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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



-B -

I

FËg&ßå,e S @ &-ake WãffiffiãpæW Wæter Lewæ&

From 9:oo o.m. ond 4:oop.m. Reodings of Gimli- Summer 19óó

LEGEFúÞ

Recorded Ioke Level

@@@ loke Level After Removol of Wind Effect

a
lì
¡ill

----- ir
li

'' '-/"'-"-'-.'

Ì

i.tt
li

:L&

30slot520?530 ---,, .L- . r,..-L., 1-.,r - l --- r ,* ,-.t --, l-, .r- r --r-- -1 ,,-,ro ls 20 z5 ---
I

-l*.r r
)

JULY AUGUST
5 E PTEMBE R

MOF{ TÞ{ ond DAY

Þø4,e*À*-ø,;&

-,--- r rl -,-*r-.-r.*.r--,,l- , .r-.r..--r -l - -r, ,30 5 rõ-*-



||!@6ã

r ËgLåg'@ d

F rorm 9:OO €

IAKE LEVE I
( ¡n f eet obove
meon gecr level )

20

JUN E

25 103Ql5



PiAK
iì:Cûlìi.,Ër-

-9-

T ,\ l-:.r I L-

DÅiLY iilf'r) ViLUa ITIES
AT Ci;'1LI - Sui'i,'iEi( 1966

¡'lc l\ T H

JUNE J"JLY A|JGU'ST

DIIì. \/aL. DIfì. Vr-:t-. Difì. vfl-.

Di\Y

SEliIEi,l-{ãii
1ì T 'l \/L-lU I '\ C

2.)

L
')

7
L¡

Ç

a

)
'1 iìa\,
1ì

s 64
Iri ¡l','J ? \)

l.; 21

'ii ¡lil j 1+

¡.r\,'.t ?rl

i\iü 34
;!J,'i J'"
i,j l+9

i'jiu 2L

i\.1 l:r q 5

\,1Í'.li'l 2 6

s 2l
r'l q,t.i 2 )

i'i'.,1 3 I

S lr4
S5¡i 3!+
a. .:,.1 I r.

L-t

N ,{ ?_'.)

i'.,l ;t

i'.i r 2')
E it: 6.)
¡li: 36
I'i f'tf 2i

'rt1\.,r ) |

¿ì L t

( Ç'rr ? fì

tt l\l ?! ') 
t)

i{,.i 51
Ni,Y 3 1

>21

.s;l '7 ,l

41

S

.S

2i-
j (.)

S ?,9
r,,/ 5,'.,1 ¿r li

i,i 3i

i'.,l ¿+2

It,,r 23
','l 36
\r; 56
¡iii lrf
Si: 7L
:' 34
s,,,i 3.-,
.SlJ t+6
- -Õ

lr 5l'l 3 6
,\;; 'l ,11 ) J

q 2l

1,,\l .J 1/ti¡¡\,, l-r

S',tj 2ti.-)

1',1,'' 1 0

l, i'ì:.'' 3,,

{ --,.' ? ()
'J\)¿' L t

:'l:\,i :i 26

:fi r- 22
:i Ij': 2c;
N 39
).i 27

.r.:,, al,/\J.. ¿,)

5 S '! ?-1+
z- 

-î:) )¿
5 S r¡r 4L¡
l.l:\l (i 2 l,

A /. I

t,t \.!; ) )i\rtL a.L

¡.! ii !: a -l
rl¡{L L I

..'r.r,' 1/,
L-f

..<.r /,f_

'\i / I

L:\L L )

L2
l')
1"

i-;
iô
l7
i6
i9
2\-'
-)l
L)-

22
1)

24
/')
26
)-7
aí;

29
')'-.;

3\

tr --\

(.; /,

!,1s"'l 4-i

',iiti';2t
i.t.,J 6i
i'jv; ?)

; -; 
-;;

i"i 23
Nfi,,l 2L
r,i :ii: 3 4
ì,i.-qr,'i 25

E .! E Z,tr
;,iSi,i 42
i\ r,i,.i 32
ri5/i 5S
! v! ) J

)1 ii .'j ¿)

SIGi!iFIT5
LISS TlrÂ'',j

,À pl11,i,. ..r I ¡,1) VEt_OC I T'í
iE ,'1lLi5 iji-d rlUiJiì



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
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FIGURE 5

Oblique air photograph showing contrasE

the bar (center left) and the typical

shoreline (lower left).

between

boulder

:¡ì":.'
..

tl
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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



-L¿-

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.

-23-

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.
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FIGURE 18

Interference lrave ripples. Note heavy mineral

concentrations at crest of ripples. Also note ripples

covered by later sediment at left edge of piroto.
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FIGURE 19

I^Iave ripples, becoming buried and preserved.
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FIGURE 20

Aeolian cross bedding exposed in the \,/ave-cut cliff.



3) Channel

contain more than three Percent

Sediments along

are sands lvith an average mean

deviation of 0.59Ø.

-36-
The channel, 100 to 300 feet wide, connects

I¡Iaf er denf hs a'l o-^ ÈL ^ ^L ^--^-r ':enter lineelsLL! sLyLrrr srvltE; Llls Lll4tlLIsI L

The northern liniit of this environment is

(

ro Lake Winnipeg.

..^--. t-^- Ç^,,- r^ ç ^^rv dLy L LUtLI r9u! Lv ù€vslt !suL

defined arbitrarily as \^ilrere the chennel boøins to

Lake Winnipeg. The southern limit is drarvn r{here

of material finer

the center line of

^ì -^ ^+ | \ lln -,ndùI¿C 9L L.JLV, 4

-.-'l^'^ ^- -iF :^-ív/tGen as rL l(Jrns

the dediments first

than 4.0Ø.

the channel floor

^*-*rarddLr évEL46ç ÞL4rru

(4)

and 1,000 feet

Lake Delta A fan shaped de1ta, sorne 1,800 feet long

wide, occurs on the lake side of the channel. Water depth

ranges from 3 to 15 feet. This environment ís defined on the basis of

"'atsôF Janrh ^ñnt-olrrq lI'ì qrlre l/r) '.L-i ^L ^'1 ^-*1r' -L^-- !L^ ^L--^ ^fd eX-\,üaLer ogPLtt cutIL- *- - \, *Þ-- wtlrsLl srËdL ry srluw L!rç òrréye 4L

tent of the delta. There is no apparent difference betrveen the sedi-

ments of this environment and those of the off-beach environment (below)

Sediments of the lake delta are sands with an average

mean sLze of 2.45ø, and an average standard deviation of 0.43ø.

(5) Off-beach The off-beach sediments are generally con-

fined to a 1,000-foot wide belt along the bar shoreline, but may also

occur in isolated off-shore patches (as in samples 85 and 86). Water

depths are generally less than 15 feet, buE may be as deep as 20 feet.

The southern limit is the shoreline. The northern lÍmit is arbitrarily

defined as where the sedimenLs first contain any pebbles or more than

three percent of material finer than 4Ø.

All sands (except lake delta) sampled frorn the lake

bottom are classecl as beloneine t.o the off-beach environment. The
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sediments have an average mean size of.2.L4Ø, and an average standard

deviation of. 0.47Ø.

(6) Transitional This environment. which varies Érom

800 to 2500 feet in r^'idth. occurs on the north side of the off-beach

environment. The name transitional refers to chanses in ¡vater depth

/^^*-^";--+^1" r0 feet in Lhe south and a maximum of.25 feet at the\cyyrv^!lr¡aLc ¡J ¡

norfhern limit) occ.rrrríno in thís environmenL.r!¡^o !¡¡ ç!¡¡

This environment contains gravels, sands and si1Ès and

^'1,..-^uId)Þ rLl vé!rvuÞ yLvPuL LLvrrÞ: !rlç ùdrru y!wHvr L!url rè rr!èirrçùL 4.

southern boundary of the enviro;rnen.t. Gravels and hard indurated clays

(thought to be PleisLocene deposits, Chapter V) are most abundant mid*

r.rrrr'hoi.r.7ôôñ fha iç6 bOundaries. SiltS a¡d clayS are mOSt abundant in

the northern part of the env:-ronrnerlt,

\ r ) u_:5-H\\'dljj

enrzi ronmr.nf s:mn]gd and its

one mile north of the bar.

Sediments of

The deepirateTj lake is the northern-most

southern boundary ranges from one-half to

I^Iater rleoths áre not less than 20 feet.

this environrnent are sílts and cla1rs çi¡1-t

less than five percent sand, and probab1y rcpresent the southern edge

of the l¡lanket of sediment forming tlie bottom of the greater part of

south Lake Iniinnipeg. Gravels \\Tere not observed in this environrrrenl.

(8)

north of the

"o."o\ 
fnr--c

v!!ruv/

piøht føof ¡F

Reef - Pal-eozoic 1ir¡estone outcrops about one rní1e

bar. This reef (the rvord reef is used in the mariner's

a pronounced high on the lake bottom, and comes to within

the surface at its highest point.
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fqì T¡sôon Delf: - Á f:n chrnpd ¡1ø1ro oíñilor i- .h.--\J/ !4¡1vvrr uulLq sLrLd, ¡LIIL-LdL IrI :'rrdptj

ancl size to the lake delta, occurs on the lagoon side of the channel.

T¡Iater deoth rånses from five to twelve feet.

Sediments of this environment are sands (at least 15

nornanl-l .-.1 ¡i'l¡^ ^-.l ^1^'-^ r^+-1 east 3 nercenf)- Theep nêr¡.ÞntroêqPErLE!¡L/, 4ltu Þ!ILÞ 4tlu uIdJÞ \4L -----L,/. !rrsòg Hc!Lç___*ô---

define the areal distribution of the laqoon delta. Sand content is

hishest near the channel mouLh and lowest at the borrnclarv wíth the

lagoonal environment.

,. ^\(f0) Lagoonal - The lagoon is a body of \rater, some 8000

f açl lnno rnd ?5OO faof r^zi dp qon:rrted f rnm T tl-^ r'ri*.^i-^^ L-- Èl-'^ l'--'-,.*-*, ,-r *- -,.. -*Ns wrrrrrrpËË uy Lrrc udy -

mouth bar. Water depth averages twelve feet.

Lagoonal sediments are silts and clays rvith less than

15 percent sand.

ar-'-^-^1^^-- ^*J -exture of the sedimentfI!ITELdIU

/1'ì êr¡r¡a1c - Annrc--i-^Þ^1,, ?aì ñ^...ênl- nf tho orz\rêl orrinc\t/ u!avs!Ð ÃHyrvÃI[r4LEIy /W PCr

are igneous and metamorphic rock fragments. Carbonate (limestone and

dolomite) rock fragments account for the remaining 30 percent.

Pebbles are the most common grain-síze; cobbles are rare.

Boulders may alsc be present but \^rere not collected due to linitations

of the sampling device used. Gravel grains are, on the average, sub-

rounded (based orr the roundness scale of Powers (1953)).

(?\ Sands - Visual estimates of the overall Averaoe minera-\-/

logical comp,osition of sands are as follows: Quartz - 96 percent,

E'oljcnrr - ? nêr^^-f L^-".- --i*arrlq - 1 nornonl-! L!sot/s! J I/L!LgllL, rlgdVj lll!Llgru!o ¡ ye!
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ApproximaLeLy 7 5 percent of the quartz grains sub-

rounded to rounded with a frosted and pitted surface. The remainder is

angular to subangttlar, with a vitreous luster and a freshly fractured

apPearance,

Feldspars, most abundant in the coarser sand grades,

âre gener¡ l1v srlh¡norl1¡r ni nk nl noinnl eca

Heavy minerals consist primarily of magnetite, horne-

blende- sârnef and enidote vrjfh traceS of muscovife- r¡fi1e anrì rnn¡a, Þ*.' t luLlrs alru L\rPaL.

Cumulative percent curves of representative beach, aeo-

lian, channel, lake delta and off-beach sands are given in Figures 2l

to 25 inclusive.

(3) Silts and Clays The most abundant mineral in the

silt fraction is subangular quarLz. Magnetite and trace amounts of

horneblende and muscovite, constitute from one to ten percent of total

si1t.

Clays range in color from blue-gray to bror,¡n. They are

sliøhtjv ca'l ¡_2¡6rn". .-.1 *-^', L^\7F a crtlnhrrrnrrq nrJnrrr r.rhinh ic nrnlr.l-, 1-,urrórrL !J euruq!svuù 4ttu r[drty trdv rHlrslvuo _- rLl)VdD Ly

due to the decay of contained orgarric material. X-ray diffraction

analyses of sample 79 (deepr,vater envíronment) and sample 6 (1agoona1

environment) indicate that the clays belong to the montmorillonite

group of clay minerals. Much of the clay fraction consists of particles

rvith co11oida1 dimensions (the largest sLze for colloida1 particles is

about ten on the phi scale).

(4) Rock Outcrop - The one rock ouLcrop in the study area

(the reef environment) consists of pale gray, f.Iaggy, dolonritic limestone.
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CHAPTER V

INTERPRETATION OF PROVENA}ICE AND DISPERSAL OF THE SEDIMENTS

Although the primary objectives of this study are to

del-ineate deposl.tional environments and to evaluate se-veral statistical

methods of determining depositional environmenEs from grain-size data,

sufficient geologic evidence is available to allor¿ an interpretation

of the recent geologic history of the Grand Beach area. The conclu-

sions regardiirg the recent geologic history of the area are illusLrated

by tiuo interpretive cross sections in Figure 26 (in pocket).

The Grand Beach bay-mouth bar is interpreted as being

a Post Plcistocenc geologic feature. Tt.¡o lines of evidence support

this conclusion.

Firstly, bar sands and lagoonal and deepwater clays and

silts are superposed on Pleistocene glacial terrain. Glacial drift

donnci Êc irô ñrLrsent at each end of the bar and alons the I åsoolt shore-raóvv r

line so that gravels of the transitional environment undoubtedly repre-

senf srrb:crrreo¡s eXDOsures of fhe^^ ^1^^: ^1 ,1 ^-^îitS.Lrruùc 6téLrdI usPv-

Comparison

zoic sediments exposed in

of evidence. trnlallace and

recent sand:

of bar sediments

thp qlrrrnrtnãr'.o

llcCartney (1928)

with Pleistocene and Paleo-

reoion nror¡i dc

renorfad fh:t

a second line

the Grand Beach

"...... dif f ers f rom glacial sands only in that it contai n.s much
material derivecl from the Winnipeg Sanclstone which outcrops Ín
the vicinity of Grand Beach.rr

The present study supports their conclusion. The frosted and pitted
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variety of quartz grains found at Grand Beach is typical of the Winnipeg

Sandstone. Subangular quartz grains with a freshly fractured appear-

ance are undor.rbIedIy derived from glacial drift deposits.

The Winnipeg Sandstone source beds are exposed near

Victoria Beach (tr^lal1ace and McCartney, I92B; l'lacauley, 1952) some ten

miles northeast of Grand Beach. Deposits of Pleistocene sancls and silts

are exposed near Belair (Figure 2), and in places, form a 50 foot cliff

along the lakeshore (Figure 27). Transportatioir of sediment from these

source areas is primarily by a south trending longshore current (a

result of the prevailing northv¡est winds) along the east shore of the

lake.

The ínitial accumulation of sediment forming the bar has

been interpreted in the follorving manrler. The prevailing winds, as

illustrated in Figure 26 (Map), initiated two separate forces on sedi-

ñ^ñ+ ñ^P+: ^1^^.¡rrc¡rL l/dt LIUIcÞ.

(1) The longshore current; carrying its load of sedinrent,

st¡eof dov¡n fhe shoreline from X to Y. Because of rhe abrrrof ch-..*r- -norellne rrom r( Eo r. öecause c- -^^ange

in the direction of the shoreline at Y, the current tended to flow

westward across the mouLh of the bay.

(2) trnlave action tended to drive the sediments back into the

open bay-mouth as they reached Y.

Apparent 1y , the longsho re current rvas the precloniinant

force and sediments \.,/ere strept r^¡estward across the bay-mouth. Current

velocity decreased in the deeper \^/ater and sediments \'/ere deposited.
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FIGURE 27

Photograph on Lake l^linnipeg shore

Pl ei sf OCene q'l aci ^1 Å-: çF t ^ ^-,:OSedórc¿erda uLr!L !ù g^l

near Belair.

h\7 \ll-r^^r 
^lalt
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wave action, rather than driving the sediments back into the bay. \das

constructive and contributed to increasing the heíght of the bar form-

ing on the lake boLtom. A similar current from the west prevented

sediments from being s\^/ept around pronìontory z and thence out of the

Grand Beach area. These processes appear to have acted continuouslv

throughout the evolution of the bar.

In addition to producing longshore currents, rvincl played

an important role in forming the channel and the 1alce and lagoon deltas.

l{íth northerly winds and the consequent rise in rvatei-, sedime:nt laden

water rushed inEo the lagoon via the channel. As the ch¿rnnel widened

into the lagoon, rnrater veloci-ty decrease,J ancl sedíments were depositecl

€n--.í -a +L^ 1 ^^^^.^ l^ 1L ^ rr-'!L!urrurrrB Ltre ragooll de1ta. tr{ith a drop in lvind velocity, or southerly

winds' irater flowed out of the lagoon through the channel ancl a simi-

lar delta was formed on the lakeward side of the bar. This process is
ô-^l ^^^t!^ +^ !L-È F^*.: ^- +: A^1 J^1!- ^ :- 

-^--:,-anaragous to tflcru rormrng LloaL deltas in marine environments (Johnson,

19 19 ; Baars , 196 3) .

Most of the bar is composed of sediments depositecl by

h/ater. Aeolian sands account for only the surficial cove,ring of sedi-

ment on the subaerialy exposed portion of the bar, The beach is the

only source for the aeolian sands (Figure 26). High water levels of

recent years have caused dune sediments to be eroded and redepo-sited.

on the beach. Ice rafting of sediment into the area \.ras observecl dur-

ing the spring of 1966, This mechanism is undoubtedly responsible for

the occurrence of the occasional scattered pcbbles along the beach.

Clays occurring aL Grand Beac.h are probably derived

through the rervorking of glacial cleposits. Erosion of glacial clay
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deposits, commonly forming the Lalce l^Iinnipeg shoreline, contributes

f ine sediment to the 1a1ce. In adclition, Recl River, f lorving over glacial

rlenosiis cari-ies fine material to the lake. Professor A. Baracos of

the University of I'fanitoba Soil Testing Labora[ory reports that co11oi-

da1 montmorillionite is found in the clays of the Red River Valley

(personal communication, 1966). The mechanism by which these co1loida1

^1---^ ^-^ Å ^-^^'i ted at Grand Beach i s not fu1lv understood. Possiblv-9I4yÞ drg uçyvù!Lçu GL Urqrlu Dsavrr ulluç!ùLvvu. !voolvtJ t

electrolytes in the lake water induce flocculation and subsequent pre-

cipitation. The slightly calcareous nature of the clays is attributed

fo redenosi fi on ^ c ^1 ^ ^: ^1 *^ ^1- f1our.Lv !suLt/vÐrL!v!! U! ËIdL!dI fULN

As illustrated in Figure 26, the gravels of the transi-

tional. environment are remnants of the Pleistocene elaci.ation and are

not the result of present dav sedimentatio¡r at Grand Beach. Non-

deposition of recent sediments in this envirorunent suggests that \^Iater

enersv l eve 1s bef r"reen r.râf er deot-hs of 15 and 25 f eet are too lorv toerre!õJ

trânsnorf sand o¡rticles- vef hish enoush to orevenf the cleoosition of

-.í 1r. ^-.i ^1..,. Thi s silesests a \üave base of about 25 f.eet for tliisÞ!ILÞ 4!LU Urdi',ù.

part of the lalce. The sheltered location and quieter vTater of the

lagoon al1ow silts and clays to settle out in only five feet of water.

The limestone exposure fonning the reef is the Ordovi-

cian Red River Formation (Manitoba Mines Branch Map 65-1, 1965). Non-

r^-^^-'F-'^- ^r -^cent sediments in this environmenf âøâín srrsgests r^/aterugHvòtLIU!r v! !gugrrL ùçvlrlrs!!Lù Irr LLI!ù ç!rv!!v!LrLrL

anprsioc hish pnnrroh fô nrp\rênt Õi1r- ¡nrl ^1..' âonncifr'nnLrrL!ó!ur r¡!óri Lrrvsõ!! ù!IL dLlu Lral uEyvù!L!ulr.



CHAPTER VI

STATISTICAL ANALYSES OF GRAIN-SIZE

DATA OF THE GRAND BEACH SEDIMENTS

Int rodu ct ion

Several statistical techniques which purport to assign

depositional environments to sediment samples from their grain-size

distribution have beren proposed in the liLerature (Passega (L957),

Mason ancl Folk (f958), Friedman (1959), Sahu (1964), and Klovan (1966))

The gross clepositional envirorurents at Grand Beach provide a model to

eva-l-uaLe these f ive techniques.

Most quantitative Eechniques appl-ied to grain- size c'ì,is

tribution data have been developed through the study of recent marine

sediments. The Grancl Beach area is lacustrine, but ís directly com-

parable to marry present day marine siLuations:

(1) The size, shape and mode of formatio¡r of the bay-mouth

bar is similar to coastal features described by Johnson (1919).

()\ Norlh winds have a fetch of some fifty niles and terr-\-/

foot rvaves have been observed near Grand Beach. This is arralosous to

conditions of a streltered sea coasi. Southern Lake trniinnipeg, hor^/ever,

is shallower than most coastal bays or inlets of comparable size.

(3) Because of the shallow wave base (approximately 25 feet)

at Grand Beach, sÍ-lts and clays are deposited much closer to shore than

in a similar marine situation.

(4) Although Lake Winnipeg does not have noticeable tides,

wind produces analogous, though irregular, fluctuations of water 1eve1.
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Marine ticlal deltas described by Johnson (1919), and Baars (1963) are

similar to the deltas delineated at Grand Beach

(5) Ice raftÍng of sediments in the area may be compared

with that occurring along northern sea coasts.

The author conte.nds that these similarities justify the

use of a lacustrine model to test statj.stical methods of depositional

environmenE deLermination which are commonly applied to marine sedimerrts.

All methods use the same basic data, narnely the results

cf grain-sizc analyses of 66 recenL secliment sanrples from bea.ch, aeo-

lian- channel. lake- delta and off-beactr environnents at Grand Beach

(Tabl-e II). The statistical study is limited to sandy sedir.te nts because:

(1) Most of the ProPosed techniques have becn developed fo::

-L-.)-- ^f -^-J ^*ade sediments.5 LLrUy UI òértú 6L

(2\ Comnlote grain-size distributions are not available for
\L 

'/

^1-..^ ^r 1-^^.1 Þ,eaCh.çtdJÞ 4L UrALru !

/?'\ To drf o there i s no comnlpf olv c^!; ^ c^^r^ '-'- .^^*hod
\¿/ tlv svllLPrsLLrJ oéLIÞ!dLLU!J tr¡ULl

avaj-1able for deternrining the grain-si-ze distribution of ultra (parti-

cles with co11oida1 dimensions) fine-grained sediments.

Each of the five techniques is described and evaluated

in a similar manner:

(1) The technique is described.

(?\ l'hc 66 oraín-size Ar'alvsps âre considered to be from
\L,/

unknor+n depositional environrnent(s). The technique is then applied to

the 'runknor,7ns" and their possible depositional environment (s) are inter-

nratsaJ n¡¡arÅi ño ts^ ^*r'F^ri ¡ nr¡-^^^-1 L'- È1-^ ^"'-hOf Of the methOd.preLeq accor(jlllS LU ('IILtj.t.rd PLUPeòsq uJ L!rç 4ut
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(3) The results thus obtained

mental situation previously determined at

are conrparecl to the environ-

Grand Beach.

Most techniques involve considerable computation. inlher-

ê\¡êr nôssi b 1e. f hese conrDu f ¡ti ons r.rerÊ nerl'ormecl bv di ci ta I computer,
l/vuulvll'*!o!9\+.--''.|

Programs used in the statistical study are documented in Chapter VII.

Diagram Cll-Passega (1957)

fA) D^^^-{ nr-'i¡- I'he sl-¡f i sti ca 1 Darameters used bv thi s\--l -UòL!IPLIwtI - rrru rLuL!r

mefhod are C, lrhe one oercentí1e nerfic1o r'l íâmetêr in microns). and II

(the fifty perccntile particle Ciaineter in nric.rons) for each sample.

The valrres of C and l"l are talcen from cumulative frequency curves and

rvhen plotted on logarithmic paper, form a pattern CM. Sample points

may fal1 anyrvhere on the graph except belorv the line C = M, which is

called limit C = M. The fine fraction is defined as the weight percent

of particles with díameters less than 125 microns (3ø). Fine fraction

percentages may be contoured dircctly on the diagram.

The pararneters \^7ere selected after a study of transporta-

tion processes (Passega , 1957). Fine and coarse fractions of a sedi-

ment often act inclependently of one another, and should be treated

separately. The coarse fraction (characterized by C) is ntost repre-

sentative of the en.¡iro¡rment as a wllole. Parameter ll gives a measure

of the average coarseness of the sediment. Fine fractions are defined

by the percentage lines on the diagram Clul.

Passega (L957 ) interprets the distribution of sample



n^irrl-c tn.l fhê cL.^o ^f .uvrrrLo arru LrrL oIr4IJç u! 4

sediment deposition. lIe

^Fe!,^+^,1 ---'+1^SEfUCteG r/¡rEn gfa]-n-SIZC

environments.

(B) Test of the Technique

samDles âre e'íven in TabLe IV.

t'/,\ Madírrm or¡i n -qi zç\+.i I'l----...

f ined minimum val-rre, r',rhereas the

/-\(),) rne rrne partrcle

to the orclinate.

- 53 -

di asram CM as refl ecli ns fhe nrocesses of

gives numerous exanples of patterns Clf con-

data of sediments rvith icnoru'depositional

I'igure 28 is a diagram CM constructed from the test data

wi th tlre sanlol es as I'unknownstt. The shâDe o F tho llN4 nrt'f orn ho*,..r * _ - as unKnolúlrs . .. --ars a

-^*^-1.-.i-r^ *^-^-t-1---^ +^ 1Cq Of he:Ch rienoq.ifq or.r¡on hr¡ p¡qqeo¡!çLrrdl.NdUIç !UògltlUldLtl.E LV Ë^dltly!uÐ v! u!ourr uçul ---- o-. ---- -J - -,---Ò*

(1957, I'igures 114, l1B and 12). The following features, taken by

Passega to be inclicative o-[ beac]r deposition, mây be observecl in

Figure 28:

(1) Beach sediments usually have median diameters greater

than 125 microns.

()\ Tho fÎlf ntffêrn ic '.'i¿l^ 1-'l 1a-n\L,/ ILrs vrr HaLLL!!r !o WIus dltu IUtr6.

(3) Coarse sediments are rvidely distributed on the diagran;

finer sediments are more concentrated.

Values of C and M for the 66

^ç - 1-^a¡l-, n^+f^-- L^- - ^1^--^1.- J^ur a uçaLrr yéLLsttt rldù d ùr(d.rpIy ug-

maximurn s i ze i s rro t as sharp l.¡ def ined.

percentage lines are elmost parallel

Because the pattern illustrated in Fiottro )R i" almost

identical to that shorvn by Passega for typical beaches (Passega, L957,

Figures 114, 118 and 12), it is concluded that the 'rurìkrr-orùnil sediment
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samples \,/ere deposited on a be,ach. No other depositional processes or

environnients are recognizable on the diagram CM.

Figure 29 is the same diagram CM but with the known

depositional environrrrents of the test samples shorvn by different symbols.

It is obvious the diagram CM technique has failed to differentiate

between sampl.es from any of these environmenLs and has left the false

impression that all sanples are from a beach.

Graphical Paraneters - Mason and Folk (1958)

fA) Ðescriofion - Thís techníflue u¡^- +L^ ^-^-1':-^1 stat-\--l JqÞu!IyL!vrr euç!!!!!Yug uÞcù LIrÉ ó!dPrL!ud

istical parameters developed by Fo lk and i^lard ( 1957) .

The four parameters and the formulae for their cal.cula-

tion are:

( 1) Mean s i ze (þ!,)

Nr-=Ø16+ø50+ø84-'7 :_::-_-!--

(2) Inclusive graphic standard deviation (dI)

d-=ø84-Øtø + ø95-ø5
4 6.6

(3) Skevmess (Skr)

sk- = Øt0 + Øs+ - zØso + Øs = Ø95 - 2ø50- 2(øs4 - ØL6) z(Øgs - Ø5)

? t \ /rr \(+.) Kurtosrs (nG)

Kn= ø95-ø5u 1:4i-;-ø1t-:-ú25)

where ØS fs the phi diameter at the 5th percentile of the distribution,

etc- The nerc-entiles are taken from the cumulative frequency curve

drawn for each sample.
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Mason and Folk (1958) suggest that a plot of skervness

against kurtosis provides the 'oest mcans for distinguishing betrveen

beach, dune and aeolian flat environments of lutustar-rg Island, Texas.

The mean size and standard deviation (a measure of sorting) coulcl not

be used to delineate environments because of the verv uniform nature

of the source sediments. Differences in transportation mecl-ianisms in

the three environments affected the tails of the distribution curve and

these differences r,¡ere reflectecl in the values of skewness and kurtosis.

Skewness is a measure of the symrnetry of the distribr.ition curve. Nor-

mal curves have a skervness value of 0.00. curves ruith an excess of

fine material have posiLive skev¡ness and those r"'ith an excess of coarse

niaterial have negative skervness. Kurtosís measures the ratio of sort-

ing within the central 90 percent of the clistribution to sorting of

the central 50 percent and is thus a rough measure of the peakedness

of the distribution curve. Normal curves have a kurtosis value of 1.00.

Curves which have better sorting in the central 50 percent of the dis-

tribution than in the central 90 percent are excessively peakcrl and have

kurtosis values greater than 1.00. Conversely, curves \^Ìith better sort-

ing in the centrai' 9O percent of the distribution than in the central 50

Percent are deficiently peaked and have kurtosis values less than 1.00.

(B) Test of the Technicr.re Thp enmnrrtej or¡^'l..' ^.'l o{-¡t-í o-dPtrl.L4! ÞLdLIò-

tical parameters for the 66 Grand Beach test samples are given in Table

V (computed ìry prograni 1, Chapter VII) .

Plots of skewness versus kurtosis and inclusive graphic

stanclard deviation versus mean síze are given in Figures 30 and 31
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inclusive. The lack of sample clusters or trends betrveen sanpLes on

thcse diagranrs makcs it virtuaJ-ly inrpossible to determine the cleposi-

tional environme¡¡s for the inclividual test saniples.

The- plot of

norv identif ied as to

skewncss against kurtosis for the same sam-

nl oc

l'í orlr-p

mixed.

Fhei r dennci tinrr:l enr¡í rônrn^rt-e!Lv!¡¡,!e!!çv, rs gIVen 1n

32. Samples from knorvn environnents are scatterecl ancl inter-

+-: ^+-'..^LIdL!rLó

skervness and kurtosis appear to have 1itt1e value in differen-

the depositional enviroriments aI Grancl Beach.

Figure

devi¡¡fion ¡o¡inst mcan

jj givos fhe nloF rrf inclrre'irzn oronl'.'¡ ,-t-nn.1 nr.l-..- l, u ólePr¡lL òLétLudtu

r'rí th s¿mol os onvj ronmoTìf ¡11v ídentí.fied. BeachLru u I I j/

separated from those of other environments.q:nrnloq

Aeo lian

from the

are internixed l¡i[h samples

vironments is apparent only iuhen ihe deposi

^--^1^^ --^ l.'.^-.s¿lmpIes are Kno\,/n.

partial separatiotì of en-

Iional environments of the

lloment Parameters - Friedman ( 1e6 1)

(A) Description - The statistical paraneters used by

Friednian (1961) are the nrean (Xg), standarcl cleviation (cr6) sker,¡ness

(CX36) and kurtosis @Gfi. These parameters are called the first to

fourth monìents (respectively) of the grain-size distribution. The

formulac for calculating the moment parameters are:

t1_ê aôrìrñloÊol¡z

saryrn'loc fend tÕ ç^-- - ^1..^Ê^- butLv LVLrrr e ul.uùLç!,

other envirorunents. Horvever, this

(i) i"tean (ç)
u)

- First moment

xø = I/100 Ëfm6

-.n.^-- f i - r1-'^ f ¡¡r¡¡11ênc\z nf tl¡a orarl¡ ci zocwrru!gl I Iù Ltlu rrsLlucttLJ u! LIrg ó!au9 Jf.¿Lo,
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r j ^ !L^ __.J-^ jlt of each ørade ^,._^ .i- ^1..r ,,--.:ìø rs Ene mroporl.- - srze rn prrL unrts

(2) Standard deviation (dø - Second moment

úa = (É,f(na - x"l'/tOo\"
l, '----'l¿¡ --Yr/ tLve/

(3) Skervness ( Zù - Third moment

c/ rrlrnn\ ,.r-3 ãf(ma - Ll3-3Ø - \ Lt Lww./ e(Ð - * '...'g aY/

(4) Kurtosis ( ,) - Fourth moment
+w

d-,.a = 0/:roo) aa-4 Ef (mn - *à4+v v - ' y) y)'

Frieclman (1961) proposed that dune, beach ancl river sands

could be differentiated by the four moment parameters rvhj.ch he inter-

preted to reflect differences in the mode and energy of seclimerÌtary

transportation (as did Mason ancl Fo1k, 1958, for their grapliical para-

mef arc) - lTe cl ¡imnd hnr,rpr¡or f 1. -ts f L^ -^-^-Ê ñ.ra,rratsa¡¡_ft at tng momcnt parä.ltruLers \{crc more

sensitive to differenc,e-s in the grain-size distribution than the corres-

nnnrìirro srrnlri nr1 ñ-F^ñ^+^F^yvrrurrró 6!ayr!rudI y4!4r¡reLç! ù.

(B) Test of the Techrrique - The moment parameters for tl-re

test samples are given in Table VI (cornputecl by program 2, Chapter VII).

Consiclering the test samples as Itunkno\,rnsrr, four scatter-

plots of pairs of moment parameters are given in Figures 34 to 37 in-

clusive. The dashed lines separating the different environments are

reproduced from Friedrnan (f961). The four scatterplots are:

f 1) Fi gure 34 - Plot of mean si ze acai nst sl<er¡ress. Accord-\ t/

ing to Friedman (1961), dune sands sl-roul-d plot above the dashed 1í.ne.

Beach sands should plot below the dashed line.
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Ploc of kurtosis against skewness. River

sands should have a positive skervness. Beach sands should shorv a nesa-

t ive skev¡ne s s .

(3) Figure 36 - Plot of standard deviation against skev¡ness.

Beach sands should fall to the left of the dashed line arLcl river sands

to the right.

(4) Figure 37 - Plot of standard deviation against mean.

This scatterplot is separatecì into three areas. One area defÍnes dune

sands, the second def i.nes river sands, and the third is an area rühere

sands may be from either: dune or river environments. Friedrnan (1961),

¡ffer Von T-lnoleh^*r+ /1o./'^\ ^*''roosed fh¡f tho râtio oF the ørain SizeG!LU! vv!r Lrr¿)rsrro!uL \!/1vrl t y!r,

of quarLz to a heavy mineral could be used to distinguish river sancï-s

from dune sancls in this fielcl of overlap. The technique of Von Engle-

hardt (1940) has not been evaluatecl in this study,

The same four scatterplots,

^-^ oi ven in Fiørrres 38 to 41.luClILMgLl , 4!s É)! r !óu!ur

(1) Figure 38 - Plot of mean

f ernlof cl.assi f i eS about tr¡o-thirds of the

^^*-^^F1.- r ^l-^ r^1 Ê^ -^-J^ ^1^t aS beaChuv!!ELLry. !4Nç Uç!L4 ùérruù lr!u

in both fields.

\¿ ) b rgure

four of the ten beach

Some channel - aeolian

r^zi f h cqnrrl'1 pq anr¡i r-onmanl- ¡1-lrz

These shot¡:

^,-^l-^&46drrrÞ L

beach

s ands .

skewne s s .

and aeolian

Off -beach

This scat-

s ands

sands occur

39 - Plot of KurtosÍ-s against sker.¡ness. 0nly

samples fa11 in the beach part of the scatterplot.

and off -beacl-r sands plot as rivers. The remainder

of the samples are in the beach zeîe.

(3) Figure 40 - Plot of standard deviation against shewness

lulost Of the san¡l ^- ^1^+ ^^ L^-:h .Sancls. TWelve s¡mnles f rom rzariOuS
--.--¡rIUJ ytUL dè UgéçLL.ùé!!Lrù. IWCIVL o@rLrPIuo r!vrrr v

environments Dlot as river sands
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(4) Figure 41 - Plot of standard deviation against nìean.

All aeoliarr sands plot betrveen the dune and river fields. Some beach,

off-beach and lake delta sands plot in the dune field of the sc,atterplot

Two samples, one of f -beach and one 1al<e clelta, plot in the river f ielcl .

The moment technique, at its present state of development,

is limited by the fact that only beach, dune and river sands havc becn

considered. When attempting to recoristruct an ancient clepositional set-

tinp, a seolosi st cannot aSSunìe that theSe are the onlr¡ onr¡i r.,nnrentS

present in the area bcing investigated.

The moment paranìeters fail to distinguish reliably be-

tween beach and aeolian environments ai Grand Beac,h. Further, several

samÐles are classified as

no such environment exists

indi cefo fhp denositional

+L^.- J,..^^ L^^^LtnatÌ o.une, Deacn or rlver.

COmi n C 1=rOm 2 7l ttar anrr í rnnman l- When in f aCturrv!rvrrL.rLLrLt

at Grand Beach. The lechnic¡ue also fails to

environments of èamples from settings other

Sahu (I964) empirically established four

on the sraohical nârâmefers of Folk and

to differentiaLe between the follorving

These results are consistent with those obLained bv Gees

(1965) r¿ho conclucled Ehat the moment parameters may not be a reliable

means of determining the depositional environments of sandy sediments.

Discriminant Functions - Sahu (L964)

(a)

discriminant

lrlard, 1951) ,

envi ronments :

Tìoecrí nf i on

frrnefínne (}'a<o¡1

whictr \^/ere sho\./n

(1) Aeolian
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(2) Beach

(3) Shallow Agitated Þlarine

(4) FluviaI (deltaic)

(5) Turbiclite

The discriminant functions proposed by Sahu (1964) rvere

dar¡o1nno¡l in fho €nlln'."'ño mãnn/r-. J ru I IU Wrrlg rrrarrltg r :

(i) Sedíment sanples rvere taken from knor.¡n depositional en-

vi rorulent s .

(2) The graphical paraneters (Follt and inlard, 7951) of the

grain-size distribution were conputed.

f ?) S¡mnlês rrere cl assi f j ecl i nFo srorns on fhe h¡si s of thei\ r/

knorvn depositional environments. For example) aeolian samples were one

'!-^.^1" -.-1¡'lêq r.7êrê rnn'|-hnÉ ^F^1rñ ^rõ Thon the or:nhi csl nzTA-
ËLUUP, Ugd9LI èdltrf,rLo !"!!ç arrvLrrgL óruUHt CLU. u-- !----.

meters for the sarnples of the predetermined groups \.vere used as data

for a multivariate discriminant function analysis (explanation belol+).

The end result of Ehe analvsis \.,/as a suite of characteristic discrimi-

nant functions which could be used to assign depositional environments

to samples of unkno¡¡-n envi-rorLmental origin.

According to Sahu (1964), the advantage of using discrimi-

nant functions (rather tharr the graphical parameters alone) \ùas that once

a set of discriminant functions has been developed frorn a grouP of sam-

nl es f rom known envi ronments - even ,â s'i nr,'l e sanlnl c m¡v be cl.assif iedt/tLr r rlv¡urrLlrLo )

lrrLv d ùyeL!rru depositional environment. He also concluded that the

discriminant functions are the best possible means of distingtrishing be-

tvJeen ad j acent environrnents r¡hich have simi 1ar energy conditions.
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The discriminant function proposed are:

(1) Discriminant function Y1 is used to differentiate betv¡een

aeolian and beach envirorunents.
?

Y, = -3.5688 lI- + 3.7016 er--r -'- -- --z *" "r

-2.0766 Sk1 -t- 3. 1135 Kc

rvhcre, M- is the graphic mean.'z

arz ís the variance (inclusive graphic stanclard

deviation squarecl).

SkI is tl-re graphic slier.¡ness, and

Ka is the graphic Kurtosis.

A Yr value less than (-2.74IL) indicates aeolian deposi-
I

+.i^- ^^.1 ¡ V ,,rllo orrarrêr rh:r1 ( -2.14I1) inclicates beach deposition.L!VlL 4rlu <L I1 v@!us b!

(2) Discriminant function Y2 is used to different-iate betrueen

beach and shalloru agitaied marine environments.
')

'IZ = 15.6534 l'l'z + 65. 7091 ot'

+ 18.1071 Skr + 18.5043 Kc

A Ye value less than .65.3650 indicates beach deposition
L

and a y. va'1 ue s-^nrar rl-r.- Áq 3650 indicates shal lo1,7 aç,i tated rvater4rru o r2 vo!uu ó!gdLç! LlldLL UJ. JvJw Itlu!LdLgù ùL!c!

¡lonncr'Finn

(3) DiscrÍ.minant function Y3 is used to differentiate betrueen

chal1nr.r âor'rnrod marine and f luvia1 (deltaic) environments.
)

Y3 = 0.2852 l"lz - 8.7604 at'

-4.8932 SkI + 0.01182 Kc

A Yq value less than (-7.4190) indicates fluvial (deltaic)
J

deposi tion and a Y3 value greater than ( -7 .4190) indic¿rLes shal.lor'/

marlnc ocPosr LLon,
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(4) Discriminant function YO is used to differentiate between

fluvial (deltaic) and turbidity current deposition.
)

Y4 = 0.72L5 M, - 0.4030 ot"

+ 6.7322 Sk- + 5.2927 K^
I\J

A Y7, value less than 9.8433 indicates turbidity current+

deposition and a Y4 value greater than 9.8433 indicates fluvial (deltaic)

J^^^ ^'i È-i ^'-ucy9ù!L!vrr.

Samples are assigned to environments by a process of

elimination. Foi: example, the folloruing steps would be fo11or;ed in

classifying a sample with the discriminant functions indicatecl.

Y1 = ( -1. 32/ 3) Sanrple is not aeolian.I'

//^ t / t 1\Yo = (bö. ¿lb¿rI) Srmn iÊ I q nôf hêaçh.-/-

Ye = G2,5254) Sarnple is shallow agitated nrarine.J'

Yt. = (5,2486) This discriminant function is not needed

because the sample has been classified as shallow

agitated marine.

fR) Test of the Technirrre - Teble VTT sives the knov¡n en-

vr'rônmênf s fhc discriminant functions and the environments aS comouf orlvrrvrlr¡lerrçur r qr evrrrPuLLu

from the discriminant functions for the test samples (Computed by program

1, Chapter VII). The graphical paraneters used in the compuLation of

the discriminant functions are those siven in Table V.

The technique correctly classifies nine of the ten beach

samples. Eight of the aeolian samples are also classificd as coming from

a beacfi. All lake delta samples and sixteen of the off-beach samples are

classified as belonging to the aeolian environment.
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The grcat majorit¡' of sainples from the lake bottom are

classif iecl as aeo liar-r and many of the samples near and on the bar are

classified as beach sediments. If the samples were truly'runknor^¡nrrancl

results of Lhis technÍque plottecl orÌ a map, a land area (aeolian scdi-

ments) r.ro¡r 1d hc cwnpcf ed f n t-ho nOf th and a \,Iater area lbeach se¿imentsl/ rvvv @ waLg

to the south. This is a complete r80 degree reversal of the actual

situation at Grand Beach.

particu

ADLE OT

not be

From the above summary of results, i

lar set of discriminant functions developed

differentiating betrveen the environments at

uni versa l Iv anol icablc,-..--J*1.r.

t appears that the

hr¡ S:hll ârê nôl- n¡n-
"st,

Grancl Beach and may

Factor Analysis Klovan (1966)

(A) !C¡_qf1p!¿g! - I(lovan (1966) proposed the use of factor

an¡lvcic lar àa+.ørnríninq donncítiOnal enVifOnntents frOm grain-sj_Ze diS-

tribution data. He ascribed the follorving advantages to the techniclue:

(1) It uses all available data, namely the raw'øeight

nêreênl-q of orni-. ^-i -^ --^ l-'-^^orll-ù! La 4LLd Iy òeJ.

(2) It does not rely upon rrarbitrayyt' statistical para-

(3) Complex, multi-dimensional situations are amenable

to treatment.

(4\ Sanro'l ps mâv be classif icd ínto srouDs wÍ tho"ts nr.'n*
\-./ Lr¡uuL P!IU!

knorvledge of their spatial positions.
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Brief ly, the rat ionale behind the technique is as fo 1l.ows.

A sample of clastic sediment may be thought of as a vector

ín N dimensíonal space, where N is the number of grain-size classes into

which the sarnple has been dividecl . The position of this sample in N

space is uniquely deternined lry the amount of sediment in each of the

oreào cr'zoc

One measure of similarity betrveen any rr\^zo samplcs is the

cosine of the angie bctrveen the two sample vectors. This similarity

coefficienl has been dcfined by Imbrie and Purdy (1962) as cosine theta,

who also provide a forrnula for its compuiation. cosine theta ranges

from 0.0, indicating complete dissirnilarity to 1.0 indicating perfect

Proportional sirnilarity bet\,/celÌ the samples. A matrix of cosine theta

coefficients for a number of samples is the starting point for a- Q-mode

ç-^r^- -,.-1-.^.'^IeLLvl 4¡l4tJ ù!ò.

Factor analysis is a multivariate statistica,l technique

--tr-; ^L -^-- L lied to determinc the underlvino ^i,1cô a ar F¡¡rrwrrrçrr rLray Lre <rpprreu LU ueLeIlrLrrL_ _L _-^é causes or IacLors res-

^^*^:L1^ Ê^* eL^ coefficients observed in a similarity matrix (Imbrieyv rrÞI u Ic rv ! Lrlç

and Van Ande1, 1964). Specifically, a Q-mode factor analysis evaluates

relationships betvreen sample vectors based on N variables.

The principal components procedure of the Q-mode analysis

attenpts to account for most of the information in the cosine theta

matrix with the least number of independent diniensions (factors) as

puburrrrri. rrrrs is accompl ished by erecting mutual ly orthogonal axes in

N dimensional space, such that the first axis accounts for most of the
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-'-¡:^*"'^+"^-- *L^ second axis accounts for most of the renraÍnine informa-Illlvlllt<lLlu!r, Lrtç ç-sLvrru qÀ!ù 4uLUu!tLù rvr llrvùL v! sr¡Lu!!r!!ro

t-ion ete- The amount of variance accounted for bv each factor axis isL !v r! t

nronnrfíon¡1 tn the size of the eisenvalues of the cosine theta matrix.

To facilital-e interpretation, the principal components

facior axes may be rotated by tLLe varimax procedure. Sample vcctors

are projectecl onto the factor axes. The size of these projections, terlned

c^^'^- 1^-'r'i*^- índicate the extent of infl-uence of the factor on the!dçLv! ru4urrróù,

s¡rnn'l o. The sum ^ç ^''"^-^;t r^-'li¡os for a salnole is fhe sanlole communa-D4rrry!L rurr! v! ùrluarçu rv4u!!rö,) r-v! rL !Ð

lifv rvhich indicates horv much of the sam,plers variance has been exolaínedLLçf---..-..r

by the entire set of factor axes. A communalíty of 1.0 inclicates a per-

fect explanation. Scluaring the facior loading )¡ields factor components.

Thncn nr:r¡ ho nônn.1i .',-.1 h.r .li ur'rli no f hn f :cf nr cômnônnnf c ôf r.:el. cn..n1arlluou !!tc!J ltlldlL LLg uJ U!VIu ! uqvrl òd¡tlP ts

1- -' ¡1-'a -.-'ì1^ ^^mnìrrrr¡'1 r't-r¡ Thr'c ¡n^r-t.ín- ^ì-ñli f iad tho n'1 nl-l-ino ofUy Lllg >éltlI/!U çUrrrrLrurrarrLJ. !rrro UIrg!dL.!vtI ùllllyl- !su Llls yIvLL*-.o '-

results oiì nìaps or diagrans.

Klovan (L966) appl-íed this technique to the recent sedj-

ments of Barataria Bay, using the grain-size data of Krumbein and Aber-

deen (L93l). He c.oncluded that the factors obtained fron. the Q-mode

--^1.-^:^ ^ç F1-^^o cejimonfc rênrêqênf fliffcrín9. fvnês O1= OnOrqv ût^êSênfdLLdLJ Þ!ù ur LrLeò - -! -urvrrL t,cù v! crLL!ó/ t/rçÐLtrL

at the site of cleposition. Tire proportions of the different energy types

(as shorvn by the varimax factor loaclings or nornalized varimax factor

components) determine the grain-size distribution oi che sediments de-

posited at any particular localiiy.

Klovan (personal cornnìunication, L966) suggested that once

a factor mo<le1 has becn developed for a particular area) additional sani-

^1^^ ^^"1J L^ ^lassif ied into tho sclrome bv fhe rrsê of mrr'l tiole-PI\:ù UVUIU UU LtdÞù!!!çU !LILV LrrL rur!Lr¡!u vJ L!!u uoL !Lrt/re
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discriminant anall.'sis. In this method, the suites

into which the adciitional or "unkno\nln" samples are

determinecl by the factor analysis. Each suite (group)

of

to

^-'-i 1^- ^--^1^^SItltIId! Þ4rlry!sù

be classified are

of similar samoles

may be thought of as forming a cluster

sional space (Cootr-ey and Lohnes, 1962)

r,¡hich best separare the groups and are

gonal axes in discriminant space. The

functions for a ¡ra.rticular problem is

and N (where G is the number of groups

measured for eacl-r sample). The number

the dimensionality of the discriminant

of sample points in multidimen-

. Discriminant functions are lines

represented as mutuallY ortho-

nraximum number of discriminant

the lesser of the tvro numbers G-l

and N is the number of variables

of discriminant functions defines

space.

D,iscriniinant scores f or a sample are the co -ordinates

(positíon) of the sample point along the discriminar-Lt functions. After

the discrininant functions are computed for a number of groups, ttunkno'"7nt'

samples may be assignecl to the group to which they show the most simi-

larity. The ciegr-ee of similarity betrveen a samPle and a group depends

on:

(1) Ihe dispersion of the group in discriminant space'

(2) The disLance, in discriminant space, between the

sa"lple and the group centroicl (the position of the

m€'an of all samples forming the group) '

Tt¿e dispersion of a group of samples is roughly propor-

tional to the area occupied by the samples in discriminant space' The

¿i snorsr'on of a Èrôrìn n F sanrnl es may be shorvn by centotrrs (centile con-
u!ÞPL!r!vr! v! u 5!vsÈ'

tours). These mary be represented as ellipses about the c-entroid ín two
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dimensions, ellipsoicls in three dimensions, ancl hyper ellipsoids in

diinensionalities greater than three. The chi square test (Coolcy and

Lohnes, L962), by considerÍ.ng both the group dispersion and the distancc

betr"een thc sanrple point ancl thc group centroid, gives a relative mea-

sure of the similarity of the sample to the group. A value of 0.00 for

this test indi-cat.es that ttre I'unkrìo\ùn" sample fa11s precisely on the

group centroid

of ¡lli -qñrråra

group.

and thus perfectly confornrs to the group. Large values

indicale that the rrLrnl(no\,/nrr sample is less simi lar to the

rR\ Test of the Techr-ricrue Â ô-.rn11c f oalal- 4,ì41.,.,-'^ ,-.^Ã Y rrruuc réçLUI dtl4t),Þ!¡ \1 dò

^^--"ts^'1 ç^" trtt Of the 66 teSt semnlos lconrn¡fe¡l hr' ñr^ñr.rô ? ChaotervvrLryuLçu !vr JU u! Lrru uu LçÞL 5@illpl.sÞ \çwlllyLrLçU Uy pLUEfA:ft J,

VII). Ten sainples (numbers 27, 38, 53, 59,62,69,74,91, 126 and I32)

uiere exclr.rde:d from the factor analysis and are usecl to test multiple-

discrinLinant arìe, lysis as a methocl of classitying "unltrì.ownfrsamples into

the factor mode1.

The cosine theta similarity niatrix for the 56 test samples

is given in Table VIII. Eigenvalues, percent sums of squares and cumu-

latir,'e sums of squares for the principal components factor analysis are

oir¡o,r in'l'¡h1o IX. Three factors account for 95 percent of the informa-

tion i n the cosine thcta matrix. I'o llorving the reasoning of Klovan

(1966), t-his suggests Ehat there \.^/erc threc main types of energy acting

rloon fho sorìirnonts in the A1.ea Of donncít-inn S¡mole conìm¡nâ'l jties anduqrLLt/ !s

normal.ized varimcx factor comporlents are given in Table X. Corrununalit:'-es

are hi sh. i ndi catínq Fhai- mosr of the vari.ance in the data has been ex-

plained by the use of three factors. The nornializecl varimax factor
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T'ABtE VIII

727l70ó867ó6,6564ó3ótóo

Gos Theta Matrix

t.465 0.462
r.463 0.48ó
t.493 0.241
r.ó99 0.484
r.5óI 0.340
r.ó97 0.ó96
r.3I7 0.3I4
r.717 0.714
r.219 0.21I
t.?67 O.25?
.I32 0. I t4
.o5ó 0.o42
.326 0. I47
t.7¿B 0.741
r.9I4 O.896
.987 0.89ó
.985 0. 879
.978 0.932
.888 0.91 3
.000 0.922
.922 I.000
.905 0.8I3
.907 0.91ó
.962 0.9ó4
.38ó 0.138
.990 0.913
.859 0.853
.ó28 0.3I0
.949 0.990
.848 0.883
.984 0.9ó8
.958 0.984
- 7 44 0.797
. óó9 0. ó39
.59 3 0. 5ó4
.857 0.830
.129 0.335
.o90 0. o7ó
.296 0.297
.090 0.073
.2ÌO 0.I88
.280 0.2ó9
.822 0. ó0 I
.998 0.935
.9ó8 0.974
.955 Q.964
.984 0.973
.367 0.375
. t45 0. 124
.984 0.880
.983 0.959
.743 0.797
.860 0.857
.92L o.944
.568 0.585
.365 o-372

o.ó80 0.ó79
o.1 25 0.7 62
0.óbt o.3r6
o.182 0.548
o.64? 0.382
0.859 0.878
0.580 0.573
o.879 0.904
o.455 0.43 I
o.465 0.440
o.28ó o.247
o.205 0. l6ó
o.486 0.197
0.89? 0.935
o.9ó5 0.997
0.83ó 0.810
o.955 0.909
0.80e 0.834
0.935 0.998
o.905 0.907
0.8 I3 0.9 Ió
t. o00 0.94 I
o.941 t.000
0.8tó 0.851
0.5I5 0.2t2
0.954 0.945
0.945 0.984
0.ó50 0.39ó
0.804 0.885
o.9¿I 0.992
0.914 0.955
0.894 0.965
0.875 0.956
o.849 0.839
0.8It 0.7ó0
o.947 0.9ó8
0.585 0.585
o.254 0.219
4.552 0 -545
o.?76 0.237
o.396 0.356
o.512 0.488
o.83ó 0.64ó
o.9I8 0.928
0.9I2 0.972
o.926 0.985
0.904 0.947
o.ó33 0.64?
o.4I5 0.381
0.92t 0.870
o.937 0.957
0.87ó O.953
Q.947 0.975
0.917 0.995
0.785 0.8 l5
0.óll 0.ó14

0.3 78 0.090
o.143 0.045
0.4t5 0.945
0.ó28 0.903
0.504 0.9I9
0.óI5 0.Ió9
0.2I3 0.0 39
o.6?6 0. tó9
0. I 39 0.O?2
0. l9ó 0.048
0 .089 0.04t
0.02t o.004
0.298 0.9ó2
0.ó35 0.158
o.847 0. 283
0.968 0.394
o.927 0.514
0.987 0.3I7
0.819 0.204
o.962 0.38ó
o.96+ 0. t 38
0.81ó 0.515
0.85I O.2L2
I.O00 0.3t7
0.317 I.000
0.935 0-412
0.785 0.220
0.50I o.886
0.989 0.Ì94
o.7 92 0. I 60
0.965 0.293
rJ.954 0.209
0.ó7I O.098
o.574 0.220
0.5 I2 0.?92
0.77ó O.?48
o.212 0.029
0.045 0.009
0.200 0.o21
o.o42 0.0I2
0. I 5¿ 0.065
0.198 0.050
o.742 0.A2?
0.962 0.3ó8
0.949 0.243
0.928 0.237
o-973 0. ¿93
o.258 0.0 35
o.Q44 0.0 l7
0.94ó 0.529
0.9ó0 0.341
o.675 0.093
o.797 0.245
0.889 0.227
o.470 0.090
0.271 0.o40

o.552 0.797 0. r70
0.570 {.84ó 0.It4
0.5tt o.)?5 0.895
0.719 0.54r 0.9t0
o.573 0.375 0.879
o-772 0.949 Q.?94
0.417 0.709 0.087
0.793 0.9ó5 0.104
0.306 0.582 0.055
0.339 0.579 0.091
0.187 0.371 0.058
0. Io7 0.298 0.0t0
0.358 0.204 0.165
0.80ó 0.975 0.285
o.956 0.987 0.461
0.95ó O-77? 0.ó49
0.993 0.87ó 0.708
o.944 0.770 0.562
0.93I 0.982 0.368
0.990 0.859 0.ó28
0.9I3 0.853 0.3I0
0.954 0.945 0.ó50
0.945 0.984 0.396
o.935 0.785 0.501
o.4t2 0.220 0.88ó
1.000 0.9I3 0.629
0.913 1.000 0.192
0.ó29 0.392 t.000
o.927 0.8I8 0.392
0.899 0.990 0.3I6
0.98ó 0.909 0.50ó
0.9ó3 0.923 0.407
0.8I4 0.965 0.22)
o.747 0.922 0.338
0.675 0.853 0.342
o.9I I 0.996 0.4?7
0.427 0.7t8 0.077
0.148 0.152 0.021
0.393 0.ó84 0.071.
0. I55 0.385 0.023
o.277 0.494 0.095
0.3óó o.633 0.092
o.827 0.6?4 0.928
0.994 0.882 0.ó01
0.9 7ó 0.928 0.449
o.972 0.950 0.413
0.982 0.89ó 0.500
0.471 o.764 0.090
o.?4L 0.5 39 0.03ó
0.979 0.8?5 0.71e
0.990 0.914 0.535
0.8I4 0.975 0.21.9
o.9t2 0.99ó 0.40I
o.952 0.914 0.395
0.ó60 0.901 0.183
o.4ót o.742 Q.096

0.41 3 0.737
o.404 0.828
0..301 0.2ó0
o.'s¡¡ 0.491
o.797 0.321
0.650 0.9t1
o.?55 0.641
0.665 0.936
0. I67 0.50e
0.218 0.500
0.097 0.29ó
o.o?7 0.218
0. I84 0.1ó0
0.682 0.967
0. I 70 0.986
o.94? 0. 756
0.902 0.856
o.972 0,7ó5
0.875 0.995
o.949 0.848
0.990 0.883
0.804 0-92r
0.885 0-99?.
0.989 0. ?92
0.194 0.160
0.927 0.899
0.818 0-990
0.192 0.31ó
I.000 0 " 836
0.83ó t.oo0
0.972 0.9t3
0._975 0.935
0.730 Q.983
0.600 0.873
o.525 0.799
o.802 0.973
o.275 0. ó58
o.05ó o.?73
o.240 0. ó l9
0.c52 0.294
o. 164 0.41 I
o.?26 0.55ó
0.658 0.575
0.955 0.875
0.967 0.938
o.950 0.960
0.979 0.903
0.307 0.7t5
0.074 0.4ó0
0.9 I 3 0.807
0.9ó3 0.917
o.t)2 0.983
0.825 0.S81
0. et7 0.983
Q.520 0.870
0.3t3 0.683

98.r290tó838380,t73 ro2 to7 llo 12r 122 123

0.5¿e 0.5ó2
o.59 I 0.589
o.r0t 0.3¿0
o.ô¿8 0.558
o.{?9 0.403
0.759 0. ?8S
0.38ô 0.r23
o.?80 0.803
o.¿?5 0.3t0
0.3Ì2 0.343
o. lól 0.184
0.083 0.108
o.262 0. l9?
o.?e9 0.824
o.953 0.95ó
o.951 o.9t8
o.9óó o.932
o.959 0.936
0.9{4 0.959
o.984 0.958
o-968 0.984
o.9l{ 0.894
Q.955 0.9ó5
o.9ó5 0.954
o.293 0.209
o.98ó 0.9ó3
o.909 0.923
o.50ó 0.{07
o-972 0.975
o.913 0.935
1.000 0.993
0.993 ¡.000
o.ð2 7 0.858
o.?20 0.138
o.ó43 0. óó0
o.899 0.908
O.40 I O. /r4O
o- t23 0. I48
o.3ó4 0.402
o-r2ó o.154
o.¿48 0.211
0.31ó 0.3ó9
o.746 0.ó73
o.992 0.970
o.997 0.998
o.990 0.995
o.999 0.993
o-444 0.483
o.200 0.2)4
o.957 0.920
o.998 0.989
o.826 0.8ó0
0.9t0 o.924
0.970 0-982
o.646 0.ó81
o.417 0.475

0.?55 0.963
0.89{ 0.922
0. l8? 0.3¡9
o.to? 0.488
0.2{0 0.330
0.9to 0.994
o.ó93 0.91I
0.938 0.985
0.532 0.84{
0.51{ 0.835
0.299 0.ó40
o.222 0.58e
0.ltl 0.¿o9
o.98I 0.94ó
0.948 0.855
o.ó29 0.514
0. ?ó5 0.713
o.ó37 0.5ót
0.9ó5 0.817
0.744 0.óó9
0.7e? 0.ô39
o.8?5 0.849
0.95ó 0.839
o. ó7 I 0.5 74
0.098 0.220
o.8t{ o.74t
0.965 0.e22
o.22' O. ll8
0.730 0.600
o.983 0.873
o.827 0.7eO
o.658 0.738
1.o00 0.87t
0.87I t.000
0 . 798 0.9órr
0.943 0.914
0.701 0.9I9
0.283 0.ó17
o.óól o.901
0.30{ 0. ó93
o.4ll o.76,
o.581 o.878
o.474 0.51ó
o.778 0.ó94
o.8ó3 0.739
o-895 0.776
0.813 0.ó99
o.7ó9 0.91 I
0.509 0.8 Ió
0.70¡ 0. ó49
o.833 0.729
0.995 0.9t0
0.949 0.9t4
o.935 0.827
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o.992 0.95ó
0. I 99 0.245
Q.279 0. I I4
0.604 0. 58ó
0.óI0 0.ót2
0.4 I9 0.4)5
0.842 0.804
o.9ó8 0.938

o.745 0"7I7
o.544 0.492
0.llI 0.0ó6
0.135 0"075
o.0ó3 0"012
0.578 0.525
0.703 0. ó87
0.520 0.462
0.809 0.810
o.925 0.91ó
1.000 0.995
0.995 1.000
0.041 0.00ó
o.42L O.)52
o.264 0. I 83
o.oez 0.023
0. lóó 0.087
0.085 0.018
o.247 0.róI
0. I 32 0.05ó
0. I l4 0.o42
0.28ó 0.205
o.247 0. Ióó
0.089 0.02 I
0.04 I 0.004
0.187 0. t07
o.37I 0.298
o.058 0.o10
0.097 0.027
o.296 0.218
o.l6I o.o81
0. t84 0.108
o.299 0.222
0.640 0.589
0. ó46 0. ó00
o.421 0.353
o.754 0.7)4
0.993 0.995
0.738 0.725
o.947 0.9ó0
o.972 0.967
0.623 0.817
0. I0I 0.034
0.I44 0.067
0. Ió8 0.089
0.t99 0.1t9
0. t43 0.0ó5
0.óó5 0.617
0.807 0.808
0.126 0.049
0.162 0.082
0.368 0.29ó
0.4t0 0.339
o.25t 0. I 72
0.579 0.531
0.75ó O.733

0.090 0.857
0.057 {).940
0.93ó 0.248
0.88ó o. +52
0.928 0.283
0. l6ó 0.9ó8
0.044 0.804
0.1óI 0.985
0.02ó 0.6ó9
0.049 0. ó45
0.043 0.421
0.o0ó o.152
1.000 0.157
0. I 57 1.000
o.2ó0 0.938
o.324 0.6t4
o.457 0.761
o.266 0.610
0. 200 0.940
o.126 0.728
0.I47 0.741
0.486 0.892
0.1e7 0.935
0.298 D. ó35
0.9ó2 0.158
0.358 0.80ó
0.?04 0.975
0.7ó5 0.285
0.I84 0.682
0.Ió0 0.9ó7
o.262 0.799
0. I97 0.824
0.tll 0.981
o.209 0.94ó
0.3 33 0.884
o.2?2 0.9óe
0.038 0.8I0
0.0lI 0.4tI
0.034 0.778
0.014 0.45?
0.065 0.55[
0.053 0.7I2
0.7ó5 0.505
0.3I5 0.7ó0
o.221 0.830
o.221 0.36ó
0.266 0. 78 I
0.043 0.861
0.0t9 0.ó47
0.485 0.691
o.1r7 0.808
0.I06 0.991
o.?39 0. eó7
o.225 0.913
0.097 0.9ól
0.047 0.821
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0.3ó9 0.5t0
o.325 0.5¡.9
o.50I 0.ó0t
0.694 0.79t
o.572 0.ó58
0.599 0.731
o.209 0.374
o.ót5 0.75¡
0.137 0.2ó8
0. I94 0.305
o.092 0. tóó
0. 023 0. o87
o-324 0.457
o.ó14 0.7ó3
o.837 0.928
I.000 0.958
0.958 I.000
0.993 0.93ó
0. 80ó 0. I 94
o.987 0.985
o.89ó 0.879
o.836 0.955
o.830 0.909
o.9ó8 Q.927
o.194 0.5t4
o.95ó O.993
o-772 0.87ó
o.ó49 0.708
o.94? 0.902
o.156 0.856
0.951 o.9óó
0.9t8 Q.912
Q.629 Q.765
o.574 0.713
o.502 0.654
o.775 0.877
o.22L O.382
o.o47 0.124
o - 194 0.350
o.o45 0. L¿9
o. I55 0.251
o. I9ó O.)?9
o.8?4 0.885
0.977 0.985
Q.926 0.948
0.902 Q.942
o.955 Q.962
0-248 0.42?
0.053 0.20ó
o.971 0.99I
o-947 0.975
o.632 0.7ó3
o.778 0.878
0.853 0.9.I9
0.450 0.612
0.2óo 0.4tó

0.3ó2 0.ó79
0.31ó o.774
0.428 0.303
0. ó33 0.535
0.510 0.370
0.595 0.878
0. t97 0.577
0.ó09 0.904
0. I28 0.430
0. l8ó 0.43ó
0.085 0.?43
0.018 0. t6I
0.26ó 0.200
0.óI0 0.940
0.833 0. 994
o.993 0.80ó
0.93ó 0.894
I.000 0.814
0.8 14 I .000
0.978 0.888
o.9)2 0.9t3
0.809 0.915
0.834 0.998
0.987 0.839
o.3t7 0.204
o.944 0.93 I
0. 770 0.982
o.562 0.168
Q.972 0.875
o.765 0.995
0.959 0.944
0.93ó 0.959
o.617 0.965
0. 5ó I 0.8 37
0.488 0.7ót
0.7ó8 0.963
o.212 0.589
0.041 0.215
0.183'. 0.548
o.037 0.227
0. I4ó 0.3 5I
0. I8ó 0.487
Q.767 0.626'Ò.çzr o.9Lz
o.937 0.9ó4
0.913 0.980
0.9ó5 0.93ó
o.217 0.649
0.03ó 0.383
o.955 0.853
0.95t 0.948
0.ó4I 0.96t
0.778 0.973
0.8ó4 0.994
o.445 0.82 I
o.25? 0.ót7

TABtË V!åå

Cos Theta Matrix

0.4ó5 0.462
0.463 0.48ó
0.493 0-243
0.699 0.484
0.56 I O. 340
0. ó97 0. ó9ó
U.JLI V.AL1
0.7r7 0.714
o.2I9 0.2II
o.261 0.25?
0.112 0.1I4
0.05ó 0.042
o.326 0. t47
o.7¿g o.741
o.9I4 0.896
0.987 0.89ó
0.985 0.879
0.978 0.91?
0.888 0.9I3
I.000 0.922
o.922 l. 000
0.905 0.8I3
0.907 0.91ó
o.962 0.9ó4
0.38ó 0. 138
0.990 0.9r3
0.859 0.853
0.ó28 0.310
0.949 0.990
0.848 0.883
0.984 0.9ó8
o.958 0.984
o-744 0.797
0.669 0. 639
0.59 I 0. 564
0.857 0.830
o.329 0.335
0.090 0.07ó
0.29ó O.297
0.090 0.073
0.210 0.I88
0.280 0.269
o.822 0. óO I
0.998 0.935
0.9ó8 0.974
0.955 0.9ó4
0.984 0.973
o.)67 0.175
0. t45 0.124
0.984 0.880
0.983 0.959
o.743 0.797
0.8ó0 0.857
0.92 I O.944
0.568 0.585
0.3ó5 0.v72

o.ó80 0.ó79
o.1 25 0.7 62
0.óbI o.3ló
0.782 0.548
o.642 0.38?
0.859 0.878
0.580 0.573
0.879 0.904
o.455 0.43 I
o.465 0.440
0.28ó O.247
o.?o5 0. lóó
o.48ó 0. I97
0.892 0.935
o.9ó5 0.997
0.83ó 0.830
0. 955 0.909
0.809 0.834
0.935 0.998
0.905 0.907
0.8I1 0.9tó
I.000 0.941
0.94I I .000
o.8tó 0.85I
0.515 0.212
0.954 0.945
0.945 0.984
0.650 0.396
o.804 0.885
0.92 I O.992
0.9I4 0.955
0.894 0.9ó5
0.875 0-956
0.849 0.839
0.8 I I O.760
o.947 0.9ó8
0. 585 0.585
o.254 0.219
o.55? Q.545
o.?76 0.233
0.396 0.35ó
o.5I2 0.488
0.8 3ó O.646
0.918 0.928
0.9t2 0-972
0.926 0.985
o.904 0.947
0. ó33 0.642
0.415 0.38I
o.9?l 0.870
0.933 0.957
0.8 7ó 0.953
o.947 0.975
0.937 0.995
0.785 0.815
0.ólI 0.614

0.378 0.090
o.341 0.045
0.4 I 5 0.945
0.ó28 0.903
0.504 0.9t9
0.ó15 0.169
0.213 0.0 39
0.62ó 0. Ìó9
0.1 39 0.O22
0.I96 0.048
0 .089 0. o4l
0.021 0.004
0.298 Q.962
0.ó35 0.t58
o.847 0.283
0.9ó8 0.394
o.9 27 0.5 I4
0.987 0.3ì7
0.819 0.204
0.962 0.386
0.9ó4 0.138
o.8I6 0.5I5
0.851 o.212
1.000 0.3r7
0.3I7 1.000
0.915 0.412
0.785 0.220
0.50I 0.886
0.989 0.I94
o.192 0.I60
0.9ó5 0.?93
ù.954 0.209
0.67I 0.098
o.574 0.220
0.5t2 0.292
o.776 0.248
o.232 0.029
0.045 0.009
0.200 0.o27
o.o42 0.0 I 2
0. I 5¿ 0.0ó5
0. t98 0.050
o.7 4? O.8?2
0.9ó2 0.3ó8
o.949 0.24)
0.92 8 0.237
Q.973 0.293
o.258 0.035
0.044 0.017
0.94ó o-5?9
0.9ó0 0. 34 I
Q.675 0.093
o.797 0.245
0.889 0.227
o.470 0.09Q
0.271 0.040

o.552 0.197
0.570 -0.846
0.5 I I O.325
0.7I9 0.54'
o.571 0.J75
o.772 0.949
o.4L7 0. 709
0.793 0.965
0.306 0.582
0.339 0.579
0.187 0.37t
0. I07 0.298
0.358 0.204
0.80ó 0.975
0.956 0.987
0.95ó O.772
0.991 0.876
o.944 0.770
0.93! 0.982
0.990 0.859
0.913 0.853
0.954 0.945
0.945 0.984
0.915 0.785
o.4L2 0.220
1.000 0.9I 3

0.9I1 1.000
o.629 0.)92
o.927 0.8t8
0.899 0.990
0.98ó 0. 90e
0.9ó3 0.9 23
0.8I4 0.965
o.747 0.922
0.ó75 0.853
0.91t 0.99ó
o.427 0.7I8
0.148 0.152
o.393 0.ó84
0.I55 0.385
o.277 0.494
0.3ó6 0.ó33
o.827 0.6?4
0.99{t 0.882
o.976 0.928
o.972 0.950
0.982 0.89ó
o.47L O.764
o.24L 0.539
0.979 A.825
0.990 0"9r4
0.814 0.975
0.9 r2 0.996
0.952 0.974
o.óó0 t.901
0.4ól a-747
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conponents sho\,,7 the relative influence of the three type,s of energy for

each sample. Norrnalized factor components (with sanples asrtunkno\\7usrr)

are plotted on a triangular diagrarn in Figure 42. samples fall along

two sides of the triangle, which indicates there is a gradation betr,veen

energy tyPcs (factors) trvo and one, and a sinlilar gradation between energy

types one and three. Samples are absent from the central portion ancl

bottom edgc of the triangle. This suggcsts a lack of gradation betrveen

ênêro\/ t\znê c irrn ¿¡¡d thf ee,

The three samples (numbers 61, 128 and 51) closest to the

corners of the triangle are considered to be end members in the sense

that all other sanples may be consiclered as mj.xtures of them. Figure 4.3

gives cumulative frequency curves for the three end members. Figure 4lr

is a plot of the three encl members and several samples along the treud

betr.¡een them. The most striking feature of the diagrarn is tlie regular

increase in mean grain-size from factor tlvo along the trend to factor one.

A similar increase in mean grain-size is apparent on the trend from fac-

tor one to factor three.

This reniarkable regularity in the variation of mean grain-

siz,e i s orobab'1 v l¡est internrefed in terms of averase k-i noFic e!yruLeu rrr Lerms or a. __ ,*_ _nergy.

Krumbein and Sloss (1963), Sahu (L964), Visher (1965) and perrijohn,

Potter and Siever (1965) have all interpreted mean grain-size in much the

' " tt ít í s deoenclent trnon f he A\têr-Aoc 1¡i npl-i c ênÊro\/ ¡t- t-hoÞérLlç llldllttef , Ltta- - sve!_o_ -_ _-.__ÒJ

si le of denosi f ion- lJor.rcr¡er in f he nl-c,qenf intprnrpf rtínn i r! uqlrvo!L!v!r. rlvçvsvL!, r!r Llru ¡/LLoLlrL rrr-__ ** LS feCOg-

nized that kinctic energy itself is composed of threc componenL t).pes)

which conbined in various proportions, determine the mean grain-size of

a sediment sample. For convenience, these three types have been labelecl:
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mê/1 if fm êìrêr-o\/ f f .^È^- 1\ 1n..' ¿-arc,, (ç-¡t-ar ) I :nr] hi oh onnro" ll^^¡^-!r!ç\!!u¡¡r LrrL!6j \!dçLUL L) t rUW EttsrE;y \!éULUL L,), urru!Ëy \IdsLUL

3), It must be stressed that these are inclepenclent energy types ancl that

the term "mediun" cloes not imply a half and half mixture of lov¡ ancl high

energy Lypcs. The type of energy and the nragnitude of the energy, horu-

evcr, are themselves interrelate<1. For example, considering sarnple 61

lnrinrarilv influenced hv factor 1\ ^*J ^^-'-'1^ <1 r^-:^^-:1-- *-fluenced
\y!!ilr.r!riJ !r¡r!L¡çrru!.u uJ L), drru Þdtttyts Jt \y!rtltd!r!y IIl.

lrr¡ f actnr ?ì .i ¡ i e hnro inrnl í ad fh¡f nnl- nnlr¡ l--^ ^^-.-. 1^ (1 L^-n dpnoq-uJ rouLuL J) t !L -- .^*-- -...r '--J rrdù ùalLtPrç Jt uuL.. --r--

iforl in n hioiror -^ 1,: -nts.í¡ Éìntrrev fhnn s¡nrnle 61 hilf .also hwr¿)rrL! 4VsLdóU NIttuLIu t usç 4L¿v uJ

á j .Ff oront f \7nô ô]: l,í -^.í n a-arnrz Tn cilmñr11¡ fho rrzoraoo k inr,ts"uIlIËLËLIL LyPC UI tllllsLIr. srl€ró). rrr ou¡LLrrrorJ , vu¡.qós r-rrruLru utls!6J

at Lhe síte of depcsition increases froirL kinetic energy type 2 (factor

?l tn 1¡.íneti e ñr^F^-- +ìrñ^ 1 tç^^ior l) to kin¡.i{ ^ ^ñ^Fôr? Fì,ñ- a (íeetnr 3l
--rcr:;y LyPe I \!4Lçv! L/ Lr!çJ-u È:rrc!óJ LJPs J \!asLvL J,/.

Altlrough mean grain-sizc, used a10nc, \,7i11 give a good

inclication of the variation of average kinetic energy, it fails to take

into account the fact that sediment cleposition has been controlled by

fhreo indonondenf rvDes of kinetir. ênêrov. Tr follows that one statis-

¡i¡n1 ñar.Fìôfôr qrrnh 2a mêrn orrin-qizo cánnclt nôrtrew adec',rafelw sllchLIU4I yd!dlttsLEI , rLruclr ó!a!LL ù!¿E t eqrrrtv

a multidirnensional situation.

The follorving observations for the test samples are simi-

lar to those macie b¡' Klovan for the sediments of Barataria Bay:

(1) There is a spectrurn of kinetic energy tyPes. Few sarnPles

have been influenced by only one type of energy.

(2) Some combinations of energy types are corrlmon, other com-

binations never occur.

(3) There is virtually no interrnixing of the liighest and thc

1^--^^¡ &-,ñ^^ ^F .rncrpv in th(ì tcst Afea.tuwçùL LlPsù vr LrrL!5i/
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To check the valiclity of this interpretation, the areal

distribution ancl relative amounts (fron the normalízed factor components)

nf tho fhroo l-rzñêc nf: onororr arê mapped On FigUfe 45. The energy diS-

tributions in the knor¡n environments are:

( i) Bcrach sarnl':1es - range f rom higtr to medium energy.

l')\ 
^oo1i¡n 

q:mn'lac\¿) ¿\__^* malnry LnrluenL_* _r _..ergy.

(3) Channcl samples - influenced by high energy at the center

of the channel.. Energy levels become lorver as the channel operrs into

the lagoon and the lake.

(4) Lake delta sampies - influenced by loru energy.

(5) Off beach samples - shoru a graclali.on from high energy at

the shoreli ne. t^ -^':i"'- ncar the shoreline ancl f in¡1'1 v to lorv, -v ltlcu!urll Utlçróy !LUé! Ltlg ÞltVlgI!!rL

enêrøv conrii f ior^ r^'- ^^-^1^^ f rn.. r.7.f ôr ãoni' hc prpáter than f iVe f eet.L!!u!6) Lrv¡tÞ !v! ÞdlltH-LçÞ !lvrrr \voLsL ssyLrrÐ

Figure 46 illustrates the distribution of the sarùp1es

from knor"n environments on the triangtrlar di.agram of factor conrponents.

The intermixing and overlap of samples from the various environments

further illustrates the futility of attenpting to assign a specific

depositional environment to samplcs of unknoivn environnrental origin by

means of ørain-size distribution data.-_ Ò-

Although factors analysis does not assign samplcs to spec-

if ic envirorments ) it does depict energy conditions v¡hich are consi.stenr

rvirh the knorvn deposiLional environments at Grand Beach.

Sanrples processed by the 0-mclde factor analysis \Ärere

divided into three groups on tlie basis of the dorninant energy type

inf luencins the ^^-^1- ^ TLi ^ 'ras determined from the normalizecl factorð4ruytuÞ. tll!ù \

conponents (Tab1e X). The groups are:
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(1) Group 1
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2R e¡mnloq m¡inl-.'**.--v inflrronced hr¡ m¡dirrnr onnrorz

lttr'rctnr "l \

(2) Group 2 ¿r samPles marnly r'nflttonraå lrr¡ ln,-\À7 energy

lr acLor ¿)

(3) Group 3 7 s¡mnles ma-ín1v inf lroncarl hr¡ hí olr onpror¡

lI'rci-nr ?\

Discriminant functions, group centroids and group dis-

Dersi ons \Jere conrDrr f ocl f or l-h o f hree erôrTrc (Proorar, Á llhrnter \/TT\srrr T, L v LL) .

Trvo discriminant functions separate thc groups. The

scal,ecl coef f icients (Coo ley aÌìd Lohr-res, L962, page 119) of Ehese tr,¡o

discrimj,nant functions a¡:e given in Table XL The absolur;e magnitude

of the coefficients indicate the relat-ive contribution of eacli variable

to group separation elong ilie discriminarìt functions. For exanple,

the amount of sediment contained in the 0.50 to f.00Ø size cla-ss con-

trihrrres â sreal deal to ørôrrD disc¡:imination alons díscrínrinan¡. functiorr

one, \,ilìereas the amount of sedimen[ in the 2.50 to 3.00Ø class has

negligible afiect on group discrimination along discriminant function one

Figure 47 siror.¡s the position of the group centroids and

group dispersions in trvo dimensional ciiscriminant space. The magnitude

of the group dispersions are represented by 95 percent centours (these

\^iere clrawn by scaling of f two group s tandard deviat j-ons along the two

discrimj-nant functions). The three grolrps fall in different parts of

f ho di ¡or:m r,ri l-h rro or¡orl:n qrìooncf í no ih:i f hr ri Fi n¡nl- lr¡- -,.r groupS are SIgt._*__*,-,-J

clifferent from one another. nu"., l-ts of anall/sis of variance (the F test
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TAtsLE X I

SCALÊ'D COEFICIËi\TS OF Ti-]ã TVJO DISCRII,IIi\ANT FUNCTIOi,iS

SEPAR/iT I i.iG Ti'lf THRfIt cROUPS

VARl¡:',3L8
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| Ê. 'T /'\ i Ivo)lvvév

00u T0 c.5
1Éli1Vol lv'

1 " Lt TO 1.1.,

1.5 T3 2,C
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Jav tv )a)

Ja ) rev
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,ì-l

Uot)J
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3.2t+

2"17

--t L/,t a u-f

2"56

0"36
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- Coo1ey anci Lohnes, 1962,, page 34) support this conclusion.

Discriminant scores, chi squares, probabilities of group

mernbership ancl group classifications for therrunknownt'samples are given

in Table XII (compute<ì by progran 5, Chapter VII). The locations of

¡L^-^ ^^--r^^ ^*p nlnf tcd nn tr'i sttro ft5 anà fhpir -^-'í+.:^.-^ .:- l-'Enese samPl.es äf-. -^.-*- PosrLrons ].n oLSCrtmL-

nant space are given in Figure 47. A crude measure of the similarity

between a sallpl,e and a group is the distance betrveen the sample and the

group ceritroid.

Multiple-discriminant analysis appears to have classified

Ehe sarnples into the correcL groups. I'or exanìp1e, samples 62,69 and

74 are classified as having been influenced mainly by mecliunr energy ancl

in fac[ occur in the aeolÍan environment. A lake delta sanìple (nuniber

38) and an off-beach sample (number 91) belong to the 1or.r energy group

which is consistent v¡ith the results of the factor analysis. Sample 27,

^1 +L^..^1' ^1 ^^^: €ied aS a meCiUm p¡êrûv sedimenf. -^ r^ -L^.v thedlLllvuÈ)rt uIdòù!Mu dù é Lltsururll çiruLð) ouv!¡rru!LL ) ayygaL ù LU ùLrvv

prad,aLion beLr,reen the hic,h enersv âf fho middle of the channcl and the

1^,. ^-^--,. ^^^.'t i tions DresÊnf r"r'ltere the channel WidenS intO the 1¡soon.IvlV gllsLÈiy uL¡rLu!LIvrre- HrçùcrrL wllç!ç Llrç uIlqIf!!s! w!uEllù ILrLv raóvvtr.
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CHAPTER VII

COI'îPUTER PROGRAMS

Int roduct ion

All programs used in this study are programmed in the

International Business Machine System 360 Disc Operating System Fort-

ran IV language. Because this language is machine independent, the

programs may be run on any System 360 Computer wíth a Fortran cornpiler

ancl adecluate core Storage. The Fortran logical unl'-t assignments in

Þ1^^ ç:E.ne rrve PruBLdlLts are:

Unit 1 - CardReacler

Unit2 -CardPunc.h

Unit3 - OnlinePrinter

Units 4, 5 and 6 - Scratch areas on disk or tape

.pha r¡rnnina timoq or'r¡ên for the ñrôõro- inclrrdÊ ^^-.-.'1-r'inn Þ^itf an---- PruöLdlLl !Ltu!uus Lvrrrae!t4Lrvrrl

source deck listi.ngs for the prograrns are given in the appendix.

Abbreviatecl descriptions of the programs are given be1ow.

Programl - GraPhic.a-l Parameters

This program conputes the graphica1 paranìeters of grain-size

distribution curves (po1k and Ward, 1951) and the discriminant functions

of Sahu (L964) for any number of samples. The program requires 2,680

bytcs of core storage and Fortran logical units 1 and 3'
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!¡g¿ruteË- - Progranmccl in I'B"Il. 1620 l'ortran TI by

W. Þlc1.ellarr (IIniversÍ-ty of }fanitcjba). Convertecl to I.B.l'Í. 360 D"0.S.

I'orLran IV by J. Solohul¡ (Universi-ty of ì{anitoba)'

I"ÈLt - No c.olìtrol carcls are requircd by Ll"is progr::rnt'

Input claLa are ti.re perce,r'rti1c parL:i c1 c cli.ameLers (in piti units) read

froür a crnulat-1ve cr-rrve. The clata are punchc:cl onc. sarnple per carcl in

Forrnat. (15, 7f6.2.). The first f.l ve col,rrnlns of ttre sampl.c'. carcl are re-

servecl f or t.[re sa¡r1>1e j.c]ent j.f j-caLion ntrrnÏ;er. Tire ph j cli ¡.rr,c tcr:s (()5 ,

Øt6, Ø25, Ø5,0, Ø,75, Ø84 ancl Ø95) foll.ov¡ iìrc iclcntific-a'.ic,n. A ni.e

must be ¡tr-rirchccl irr carcl cc, ltttttn 8C of tÏrc last saitipl-e.

9"qrrq

cl-uclcs: the çrercenLli

All outpr.rt is prir-rtecl . Thc otrtput 1i.st-íng in'

1.e cliam.e-tetrs, the gr¿rI-'hi-cal paralLìcLcrs ancl tiie

dis c.ri,ni,nant f uircti-ons.

Time !._q¡¡t1i1_9-c] Less Lhan 3 rnj.nr-ites for 66 saillirl.ers or-r a

360 moclel 65 lnachi,ne.

ProBrant 2.- - _ I'l.rqct]-t-Iq!sqelçlr

Thí s îit:ogram conr.puccÍì the rncme¡t paraileters (l'r j,eclman, 1961)

of the grain-sizc dí.strj,butj.on ancl curnlrlative PCjrcenLs for sj.zc analyscs in

the -1.5 to -t-11r.0 phj- s.i-ze range. Ttre progLafiì assLrrrìes ana11'sc's at half -

phi inrcrval.s f rour -1. 5 to +6.0 plii, ancl iu11 pfri intcrvals f ronr -r-6' 0

to 11r.0 phi.. Any nur,rbcr of sanrples niay be enter;ecl int o the Þr:ogrant.

The progr¿Inì r€r(llt i res 2- r332 byLers; of core st.oragcr ancl liorLr¿rn logical

uniLs l ancl 3.
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Prograr,imers - Progranmed in LB.M. 1620 Fortran TI by

i¡I. McLellan (Uníversity of Manitoba). Converted to I. B.M. 360 D. O. S.

Fortran TV by J. So lohub (UnÍ.versity of Manitoba) .

Input - No control carcls are required by thí.s program. The

data are the rarv rveights of sieve and/or pipctte analyses. Each sample

requires tr¡o data cards. The first card has the sample identification

number in cai:c1 co lumns one to f ive, fo llolt'ed by the rarv rveight s for:

-1,5ø, -7..0ø, -0.5ø, O.Oø, 0.5ø, r.0ø, r.5ø, 2.0ø, 2.5ø, 3.0ø, 3.5Ø and

4.0ø. This card is in Format ( 1-5, 12F6,2) , The second data carC f or

each sample has the f irst f ive carcl co lumns blank fo llor'¡ed by the rarv

weights for: 4.5ø, 5.0ø, 5.5ø, 6.0ø,7.0ø,8.0ø, g.oø, 10.0ø, 11.0ø,

I2.Oø, L3.Oø ancl 14.0Ø. This card is in Forniat (5X, L2F6.2). A nine

must be punched in card colunln 80 of the second carcl of ',he last saniple.

Outpu!_ - All output is printed. Output includes cumulative

percents and momelìt- pararneters of the grain-size distribution"

Time RequireÉ - Approxinate running tirne is three minutes

f.or 66 samples on a 360 model- 65 niachine.

Prog,raur 3 Q-l'fode Factor Analysis

This program complltes a complete Q-mode factor analysis for

up to 80 samples ancl 15 variables. The reacler is referred to rmbrie and

Van Anclel (L964) rvho describe the technique in detail. The Fortran

source deck consists of a main prog-i:am with tivo subroutines. The program

requires 41,884 bytcs of core storage and Fortran logical units I and 3.
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Programmer - Programmecl by J. E. Klovan (university of

Calgary) .

Input -

Control carcl 1 contains:

Col. F.M.T. PARAM.

1-60 15A4 TITLE - The Job Title

Control carcl 2 contains:

Co 1. F. M. T. PARAM.

L-2 12 NV - NurnT¡er of Samples
3-6 14 NS - Number of Variables
7-lI F5.2 QUIT - Srop Crirerion

Stop criterion is the an'Lount of variance to be explained by the factor

analysis. Usually set betv¡een 90.00 ancl 100.00 percenc.

These trvo control ce.rds are follor¡ecl by the data natrix

which has saniples as co lumns and variables as rorrs. Staieinent 52 con.

trols the format of the input data.

Output - A1l output is printed. Output inclurjes: cosine

Ëheta matrix, pri.ncipal com.ponents factor matrix, varimax factor mat-

rices and normalizecl varimax factor matrices.

Time Recluired - Less than four minutes of computer time

for 56 samples and 13 variables on a 360 model 65 machine.
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Prnorrm á - lvfrlf inlo Di qerinlir^-.' ^'-^1'-^i ^

This program computes multiple-discriminant functions for up

to 15 groups and 15 variables. The reader is referrecl to Cooley and

Lohnes (1962) for a complete description of this technique. The Fortran

source clcck consists of a main prograrìr with nine subroutines. The pro-

ÌrA1\ rê 4¡ri r-ec ¿t) A1.') hr't- ôô nF ¡ôrê cf ôrrç.as ¡lrrl tr'orf r:rr looj nrl "-i r- - 1
,AJL u)t Lsù v! ev! ro¿)sù rvErr\.o! UIIILò I,

2, 3, 4, 5 and 6.

Bfggl*eË - Programmed in I.B.M. 704 Fortran by trÌ. W.

Cooley (Harvard Univer:sity) and P. R. Lohnes (lTniversity of Nerv llampshire) .

ConverLed to I. B.l"l. 360 D.0. S. Fortran IV by J. E. Klovan (University of

Calgary).

Iees!

Control card 1 contains:

Co 1. F. M. T. PARAM"

L - 0 if clata carcls are input
- I if matrices are input

Ið - nrrmhor ¡f or_ _ o_.ouPS
M - number of variables

6-15 F10.0 QUIT- stop criterion

Qtnn ¡ri l- arinn i s the hi shesf D6.-^^-r ^ã^ ^ + "^-':.AnCe tO be COntf ibUtedoLUy u!!LctIvtt Io LrrL L yLLusrrL4óç vr vaLl

by a discriminant function (usually seL at about 5.0).

The follorving two control cards prececle each set of cards

IOr eacn group (read rn Dy suDroutr-ne uut(KtrLr.

1 11

2-3 L2
4-5 12
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Control card 2 contains:

Co1. F.M. T. PARAI'Í.

I-2 F2.0 T - number of variables
3-7 15 NG - number of samples in group
B-14 - blanlc columns

L5-I7 13 IPROB - group nurnber

The group numbcrs are consecutive (i. e. the first group is 001, the

second group is 002, and so on).

Control card 3 contains:

Co 1. F.l"l. T. PARAI'I"

t-7 2 18A4 TTTTE - llrnrrn Til. 1a¿!M U!vuH a!LIC

These tiso control cards are follorsed by the data cards for the group,

The variables must be columns and the samples must be ror./s. The first

12 colurnns of the sarnple carcls are reserved for the sample nalììe. Ln-

n,,r r' irnllod bv format stâtement number one in sttbroutine VARFT.PUL rÞ çVlLLrvrlcu uJ

Fo 11or^ri no the I asr dec.k of d¡ta - a terminal contro 1 card is-***,

re qui red.

Control card 4 contains:

Co1. F.M. T. PARAM.

L-4 F4.0 GN(1) ntrmber of samples in Group 1

4-8 F4.0 GN(2) number of samples in Group 2

B-I2 F4.0 GN(3) number of samples in Group 3

I urr¿ so on until the numbers
^s ^^-.^1 ^^ ; - +.1,^ 1 --t ñF^rrñuI bdrttPIcS Irt Ltts rdùL ó!uuIJ
of data

output - Printerd outpr,rt inclucles: the poo led trnI matrix,

Eotal dcviation sums of squares and cross procltlcts nlatrix, tota-
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correlation matrix, the A matrix, eigenvalue of the variables, scaied

vector of the discriminant functions ancl the group centroids and dis-

persions in reduced space.

Punchecï output includes: the discriminant vectors, group

^^.^s-^: 'Ã^ ^-J --ôrrìr di snersíons- These nnnched matrices are used inLËIIL!VIUò dtrU ö!vuH u!ùyur orvrfo. f rrsÐu

PruÈít_<illl J \uId)5r!LvdLLvLL,/ LU sréÞÞrrJ urrr\!rvwrr L*...!*-, -.--.--

criminant groups.

Tirrre Required - Approximately seven minutes for 56 samples

in three øroilDs on a 360 model 65 machine.

Prosram 5 - Classification

This pr:ogram classifies samplcs inLo groups with previously

computed (by program 4) discrj-minant functior-Ls. A sample is classified

into the group to r.¡hich it shor.¡s the most similarity. For a complete

descr:'-ption of chis technique, the reacl er is referred to Cooley and

T,ohnes (1962). Aty number of samples may be entered into the program.

,Thp nrnqrânì rêf,tt'í rec 'l C ?0R Trwtrrq of core sf ôr2ftâ 4ñâ trrnrÊrnn I Ogí C,alrrru y!vó!qrr! !vyslleÞ LJ , LvV uJ Lso rcóç 4llu lv! Ll4rr !v6!usr

units 1 and 3.

Proor:rnmers - Proorantmecì in I.8.14. 704 Fortran by I^1. W.

Cooley (IIarvard University) and P. R. Lohnes (University of New Hamp-

shire). Converted to I.B.M. 360 D.O,S. Fortran IV by J. E. Klovan

/1r'^:.,^-^: +.. ^f r.^1^^--,\
\urrrvc!ò!Ly e! wdLY)aLJ )
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Input -

Control card 1 contains:

n^ 1 FM'N PARAM,

L-2 12 Kg - Number of groups
3-4 12 M - Number of variables
5-6 72 N - Number of discriminant

funct ions

This carcl is fo llor,,¡c.d by the punched output of the multiple discrimi-

nant analyí-s (prograrn 4). Next come the data cards for the samples

to be classified. Variables must be in the same order as thev were

for the nultiple-discriminant analysis. The first- !2 columns for eacl.r

card are reserved for sample iclentification. Format card number one

controls the input data.

0utput

i s: thc- di s criminant

All output is printed. Output for each sample

scores, the classification chi squares and the

momharchi nprobabili-r-y of group

Time Renuired - Less than one minute +n ¡1 ^^--i t.. Ê^*Lv ur4òùl-t)/ LËtt

a 360 model 65 mac-samples into three previously computed groups on

hine.

Multívariate Statistícal Pro for the LB.M. 360 Com Llter

The Multivariate Statistical Analyzer is the narne given to

a systen of Fortran rI stati.stical programs for I.B.M. 1090-7094 cont-

puters. The programmers are: I^1. }J. cooley (Harvard university),

P. R. Lohnes (university of New Hampshire), and K. J. Jones (Harvard

University). Joncs (1964) gives conplcte descriptions of the progranrs

in tire usersr rnanual.
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Klovan (UnivcrsiLy of Calgary) and Solohub (University of

Manitoba) have convertecl part of this system to I.B.M. 360 Fortran TV.

This l.anguage conversion rvas undertaken for several reasons:

(1) The trend among many Universities and research institutions

+^ ^^-,,: -^ 1-rdõ -¡.1a T P M ?6f) nnmnrri-aroLU dLqU!L€ ldL6C ùLdtC !. U. r'¡. Jvv vvrirlJu

(2) TLre versatility and sophistication of the programs makc

them valuable researcll too1s.

(3) The increased use of multivariare statistics by scientists

nc1 research rvorkers of all disciplines.

The converted programs totalL some 10,000 Fortran statements.

The last stage in the conversion, rùachine testing of programs, is

nrrrranl-1.r ir- nrn grc s s.



CHAPTER VIII

SUI'ß{ARY AND CONCLUSIOI{S

The Grancl Beach bay-mouth bar. situated on the southeast

shore of Lake Wini'ripcg, is a Post Pleistocenc geologic fealure. Recent

sediments forming the bar have been transported into the Grand Beach

area by wincì producecl longshorc currcnts. Ten depositional environ-

ments are proposed for the Grand lleach area on ttre basis of lopographic,

sorli,nr'nf olosi c. l.-.r-^^-^^l'; ^ --.1 peoqr¡oh j c cri terí.a.rev lr/rLr¿ , LrJ uLv6L oyrrr ç arlu Êrsv u uL !

Fíve publishcd statistical tcchniques, which supposedly

indicate depositional environments fron grain-size distribution data

\'/ere tested on recent sandy sediments f rcm aeo 1ian, beach, channel,

lake delta and off-beach environments of Grand Beach. None of the

+^^L* j -...^^ -^..1r ^1^^^-'{:.. ^--*-1 âs reli¡blv inFo the enVirOnr,rentsLELrrrr!\]usÞ LUUIs uIdÞ>!!y Þdl[y!L*

delineated above. Factor analysis, however, gave results v¡l-rj.ch repro-

ducecl energy conditÍons consistent rvith the knor,vn depositional environ-

ment's- S:mnles -^-- L^ ^1^^^-'4t:d into the factor scheme bv multinle-. uoLrrl,rLo tlléJ Ug U!dùù!!Isu lLlLv Ltlç IctLLl - ...-^LryrL

discriurinant analvsis.

ilhy did every statistical technique fail to classify

semolos ínfo fhoir côì-rpct dnnogitional envirOnmenf s? Ann¡rrontlv. the, LrrL

reason for the failure of these techniques ís that the graÍn-size dis-

tribution is not necessarily different for sedinenLs of r,videly diverse

environrnental ori.gin. Cbviously, sediments samplecl in ten feet of

I^/ate'r: are from a quite different environment than sedimerits sampled

from the top of a dune. But the different types ancl aaourts of kinetic
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energy acting upon the sedinìents may produce Ídentical grain-si-ze

distributions. It is ther:efore concluded that no natier hor,,¡ intricate

or sophisticated are the statistics applied to sediments from different

environments, no differentiation can be made if the grain-size distri-

butions themselves arc not diffcrent.

If these' results observed for the recent sediments at

Grand Beach are applicable to recent an<l ancient marine sedíments, then

srain-si ze cli sIribution clata cannot be used as jnr]i c¡tor-s of snecif ic

deposiiional environ¡rcnts. FacLor analysis, hor'rever, may be applied

to grain-size disiribution data to yie1cl valuable inform¿rtjon ¡.1¡ouL

tkre energy conditj.ons at the site of seclimenl clepositior-r.
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