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ABSTRACT

sediments collected from the beach, aeolian, channer,

lake delta and off-beach environments of Grand Beach, southern Lake

I^Iinnipeg, are used to test the ability of grain-size distribution

sta.tistics to determine depositional environments.

Five previously published techniques evaluated are:

(1) Diagram Ct"f-passega (1957).

(2) Graphical paramerers _ Mason and Fofk (1958).

(3) Moment parameters - Friedman (1961).

(4) Discriminanr Funcrions _ Sahu (Ig64).

(5) Facror Analysis - Klovan (1966).

None of the five techniques reliably classifíed samples

into the delineated. environments. Factor analysis, however) gave

results which reproduced energy conditions consistent with the known

depositional environment s.

The failure of every techníque to classify samoles into
their correct depositional environments suggests that sediments of
t'iidely diverse environmental origin may have identical grain-size ciis-

tributions. Thus, statistics cannot be used to differentiate becrveen

sediments from different environments if the grain-size d.istributions

themselves are not different.

If the results observed for the recent sediments at Grand

Beach are applicable to recent and ancient marine sediments, then grain-

size disEribution statistics cannot be used as inclicators of specific
depositional environments.
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CHA-PTER I

INTRODUCTION

Statement of Problem

Several distinct methods of determining the depositional

environment of clastic sediments through statistical analysis of

grain-size ciistribution data have been published. This study has two

primary objectives: first, to delineate the depositional environments

of Grand Beach, an area of recent lacustrine sedimentation; and second-

1y, to evaluate the usefulness of several statistical techniques in

determining depositj-onal environments from grain-size distribution

data using the Grarrrl Beach area as a reference model.

Method o! StudJ

Grand Beach was selected as a reference model because

several contrasting depositional environments occur in a relatively

small, easily accessible area.

Depositional environments at Grand Beach were first delin-

eated according to toPographic, sedimentologic, hydrographic and geo-

graphic criteria. Sediment samples collected from these environments

were analyzed by sieve and pipette Lechniques to determine the weight

percentages of sedinient in standard size classes.
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These data rvere then used to compute the depositional

environments by means of five previously proposed statistical methods:

(1) CM Patterns, Passega (1957)

(2) Graphical Parameters, Masonand Folk (1958)

(3) Moment Parameters, Friedman (1961)

(4) Discriminant Functions, Sahu (1964)

(5) Factor Analysis, Klovan (1966)

The resutrts of each of these methods were then compared to

the reference model"

Method of Presentation

This dissertation is presented in tru-o main parts.

The first part includes chapters describing fíe1d and labora-

tory studies of the Grand Beach recent sediments. Their minerology and

provenance is also díscussed.

The second oart describes the results of five methods of

sËatistical analysis of the grain-s|ze data. Computer programs used to

process the grain-size data are documented, and the progress made in the

development of a system of multivariate statistical prograrns for the

I.B.M. 360 computer is reported.

Acknoviledgement s
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this investigation and under whose supervision this report ruas prepared.
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CHAPTER II

DESCRIPTION OF THE STUDY AREA

Lake i^Iinnipeg

Latrce Winnipeg, a rennant

Bannatyne, Barry and McCabe, 1962) , ís

within the boundaries of Manitoba. The

250 miles but is divided into two parts

several Jarøe istrands.

of o1 aei a1 T,:ka As¡cqi z (Í)atti p..
\s4v rvo,

n lntoa froqhr^rrfar lqlro anl-iro'lr¡

lake has a maximum length of

hw ¡ n:rror^rq ftr'i orrrp I I nnà

The northern part of Lake tr^linnipeg receives \,/aier frorn

many rivers, the largest being the Saskatchewan River. Lake tr^Iinnipeg

is discharged by the Nelson River, flowing northward into Hudson Bay

(Figure 1).

The souËhern part of Lake tr^Iinnipeg has a maximum length

of 55 miles and a maximum width of 25 miles (Figure 2). This part of

the lake has an average vrater depth of 40 feet (Government of Canada

Bathymerric Map 6240, 1962). The Red and Ïalinnipeg Rivers provide the

main influx of water into the south part of Lake i^linnipeg.

R.ecords maíritained sínce 1913 indicate the average vTater

leve1 of Lake Winnipeg is 713 feet above mean sea 1evel (Province of

Manitoba l^Iater Bu11etin, þlay L967). During 1965 and 1966 the Lake

Winnipeg drainage basin has received greater than average amounts of

precipitation. This additional runoff r./ater has caused lake leve1 to

rise and remain about four feet above average.
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Although Lake tr^iinnipeg is not large enough to have

noËiceable lunar or solar Eides, winds cause intermittent water level

fluctuations in the order of several feet. Strong northerly winds pile

up \.^rater at the south end of the lake; strong souEherly winds generally

have the opposife effect. Variations of Lake l^Iinnipeg water level

during the summe'r of. 1966 are sho\^rn in Figure 3 (the dashed line is

an estirnate of lake leve1 with ruind effects removed and reflects the

seasonal runoff cycle). Peak daily wind velocities for the South Lake

Winnipeg region are listed in Table I. tr^lind velocities given are

daily maximums, but undoubtedly reflect the directions and relative

magnitudes of average wind forces during the summer of' 7966. A com-

parison of these data inclicates there is a strong correlation between

peak wind velocity and water level and that there is often a lag of

several hours be'uween high winds and the resulting changes in lake

1 ar¡o'l

These intermittent fluctuations of lake 1evel play a

significant role in sediment Eransport and deposition along the south

shore of Lake l^línnipeg. A complete discussion of the effects of ¡¡ind

on sedimentation in the Grand Beach area is given in Chapter V'

Regional Geology and Physiography

Continen¡al glaciation of the Pleistocene ePoch has left

the area along LLre easE shore of southern Lake l^Iinnipeg with a surfi-

cial coveríng of glacial drift. Because of this drift cover' Paleozoic

bedrock rarely Gl:tcroPS. A sma11 subaqueous exposure of Paleozoic
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limestone occurs

i c nreqpnt ne:r

of Grand Beach.

10-

one mile north of Grand Beach.

VÍctoria Beach (Figure 2), some

Paleozoic sanclstone

ten miles northeast

Thickness of glacial drift is generally less than 50

feet, but an exposure of glacial drift observed near Belair (Figure 2)

has an estimated thickness of 200 feet.

Maximum regional topographic relief rarely exceeds 250

Faar cnrl in mnqt c.âsêS hi'l I S ^- -: Å^^ J.,^ Þ^ À-: çF l^..^SitS Ofl.egL, allu, Itl lll.u, r '--r-' vl !luósÞ 4ls uuE LU u!r!L ucyui

local highs on the Paleozoic bedrock surface.

Location and Access of the Study Area

Grand Beach is sítuated on the east shore of Lake Winni-

peg, approximately f if ty miles northeast of tr^Iinnipeg (Figure 1). The

area, popular as a summer resort, is readily accessible via paved high-

r¡rays, or by boat via Lake llinnipeg.

Physiography of the Study Area

The Grand Beach sand body is a bay-mouth bar (Johnson,

1919), formed by longshore transportation of unconsolidated sediments.

A vertical air photograph mosaic of Grand Beach (Figure 4) illustrates

the typical form of a bay-mouth bar and may be compared to examples

by Johnson (1919) of bars along the Alaskan and Atlantic coasts of

North America. Figure 4 also gives an interpretation of the pre-bar

shape of the Lake Winnipeg shoreline based on the presence of Pleisto-

cene sedimentary rocks. A complete discussion of this interpretation

is presented in Chapter V. Figure 5 illustrates the contrast betl.Teen



FIGURE 4

Pre - Bor Shoreline
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FIGURE 5

Oblique air photograph showing contrasE

the bar (center left) and the typical

shoreline (lower left).

between

boulder

:¡ì":.'
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tl



- 13 -

the typical boulder beach shoreline (1ower left) and the sandy bar

sho re 1ine.

The lagoon, the bay-mouth bar and Lake l^Iinnipeg are

the main physiographic features of the study area. These features are

shown in oblique aerial photographs (Figures 5, 6 and 7), and a physio-

graphic map (Figure B).

A smal1 intermittent creek. r^¡hich has a ncticeal¡le f 1ow

only in the spring, feeds the lagoon at its southern end. The lagoon

shorelíne, except where adjacent to the bar, is boulder strer+n. Vegeta-

tiorL along the lagoon shore varies from poplar and evergreen grortth in

high positions (Figure 6) to rushes and reeds in 1ow s\^iampy areas. Water

n1-nr- €'1 n,,r,'-h ín the leooon flrrrins the summer mOnthS. At itS nOrthernPI4rlLÞ !IVUr!ùtr !rr Lrrç !4óvvfr uu!

end, the lagoon is connected to Lake Winnipeg by a narror'r channel bi-

secting the bay-mouth bar.

The bar has Ehree main physiographic zones:

(2) dune, and (3) sr¡ramp, each of luhich is generally para1le1

[,Iinnipeg shoreline.

(1)

EO

L^^^LuEdutl,

f1-^ T ^l-^

The beach, a narrow sLrí.p of sand on the lakeward side

of the bar, varies between 20 and 50 feet in width. A five-foot high

wave-cut cliff (Figure 9), whose base is approximately three feet above

lake 1eve1, separates the beach from the dune zone

A 300-foot rvide dune zone occurs adjacent to the beach

(Figure l0). Dun height, about 25 feet near the beach, decreases

lagoonward. Vegetation on the dunes is sparse, consisting



FIGURE 6

0blique air photograph shorving lagoon

lrn 1^fr\ l'-r qnd Tql¿o I^linnjr(Eo rerL,, Dar *^.* ^.----leg
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FIGURE 9

Wave-cut cliff separating the

aeolian dunes. Note erosion of

beach from the

the aeolian zone.

ttì
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mainly of willows and low shrubs. Because of hígh water levels in

rê.ênt- \7ô 'rc the laker,vard side of this zone has been eroded (F'JcaLù, Lrrs ld^ctvdls ùruE vr LtrIÞ ¿utlc: lta_ _ \. Igures

9 and 11).

The dunes grade into a zone of isillow s\^/amp and occa-

sional stagnant ponds (Figure 12). The thick cover of vegetation has

stabilized the sand and serves to trap any sediment blown from the

lake side of the bar. High water 1evel has resulted in a floodine

of Ehe lagoon side of this zone. i.Iillows were observed qrowins in

several feet of \.^rater along Ehe lagoon shore.

Except for the sandy bar shoreline, the Lake. trIinnipeg

shore in the Grand Beach area is a rough boulder beach. A vater depth

^E E^-r-- Cor rorEy ieet l-s reacneG, fnroug-- - o-----* *---iease, some two miles

north of the bar (Government of canada Bathymetric Map 6240, 1962) ,

A subsqueoLls exposure of Paleozoic limestone occurs one mile north

of the bar. This outcrop, a navigational hazzard marked by a buoy,

is within several feet of the lake surface during periods of 1ow lake



Tree on lake

buried by wind
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FIGURE 11

side of bar. Trunlt was

blown sand, now exposed

ôñ.ê nrrti¡l lr¡

hrz ¡,1¡r¡p oro c i nn"J



CHAPTER ITI

PROCEDUR.ES OF THI] FIELD AND IABORATORY STUDY

Sampling

A total of 136 sediment samples hTere collected fror¡ the

bar, channel, lagoon and lake at Grand Beach. samplesl to 120 were

taken during a five day interval in mid-June, \966. samples 121 to

136 rvere taken one day in mid-August, L966.

In general, samples were only taken from the area east

of and including ttre channel. The west half of the area \^/as not suita-

ble for sampling due to Ehe development of roads, parking lots ancl

other recreationatr facilities (Figure B).

Locations of sample points on or near the shore were

determined from aerial photographs. compass bearings on two or mcre

brightly painted markers placed on the beach and lagoon shores definecl

the locations of samples in the lake and lagoon.

The boat employed for sample collection was a sturdy

sixteen foot skiff equipped with a ten horsepower outboard motor, a

boat crane and winch. A Petersen dredge, sampling an aree of one

square foot, was used to collect the underT¡rater sediments.

Sampling wirh the Petersen dredge required tr./o men, One

man ran the outboard n,otor, took compass bearings and reeled the winch.

The second man bagged and labelled the samples. I^Iith careful ope:ring

of the dredge, it was possible to distinguish the portion of the sample
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that was on the immediate lake bottom.

sediment was taken as a sample. This

cently deposited sediments $/ere taken

1r000 grams. lnlater depth was measured

of a calibrated sounding line.

Land samples were collected

one-ha1f inch of sediment from a one square

averaged 1,000 grams.

$gghr"i""1 4""1y"i"

A total of 90 samples

methods of grain-size analysis (Folk,

inLo grade sizes according to the phi

ônlw fhp inn n¡s-þalf inch of

ensured that only the most re-

as samples. Sample size averaged

of an¡Lr ..ñn1o noi nf hr¡ mêrne4L çdUIt Þdllry rç uj rrrualro

Fv o¡nnnr'ññ ^ff fho rrnnoruJ ùuvvPIItó vr! Lrru uyyLr

foot area. Sample size

^^^^^Ã L-- si eve ancl ni nef.uew4ù ylvuçÞòEu uy alru y!yLL

1961). Sediments were classified
.d\ . 

^ ^, 
\

\v ) scale (KrumDe]-n, LY J+).

(1) Sieve Analysis - Sieve analyses \^/ere performed

on 66 samples. Samples rüere oven dried, then examined under a binocu-

lar microscope for aggregates and she1l fragments. Few samples con-

tained aggregates. Any aggregates \^/ere destroyed by gently rubbing

Ëhe sample with the fingers. Shel1 fragments \^Iere rare and ín negli-

gible amounts.

A Jones sample splitter was used to reduce samples to

approximately 55 grams. Each sample \^Ias sieved for 15 minutes on a

Ro-Tap shaking machine. The following eight-inch diameter screens \,./ere

used: -r.5ø, -L.0ø, -0.5ø, 0.0ø, L.5ø, 2.0ø, 2.5ø, 3.0ø, 3.5ø, 4.0ø,



and pan. Sieve

balance.
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fractions rvere weighed to 0.001 grams on an electric

Twenty-four samples, which

contained more than three percent sediment finer than 4.0Ø,were

analyzed by the piPette method.

Disaggregation vTas not neccssary because the samples,

stored in airtight plastic bags, v/ere never allowed to dry. The amount

of each sample taken for analysis r'ras suc.h that Ëhere \,vas approximately

10 grams of sediment finer rhan 4.0Ø. Organic material was removed

by soahing the samples in 50 milliliters of 35 percent hydrogen pero-

xide solution for 24 hours.

First, the samples r¿ere r,¡et sieved through a 4.0Ø screen.

Fractions retained on the screen were analyzed by sieving. Fractions

finer than 4.0Ø rvere pipetted from one liter settling columns. Each

liter column of water and sediment contained 0.300 grams of sodium

hexanetaphosphate dispersant. None of the samples flocculated. The

following grade sizes were determined by pipette analysis: 4.5ø, 5.0ø,

5.5ø,6.0ø,7.0ø,8.0ø,9.0Ø and less than 9,0ø. Alt weights vzere

measured to 0.001 eram on an electric balance.

Additional Procedures

Rock types and particle sizes of gravels \üere determined

by visual examination. Sands l,rere examined under the binocular micros-

copc for mineralogy and grain shape. The X-ray diffraction technique

was used to determine the mineralogical composition of two clay samples.



CHAPTER IV

RESULTS OF THE FIELD AND ]-{BORATORY STUDY

Data Presentation

Figure 13 shows

-*l tt'í ^,,-^ 1/, .: ^ ^ L^Ê1-,.^-^F-: ^4rrs r !ósrc rT !ò d udLrryrrrELL!L

locations of the 136

^F ÈL^ ^+,.1,. ^-^or Ene sEucy area.

sL ^L!tc

map

samples collected

Res¡.¡1ts of sieve analyses are given in Table II (used

later to test the statistical techniques of environment determination

(Chapter VI) ) .

Tabl-e IL-I gives the results of samples anaTyzed by sieve

and pipette. Because of the high percentage of very fine maierial

/-^-È-'^l^ Ji --^r\pdrLruac u!dLrcLers less than 9Ø), these analyses are incomplete. The

main use of these analyses is to compare sand to silt and clay percen-

tages at various l-ocalities.

Because of the limited usefulness of the pipette techni-

que, only r€pr€serrtative clay samples v¡ere analyzed. Grain-size dis-

tributions of gravel samples $7ere visually estimated. This explains why

Tables II and III present grain-size analyses for only 90 of the 136

samples collected.

Delineation and Description of the Environments

Ten different depositional

the Grand Beach area. These environments

another by observing differences in one or

environments are proposed for

were differentiated from one

more of the following criteria:
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(1) Topographic expression.

(2) Sediment type (composiLion and parricle size).

(3) trnlater depth (if applicable).

(4) Location with respect to other environments.

The environments, whose areal distribution is shorvn in

a1 glrrê | ì tfê,

(1) Beach - The beach is a 20 to 50 foot srrip of land

between the wave-cut cliff and the lake.

The beach sediments, sampled from the swash zorLe, are

almost entirely sands with an average mean size of 1. 39Ø and an averege

standard deviation of 0,29Ø. Scattered pebbles occur along the beach

(Fieure 16) but were not included in the prain-sioa c¡e1\,ô-- 1-^.-*, weI.e [[uL rtrçruue .jLZe analyses Decause

they appear to have been transported by ice rafting (Chapter V).

A variety of recent sedimentary structures rÀrere observed

along the beach. Among the more interesting structures observed were

beach cusps (Figure 16), heavy mineral concenLrations (Figure 17), and

vrater formed ripples (Figures 18 and 19).

(2) Aeolian - The aeolian environment occurs between the

rn/ave-cut qlif f ¿nr1 tho l eonn- "hore and includes the dune and S\.^iamp

topographic zones.

Sediments of this environment, sampled from or near the

tops of dunes, are sands with an average mean size of 1.81Ø and an

average standard deviation of 0.45Ø.

Wind ripples and aeolian cross bedding (Figure 20) are

common sedimentarv structures,
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FIGURE 16

Photograph looking east along beach, shoruing beach cusp

developrneni. Note tbe paucity of pebbles along the beach.


