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ABS3STRACT

Mcdern and ancient environments associated with
Lakes Algoma and Huron were studied according to
attributes of stratigraphy, sediment texture
parameters, sediment size distributicns, bedfcrms, and
primary sedimentary structures. Results from a
computation of wave refraction diagrams and from an
examination cf the wave c¢limate characteristics

indicate that the modern embayment is low energy.

A sediment texture comparison between medern and
ancient environments inldicates that higher energy
prevailed in the ancient environment relative toc the
przsent day environment. The ccbble and gravel
sediments as well as an extensive belt of foredunes
preserved 1in the ancient environment are evidence of

this high energy.

Sediment textural paramelers of mean, standard
deviaticn, skewness, and Kkurtecsis were combined in
bivariate plots to test their reliability for
discriminating between environments. Results frcm four
cembinaticons of these parameters were not totally
favourable. Only a plct of standard deviaticon versus

skewness proved useful.
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Compecnent pecpulations are useful discriminators
of depositiocnal envirconments. Inferred environments of
beach, fluvial, and dune as well as mcdern lacustrine
sediments cculd be identified by the characteristics of
their component populaticn curves. Moreover,
characteristic curves that represent variocus
subenvironments for the wmcdern nearshcre zcne are
evident. These have been assimilated intc a grain size

distribution facies indicator.

Provision of a facies medel for a

barred-lacustrine bayhead was made possible by an

examination of preserved bedforms and primary
sedimentary structures. iligh energy bedforms o¢f
parallel 1laminae and massive bedding are always

preserved subjacent to low energy ripple cross-laminze.
The sequence of ripple cross-laminae that ferwms in
response to increasing enargy aro as follows:
symmetrical, asymmetrical, oscillatory, and combined
flow. An e¢xamination of such éreservcd features yields
information that éan be used te decipher flow
directions, energy gradients, and flcw characteristics

within specific subenvircnments.
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CHAPTER ONF INTRODUCTION

Physicgraphic features throughout Southern
Ontario arce primarily relics from Wisconsirnan
glaciation. Many of th;se features were mcdified by
glacial 1lakes whieh 1inundated 1large areas of the
provirce. Glacial lakes such as Warren _(12,900 yr.
B.P.), Algonquin, and Ircquecis (12,400 yr. B.P.) have
formed many well-preserved and continuous features on
the present day landscape (Prest, 1970). Post-glacial
lakes such as Nipissing and Algoma (4,000 yr. B.P.)
have alsc 1left identifiable features in 1large and

nunerous areas throughout the province (Prest, 1970).

Sediments associated with Lake Algoma and Lake
Huron were examined in the bayhead area of Michael Bay
at Manitoulin Island. This particular area exhibits
lacustrine features such as foredunes, multiple
longshore bars, lagcons, and beach ridges formed within

an embayed environment of Holocene age.

Aims, Scope, And Objectives

Reconstructing ancient depositional environments
and under standing modern sedimentological
process~response relationships are major research
themes in geomorphology.‘ This dissertation adcpts
these themes in an examination of sediments associated

with both mecdern and ancient bayhead environments.



The study is desigred to provide an acccunt cf
the types of depositional envirconments found within the
area and to present facies models for both modern and
ancient sediments. Furthermore, it attempts to
elucidate relative energy and processes that would be
necessary to generate beach ridge morpholeogy in the
ancient sediments. An examination will be made of
mer phological and sedimentary characteristiecs o¢f the
topographic features with particular emphasis on the
stream bank exposures and excavation of appropriate

sites.

The rationale for selecting this particular study
evolves from the understanding that mcst studies of
glacial and post-glacial lakes have been conly concerned
Wwith mapping of morphological characteristics suech as
shorelines and ‘assobiated features. In addition to
this, other types of studies included shoreline
correlations through survey and time- .uplift Jata,
(Spencer, 1831; Goldthwait, 1910; Leverett and Tayler,
1915; Johnston, 1916; Deane, 1950). Geochronclogy has
been researched primarily through the use of 14C dating
methods (Karrcw et al., 1961, 1975; Terasmae and Mott,
1963; Hough, 1966; Farrand and Miller, 1968; Lewis,
1969, 1970). Mcreover, most attempts to identify
nearshore facies have pertained tc modern marine

environments (Clifton et al., 1971; Hayes, 1972;



Davidson-Arnott and Greenwood, 1974, 1975), while
ancient examples have concerned lithified,
pre-Quaternary sediments (Michaelis and Dixgn, 1969;
Campbell, 1971; Baldwin, 1973; Brenner and Davies,
1973 Exum, 1973). Thus, there 1is apparently much
scepa preovided for the type of research selected for
this dissertation. The mcdern envircnment sediments
will be studied by adopting procedures that have been
successfully applied by Clifton et al. (1971) and
Davidson-Arnott and Greenwood (1974) in marine
cnvironments. The results from this study will enable
a ccmplete chronological account of the depositional
history as well as a means of inferring processes that
have 1long since terminated in the ancient envirconment.
It will also enable comparison c¢f energy levels

relative to the ancient environment.

The thesis problem comprises three objectives.

An attempt will be made:

|

i) to examine processes related
to bar mcr phoclogy in the
modern environments;

ii) to examine sedimentoleogical
attributes cf grain size,
bedfcrms, and sedimentary

structures for bcocth the modern
and ancient environments;

iii) to examine and model the
facies of the ancient
foreshore and Lhe nodern
near shore  zono (0.5, Ariny

Coastl Engincering Research
(;Ul’lt(ﬁ’l""“(C.F.n.(.), 19./'ﬁ).



Location Of Study Area

Manitculin Island is situated within the ncrthern
margin of Bouthern Ontario, and is bounded by waters of
the North C(Channel to the ncerth, Gecrgian Bay to the

248t , and Lake Huron to the south and west (Fig. 1).

The physiographie features of '"Manitculin" have
been cf ccnsiderable interest to geclcgists and
gecmcr phclogists, s8ince the surficial stratigraphy
exhibits depositional environments reflecting both the
pre~-Quaternary and Quaternary history. The
pre-Quaternary bedrock is the mest prevalent
topographic feature. This mainly comprises Paleozoic
strata which include limestone, dolcmite, and dclomitic
limestone of Ordovician and Silurian Age (Liberty,
1957). Paleozoic shales of Upper Ordovician and
Silurian Age are alsc evident but these only attain
prominence in localized arcas through a central portion

and northern extremities of the Island.

The Quaternary sediments are thin as a result of
scecur by glacial ice and ercsion by waves during
glacial Lake Algonquin (Chapman and Putnam, 190606),
Those surficial Quaternary sediments which display
lacustrine sequences are primarily found on the
periphery of the Island. Figure 2 indicates the
iistribution of ancient beach envircnments as mapped by

Chapman and Putnam (1972, Map Number 2224),
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Manitculin Island has provided considerable scopc
fcr lithostratigraphical und gecbotanical correlaticns
with the Michigan Basin and the Bruce Peninsula (Bell,
1863, 1866; Comstcck, 1904; Ami, 1906; Fcerste, 1912
Williams, 1919; Caley, 193H; Liberty, 1954; Bolton,
1957; Robertson et al., 1972; Liberty and Bolten,
1971). Gecgraphical reconnaissance has been carried
cut by Chapman and Putnam (1955) as well as Cunninghan
(1957), while a pedclogical survey was performed by
Heffman et al. in 1959. With the exception of Chapman
and Putnam's map (1972, Noc. 2224), Stanley's report
(1937b) on a Lake Algonquin beach depcsit at Sucker
Creek, and lLewis's (19792) 14C dating of gyttja for
iscstasy purpcses and mapping cf Nipissing strands, no
sedimentological studies, to the writers knowledge, are
svailable for any of the Quaternary sediments c¢cn
Maritoulin Island. This is especinlly true for facies
of glaciolacustrine and early Holocen~s corigin in the
entire Great lLakes Basin. The only noctable exception
is that of Martini (1975) who examined and provided a
facies mecdel for Algonquin-Nipissing barrier sediments

1t Wasaga Beach, Georgian Bay.

Yiap Area And Chronclogy

The site investigated for this dissuertation
invclves Michael Bay which 1is situated on the

south=facing shore of Manitoulin Island. Specifically,
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“he 3ite encompasses th2 mcdern nearshore zone and
1ssociated early Holocene raised sherelines (Fig. 3).
These are thought to be contemporanecus with the
pcst-Vipissing Great Lakes phase (Leverett and Taylor,
1915; C(oleman, 1941; Hough, 195). This is further
substantiated by Lewis (1979) whe carried cut an
isostasy study of Manitoulin and mappzd the lLake
Nipissing shcreline (Fig. 4). An examination of this
map reveals the situation of the Nipissing Great Lakes
strand a3 it relates to the pcsition of the Michael Bay
map area. The inferred Hipissing shor 21line is
cbvicusly situated farther inland than the raised
Michael Bay strands. Therefeore, these raised strands
are most preobably Lake Algoma and early Lake Huron

correlatives.

Pocst-glacial lake levels in the Manitculin regicon
have respcnded tc the effects of differential uplift in
twe ways. First, when the Lake Nipissing drainage
(7,000 years B.P.) was flowing north through the llcrth
Ray outlat, lake levels were in a transgressive phase
and eventually submerged all but the central portion of
tne Island. Secondly, when the socuth=arn Porit Huron
nutlet cpened abcut 6,000 years B.P., lNipissing 1lake
levels became regressive and Maniteculin Island emerged
(Lewis, 1908b; Prest, 1970). Thus, Lhe Lake  Algoma

stapge, which occurred 4,000 yecars B.P., is believed by
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Hough (1958) to represent a pause in the downcutting of
the Port Huron outlet at 176.8 metres above sea level.
He also suggested that this pause could be attributed
to a process of 1lateral migration in the St. Clair
River channel in response to establishing a more stable
gradient, Additional downcutting and subsequent
stabilization of the Port Huron outlet channel resulted
in the present Lake Huron level at 181.4 metres above
sea level approximately 2,500 years B.P. (Hough, 1963).
Therefore, this additional evidence suggests that the

Michael Bay ridges are Lake Algoma and early Lake Huron

correlatives.

The modern and ancient shorelines are best shown
in Figure 5, which is a composite, stereoscopic view of
the bayhead. The littoral zone comprises parallel and
subcrescentic longshore bars that are flanked by the
Manitou River to the north and Blue Jay Creek to the
south, The shoreline is cuspate in plan and exhibits
weak development of horns and embayments. The ancient
environment clearly displays the swales and ridges,
which are crescentic in plan and associated with Lake
Algoma. The swales comprise a lagoonal environment
while the ridges in the study area are primarily relict
foredunes that have become heavily vegetated. It is
apparent that és lake level subsided, aeolian

sedimentation was a major preccess. Since foredunes are



,..,xl.w.,.“»*.




4s3ccitted with onshore winds (C.E.R.(C., 1973--sce U.S.
Arany (oastal Engineering Rescarch Center), this
cennctes higher wave energy during  the Lake Algoms
pnase. The author did not carry cut reconnaissance
tnroughcut this entire area however, the ridges that
Wwere traver sed were not e¢asily perceceptible when
Ltravelling westward althcugh they are striking features
on the air photographs. The maximun ampiitude of the
ridges 1is 1less than four metres and they never form
distinct topographic or merpheolegical breaks vhen sc2en

orn the ground.

Silurian Dbedrock cutcrcps of the Amabel and
Fossil Hill formations are alsoc prevalent within this
are,  They provide an important source for the ancient

beach sediments.



14

CHAPTER TWO CONCEPTUAL BASIS FOR RESEARCH

Although the glacial and post-glacial 1lake
shorelines in the Great Lakes basin have received
substantial attention, the evidence obtained from
analysis of these features has been diverse,
incomplete, and not always diagnostic of the nature of
the sedimentary environments. Therefore, consideration
must be given to a research scheme involving an outline
concerning salient problems such as diagenesis and
epigenesis, which are associated with the study of
sedimentary environments; provision of useful criteria
such as Key Environmental Indices, which are useful for
examining sediments; and an outline of sedimentological
methods that are worthy of implementation in this

study.

Sedimentary Environments

A sedimentary environment, as defined by Gould
(1972, P. 1), 1is simply a place of deposition.
Physical, chemical, and bioclogical processes are
factors that can generate and affect the development
and form of a sedimentary environment. An underlying
problem is that physical processes only occur in
present day deposition and have long since ceased in
ancient environments. The examination and

reconstruction of an inferred, ancient lacustrine
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environment entails several additional problems.
Contradictory information can result from
stratigraphical evidence that suggests one climatic
interpretation, whereas biological evidence can
indicate ancther. For example, a palynological
examination can suggest that a certain species of plant
existed in one climatic regime; in fact, the grains may
not be indigenous having been transported by wind over
a considerable distance and then deposited. Similarly,
the preservation potential or differential rate of
decomposition all affect the interpretation of the
environment. Exposed relict sediments may not be truly
representative of an ancient environment, since such
sediments are temporally susceptible to many diagenetic

and epigenetic processes,

Key Environmental Indices

Miller and Olson (1955) have grouped quantitative
measures of properties of sedimentary environments into
Environmental Indices. These Indices are listed
according to three categories, These provide sole
discrimination of (i) modern environments that have
undergone 1little or no diagenetic change, and (ii)
ancient environments that have undergone diagenesis.
However, the Key Environmental Indices are (iii) those
which will provide a discrimination of modern
environments while undergoing little or no change from

diagenetic processes.
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The Key Environmentsal Indices for this study are:

sediment texture and grain siza, sedimentary
structures, and stratigraphic sequences, It nrnust be

noted that texture is specifically appliesd as a synonym
for grain size althcugh it can be applied s a general
term tc include properties of grain  snape, surfacn

texture, and primary fabric.

Sedimentclogical Attributes

Sediment Texture And Grain Size

Sediment texture parameters, which are applied to
differentiate between depcsiticnal envircnm-nts, have
been subjected toc conflicting cpiniens, Folk arnd Ward
(1957), Mason and Folk (1953), Friedman (1951), Sahu
(1564), Koldjik (19683), Mciola ani Weiser (1953),
Greenwood (1969), Dickas (1970), Sclchudb and Klovan
(1970), Veerayya and Varadachari (1975) have indicat2d
that textural parametaers c¢cf m@mean  siz~e, stondard
deviation, skewness, and kurtoesis ar» mvircnumentally
sensitive under certain cenditicons. Ir contrash,
Shapard and Young (1951), Schler et al. (194M4); <aven
(1956) have presented data which indicate that textural
paramet=rs cannot be employed to differentiate betwnen

marine and fluvial sands.

Wnile grain size 1is a measure, which may b~

intarpreted in terms of the proceesses of sodimentation
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(Griffiths, 1967), the different laboratory methods
employed to derive the size frequency curve and the
different computational procedures used for calculating
the textural parameters do not necessarily render
commensurable results. Laboratory methods include:
dry sieving, settling tube, hydrometer, 1loose grain
measurement, and thin section; whereas, computational
procedures include either moment measures or graphical.
The published conclusions derived from them have not
been fully comparable as a result of these differences

in analytical procedures.

The application of textural parameters to
environmental discrimination assumes that the
parameters do in fact reflect the physical conditions
prevailing at the site of deposition (Greenwooed 1969).
However, "the process-response relationshps existing
between sediment texture and the hydrodynamics of
depositional environments are incompletely understood"
(Greenwood and Davidson-Arnott 1972, P. 679). The
variability in laboratory procedures, sampling methods,
and parameter computations may be important factors
that contribute to this problem of associating sediment
texture with the hydrodynamics of an environment.
Within these limitations, most sedimentologists believe
that textural parameters are both useful and valid for

interpreting depositional environments. 1In some cases,
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Lhese paraneters may indeed enhance th? interpretation
1 epositicnal processes (Sclohub and Klecvan, 1977;

1cicla and Spencer, 1973).

Th2 author believes that sodiment texture as 1
Key Fnvircnmental Index for sedimentclecgicasl studies is
us=ful and justified, although qualifying restricticons

must be reccgnized.

S2dimentary 3tructures

Probably the two mest important Key Environmental
Indices that can be applied in any study of mcdern and
ancient sedimentoclogical envircnmen@s are the preserved
bedforms and sedimentary structures. Althcugh it 1is
pcssible tec locate structures that are similar and ye*
procduced in different depcsiticnal envirconments, it has

1c

+

17 been recogrized that bed deformaticrs cr bedforns
2xnibit regular variaticns in shaps 2s they resnond te
flow conditions. Moreover, wWhere tha sedimentary
structures are preserved, they 2an be usad tc slucidate

the type of depcsitional envircrinent.

Mocst studies of bedfcrms and structures preduced
by wave activity have bern performed in  2i%her the
offshore, the zone where rapid transformation begins,
cr in the foreshore aren where wave enargy dissipnies.,

Some detailed offshore investigaticns include those cof
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Inanan (1957), Tanner (1959, 1963) Ilewtcn (1968),
Clifton et al. (1971). The structures formed in the
foreshore zone have been described in even greater
detail as a result of their accessibility at low tide.
Such studies include the work of Gresswell (1937),
Thompscn (1937), King and Williams (1949), Davis et al.
(1972), Hayes (1972).

Research carried out on bedfecrms and the
structures found in the near shore zone has been very
limited with notable exceptions being Clifton et al,
(1971), Hunter et al. (1972), Davidson~Arnott and
Greenwood (1974, 1976). A facies model can be defined
by the various <characteristics o¢f the sedimentaticn
units within a stratigraphic sequence. So far, such
models have been absent fcer bayheads 1in a 1lacustrine
environment, and only available fer barred, non-barred

and barrier marine environments.

Stratigraphic Sequence

By using Walther's Lau, vertical and 1latecral
facies vrelationships can be considered as useful Key

Environmental Indices for a prograding shcreline,

One seldcm finds a shoreline "cutcrecp" that can
be traced for great distances in both lateral and

vertical extents. Nor is it feasible teo examine an
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entire shoreline in any other dimension than lateral.
In a prograding shoreline system, one can assume that
each foreshore facies will eventually be superjacent to
the facies that was previously offshore from it.
Therefore, moving vertically down-section is analogous
to moving offshore into deeper water where wave and
current conditions are 1less active. Carefully used,
these inferences about envirommental and hydrodynamic
constraints can add to our understanding of primary
sedimentary structures and sequential changes of

bedforms in vertical sections (Harms et al. 1975).

From the preceeding discussion, the Key
Environmental Indices for this thesis project are:
bedforms and sedimentary structures, stratigraphy, and

sediment texture.

Application Of Indices For This Study

Stratigraphical evidence obtained from a visual
evaluation of bedding sequences within each sample site
should permit classification of the type of
depositional environment. Sediments obtained from the
sample sites will enable sediment texture parameters to
be computed and combined in bivariate plots as a test
of their reliability for discriminating between

environments. The discriminating ability of sediment
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size distributions will be demonstrated by analyzing
their component populations. Finally, information
accrued from an examination of subenvircnment bedforms
and sedimentary structures will be assimilated into a
facies model for the modern environment. This facies
model can be wused in an evaluation of sediments

preserved in the ancient environment.
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CIAPTER TIIREE DATA ACQUISTITTON AND ALALYOES

The procedure for data cocllecticn emplceyad in

this raesearch can be cutlined according to primary and

seccndary scurces. The primary source irnicludes field
study data obtained froem surveying and sedimen®
sampling. Secondary sources ars based on datn
resulting  from the hindcasting cf waves, the
construction of refracticn diagrams frem a wave

rnergy-refraction computer programme (May, 1974), and
thn use cf air photemgraphs a2s well as  C(Canada

Topcgraphic 3eries 1:50,000 maps.

Primary Data

Survey Procedure

The surveying was accomplished by means of an
ensineer's level, a metric stadia rod, Brunton compass,
Abriecy level and metric tape. Twelve transects were
surveyzd in both mcderrn and arncient onvirconments, (Fig.
). The ancient ridges were surveyed rnormal fc  the
inferred shcreline, and fLthr mederm a~arshoras to the
maximum limit cf wading alermo 2 line rnorumal to  the
beach., This prccedure enabls! conbtour naps to be drawn
of 1littecral zcne and raised shoreline teopecgraphies.
Sarvey mecasurements were linlked to o peormonent  beach
murle  on the bockshore, sincc LU could be used as datum

for all mhps and proefiles.
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Sediment Sunpling

3ediment sampling consistzad cf phectoaraphing
secctions and remcving sediment samples frecn individual
sedimentation units in sequence threocughout a vertical
secticen as well as from surficial units along the
transects., Care was required, since the unit to  be
sampled could be contaminated by cther units in such 2
manner that an erroneous size distribution weuld result
when the data were computed. The s-mpling teochnique is
a medification of a scheme cutlinzd by Anan (1253), and
is 3 stratified systematiz sampling precceedure. By
sampling individual units from a vertical secticn,
stratigraphical and spatial control Yo insurni,
Textural paraumeters and grain size distributions were
determined for subenvironments both anrmnl and parallel
Lo the transects. Ancther sampling 2lternative is v~
systematic grid technique. Although this a~thed is
apparently free of operstor bias, it is nctusldy 1~ss
amenable because the interboedding of 2icl beds with
»xtremely thirn beds can lead te incensist:ncies wherchy
socme thin units are omitted., Th~o additionnl cquipmnt
required for demarcating the grid ond for selenting the
samples alsc makes this preoceedurs cunborsome ont time

consuning.,

Sediment samples and resin paerls of s-~dimentary

structur2s fron tha medern litteral zorno werse obtained
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from sediments contained within a stainless steel,
wedge- shaped box core sampler. This sampling device
measured 35 cm in height by 25 em in width and 15 em in
depth. The coring technique is a modification of a
scheme proposed by Klovan (1964) as implemented by
Davidson-Arnott and Greenwood (1974). This technique
permitted continual use of the coring device because a
galvanized sheet metal liner, which fitted within the
corer, could be immediately removed upon completion of
sampling from each site. Upon removal, each liner was
then packed with dry sand to prevent the core from
fracturing, and a 1l1lid bearing the orientation and
sample number was fastened by two screws. These units
were returned to the laboratory where all peels were
simultaneously cast. Figure 7 shows the coring device
as well as one sample unit ready for transport to the
laboratory. Care must be exercised to insure that the
core is sampled vertically, since deviation from this
will result 1in sedimentary structures that display

improper dip as a result of operator error.

The peels were cast by using a modified version
of a method originally outlined by Burger et al.
(1969). CIBA chemicals #6010 epoxy and #850 hardener
were mixed in a one to one ratio and poured over the
core, This was accompanied by muslin cloth, which was

immediately applied to provide a firm backing when
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FIGURE 7

BOX CORING UNIT
COMPLETE WITH ONE SAMPLE



polymerizaticn was completed, This mcthcd rnoct orly
:liminates two chemicals and additiconal ~osts but alse

i3 directly applicable o :ither fresh or saline water

corditions. Immediately after  the peels wer2 made,
sediment samples cecrresponding to individnal

szdimentaticon unilts were taken freom Lhe remuining core
sediments. Fach sadiment.oticn unit wuas defined by
primary sedimentary structures. Sampling ccnsisted of
scraping sediments from th: surface of ~2nch unit. This
procedurc was applied to sedimentaticon units within
vertical secctions for bcth modern  anl  ancient

chnvironments.

Sieve Analysis

Samples acquired frem each sit~ uesre~ prepared for

grain size analysis by wishing with dictilled wait~ar.

o orgenic material was  present. Sieving  cf 199
samples was carried out in accardanne witn Lhe
nethedoloegy of Folx (1974). Tyloer 3i2ves  1n

one-guarter phil increments and a Re-Tap nachine wnre
used for sieve purposes. Danple weights for siwls wern
70 grawms, while 250 gram samplaes were noc~ssary for
fine gravels. After a sieving tinme ¢f t2n minutes, A
chemical balance wias utilized Lo weigh size frazticons
ce 0.001 gram. Folk textural classifications,
frequency listributions, and size frequency statistics

cf mean particle siz=2, standird leviation, skoewness,
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kurtcsis, and relative entropy were calculated by a
Fortrarn IV computer programme (H{ane and Huberbt, 1953).
The size frequency statistics wer~ conputed ond
exhibited according tc the methcd cf mcoments as well as

thcse of Inman (1952) and Folk and Ward (1257).

Secondary Data

By utilizing an air pho<.ograpn saries (77 1425 3
82-3 84), a Canada Topographic series map (19/G/9/F),
and a Canada Hydrographic Bathymetriz chart (#2298), it
was possible to select areas that were accessible and

tc locate twelve ancient sample sites (Fig. 6).

Aind Data And Wave Hindcasting

The generation of waves, for the most part,

depends on the transfer of enerpgy from wind te  the

water  sur face, The period 2nd sigrificant height of
Lhe waves can be determined by the win! speed,
direction, duration, and fetch length, These wind

chiiracteristics were cbtained for Michael Bay from 1975
nourly wind data measured at South Bay, Maritoulin
Tsland. The data are recorded and szsenbled by the

(arnadinn Department Of Transport, Downsviaw, Ontaric.

Data were employed in  the Sverdrup, Munxk, and
Bratschneider (3.4.8.) WIve hirdeast, method, a3

enb b ined by the o5, Army Coanbal Lapine ring  Resoay el
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Center (C.E.R.C.) in 1973, to determine the significant

wave heights and periods for the varicus fetch lengths.

The S.M.B. method of hindcasting dcep water waves
from wind data is essentially the result of many wave
observations that were collected tc establish cmpirieal
relationships between the variables affecting the
growth of waves and the wave characteristies, For
exzmple, the curved lines indicating the significant
wave height (Fig. 8), were mcdified by Bretschneider
(1952) after Sverdrup and Munk (1947). He combined
additional empirical information concerning the wave
spectrum and wave generaticn parameters to refinz the
accuracy of this hindcast procedure,. is worl
concerned a combination of the feollowing ratiocs: (o/U
versus gF/UU and gH/UU versus gF/UU. (o is the deep
water velccity measured in feet per second, U is the
mean surface wind speed in eithar miles per hour or
knets, F 1is the fetch 1length 1in either statute or
rautical miles, H is the significant deep water wave
haight in feet, and g is the compcnent of gravitational

2cceleration in feet per second squareid.

Wave characteristics from this wave hindcast were
employed in a Fortran IV computer programme (May, 1974)
tc deteraine the wave refracticn pattern for Michael

i1y. This ecomputer programme was compatible for
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(omtrol Data (CDC) 5500 computer system and uas aannded

for use on a Xerox Sigma 7 computing system.

Wave Refraction

Refraction patterns for an  area are impertant
bocruse they permit descripticn of ccasthl processes
and an explanatiorn of shereline wmorphelegy. Tn
vidtition, predictive statements can bc made concerning
coastal change when combined with percentage fraquency

cf cccurrence data such as sterm wind parometors anld

dopth of disturbance ccnditicons.

WAVENRG (May, 1974) is a computer proqgrannce thatl
wds implemented to calculat~ the rafroztian patterns
and the litteral power gralient., Th»> wive pericd, deap
water wave helght, directiornn of propagzation, and
bathymetry are input data. Output from this proecgramme

includes:

i) tracking of inidividual rays to
a pcint whar~ Lh~ yave brotg;

ii) tetal br~ iy nowrr
(joules/a-snc.);

iii) the effective shore  parallel
componernt of brealer power
(joulas/m=-sec);
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iv) the mean longshore current
velocity (m/sec.) and the
direction of resultant flow
normal to the propagation
direction.

The criterion for breaking waves is 0.78 or where
the ratioc of wave height to water depth exceeds this
value. The total breaker power gives an indication of
the potential energy within one point along the wave
ray as well as along the entire wave front. Kinetic
energy is indicated by the shore parallel component of

breaker power, since this 1index relates to bed

friction.

There are some assumptions within this programme
that must be pointed out. It 1is assumed that no
significant energy loss occurs as a result of internal
friction, free surface friction, adverse currents or
percolation into the bed. However, Lamb (1945)
demonstrated that internal friction as a cause of wave
energy loss is negligible for water because of its 1low
viscosity. The effect of free surface friction is
eliminated by assuming absence of wind. The bottom
friction 1is negligible for water depths exceeding

one-half the wavelength.

Computer "noise" that would be generated when

running closely spaced rays was alleviated by running
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individual wave rays for each direction of wave

propagation.
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CHAPTER FOUR EXAMINATION OF MODERN AND ANCIENT ENVIRONMENTS

Modern Environment

The investigation of the embayment included the
refraction, bathymetric, and sedimentological

characteristics.

Wave Refraction

Wave refration diagrams for Michael Bay were
constructed by using the wave characteristics from wave
hindcasting and data collected by the Canada
Hydrographic Service as well as data from littoral zone
surveying. The method applied to draw the refraction
diagrams is a numerical technique described by May
(1974). An alternative method is the graphical
technique, but this approach requires manual
construction of the diagrams (King, 1972; C.E.R.C.,
1973).

Grand means for wave period and significant deep
water heights for each direction of propagation were
used as 1input data. These represent the most
frequent occurrence of refraction patterns for winds
generated from the west and the southwest. In addition

wave rays were generated from the south southwest by
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using the southwest wind data. This was nercessary
since discrete data wern nct available for this
direction. Winds arriving at thz sabaym~ont Trom  other
directions are not sigrificant cwing to fthe enclosed
rature of the site. For exanple, northwest, ncrtheast,
and north winds are ineffective owing tc the prasence
of land. Similarly, Walker Point wculd cause
attenuation of waves from the scuth. Table 1 -xhibits

the data that were emplcyed in this refraztion study.

dave refraction diagrams for Michael Bay are
illustrated in Figures 2, 17, and 11. The nunber at
the terminus of each ray 1s the breaker wuave power
parameter (joules/metre~-second), wunich was determines
within the computer programme, This can be considered
7 relative measure of wavn energy. The deep water wave
lengths fcr each of the diapgrams are unrnlated, since
the mean wave heights and pericds for cazch wave
Jirection are different. Therefore, thesre breaker-wave
power parameters are only comparable betwoensn wave rays
uithin each diagram., Positive and rnegative values
indicate the direction of longshore transport as viowed
from  cffshere. The positive sigr renfers to transport
towards the right while the negative sign ccnversely

irdicates transport to the left.



36

TABLE 1

SUMMARY OF WAVE CHARACTERISTICS
FOR MICHAEL BAY WAVE REFRACTION DIAGRAMS

Wind Mean Mean Fetch

Direction Significant Period Length
Height (m) (Sec) (km)

West .40 5.3 117.12

Southwest .43 6.4 173.92

South Southwest 43 6.4 160.52
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When waves approach from the west, as shown in
Figure 9, the wave power parameters indicate low wave
energy in the bayhead (11.96 to 15.97 joules/m-sec.),
whereas, relatively higher wave energy (30.24 to 80.13
joules/m-sec.) occurs in the area south of Blue Jay
Creek. Figure 10 exhibits highest values of wave
energy distribution and transport direction. These
high energy values occur for southwest waves and are
explained by the greater magnitude and frequency of
winds. It also signifies +that higher and 1longer
duration waves will occur and these are capable of
producing more work at the shoreline. The refraction
pattern for southwest wind data for waves generated
from the south southwest represents the lowest values
of the significant wave spectra that would influence
Michael Bay. Wave power values are lowest while
transport directions are similar to the other two

diagrams.

The results for each wave refraction diagram
indicate areas of potential erosion and transport
direction. The area to the south of the Michael Bay
-Blue Jay Creek interface exhibits a net transport
direction to the north while the bayhead is
characterised by only localized transport as indicated
by the lower wave power values and by the variability

in transport direction, This embayment can be
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2lassified as low eneray, sincn sigrnificsnt breaker
heisght will be frequently less than corne metr~, ((lifton

at al., 1971). The resnlts alsc  indiente  tha

ot

miaznitude and frequency cf winds ars mere  important
than  the feteh, This is in agreecment with reasults

cbtained by Johnson (1945),

Littoral Zore Bathymetry

The Michanl Bay 1littcral =zcne ot  Shoe Sayhead
spans 1.2 kilometres and consists ¢f a broad shoal zcone
lakeward o¢f the cuspate shoreline. Alsc praosent is a
multiple longshore bar system that comprises <uc to
Lthree bars which are shaped either subcrescentic or
piarallel in plan. Figure 12 displays those features as
well as  th2 bathymetry. Figures 13 and 1% arc  bettor
indicaticns of the subaquecus topeigraphy with the

survey lines corresponding to these shown in Figure 5,

Longshore Bar Topcgraphy

Longshore Dbars can occur as 2ither single or
multiple features. "The rnumber c¢f Dbors 1is areator
where the gradient is flatter" (1ands, 1976). This
serves as a pcssible explanaticn for Lhe saries of bars
Wwithin the embaywment, sine~ the mezn gradlent is
apprceximately 1:897. Kindle (1236) roted as many as ten
longshcre Dboars present within Chesapeakes Ray. These

pcssessed a wavelength c¢f 25 metres and werc attributoed
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to a gentle gradient. Evans (1940) reported that three
bars were commonly present for fine sediments in the
eastern shore of Lake Michigan. 1In Michael Bay, a mean
surficial sediment size of 3.1320 is the primary factor
that contributes to this gradient, while a secondary
factor is the basin configuration whereby headlands are
capable of protecting the shoreline from erosion by
high energy waves. Moreover, minimum wave energy is

concentrated in the bayhead.

The relative spacing of bars can be Dbest
explained by the characteristics of the wave climate.
The bars occupy a wide zone across the bayhead but only
extend 1lakeward within a range of 160 metres. A mean
wavelength of 20 metres between the 1landward and
central bar, and 30 metres between the central and
lakeward bar is indicative of low energy, since higher
energy waves would obviously create a bar topography
farther lakeward with a greater wavelength between
successive bars or troughs, (Keulegan, 1948; King and
Williams, 1949; Carter, Lui, and Mei, 1973; Lau and
Travis, 1973). Thus, the characteristics of the wave
climate, the 1littoral zone gradient, and the fine
sediment size are apparently conducive to this pattern

of multiple bar topography.



46

Sediment Samples

Sediments sampled from 43 sites extending from
the berm through other subenvironments were examined to
determine the textural pattern of surficial sediments
and textural properties of bedforms evident in vertical
sections (Fig. 15). Twenty seven sites were sampled
for both surficial sediments and subsurface sediments,
while the remaining sixteen sites were sampled solely

for surficial sediments throughout the littoral zone.

Ancient Environment

Twelve sites within the ancient bayhead were
sampled for their textural properties. Six of these
sites were then selected for more detailed analyses
concerning their sedimentological and morphological
attributes. The six sites are depicted in Figures 16
to 21. They illustrate the bedding characteristics for
each site, and they respectively correspond to sample

sites: MB1, MB3, MB5, MB6, MB10, and MB12,

Interpretation Of Sites

An interpretation will be made of these
photographed sections in an attempt to determine the
type of depositional environment. This interpretation

/

consists of information from visual evaluation of

sedimentary structures, provenance of sediments as well
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FIGURE 16

SAMPLE SITE: MBl Ancient Beach Ridges And
Corresponding Sediments
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FIGURE 17
SAMPLE SITE: MB3
Fluvial Sediments

Scale 1 Metre
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FIGURE 18

SAMPLE SITE MB5: Ancient Beach Ridge
Bottom Photograph Shows Beach Sediments
That Are Located Beneath The Shovel Of
The Top Photograph

Scale 1 Metre

1B
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FIGURE 19

SAMPLE SITE MB6
Ancient Beach Sediments
Top Scale 1 Metre
Bottom Scale 6 cm
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FIGURE 20
SAMPLE SITE: MBIO Ancient Dune And Subjacent Beach Sediments

Scale 1 Metre
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FIGURE 21 )
SAMPLE SITE: MB12 Ancient Beach Ridge Sediments

Scale 1 Metre
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as from mcrphology of the features., Visuanl nvidewz-
from the phcoctographs suggests that the deposits czrn He
classified as lacustrine (Figs. 15, 1%, 19, 21},

fluvial (Fig. 17), and dune (Fig. 20).

Figure 16 displays the mecrphcleoy of two ridges
22 well as sediments within the ridge in the
buckground, (Sample Site MB1). These are inforred os
bzach sediments because they are stratifiod in A
lakeward direction and the imbrication clearly reflects
the clast-supported socriting characteristic cf
lacustrine beach sediments., Sediment sizes range from
-3.250 to -5.500. The sediment morphology exhibits
rcundness values that range from .22 fcr the cobbles to

.83 for the pebbles. Mean rounirness is .515 for these

(o

sediments. Measurecments of axes carried cut
according to Folk (127H) indicate that pebbles (-5.500
tec =5.75@) are very platy and platy; small cobbles
(-5.008 to -7.008) are very nrlongated and elongated;
and large cobbles (-7.502 to =3.258) are compact,
bladed and bladed. In plan, these ridges cxtend yithin
n range o¢f 140 to 200 metres in length =3znd arec
genetically related te the local bedrcocel. The prefiles
shcwn in Figure 22 indicate the ridge mcrpholegy for
th2 sample area. Sadiments within shallow exposurns

alcrng th2 central porticn ¢f the centre and most

lakeward ridge were poorly sorted and almcst diamictic,
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while the western perticn o¢f thesa same ridges
exhibitned definite imbricaticon an ! sequence  of

stratification. The only pcssible explanation for this
disrupticn in lateral continuity cf sorting arises from
s21iment disturbance by inhabitants of the Michael Bay
Village. These ridges are nct believed Lo be induced
cr modified by fluvial procersses, since th= trough
between these ridges exhibiis a weak bculder pavement
that 1s considered a lag deposit formed Dby lacustrin:

prccesses. Mcrecver, fine sand clay or nmud, were nct

evident in any of these zones nocr war

[0

they cverlying
the ccarse sediments found in the crest zone of thz
ridges. The absence of fine sediments in th~so  zones
tends to indicate that fluvial processcss r~loating to
channel lag, point bar, and channel bar activity w-ore

absent.

The fluvial sediments shown in Figure 17 (Dample
1 I

Jite MB3) indicate that drninage frem » yastern  socurce

succeeded lacustrine proccessnes in the aren, This
irterpretation 1is  jJustified bec-:use tha fluvinl

.sediments in  this secticn are nct subjacent to eithor
lacustrine or dune sedimenias., Instead, 1% apprnars that
this was a mincr, lecal outlet for drairnage irntc tho

prosent Manitou River.
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The photographs of Sample Site MB5 (Fig. 18)
pertain to sections which display ridge and 1lower
foreshore sediments. These sediments are characterised
by inverse grading, which 1is typical of regressing
waters, and a strong lateral persistence of
sedimentation units which 1is common to wavelain
environments. The gravels and sands correspond to
lower foreshore sediments, while the shingle and
cobbles are evidence of higher energy swash and berm
sediments. The source of the shingle can be ascribed
to two large bedrock outerops situated to the west and
east. These are situated 1less than 200 metres from
this site in conjunction with two minor surficial
outcrops that are located in closer proximity to this
site.

The Sample Site MB6, shown in Figure 19, is
.located 78 metres south or lakeward of Sample Site MBS5.
The 1lowest units in this site are landward dipping and
are subjacent to lakeward sloping foreshore sediments.

It is suggested that this is a berm sequence.

The dune sediments shown in Figure 20 of Sample
Site MB10 represent a migrating foredune that overlies
beach sediments. Figure 21 depicts another beach ridge
sequence that is subjacent to a thin unit of dune

sands.
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CHAPTER FIVE SEDIMENTOLOGICAL CHARACTERISTICS
AND SEDIMENTARY PROCESSES

Textural Parameters

As a result of the interaction of depositional
and post-depositional processes, sediments found in
different environments exhibit many different forms.
These forms of sediment deposition have resulted in
attempts to find measures that describe the deposits
and to determine the processes that act or have acted
upon them. Grain size 1is a measure that Griffiths
(1967) considers to provide information which may be
interpreted in terms of sedimentation processes and 1is
a reflection of the manner in which the sediments were

deposited.

Size-frequency distributions obtained from grain
size analysis have been used to calculate textural
parameters. These parameters have been employed widely
in many studies because they are thought to reflect
processes, which énable discrimination between
ehvironments. Friedman (1961) suggests that textural
parameters are significant because the processes they
reflect are the mode of transportation and +the energy
of the transporting medium. Greenwood (1969) has also
pointed out that sediment dynamics and energy 1levels
within different environments are readily recognized as

influenéing the resulting sedimentary deposit.
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Mo st sedimentologists believe that the
application of textural parameters is useful and valid
for interpreting environments. Some researchers,
however, have not considered these parameters to be
environmentally sensitive. Shepard and Young (1961);
Schlee et al. (1964); Sevon (1966) have presented data
obtained from settling tubes to indicate that textural
parameters are not environmentally sensitive and these
parameters were unreliable for differentiating between

modern lacustrine and fluvial sands.

Various measures have Dbeen proposed for the
derivation of textural parameters. Folk and Ward
(1957) made use of graphic measures as a computational
technique, since it enabled the use of a wider range of
the total distribution. A limitation in this measure
is the few number of points from the cumulative curve
that can be employed in computations of textural
parameters. Therefore, characteristics of &the size
distribution may not be exhibited, and the computation
of an environmentally sensitive parameter such as
skewness would not be possible. This would occcur if
the weight percentage of either the finest or coarsest
grain size class exceeds five per cent. An efficient
estimator of the population parameters is the method of
moments, Its use involves the entire frequency
distribution rather than selected percentiles as in the

graphical measure.
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Geological Significance Of Textural Parameters

The application of textural parameters for
discrimination between environments requires acceptance
of the assumption that these parameters reflect
processes of sedimentation and the energy of the
transporting medium. This implies that each of the
parameters can be defined by their geoclogical

significance as follows:

i) Mean Size of a particle is a
measure of the average
particle size present in a
sedimentation unit. It can be
interpreted as a measure of
the kinetic energy or mean
velocity of the depositing
agent.

ii) Standard Deviation is an index
of sorting that measures the
dispersion of a distribution
about a central tendency such
as the mean. Well sorted
sediments are indicated by a
low numerical value whereas,
poorly sorted sediments are
represented by high values.
This index can also describe
energy conditions within an
environment, since good
sorting in a beach environment
is associated with constant
energy conditions and
decreasing mean size.




iii) D7ewness  can a0 Yescribed s
Lhe t-ndency of o distributicn
te depart frem o symnetrical
{form, md 1L measur~s  the
syrmelry and  dictribution in
the tnils of the curve, A
nagatively skewed graivn size

distribution posSs5es3s5ns a
cenceantraotion of coAar se
material  and o deficiency in
fine grain  size fractions.

Studies portaining  toe modern
beach und dune deposits have
indicrted tant the sediments
are roespretively negatively
1 positively skeved,

iv) {urtcosis is an index of
scrting  and  th~ Jdesree cf

peakedress of a given curve,
The prakednass of 2 curve is
measured  and  if the central
pertion is mocre pealkel than
the t1ils, tha eurve  is
desaribed as  loptcochurtiir  anAd
better sorted. But 1f the
relative fr»quencies ar -~
similer  in th~ tails ralative
te the cenbral pertisn  then
the curve i3 platykurtic,

Sur ficial Sediments

Textural par ameter s for  surficial  scdiments
corresponding to swash and bern subenvirenments 2long
tho bezach anl barred topography subzsnvircnments across
nor phodynamic zones are respectbtively shown in  Figuroes

23 and 24 (zlso sse Sites A-7, Fig. 12).

Swash  and  berm  paramet2r plots of nean sizo
indicate tharn Lhe borin sediments tend Lo by ffiner  than

Swash i ceeur  within a more limited ranpge of pgrain
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sizes (Fig. 23). A process of selective sorting and
preferential deposition by decreasing wave energy from
the 1lower foreshore to the upper foreshore is evident.
Therefore, deposition of fine sediment at +the berm
results from a decrease in swash velocity. The berm
sediments are not associated with aeolian activity
owing to the presence of swash marks. These marks also
indicate that the sediments were associated with
decreasing swash velocity. Since swash sediments
display a greater range of mean sediment sizes, they
reflect the relative energy prevailing at sites where
sediments were sampled. Coarser sands were sampled
from the horn or apeg}g% the cuspate shoreline, while
the finer swash sands reflect the embayment of this
shoreline morphology. All swash samples were taken
when the water receded because the textural properties
and size distributions are more accurately represented.
For example, sampling during swash or backwash will
incorﬁorate suspended 1load. This load will influence
the characteristics of the resulting sediment

parameters and size distributions.

Sorting, skewness, and kurtosis parameter plots
for berm samples also fluctuate less in range than the
swash samples. This may be ascribed tc more constant
energy levels in the berm which result 1in a more

homogeneous distribution of sediment. In contrast, the
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action of swash-backwash farther down the foreshore
induces poorer sorting by mixing coarse and medium size

grains.

Surficial sediment profiles normal to shore
indicate that coarsest sediments are situated in the
swash and trough subenvironments (Fig. 24). The trough
zones are characterised by coarser less well sorted
sediment. Other subenvironments within the transect
exhibit better sorting and distinet variations 1in
presence of either <c¢oarse of fine sediments. For
example, the 1landward slope nearest to shore has well
sorted sediments that primarily comprise fine sediment.
This is evident when these slope sediments are compared
with the adjacent crest sediments which exhibit similar
sorting but contain coarser sands. The discrete
variations of sediment size for the subenvironments
reflect hydrodynamic processes. The bar crest
sediments are coarser because the shallow water depth
enables breaking waves and passing troughs to transport
fine sediments from this zone. As a result of these
processes, only coarser sediments prevail. The
subenvironments of the most 1l akeward bar are
characterised by finer grained and homogeneous
surficial sediment sizes. These sediment sizes reflect
the decrease in competency of the waves as a result of

an increase in water depth over this entire feature.
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This increase in water depth reduces the ability of a

passing wave form to entrain coarser sediments.

Techniques Employed For Distinguishing Between Environments

t

Bivariate Analysis

According to Mason and Folk (1958),
differentiation between marine, aeolian, and fluvial
sediments could be obtained from plotting combinations
of textural parameters. Friedman (1961) found that
good separation resulted from plotting skewness versus
standard deviation, while Moiola and Weiser (1968)
favoured mean diameter versus skewness . for
differentiation between environments. Plots of mean
versus standard deviation, skewness, and kurtosis, and
a plot of skewness versus standard deviation will be
made for the Michael Bay sediments of modern berm and
swash, and inferred ancient environments of beach,

fluvial, and dune.

Friedman and Moicla and Weiser did not plot three
depositional environments on their diagrams. Sediments
from beach and fluvial environments (Friedman, 1967) as
well as from fluvial and dune environments (Moiola and
Weiser, 1968) were wused for plots of mean versus
standard deviation. Beach and fluvial (Friedman, 1967)

and beach and dune (Moiola and Weiser, 1968)



cnvircnments were  compared by plotting mean versus
sikewness values. Beach a~d fluvial envirenm-onts wore
cempared by the authors in pleots of standard deviation

ver sus skewness.

Irn  this study, two cbjectives are fulfilled by
plotting mcdern cnvironment seliment parametars
separately from the ancient paramstors. Th~ firs«
permits a ccmparison ¢f the Imown mcdern lacustrine
seiiments  with the werks of Friedman (1951, 17267) and
“oicla and Weiser (1968%). The secon!l cnables a
cecmparison o¢f the mcedern Dbeach sediments with the
inferred ancient lacustrire, fluvial, an i dune

sediments.

Component Population Analysis

Visher (1959) related the shape of the grein size
curve to the mode of transport by plctting phi
increments versus cumulative frequency percentage  orn
arithmetic-probability paper. This analysis uas hHased
or. the idertificatiocn of subpocpulaticns within

individual sample distributions.

Results frem cornfirmative r~search have indicated
tnaft these curves are useful for zither differentiation
boetween oenvironmoents or interproftation of deposition )
procos3en (Upehurehy, 1905 fireonwood, 197 05 Lo tmer

197 4; Middleton, 1975).
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Bivariate Plots showing four combinations of

moment measures are illustrated in Figures 25 through
32. These plots include sediments from both modern and
ancient environments. Modern environment swash and
berm samples were plotted separately from the inferred

ancient beach, fluvial, and dune sediments.

Plots of mean diameter versus standard deviation
indicate that finer grained swash and berm sediments
are well sorted in the modern environment (Fig. 25).
However, no meaningful separation was evident between
the distribution of these lacustrine sediments and the
limits set by Friedman (1967) and Moiola and Weiser
(1968) for discriminating their environments. These
beach sediments plot as both beach and fluvial
according to Friedman's work, while they plot as dune
and fluvial in Moiola and Weiser's diagram. The
inferred beach and fluvial sediments of Figure 26 also
exhibited the same trends. Only the inferred dune

sediments are clearly discriminated.

An examination of inferred ancient beach
sediments indicates that they are better sorted than
the inferred ancient fluvial sediments (Fig. 26). An
area is also present where ancient fluvial sediments
cannot be differentiaéed from the modern beach and

inferred ancient beach sediments. This is also the
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same area (2.420) where the known modern beach could
not be discriminated from the fluvial and dune
environments of Friedman and Moiola and Weiser. Thus,

a plot of mean versus standard deviation is not a
sufficient measure for discriminating between

environments.

Modern swash and berm environment plots of mean
versus skewness compares favourably with Friedman's
(1961) dune versus beach environment plots. A beach
envirohment is accurately represented by this plot
(Fig. 27T). The ancient sediments do not exhibit
discernable trends because many of the inferred fluvial
and beach sediments are assigned to a dune environment

(Fig. 28).

The controlling parameter is the mean size which
probably reflects the competency differential within
the modern environment; whereas, skewness appears to be
of only relatively minor wusefulness. This can be
explained by the environmental sensitivity that
indicates both positive and negative values for both
the modern beaches and the inferred ancient fluvial and
lacustrine sediments. This environmental sensitivity

may be a result of diagenesis.
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The mean diameter veréus kurtosis plot for the
modern environment shows a platykurtic trend for the
swash and berm sediments (Fig. 29). The inferred
ancient beach sands are more leptokurtic, while the
fluvial sands attain platykurtic properties with
decreasing grain size (Fig. 30). Only the inferred
dune sediments (Fig. 30) plot separately from the other
ancient sediments and the modern beach sediments (Fig.
29). There are no discernable trends from a comparison
of plots between the modern beach plots versus the
ancient sediments. Nor are there any trends exhibited
from solely examining patterns of inferred ancient

fluvial and beach sediments.

Figures 31 and 32 are plots of skewness versus
standard deviation, and these are the most effective
discriminators. They compare the best with the
patterns and limits outlined by Friedman (1961, 1967)
and Moiola and Weiser (1968). Similarly, a comparison
of the swash and berm diagram of Figure 31 with the
ancient sediment plots of Figure 32 exhibit a distinct
pattern of separation for both modern and inferred
beaches as they relate to the ancient fluvial and dune
sediments. This pattern indicates that when skewness
is plotted against standard deviation, a distinct zone
is present for both modern and ancient beaches. These

are better sorted than the inferred fluvial sediments.
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The beach samples may reflect a more 1limited and
constant range of energy 1level than the fluvial

sediments.

The results from this analysis show that for all
cases inferred dune sediments can be discriminated from
beach and fluvial environments. Discrimination between
inferred beach and fluvial environments occur best in a
plot of skewness versus standard deviation. This
concurs with results from Friedman's research. Other
plots concerning mean diameter versus standard
deviation, skewness, and kurtosis are not diagnostic of

depositional environments.

The results from an application of bivariate
plots have not been successful for distinguishing
environments. Only the results obtained from plots of
skewness versus standard deviation exhibit trends that
are fully comparable between modern and ancient
diagrams as well as with published results. The
inferred ancient beach sediments plot in a pattern that
is commensurable with the known modern beach
environment as well as the limits outlined by Friedman
(1961, 1967). Moreover, the inferred fluvial and dune
samples also fall within their respective areas when

compared to Friedman's work.



Investigations of C(Component Populaticns from

grain size distributions by Visher (1953), Upchurch
(1970), and Grecenwood (1972) have shown that grain size
plcts on arithnetic probability paper enable a
differentiation tc be made between dune and beach

environments.

Beach sediments c¢f swash corigin usually exhibit
tvuo saltation populaticns, in addition tec the bedlcad
and suspension pcpulaticns. Kclmer (1972) Thas
demcnstrated by using a wave tank, that these two
saltation pecpulations are related fo prccesses of swash
and backwash. In contrast, most deltalc environments
are characterised by a well-developed single snltation
population. A fine size fraction of s5ilts and clays
corntribute to a large suspensicn population, Deltzice

sands can also possess a single large saltaticon and

bedlecad  populaticen, whil= «cthers can  exhibit Ltwo
saltation pocpulations much similar to beach
distributicns. Aeclian sadinent curves ar e

characterised by &g larce, single saltation population
and  alsoc possess  small bedload and susponsicn
compenz2nts  that occur within a2 limited size range,
Tacerefore, by using these curve characteristics as well
as thosc cbtained from the mcdern lacustrine
nvircnment, it shcould be possible tc determine the

depcsiticnal environments of the ancient sediments.
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It must be noted that according to Visher (1969,
P. 1094), "size curves can differ between modern and
ancient environments". Ancient samples differ because
diagenesis can produce fine grained sediments that
would result in different sorting characteristics for a
given sample. This modifies the resulting curve shape.
Such a process must be recognised before grain size

distributions of ancient sediments are interpreted.

Chéracteristic curves for various modern and
ancient sample sites are shown in Figures 33 to 38.
These are believed to be diagnostic of both modern and
ancient environments. Moreover, a careful examination
of curves for modern environments reveals definite
trends that enable characteristic curves to be
presented for specific subenvironments within the
modern nearshore.

Berm and swash subenvironment samples from the
modern beach have curve types that indicate well sorted
sediments are present in each subpopulation. This 1is
indicated by the slope of the curve, and the most
distinguishing characteristic of these modern samples
is the steepness of the suspension population.
Percentage occurrence of suspended sediment is greater
in the berm samples. This may also reflect the
competency range of the wave activity. The absence

of a strongly developed suspension population in the
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COMPONENT POPULATIONS
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swish sediments may be a result of saltaticn and
suspension population mixing (Spencer, 1963). Tha
prosence of two saltation populaticns 1is an irnherent
chw.racteristic of the majcrity cf Michael Bay
sediments. Two cf the swash sauples cnly ~xhibited cn-
sdltation ccmponent, and this tends tc reflect the
unimodal distributicn of sediments within the sample.
on» of these curves is shewn irn  Figure 35,
Similarities between the modern swash and  reirnt
beach  curves are evident in a compariscn of Figures 33
and 34 with Figures 35 and 36. Thes~ suggnest o sSwash
envircnment for the lacustrine seliments sampled from
the ancient beaches. In addition, all =sncient swash
sediments were sampled from units which were subjacent
tc sands that exhibited berm cr dur.e curve
nharactearistics. This trend roflects the
sedimentclogical prceperties c¢f beach ficirs feormed

withi= in environment of regrossing woter level,

Examples c¢f sodimexts samplel frown Sampl~ Site
M85 ar= shown in Figure 37. Many of these curv=zs ar~
apparerntly similar to c¢res from mnedern =ni ancient
beach envircnmonts. However, they 1o have discernable
propaertiaes that allew for diffrentinticn betwaen tha
twoe tLypes of environments fcr all sziiment sizz renges.
For example, the main curv: characteristics that can be

wpplied to all samples are~: a2 low slopr  suspensicon



population, a predeminnting saltaticn population with a
mcderately high slope, and A hedlcad slcps of
intermediate steepness rrnlative to thz saltation and
suspension populations. This 1low =angle suspension
component indicates relatively pocor sorting and is
evident 1in coarse and fine samples. The saltation
pcpulaticn exhibits fair toc good scorting in beth typ:s
c¢f samples, while the bedlcad populstion in the coarse

and fine sands show moderate tc 3ccd scrting.

Figure 38 shows dune sediments characteristic of
sites MB7 to MBi12. The most wuseful criterion feor
distinguishing dunes is th= unusally high propecrticn ¢of
sediment in the saltation populaticn . This represents
all but a small percentage ¢f the tcectal distribution
for a given sample,. Its slcpe 1is strep whieh is
indicative of well sorted sediment, and the suspension
pcpulaticn, which exhibits gocd scrting, compris~s only
@ small percentage of the distributicon. Th~» bedload
compecnent is  always prescnt and exhibits pgood sorting

characteristics.

(omponent pcpulaticn curves for barred rearshere
subenvironments of <trough, landuard slcpe, crest, anli
lakeward slope are shown in Figures 39 and ho.
Sediment samples were obtained from units of the box

ccr> sections. The subenvircnments and ccorraspending
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bedforms that were sampled are: trcocugh-asymmetrical
ripple cross-laminae; landward slope-massive bedding;
bar crest-symmetrical ripples; Takeward

slcpe-oscillaticn ripple cross laminaz,

Figure 39 shows cumulative populaticn curves for
trough sediments. These curves exhibit a distinct
bedload component of mcderate sorting, and single
suspension and saltation populaticns that display gcold

sorting.

Landward slope curves ~xhibit pocrest sorted
suspensicn pcpulatiocns while the remaindar of the curve
displays segments that have no significance as thry
relate to specific populaticns (Fig. 39). Such scrting
suggests that not only wave <2nergy 1is important in
sediment transport and scrting but alsc gravity is an
additional enargy source, since it causes avalanche of

sediment down this slope.

Crest curves, shown in Figure N0, are primarily
dominated by a single saltaticn population. Bedlcad
pcpulation is very well sorted ond o¢ccupies a

rzletively small percentage of the distribution.

The lakeward slope subenvironment curves, also

shown in Figure 40, have the best scrting
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charaecteristics in  the suspensicn and sultaticon
populaticns. The bedlcad pecpulation is only wncderately
sorted but js characterised by its small percentage in

325

the Jdistribution.

A faci:s mocdel can be defined by the various
attributes of the sedimentaticn wunits within a
stratigraphic sequence. One attribute that can be usel
is the grain size distribution. When plotted as
cumulative frequency curves fcor the mcdern nearshore
subenvironments and for the ancient beach, fluvial, and
dune envircnments, they are believed by the author to
bz useful as a facies indicatcr. Thus, characteristics
c¢f component pcpulaticns ar~ presented as a facies
indicator that sclely pertains to use cf the grain size
distribution (Table 2). Fur thermoere, cnly
commensurable results can be azcrued by ccnpariseon with
fine grained nearshore sndiments in 2 bayhoadi, and for
specific ranges of grain size in ncientl environments,

These sizes are listed on Tabla 2 as nll as graphical

2

illustraticns of typical cumnulative curves, percentagne

P

cceurrence cf bedlcad, saltaticn, and suspensinn
ccmponents, and sleope inclinations. The curves arn
rapresantitive of 73 ancient environmcent sanples as

well as 08 medern environment samples.

-



GRAIN SIZE _FACIES TYPICAL PROBABILITY CURVE SLOPE CHARACTERISTICS PERCENTAGE OCCURRENCE OF POPULATIONS COMPETENCY RANGE
WpICAINg
BEDLOAD SALTATION SUSPENSION BEDLOAD SALTATION SUSPENSION MA XA At s
MODERN
Swask / / 64 55 80 56 8-20% 60-90%7 .8-.11% -2/4.250 524,250
BERM 43 76 44 .05-.15% 92.7-99.67 .06-.14% }.25/4.250Q
.5/4.250
TROUGH 46 80 65 2-9.5%  89-97% .16-.31% |-.50/4.259
: -.25/4.25¢
LANDWARD SIOPE —//r — - - T e e —.75/4.25¢
CREST ///' 59 79 57 .13-.46% 99.5-99.7% .04-.16% |.25/425 1.0/4.25¢
LAKEWARD SLOPE / 24 75 63 N5~ .11% 99.3-99.77 .21-37% -.50/4,25¢
-.25/4.259
ANCIENT
Y 1 Fine
45 73 16 .06-.137 99.3-99.6% 2-.67 .25/4.259
FLUVIAL Coarse .
36 78 17 L4-437 47.3-99,3% .03-.13% | -5/4.25(
oot Fine
BEACH 59 50 75 60 1.15-6.36% 63-947, 02-.11% +~.5/4.2548 1.0/4.25
Coarse
52 28 76 41 .05-747% 19.8-98.2% .08-.23% F4.5/4.2508-2/4.25
DUNE
58 79 55 .3-.8%7 97.2-99.8% .03-.2% 1.5/4.259 1.5/4.25

TABLE 2

16



The author does not wish to imply +that =absolute
facies 1identificaticn from <component pepulations is
always pessible or simple to nechieve., 3Size curves from
cuher researchers will possibly deviate tc  rither 4
Jreater or lesser extent than the illustrataed typical

curves, Tnis most probably depends on cne's sampling

tzchniques, In many instances, a definite affinity
Lc cn2 envirconment-subenvircnument grain size fncles or

another could be difficult te  discern. Thesa
limitatiors will be noticed particul-rly whinm
interpretations are reshtricted to =cingle samples.

ilcwever, with proper use 25prciall in conjuncticn
’ ?

with other sources of Iinformation such as bedforms,
sineralecgy, fossils, and biotn, compunent pecpulation

mmalysis can reveal important asprcts concerning

sprcific depositional localces.

Samnary

Statistical paramet2rs of mean srain size,
standard deviation, skewnoess, and lkurtosis empleoyed in
bivauriate plots provide cnly limited satisfactory
identification of depcsitional envirconments, Scrting
is apparently the mnest sigrificant statistical
paraneter while the other parameters dc =nct adequately
reflect variations within size distributions,. As 0
result, the bivariate plects dc not render results that

are consistent with claims cf cther workers., Only a



plct of skewness versus standard deviation as suggested
by Friedmanr (1961) is useful for discriminating between

snvironments.

Component populations typiecally display two or
mcre straight segments that apparently reflect bedlcad,
saltation and suspension cemponents of sediment
transport, The attributes of these curves have proven
useful for discriminating Dbctween beach, dune, and
fluvial envircnments. The mcst significant attributes
ar2 as follows: the relative 1importance cf tho
bedload, saltation, and suspensicn components, the
slope cr sorting displayed by these cocmponents, the phi
range of occurrence for caczh conpenent, and  the phi
range that each envirconment cor subenvironment sample
comprises. Depositicnal processes c¢an be o2lucidated
from a detailed study of a ccubinaticn of these
attributes. Interpretafions are only reliable for
cmbayed envircnments that consist of finoe sand and for
ancient beach sediments thit cccur within the ocutlined
phi or competency range. Thesc become wmcre meaningful
Mot used in conjunction with additional
sedimentclegical, bicleociicnl or nalecntelogical

ovidence.
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CIAPTER SIX NEARSHORE FACTIES IDEJITIFICATION
TASED ON PRIMARY SEDTMENTARY STRUCTURES AND BEDFNARMS

Probably the most impecrtant s2iimentclogical
ittributes that can be wused in A study of facies
are the primary sedimentary structures 2nd  bedforms
pr :served within a vertical sacticn, Altucugh it is
possible to find structures that arz2 similar and yet
produced in different decpositional envircnments, it has
long been reccgnized that bedforms exhibit regular
variations in shape as they re=spond te Jdifferences ir
flow snditions. Where the sadimentary structures are
preserved, they can be usad te =2lucidate the ‘Ltype and

processes of depositional envircrments.

Direct cbservations of s~ 1iment Lr amspor b,
processes are difficult, especiully during high cneray
conditions or in a zcne of rapil wave Lransformaticon.,
Ther~fore, 2 study cof hedfcrms and sclimentary

structures from these and cther zonhes 2an be us>ful {or

cbtaining information relating tc prevailing  bed
conditions, sediment Lransport Jdirecticons, 2nd
nearshere processes that have occcurread vithin

subenvironments of mer phodynamic zones.

An  ozxamination of sedimentary  strurtures  for

barred nearshore subenvironments wais possible by use of



bocx coring  and by casting resin poels., Structures in
th: foroeshoroe were examined by trenching sceticons, all
of which were photographad, This 2vidence w3s usad to
build a lacustrine facins mcdel for barred nourshore
subenvircnments in the bayhead (Fig. 1), This mecdel

is also applied tc bedforms pre:served in the anciernt

lacustrine envircnments,

Six subenvircnments are presented in this model,
They include faecies of foreshere, shoal, laniward
slope, crest, lakeward sleope and troush (Fipg. H1). The
four subenvircnments of landward slcpe through trough
recur in a multibarraed near shore, Th2sa
subenvironments are wcrthy of study beciusz2 Lh:y 1ave
distinct patterns c¢f sedimentary structurzs which ~2an
by related to specific bedforms that r-osult from
changes in properties of wave character istics. Rasults
frcn studies of marine barred tepography and facies by
Harms ¢t al., (1975) and Davidsicn-Arnctt and Grecnwcord
(1676) have led to the cerntenticn that mecst of the
preserved sedimentary struclures sriginnate under high
eniergy conditions. As a r-osult of these econlitions,
nearshore sediment transpcrt rates are highest during
high energy conditions and strongest longshore currents
ara generated in the troughs. ™Many of the structurcs

and bedforms displayed within the subecnvircnments deo

reflect this tendency cfl hizh Aner 3y bodform
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preservaticn, Hlowever, the Micharl Bay bar topcgraphy
is a composite cof en~rgy regimes bzaeause higher onergy
ovdforms are always preserved subjacent, to theosc cf
louzr energy. This scquence of preserved lou energy

bedferms reflects the prevailing wave conditions during

the time cf sampling. Vertical sequences of
sndimentary structures and Dbedforms are showun in

Figures 42 to 45,

Swash-Berm Facies

Trernches made within the berm reveal parallel

laminae that dip landward and lakeward (Fig., 42).
According to Cliften (19069), thesc 2venly laminatel
sands ver e deposited frem  suspension  vnder the

influence ¢of waning wave »nerqy, Daltaticn 2and bedlond

ure additicnal modes cf Lransper s in this
subanvircnment, The swash-bacliyaish process is
rasponsible  for this characteristic  Dbdelding. Th»

parallel 1laminae indicate the slecpe ¢f the axisting
beach face during the tine of Jupusiticn. The
1istinguishing characteristics ¢f this facies ar- th»
parallel laminae uwhich display: low angle lips of less

than ten degrees, 1londward znd predominatly lak:aard

dipping units, and distinct ercsional contacts.

Trougsh and antidune structur~s f{arm a2atrendant

types of Dbcedforms that have be:x found by others
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LAKEWARD DIPPING PARALLEL LAMINAE ARE EVIDENT IN
BOTH PHOTOGRAPHS. A LANDWARD DIPPING PARALLEL
UNIT IS INDICATED BY THE WATCH IN THE BOTTOM
PHOTOGRAPH (Scale 5.5 cm in width)

FIGURE 42
BERM FACIES
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LANDVARD: To The Right
SCALE: Width = 22 cm -

SHOAL FACIES

CHARACTERISED THROUGHOUT BY
COMBINED FLOW RIPPLE CROSS
LAMINAE

LANDWARD SLOPE FACIES

Landward Dipping Parallel Lamin:
Avalanche Sands

Small Scale Ripple Cross Lamina

LN =
|

FIGURE 43
SHOAL AND LANDWARD SLOPE FACIES
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Massive Bedding

2 = Weakly Defined Oscillation

Ripple Cross~Laminae

3 = Paraliel Laminae

4 = Oscillation Ripple Cross-
Laminae

5 = Symmetrical Ripple Cross-

Laminae

FIGURE 44

LANDWARD: To The Right
SCALE: Width = 22 cm

LAKEWARD SLOPE FACIES

1 Massive Bedding
2 = Oscillation Ripple Cross-Laminae
3 = Small Scale Symmetrical Cross-

Laminae

CREST AND LAKEWARD SLOPE FACIES
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LANDWARD: To The Right
SCALE: Width = 22 cm

Small Scale Asymmetrical
Cross*Laminae

i Weakly Defined Festoon
g Cross-Laminae

Parallel Laminae

FIGURE 45
TROUGH FACIES
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(layes, 1972; Howard and Reincck, 1972; Wunlerlich,

1972). Hownver, these structures werec not evident in
any ¢f the Michael Bay s~2ctions. The trough c¢ress

bedding 1is associated with open c¢casts whaere wave
incidence is a dominant factor in gecnerating alongshore
dqrift and currents, which in turn are respcensibl~e for
producing this particular bedding. The fereshore
antidune structures have been conly dezunented in marine
conditions and are related to effects from tides, sincn
cxamples of these structures have besn indicated in the
low tide foreshore., Transport direction in the Michael
33y sites is related to dominant flow and transpecrt

normal tc shere.

3hoal Facies

The small scale, ccubin~d flcw ripples (luarms ot
al., 1975), shoun in Figure H2, are indicative of shonl
environment bedforms. Such ripples arc assccintnl with
predominantly unidirectioral transpert of conr zar
grains in th2 direction of wave prcpagation. The
internal laminae produced by t4-s> ripples inlicats
that the flow and the sediment &Lr-onsport ar> crientad
in the landward direction. 1In additicn, the 1laminae
are not trough strata in form; instead they are ccnvex
upward units that tangentially connact to lower
bounding surfaces (Harms et al., 1975). The presence

»

of cress-laminae indicates low wave energy. Parallel
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Tavinae cxaenplify  the initial low, derp water uunve
252rgy nd its conscequent dissip-tion in this

subenvircnmant,

Landward Slepe Facies

Bedforns asssciated with Lhis  facies type arno
Landward Adipping parallel laminao of fine sand (3.17%)
uhich grade upward into cGAar sty pocrly soroed
avrlanche  sands  (2.828) <thal  =2r -~ svuhjacent, we finer
(2.998) small scale ripple cross lamina~ (Fipg. U3)., In
higher ornergy conditicns whe+v waves break on the bar
crest as e result cof nigh waves cor  storas which
Jernzrrate steep, short period waves, both  parallcl
lanina: nre generate:d and gravitaticral avcolanche of
seliment cccurs (Fig. 13). This wnrlanche mit  is
veaktly defined but can be 1dentifliesd by o sporalic
cccurrence of cecarse clasts within a2 fin=r sond matrix,
Oscillatory curreants with » sreater landuard  component
form the small scale ripple cross-laminac. Thaose
laminze wouls form under lcocw wave h-ighos ro2lative to
T2 greater wave heights required Lo generat~ parallel
laminace. They would form under low en2rgy and wave
conditions when wave transformation in shallcw watnr

over the bar crest is inccmplete or rnon-~xistont.
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Byr (rest Faicicss

The  principal bedfcrms issceintel with this
facies ore massive sands, lak~aird lipping parnllel
laminae, cscillatory wave ripples (larms ot 21., 1975),
and symmetrical ripples (Clewtow, 1967%), (Fig. H44).
Interpretation of structures irn Lhis subenvironment is
male difficult owing Lo Lhe wvariability <f c¢r-zt
migration, which results frcm high concentrations of
wve energy. Coarsest sedimentc cf the entire bar form
ir 2 found in facies of tYhic subenvironme~t. Figure 44
illustrates thoe massive sards (3.128). A piece of uscd
is 1alsc embedded in Lhis unirt. This massive unit
1y vdes upwird into weakly defined c¢scillilory ripples
(2.523) that are coverlain by lakeaard dipping parallel
loanivae of 2,739 siz». Ancther  unit of  osril1story
Wve ripples (2.77%) occurs, and  thes=  urderlie

symmetricil ripples of 2.7730.

Litorature cencerning the presence ¢f 1 massive
b~d within » marin~ vertical sectiocn is repl«ze with
biccurbaticon cited as the contrelling prcerss; while rno
sttention has been given tc  the hydrodynomics  fhat
culd be cap.ible of generaling this Dbeddinzg.
skructures such as dwellings, :scap> btraces, burrnws,
ind  borincts constitute come of th2 cbvicus vidernce
caployel Lo decipher bloturbaobion  -~tyivity., Howover

Whoro  such  evidenng is lackinz, bictiurbatior is still
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maintained as  the primary proccoss raspensible  for
nassive bedding. In this casc, hiydredynmic nrccesses
wost probably dominate. This is evident in th-  crest
facizs  massive bed (Fig. 44), This unit is distinctly
intorbedded with lardward dipping parallel lanina-  and
wzakly defined wave oscillaticn ripple cress-laminne,
Bicturbaticn evidence is nct present und  the oaulhor
belirves that this wunit derived frowm deposition of
sediment load in the form c¢f ceither suspended or
spltating load. The bedfcecrm is either a plane bed or =2
antidune beczuse these bedforms pessess charnacteristics

of massive bedding.

The parallel laminae are indicative <f higher
flocw velcciftines than the ripple crcoss-lominae, and  the
lakoward dip of this unit 1is centrolled by thne bar
slope 2t the site of depositicr (Fig. HY). Dver lying
thase are the wave ¢scillation ripples fhat form whor
wave metion deminates., Th» internal Lamirnnae appoor as
symmeaebtrical laminae that rescmble pres~rveld ftroushs
between ripple crests. Althoush the laminae ccould  be
mistaken for small scale trcughs in o=~ oriwmmtaticn,
attention to a verticnal section ncrmal to this clearly
indicated that subparallel everly laminat=1 units uzre
prasent. These are propertiaes Gthat are  irzhersant  to
oscillaticn ripples. The small scale  syametrical

ripples situoted at the top of the sceticn possess  an



internal structure indicating landuard Lraispert 1s the
dominant ccmpenent. This 1is evident by th~ for ~set
laminae that dip in a landward direccticn (Fig. W4),
The syumetry 1s maintained by the orbital path of the
wave (Newton, 1968)., Thesae ripples alsc indicate |

he

lowest znerpgy level relative to the octher bedforms,

LLakeward Slope Facies

The lakeward sleope facies is characterised by a
massive bed (3.090), which underlies oscillation ripnle
cross-laminae (2.7%9), while the {Lop units of the
section comprise small scale symmetrical ripples of

3.092 (Fig. 44).

Evidence from bedding and mean grain size
suggests that varying intensities of shcnling waves are
respensible for  the sediment textuross .and the bedferm

types in this facies.

—n

The massive bed can be rzlated 4o lakaouward  ond
lardwari components of sediment Ly ansport. T
lakeward compenent originates at the bar crest wherce
passing troughs =erode crest sediments and rapidly
Jeposit them in  this subenvirornment. The landward
ccmponent of sediment tGtranspcrt results from passing
trocughs of the 1incoming wave form, Sedimant is

Lransported up this slope with c2carser fractions
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rapidly deposited in  this subenvirenmert oqd finor
s5izes deposite1 cffsncre, T2 o-:illaticn ripple
crcss=laninan rnflect highar ~norg Lhar  symmetrical
rinples which indicate Lhat lakeward and landuird

conponents are equally dominent.

Trecugh Facies

This fracies type c¢xhibits primary s-limentary
structures cf small scale asymmetriceal ripple
cross-lamination (3.148), wea2kx festoor cross-laninae
(2.24@8), =nd parall=sl laminac (2.72%) (Fiz. "5). Those
parallel lamninae occur in the lowest units. FErosicnal

contacts are distinet which irndicites that wave >n=2ragy

was optimal during deposition. Moracver, th-hy are
representative o¢of lower larndwnarldl =slcepe satinents.

Soerting in these units as well as th~ frstcen units is
poor and this refects the prasence of bcthh  noarse 1]
fine scdiments. The contrelling propeorty ic the watnr

depth.

As water depth increases in the trough zone, the
effects c¢f oscillatory :zurrents cn cthe bed -docroase,
Thus, ccirse sodiments will be deposited in  this zon»
in additicn to fine grain  sediments, Veriocus
researchers have pointed cut that this is a zone where
longsher~ currents predominate (Tnman ant Bowen, 1953

Bowen and TIuaman, 1969; Davidson-Arnctt and Grornwocd,



1374). This a~z2ounts for Lthr ocourrernce:s of foastoor,
s witbtnin this faciles., Th~y 1ave formed unider
unilir<ctional flow ccorndilions but have besn display:d

ocrmal to the fleow directicn (Fig. 1U5).

The  asymmetrical ripple cross-1laminae dip normal
L2 shor~ and can be ascribed fte 1 Landw rd compor. nt of
flew Jgencrated by wave activity. The fine texture of
t~se  c¢ross~-laminae and tneir ncrpheleqdy sugzests th-t

creush infilling cccurs during low »niorgy levels,

BDodform Geoneration

& stuly of a sedimoentclogical attribut -~ su:h s
b« Iforms il sedimentary suvructures has praviied seme
r *levent informaticon on the nature of  subenviranments
¥1 .911m the nearshore zone, This inforannticon pertains
o flecw dir-~cticns, sequzn2r of bedlecryn drvelceopment
il flow ceonditicons that cccur within spucifizc <ites of

I'position

Flow directions, 15 dcluced from cross-1. ain-=>
for the Michael Bay barred ncarshor~ Lepography, nre
primarily preserved in  the landward snd  1akouard
Jirection for beth high and  lew intensities «of wave
~nreryy.  Berm facies ~xhibit lcw ngle parallel Taminae
that  primarity dip  lakeyard. Thos make y dAistanet

rrosienal contact with landward  Adippine  lamin:c that
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ar > indicative of incipient borm or ridge develcpmen
ig. 42). C(ombined flow ripple laminn~ preserved in
th: shoal facies are associated with unidirecticral

flow in the direction ¢f wave propagation.

Other Subenvircnments within the barred
topography exhibit laminae that consistently 4dip either
lanivard or lakeward (Fig. 41). The only axceplion is
the landward slope of the cuter bar which exhibits
Lakcward dipping parallel laminaue (Fig. 41y,
Preservaticn of these 1laminae may bz related to a

prccess of bar migration in the lakzward dirccticn.,

The bar subenvircnments exhibit s-2Jdimentary
structures that have originasted undoer bolh high and low
nrargy  conditions, A1l facies indicate that thigh
snargy cconditions precexded low cnergy conditicns (Fig.

1.

Bedforn sequernces are vertizcnlly contisucus
racponses toe  changes im wave arecray conditicns.,
Although 1lcocw energy conditiocns are characterised by
developmnent of ripples, there 1s a succession cf ripple
hrdforms %hat develop within this categery. These
ripple bedfoerms in order of increasiny encrgy ar2 as
fcllows: symmetrical, asymmetrical, oscillation, and

cembined flow. A3 wave onergzy inerenszs, the combinnd



floew typ~ 18 wasnad cut during incrnasing rn r3

w)

y 1avels

ar.d transformed into par 11101 Tamina~ anl aasszive beds.

Flcuw conditicrns cenacrring critic.] entrainnent
velceities ind Wave rippl- froru-tior 2Aan be

appreximated by using results from o staly 2arrisd  ocut
by Inman (1957-from C.E.R.C. 137, P. H-55)., The
mininmum wave induced bertlom  velariLy neceesary  to
initiate sediment moticr for T.0%  rds of Uizharl Bay
is 10.65 centimetres per s=z2ond, while ripples will
form and disappear at a 2acximun velecity of  H7.N6

centimetres per seccrnd.

The mcecdes of sediment tLranmsport thot confribute
tc Jdepcsition are bedlcal and sali-ticn. Kennedy andd
Lecher  (1972) and Mogridge and Kamphuis (15/72) have
providcd informaticon that indicate passirg ftrowths are
responsible for reuoval of fine s~jiment by saspansion.
Thus, c¢nly faster settling, ccorsor samd areins are

available for depositicn by bellcad and saltation.

Applicaticn Of Modern Facies Toc Ancieaf Sodiments

]

A comparisor of sediment siz: in "mcier’. bayhepd
sediments with the medern subenvirornaents cbvicusly
shows that higher wave emerzy "ad nxistzl 1in  the
ancient Dbeaches. For exomple, the shiangle cnd gravel

size soediments shown in  Figures 16 and 1% oxhibit

clasts that range freom -5.500 tc -7.25%. Cunulative



s3iz> listribulicns of these caars» olasts sre shocun in
Fisure 35. (ritical entrainment veleeitics r-quired to
mcve  this size range are apprcoximzcoely 129 caentimetres
p2r secend to 300 centimetres per  secord, These  are

mizimuwn  estimat:s for this range ¢f <siza clasts.

Estinntes were melde from cormanlting A julstrom
narticle size versus velccity Jilasram, Justificration

fcr use of this diagram rersults from cenfiraative,

empirical research carriz]  cut by Hovzk (1

D

72).  His
study concerned use of natural iracers -nd  an  event
recocrder iIn a marine environment Lo determine the
critical velocities necossary to transpor*® beach
seliments. The natural tracers comprisced in situ heach
sediment, which ranged frcan -5.0

a2re marked by paint md uqre situnted throushcut the

for esheore.

The vertical sequises of sedinents shown  in
Figure 19 (Sample Site 'I30) correspond to o berm
develcpment s2quance whereby landward dipping unics of

sand and peboles are sharply truncat:»l by lakouard

dipping, cvenly laminated uppecr foroshore sands.

Tie remaining beach scctions reflect a vertizcal
sequence of nearshere s2dinent yhich grade upward into
beach and dune sediments (Figs. 19, 23, 21). 1IL

appear s tnat where beasch ridges ocour, they tenl to
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reflect foreshore subenvironmonts of lou:r foreshere,
berm, and swash. Moreover, it is  pparsnt that  only
nighest =nergy events are proeservel ylthia vertical
sequences. This is substantiated by the pre<sonmec of
pr~served, parallel laminee in  the mcdern fornshere
sands (Fig. U42). Preservation of ccbble and  shingle
sediments in  the ancient envircuments ar»~ Jdirectly
comparnble with the mcdern Dbeazh 3% Providence Day
(Fig. 2). This embayment has ccbble and  shingl-
sediments that are prcecximal te badreock and aljacent  ©o
a sandy bayhead Dbeach. Sterm ani high u.wve energy

conditions are responsible for develcoping & s2cticn of

[
-~

fereshore thnat is analogous te th: aneient Michael Bay

riidges.

Iv is suzgested that proservation potential of
longshere bars 1s  leoew Dbeciuse bar misraticon in the
lakeyard directicn 1is believeld concomitart with
prcgrading  shorelines or reagressive lak~ level., For
Lhese bars to be preserved tney would have to migrate
landwaird under low wave ccenditicns until o portior
nerges with the feoreshore sand is sudbsequently buriel by
sediment (Hayes , 1972). Tn this situation, enly the

lower landward slop~ facies would be evident,



DU ary
Prim-.ry sedimentary striactures hnve bean studied
as Yty relatn e specific subenviraraents of

depesitio: fthin th mederr roar shore zono,
i siticn within th mcocdern r~ar sho n

Informaticr concernins La2se structar 23 hae boon

assimileted intec a facies mcle=l  for Tow anoray
n2ar shore sediments of 7 lacustr in~=bayh~ .1

cnvirenment. This model rapresonts sudzrnvironments of
berm, swash, shecal, trcugh, landward slops, 2rast

’

lakeward slope.

Careful examination cof Dbelforms and  struchures
enables usnful statemenis tc LDe made concerning flou
directions, sequences ¢f bedferm gem-raticn, and flow
conditions within sp:cific dapcsiticrna”
subznvironments, C(ross~lamina~ wurr~ us- ! *tc deloarminng

flocw dirceticns for thn mcdarrn =mrarsuore,

larm facies display 1low angle par-11¢l laminace
that primarily dip lakeward. These  make distinet
centact with landward dipping units Lthat are indicative
cf irncipient berm or ridge devnlcpment. Higher ovnergy
bedforms ware absent. Shoal facies are characterised
by combined flow ripples that exhibit a predominant
larndward compcnent of flow which results from shonaling

waves. The trough facies have high and low energy



boiforms  Lhat

[N

ndicats flcw dircctisons in this
sabinvironment  are both parallel and rnermsl te shore.,
Flew direction parallel to shore is indiceted by weakly
i+ [inad festeoon units., Flou nmormal te shorae occcurs  in
beth  landuwnrd  and  lakewnrd  dir :2tions. Small scale
nsynnztricenl  ripple cross-laminae consistently dip
landward, whore23, parallcel lomina- 1ip beth 1 keward
anl landward,  Bedforms assccirrv:d wina  Lhz  Tandward

slopae facies are parallel lamina-, avalanche sqawds; and

[

n:ll s2ale combined flou ripple cross-laning:. Fleow

directicns 2re proserved in the lendward direciicon with

N

3,

tn: =xcopticn cf the outer bar  frcies, Lakeward
dipping parnallel laminze are present in Lho lindward
slops of the outer bar, and these may be relict,

lakeward sleopn units thet have beon proesarved during

Tatrzwar 3 by migration. Variaobility in flcou Adir-ction

is nlsc ovident in  the r~rest f[fazies, Th> ripple
cress-tanina s of  syanctrical snd cscillrhary WV e

ripples indicate that flow was landward, while par 1100
Tamivze  oxhibit  Iateusrd  and landword conpornonts of
flow. Lakoward sleope facins exhibit arcsive beadding,
cscillation ripple cross-l:inina, v i saall  scal-
syanchric ) ripple 2ress-laninne, The rippls laminae

indicats the landward ccompeornent of flow.

Badforms pvident in  Lhiz faeie= moded oy

responses o hizh and  lcu enersy  condiviors.,

vy
[
o]
—
—

C
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puorgy bodforms of parallel laminan ard mossive bedding

are always  preserved  sunjacent Lo lew <neraoy ripple

cress-1laminace, The ripplrs feormed in respornse  to
increasing energy arn a5  folleows: symmetrical,
asymnetrical, oscillatory, and coabin~d  flcw. Thesn

ripple creoss-laminae form and beccome obliterated within

a velcecity range cf 10.65 to 57.00 ¢ ntimetres peor

Rosults from : compuar iscn

Q

f these
charactzristics with the aarlent beach sodiments

indicate that high encrgy :vents itnve bran preserved in

foreshora bedding saquencas., Tha s beddin~g
characteristics have Doan Tormed in th~ mcdrrn

Providernce Bay beach szdiments. Tnes2 characteristics
can be ascribec te storm or high wave renditicns.,
(ritical ~ntraiinment velccities necessary to  iritiate
sediment moticn and to form these ridees range fren 150

to 300 centimetres per second.

Relict 1longshcere bars uore nol ovilent in any of
tnhe oncien sacticns. The abilitly of th~ bar
Lepcgraphy to migrate lakewnrd in respornse fic either
decreasing lake level or high wave znergy conditions is
Lhe resson for their lacx of prasorvatiocon.
Presarvenion  may cccur under leu wave cernditicns yhich
will cause =igration of the bzr form to the  foreshore

whzaroe it merzes and beccanes buried.
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CIVPTER 3EVEN CONCLUSTONS

Medern and  ancinnt oavironments a2ssscitei with

fles Algema and "luron wrre stadied ecording te

LLributes of straligraphy, sedinont texture, sediment

size distributicons, bedfocrms, and primary  solimentoary
structures,

The lengshere bar topcirapny and scedimentolosical
charncteristics of %the wcderr environment 2-on Db
rrlated Lo wove refracticrn and the energ 1istrihution
pottorns. Theise patterns indicate that lew wave eneray

for west, scuthwest, nand scuth socuthwest Mindezst waves

LOnNr S in A bayhend, Th~ meorpholemina) and
sylimentelegical  charactzaristics of the subaqucous
LODOIY aphny roflect this low NIVEe  anarady, The

ohar neteristics are as  folleows; tha rarrcocu relative

4]

znacing ¢f the 1lecngshere bar  systen, the gentloe
littoresl zene gradient of 1:7%0, and the fine  surficinl

shdimeonts that cccur througlicut Lha nenrshore zeno.

A sedimeznt texture ccaparison belw2en mcdern and
-rn2icnt  envircnments indicates that higher anargy
orevailed in the arcient bayhead relative Lo the nodern
environaent. Taz cobble and gravel sediments as well
15 whe axtencive belt of  foredunes prosoarved in the

»icieme  envircnaent are ~2vidernce cof this high energy.
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Tediment texture paramelers woare  ulsce  ccmbined in
bivariate plcts te test their apparent r2liability to
discriminate between environmeonts, The results

indiecated that for all cases inferrod Junn sediment

%]

.

could be discriminated from mcderrn beach awd  inflrrrad

envircnments c¢f beach and {fluvial, mly plects of
s nwness versus standard deviaticn fer the medern  and
ancient environments proved useful, since they
exhibited patterns that were fully r~cmaparable anongst

theinselves as well as with the patterns delimifted by

Friedman (1961, 19067). Other  plets ¢f mean versus
standard deviaticn, skewness, and kurtosis proved

unreliable wher compared with each cther anl with
published results. This form c¢f analysis 1is nct

rasarded as 1 usefuyl discriminater for environments,

(cmponant populations are wuseful discriminators

~

o f depesitional  envircnments., Modern  and anciont

P

lacustrine eonvironments cculd boe discriminated from

anceient fluvial and dunz2 wuwnvirenments by  fheir
comperneat  characteristices. Sedime+nil,s  sampled from

bedfcrms ¢f medern subenvircnments ~xhibit~d distinct
curve characteristics. Thes: characteristics have been
assimilated inftc & grain size facies indicater that
displays typica cumulative curves, parcentnge
cceurrence and slopa inclination of bedload, saltation,

an-d suspanasion compenents, arnd the o phi comprbency



range. In =addition te these, ancient sediments from
lacustrine, fluvial, and dunie envirorments were
axhibited. The depositional 1locale for the ancient
lacustrine sediments is fcreshore cwing to the pres-necn
of two distinct saltatiorn populations. Component
populaticns have preven useful for interpreting the
depositional environment of ancirnt s«dimerts,
Moreover, discriminatior c¢f n:arshore subenvircenments
can be made by analysing curves of samples taken from

bedforms representing the subdenvircnments,

Prcocvision of a1 facies mecdel for a barred,
zcushtrir: bayhead was made possible by an  exnmination
of preserv-~i bedforms and primary sedimentary
structures. This moedel rrprogsents subenvircrments cof
berm, swiash, shcal, trough, landuard sleope, crast, ani

1akeward slope, Bsdforms presarved in these

subenvircnments are responsaes to high anl louw 2nergy

conditicns, Parallel laminae anl massive bedding
reflect high onorgy ceaditions, wh2rens, ripple
cross-laninae characlaerise conditions of  low onergy.

The high energy bedforms nre always preserved subjacent
tc these of 1low energy. Tiz sequence ¢f ripple
cross-laminac formed with inereasing eneray is
syametrical, asymmetrical, oscillatory, and cembined
flcw. Thrse ripples will form and disappoar  during o«

wave dInduced  bottom  veloeity range of 10,65 L 47,060
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rentimetres per sacond, The examination cf
crcess-laminae yields additiconal information that can be
ase to decipher flow directicns ard flow

characteristics within the subenvironments.

An exazmination of ancient beach sediments and
bedding characteristics as they relate tc th» facies
mcidel indicates that bedding scquences are foraeshore
and reflect depcsition from high energy. A compiriscn
of ancient beach sediments and bedding characteoristics

with the facies model indicates that high energy

)

foreshore bedding sequences hav~ been prescrved, This
is substantiated by evidence from bedding sequencns
cbserved in s modern bayhead beach. The critical
entrainment velccities that ar~ necessary tc initiate
seliment mction and ferm these ridges range from 150 %o
300 centimetras per sccond, Rz2lict lonzshore bars qerc
nct evident in any of the ~anclent s~ctions. The
lakeward migration of these features iv response Lo
prccesses of decreasing lake 1level and high wave

energy conditions 1is inimical tc thelr pres-rvation.
Thesa processes occcurred during forqatlon of the
ancient beach:s. However, preservation of longshor-2
bars may cccur under low wave conditions which will

cause migraticn of the bar foerm tc the fereshere.



BIBLTODGRAPHTY

AMI, H.M.
1905: "Palacontoleogy Anl Chronclogical Uistcry, (A)
Manitculin District", GEOL., SURV. (A'l.,, Aan.
Rep't., V. 15, P. 323 A.

1969: "Grain-Size Parameters Of Th» Beach And Dune
Sands, HNortheashterrn Massachusatts And Hew
Hampshire (casts", P. 256-2737, In: COATTAL
EHVIRONMENTS NORTHEASTER'Y MASSACHUSETTT  AMD
NEW HAMPSHIRE, GS.E.P.M. FIEID TRIP, Fnstern
Section, Univ. Mass., 452 P.

N

ANDERSON, T.W.
1971: "Post-Glacial Vegetational Changes 7w th~  Lak:
Hurcn- Lake 3Simcoe Districts, Critaric, With
Special Reference Tc Glueial Lake Algcnquin®,
Ph.D. DISS. (Unpubl.), UHIv. IATERLOO,
Ontario, 246 P.

ANDERSON, T.W. % TERASMAE, J.
1966: "Palynoclogical Study Of Bottcm Sediimesnts In
Georgian Bay, Lake Hurcn", PR2(, 5th CONF.
GREAT LAKES RES., P. 104-167,

ANDREWS, P.B. % VAN DER LINGEN, G.J.
1959: "Environmentally Significant Scaimentclogical
Characteristics Of Brach  SandsY, MeZoo J.
GEOL. GEOPHYS., V. 12, P. 110-137.

ARTYUR, R.5.; MUNK, W.H. & IS3ACS, J.D.
1952: "The Dircet Constructicn Of Wove Rays", TRANS.
AM. GEOPHYS. UHION, V. 33, P. 855-=9h3,

JAGHOLD, R.A.
1946 "Mcticon Of Waves Tn Shallcow Watar--Tnteraetiorn
Between Waves And Jand Beottoms"™, PROC. ROY.
SOC. LOWDON, V. 187, P.1-15.

1963:  "Beach And MNearshore Prcaeesses™, P. 507-523,
Tn: Hill, M.N. (Ed.), TIUE SEA, V. 3, J. Wiley

% Sons, HNew York, 962 P,

BAKER, R.A.
1963: M"™Kurtosis And Peakedness", J. SEDTMEINT.
PETROL., V. 38, P. 679-590.



124

TRLDWI, E.J.

37%: "The Moenkopi formation 92 ‘lerth-Cantral
Arizcna: Ari Internretatinnm or Ancient

Environments Basq:d Cn Sodimerntary Shructures
Aind Stratificaticn™, J. SEDTUFNT. PETROL., V.
N3, P. 22-100,

JELL, R.
1853: "Repert On The Manitculin Tslonds't, GEOL,
SURV. CAN., REP'T PRDOG., P. 105-177.

1666: "Repcrt On The Grolor nr Th: Gr and
Manitoculin, Cockburn, Drummcnd, And gt

Josephs Tslands", GEOL. CURV. (AN., REP'T,
PROG., P. 109-114.

NI3ARELLA, J.J.R.; BECKER, ©. % DUARTE, M.

DO
1269: "Coastal Dune Structures Frem Parana (Rrazil)®,
“MAR. GEOL.,V. 7, P. 5=0505.
QL”(V, B.J.
1657: M"Dadimentaticn Of Beach Gravels: Examples

From Scuth Wales™, J. SEDIMENT.  PETOLL., V.
37, P. 128-15%
BoLTON, T.E.
1957: "Silurian Stratiaraphy And Palenntolcry Of Tha
Hiagara Escarpuent T Onmtarin®™, GEOL. SHRY.
CAN., YM=m. 287, 145 P.

POYENL, ALJdL % INMAL, DLL.
1659: "Rip C(urrents, 2: Labor itery And Field
Obscrvations, J. GENPIYS. RES., Jo oM, P
SH79-5%20.,

BRENMUER, R.L. X DAVIES, D.X.
1973+ "Storm Genarnated (oquincid  Chandston~  Gencsis
OFf High-Energy Marine Sodiments From Th2 Uppor
Jurassic 0f Wycming Anld Montana™, GEOL. 392C.
AM. BULL., V. &4, P. 1975-1623.

SCTIETDER, CLL.
52: "Tho Gonoraticn And Decnry OF Wind 'aves In
Doop Water™, TRANS. MM, GEOPHYS. IINY, V. 27,

P. 2731-309.

DRETZ, J.1.
135%: "(orr »laticn Of  Glacial Like  S%agos 7+ The
Huron=krie And "Mi~higearn Masins", Jo GEOT L, V.
72, P. H12-52/.
551 M"(orrelsbisn 07 Glacial Dale Shages Tr Lhe
Hureon=kFrin And Michigan Basins", J. GEOL,, V.
T4, PLOTh=TD.



BRUUN, P.

1362 "l.ongshore Curr m%3 7+ Dne  And Multi-Bar
Profiles In Relsatian To littoral Drift™, PROC,.
Jth CONF. COASTAL &H5., P. 211-247,

PUKATA, R.P.; UARAS, W.W.; & BRUIODN, J.E.

1974: "Spaca Observaticrns Of L-k: (¢cistal Prcessses
In Lake Nuren And Lalk:> St. (lair", PROC. “nd
CAN. 3YMP. REM. BSENS P. 531-547.

3URGER, H.

1976: "Log-Normal TInterpretaticn Tn Srain Size

Atalysis", SEDTMEUTHOLNGY, V. 23, P. 3235-115,
BURGER, J.A.; D= V. KLEIN, G.;  ZANDFRS, J.E.

19659: "A Field Technique For Maling Epoxy
Relief-Pecls In Sandy Zedimenis Saturated With
Sailt Water"™, J. CEDIMENT. PETROL., V. 29, P.
395-105.

BURLTNG, R.W.

1954: "Sur face Waves On Encleoscd Bodics 0Of  Waber',

PROC. 5th CONF. COADTAL ENG., P. 1-10.
CALEY, J.F.

1936: "The Ordovician Of Manitoulin Island", P,
21-65, In: Contributions To The Study 0f The
Ordovician Of Ontario Ani Quebhece™, GEOL. SHRV.
CAN., Mem., 2072, PT. 2, P. 21-92.

(AMPBELL, C.V.

1971: "Depositional Mcdcl-Upprr (retacecus Gallup
Beach Shereline, Ihip Rock Arca, Northwestoern,
New Mexico", J. 3EDIMENT. PFTROL., V. M1, P,
395-4489.,

CARR, A.P.

1969 "Size Grading Alcng A Pabble Beach: (hesil
Bz ch, Fnglard™, J. SEDITMENT. PETROL., V. 39,
P. 997 311.

CAR3ZTENS, 1M.R.; NETLSON, F.".; % ALTTNBILEK, H.D.

1069: "Bed Fcrms Goneretnd Tn The laberntary Under
An Oscillatory Flow: Anmalytical An i
Experimental Study", C(.E.R.C., TECH. ME'O.,
NO. 28, 29 P.

CARTER, T.G.; LTU, P.I .3 % MEFT, C.C.

1373 "Maass Tr:nx¢por1 Py  Waven Aot Ofshors “an i

Bedforms”, Jo WATER. MTARB., (OA ST ENG.,
COLCUEL, VL WH2, P, 166 180



126

CHAPMAN, L.J. & PUTNAM, D.F.
17065:  THE PUYSIOGRAPHY 17 SOUTIERN ONTARTID, 2rnd Rov.

-y~

Ed., Univ. Tcreonto Pross, 235 P

1972: THE PIYSIOGRAPUY OF ;uUTIEPI INTARTID, Ont,

Div. Mines, Mep llc. 22724, lorthuest Porticwu.
(LIFTON, H.E.
18572: "DBoach Lanination-=Uatur Ani Origir™, HMAR,
GEOL., V. 7, P. 553- 539.
1975: "Wave-Formed Sedinentary Ltructur »s A

Cenceptual Model™, P. 1°5-14"7, In. Davis Jr .,
R.A. & Ethington, R.L. (Fd.), BEACT  AND
MEARSHORE SEDIMENTATID, CLEL20ML, Spac.
Publ., !lNo. 24, 127 P.

CLIFTON, H.E.; YUNTER, R.E.; * PHTLLTP3, R.L.
1971: "Depositional Structur o And Processzs Tm The
Non-Barred High Ev. ray ”*arshorc", J.

SEDIMENT. PETROU., V. M1, P 5%1-570.

(7LE, ALL.
1971:  "Hindcast Wavaes For The Western Groat  Takos™,
PROC. 14th CoNE. GREAT LAXES RE™T., P,
§12-421,

COLEMA, ALP.
1933: "The Extent OF Wis*“nsin Glecinlicen, ", J.
sSC1., V. 29, P. =173,

1941 THE  LAST MILLIOT YEARS, "Jmiv. Torantn Prosss,
215 P.

(DASTOCK, F.1,
1204: "Ancient Lake Re 2tiee O Thi- Tsl g e
Grorgian Bay", AL GEOL., V. 22, P. 17010,

o0k, D.O. % GORSLINE, D.7.
1972: "Field Obsarvaticons 78 7ol Trorsport Ry
Shealing Woves™, "AR, TFOL., V. 17
(NTTER, E.
1575 "Late (retacecus Doliment sbicn Tn A Toyu Fneray
(onstal 7cne: Th= Forron 7 onls.one O ULaan",
J. TEDIMEUT. PETRAL., V, 5, P. 059-5"
(RESSMAN, DLUR.
196%: "Th: Prcductive Copacity N[ The 7 . Luar-
Rescurces Of Manitoulin®, Catl, LAYND, *”V
DOC., 195 P,



127

CIRIINGHAM, GUL.
1957 "Th~»

mmitoulin Distri~t & Gecgraphic Sarvey™,
M.%.  DIGS.

, (Unpubl.). HUniv. Torente, 133 P,

CURRAY, J.R.
1569: "Shor~ Zore %and Bolies: Barricrc,  Cheniers,
And Brach Ridpes™, P, I7T-1-=TT7-173, Trn;
Stanley, DJJ.o, (2%0), THF  VEY  COMCEPTS  NF
CONTIMENTAL MARGID'T  SEDIMFHTATTION, A1, GFOL.
TNNT., Short Course Lecturae Not:s, llov., 7-9,
Philnadelphia, 17 "ectures,

CVNICARA, ALM, & MELIK, J.C.
1961:  "RBedrock Geclegy Of Labe durcn®, GREAT LAKER
RES. DIV. PU3L., MNe.o 77, MUniv, “Yichisan, P,
116-125.

DAVID3ION-ARNOTT, R.G.ND. & GREENWOOD, T,
1974 "Bedfeorms And  Structur~es Asscei-fted With Bar

Topegr aphy in Th~ Canliagy-Yator Wave
Eavirconment, Kouchibougunce Bay, lleu Bru-nsuick,
Canada", J. SEDTMENT. PETROL., V. &4, P,

693-724.

1976: "Facies PRz2laticnships 0% A Barred (oost",
Kouchibcuguac By, 'lew Frunsuln, Chnala", P,
149-163, In: Davis Jr., R.A. % Ethi-iton,
R.L., (E4.), BEACH AND JEAR3IHNIRE
SEDTUAENTATION, S.F.P.M., Spec. Publ., Mo. 2M,
187 P.

DAVIS3, R.A.
1955: "Underwater 3tudy Of 2Ripnles, 3Jcubheasterr
Lake Michigen", J. CEDTIIENT. PETROL., V. °f,
P. 857-866.

DAVIS Jr., R.A. % FOX, W.T.
1972: M"(oastal Process»s And !onrshors Sandb-rs", J,
SEDIMENT. PETROL., V. 42 P, d31-112,

1975: "Prccesses-Respcense Pat.serrs Tn  B3ach Ani
Near shoere Sedimcents: U Must grg Tsl md,

Texas", J. SEDTMENT. (PETROL., V. 45, P.
852-355.

DAVIS Jr., R.A.; FOX, W.T.; 47YES, "M.0.; % RODTHRNYD, J.

1972: "Comparison Nf Ride~ An1 Runn2l  Jystens  In

Tidnl Anid Hon-TiAdal Frviromments", J.
SEDTHMENT. PETROL., V. 47, P, M172-121,



DEANE, R.LE.
1950: "Pleistccene Gecln
Districet", GFOL., SU

gy 0f The Lake Simeco
RV. CAN., Mroa. 256, 1N8 P,

DICKAS, A.B.
1970: "Depositional Enviromuents Of Lake Superior
Sands Through Grain Size Analysis", PROC 1341k
CONF. GREAT LAKE3 RES., P. 227-222.

DTVOKY, D.; Le MEHAUTE, B. % L
1970: "Breaking Waves Nn Ge:
RES., V. 75,

JA R |

y M.
tl~ Slopes", J. GEOPHYS.

DORR,J.A., & ESCHMAN, D.F.
1970: GEOLNGY OF MICHIGAN, Univ, Michigan Press, Ann
Arbor, 475 P.

DREIMANIS, A.
1953: "Beginning Of The Nipissing Phase Of Lake
Hduron'", J. GEOL., V. 65, P. 531-509M4,

1969: "L ate Pleistocene Lakes In The Nntarisc And
Erie Basins", PR2C, 12th  C(OUF. GREAT LAKES
RES., P. 170-180.

Du BAR, J.R. & JOUNZTON Jr., H.3.
1964: "Pleistocene (oguina At 20th  Avenue  South
Myrtle Beach Scuth Carcolina, Anfd Other 3imilar
Depozits", SOUTUEAST. GEOL., V. 5, P. 79-100.

DUANE, D.B.
1961 : "Significence Of 3S%ewness Tv Recant Sediments,
Westoern Pamliec  Scund, Merth Carclina", J.
SEDIMENT. PETROL., V. ‘%, P. 364=571.

EVANS, O.R.
19190: "The Low And Dall 0OF The East Sheore OF [ ke
Michigar", J. GEOL., V. #3, P, H75-511,

19%1: M"The (lassificaticn Of Wave Fcrmed Ripple
Marxs™, J. J3EDTHAENT. PETROL., V. 11, P. 37-"11.

EVEN3ON, E.B.
1973: "Late Pleistocene Shor~line And Stracigrapnic
Relations In Th» Lake YMichisan Basia", GEOL.
30C. A4, BULL., V. 84, P.117-120.

EXUM, FLA.
197735 "Lithelegice Graidients IR b Marine  Bar,
Cadeville 3cund, Cnlhoun Field, [ou1¢11r1", A
ASSOC. PETROL. GLOH. BULL., V. 57, P. 791320,



129

FARRAND, W.R. % MILLER, B.B.
1963: "Radiccarbon Dates On And Dapcsitional
Fnvironments of The Wasaga Beach (Ontarioc)
Mar1 Depcsit", OUHIO0 J. SCI., V. 063, P.
235-239.

FOERDTE, ALF.
1912: "The Ordovician Secticon In The Marnitculin Aron
Of Lake Huron", O4TN NAT., V. 12, P. 27-1°.

FOLK, R.L.
1966: "A Review of Gr ain Sizz Par nmeter s,
SEDIMENTOLOGY, V. 6, P. 73-97.

1974: PETROLOGY OF SEDIMENTARY ROCKS,  'leaphills
Publ. Co., Austin, Texas, 182 P,

FOLK, R.L. & WARD, W.C.
1957: "Brazos River Bar, The Study Of The
Significance Of Grairn Siz~s Parameters", J.
SEDIMENT. PETROL., V. 27, P. 3-26,

FRIEDMAN, G.M.

1661: "Distinction Between Dune, Beach, And River
Sands From Their Textural Cha "actnrlsflc~", J.
SEDIMENT. PETROL., V. 31, P. 514-529,

19567: "Dynamic Processes And Statistical Paraneters
Cocmpared For Size Frequency Distributions Of
Beach And River udndﬂ", J. SEDTMENT. PETROL.,
V. 37, P. 327-351 '

FREEMAN, M.G. % MURTY, T.S.
1272: "A  Study Of Storm Surge Tn Lake Hurcn", PROC.
15th CONF. GREAT LAKFS RES., P. 555-512,

LIN, P.E. & LEAHY, E.J.

957: "Sault Ste. Marie-Fllict Lake Sheet, Algcma,
Manitoulin And Sudbury Districts", 0Jd7T. DEPT.
MINES, GEOL. (OMP. SET., Map 2108, 155%-196%
Gecl. Comp.

AISTFR, R.P, & MNELSON, H.'W.

1974%: "Grain-Size Dls*rlbutlnvs v Aid Tr Facoi
Identification,", (AL, PETQOL. GEOL. RBULL
22, P. 203—2”0.

[ @]

<3 0

GOLDTHWATIT, J.W.
1710:  "An Tnstrumentinl Durvey Of The “horelinos  Of
’ The Extinct Lakes Aljgonquin And Hdipissing In
Southuestern Ontaric", GEOL. DJURV. CAMN., Men,
10, 57 P.



120

GouLb, H.R.
1972: "Envircrmental Tndicators--4 Koy Tc The
Stratigraphiz Record", P. 1-3, Tn: Ri~by,
J.K. % Mamblin, W.K., (F1.), RECHAGHNTTIN'! OF
ANCIENMT  SEDIMENTARY ENVIRONYMENTS, S.E.P.M.,,
Spaec. Publ., No. 15, 340 P,

GREENAOOD, B.

1659: "Sediment Par ametors And Environment
Discrimination: An Applization Of

Multivariate Statisti-s", CAH. J. EARTH SCI.,
V. 6, P. 1347-1359.

1972: '"Modern Analogues And Tno fFvaluation of
Pleistocene Sedimentary  Tequences”", 1.D.G.

TRANS., V. 56, P. 1452140,

GREENWOOD, B. & DAVIDSON-ARNOTT, R.G.D.
1972: "Textural Variation In The Jub-Ernvircaments Of
The Shallow-Water Wave Zone, HKouchibouguac
Bay, MNew Brunswieck™, CAN., J. EARTH SCTI., V. 9,
P. 679-5133.

GRESSWELL, R.K.
1937: "The Geomerpholcegy of Th2 Scuth-"las
LLincolnshire Coastline", GEOGR. J., V. 90, P
325-349,

t

GRTIFFITH3, J.C.
1251: "Measurement And Propz2rtics Of Sediments™, J.
GEOL., V. A9, P. 427~ 457,

1367: 3CIENTIFIC METHOD IN  \ANALYSIS OF SEDTMENTS,
MeGr nw-11i11 Book Cc., Torcnto, 7103 P,

HANDS3, E.B.
1976: M"Observations 0Of Earreld (ocistal Profiles Under
The Influence 0Of Rising Hater levels, Fastern
Lake Michigan, 1257(-71", C.E.R.C., Tach.,
Rep't., No. TR 76-1, 112 P,

HARMS, J.C.; SOUTHARD, J.B.; SP¥ARING, D.R.; & VWALKER, R.G.
1975: "Dopositional Environments As Tnterpreted From
Primary Sedimentary Structur~s And
Stratification Sequences", 3J3.F.P.M., Shor t

Cocursce Notes, Ne. 2, Dallas, 171 P.

"TAYES, M.O.
1972: M"Forms Of Sediment Accumul iticn In Th» Beach
Zore'" P. 297-35%4, In: “foyar, R.E., (E1l.),
NAVEDS ON BEACHES AND RESULTTHG SEDIMENT
TRANSPIRT, Acad. Press, NHau York, N52 P



11

W“ﬁfAY D.V.. & READING, H.G

1372 "Fairweather Versus Storn Pronncses Trn Ohallow
Nar ine Sand Bar Soquences Tn [at>  Prec-anbrinnm
of Finnmar?, Nerth erwgay™, J. SEDTMENT.

PETROL., V. 42, P. 313-324.

(OFFAAN, D.W.; WICKLUND, R.E.; % RTCHARDS, .R.
1359: "Soil Survey Of Manitoulin Isla=i", ONT. AGR.

COLLEGE CANADA, Dep't Agr. Rop't., lHe. 25., B85

P.

aonucd, J.L.
195) "Lake Chippewa, AL Low SLige 0Of L[ak:2 !lichian
Indicated By Bottom Sediments", GEIL. 30C. AM,

BULL., V. 656, P. 957-957.

195%: GEOLOGY OF THE GREAT LAKES, Hniv. TIllincis
Press, Urbana, 313 P,

1362: "Lake Stanley, A Low Z3%tage 020 Lake Huron
Indicated By Bottcom Sedimenta™, GEOL. 37C. AM.

30LL., V. 73, P. 613-620,

1753: "The Prehistcrice 3r 2at Lakes ah Nerth
fimerica", AM. SCTI., V., 51, P. 24-101,

1753 "(orrelation Of Glecial La%e “Stages Tn The
Huron-Ekrie And Mi-higar. Basins", J. GEOL., V.
T, P, H2-7T7.

TONARD, J.D.
1972: M"Hearshore Sediment~ry Proc:=ss~s As Geclozic
Studies™, P. H45-513, Tn: "wift, D.J.P.;
Duane, D.B.; Xk lek=y, .., (BL.), SHELF
SEDIMENT TRANSPORT: PROCESS  AND PATTERHN,
Dowden, Hutchinson,  Ross, Inc., Dtreu'sburg,
Pa., 655 P.

19VARD, J.D. % REINECK, H.E.
1672: M"Geocrzia Ccastal Rauinr, Ta )ch Tsland;
U.3.A., Bedimentclogy And Bicloty, vIii",
SENCK. MARIT., V. 4, P, 01-127

JUMTER, R.E.; WATSON, R.L.; '1ILL, G.YW.; % DICKINSON,

1972: '"Mcdern Depositicnal Fnvircnaants AvA
Processes, North Ccontral Padr» Islund, Taixas",
P. 1-27., Padre Island  HNatic=nal  Island

NHaticnal Teashore Field Guide, G.C.A.G.5.T.

, D.L.

1352: "M=asures For Describing The 3ize Distribution
Of Scdiments", J. SEDTHYENT. PETROL., V. 22, P,
125-145,



132

1957: "Wave Gererated Ripples Tn  Necarshore Sands",
B.E.B., Tech. Memc., No. 127, AL P,

THYAN, D.L. % BOWEN, A.J.
1353: "Flume Experiments On Sand Transpcrt Dy Waves
Ar.d Currents'", PROC. 8th (OIUF. (OA3TAL ENG.,
P. 137-150.

JOUN30Y, J.W.
1946: "The Characteristics Of Wind Waves On lakoes
And  Protected Bays", TRAMNT. A,  GEOPHYS.
unIoH, V. 29, P. 671-631.

JONNSTON, W.A,
191G6:  "The Trent Valley Outlet Of [ak~ Algcnquin And
The Deformation of The Lake Algonquin
Wataer-Plane In Lake Simcoe District, Ontario",
CAll. NAT. MUS. BULL., ‘'lo. 23.

[{ANE, W.T. % HUBERT, J.F.
1963: M“Fortran Program For (alculation Of Grain Size
Parameters On The I.B.M, 1520 Computer™,
SEDIMENTOLOGY, V. 2, P. 37-90,

KARROW, P.F.; CLARKE, J.R.; & TERASMAF, J.
1951: "The Age Of Lake Trcquois And Lake Ontarie",
J. GEOL., V. 69, P. 0659-5AT.

KARROW, P.F.; ANDERSON, T.W.; CLARKE, A.H.; DFLORME, L.D. % 3REENTVASA
UGB,
1975: "3tratigraphy, Pal.ontclogy, And Age O0OFf Lako
Algenquin  Sediments In Jouthwsstern Nntario,
Canada", QUATERN. RES., V. 5, P, U3-237,

KEIUNEDY,. J.F. & LOCHER, F.A.

18972: "Sediment Suspensicn By Water Waves", TIn:
Meyer, R.L., (Ed.), WAVES ON BEACHES AMD
RESULTING SEDIMENT TRANSPORT, Academic Praoss,
New York, 462 P,

SEULEGAN, G.1.
12438:  "in Fxperimental Study Of Submarin=  San!
Bars", B.E.B., Tech. Memc., No. 3, 10 P,

CINDLE, ELM.
1935: "Netes On Shallow-Water Sand Structuras", J.
GEOL., V. 44, P, 551~ 357,

Y
I
¥

19}?: BEACIHES AND COASTS, Edwsard Arncld Publ. Co.,
Loredern, 2nd Ed., 570 P.



NG, COAWML & WILLIAMS, W.d.
1919:  "The Fermation And Movement OFf  Sand  Bers By
Wave Acticn™, .GEOG. J., V. 113, P. 72-35,

FEOVAY, JLE.
1934: "Box-Type Sediment (orin:
SEDTMENT. PETROL., V. 34, P,

1966: "The Use Of Factor Arnulysis In  Deteramining
Depositional Envircnments From fGroin Size
Distributicns", J. SEDIMENT. PYTROL., V. 36,
P. 115-125.

YOLDJIK, W.S.
1963:  "On Environment Sensitive Gr:ain Size
Par ameters", SEDIMENTOLOGY, V. 10, P. 57-590,

KOLMER, J.R.
1573: "A Wave Tank Analysis Nf Tho Besnch Feoreshor-»
Grain Size Distributicn", TJ. SEDTMENT.
PETROL., V. 43, P, 200-204,

KJMAR, P.D.
1971: "The Mechanies Of 3and Transport On Beaches",
J. GFOPUYS. RES., V. 75, P. 713-721.

1976: BFACH PROCESSFS AND SEDIMENTATTON,
Prentice-Hall 1Inc., FEnglowood C(liffs, H.J.,
429 p.

KUMAR, M. % SANDERS, J.E.
1976: "(Characteristics Of Shorefacn Stern Deposits:
Modern  And  Ancient Examples™, J. JEDRTHUMEUT.
PETROL., V. 45, P. 145-162,

< L

LAMB, .
1915:  HYDRODYWAMICS, Dover Publ. Co., New Yorly, Oth
Fd4., 738 P.

LAy, J. & TRAVI3, B..
1973: "Slowly Varying 3Stcockes Waves And Submur ine
l.ongshore Bars", J. GFOPUYS. RE3., V. 73, P,
M B9-KH9T .

UFVERETT, F. % TAYLOR, F.B.
1215: "The Pleistcenna 0Of Indiarna And Michigan
The History Of The Grant LakesY, U.0.G.
Mcnecgr., No. 52, 529 P.

And

A

—_
3
wJ
~0

"Corrolations Of Beaches With Meoraines Tn The
Huror And Frie Basins", AM. J. (7., V. 237,
P. 455-475,



LEWIS,

¢

19634:

—
O
()Y
o
o

1970:

LIBERTY
1954

T ITBERTY
1971

L JYBERS
10971:

MARTINI
1975:

ST,

1958:

4

1

’

y

¢

1350

oM,
"Juaternary G~ology Of Th: Great Lakes", GENOL.
SURV. CAN., Pa. llc. A9-1A, P. HA2-HN,

"Late Quaternary Events On Manitoulin Izland”,
P. 60-57, In: Liberty, B.A. % Sheolden, F.D.,
(E1.), MICH., BAS. GEOL. 52C., Ann. Fi~ld Exc,.

"Laite Quaternary History Of La%e Lovels Tn Tuae
Hurcn and Frie Basirns", PROC. 12th CONF., GREAT
LAKES RES3., P. 250-270.

"Rocent Uplift O Manitzolin Tsland™, CAM. T,
EARTH SCT., V. 7, P. C55-675.

3.A.

"Ordovician Of Manitoulir Islund", P, 7-19,
In: MICH. GFOL. °oNC., Guidaboeck For Anrnual
Fiold Trip, June 179-20, 23 P,

"Manitoulin Tsland, Distriect Of Maoniteoulin,
Ontaric™, GEOL. SURV. (AN., Mzop tlo. 20-1957.

"Providence Bay Areca, l!lanitoulin Distri~t",
ONT. DIV. MINES, (clmap 22173, Gnol. 19751-1957
& 195H5-1047.

"Marnitouwaning Aren, Manitculin Districrn',
ONT. DIV. MINES, (olmap 2249, Geol., 1),4-1957
% 1965-1967.

T.AL % BOLTON, T.E.

"Paleczoic Grology OF  The Brucs  Poniwsula
Ar<a, Ontarice", GEOL. OCURV. (Al., tlien., No.
360, 163 P,

5.B.

"Geology Of The ‘lerth Bnoy Ar~a Dis4riets 0OF
Hipissing And Parry Sound", 24T, DIV, 17HES,
Geol. Rep't., Hoc. 24, 121 P,

T.P.

"Sedinentology Of A Lacustrine Parrier Tyston
At Wisaga Beach, Ountaric, Canada”™, SEDIMENT.
GENL., V. 14, P. 169-199,

.C. % FOLK, R.L.

"Differerntiation Of RBeach, Dune Anl! Eclian
Flar Environments Dy Siz2 Analysis, Mustang
Tslond, Texas", J. SEDTHMENT. PETROL., V. 27,
P. 211-22¢6,



TASTERD, C.D.

19357:  "Use of Sedimentnry Structures In
Drtermination Of Depositicqnl  Eavironments,
Mesaverde Formatiocn, Williams Fork Mcuntains,
(olerado™, AM. ASSCC. PETROL. GENL. BULL., V.
51, P. 2033-2043.

AY, J.P.

127 "WAVELURG--A Computer Progrom To Determina  The
Distributicn Of Energy Dissipaticn Tw Shoaling
Water Waves Withn Exanptes From (nastal
Flerida", P. 22-90, Tn: Tanncr, W.F. (¥d.),
SEDIMENT  TRANZPORT TN THE  HFAR-SHUORE 7.0NE,
Syump. Proc., Coastal Res. lNotes % NDoph. Geol.,,
Fla., St. Univ,, Tallahissee, Fala., 117 P,

ELTS, E.R. % DIXON, G.

9: "Tntrrpratation Of Depcsiticral Processes Frcan
Sedimentary Structures In The Cardium  Sand”,
(AN. PETROL. GEOL. BOULL. V. 17, P. H10-4Nn3,

"ITCHA
125

1IDDLETON, G.V.
1376: "Hydraulic Intarpretation of Sand Siza
Distributions", J. GEOL., V. %%, P. HUOG=U2AH,

R, R.L. % OLSON, E.C.

55: "The Statistical Stability 2f AQuuntitstive
Properties As A Fund-amental (Critericn For  Th-o
S3tudy Of Envircnments", J. GEOL., V. 53, P.
376~387.

"IDGRTDGE, G.R. & XAMPHUIS, J.W.
1972: "Experiments On Bed Foram Generation By  Wave
Action™, PROC. 13th CONF. (OASTAL ENG., P,
1123-1142,

MOINLA, R.J. % WEISER, D.
13503: "Textural Parameters An Fvaluation™”, J.
SEDIMENT. PETROL., V. 33, P. U5-573.
NTOLA, R.J. & SPENCER, DUV,
1973: "Sadimentary Structures A Grain Ciz~
Distribution, Mustang Tsland, Trxas", GCULF
COAST A. GEODL. SOC. TRANZ., V. 23, P. 324-2772,
MOTHERSILL, J.3.
1969: "3rain Size Analysis Of Longshore Bars And
Trcughs, Loke Superior, Omtario", J. SEDTHUENT.
PETROL., V. 39, P. 1317-1324,

HEJTOMN, R.S
1655 !

"Tmternal Structurce Of Wave-Formed Ripple
Marks In The Mearshors Zone", SEDTYENTOLOGY,

V. 11, P. 275-297,



139

NOVAK, T.D.

1972: "Swash Zone (ompetancy nf Grayel-Siza
Sediment", MAR. GEOL., V. 13, P, 375745

PAaNIN, J. % PANIN, ST.
1007: MRegressive Sand Waves On  Tha DRlnack B
Shor 2", MAR. GROL., V. 5, P. 221-226,

PREST, V.X.
1970: MQuaternary Geclogy Of Canada, P. 075-717%, In:
Douglas, R.J.W. (Ed.), GEOLOGY AND ECUNMIC
MINERALS OF CAMADA, TGEOL.  SURV. (AN., Eczon.
G2cl. Rep't., No. 1, P.

PRIODR, J.W.
1969: "Prcfiles Between Panitoulin Tsland  And
Tobermory, Bruce Perinsula'", PROC 12th CONF.
GREAT LAKES RES., P. 2700-705.

ROBERTSON, J.A. & CARD, K.D.
1972: M"Geology And Scenery--North Ffheorz Of Lake
Huron Region™, ONWT. DIV, MTHES, fGecl. Guidnoblk,
Hoo M, 224 P.

3AMU, BLY.
196%: "D=2positional Mechanisms Fromu The Size
Analysis Of (lastic Sedim~nts", J. SEDTAFNT.
PETROL., V. 3%, P. 72-33.

SANDERS, J.E. % KUMAR, N. .

1975: "Ekvidence Of Shcroface Retrest And In-Place
Drowning During Holoeerrno Submergenne NOF
Barriers, Shelf-0ffl, Fire Island, New York",
BULL. GEOL. S0OC. AM., V. 36, P. 65-76.

3AYLOR, J.Hd. % HANDS, E.B.
1970: "Properties O0f Lengshore  Sand  Tran

spor L',
PROC. 12th CONF. C(OABTAL ENG., P. 333-557

s .

SCHLEE, J.S.3; UCHUPT, E.; % TRUYBELL, J.V.
1964: "Statistical Parameters Of Cape (od2 Baach And
Fclian Sand™, U.3.G.%., Prof., Papzr, Mo. 521
D, P. 118-122.

SEVON, W.D.
1266: M"Distincticn Of New Zealond Boach, Dune And
River 3ands By Their Grain Siz~ Distributicn
Curves", N, ZFAL. J. GEFOL. GEOPHY3., V. 9, P.
212-233%.



“'IF PARD,
1951

CIITDELER

1574

SLY,
197

[\ e v]

SOLNHUB,
1570

SPEUCER,
1963:

SPEMNCER,
1891:

STANL
155

LY,
5

1937a:

1337b:

SVERDRUP
1947

F.P. %« YOUNG, R.
"Distinguishing Betwuezn Be:ch And Dury S-ris™h)
J. SEDTMENT. PETR-L., V. 21, P. 135-27%,

y G.L.

"Evoluation of Textural Pyrameters As
Beach-Dunc Environmentil Discriminaters Along
The ONuter Banks Barrier, llorth (Cairclina”,
SOUTHEAST. GEOL., V. 15, P. 201-222,

* LEWTS, C.F.U.
"The Great Lakes Of (mada--Quaternsry Geolog

And Limnology™, 24th TIUTERM, AENL.  (MIGR.,
Mlontreal, 92 P.

J.T. & KLOVAYM, J.E.
"Evaluation of Grain Siz> Parnarters JIr
[.custrine Envirormonts", J. SEDIVMENT.,

PETROL., V. 40, P. 31-101.

D.W.

"The Interpretation Of Grain-Si7z> Distraibuticn
Curves OFf (lastic Sediments™,  J. "ED"MEUT.
PETROL., V. 33, P. 180-199.

J.W.

"Neform~tion OF tha Algonquin Beich Ard  The
Birth Of Lake Huren™, AM. J. SCT., V. W, P,
12-21.

G
L .
"Ilower Algonquin  Beaches Of Penetanguicshe--«

Prrinsula", GEOL. ~OC. AM. RULL., V. 43, P,
1555-16135.,

Rich, Grargis-

Lowsr Algernquin Beiaches 9fF Cipc
DULL., V. 4%, P,

Bay"™, GEOL.  SNC. AM,
1565~1685.

1D
UL

"Impounded Early Beaches Mt Tucker  (ras¥",
MICH. ACAD. PAPERS3, V. 23, P, H77-U125,

, ToUL oMulK, W.H.

"tind, 521, And Sa~1ll Theory Of Relaticnships
In For-casting", J.S. DFEPT. UAVY {YDROG., n0F%,
PUBL., lc. AN,

K
"Shallow Yater Ripple Marl V rasties", J.
SEDTIYEN PETROL., V. 27, P. 431-U4835,

"Origin %1d Hlairti-imence Of Ripple Marlks",
SEDIMEMTOLNGY, V. 2, P, 7O7-"11,

’



TERASMAE, J. % MOTT, R.J.
1953: "Problems Of Dating Ab-nden ] Sherotines In
The Lake Iaren Ragaicn™, PROC. 10th (NIF. GREAT
LAKES RES., P. 1A0-172,

TUOMPSON, W.O,
1237: "Nriginal Structurecs 0f Reyehss, Nars  And
Dunes", GEOL. 32C. M. “3ULL., V. '3, P,
123-T152.

UPCHURCH, &.B.

1979: "Mixed-Populaticn 2 liment In Nearshore
Envirornments", PRO( 13th  COIF. GREAT LAKRS

REG., P. 763-77%.

U.S. ARMY COASTAL ENGTUEERTHG RESEARCH CENTER
1973: SYIORE PROTECTION "ANUAL, 7 7., VIRGTHTA,

VEERAYYA, M. % VARADACHARI, V.V.R.
19/75: "Depositicnal Erivirommonts Of Coast~)
3ediments Of Calangut2, Goa™, SEDIMENT. GEOL.,
V. 14, P. 63-74.

VISUER, G.S.

19573 "Grain Size Distributicrns And Depositiona?
Prccesses", J. SEDIMENT. PETROL., V. 29, P,
1074-1106.

ATLLIAMS, M.Y.

1319: "Jilurian Geclogy And Faunas Of Tar Omtarico
Peninsula Anrl Manitculin Lol Qfdu,\tt
Islands'", GEOL. SURV. CAN., Pap~r MNo, 7-25,

WUHDERLICH, F.

1272: "Beach Dynamics And  Bech Developmont: Tn
Geornia (Coastal Regicrn, Sapele Tsland, UCTLAL:
Sedimentology And Bieclegy'™, DENCYX, "MIRTT,, V.
b, P, H7-79.



	A Sedimentological Study of Modern and Ancient Lacustrine Environments at Michael Bay, Lake Huron
	Recommended Citation

	tmp.1342816496.pdf.J4jpK

