Storelk dep051tron is not possrble
in the absence of a comprehensrve knowledge of .

the crossbed types in modern aeolian bedforms.

935 The Storelk sequence is characterlzed by a .

vertlcal successron of dlstlnctlve, laterally

per51stent fac1es and fac1es assemblages

“(Intervals) In the . crossbedded Intervals, the

types of fa01es assemblages appear to* be A
dorrelatlve with spec1f1c kinds Of”WInd reglmes

e

that are’ 1nTerred from paleoflow data.
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Fd

. 10.

Wy

.deflnltlve ev1dence to Suggest that 51m11ar'

. 8§ fa01es. ,: -

aeollan examples.‘ Spe01f1c aspects of paleoflow
“in the Storelk Formatlon (hlghly con51stent uni-

dlrectlonal paleoflow,rbldlrectlonal paleoflow)

are- generally unreCOgnlzed in other an01ent

aeollan examples -

- .
-

The SS fac1es is 1nterpreted to have an aeollan
orlgln baSed on 1ts context and on the total

absence of trace or body f0551ls.. A spec1f1c'

¢ origin cannot be ascrlbed to thlS facxes in the

o

~

absence of modern analogues. ‘There 1s ne

structureless units in the' Navajd Sandstone

-

(Sanderson 1974) are anc1ent analogues of the

tlon in sang supply, followed by rapld degradatlon
- of the shorellne. Renewed sand supply caused

subsequent rapld progradatlon of the shorellne.'"

1 R . . -
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14.

15.

‘ -bonate fac1es in -the ‘Uppex Tobermory Formatlon

_Tobermory Formatlon.

Storelk sedimentation was terminated in the o
study area by a major marine transgression at the

commencement of Tobermory time. Erosional
. *e - R N

removal of PennsylVanian Formations eastward ~

. could have supplled ‘much of the sediment in the

- -
-

. - . . .

~

Tobermory sedlmentatlon is 1nterpreted to Mhave
taken place under, storm domlnated céndltlons
51mllar to those characterlzlng Tyrwhltt sedl— :
mentatlon. The gteater abundance of sedlmentary
structures in the Tobermory Formatlon relatlve

to that in the Tyrwgltt Fdrmatlon could be a

functlon of sllghtly shallower condltlons, or’ T‘:

a greater rate of sedlment supply 1n the

'former. ’ ’ ‘

-

- An increase in the number and thlcknées of car— o

1

I3
reflects decreas1ng amounts of” 5111c1clast1c

sediment supply, whlch culmlnated in the establlsh-

[

ment of predomlnantly carbonate dep051t10n in " .
Kananaskis time. ° o L ' ‘R | <*\g
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APPENDIX 1 : . g
R o © ' PALEOCURRENT DATA

am -

. . - . -
. ° 1
F

All paleocurrent data collected for this thesls is

_llsted in tabular. form Each value in Tables 1 through 41‘

-~ ©

1from an 1nd1v1dual set (reglonal dlp has been removed by

stereonet rotatlon) Symmetrlcal rlpple crests and. parting '

.wllneatlons are llnear features, so the, cdrrespondlng values

| . corrected for reglonal dip) . f'. _ ‘:' o e .
P . -. ‘ N
‘ ' oo Stereonet plots of the paleocurrent data, together

N . -, .

w1th tables showing the results of vector mean calculatlons
' ‘3 : _fnkj on that data, are glven in the text “The tables 1n thlS

v h Appendlx are cross—referenced w1th data in the. text to
: . ) ' A

. 3 : permlt easy comparz.son. . S o
” b . . kY ’ N 2 ) ' !

. : 15, Detalls of paleocurrent data collectlon and treatment

“

LA
. ' =

1. _a‘: 4

are-glven in’ Sectlon 1. 4.

£ -
» - - : ~
| . .
%a - > ' -
\
v . ® S
- * g i ‘ Ay PPt e H

represeénts the a21muth of maximum di -of crosslaminaeu ’ <.

in Table S represent the strikes of these features (also | 3“'
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‘lines) and (2) correlations of Interval boundaries (d;ﬁhed

vertically exaggerated slightly to make themlﬁis%ple._

o - APPENDIX 2

MEASURED SECTIONS
]

Detailed scale drawings of-all eight outcrop §ections'

‘measured for this thesis are found in the ﬁoqkét,(inside of

back cover). All symbols and letters used are explained in

the legend. The measured Sections are correlated on two

levels: (1) correlations of Formational boundaries (solid

-

‘lines). The vertical scale for all measured sections is in

- a

meters. Measured section 1 is the northernmost section, s

and measured section 7 is the ‘southernmost section (see

.* location map, Figuré 1.1).

Facies symbols and fossil locations are plotted on

the measured sections for ease of location. Wherée facies

symbols are separated by a diagonal-ling ﬁe¢§f\xi/HL1, it

indicates that the facies are too closeiyﬂinterbéaded to

-be illustrated diréctly. Since in many cases the carbonate

and siltstone facies are relatively thin, they have been

b B
S . 274
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can be found in the text.

.

- 277

. All crossbedding in the measured sections is plotted
to scale, except for sets less than about 30 cm thick.
The latter are vertically exaggerated. Since facies

*symbols are given, the ranges of set scales for each facies

.
' -

Two types\of paleocurrent data are plotted. "Paleéflow

datd from individual units" shows true péleocurrent azimuths
from individual planar éets, as well &s‘the.strikes of
symmetrical:;ipple cresﬁs Egd.pafting lineationéa_ "Palecflow
direction for fadies“‘indicateg the vectof mean azimuth (s)
fof a‘spebific‘faciés, and for a spgcific Interval (I) in
the case of the Upper Storelk Croéébed°¥nterval. North is

to the 'top of each section. -
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