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* ABSTRACT.

Graphlc measures, moment measures,. stepwise dlscrimlnant
analysis, and R-Mode factor analysis have been used to find .
the most effective technlque to differentiate the depoa1tion—
al environments (shallow agitated, foreshore, backshore, dune
and glacial) of 168 randomly collected samples . Neither mom~—
ent measures nor graphic measures have reliably discriminated
the various environments of deposition. However, the sample
statistics, especially the mean and skewness parameters, exe—
mplified the relationship between sand texture (grain—size)

and depositional environments.

The multivariate technique have shown greater effective-
hess. Stepwise discriminant analysis classified 78.571% of
the samples in their true depositional settingsjy with the
misclagsified sampled being a consequence of variatlon in the
intensity of energy producing forces (storms, waves, wind, etc.)
Although R-Mode factor analysis 1dent1fied four sand populat—
jons, with each populatibn reflecting variations in size dis-
tributions and\energy producing forces, no clear—-cut distinc—
tion is shown between glacial, shallow agitated, and‘foregho—

Te samples. ) . N N

ii
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CHAPTER ONE

“ INTRODUCTION -

-

Reyeated éttemp@s havé been made by sedimentologists to
derive ‘statistical methods for interpreting depositional sed-
mentary environments from the grain size of sediments. Many
studies have used textural parameters based on the size freq-

uency distribution of sands to discriminate between , or ,

identify depositional environments. - R W -
Deéﬁite vario@s shdrtcomings, after the poineering cont-
fibutions.of_udden (1919), a number of workers (for eiaﬁpLd,
Mason and Folk 1958; Friednan 1961; Shepard and Young 1961;
Chappell 1967; Hadils 1967; Miola an Weiser 19683 Anan 1969;
Greenwood 1969), have tried to differentiate beach and dune
sands by their sedimentological characteristics. Other studies

have tried to differentiate the various depositiqnal sub-env-

- ironments of beach sedimenté (e.g. Diane 19603 Klovan 19665

Hails and Hoyt' 1969). Doeglas (1964, 1968), Passega (1957,1964),
Sahu (1964), Visher (1969), Jones (1971), Allen et al (1972)
and Williams (19?5)-, have sampled one or more environments
and attempted to use the anaiysed data to discriminate bet
the processes of deposition by using’?arious_stqtistical
N .

methods,.

Whereas each study dealt with a specifip area , different

. workers have proposed a number of .statistical methods for int-

erpreting depositiona} environments from grain size data;‘The
varied resulfs of these methods are in some cases in direct
donfrast, in others in close agreement with each other. Solohub:
and Klovan .(19?01 evaluated the'téchniqueg proposed by Passeéa'
{1957), 'Mason and Folk (1958), rriedghn (1961), Sahu (1964) ,
and Klovan (1966) and found only the method proposed by Klovan

4
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(1966) to be reliable in identifying the depositional envire
onments of sedimentg. From this study, it is apparent tBEt‘
“the sensitivity of stqtisticalfmethods should be furthgr gval-"

uated,

Objectives of the study

This study decals principally with the analysis of samples
of clastic sedimégis collected from known depositional- sediment-
ary envirpnmenté; In relation to grain-size data , various
statistical methods proposed for interpreting depositional env=-
ironments are evaluated. This empirical apﬁ}péch further serves}
the impoftant function of deterﬁining whether the grain-size of,
a clastic écdimenf is a measure of the energy of the depositing
medium, and the energy of the basin of deposition. In garticul-
ar , sedimentation processes in modern environments can be-
explained. although proposed SQatisticai methods are not crit-
icised , nor new ones proposed, conclusions are drawn as to the
usefulness of statistical parameters calculated froﬁ grain-size
distributions to differentiate environments of deposition,

Development of Grain-Size Distribution Studies

Identificatidn.of the environment of deposition has been:
the principal_pbjeétive of the texfural sfudy of saund, Folk -
{1966) has summarised previous‘stﬁdieé (1914~1964) which have
been claimed to be effective in separating environments of ~

“sand déposition. The liﬁeraturé}bq'thpitcchniques and inter-
pretation of. grain-size is rapidl}-expanding with increasing
emphasis placed on multivariate statistics. '

' Although it can be argued that the use of cpdplex fara-‘
meters should be used for pr0pernenyiroﬁmental determination

simpler technidues used by other workers have also ‘been claimed



to achieve reliable results. In 1957 , Folk and Ward showed
in a plot of Inclusive Graphic Skewness measure agaznst the
Inclusive Graphlc Standard Deviation that beach and river sands
fall, for the most part into separate groupings, which-are related
to the environments of depositione. o
In the following year , Mason and Fblk (1958)- demonstrated'
that beach .sands are generally negatively skewed and dune and
" eolian flat sands are positively skeweds Friedman {1961) using
moment measﬁres, reached a similar cénclusion, but his samples
were coliéctcd from widely spaced locationse. Furthering his
wori on beach and river sands Friedman (1962, 1965, 1967)
found that correlations.;xist between textural parameters and
the environments of depositions In 1962 , Friedman claimed that
a normal uni-modal distribution is rather unusual in beach
environments and suggested that the 5fer?ge sand deposit 18
in fact more skewed and peaked than the corresponding normal
Curves g;iedman (1967) listed ten possible statistical param= 3
eters that could be used as environmental indicators , but
. commented that mean grain size.is not too meaningful for an
environmental distinction. ' .
' Giles.and Pilkey (1965) collected 50 pairs of samples
from beaches and dunes and compafed'the;e with samples from
rivers in the vicinity. From their analysis they concluded
that both beach and dune sands'appeared to be derived from near-
by rivers, and also from sediment in the adajacent area , name=
1y shelves. | 1 .
Sepas ate studles by Chappell (1967) and Hails (1967) ind=-

icafed that \skewness is the best parameter for distinguishing

between beach and dune sands. Chappell analysed samples coll-
ected from the west coast of New Zealand and found that the
beach and dune sands were bimodal , containing two logarithmic
’ normal populatiéns 1 # unit apart . Using the moment method

he found that the beach sands are generally negatively skewpd,-

!
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Hails who worked in eastern Australia collected 1500 samples
from various beaches , dunes , barrier and fluvial deltaic

plains and found that by using moment measures beach and dune

. sands could be differentiated in terms of their environments

of deposition, 81% of the beach samples were negatively
skewed , while all the dune samples showed a positive skew=
nesée

A number of other studies (e.ge Anan 1969 3 Hails apd
Hoyt 1969 ; Passega and Byramjee 1969:; Visher 1969 ) sugge
ested the use of simpler techniques for environmental anal-
ysis.'Anan using both ﬁoment measures and Folk and Ward

Graphic measures presented scatter plots of various measures

" plotted against cach other . His plot of skewness against

kurtosis , using moment measures , also provides an effective
means of differentiating sand types . His results indicated
that the dunes sands have positive skewness values. Hails and
Hoyt concluded that skewness appears to be a significant
statistical pérameter after analysing sediments from a series
of six Ple;§toéene and one recent barrier island and the int-

ervening lagoonal marsh deposits. Their results showed that

.70% of the barrier island samples were negatively skewed ,

whilq_90% of the dune samples showed positive skewness.Passega
and Byramjee suggested the use of C/M diagrams and other plots.
These are : F/M

L/M ,
and A/M  which are used for environmental analysis
where M is the median
C is the 1 percentile
and F,L and- A are the percentages by weight in the sa=-

mplesof the grains , finer than 125, 31, and
bu , respectively.
The results of Passega and Byramjee indicate that ihese plots
are effective to distinguish environments of deposition (part-
icularly turbidity curent deposits). Visher related the shape

of grainesize curves to the mode of transportation of sediments
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and found that different energy levels influence different
transport conditions. He further claimed that the character=-
istics of the individual grain size distribution curves
provide a basis for an environmental classification.

Two other studies Have confirmed that skewness is sens-
itive to the environment. Jones (1971) concluded that the
sign of skewness is significant after textural analyses of
120 bay samples and 15 beach samples from a portion of
southern Cardigan Bay. The work of Williams (1973) on beach
sediments enabled him to conclude that mean, standard devia-
tion , skewness and kurtosis values calculated by central
moment measures can be usefully utilised in order. to
differentiate between varibus beach zones., According to
Willi ﬁ; the most important parameter was the mean ; thé
skewndss and kurtosis valuves for the bulk of the sampies ind-
icated that they came from non-normal distributions.

The_.application of multivariate statistical techniques
to objectively define depositional environments is on the ince
rease o Sahu (1964) used the technigue of linear discriminant
functions and a combination of other paramcters to satisfact-
‘orily differentiate depositional mechanisms. Klovan (1966)
apélied Q-mode factor analysis to iderntify depositional envi-
ronments in terms of grain-size distributionq:’He analysed
sediments collccted from Barataria Bay on the Mississippi Delta
and found that the different energy conditions dominated the
characteristics of the sediments. The factor analysis technique
showed that the first factor (current energy dominant) accounted
for 77.22% of the sums of squares , the second (gravitational
energy dominant ) for 14.34 percent and the third (surf energy
dominant ) for 5.81 percent , totalling 97.46 percent in terms.
of the load®ng of the samples on the firet three factors. His
results can be considered to be both geographically and geolo-
gically meaningful in terms of the resultant groups of sedi =

mentse. A similar study was donme by Visher (1965) who demonst=-
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'Rfétéd that flow regime may control the'range of grain size of

the saltation and suspension. populatlons and the approxlmate
posltlon of the truncation between the two populations.

* Another ‘multivariate technique, linear discriminant anal-
ysis , was used by Greenwgod {1969} to differentiate between
dune' and wave deposited sands from a number of different areas.

The results of his analysis of 112 samples at quarter phi inte

. ervals showed that multiple discriminant analysis could be eff-

ectively used in classifying sediments of unknown origin and

of yafied mineralogical composition. The sign of skewness was
found to be significant as an envirormental indicator, follow=-
ed in order by the mean size s standard deviation and the kure
tosis. Other workers ( Beall,1970; Solohub and Klovan,:1970)
have uscd the Q-mode factor analysis technique for grouping
grain -gize data into meaningful facforsAwﬁich are significe
ant in their geolégic context. Beall (1970) working in a fluvio=
deltaic complex found thaf the factor groupings of the textural
facies had environmental significance. Solohub and Klovan(1970)
evaluated a number of 'statistical methods from samples collcc=
ted in a lacustrine setting and found only Q-mode factor anale

ysis to be.more meaningful than other methods of textural

analysls.

In addltlon to the use of Q- mode factor analysis , Allen

et al (1972) postulated the use of R- mode factor analysis.

Claiming to have used R-mode factor analysis for the first time
their results showed that this technigue determines the relat-
ive environmental importance of each sand population in a

determined area. They. further claimed that each sand populatlon

can be associated with specific transport conditionsa.
Reasons for setting up Hypotheses

This brief review of the 'literature has shown that various

statistical methods have been proposed for interpreting depos=-



itional énvironments from grain-size data. Certain workers
(e.g. Chappell, 1967; Miola and Weiser, 1968) have suggested
that the graphic measures are not very useful in distinpguish=
ing between beach and coastal dune sands.’Further y Pavis and
Ehrlich (1970) and Williams (1973) prefer the use of formal
central moment measures.

It is the’ opinion of Shepard and Young (1961) that text
ural parameters are not environmentally sensitive .and cannot
be used to differentiate‘between modern beach and ¢oastal
dune sands and between beach and river sands JFurther Folk
‘and Ward (1957) and McCammon (1962) have pointed out the lim-
itations of moment measurese Although Folk(1966) claimed the \
moment measures to be mathematlcally elegant yet he claimed. that
these measures have serious drawbagks which make it really not
much superior to the percentile - 1ntercept methods,

Solohub and Klovan (1970), found that the technlqnc of
Passega (1957), Macon and Folk (1958), Friedman (1961), and
Sahu (1964} cannot rellably identify the true depositional
environments of sediments collected in a lacustrine settlng.
‘They claimed that only Q-mode factor analysis identified sed-
iments in their true depositional settings. Greenwood (1?69)
‘on the other hand showed the importance of multiple dlscrlm-
inant analysis to differentiate sediments collected- from a
number of different areas. Further Allen et et_al (19?2) demon—
strated the effectiveness of R-mode factor analysia to
differentiate sand populations collected collected from
depositional settings. o /' A

It can therefore be seen that many oedlmentologlsts
have conflicting opinions as to the env1ronmental sensitivity -
of the statistical methods used to 1dent1fy depositional
environments of sediments. As such y this research seeks to

- establish a working method for dzrfercntlatlng sands collected

k)
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from a number of known depositional envirohments.

Hypodtheses

Based on these con51derat1q?s the followlng hypotheses
are postulated : . , ¢ )
1« There exists a felatianship between sand
. texture and depositional environments.

- ‘ Ce Seve?allmethods'. namely Grapgic Méasurqs,
Central Moment Measures , Step-Yise Disorim-
ifant "Analysis , ‘and Factor Analysis éan be

P " used to dlfferentlate dcpogltlonal énvirone

- ments on the basis of the graln-alza dlctr—
L. 1but10n of sands. '
f 7 3 Graln-slze distributions cannot identify
- depositionai environments on a universal
basis , but only at‘the local geographic
1evei. ' .

Definitions

"Texture:

Texture inclu&es the:sﬁape, roundness, surface features,
grain-size, and fabric oé the components, principally

the detrital ones , of a sand stone (Pettijohn , Potter
and Siever,1972, p«68&)s This study uses only one aspect

of texture, that is grain-size,

Depositional sedimentary cenvironment: .
Shépard and Moore (1955, p. 1488) defined a' sediment~
ary environment as " a spatial unit in which exte-
rnal physical, chemical, and biological conditions and

influences affecting the development of a sediment are

sufficiently constant to form a characteristic deposit,"

S ,. o
E L . [ ; R N
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This study is concerned with depositional sedimentary enviren-
ments , that is , under what'hydrqdynamic‘conditidns a.given® *

ot

sedimeni is depositeds -

C.
LI

Graphic meaburess

Graphlc statistical parameters have been dlscusued by a
number of workers (Doeglas, 19&6 Folk and Ward, "1957; Hason
and Folk, 1958). THg\bd51c two-&lmen51onal form of the co-ord=
qJ.nates f&r a graph is derlved from & freguency table ; the ind-
ependent varlable X, grain-size in this case, 15 plotted along
thg abscissa; and the dependent variable y, the percentage -
freque?cy, is plotted-on the ordinate axis. o 5

There are four.main,graiﬁ-size parameterss

-

1« Hean Size o o ot

Mean size (H ) reflects the overall average size of
~ the sedlment as influenced by source-of supply, enve

ironment of deposltlon s etcs and is found by:

" = g16 ¢50 : ﬁ Sk where #16 is the phi

_diameter at the 16th percentlle of the distribution,

2+ Standard Deviation
Inclusive standard deviation (8, ) is a measure of

sorting given by:

g - 8+ - g6 + @95, . - g5
b k . X

3« Skewness

Skewness (SK )-measures the symmetry of the distri=

bution by thé‘formulaf—;m_“,

S, g6+ giu- 2850 g5+ go5 - 2 g0
T a0 g - $16) 20495 - 85)
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11 ’,J
L, Kurtosis . )

N . ’
Kurtosis (KG) measures the normality of a distribution by

b& comparing the sorting in the central part of the curve

~ with the sorting in the tailse The formula.used is 3

K; = - _#95 -  #5
: : 2.44 » (@75 - @25 )

Moment measures

' In mathematical étatistics it is common practice to desc—.

r1be a frequency distribution in terms of moment measures. In

general the first four moments provide ‘an adequate .description -

of a distribution which when converted to the proper form are

referred To’ as the mean , standard,deviafion y Skewness and

kurtosis. The ‘method of. moment allows the entifé S .
frequency distribution to be considered , rather than a few

| selected percentlles. Formulac to calculate these parameters

are:

10 Mean

Mean (X) - First Moment

xd- =1/100 ZTfmﬁ' where f is grade-size frequency and
mf is the mid-point of each grade=-size in

phi units

2o Standard deviation

Standard Deviation ( Cfg) - Second Mément

= ('Z:[m’{ - :'21!5:12/100)’é

Fe Skewness

Skewness N (U( 3¢ } ~ Third Moment

0(39* = (1/100) 6‘[ =3 -z‘r(m'[ - EB )
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4, Kurtosis

Kurtosis (Cx~4¢) - Fourth Moment

Dﬁhg v (1/100)6‘""1' Zf(m‘!- S'c’,)b’

Discriminant analysis

Discriminant analysic involves the computation of a'set
of functions for the purposes of classifying Qn individual
into one of several groups. The use. of the step wise procedure
resulte 1n an optimal set of variables being selected, and
provides an efficient way for digeriminating between populati-~
ons or clqssxflcatlona , and for assigning new observationsc ~—
to established classes with a minimum probability of error.

A good mathematical account of this technique can ‘be found
in texts by Cooley and Lohnes (1971) and by Van De Geer (1971).
Davis discusces the application of this technique in the geol=

ogical context in great detail in I973.

Factor analysis

Simply stated .5factor analysis attempts‘to-creatc a
minimum number of new variables which are liﬁéar combinations
of the original ones, such thag the new variables contain the
same amount of information as the original (Klovan, 1968).
There are five stapges of factor analysis considered by o
Krumbein and Graybill (1965). In the first -interest is focused
on the relations among variables. This is the R-mode of factor
analysis , where the correlation matrix is used. The 'R' acco=-
rding to Davis (1973) refers to the symbol for multiple coré-
elation. . \\\/>

‘A second purpose of ?actor analysis is to examine relations

-
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among the 1nd1v1duaks”“?\§ﬂmples s rather than the variables
themselves. This is the Q-mode of factor analysis whlch helps
to arrange a number of aamplcs into a. meaningful order so the
relationship between one sample and another may be dedﬁced

(Davis , 1973). Two very simple accounts of these two aspects‘“s

of factor analysis are given by Cooley and Lohnes (1962) and
Cattell (1965), Further,Harman (I967) discusses the application

and concepts of modern factor analysis in great detail.



CHAPTER TWO ’ . >

DESCRIPTION OF THE STUDY AREA

Site and Situation of Essex County

Essex county which occupies part of the south - western
peninsula of Ontario covers an area of about 1654 Kma' Extend-
ing ~below the 42nd parallel and west of longitude 82 degrees
_ (Figure 1), it reaches an elevation of approximately 228.65

.

meters,

Regional Geology

A general description shows thaf the peninsgula of south-
western Ontario is separated from the Ottawa-Quebec lowland
by the Precambrian rocks of” the Frontenac lrch. The peninsula
itself is underlain by a south-west trending Precambrian
basement high (the Algonquin Arch) from which Cambrian, Ordov-
ician, Silurian, and Devonian rocks dip north-westerly into
the Michigan Basin and south-westerly in{o the Allengheny
Trough (Poole, et al, 1970). The intervening- Algonquin Arch
consisted of a broad elongated structure that maintained
some degree of subsidence during the Palaeozoic. Cambrian and
Lower Ordovician sediments thin-toward ity and as a result of
slight uplift are bevelled and overlapped by Middle Ordovician
sediments;

The nearly flat-lying Palaeozoic strata , resting upon
the uneven surface of the Precambrian rocks underlying this »
area range in age from late Cambrian to late Devonian (Sane
ford~and_Brady s 1955). The youngest Cambrian rocks -in southe
western Ontario , the Little Falls Formation , lie bencath Lake

Erie graditionally overlying the Theresa Formation. They cons-

ist of tan , finely crystalline dolomite, 100 feet (30.5.m)

thick at the international boundary ( Poole , et al 1970 ).
13 - '
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General Qedlogy of Essex County

The area is underlain by Middle Devonian limestone: dolo~
mite , and shale and"by Upper Silurian dolomite. Rocks of the
Bass Island Formation (dolomlte), Detroit River group (dolomite,
limestofe and sandstone), Dundee Formation (limestone), and
Hamilton Formation ( shale and limestone) can be f;und at vari-
ous levels in different parts of the county ( Sanford , 1969;
Vagners , 1971 ). | -

» Mantling the bedrock in parts of the county is a thick la-
yer of Quaternary sediments which oan be divided into Pleistoe-~ ~
ene and Recent ( Holocene ). According to Vagncrs (1971) sedim-
énts deposited during the Pleistocene Epoch consist of non- st-
ratified drift (ise. tlll) and stratified drift (i.e. sand and
gravel of glacio-fluvial qugln, loam of fluvial origin N anq .
gravel , sand , silé ’ And clay of glacio-'lacustrine or lacus-
trine origin e Dep051ts of the Holocene Epoch 1ncludp alluvial
loam , lacustrine sand and gravel , paluatrlne peéat , and eolian
sand. '

The tills formed by glacial action as described by Hough
(1958) and Prest (1968) range from a few meters thick in some
bedrocg highlands to at least 91.95 metéfs thick in some ‘bed ro-
ck depressions and interlobate areas. Dreimanis (1961) and Gold-
wait , et al (1965) claimed that most of the tills were probube
1y-dep6;;;;g during the last (Wisconsin) ice age ,.-as the glace
iers entered southeraOntBrio from the Canadian Shield.

The Recent (quocene) sediments described- by Vagqcrs (1971)are
the alluvium found in the flood plains of the larger crecks and
rivers , and the beach sands along the Lake Erie shpreiine.'

These deposits , it can be claimed , are constantly ;Odlfled
‘by wind , wave , current , fluvial and other aftions.

. ] y

A Brief Account of the Physiography of Essex County

Essex County occupies the western part of the St. Lawrence

il—
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physiographyic region. Standing between the basins of Lake Erie
and lLake St. Clair , the surface is essentially a till plain
overlying the Cincinatti Arch » & low swell in the bedrock of the
area ( Chapman-and Putnam , ﬁ§75 ). The county)lacks signific-
ant relief , the surface rising gradually from 176 meters at
Lake St. Clair to approximately 154-190 meters above sea level
in the €entral part of the county. This fairly flat eanvironme-
nt which falls southward to jghe level of Lake Erie is broken

by small morainic hills in the vicinity of Kingsville and Lea-
ﬁin' on . West of Leamington ; a tild hqraine of approximately
2269528 meters forms the highest part of the county. Point
Pelee , a cuspate land form , adds variability to the topography
of the area. -

The low gradient . and allght variation in elevation are -
the principal factors controlllng ‘the drlanage patterns of the
county e Small CrEEko and streams orlglnatlng in the centre of
the county flow northward into Lake St. Llair, southward into

Lake Erie , and Westward into the Detroit River . i

Roint Pelee

L
-

Po;nt Pelce, a cuspate landform or spit (quasi~symmetrical

or arrow head in shape), i5 a. part of Essex County (Flgurc 2)e

Occupying an approximate area of 15.5 Km2 y it extends.about

-— : - - . .
-12 Km southward from the north shorc of Lake Erie. Point Peleec

is a dynamic feature which experlences 51gn1f1cant-changeu in

the patterns of accretion and eroslon over time (Klndle ¥ 1953,

Coakley,et al 1973 )-* ' ' .ot

 Area Sampled

After makiﬁg a detailed study of the geological and topo-

gréphical maps of the county , and making'three'preliminarj
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field investigations , the sand deposits in the county were
mapped and the sampling sites selected (Figure 3). These sites

represent a wide range of environments. Special emphasis was

"placed on topographic expression , provenance , and avail-

ability , type of sediments , and energy (wave , wind , current,

etc. ) level of each area. Preliminary work indicated that

.each selected site showed a variation in sediment type (field

study of sediments with qu hand lens ) and energy levels (co- -
mputation of the fetch distances for sites A to E). On a gene-
ral basis the sediments collected at these six localities can

be placed into five broad depositional environments . These arej

1« Shallow agitated environment:

' . Zone constantly under the
action of low water swash . This zone is part of the
nearshore zones ‘

“11s Foreshore  Environment:
This zone is part of the
beach which extends to the limit of high water swash,.
111s Backshore Envirbnment: .

This zone is above the
limit of the swash , and is not unaer the forces of
wave action,

1Ve Dune Environment:-

Zone contreolled by wind
action . VWind erosion and deposition are the domina-
nt processese. |

Vo Glacial Environment:

In general the glacial
environment indicates the fluvio-glacial origin of
sediments « Ice was once the dominant geological

agent.

The shallow agitated, foreshore , and backshore environme-—

nts are represented at localities A , B , ¢ , D , ag@,E'(Figuﬁb 3)e
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These environments vary in dimension and physical character-
istics at each of the selected sites. Field investigations
show that the first three localities have a mixture of sand
(fine , medium , and coarse) and gravel ; medium sand at site .
D , and a mixture of sands and gravel at site E. Sampling lo-
cality F represented a heterogenuous deposit ( an area of ti=-
11 and gravel or gravelly sand ). Fairly developed eolian en-
vironments occur at sampling localities A and C , with traces
of wind blown material present at the extreme backshore of 8i-
tes B and D (Figure 3). .

The physical processcs and the factors governing them
(currents , waves , water depth , wind , etc. ) at the sites
- of deposition will be discussed after statistical analysis of

the grain=-size data .
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. ‘ CHAPTER THREE

{ =«1 METHODOLOGY

Sampling Procedures

The samples chosen for the present study had to be rep-
resentative of the size of grains of sand making up the bea=-
ch , eolian and glacial sediments in Essex County . Discuss-
jons on the problem of sampling (geologic populations) are
given by Krumbien (1953, 1954, 1960 )and Koch and Link (1970).
Studies on the problem of sampling scdiments include those
by Krumbien and Slack (1956) and Griffiths (1955,1967).

~ Having studied the geological maps (Vagners , 1971), th=
ree preliminary field investigations were carriecd out , whe-
reby a total of 34 pairs of spot samples were taken from the
various sand deposits in Essex County. Laboratory analysis
{sieving) showed variation in the grain-size distribution of
each samples. The mean=size of the samples reflected variation
in relation to various sub-environments of deposition.

As cxemplified in the geologic literaturé s a simple ra-
ndom sampling plan was evolved ; the objcctimcs heing the an-
alyses of the samples to lead to generalisations about the
population’, and to provide factual information on the asso-
ciation hetween specifié environments and typecs of grain~dis=-

tributions.

Sampling Designs

The six sampling sites chosen represented parts of large
depositional units . Field proccdureé involved mapping and
measuring the 1cngth and width of each seclected 1oéality. The
dimensions of each selected site are:-

Site A = 110 meters long and 45 meters wide at the.

/ .
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widest point of the area. A profile study done at this q}te
confirmed the results of G. Berynk1 (1974) that both the east
and west beaches of Point Pelee (site. A) show significant &i-

fferences in slope values .

100 meters long and 40 meters wide at the

Site B’
' wldest points A well marked berm Is char-

acteristic of this beach.

Site C = 100 meters long and 45 meters wide at the.
widest point. This beach has a wide fore-

shore environment ( 21 meters wide.le

Site D - 100 meters long and 35 meters wide at the
widest point . The beach sediment is med-
ium - grained sand . but.a large: variatl-
on in'mean size was found after the spot

samples were analysed .

Site E - 100 meters long and 30 meters wide . Bez-

.ch gradient at this site was less than 30

Site F ~ 85 meters long and 70 meters wide . This
: deposit is part of the Leamington moraime.
Préiiminary field investigations and laboratory analyzes
.hééeﬂsiiated that two designs be employed « The choice of the
of the first design was dictated by the variable nature of the
sand deposits and the shape of Site A . Xrumbien and Slack
(1956) carried out beach sampliﬁg experiments at Illinois Be-
ach on Lake Michigan and reported that Beaches with highly
variable deposits are most efficiently sampled by using the
superlmposed grid method « The reliability of the second des-
ign is- the same as that of the flrst in that, 1t5 use is Jjus-
1 y
Berynk , G. , (1974}, Sediment distribution around-Point Ihlee,

Unpbl. Bsc. Thesis , Dept. of Geology + Uniwer=
51ty of Wlndsor. ’ ‘ ’
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tified on beaches with fairly stable characteristics. Further
this design can be employed in arcas where the sedimentary de~

posits are fairly homogeneous « These designs ensured that the
number of samples collected at each site adequately represent-
ed the population sampled o 38, 28, 24, 29, 18, and 31 samples
were collected at Site A, B, C, D, E and F respectively. )

At Site A, the first sampling plan was employeds. The are=-
" a was first drawn and a'sﬁmpling frame which ensured a random
spacing of samples was then decided on . This was done by us-
ing the interscctions of squares on a guperimposed grid . A
random sample of 51 squares enciOSed within the étudy area we=
re then chosen , and 38 squares were drawﬁ randomly from which
samples were taken. Random numbers were read from a table of
random numbers { Rand Corporation , 1958 ). The location of
each of these samples is shown in Figure 4, This design was the
en transferred to the field , where with stakes y tape measure,
measuring rod and a die , the samples were taken

In the second plan , samples were dlotrlbuted randomly ov-
er the selected sites. These were selected by using a table of
random numbers that defined the X-and Y- co-ordinates of the
samples. In this design the sampling points generated are typ-
ical of randomly spaced points , in that some tendency for cl-
ustering occurs. This design was employed in the field at Sites

B,C, D, Eand Fj using the same material as at Site A.
Sample Collection and Preparation

In the field approximately;1000 grams of sediments were
collected .from each of the sampling points. The upper two ce-
timeters of sediments were scooped up with a six inch garden
shovel from the foreshore, backshore, dune and glacial envir=-
onments « In the shalloﬁagitéted zane samples were collecfed
by using a simple "geoop" grabber . All samples were carefully
labelled , and each ﬁés placed in 'a durable water-proof plast-
ic bag. Bags were secured and placed in ordinary cardboard
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cartons,

On the same day of collection , all samples were dried
in electric ovens for twelve hours at 10600 - In some cases
samples collected from the shallow agitated zone wWere dried
for 20 hours. Samples were then split according to the method
proposed by Muller, 1967 (Appendix One). All sediments coll=
ected from the glacial deposits, and seven samples collected
from the shallow agitated zones were disaggregated by using a

‘mortar and rubber pestle.

Sieve Analysis and Determination of Grain-Size

Muller (1967) shows Lhat different measurement techniques
apply to widely different size ranges. In addition the choice
of method depends both on the degree of consolidation and the
objectives of the study (Pettijohn et al , 1965; Griffiths, 1967).
Folk, 1966 has reviewed the standard methods ( sieving , sc=
ttling tube , pipette , hydrometer , microscopic and grain
counting ) used in sediment studies . For this research the
sieving method was followed. Folk (1966 , pe 75) says thot "si-
eving is probably most accurate for pgeneral analysis of sand
and gravel , and the time required for analysis is intermedi-
‘ate. " Using-HOO grams of sediment from each sample , graih-
cize analycis with subdivisions based in ¥phi intervals, (a
10{;2 transformation of thg diameter in millimeters of the se-
diment size) proposed by Krumbein (1934), were performed.

On Tyler screens (2.0 & ; =1.5¢% 3 =1.04 ; -0.5 g 3
0,0 5 058 ;1.08 3 1.58 ;5 2.08 ;2,58 ; 3.08
3.5% ; 4.0 4 ) and pan , all samples Wgre sieved on Ro-Tap
shaker for 15 minutes . The retent of each sieve was weighed

on a lettler Precision Balance to 0.01 grams.
Computation and Presentation -of Results

The results of the 168 grain-size analyses were computed

with the aid of melectronic calculator and a digitdl computer.
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The results are ppcsentéd in the following manner:-

) The samples are considered to be from "unknown"
.depositional environments. Each statistical te-
chnique to be tested is applied to the results
0{ thése analysed samples . The results are th- .
en compared to see if the techniques provide f-
actual information on the true depositional en-
vironments of the samples . An evaluation and

discussion follows.



"is paper.

CHAPTER FOUR

STATISTICAL ANALYSES OF GRAIN-SIZE DATA

Introduction
' v

One of the chief aims of grain-size analysis is to
find the grain-size frequency from which statistical par-
ameteré can be derived. As mentionedfin;CQgpter_One a nu-
mber of workers have discussed the presentatiOﬁ,de eval~

uation of the results of mechanical analysise. The

atioh of some of fhese technigﬁes are demonstrate

Graphic Measures

Cumulative Curves &

One of the chief graphic devices used to display
sedimentological data is the cumulative cpfvé. This shows
the percentage proportion of the sediment which has a gr-
eater grain size than a partiéular value. Cumulative cur-
ves are commonly plotfed with the cumulative frequency
represented on a probability scale. This is designed so
that a Normal (or Gaussian) frequency distribution will
plét as a straight line.

The cumulative curves of the 168 samples ( Appendix

>

4 9 PP=92 to 132 } clearly show that a number of the sam=

‘ples collected from the shallow agitated, foreshore , back-

shore , and dune areas approach normality. . In some cases
the "curves' appear tof Be made up of two or more straight
line segments. These segments can be interpreted as parts
of several Normal distributions mixed t;gqther . épencer
(1963) has shown that most grain-size frequency curves can
be broken down into cogplex mixtures of .two or three fun-

damental log-normally distributed populationse. However he

27
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has not considered the 'break of slope' characteristic o%'the
curves ™or sands from the glacial environment . These curves are

distinctly bimodal and are in some cases trimodal.

b/_*Component Population Analysis using Cumulative Curves

The application of cumulative curves as aﬁ aid in compon-
ent population analysis for distinguishing the deﬁositional
environments is clearly demonstrated by Visher (1969). This
technique uses the cumulative curves +to delimit %runcated phi-
normal distributions. Using the log-normal components (¢ = 1og2
mm) of the cumulative curves various sediment populations can
be identified. Visher determined three basic populations (tract-
ion, sgltation, and suspension) of sediment transport. These thr-
ee pppulations (Appendix 2) are reflected in samples collected
from the shallowﬁsgijatqd zone, foreshore zJ;e, backshore zone
and the dune environment. Similar populations have been identi-
fied by Moss(I964), Upchurch (I970) and Greenwood (I972).

‘The cumulative curves for the samples collected from the sh-
allow agitated zone(Appendix 4) reflect similar characteristics
to the distributions obtained by Visher (I969, Appendix 34).
These samples in nearl& all cases reflect a poorlé sorted trac-
tion population and a saltation population of coarse (-If - 0.0 ¢)
and slightly less coarse materials. Significantly, some samples
(for example 23 and 42) fail to reflect any distinct traction
population. This can be due to the rapid variation of energy
present in this zone which transport out or transport in materidl
of various size ranges, or to the source area of the sediments
or the ‘complication of other factors (for example current velocity,
shoreline geometry, and sedimentation rates).

With only a<few exceptions(for example samples 27, 49, 67,
and II7, Appendix 4) pamples from the foreshore and backshore

&
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environments reflect similarities in curve shape to those obtained
by Visher (I969, Appendix 3B). The fore shore samples in nearly
all cases demonstrate the developmeni of two saltation populations,
with a good sorting of fine materials in the first population and
a second population of better sorted finer materials. Both Vlsher
(1969) and Greenvood (1972) attribute the presence of two saltat-
ion populations with.thb swash-back-wash action of the waves.It
is also evident that some 4f the backshore samples (for example
37, 70, and II9) reflect a variable percentage of suspended mate-
rial greater than 2.5 phi. N
Samples from .the dune environment (Appendix 4) demonstrate
the influence of wind processes. Characteristics of the curves
(Abpehdix 3C) are similar to those postulated by Viéher (1969).
These include: I/ a poorly sorted coarse sliding or roliing pop~-
ulationg
.2/a very vell sorted saltation population with a
size population'ranging from approximately 2.0 to 3.5 phij
and 3/ a variable percentage of the sugpension popul-
ation. Significantly some samples( for example I7, 24 and 83)
"illustrate the presence of a small percentage of coarse mate;F
ial which may indicate possible bed rolling .Although Bagnold
(1954) discusses the general lack of competence of wind processes
to move a coarse population by surface creep it will be discussed
that the existence of this coarse population can be due to one or
more physical or climatalogical processes,
The glacial samples (Appendix 4) show a con51derab1e range
of material (-02.00 phi to 04.00 phi). Doornkamp and. King (1971)
claim that the different size range of materials that can be
found in a glacial environment clearly demonstrate the different
processes Which once acted and now active in such an environment.
The curves illustrate quite well the bimodal and in some insta-
nces +the trimodal characteristics which are typical of. sediments

froma glacial environment.

The characteristics displayed by the individual grain-size
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“distribution, curves can 6n1y provide a general basis for envir-
onmental discrimination. The unusual shape of some of the curves
presentlng samples from the shallow agitated, foreshore, and
‘backshore env1ronments can be the result of several influencing
factors which w111 only be subjectively, discussed. Visher (1969)
rightly claims that attempts should not be made to use precise
limits for the slopes and truncation points to determine differ-

ent sand populations, and thus individual environments.

Graphic Statistics

One method widely used to compare different environments

“-of deposition is graphic statistics. The graphic method involves
reading selected percentiles off the cumulatlve size—frequency
curve plotted on probability paper. The ones that have been used
are the 5, 16, 25, 50, 15, 84 and 95 % coarser figuges. Using
these values it is possible to describe the sediment in terms of
medlan, mean, sorting, skewness, and kurt051s. The parameteTs
described in Cha?ter One have been used by Mason and Folk (1958)
to dlfferentlate sands on Musidng Island on South Texas Gulf
Coast. They suggested that the best means of differentiating sands
from the beach, dune, and eollan env1ron$ents is by plotting
skewness against kurtosis because the geological processes at
work have their greetest effect on the tails of the size distrib-
ution curves. According to their investigetion , beach sands form
normal curves, dune sands are p081tlvely skewed but still meso-
kurtic, and eolian—fiat sands are positively skewed and lepto&;
kurtic.

The data for the graphical parameters have been read off '
the cumulative curves (Appendix 4), and fhe median, mean, stand-
ard deviation, skewness,‘and kurtosis were calculated using a

 computer program (Appendix 5)- h

The computed graphical statistical parameters {Table I)

are shown in a plot of skewness against kurtosis for the samples

ag "unknowns" (Figure SA) and for the samples as 'knowns" (Figure

b



SAMPLE
AND MO,

FA 1
HA
MA
FA
FA
FA
MA
FA

N I T DA T YA W N VS B

MA
NA 10
FA 11
SA 12
MA 13

FA 14
MA 15
SA 16

NA 17
SA 18
FA 19

NA 20-

NA 21

NA 22

MA 23°

NA 2h&

TABLE ONE

GRAPHIC PARAMETERS

IDN. MZDIAN
DIAM.

0.97
~0.03
-0.35.

0.70

0.87 »

0.66
0.39
0.38
-0.39
1.18°

L]

0.61

1.55
-0.67

1.21
-0,43
0.78
1.35
0.47
0.18
2,08
1.40°

1.61
-0, bh

1.59 "

MEAN
DIAM.

l.03
;p.za

*=0.35

0.67
0.92
0,60
0,41
0.37
-0.45
1.11
0.59
1.55
-0.32
1.09
-0.4b
0.67
1.27

0,50

4,17

2,03
1.40
1.56

-0.41
1,54

STD.
. DEV.

0.49
©0.31
0.32
0.64

0.4b9

0.59
0.00
0.51
0.19
0.57

0.55
0.61

~0.07
0.67
0.17
0.65
0.57
0.41
0.37
0.48
- 0.52
0.57
0.21

0.57

SKEW.

- 0.09

0. 04

0.05

-0.,05

0.08_

-0,14

.-0.86

-0.05

471
-0.12
~0.08

65.61
-0,32
43,49

0.00
-0.17

0.20
-0.04

-0,22

-0. 05

.-O. 16'

0,20

-0.12

| KURT
1.09
0.85
0.87
1.06
1.14
0.9k

"1024 T

0.94
0.0é
0.85
0.91 .
1,01 |
0.01
1.09
0.01
0.82
.0.85
0.81
Q.95
1,44
1,07
0.88
0.85
0.96



TABLE ONE (Cont'd)

SAMPLE IDN. MSDIAN MEAN  STD. SKEW. “KURT
AND NO. DIAM. DIAM. DEV, -
MA 25 ©  -0.37 ~0.15 0,00 -0.5h 0.1h
NA 26 1,52 1,43  0.72 =0.15 0. 7%
SA 27 0.84  0.85  0.78 -0.04 . 0.85
NA 28 1.00 1,01 0.59 0.00 0.97
SA 29 1.28 1.2k  0.47 -0.12 0.99
‘MA 30 -0.32 -0.13  0.00 -1,11 ~0.33
FA 31 0.46  0.35  0.66 -0.28 1,00
FA 32 0.80 0.78  0.53 ~0.09 0.91
FA 33 0.68  0.66  0.64 -0,08 1,02
sa 3% 4 1,32  1.33  0.50 0,00 0.97
MA 35 -0.33 -0.33  0.19 2,23 0.19
NA 36 1.3 1,42 0,45 -0.05 0.93
SA 37 .0.60 0.60 8+51 -0,01 6.96
NA 38 1,37 1.38  0.5%  0.00 ~0.80
MB 39 _ -0.52" -0.21 0,03 =-2.87 0.23
B bo 20.38 -0.30  0.47 . 0.23 ' 0.91
MB U1 ~0.31 -0.07 0,11  4.95 -3.13
MB b2 -0.17 -0.19  0.47 -0.02 0.99
MB 43 20.19  -0.21  0.38  -0.05 0.79
MB 44 -0,19 -0.20 0.37-  0.01 0.83
MB 45 -0.02 -0.01 0,24 0,11 0.98
FB 46 0.28 - 0.29 0,45  0.Q2 0.88
FB 47 . 0.24 0,18  0.5% <0.17 0.91

[=]
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TABLE ONE (Cont'd)

SAMPLE IDN. MEDIAN NMEAN  STD, SKEW. KURT
AND NO, DIAM, DIAM., DEV, | . |
FB 48 _' 0.30 0.21 0.58 =0.19 1,01
FB 49 0.43  0.41  0.66  ~0.02 1,18
FB 50 0,20  0.17  0.57  =0.02 ~ 0.78
FB 51 0.40 0.33 -0.60 -0,08 0.96
FB 52 0.79  0.72  0.50 -0.23 0094
FB 53 0.88 0.81 0.50 =-0.22. 0,84
FB 54 1,02 0.99 0.56 ~ -0.05 1.21
FB 55 ‘ 1.06 1.06 0.57 -0.06 0.95
FB 56 0.97 1.06 .0.59 - 0,16 1,07
FB 57 1.32 . 1,22 0.76 -0,17 - 0.96
SB 58 1,64 1,60 0.57 =0.13 0.89
SB 59 1.35 1.33 0.67 ~0.05 . 0.88
SB 60 1,21 1.19 0.57 =0,10 0,97
SB 61 1.16 1,16  0.63 =0.,00 - 1.02
SB 62 1.42 1.37 0.65 -0.14 0.86
SB 63 | 1.62 1.51 C.47 -0.26 1.19
SB 6b 1.66  1.67  0.49  0.03 1.07
SB 65‘_ 1.78 1.78 0.46 ~0.03 1.43.
SB 66 1.35 1.35  0.46 -0,01 0.90
MC _67 -0.37. "-0.50  0.27  1.72 0.22
ﬁc 68 -0.41 -0,42  0.24 2.19 0.19
MC 69 ~0.27 -0.33  0.26 1,29 0.26
MC 70 -0.58 -0.54  0.25 211 0.30

Mc 71 -0.,18 -0.16 0.36 -0,02 1.13

e g — o — -



SAMPLE IDN.
AND NO.

FC
FC

FC

FC
SC
SC
SC
SC
SC
SC
NC

NC

. NC

NC
NC

72
73
74
75
76
77
78
79
8O
81
82
83
84
85
86
87
88
89

Q0

91
92
93
o4
95

TABLE ONE (Cont'd)

MEDIAN M=ZAN

DIAM,
0.23
0.23
1,02
0.86
1,67
0.10
1.45
1.73
1,21

1,42

1.37
1.64

2.19

1.91

2.0l
1.88
0.81
6.69
0.81
-0.45
-0.32
0.35
0.4
0.17

STD.

DIAM. . DEV,

0.27

0.19
1,05
0.85
1.62

0.74

-1,42
1.67
1.17
1.43
1.42

1.59

2.16
1.86
2,01
1,87

" 0.86

4

0.64

0.73
-0.,42
-0.33

0.36

0.32

c.13.

0.58
0.48
0.71
0.4L9
0.58
0.61

..0.65
0.43 -
10,37

0,46
0.49

0.47

0,4k
0.32
0.52
047

0.53

0.58
0.50
0.40
0.47
0. 40

0.36

. 0,46

SKEW.

0.18
-0.11
0,02
-0, 04

. -1013

1,25
-0.12
-0.30
-0.14
~-0.01

0,12
-0.24
-0.17
-0.22
-0,17
~0.01

. 0,17

-0.15
~0,26

0,08
-0.04
-0.04
-0.19
-0.1%

KURT

1.31
0.89
0.87
0.92

34

1.05

1.06
0.93
1.78
1,07
1,07
0.96
0.88
0.95
1,09
1.09
1.02
1.01
0.86
0.89
10,89
0,91
1.02
0.67
0.89



SAMPLE IDN.

AND NO.

FD
¥D
FD
FD
FD

FD

FD
FD
FD
FD
FD
FD
FD
FD

FD

FD

FD
SD
SD
SD
SD
SD

SD
3D

96
97
98
99
100
101
102
103

10l

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119

TABLE ONE (Cont'd)

1,00
0.74
0.83
1.16
1.10
1,13

1,10

0.99

1.03

~

MEDIAN MEAN

DIAM.  DIAM.

0.92°

0.73

0.87
1,14

1,08
1,1k
1,11
1,00
1,10
1.13
1.09

1,10

0.62
0.85
1,11
1.09
1,12
1.60
1.83
2.03
1.85
1,92

1.93 °

1,90

STD.
DEV.

0.42°

0,31
0.38

0.38

0.39
0.42

0.36

0.31
0.36
0.37
0.41
0,38
0.39
0,47
0,29
0.3k
0.38
0.60
0.47
0.52
0.43
0.L48
0. 44
0.43

SKEW.

-0,19
0.0
0,23
-0. 0%

0.06

“-0. 03

~0,02

0-22 .
10,37

0.08
0,06
0,08
-0.30
-0,04

‘—0.0?

0.01
~0.03
-0.0%
0.16
0.15
0.18

-0,17

0.17 -



SAMPLE IDN,

AND NO.

3

G L L . e B e =
(S I = S 5 B ¢ B o> SO < SR < R <+ B < R < R s S -

FE

5868

120
121

122

123
124
125
126
127
128
129
130
131
132

. 133
A3k

135
136
137

GLF 138

GLP 139

" GLF 140

GLF 141

GLF 142
GLF 143

- r

TABLE ONE (Cont'd)

MZDIAN
DIAM.

0,30 - -

0.28

0.47
-0.26
-0.33

0.07
-0.13.

, %\-O.BU

-0,18
-0.-%
0.01
0.29

.-0.51 !

0.85
0.86
0.67
1,03
1.10
-1,26
-0.94
-0,01
-0.14
-1.05
~0.3L

MEAN

DIAM..

0.29
0.16
0.83
-0.27
~0.37

© 0,03
0,08 -

-0,06
-0.25

0,02
-0.03

0.28

0.50
0.80
0.85
0.63
1,03

1.13

-1.27
~-0.99
-0.00

0.04

-0.95
-0.46

STD.
DEV,

0,46
0f70
0,l1
0.41
0,46
0.6

-

0.19 .

0.83
© 0.55

0.55
0,56
0.46
0.33
0.51
0,51
0.46
0.52
0.58
0.21
0.39
1.09
0,94

0.61

0,68

SKEW

-0. 19

-0.23

7.673
' 20.10

-0,10
~-0.13
1,56
0.37
-0.20
0.11
-0.09
-0.03
0.37
~0.10
~0,03
-0.09
0.06
0,14
~5.52
2.32
0.51
0.68

1.97

0.67

A

36

KURT
1.""9
0.84
2;7i

270,90

0,95

1.11
0.26
0.83
1.02

1,05

1.01

1.07

1.18
0.89

1,07

1,05
0.92
‘1,01

-0.,15

0.16
0.48
0.75
0.23
0.43

-

e
-



SAMPLE IDN.

AND NO.

GLF
GLF
GLF
ELF
GLF
| GLF
GLF
GLF
GLF
GLF
GLF
GLF

GLF

144

145

146

147

GLF »

GLF
GLF
GLF
"GLF
GLF
GLF

- GLF

. GLF

GLF
GLF

GLF

148
149

150

151
152
153
154
155
156
157
158
159
160
161

162
163

164
165
166

167

168

TABLE ONE (Cont'd)

MEDTIAN
DIAM.

0.01
0.50
-0.83
~0.79
-1.30
1.4
1,35
-1.29
1,85
-0, 40
0.30
0.42

0.29

0.66
-0.71
-0.58

0.69
-1.17
-0.96
-1.51

0.43

0.43

- -1.10

0- 81

MEAN
DIAM.

0.09

0.33

-0.93
-0.62
-0.63

-1,27

<0.57
-0.86

-0.87
. -0.36

0.07
0.28
0.26
0.69

-0.61

~0.14
0.43

-0.40

-0.73

-0.63

0.33
Q.31
-0.90
0.76
~0.15

STD.
DEV,

1.00
1,12
0.45
0.84
-0.11
0.43

- =0.05

0.79
0793
0.99
1.13

1,11

1,20
1.31
0.95
1.09
1.39
0.30
0. 83

-0.06
1.28
1.46
0.56
1.12
1.08

SKEW.

0. 54
0.22
1,52
1,04
4,18
3.21
2.88
1,79
2.18
0,72
~. 0,26

0.26

""0. 06
~0.03
1,00

0.96

0.14
~-56.91
1.30
2.72
0,30
0.31
1,94
~0,20
0.30

KURT

0.47

0.60
0.33
0.63
0.12
0.22
0.08
0.29
0.31
0.40
0.45 .
0.46
1.51
0.93
0.29
0.%49
0.37
0.83
0.43
-0.15
0.48
0.53
0.29
1.81
0.87



FE-

TABLE ONE (Cont'd)
Explanation to sample identification

Foreshore samplea from Site A
Shallow agitated samples from Site A
Dune samples from Site A

Backshore samples from Site A
Shallow agitated samples from Site B
Poreshore samples from Site B
Backshore samples from Site Bs
Shallow agitated samples from Site C
Foreshore samples from Site C
Backshore samples from Site ¢

Dune samples from Site C

Shallow agitated samples from Site D

Foreshore samples from Site D

Backshore samples from Site D

Shallow marine samples from Site E

Foreshore samples from Site E

GLF- Glacial samples from Site F

i
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’ , ' 39
SB) , and in a plot of inclusive graphic standard deviafion agai-
nst mean size for the samples as 'unknowns" (Pigure 64), and for
the samples as '"knowns" (Fiéure 6B).

In the plot of skewness against kurtosis (Figures SA and
5B), seven samples (Nos. I3, I5, 39, 4I, 122, I38, and ‘I6I)
have.not been plotted. Samples I3, I5, 39, 41, and 122 are from
the shallow agitated environment with skewness values of 65.61,
43.49, -02.87, 04.95, and 07.63 respectively, and samples 138
and 16I are from the glacial environment with respective skergss
values of -05.52 and -56.91. The skewness values of these sampies
when‘plo%ted against the kurtosis distort the appearance of the
graph, and were therefore omitted from the scatter plot. The
plot of skewnesé againgt kurtosis (Figure 54) for the samples
as Munknowns" show an extremely clustered pattern for approxim-
ateiy 80 % of the samples. Plot of the samples as "knowns"
(Figure 5B) indicate a complete mixture of samples from the shal-
low agltated , foreshore, backshore and dune environments. Only
samples from the glacial environment are partially separated. It
can be clearly seen that the plot of skewness against kurtosis
has failed to differentiate samples from all of the enyironments.

The plot of the inclusive graphic standard deviation again-
st the mean size for the samples as "unknowns" (Figure 6A) show
a widely distributed pattern with three small clustered groups.
With the sample env1ronments identified (Figure 6B) three envir-
onments (shallow agltated, foreshore and gla01gl) are partially
separated. Samples from all of the environments are intermixed )
especially those from the backshore and dune environments. From
these results it can be clai&ed that graphic measures cannot rel-
jably separate environments of deposition even if' the samples
are identified as "knowns". .

Although Mason and Folk (I958) claim that skewness and
kurtosis offer the best means of identifying the environments
and considered standard deviation to be helpful , but the mean

size to be worthless it is evident that their results are not
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FIG-5A
PLOT OF GRAPHICAL PARAMETERS AFTER MASON AND

FOLK. SAMPLES PLOTTED AS “'UNKNOWNS.'"
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FIG-5B
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PLOT OF GRAPHICAL PARAMETERS AFTER MASON AND
FOLK- SAMPLES PLOTTED AS" KNOWNS.'
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FIG-6A .
PLOT OF GRAPHICAL

PARAMETERS AFTER MASON
PLOTTED AS “UNKNOWNS.”

AND FOLK. SAMPLES

0 5
STANDARD  DEVIATION
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FlG'bB . A
PLOT OF GRAPHICAL PARAMETERS AFTER MASON
AND FOLK SAMPLES PLOTTED AS "KNOWNS.”
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supported by “this siudy. The plot of standard deviation against *
mean size yields better results than the plot of gkewness again-
st kurtosis. This dlrectly indicates that th&re are differences ’
in the average size of the sediment from the various environments.
Mason and Folk (1958) observed a remarkable similarity between '
all samples in average grain-— size “and 1nd1cated that a set of
peculiar condltlons may have -influenced ‘this. They claimed that
the source supplylng sand to’ thelr gtudy area apparently contr-~
ibute only limited range of sizes and that the environmental
processes acting on the deposits effected an extreme degree of
homogenization. In Essex County, however, it can be argued that
_marked differences in the size of the sediment are due to differ-

_ent physical and environmental processes at each of the environn-

ents studied. e

L

Moment Mbasures

Use of percentiles read from the cumulative curve is not
the only way to obtain statistics that summarise the prOpértiea
of an observed distribution. Another method is moment measures
descrlbed in. Chapter One. This technlque proposed by Van Orstand
;(1925), uses the entire frequency distribution, and is now widely
used in sedimentological studies. Friedman (1961) is one of the
earlj wofkers who have shown the effectiveness of these measures.
He has demonstrated that by plotting the skewness against the
the mean for 267 samples derived from dunes, oceans, lake beaches,
.-and.riVers, that it is possible to distinguish between the dune
and beach sands in terms of these twb charactgristics. The dune
sands tend to have a positive skewness, which implies a tail of-
‘flner partlcles, while the beach sands mostly had a very small
or negative skewness , indicating a tail of coarser particles.

Further Friedman (I961) claimed that within certain 1imit-
ations , river sands can be distinrﬁished from beach sands on
the basis of plots of the third moment (skewness) against stan-

dard deviation (sortlng) because beach sands tend to be better
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sorted than river sands, and thus tend to have lower numerical
standard deviation valuos. In plots involving other moment
parameters, Friedman stated that kurtosis is not environmentally
sensifive, and as such plots of kurtosis against any of the other
ﬁoment parameters have not been reproduced in this study. His
re;ults vhen interpreted from the various plots have environment-
.al gignificance in that different size particles are controlled
by varying energy conditions and different processes.

The moment ‘measures of the I68 samples have been éomputed
using a computer program (Appendix 6), and the results presented
in Table Two. Scatte plﬁts of the results are presented as "un-

‘knowns" (Figure 7A) and as "knowns" (PPigure 7B) for tﬁe'measurea
of mean against skewnes:\and as "yhknowns" (Figure 84)and "n&ns®
(Pigure 8B) for the measures-of Standard deviation against skewness.

According to Friedman (IW6I), if the moment technique is an
effective indicator of environm nts of deposition, then the scat-
ter plots should show specific groupings. Further, by inspection
of the scatter plots it should be illustrated that sandé from dif-
ferent enyironments fall above or below the dashed line on the
scatter plots. The plot of mean against skewness (Figure 7B)
classified only I2.5 % of the dune samples correctly . Further,
58.06 % of the sambles from the“*glacial environment have been cl-
agsified with the samples from the shallow agitated and foreshore
environments.

The piot of standard deviation against skewness (Figure 84)
for the samples (Nos. I-I37) as coming from "unknown" environ-

ments show a widely distributed pattern, with no apparent mean-—

ing. With the samples environmentally igentified (Figure 8B) ,

42 samples (7 shallow agitated, I8 foreshore, I3 backshore, and

4 dune) have been classified as coming from a river environmént
when in fact, samples were not taken from a river environment.
Further, samples from known environments are scattered and inter—
mixed. The d?ﬁ&{ibution of the samples on the scatter plots when
plotted as "knowns" indicate that the application of moment meas-
ures to differentiate depositional environments is not particula-

.- L



SAMPLE IDN.

AND NO.
FA 1
MA 2
MA 3
FA &4
FA §
FA 6
MA 7
FA 8
MA 9
NA 10

CFA 11

. SA 12
MA 13
FA 14
MA 15
SA 16

"NA 17
SA 18
PA 19
NA 20
'NA 21
NA 22
MA 23
NA 24

MZAN
DIAMETER DEVIATION
1.01 0.49
-0.39 0.40
-0.32 0,41
0.68‘ " 0.63
0.87 0.51
0,61 0.50
-0.34 0.27
0.37 .0.53
-0.45 0.39
1.15 0.58
0.56° 0.58
1.55 0.61
-0.65 0.41
1,05 0.70
-0.38 0.31
0.69 0.81
1,27 0459
0,42 0.55
0.16 0.41
2,04 0.56
1.42 0.60
1,56 0.60
-0.31- - 0432
1.55 - 0.59

TABLE TWO

MOMENT MEASURES

STANDARD

SKEWNESS

-0.15
-0.14
-0.21

0.02
-0.08
-0.28
-0,27
~0.13
-0.55
-0.06
-0.24
~0.01

0.22
~0.90

0.19
-0.22
-0.28
~0.10
" 0.09
-1.33
-0.28
~0.147

0.83
-0.35

KURTOSIS

3.78 _
2,66
2.50
.22
‘3.9
2.94
3.74
2.85
3.18
2,65
5.83
2.82
2.53
3.59 -
2.80
2.20
2.50
© 3,09
3.57
6.26
“3.40
2,68
5.11
3.06

46

AN



. TABLE TWO {(Cont‘'d)

58 B &8 8 8 B

SAMPLgﬂ;BN. MEAN "STANDARD  SKEWNESS KURTOSIS
AND NO. DIAMETZR DEVIATION '
MA 25 -0.42 ' 0.28 | 0.19; 3,01
NA 26 1,45 0,74 -0.25 2.07 _
SA 27 0.82  0.76 ~0.07" = 2.24
NA 28 1.00 0.60 | 0.01 2,67
SA 29 1,31 0.53 -0.32 3.51
MA , 30 ~0.34 0.30 0.19 3,09
FA 31 0.31 0.67 ~0.50 2.80
FA " 32 0.31 0.56 °~  -0.51 ' 2.96
FA 33 0.67 0.55  -0.28 2,83
sa 34 1,22 0.49 -0.26 3.23
MA 35 -0.3h4 0.37 -0.54 3.86
NA 36 1 0.48 -0.07 2.69
st 37 - 0.59 0.52 0.02 2,87
NA 38 1,14 0.60 1.03 ~ 2,13
39 -0.53 0,52 0.40 2.85
40 -0.29 0.49 0.83 4.87
31 -0.27 0.4k 1,36  ~ 5.68
L2 =0.20 0.47 0.25 3;16
43 210,20 0.43 0.18 2.78
B -0,21 0.53  0.29 2.60
bs 20,00  0.28  0.27 2,56
FB 46 0.30 0.48 0.11 2,48
FB 47 0.19 0.58  --0.39 1+ 2.5
FB 48 0.23 0.58  -0.30 2.58



TABLE TWO (Cont'd)

SAMPLE IDN. -MEAN . STANDARD SKEWNESS KURTOSIS

AND NO. . DIAMSTER DEVIATION
FB 49 o4 0,67 0.07 2,89
“FB 50 0.20 0.59 0.11 2.26
FB 51 0.34 0.60 0,03 2.76
FB 52 0.76  0.56 .  -0.61 2.83
FB 53 0.75 0,50 ~0.38 2.65
FB  5b 1,06 - 0,62  -0.10 3.53
FB 55 3,06 0,60 0,13 2.78
FB 56 ~1.,05- . .0.63 0.06 2.95
FB 57 1.24 0.78 ~0.26 2.55
I SB 58 1.60 0.60 -o.uzﬂ 2,95
SB 59 1.33 0.68 - =0.27 2.60
SB 60 1,17 0,59 ~0.42 3.43
SB 61 1.18 0.63 -0.08 3.07
SB 62 1.38 0,68 -0.3% 2.52
SB 63 1.68 0.50' -0.23 4. 00.
SB 6l 1.5 . 0.51 0.04 3.5
SB 65 1.77 0.50 -0,41 4,53
SB 66 1,36 0.48 -0.02 2.5%
MC ‘67 -0.39 " 0.46 -0.08 3.08
MC 68 -0.41 . 0.41 -0.01 2.97
MC 69 -0.33  0.45 -0.13 b, 42
MC 70 -0.51 0.48 1.3t 5.90
“Mc 7 . =0.22 0.42 -0.11 3.31
FC 72 0.28 0.62 0.85 4,13

FC 73 1 0.19 0.50 ~0.19 2,24



SAMPLE IDN.
AND NO.

FC
FC
SC

SC

sc
scC
sC
'sC
Ne
NC

- NC

NC

333 858 88 8 8

74
75
76
77
78
79
80
81
82
83
BY4
85
86
87
88
89
90
91
92
93
oL
95
96

97 -
98

_TABLE TWO (Cont'd)

MEAN STANDARD
DIAMETER DEVIATION
1.08 0.72
0,83 ‘0.51
1,64 0.51
1.01 0.63
1.42 0.68
1.67 0.51
1.24 0.45 |
1.42 0.51
1.42 0.50
1.58 0,53
2.17 0.47
1,90 0,37
1.99 0.55
1.86 0.52
0.64 0.60
0,72 0.54
0.87 0.57
-0.41 0.43
-0.32 0.49
0.84 0.44
0.34 o.ua\
0.1% [?;48
0.89 0.46
0.74 o.j7
0.87 ~ 0.40

'Tzﬁﬁs

.'40'13

-0.47

0.01
~0.47
-1.41
~0,52
-0.31

0.09
~0.59
-0.58
-0.48

-0.69 .

-0.07
-0.24
féOaSﬁ

0.47
~0,06
-0.16
-0, 47
~0.77
-0.29

0.0k

-0,01
-0.85

" SKEWNESS KURTOSIS

2,45
2.51
3.23
2.83
2,82
6.03
3.21
3. 54
2,80
3.12

3.43

3.72

, 3:58

3.56
2.22
2,69
3.83
2,60

2,84

3.99
3.00
2,54
Ay
3.83
5.7

49



TABLE TWO (Cont'd)

SAMPLE IDN. MEAN STANDARD  SKEWNWSS KURTOSIS

AND NO. DIAMETER DEVIATION L
FD 99 1.16 0.b42 -0.32 b, 59
FD 100 1.09 0. 44 -0.85 5,71
FD 101 1.14 0.48 -0.10 L, 86
FD 102 C1.11 0,42 T 0,92 5.48
FD 103 1.01 0,36 -0.75 4,67
FD 104 1.18 0.43 -0.28 bbo
FD 105 1.18 0.41 'o.1or -4.65
FO 106 1.10 0.1 0.12 - 3.47
FD 107 1,14 0.43 0.24 3.52
FD 108 1.14 0.43 0.20 3.23
FD 109 0.85 0,50 -0.52 3.17
FD 110 1.14 0.33 ~1.00 6.48
FD 111 1.13 0.39 0.4k 6.48
FD 112 1.15 0.40 0.05 3.48
SD 113 1.63 0.58 0.06 2.83
SD 114 1.83 0.52 -0.57 3.90
SD 115 2,02 0.53 0.06 2,94
SD 116 1.85 0.48 0.53 4,48
sp 117 193 051 0.51 3.38
SD 118 1,95 0.47 ) -0.58 3.63
SD 119 , 1.89 0,44 | 0.06 3.14
ME 120 0.25 0. 54 ~1.04 h,34
ME 121 0.17 0,72 -0.40 2.45
ME 122 -0.16 . _0.72. -0.09 1.91
ME 123 -0.27 0.45 -0,11 2.79

-y e
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TABLE TWO (Cont'd) '

SAMPLE IDN. MEAN STANDARD  SKEWNESS KURTOSIS
AND NO. DIAKZTER - DEVIATION ‘
ME 120 -0.36 0.48 -0.26  2.62 ;
ME 125 0.03 0.51 = =0.21 3.69
FE 126 © =0.24 0.65 . ~-0,19 2.06
FE 127 ~0.12 0.82  0.51  ~2.27
FE 128 -0.25 0.58 -0.38 3,09
FE 129 0.03 0.58 0.18 3,40
FE 130 -0.03 0.59 -0.04 3.21
FE 131 0.29 _0.48  0.06 2.92
FE 132 0.60 0.38 0.69 2,74
FE 133 0.81 0.55 -0.07 2.76
FE 134 0.86 0.53 -0.09 3.12
FE 135 0.67 " o.b8 -0.21 2,99
FE - 136 1.07. 0.55 0.40 3.19

FE 137 ©1.18 0.64 0,70 . 3.25
GLF 138 -1.19 0.59  0.85 5.96
GLF 139 . =0.93 . 0.74 0.82 4,99
GLF 140 -0.08 1.33 0.23 2,29
GLF 141 0. 02 1.23 0.52 3.18
GLF 142 ~0,92 0.95 0.65 3.34
GLF 143 -0,k 1.01 -0.07 2.75
GLF 144 0.12 1.29 -0.02 2,25
GLF 145 0.38 1.39 -0.16 2.53
GLF 146 -0.88 0.79 0.59 4,32
GLF 147 ~0.59 1.3 - 0.98 3,49

' GLF 148 -1,23  0.76 0.95 b, 36



TABLE TWO (Cont'd)

SAMPLE IDN. MEAN STANDARD  SKEWNESS KURTOSIS
AND NO. DIAMETER DEVIATION Cs
GLF 149 1,18 0,81 0.81  3.07
GLF 150 -1.22 0.83 . 0.46 2.23
GLF 151 -0.85 1,12 0.79 2,49
GLF 152 o7 127 0.33 0 1.80
GLF 153 -0.33 1.29 0.37 2,130
GLF 154 0.07 | 1,42 ~0,10 2.09
GLF 155 0.28 1.39 =0.11 2,16
GLF 156 0.27 1.15 '-0.16  3.07
GLF 157 0.67 1.28 -0.30 2.56
‘GLF 158 . =0.51 1.26 0.29 2.05
GLF 159 -0.13 1.43 0.46 2.24
GLF 160  0.52 1.66 ~0.27  1.74
GLF 161 -0.93 1.19 1.4 4,83
GLF 162 -0.73 1,14 ©0.83 . 3.31
GLF 163 -1.32 0.88 1,00 3.92
GLF 164 0,140 1,53 -0.21 2.12
GLF 165  0.35 1,50 -0.33 . 2.07
GLF 166 _0.8%  0.93 0.81 3,88
GLF 167 0.66 1,08 -0.95 %, 01

© GLP 168 -0.26 1.06 0.3 * 2.42




t

TABLE TWO (Conttd) _-
Explanation to sample identification

FA~ Foreshore samples from Site. A

MA~ Shallow agitated samples_from Site A
NA- Dune éamyles from Site A .
SA- ‘Backshore samples from Site A

MB- Shallow agitated samples from Site B
FB- Fbreahore samples from Site B-

' SB- ‘Backshore samples from Site B

MC- Shallow agitated samples from Site C
FC- Foreshore samples from Site C

SC; Backshore samples from Site C

NC~ Dune samples from Site C’ 7
MD- GShallow agitated samples from Site D
FD- Foreshore samples from Site D

SD- 3Backshore samples from Site D

ME- Shallow agitated samples from Site E.
FE- Foreshore Bamples from Site E

GLF~ Glacial samples from Site P



54

SKEWNESS

£ s 4 1 0 G- - §-1-
m..—l
L ]
. . .
. ¢ 0-1-
-
o8
yooag . .
.
. . . Y .
. . H - G-
.- . ]
* . . ) K . s .
. - - .
Pt . ou 4o ......... . ‘. . .
- /l. -oo L ) .Q ¢ ..“l
eaeen” C o Ne ., ¥ ’ St 0.0
L % o l. » - .
L] [} ] I/. ..o - ou-c
N\ . . . s .
- \ * su s [
« °
- . .
. - i . P )
. ™ - [ : . %
N . . " 0.1
L J
]
L ]
1 |
o-z

SITdWVS - NVYWG3ldd

o SNMONXNNL, SV Q31101d
4314V SUILIWVEVd LNIWOW 40 1OTd

VOl



55

' SKEWNESS

spuns aunp =
spuos’ aJoysydoq ¥ :

spuos . aJoysalo} W

SPuUDS IULIDW  MOJ|DYS ©

S 1—

0-L—

§-0

g &z Z Sl L , g 0 G~ - . -
v
o
x R @
¥x
o
» a
- Luﬂwm %
- v - o o ﬂ . o
.. re v 2
v v <
® R - *
e o ¥ te. 8
\ds. N ; -ﬂ a X ’ onM
. lllllll \\ . I/ . - rn. e* 8 4 + g00%8
- v DA h 4 .K.x L X . ¥ ¥
v v L2 T X x W
f./. X x ol
-] o ogd
\ % oa Pa - *
N
-~
. aunQ o o . b R
v & ¥
" ® &
L] x < « . & ” ‘4 '
n 'Y
. . . | s . .

(196l) s,unwpe|ij-~=- . : .
’ spuos (D208 A ) . ) .

’ " mZ?»OZx y md g3illold

4

 STIAWYS -NYWQ3Idd- 4314V $¥31IWVEVd LNIWOW 4O . 10M
- 8£-OH



FIG-8A

PLOT OF MOMENT PARAMETERS
AFTER FRIEDMAN - SAMPLES
PLOTTED AS “UNKNOWNS "

1-5
ro | \ River
\n s o .
| .
\ .
\
0-5 \ o
'\
\
. ::t\ :
00 Beach . °. °':;\' ..::: ’
A
S e
0.0..’:.0\\:
s | ;.“:':.‘\
. I \
o\
[ . \
.. ' \‘
-0 , * o, |\ |
A\
\
.
. . \\
13 75 0 .5

STANDARD  DEVIATION

SSINMINAS



o e

b F L

FIG-8B

"PLOT OF MOMENT PARAMETERS -

AFTER FRIEDMAN: SAMPLES
PLOTTED AS "KNOWNS "

SSINMINS

1'5
) - '..‘
. L]
1:0 \ _ River
| ] . *
X
N
- " .. ’
05 .!\ . »
\ »
o
L $‘ "
i *®
0-0 Beach A:‘“: o.fs.:‘
-/ -
o:. ) 'y ¢
o %
. Yo\
- a
A g“‘ ’A‘ *x
ey
P ¢
a° Fry \ b
- © -
--5 o0 6-.: 1
3 \ :
. A
o
] \
» 1
-1-0 ) _ % o \
' 0 _shallow marine sands @
® forashore |u|nd- \
A backshore sands
a dune_ -tonds 'J". \
wen  Frledman’s {1941} . " \
s \
-25

. .5 i
STANDARD DEVIATION




§i

. Discriminant Analysis

58

rly reliable.

Discriminant Analysis is now widely used by.earth scientists.

A mathematical discussion of how the discrlminant coefficienis are

given is explained by Krumbeln and Grayblll (1965) and Dav18 (1973) .

. The mathematical obgect1Ve of dlscrlminant analysis is to weigh

]

and linearly combine the disgriminating varlables in some fashion
so that the variables are made to be as statlstically d;stinot

as possible. The technlque does this by one or more linear comb- '
inations of the discriminating varlahles ’ where. tha dlscrlmina-

ting functions are selected. The, functions are computed bys—

D,» - 4, W td. W + eaee+ d, W

i 1iI 1 12 2 ip p
vhere i is the score on discrzminant i,
-4 .
the d'a are weigting - coefflciants, and’ o
the W's are the standariéed values of the p discriminating
variables used in the analysia. - - ‘

Pollowing the computation of the, functions, anal sis and classlf-
action follows. Previous studies, "(Tor \example\ Middleton I962j
Sahu I964; Greenwodd 19493 and Greenwood and on-"Arnott. I972)

_have achieved satisfactory results in sedimentological studies by

using linear discriminant analysis. This study however,'uéesothe
stepwise procedure because ii'allows elimination of certain var-
iables in order to allow satisfactory discrimination. The step-—.
wWise prdbedure begips by selecting the best discriminating var-
jable according to a gpser—determined criterion. A second‘discrim—
inating var%able is selected as the variable best able to ihprova'

the wvalue of thq\discrimin. ion criterion in‘combination with the
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The. discriminant functions have béen developed by first
claseifying sediment‘samples into groups on the basis of their
. known depositional nvironments. Five groups (shallow agitated- (i
'{\ coded MARI; foreshd e—t coded FORE; backshore- Zoded BACK; dune- \\\Hwﬁ_
coded DUNE; and glacial- coded GLACIL) were selected. Xnowing
that the statistical package programs in the computer are more
s & efflciently run when raw-data is used as 1nput , the weight per-
ent within each size (phi) class of 168 samples were used as
E:kpt data for the BMDOTM Statistical Package Program (Dixon:
' 1972) for stepwise discriminant analysis. The technique correc-—
tly classified 78.57L % of all fhe_samples into their correct
environments. The clagsification matrix (Table Three) shows thati
the greatest number of misclassified samples are from the back—-

shore region. The interpfetation of the possible causes of this

Table Three: BMDOTM output results showing the number of samples
glagsified into groups.

Table Threei !
‘a ’3‘.':'

' " .| croup MARI  FORE  BACK  DUNE _ GLACIL
MART - - 28 5 0 0. 0
FORE T8 b9 3 o 0
BACK o . 6 17 . 7 0
DUNE . .0 1 4 11 o
GLACTL 1 3 0 o 27

. A,
misclassification will be discussed in the next chapter. Further )

evidence about the groups similarities and differences dﬁ“k?own '
in_a plot of the first canonical variable X, against the second
canonical variable Y ( FIG. 9). It can be clearly seen that the
groups are well separated . Although it can be claimed that their
is a slight degree of overlap among the groups ihe summary stat~

istics (Table Four) however, indicate thai the dlscr1m1nation

* personal communication with Prof. H.D.Baillargion, Statietician,
Department of Computer Science, Universlty of Windsor.

2 L/ ' A ry . ' .‘ .. . /
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is statistically significant. The eigenvalues and their associated
canonical correlations show the relative ability of each funmction
to separate the groups. The gradual decfease in the U-statistic
values to the final value of 0.0I778 illustrate guite clearly the

significance of the'discrimina%ing functions after each is derived.

. *Since samples from each of the environments have been miscla-
ssified the technique was further tested on the samples collected

from sites A, B, C, D and E. The results were as followss S

a/ In area A, 6 samples (15.78 %) were misclassified.
b/ In area B, none- of the samples were misclassified.,
¢/ In area C, 3 samples (I2.49%) were misclassified.
d/ 1In area D, I sample (3.44 %) was misclassified.

" e/ 1In area E, I sample (5.55 %) was misclassified.

. The results for stepwise discriminant analysis indicate that
this technique is very effective in classifying sedime%&s in their

known depositional environments. The extremely low misclassificat-
ion of the sediment samples from the individual environments ill-
ustrate that each environment can be considered to be a dissinct
depositional unit., Similar results as to the efficiency of disc~
riminant analysis have been achieved by Sahu (I1964), Greenwood -
(1969), Miola and Weiser (I969) and Greenwood and Davidson - Arnott
(1972).

R- Mode Factor Analysis

Factor aﬂalysis is a multivariate statistical technique
which can be used in determining the depositional environment
of sediments from their grain-size distribﬁtions. This techmique
relies on a set of assumptions about the nature of the paremt
population from which the samples are drawn. Given the basic
postﬁlate that factor analysis involves the calculation of app-

ropriate measures for a set of relevant variables thep it cam be

\

n
L

-
-
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quickly realisw’ sthat R-Mode factor wialysim can be used to group

the measured attributes of a series of samples into associations

or factors. Kim (1975), expresses the basic model aB t

-

zj -a-:jI FI+332F2 +---o-aijm+dej jﬂ I, 2, eseyll
4
where = %, _ ¢arisble j in standardized form
F
i = hypothetical faotors
w '

j = unique factor for variable j

\\QQ{? standardized multiplé-regression coefficient of
: variable j on factor i (factor loading)

j = standardized regression coefficient of va£iable
j on unique factor j

The unique factsr Uj is assumed to be orthogonal to all the
common factors associated with other variables. This means that
ihe unique portion of a variable is -not related to any other var-
jable or to that part of itself which is due to the common factor
Kim (1975).

Using the R~ Mode factor analysis technique (based'on corr-—
elation between variables) this study has grouped the measured at-
tributes of the samples collected into associations (i.e. factors).
Input variables (weight percentage in each of the I3 phi size
classes) for the I68 samples were used in a'StatistiCal Package-
for the Social Sciences (I975) program on factor analysis. Dec-—
iding on the principal factor mairix, a varimax rotation was
performed on the four factors which have an eigenvalue greater
than I (Table_Five)- These eigenvalues which accounted for ’

80.I % of the proportion of variance demonstrate the influence

of four influencing factors. The rotated factor matrix (Table Sik)

shows that the four factors exert their influence on different

grain-size (phi grade scale). The loading profile for each

17
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factor (FIG. IO, A, B, C and D) indicates that these distinct
Bize ranges probably represent the sampled sediment population

of Essex County and hence reflect differing environmental pro-

cesges
Table Five - .
Statistical Package For The Social -Sciences (SPSS)
output showing estimated communalities , eigenvalues
and proportion of variancees
FET COMMUNAL ITY iFerTOp Fl3ENVALIE FCT OF VAP CUM pcCT
102790 1 4417930 2 .
1403020 > 315343 257 2a:2
1.03600 2 1e30s15 14.5 708
leCnger 4 1.2130A 9.3 AO.1
149¢ 000 5 2475537 £al 86,3
1.00000 A De41779 3.2 R
leoonce 7 Jedz323 2.5 az.0
1.00000 q D4 30203 2.3 Ga,3
l.ﬂcqco Is] J+23573 1.2 96:1
}'gr-;:'cs 10 3!16}.—)7 105 97|F) 1
e OCNCC 11 Jel7501 1.4 98,9
}.ggﬁqg 12 Jel3,51 11 . 100.0
. oee . 13 JedUZ1l 0.0 '100.0

3

Factor I is.associated with grain size 2.0 phi, 2.5 phi and
3.0 phi in terms of positive loadings. These graih—siie values
(phi) are directly related to the fine sand raﬁge (Nat. Res. Co-
uncil Report Comm. Sedimentation, I94I). The negative aspect of
the loading profile can be considered to be only relative to the
other phi grade sizesy for instance, if factor I is assumed to
have the highest loading between 0.0 phi to 1.0 -phi (negative) .
on the profile +then it will be inversely related io 2.0
‘phi to 3.0 phi (positive). In order to directly decide on which
cases Factor I influences-the factor scores output for the I68
sampleés (cases) can be consulted. These factér scores together
with the examination of the cumulative probability curves
'indicate that this factor has the greatest influence on samplea
from the backshore and dune environments. o

Factor 2 is associated with sands which are in the coarse
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Table Six -~ -

VARIMAX ROTATED, FACTOR MATRIX
(SPSS Program on: *sctor Analysis)

PRI & PACTOR 1 FACTOR 2 FACTOR 3  FACTOR 4
-2.0 -0.01974 0. 04R30 0.91529 0.13326
-1.5 -0.00538% 0.08399 0.92489 -0.01018
=1.0 -0, 06226 0.31805 0.82120 -0,06503
-.5 -0.21699 0.83109 ' 0.26282 ~0.15460
0.0  -0.35024  0.84R24  -0,17962  -0.14112
0.5 ~0.7R632 0.12406  -0.26840 0.11204
1.0 -0.45330 -0.76685 -0.26190 -0,10026
1.5 0.17313 -0.80328 -0.,22843  .-0.21304
2.0 0.80323 -0.31778 ~0.23127 0.14538
2.5 0.81460 -0.08905 . -0.17591 0.31773
- 3.0 0. 64924 0.03086 -0.07701 0.54694
3.5 6.33?30 0.01690 0.03103 0.81577
4.0 -0.01925 -0.02028 0.055250 0.82891

range . According to the factor scores, the inflience is partly
on samples from both the shallow agitated and foreshore environ-

ments. =

Factor 3 is controlled by positive loadings on —2 0 phi,

-~ I, 5
phi and

~-I.0 phi. These dands are t¥ypical of granule and very -
coarse material. Looking at the factor scores and the cumulat-~
ive probability curves it is indlcatgd that this factor has
influence on samples from the glacial and nearshore environments.

Factor 4 is representatlve of very fine sediments, namely
the suspension population indicated by the cumulative probab-
ility curves. The size classes ( 3.0 phi to 4.0 phi ) which inf
luences this fgector are typical of dune sediments., .

On a generalised gasis the four factors have accounted for -

ten di¥¥erent grain,slze (phi units) classea. These grain- sige
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classes can be claimed to represent the various environments: of

sand deposition in Essex County. The environments have differ-

ent populations of sand which ares

fine Bands (3.0 phi to 2.0 phi)
coarse sands (O. 0 ph1 to 0.5 phi)

Population I

Population 2

granule and very coarse sands (— I.0 phi to
~2,0 phi)

Population 4 - very fine sands (4.0 phi to 3.0 phi)
From the findings of Bagnold (I966), Visher (I969) and
Allen et al (I972), it oan be claimed that these four gand size

Population 3

populations reflect differences. in the energy level at the sites
of deposition, with each population’ representing sands frop a, l
particular environment. The technique has clearly distinguished
the population of coarsest materlal (namely sed1ments from the
glacial env1ronment), and the population .of flnest materlal (na—.
mely sediments from the dune envxronment) Further, the loadlng
of one sediment size (3.0-ph1)-1n factors I and 4 indicate that
there is an apparent mixture of sands from ode population in

two environments(FIG. II). This.is llkely for sandgﬂirom the
backshore and dune env:ronments. However no clear-cut distinction
is shown for sands ‘from the foreshore and shallow agltated env—
ironments. The coarse fractlon in Factor 3 mlght probably rep—
resent eands from the ahallow agltated environments likewise

the coarse fraction in Factor 2. If thls is con51dered to be
tTue then it can be argued that sands from the shallow agltated
envlronmente are of different size ranges.An examination of the
mean grain-size from the five gampled shallow" agljated.env1ronmen£3
(site A, 30,}94_pH1; Site B, -0+242.phi; Site C,- -0.372 phii
Site D, +0.II8 phi and Site E, -0.056 phi) partly supporis this.
As such it can be clalmed that the technique. 111ustrates that
sands - frqm the shallow agltaEeEWEhv1ronemnts fall in either the
*glaclai or foreshore env1ronments.

L
[
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CHAPTER FIVE

8y

VERIPICATION OF HYPOTHESES AND DISCUSSION
Hypothesis One

This study haé attempted to discover if there is any relgti;
onship between sand texture (specifically grain—sizé) and deposi- .
tional environments'in Essex County. The results of' the éhalysed
samples from the delienated envzronments illustrate the fact .
that over 85% of the samples have different mean, sortlng, dkew-
ness and kurtosis values. Studies (for example by Frledman‘I9SI;

Sahu i964; and Greenwood I969) found that the mean size of the

sediment gives an indication of the average kinetic energy (vel- ¥
ocity) of the Gepositing agent, and the size distribution of the

source materials., The standard deviation measureé the sort;ng P
of a sediment and indicates ihe fluctuations in the kinetic en-. -
ergy (velocity) conditions of the depoqiting'agépf about its;
average velocity. The skewness according to Greenwoéd (1969)
reflects the relative frequency of oécurrence of énergy'fluctu—' .
ations.above or below the average, whlle the kurtosls relates P
directly to the energy level and energy time relationshlp within

any glven environment. .

The sande in the shallow agitated and foreshore zones of"
the various env1ronments which are negatlvely skewed , indicate
that the high energy. (Bagnold, I963; Shepard, I963; Ingla}1966)
'present in the swash and breaker zones do not allow the depositi--
on of the finer'particles. Mothersill who worked on the longshore
bars- and tréughs of Lake Superior in I969 claimed that‘waves,breaking
in the trough set finer particles in motion which eventually
return seaward after the wave has brokene. Taklng this into con-

81deration, it can be claimed that the tail of coarser particles

o
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shown in the cumulative curves (Sth percentilef gives the negati-
ve skewness of the ;edimqnts found in these environmenis. The
nositive skewness of apfiroximately 42% of the samples collected
from the shallow: agitated and foreshore environments of Site A
indicate strong environmental mixing. As will be discussed ’

Site A experlences rapid variations in energy levels.

The decrease in the mean diameter -of sands away from the sh-
allow agitated zone shows the lessening gffeéts of wave energy.
The mean diameter calculated by hoth th; Graphic and Moment
measures demonstrate this (Table Seven)

Table Seven.Mean Size of sedlmqnt for various Environments

Environments Mean (Graphic* Formula) _Meanf(Moment Formula).
 Shallow agitated | -0.144 phi -0.219 phi

‘Foreshore _ ' +0,709 phi +0.700 phi

Backsahore .+I.432 phi +1.399 phi

Dune  +1.566 phi . +I1.557 phi

; From the findings ‘of field investigations (for ;xample Clifton
1969; Greenwood I969; King I97é; and Williams I974)wave energy
is dissipated as the waves move shorgward ; hence the abilit&
of the waves to transport material up the foreshore slope is
decreased. As a result a marked decrease in material size is
found away froﬁ the foreshore zone. This.is also true when matér-
ial away from the nearshore zone is considered. Various workers
(for example, Damlani and Thomas, I974; Dickas, I9703 Pax,et al
19663 Lewis and McNeely, I967; Mothersill, 19703 Rukavina, I969j
19703 Rﬁkavina and St. Jacques; I97I; Thomas, et al I972; 1973
aﬁd Upchurch, IQ?O) have analysed sediments from different
environments, espe01ally of f shore and basin dep051ts, ‘Within the
Great Lakes System, and reported a far Bﬂgller slze range of
materials away from the nearshore zone (lake-ward extending).
These resulis not only proveL}hat the foreshor; and nearshore

environments are the most dynamic within the shoreline éystem

-
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but also supports the contention that the medn size of the sed-
iment can be used to some extent in differentiating depositio-
nal sedimentary environmenta. '; .

The range of sorting values(0.44 phi) Tééagedlmente collected
from the sub-~environments making up the beach- indicate the rela-
tive inefficiency of. this parameter in differentiating the first
four defined depositional environments. However the sample stat~-
istics indicate that the samples from the shallow agltated enviro-
nments are poorly sorted whlle the sediments from- the dune enviro-
nments are well sorted. Both the graphzc and moment meaauras ind-
1cate that skewness :ig sen81t1ve,enough in d}fferentlatlng the
.various environments of depos}tion. .

The dune sands, especlally those collected at Site A,have
displayed characteristics of a domirant fine ropulation and a
eubord1nate coarse population which gave some of the. samples low
values of negative skewness, It is not abnormal to find a coarse
Sub-population of material in. a dune environment for it has been
pointed out by Bagnold (I954) that no dune creatlon can take place
unless more than one particle alze is present, The dominance: of
the finer partlcles is due principally to the fact that once the-
Se partiicles have been transported by wind, and whlch once depos~
ited require a higher velocity to be eroded.‘_' _

The eandslare made’ up of a wide range of different—sizeé in
the glacial environment. Distinct bi-modality , and in some cases
trlmodallty are dlsplayed by the cumulative probability ourves.
The main factors controlling the nature of eediments in thls an-
vironment are (Kukal I970): ' S 4

I. Character of bedrock on whlch the glacler moves,

2. Korpholog1ca1 characterlstics and velocity of flow of

. the glacier - .
3. Posltlon of the tranSported material in relation to

the glgzier )

ILLJ

.
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4. Mode of deposition

.5. Subsequent reworking by maltwater.

lThe sample statistics calculated Ey both the gr;bhic and moment
measures reflect the heterogeneous nature of the glacial samples.
An average mean size of -0,364 phi for the glacial samples does
not truly reflect. the considerable differences between the sam-

ple means. The hlgh sortlng values (ranglng from 0.59 phi to

- I,66 phi ) 1nd1cate the non-uniform nature of the material pre-

sent within the glacial environment. At this stage it is not pos<
ss1ble to make any firm statements as to whether the glacial
sediments have undergone any 51gn1f1cant Wweathering or eroaion.
From the sample statistics , especially the mean diameter,
it is noted that the varlous environments of deposition show
marked differenées in thelr graln-a1ze distributions, hence supp-
orting the hypothesis that there is a relat10nsh1p between sand
texture (graln—Slze) and depoaltipnal environments. Purther each
of the environments defined can be considered to be a distinct
dep031t10nal unit. However, the multivariate technique of dis-
criminant analysis demonstratad that 2I.43% of the sampleé have
not been classified in their true depositional environments. The
reasons for this misclassificatioh can be the result of several
interacting varlables !Although Greenwood and Davidson=Arnott
(1972) rightly clafﬁ”?hat surface sediment patterns react wvery
quickly to changlng morphodynamxc controls it should be pointed

out that the nature of morphodynamic controls are not fully known.

.Hany of the processes which affect a depoaltional sedimentary

environment have been discussed only to a very limited extent.
This ﬁaper attemﬁfs to discuss some of'the possible factora
(short term and long term) which can affect the sampled deposit-
ional environments of Essex County. Theae ares

. . ) L

hanging Lake Levels ‘ ~

Richards (I969) reported that major variations in lake levels

- R
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are due to a rather delicate balance or perhaps more precisely aﬁ
inbalance betiveen precipiiation and evaporation. The net increase
in lake levels (FIG. I2) have been recorded since 1963 with the

trend reaching its peak in 1973. Brazel and Phillips (I1972) found
that precipitation in the Great” Lakes basin between I967 .and I9724
was I2 inchessreatEf than the normal amounts for that time péri-

od. It is obvioﬁs'that the hydrograph for Lake Erie (FIG. I3)

PIG. I3 .
Hydrograph of Lake Erie, 1940 - 1967

LAKE ERIE dueer

e i i L L . I I M n

—_ . cw e e e — emwmu
u“w-—"m‘mun-‘nwnwmmmwmmmmmmlm‘nw—-ﬂ

Source: Richards (I969)

shows annual variatiohs superimposed on variations of -a much lon-
ger term. The average annual rise and fall of Lake Erie in parti.
cular can be atiributed to interacting meteorological factors.

As illustrated in FIG. 14 rising lake levels occur in spring

_when precipitation is the highest and falling levels occur in

fall and winter when evaporation losses are greatest.

The effects of Lake levels have been noted by Davis et al-
(1973) who .studied Lake Michigan and noted that lake levels play .
s passive role in that they allow erosion to take place at a
rapidegte , but that they do not cause ‘it to do do. This flu-

ctuation in lakg levels can be one of the factors which have

caused the mixture of shallow agitated sands with the foreshore

4
sands and vice versa . Five shallow agitated samples have been
classified with sands of the foreshore environment. It should be

noted that the effect of a change 'in water levels is similar to

-
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Average Annual Cycle of Lake Erie water levels related
to meteorclogical factors .
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that of varying wéva dimensions beéause the breaker zone is chan-
? ged as the water rises , thus creating 2 new shallow agitated

zone which'previously had been part of the shallow nearshore

zone ; As the lake level fa;l in winter (Bruce add Rodgers,‘l962,r
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Phillips, 1969; Richards, 1969), the position of the shallow agi-
tated and foreshore zones again changes. Although data.hae not
been presented it is known that very short period changes (in
terms of a day or less) occur in lake levels. Whem this change

in profile occurs, Zenkovich (1967) claims that there may be

gome mixture of materials in the various beach zomes until a new

equilibrium is reached.

Storm Activity

]

During the spring through to the fall months the Great Lakes
Region and Lake St.Clair area experiencellow pressure systems at '
4 to 6 day intervals (Environment Canada, 1962—1974). Thege lowW
préssure systems have recently been increasing in frequency thr-
ough the April to November ice free period (P1G. 15). Davis and
Fox (I972), making observations along the lake shore of Michigan
found that storms asgociated with barometric pressure less than
29.7 inches (1003 mb) possessed the highest wind velocities, res—
ulting in the highesi breaker point, and the greatest longshore
current ‘velocity. This regular change in wave dihensions, and
longshore current velocity effect changes in the orphological

and sedimentary characteristics of the beaches along the Bhores

of bake Erie (Wood, 1969; Coakley and Cho, 1972) « 'ﬂi has beeq,
confirmed by other, workers (for example Inman,I953; Darling 19643
Miller and Zeigler, I964; ik, 19673 Sonu and Van Beok, I97Ij
Walton and Goodell, 1972 j%arwilllams, 1974) studying other
areas and reported that beach sedimentation patterns change in
evident response'to the fluctuating nature of the phﬁical forces
which act on them, These authors regard neariy all beaches to
be in a constant’ﬁiggg of flux. Sedimentary characteristics chiiii/
during the seasons of high waves (Klng, 1953; Darllng, 19643
Dolan and Fern, 1966}, wglle the profile changes in height and
width during the stormy seasons (Zeigler et al et al 1959; Thompson B
and Harlett, I968). It is thus evident that sediments from one

~
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environﬁgnt_can be mixed in another environment dué to variations
of wave energy and wind velocity velocity which act on the beaches
in Essex County. _

It is also significant to point out that the intermixture
of backshore and dﬁne material (7 samples from the backshore
‘environment classified in the dune environemnt and 4 samples'from
the dune environment classified in the backshore environemmt)
can be the result of storm winds. Bagnold (1954) clearly pointed.
out that one of the chief rble of storm winds is to add new mate-
rial to dunes, and that storms must occur occasionally for the
dune process io continue. . *

Also associated with strong winds in the fall and winter
are w1nd set-ups. Wind set-ups are particularly evident on Lake
Er e\rhere they have been responsible fd; an increase of more
than etght feet in the lake level at the eastern end of the Lake
(Rlchards, 1969). Whenever a set-up occurs the water mass oscill-
ates (osécillation of the water mass is known as a seiche), and
affects the foreshore region . Material characteristics in both
the nearshore and foreshore zones can be changed until that time

it‘takes the lake to return to.its equilibrium.

Longshore Curfents

Workers agréé on at least two unifying and fundamental ideas
on the longshore. transport&tion'of sediments . Wave energy or
power prov1§§s the prlnclpal means by which:sediment mogement is-
initiated, and the. angle .of wave incidence creates the alongshore
component.of wave power ‘'which transports sand. along a shore (sav-
ille, 1950; Johnsof§ 1953; Caldwell, 1956; Inman, I963; Inmén<and
Bagnold; 19633 Johnson and Eagleson, i966; Zenkovich, 19673 Komar,
1970, 19719 AYXthough no meaningful study has -been done oﬁ the
longshore transport of sand along the shore of Hestern Lake
i_Erie and Lake S5t, Clair 1tlﬁés been generally'found that lake

Q
currents arg weak in comparison with.the ocean. Over most of the

p 2]
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area of the Oreat Lakes , currents are less than one mile per
hour and average ‘speeds n’hrdthe surface are only about two—ten—
ths of a mile per hour (Rodgers, 1969). Slnce shore currents are
dépendent on winds it should be remembered that greater wind’
velocity generate currents of greater speeds.

Field observatlons by Chrysler and Latham (1974) report that
Point Pelee is experiencing er031on because of the reduction in
the amount of longshore drift materlal on the updrift side of

the ‘Point. Under normal condltlons , sands are transported south

~ along the eastern side of Point Pelee. Some of this sedlment is

' then washed over the tip of the P01nt, and redistributed on the k.
western‘beaches. However, Chrysler and Latham (I974) found that .
this redlstributlon of’ material has been affected by the const—" //
.ruction of artifical barriers (chiefly long,low, narrow groynes)

This redlstrlhutlon of material which has been affected by

these artlflcal constructlons has partlally resulted in the abse—
nce of finer sediments on the weetern beaches. Only in times

of high longshore current velocity (stormy weather) finer sedim-
ents are transported to ‘the Western beaches. It should also b%&
p01nted out that ow1ng to the smaller fetch distance on the 1&;
western side of the. Point energy 1eve1 will not vary as much as
on the eastern.side of the Point. King (1972) studied the rela-

. tionship hetween fetch distance and partlcle size and noted that ) 2

]
K}arger particles are found in areas with short fetch dlstances.

BRI

.Given these, condltlons the sortlng characteristics of the mat-_'
erial on the western beaches remain poory hence the possible . '
misclasslflcatlon of I5.78% of the samples at Site-A. :

The above discussionof the factors whlch could have caused
possible modification of the dep051t10nal environments of Eseex
County are in no way complete. It should_be remembered that the
process—-response relationshlpsﬂexlstlng between sediment texture

and the hydrodynamlcs of deposltlonal environmenis are incomple-

tely nﬁggrstood (Greenwood and. Dav1dson~Arnott 1972). However, T
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it does appear reasonable to accept the hypotheais that there is
a'relationship between sand texture and deposlt1onal environments;
although 2I.43$_of the samples have been misclassified. In sedi-
mentological studies this margin of error is to be expected ,as

a result of the energy pumoducing forces‘varying in intensity

over space and time.

.Hypotheses Two and Three

Graphic and Moment Measures

Both Graphic and Homent_measﬁres provide alternativelways of
deacrifing the distribution of grain-size data, and determining
depositlonal environments. This siudy has pointed out the stre-
ngths 'and weaknesses of both these measures. The component pop-
ulation analy81s using cumulative curves provide an effective
means of determinlng whether two or more populations are present
by the sharp angular diacontlnuitieg of the curves. They further
provxde ugeful information regarding the normality of the popul-
at1on, and reveal errors in the analytical (sieving, weighing)
method. One of the major 1imitations of component population ana-
lysis is the subjectivity that'is introduced in the interpretati-
on of the various truncation points. Moreover, Visher(I969) points .
out that aithoﬁgh ﬁhé cumulative curves indicate certain general
hypotheses concerning the cause and effect relationéhips between
sedimentary processes and textural responses, a pre;autionary
note must be taken fﬁ that they are not based upon guantitative
hydraulic studles.

The easy computation of the graphlc statistics is one of the
chief advantages of this ‘method. However, it has limitations as
to.its relidbility in differentiating depositiédal environments ,
as shown by this study , and those of other workefs (for example
Chappell, I967; Miola and Weiser, 1968).The plo§7%£ Graphio
skewness ggalnst-GrqphldQEurt051s (PIGS. 5A and 53} as- suggested
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by Mason and Folk' (I958) to differentiate depositional envir-
onments has failed to show gny.gignificént differences.in the
various envirOnmehts-althoﬁgh the envirqnments havé been identif-
- ied. Only the plot of Inclusive Graphic staé&ifg<§§via¥ion again—
st mean BizeA(FIGS 6A and 6B) shows partiél"envi?i:ﬁental separ-
ation when the samples have been 1dentified in the true envir- .,

onments of deposition.

It can also be claimed that although the moment mpasures use

all tHe items in tthe dlstribut1on they ‘are not more, Te fable than

(1961) proposed that samples should fall into two respect
areas (beach and river). On inspection of_the scatter plot, 424L
samples'ha?e been determined as belonging to a river environment
vwhen in fact samples were noi taken from any rivers., Thie study
thus, supports the results of other workers (for example Gees,.
1961I; Solohub. and Klovan, I970) that moment measures are not
reliable enough to differentiate dep031t10na1 environments.

The applicability of graph1c and moment measures 1o dlffere—
ntiate depositional env1ronmente may well be questioned. Their
effectiveness is restricted to only certain environments . Inter—
_estingly enough, Solohub and Klovan (I970) who also studied
gsediments from a8 lacustrine setiing noted inherent Heaknesses
in the use of blvarlate plots. These aret

a/ environmental discrimination may not be possible using

{wo parameters because process-response relationships
are multi-dimensional A '_ o
b/ in order to test the accuracy of the givariate plots, )
ore needs 'a priori’ knowledge of the}origin of the

; samples.
. ~Giv these major limitations, it can be 94;:;:€Zﬂhat graphic and °~

moment measures are not universally app11cable in differentiating

o



environments of sand deposition.

Discriminant Aﬁalysis

Stebuise'giscriminant analysis has served the function of
discriminating betweén gize distributions of sand samples coll-
" ected from-geveral diffgreht environmentB.JThe technique when >
applied to the‘entiré collecjion of samples showed only 21.43%
of the samples to be misclassified. Using samples from each of
the five sites Qampled (4,B,C,D,E), the technigue demonstrated
that each environment is distinct and statistically defined.
It has been ci;arly showﬁ that area A (Point Pelee) is the most
variable of the éites 4in that it had the highest percentage °
(15.78%) of its samplés}aisclassified. Further, it can be claim-
_ed that this.tedhnique provides information on the variations-
of ehergy. levels in each of the—dampled environments. Although »
it seems that stepwise discriminat yields good resulis, it must
be remembered that oneAmajor limitation of this technique is
that it assumes samples were not misc}aﬂé;fied amd requires ' '

" clagsification on 'a priori' basis..

R-Mode Factor Analysis

~ The advantage of R-Mode factor analysis is that it allows
.fqr no ‘'a priori' reasoning. The four factors which accounted
' for 36.4%; 22.5%; I4,I%.and 8.0% of the tota?*qrain-size variation ’ .
respectively represent the fine sand, coarse sand, granule, and
very fine sand in the various environggnts of Essex County. These
populations of sand can be related directly to the energy char~
acteristics of the area. The sub—éroup in faotor three indicates
that very coarse sand repredentative ;f the shallow agitated
are loaded with sediments of glacial origi&? This is some_ what

misleading for glacial sediments and shallow agitated sediments

-

.

are influenced by different types of energy and @fansportation ' 'l,

u"?
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mechanisms. It may Hell be true that sediments from the shallow

agltated env1ronments and the glacial environment are similar in-\

characterlst1CB but the problem of determining the exact differ—

entiation between the sedlment characterlstlcs of these two

environments on the basis of grain-size data restricts the applié’

cability of this fechniqug to an extent. However it should be °

further tested before any definite conclusions can be made as to

its gpneral utility.

71",_



REVIEM, LIMITATIONS, AND CONCLUSION

Review
- L
Sediments are,'laid down in a wide variety of environments by

different depositing—ageéts.-Identifying specific environments |
of sand deposition on the basis of geomorphologlcal and sedimen-—
tologic crlteria, 168 samples were randomly collected from six
Areas which represented gshallow agitated, foreshore,backShore,
dune and g1301a1 sediments. Using statistical technlques which"
have been/proposed for differentiating depositional environments,
it was found thai eagh technique has its strengths and weaknesses.

. The scatter plots of the graphic .arfd moment measures indica-
te that these ?easures arg not reliable engugh to d;fferentiate -

depositlonal envirompents. The chief limitation 1f§§ in the fact

that they fail to account for the mult1—d1men31onal nature of"

' process-response rélatlonshlps. Both these measures however,

' show that skewness is env1ronmenta1ly sensitive. Strongly skew-

ed samples were obtained from zones of environmental mixing. The

P

negatlve skewness reflects the hlgh energy environments 1g/tﬁ;\

'shallow agltated and foreshore zones, while the the positive skew-

Al

ness is a reflection of lower energy levels, where only smaller -

.particles can be transported and then deposited. Further'both

the graphic and moment statlstics reflect the 1mportance of mean

‘size.Each of the env1ronment o‘aﬁepos1tlon is associated with a

different mean sediment sigzej wlth the mean g}ze of the shallow

agltated samples belng the largest while the dune sands had the

'~smallest mean size.

The multivariate techniques , stepwise. discrimin;nt analysis
and R-Mode factor analysls have been more* effectlvé‘ in d1scrimin-
ating the various environments. Similar resulta have. been achieved

by workers using dlgcrlmlnant analysis ( Sahu;f1964; Greemwood, 1969)

. -
\“ LI
/ i ~
-~ - N .
'
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and workers 3sing factor aﬁalysia ( Klovan, I966; Allen et al ]
1972). Discriminant analysis disiinéuished the various environ- -
ments -of deposition, and showed that a mixture of sediments are
'found in the-backshore and dune. areas, %pd that the shallow |
agitated and.foreshore areas are subject to varylng energy condi-
tions. Thea technique lends support to the concept that sand tex-
ture is related to environments of deposition, but suffers the
limitation in that a ‘'a priori' assumption is made as to the
orlglnal environment of the samples. o
R-Mode factor analysis demonstrated that fonr distinct sand
populatlons are representative of the six sampled sites. The,
relative environmental 1mportance of each population is reflected
in the factor groupings. These groupings can be related to diffe-
rent energy conditions, but the problem arises when energy is
related to ‘environment of deposition on 'a priori' basis. As
such it can be claimed that one of the majér limitations of this
:techéique is the interpretation of tﬁe factor groupings. The
results obtained fram 4his technique illustrate that no clear
, -distinetion is made between the sediments of the shallow agitateq,

foreshore and glacial environments.
Limitations

Despite the conclusions reached by a number of workers (for
example Folk and Ward, 1957; Mason and Folk, I958) using the gra—
phical methodsy workers (for example Friedman, T96I; 1967; Hails,

1967;.Anan, 1969) us@né moment measures; workers (for example

Sahu, I964; Miola and Weiser, 1969; Greenwood and Davidson— Arnott,

1972) using discriminant analysisj workers (for example Klovan,
1966; Solohub and Klovan, I970; and Allen et al I972) using factor
analysis, it is clear that none of the methods can completely
discriminate between dep051t10nal sedimentary environments. In

sedimentology this is not unique, because the grailn-size -

e e E T

£
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distribution of a sediment is a result of the interaction of
numerous factors. Possible modification in a depositional envir-—
onment can be caused by variation in the energy levels of the

environment and the availability and the type of sediment. Reineck

and Singh (I973) farther claim that many other parameters can

influence the state of a depositional environment . These might

be the effects of tectonics -and tides, influence of transgressive,
and regressive tendencies, effect of chemical factors, infiuence
of abnormal weather conditions, etc. '

Possible reasons wh& the results of this.study have not
achieved close correlation with the results of other stu&ieﬁ can
be: ‘ '

I/ differences in sampling procedures;

2/ differences in léboratory techniquea'(méchanical
analyéis); .

3/ differences in scalés employed;

4/ differences in the délineation of the environnfents)

5/ environments sampled are‘related to-a marine
setting réther than a 1acustrine setting; and

6/ mutually exclusive and exhaustive populatlons
have not been sampled. o

it will naw be intéresting to.employ different%methods to
determine whether grain size is related to envifqpment of deposi-

tion. For example,facies_identification through grain size'(Giai-

ster and Nelson, 1974) could prove useful in determining whether

an environment was stable or not. Further the greater use of thé
electron micrdoscope can aid in the study of grain-size as related

to environments of deposition. It is also believed that statist-

ical and simulation models should be employed te simulate the

grain-size of-any environment given defined cond1tions.

Whatever the limitations of grain-size studies y it has been

o
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shown that there is some correlation between.size frequency dis-
tribution, and the environment of deposition.

Conclusion

The use of grain-size distribution in the identification
of depositional environemnts is discussed frequently in the
literature, with differing conclusions on 'the value of the method.
This study'of grain-size distributions from different environments
in Essex County has shown that grain-size distributions can be
used as environmental indiéatora. P?incipal among the reasons
as to why {the use of proposed statistical have béen only partial-
1& successful is that the grain-size distribution is a product
of the energy of the environment. The variation of energy in
sedimentary environments over space and time are believed to be
only partly understood: Occasionally similar energy levels may
be active.in a number of different environments, and thus similar
grain-size distribution may ?esult in rather different environme-
nts. Further availability and type of sedimenis , plus inconsis-—
.tencies in the énergy level;, will result in various environmen-—
+8 having a mixture of sediments. -

. Although it is believed that the proposed statistical techn-
iques for treating grain-size data can be used for environmental
discrimination in particular settings,no reliability can be plac-
ed -on any of the'techniques to show complete environmental separ-

ation.
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APPENDIX I

-

The sanple material is heaved uv Into a cone. The

cone is cut into guarters with 2 knife or with a tin cross.
The first and third (or second and fourth) quarters are again

heaped into = cone, and once more dlvided 1n£9 guarters. Thls.

division into quarters is reveated until the desired samole

size is reached.
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CTHIS PROGRAM CALCULATES GRAPHICAL HEASUP S ) ' L

C FOPMULAE ARE THOSE PROPQSZD. BY TOLK AND waco(1957) T
C PROGRAM USED AY J.T.SOLOHUB.,, UNIVe.e MANITOBA .. :
C PRC'GRAM MODIFIED FUR UNIVe WINDSOR le.8sM. 0360

O IMENSION XB(7)

N=0
110 N=N+1 )

READ{S»10) (XB{U}sJ=1,7)sM

10 FORMAT(7F 642, 32X, I1) Lo
WRITF(6414) N C o

1a FORMAT(21X,15HCASE NUMBER «13) : pil
WRITELD.116) '

116 FORMAT(1HD.20X,28HPHT DIAMETERS AT PERCENTILES)’ :
WRITE(6,118) . K

118 FORMAT(1HD 425X 15H 'PERCENTILE PHI) ,
WRITE( 64119} XB(1)

119 FORMAT(3IXs1HS,7XsFHe2) - ' >
WRITE{G«12C)XB( 2 .

120 FORMAT(30Xs2H164+7XsF6e2)
WRITE(5,121)XB(3) .

121 FORMAT( 30X s2H25, 7X+F 64 2) .
WRITE( 6, 122) XB{4k

122 FIRMAT(30UXs2HSO s TXsF6e2)
WRITE(®s123)X8(5) - . .

123 FORMATI{30Xs 2HT5+7XsF6e2)
WRITE( 645124) XB(6) .

124 FIRMAT{ 30X« 2HEG 3, TX,F6e2)
WRITE(6,125)X8(7) ’
125. FORMAT{30X»2HGGs7XF6e2)
c CALCULATION CF PH1 ARTILE PARAM-TERS(FOLK) : _
PMED=XEB( 4) , - S
PMFAN—(XB(2)+XB(4)+XB(6)l/3o0 ' ‘ -
PoEvV=({{ XB(6)=-XB(2)) /4. o)+(cxa(7)—xa(1))/ , .
PSK=0C0S4x{ {{ XB{H)+X3(2}-(2.0*XB(4)))/(XB -X8(2))r+ -
TL(XBIZI+XB(1)=2.0%XBL4)) I /(XB(7)=XB(1))) ;
PG XB{T7I=-XB{1))/(2.44%( XB(5)-XB{1(3)))
WRITE(6+21) .
21 FORMAT(1HO,20X,23HPY] QUARTILE PARAMETERS) )
W ITE( 62 22)RPMED : ‘ : B
22 FORMAT(1HO sy 25X+ 1 SHMEDIAN DIAMETIR,SXF6e2)
WRITE(6.23)PMEAN
23 FORMAT(2EXs 1 3HMEAN DIAMETERTX +" 64 2)
WRITE (6424 )PDEV ™~
24 FORMAT( 26X+ 20H STANDARD DEVIATION F6.2)
WRITE( G, 25)PSK - .
25 FORMAT( 26Xy BHSKEWNESS412XsF6a2) : . \
. L WRITE( 64 26)IPKG
26 FORMAT(26Xs BHKIR TOSISs12X+FH2)
4 IF(M=G)110,200,110
200 CONTINUE
. sSTOP
END

~

SENTRY
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£4008 XXXX XXX XXX

C THIS P20GRAYM CALCULATIS MOMENT MIASURPES

C FNOMU_AE ART *THOSF WSSD BY FRIEDMAN(1G961)

C PROGRAM USED BY J.T.SOL2HUR,UNIV, MANITORA
C PECGRAM MADIFIED BY Ve.laxkHaN FJR THIS STUDY

A NIMENSION DH1(13).CUM(13),w(11).PrT(13).DW(2al
2 PRI(1)=-2.0
3 PHI(A)=—1.5
a OHI()==1,0
5 IHI(4)==Ca5
6 DHI{S)=0.0
7 SHI(E)Y=05
8 IHI(TI=1.0
El DHI{R)=Z1,.,5 .
10° DHI{O)=7,0 :
11 PHI(10)I=2.5
12 oHI(11)=3.00
13 PHI(12)=2.5
14 SHI(13)=2,0
15 N=0
156 110 N=N+1
17 CEAD{ S, 14, END=20CI(W(IL) I =1,13),M
18 14 ENCMAT( 13K 5, ?.1ax.ll) . .
19 WRITE L Ay BHH ) !
20 a8 FGDMAT(21X.1RHCA5" NUMATR »13)
21 SUM=0 o 0
22 SUF=0 40 .
23 DY 1AL[=1413
24 SUM=SUMHR( T)
28 16 CONT INUF
2 N 15 1=1,13
27 U 1)=2HI(I)-0.25
28 15 CONTINUE
29 NR 17 [=1,13
39 PCTOI)=(w(I}/SUM)I*1N0. 0
21 SUF=SMF+BM (1) *PCT(I)
32 17 CONTINUS :
33 - SMEAN=SMF /SUM
3a WOITF (A¢22)(2HI{TY Wl I} ,RPCT(I),1=1,13)
3s 22 FORMAT{ 21X FhaPsiXsT TeZ213X4T742)
34 WRITF(S5,23)SUM ., S r
37 23 FARMAT( LHD 4 Z27XsF 74 2)
38 SR 2=040
39 S 2=0.C
40 SUR 4=0.0C s
41 P30 1=1,13
az SUR 2= SUCPHIPCTIII&({PM{T)-SNMTAN) *%2))
43 QU 2=SURZH(PCTIIIX({PM{T)~SMTAN) #%3))
ad SUR 4=SU3a+(2CT{IIx{ (PM{I)=-SMIAN)*%A)})
a3 gb) CINTINUE
a6 S DNEV=SART(SUAZ/100.0)
a7 =SUA I/ DEVEDIVEDEIVELINOG. O}
43 ALPHAT SUR4 /(DEVHOE VADT VEDEVE1 00, 0)
) . WRITF(H,40)
50 40 FARMAT( 1HY 420X, 17H MOMENT PARAMETER)
51 AP ITRE( A, &1 )SMEAN
52 41 f FNGMAT( 26Xy 1 ZHMTAN DIAMETER,7X =1o.9)
53 W ITE( A, 22)00EY
€a 42 FAORMAT{ 2EX, 2CHSTANDARD DI VIATION L,F10,2)
55 WRITH(6,63)5K .
56 43 FARMATE2EX s BHSKIWNS S5, 12X 4510 e2)
57 . WRITC( A, 44 ) ALOHA
s  aa FIRMAT( 26X, BHKU? TOST Se12XFt Ce2)
59 WRTITF(EL100)
60 100 SIEMATL1IHL)
61 76 IF {(M-9)110,20G,110
62 200  CINTINUE
63 CA__ FXIT
6a : STN®
65 END
o
SENTRY
“»
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