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Beach and aeolian deposits of Grand Beach, Lake trrTinnípeg are

examined using grain-size and heavy rnineral analyses to determine

environmental characteristícs. The raw data is then examined in more

detail using Q-Mode factor analysis. The first approach is on Ëhe

basis of their total textural composition usíng rar¡r daËa in Ëhe form

of. 0.25Ø (phi) intervals from the basic sieve populaËion. The second

approach is on the basís of the volume percentage of heavy mínerals in

each sieve population.

The results are analysed by two methods: (1) the normalízed

factor components meËhod proposed by Klovan (1966); and (2) the more

commonly used factor scores Ëechnique.

As Bradley (1959) and Lockery (7971) suggest, the amounr of heavy

minerals appears to be valuable in charactexLztng deposítional environ-

menËs. Even though the grain-síze distributions are not markedly

different, the volume percerit of heavy minerals does vary between aeolian

and beach deposits. The cause appears to be related to the efficíency

of the energy in relation to the rhydraulic sizer of the heavy mineral.

Of the techniques used, the combínation of volume percent of

heavy minerals analysed by factor analysis and plotted by factor scores,

appears to gíve the best results ín discrirninating between aeolian and

beach deposits in a 1ow energy lacustrine environment.
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StaËement of the Problem

A continuing problem ín sedimentology is the ability to dis-

criminate between sedimenËary environments on the basís of measurable

sediment parameters. To be significant these parameters must be

quantitative, not subject to diagenetic change, and applícab1e in boËh

recenË and ancienË sediments (Mil1er and 01son, 1955). The objective

of this sËudy is Ëo obtain a number of measured sedímenË parameters

from a set of beach and aeolían samples. tr^Iith the aid of the resulting

quantitatíve measures it is hoped Ëo show that the Ëextural parameters

of graín-size and volume percenËage of heavy nrínerals can be used as

a predictive model for depositional environment discrímination.

Friedman (L967, p.352) states that 't... textural parameters

permít separation of ..." ". .. sands of different origin." The predictíve

model presented will attempt to show that iË can pernr-lË separation of

sands of similar origín, and Ëhat rn-ineralogy ís a very sensitive índi-

cator of sedimentary process, even in a 1or¿ energy lacusËrine environment.

Method of Study

Chapter I

INTRODUCTION

Grand Beach rrras selected as the sample site on the grounds that

both the dune and beaeh sands are locally deríved. Provenance studies

by In/all-ace and McCartney (L928) showed that Grand Beach recent sand

"... differs from glacial sands only in Ëhat it contaíns
much material deríved from Ëhe Intínnipeg Sandstone which
outcrops in the wicinity of Grand Beach."

They furËher concluded, and Solohub (L967, p.48) confirms, that, "The



beach is the only source for the aeolían sands." Thís elinrinates ftom

the study the argument Ëhat a different source material r¡ras responsible

for environmental variatíons.

Sediment samples collecËed were sieved to deterrn-ine the weight

percentages of sediment in sËandard Phi (ø) size classes. Each weight

percent per sieve was then separaËed between light and heavy minerals

to deternr-ine a ratio.

The resulËing data was then used to deterrnine the deposítional

environments by means of Ëhe Q-Mode factor analysis developed by Klovan

Q966). A seeond Biomed Q-Mode facËor analytic program \^las run to

provide comparative results with the Klovan method.

Method of Presentation

-2-

There are three main parËs to this study. The fírst parË

díscusses the methodologies used in field and laboratory research.

The second part examínes the statistical method of analyzing the grain-

size and heavy mineral data. The Èhird part presents a comparíson

between the two meËhods of analyzing the outpuË from the applícaËion

of Q-Mode factor analysís. A discussíon of the geologic significance

of these results completes the presentatíon.
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Lake trniinnipeg is a large freshwater lake located in the Provínce

of ManiËoba, canada. rt lies at an altitude of 713 feet above sea

leve1, between latiËude 50'20t and 53'50r North, and longitude 96o 2ot

and 99" 15r trnlesË. It is 275 míIes long and varies in wídth frorn 25 to

70 mí1es. It receives the surplus \^raters of Lakes trnlinnipegosís and

Manitoba and drains by the Nelson River to the northeasË into Hudson

Bay. The principal rivers flowing into the lake are Ëhe Red River from

the south; Ëhe Dauphín and Saskatchewan Rivers from the west; and the

trdinnípeg River from the east.

Despite the overall length of 275 r¡r-iles, the lake is effectively

viewed as tr¡Io bodies of r¿ater. The separation occurs at a poínt called

The Narrows. The southern section is approximately 55 miles long and

25 mí1es wide (Figure 2), with an average depËh of 40 feet. rt ís this

portion of the lake that concerns this study.

Due to its smal1 size Lake trrÏinnípeg is not affected by lunar

or solar tída1 forces. There are, however, \,rater level fluctuations

of several feet. These are caused by strong r¿inds blowing in one

directíon over a period of tíme. Because of the orientation of Ëhe lake

the greatest leve1 fluetuatíons are created by either stïong norËherly

or strong souËherly winds. Peak daily wind velociËíes fro Ëhe southern

regíon of the lake are shown in Table 1. It has been shovm that there

is a strong correlatíon between the fluctuating \,/ater level and the

peak wind veloci-ty, alLhough there ís usually a 1,ag between Ëhe wind

and the ehange in lake 1eve1 (Eínarsson and Lowe, L968).

DESCRIPTION OF TI{E STUDY AREA

Chapter II



-5-

askatchewan

Nelson River

R i ve r

Lake
Wr nnrpeg

Lake
Manlt

Assrnrborne
R I ve r

arrows

On t o r i o

âr

R rve r

F ig u re 1

lv\op of
Mon ifobq



The Narrows

Hec la
I s I a nd

â,
F---l

lac k
lsland

Assrnrborne
Rrver

Beach

INNIPEG

Wrnnrpeg
R rve r

Figure 2

Southern
Lqke Winnipeg

S cq le T ¡ncn = 20m, tes



-7-

Air Photograph of Grand Beach showing the sËudy area"



An important element of the wind vel-ocítíes aË the study area

is the period of time when they are effective. The 1ake, and also

the foreshore of the beach, ís f'rozen from the end of November to May.

Therefore, âûy sorting or deposition of sedimenË occurs only in the

remainíng portion of the year. The aeolian deposits do not freeze but

are covered by sno\,/. Protection tends Ëo be discrírn-inatory, thus causing

an overemphasis of the leeside. This occurs because the snow is drifted

from the face of the dune and deposíted in the 1ee. The result is an

exposed dunal face and an over-lengthened 1ee drift. It hras not

determined what effect this has on the form or texture of the dune

deposits. ObservaËion of snow drifting, and sections dug Ëhrough the

lee side snow showed layers of elean snor¡r separated by layers of drifted

sand. Obviously Ëhese sand layers are deposited during snowmelË.

hlhether this results Ín rabnormalI depositíon was not esËablished.

A second imporËant aspect of the locaËíon of the sËudy area is

the relationship of the winds to the fetch. As King (1959) points out,

The size of wind T¡/aves depends on three factors;
Ëhese are the wind speed, the wind duration and
the feteh. Anyone of the three can set a limit
to the size of the waves.

Frorn Figure 2, it can be seen that the maximum fetch for the Grand

Beach area is approximately 50 miles in a northerly direction. The

average feËch would appear to be approximately 30 miles. For the five

months of the year when the beach is unfrozen the wind direction Ëends

to be dominated by southerly and southwesterly wínds. Table 1 shows

that for Ëhe months of August, September and October, southerly winds

either dominate or are at least equal to northerly winds. This has the

effect of greatly reducing the average fetch. Ifhen thís reduced figure

-8-



PEAK DAILY IIIND VELOCITIES. SI]MMARY OF HOURLY I^IINDS AT GIMLI (L97T)

Month

January

February

March

Aprí1

May

June

July

August

Sep tember

October

November

December

Frequency
SE_SW
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TASLE 1

L04

L40

774

224

L46

r39

190

292

226

209

220

233

in Hours
NE - NI^i

313

2LB

274

260

316

269

263

1BB

240

248

246

240

Maxímum Hourly
Speed

29

2B

34

26

30

2B

22

26

30

2L

28

23

Ilighes t
Speed

4L

42

43

39

4B

4L

35

39

45

33

42

35

DeparËment of Transport I¡ieather Records

for selected sËatíons, a97L.



SAMPLE AREA IN RELAT¡ON

TO GRAND BEACH
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is víewed ín conjunction with the hÍ-ghest wind speeds recorded, an

indication of the wave height thaË can be generated ís seen. Figure 4

shows that the average wave heighË is someËhing less than 1 foot. If

the mean wind speed is used, the figure is further reduced.

Regional Geology and Physiography

-11-

during the Pleístocene epoch. The present surface forms are primarily

the result of the trnlísconsín ice advance and Tetreat. Glacial drift

covers mosË of the eastern shore of Lake tr^Iinnipeg. The dríft occurs

over a bedrock of Paleozoic limestone and sandst.one, rrrhich is rarely

exposed. Most of the local Ëopography is created by the drift which

varies in thickness from 50 to 200 feet"

Southern Manítoba was subjected to continenËal glaciation

A major porËion of the Grand Beach sand deposit is in the form

of a bay-mouth bar enclosing a lagoon. The bar ís a result of longshore

transportaËion. The study area ís located immedíately northeast of

the bar to ensure that the beach deposits were not a result of channel

deposition. It also ensured that the aeolian deposits originated from

the lakeside beach rather than from exposed lagoon deposiËs (Figure 3).

The beach averages approximately 40 feet wide aË the sample area,

ranging from 28 feet wide at the eastern end to 55 feet wíde at the

\¡resËern end. There is a distinct berm vísible, wíth a clearly defined

foreshore and backshore.

The dunal zone varLes in width over the enËire length of the

beach. In the study area it is approximately 200 feet wide. As with

the beach, it decreases in width, frorn 400 feet in the west to 100 feet

in the east. Rising abruptly from Ëhe backshore of the beach, the
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dunes average 20 feet ín height and gradually decrease ar.ray from the

beach" An intermittent vegetation cover of willows and low shrubs

provide some stabilíty to the dunes.
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Sampling

Samples were collected from the beach and adjoining dunes Ín the

area shor,,in in Figure 3. The area was selected because of : (a) Ëhe

proximity of the aeolian area to the beach; and (b) the necessity to

ensure that the aeolian material did not originate in the lagoon. A

total of 60 samples were collected, 30 from the beach and 30 from Ëhe

dunes.

The beach samples were collected wiËhin Ëhe foreshore area Ëo

ensure thaË Ëhey consisted of wave sorted sediments. Each sample of

approximately 500 graÍìs was carefully skirnmed off of the upper one half

inch of surface sediment. In this way each sample represenËs the same

sedimentation unit.

The aeolian samples T¡rere collected in a similar manner as those

of the beach. A larger collection area, from a sparsely vegetaËed dune,

T¡ras necessary in order to encompass a compleËe dune deposit. The reason

for Ëhis r,ras because Folk (1970), suggested that there is a varíance in

the grain-síze disÈribution dependent upon the locaËion of the sample

on the dune.

Mechanical Analysis

FIELD AND LABORATORY STUDY PROCEDURES

Chapter III

Each of the 60 samples was sieved into grade sizes based on the

Phi (ø) scale (Krumbein, 1934). The samples \^rere treated with hydro-

chloric acid to ensure the removal of aggregaËes and shell fragments.

After oven drying they were split using an EndicotË sample splitter.



100 grams was weighed out and sÍeved for 15 ¡uinutes on a Ro-Tap shakíng

machíne. One quarter phi (ø) sieves \^rere used ranging from 0.0Ø to 3,75ø

inclusive. The sediment remaining on each sieve vras $reíghed to 0.01

graÐs on a Sartorius electric balance.

HeaW Minerals

The sedirnent yield from each sieve was retained separately.

After spreading the contents of a sieve over a paper to a depth of one

grain, magneËite was removed using a hand magnet. The remaining sample

was then run through a I'rantz Isodynamic Separator. The techníque followed

in usíng the Isodynauic Separator were Lhose suggested by Mueller, (L967).

þpropriate slope angles and arnperage settings ensured that all heavy

mi.nerals in the sample would be separated. Each sample was run through

three times to ensure a clean separaËion.

Although the Bromoform technique ís the generally accepËed method

of heavy mineral separation, the isodynamic Ëechnique was used for the

following reasoris:

a) It is a fairty rapid Ëechnique.

b) It provides an adequate separation if the results are to be

converted to percentages.

c) It allows complete recovery of a dry sample for subsequent

analysis.

-L9-



Data Presentation

Location of the samples, 30 from the beach and 30 from the dune,

are shown in Figure 11. Results of the síeve analyses are given in

the Appendix. The weíght in grams retained by each sÍeve is shown ín

the last colurnn for each sample. Beach samples are identifíed by Èhe

symbols Bl Ëo 830 inclusive. Dune samples are identified by the symbols

D1 to D30 inclusive.

F]ELD AND LABORATORY STUDY RNSULTS

Chapter IV

Appendix 1 shows the actual amount

recovered from each sieve. It also shows

minerals for each sieve.

The figures presented in the Appendix represent the raw data

used in the statisËical analysis. Figure 15 and Fígure L6 are the cumu-

lative percent curves of selected samples of beach and dune sands respectively.

I"lineralogv and Texture of the Sediments

The mineralogy of the sands can be separated into three groups.

Quartz makes up by far the largest group, comprísíng approximately

96 percent of each sample. Feldspar ïepresenËed approximateiry 2 percent,

while heavy minerals made up the remainder.

The quartz grains vary from sub-rounded to rounded. These

display frosted and pitted surfaces. Approxímately 20 percent of the

Quartz grains are angular to sub-angular. These have fresh fractures

and a v-itreous lustre.

of

the

heavy rn-inerals in grams

percentage of heavy
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Introduction

STATISTICAL ANA],YSES OF GRAIN-SÏZE AND HEAVY MINERAI DATA

The differenËiatíon of sands on the basís of textural composítion

has been a preoccupatíon of sedimenËologists for some time. A major

reason for this is the apparent sinilarity ín textural composítion of

sedimenËs deposited within a parÈi-cular environment despite the varíeËy

of processes actíve withín that environment. If textural responses

can be relat,ed to specifíc sedimenËary processes, the problem of

differenÈj-aËing deposiËs will be greatly eased.

The problem of differentiating deposits by textural characteristícs

has two distinct parts. One is Ëhe actual measurement of parameters

unique to the sample. The second is the ability to statistícally and

graphically differentiate between the measured pararneters.

Particle Size

Chapter V

An early attempt at measurement and distinction of sedírner.tary

enwironmenËs r¡ias the Log-normal dístTibutíon of grain-size establíshed

by Krumbein (1937, 1938). Early work by Doeglas (L946) showed thaË

grain-size disËribuËions followed an arithmetíc probabilíty 1aw. His

analyses yielded an empirical classificaËion of curve shapes which he

related to specific sedimentary environments.

One of Ëhe more signíficanË papers on the relationship between

texture and process !/as published by Inman (L949>. He defíned three

basic modes of transport; surface creep or traction; suspension; and

saltation (7949, p.55). The basis for this work had been carried ouË



by various researchers, most notably Gilbert (L974), and Bagnold (L94L).

It was Inmants work that formed the basís for much of the work

on statistical measures of the grain-size dist.ributíon and sediment

transport. Folk (L954), ltiller and Olson (1956), Folk and trriard (L957),

Friedman (L961, L967), Klovan (1966), and more recenËly Visher (1969)

and Greenwood (1969), have all presented attempts to distinguish between

deposítional envíronments using varíous statistical measures. In res-

ponse to Ëhe varying methodologies, there have been Èests to deËermine

the effícíencies of these statistical measures. An example of this

approach is a paper by Solohub and Klovan (1970), which examines the

techniques of Passega (1957), Mason and Folk (1958), Friedman (1961),

Sahu (1964), and Klovan (L966). Solohub and Klovan conclude Ëhat

Klovanrs use of factor analysis r,vas able to produce the mosË accepÈable

results. Thiè was based on Lhe finding that grain-size distributíons

reflect deposiËional processes, not environment, because the tvio are noË

necessarily the same. For example, Ëhe grain-size for beach and dune

deposiËs are sinr-ilar, even though Ëhe energy environments are different.

HeaW Minerals

Ruhkin (1937) \¡/as one of the first workers to recognise that

current energy responds to graín densíty as rrel1 as shape and size. His

work was not given the attentíon iË deserved. It was not r:ntil the

laboratory tests and field confirmations of such workers as Leliavsky

(1955), Bagnold (L954, 1956), and Kíng G95t+), ËhaË the sensitivíty of

graín density to sorËing agents was re-examined. This has led to

speculatíon that partíc1e density differences should occur in various

depositíonal environmenËs. Studies have been completed which attempted

-28-



Ëo differentiate between enviroruneriËs on this basj.s, noÊably those by

Bradley (L957), trdhite and Llilliams (L967), and Hand (1967). Lockery

(197L) suggesËs that it is not so much the total contenË, but the dís-

tribution of heavy mínerals within the sample size range which provides

the key to environmental ÍdentÍfication.

Lockeryrs study of sedimentary deposits in the Lower Tees Basin

of northeast England, suggested that in both beach and dune sands

selective sorting results in a concentration of heavy minerals in the

finer size fractions (Loekery, L97L). Bradleyrs símilar conclusion

that the amount of heavy minerals may be ímportant in characterizing the

environment of deposition serves as a basis for part of this study.

Factor Analysis
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Factor analysis was developed as an analytical technique by

psychologists. Tts basic objective is a reductíon of daËa into distinct

patterns of occurrence. The Q-technique of factor analysis used in

this thesis, attempËs to idenËify the centroids of sample groups.

Samples are compared on the basis of similarities in their characteristics

that can be measured. Mathematically, the approach treats each sample

as a vector. The exact locaËíon of this vector is determíned as follows.

"Tf, for example, a sediment sample is síeved into ten
class intervals, the sample can be defined as a vector
in ten-dimensional space whose positíon is uniquely
deternined by the amount of sediment in each of the

The cosine of the angle between each sample vector represents

the " degree of proportional similariËy between the sediment samples.rt

(Klovan 1966, p.116). Samples that are híghly correlated will clusËer

togeÈher. Factor analysis defines each of these distinct clusters of

vectors as a factor.

ten classes. tt (Klovan L966, p.116)



Once the cluster of vectors has been established, an axis is

mathemaËica1ly projected Ëhrough Ëhem. The projection of each vector

point onto this axis defines the cluster. These projections are ca11ed

factor loadings and are usually presented in a matrix. The factor

loadings show to whaÈ degree each variable ís involved in the factor

pattern.

The number of facËors obtained represents Ëhe number of independent

patterns of relationships between the varj-ables. The amount of variation

accounted for by these patterns is Ëermed the eígenvalue. These are

obtained by adding the squared loadings for each factor. The sums of

squares are obtained by divíding the eigenvalue by the number of vari-

ables tímes one hundred.

One of the fírst applications of factor analysis in geology \^7as

the work of Irnbrie (1963). He aËtempted a reducËion of daËa from two

environmenË matrices, where the dependent variables \,zere combined into

fewer variables. Klovan applied a Q-Mode factor analysis to the data

of Krwnbein and Aberdeen (1937), collecËed from Barataria Bay on the

Mississippi de1ta. Hís objective was to anshrer thTo quesËions:

"Can sediment samples be grouped into categories on the
basis of theír grain-size distríbutions along?'r And
further, "Can some envíronmental significance be
attached to the caËegories wíthout a priorí knowledge
of theír geographic and environmental positíons?'t

(Klovan L966, p.116)

He concludes that the technique provídes an efficient method of

delineating groups and trends between " ... environmentally dístinct

sedíment samples." (Klovan, p.I24).

Klovan 1ísts three advantages of factor analysis over other

statístíca1 techniques.

-30-



1. The full spectrr¡m of the graín-sLze distríbution is used.

2. As a result of (1), it does not make use of arbítrary

statistical descriptions such as quartiles or perceritíles.

3. No previous knowledge of the geographic locaËion or

environment is requíred to group the samples as environ-

mentally distinctive.

It is assumed by Klovan that the graín-size distribuËion ís 1og-

normal. The only subjective decisi-on requíred is selection of the class

interval. In Klovan?s case a L/2 ø (Phi) interval was used.

The results obtained by Klovan showed that three factors accounËed

for 97.5 percent of the information. He suggested that the three factors

aïe representatíve of different types of energy at the site of depositíon,

the Ëhree energy types being, wind-wave action, current action, and

gravitational settling. It is important to note the combination of r¿ind

and wave action in this classífication grouping. These are the dominant

sorting agents in dune and beach envíronments. By grouping them together

Klovan is acknowledging the díffícultíes encounËered in trying to separate

Ëhem on the basis of reaction to energy environment.

An empirical application of Klovanrs technique I^Ias carried ouË

by Solohub at Grand Beach, Manitoba, (Solohub, L97O). In this study

several staListical Ëechniques I¡Iere applíed to the same sample data.

The author found that none of the techniques \^/as able to distinguish

between environments previously established by field investigation. It

was determined however, that factor analysís produced a Pattern of energy

variation Ëhat agreed with known processes at the sample site.

Test of the Klovan Technique

-31 -

The first Q-Mode factor analysis rlTas computed for the 60 combined



beach and dune grain-sizs s."mples. Rar^r daËa conprised the weíght ín grams

of sedímenË retrieved from each sieve. The eigenvalues, percent sums

of squares, and cumulaËive sunìs of squares for Ëhe principal componenËs

factor analysis are listed in Table 2. Six factors \^iere required

to account for 95 percent of the information contained in the data matríx.

The first three factors accounË for 87 percerit of the variance of the

data.

It is sígnificant to note that both Klovan and Solohub accounted

for 95 percent of the variance wíth only three factors. In conËTast,

Beall (1970) requl-red three factors Ëo explain 87 percent and five

factors for 90 peïcent of the variance. Klovan and Solohub used L/2 ø

class intervals. Beallts results coinci.de almost identically with those

of the present study. Both utili,zed 7/4 Ø class intervals showing that

the sÍeve interval has a direct bearing upon the results of the factor

analytic techníque.

The Q-Mode fact.or analysis of the heavy rnineral data províded

the eigenvalues, percent sums of squares, and cumulative sums of squares

listed in Table 3. Eight facËors T¡rere required to account for 95 percenË

of the variance. 0n1y 80 percenË of the data in Ëhe maËrix is accounted

for by the first three factors. The first factor in the grain-size

analysis accounts for 77 percent. In the heavy mineral analysis this

facËor accounts fox 67 percent.

A graphíc presentation of the factor loadings \^las used by Klovan

to show the relationships between the samples from each of the environ-

ments. Thís was achíeved by converËing the facËor loadings to factor

components, thus accentuatíng the higher loadings (Table 4, 4a,5, 5a).

The factor component ís obËained by adding the sums of the squares of

.)a
-JL-



EIGENVA],UES, PERCENT SI]MS OF SQUARES, AND CI]MIILATIVE

FACTOR

SI]MS OF SQUARES FOR GRAIN_STZE FACTOR ANA],YSIS

- .).)-

1

2

J

4

5

6

TABTE 2

EIGENVALUES

46.r32

3.882

2.266

L.965

1. B4B

1.139

z sIlM oF SQUARES

76 " 886

6.469

3.777

3.275

3.081

1. 89B

CI]MULATIVE
SUI'{ SQUARES

76 .89

83.36

87.L3

90.4r

93.49

95.39



EIGENVALUES. PERCENT SIMS OF SQUARES AND CI]MUIATIVE

FACTOR

SI]MS OF SQUARES FOR HEAVY MINERA]. FACTOR ANA]-YS]S

1

2

3

4

5

6

7

B
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EIGENVA]-UES

TABLE 3

40.s69

4.823

3.080

2.684

2.299

1".404

L.206

1.138

Z SIM OF SQUARES

67.6Ls

8.039

5. 133

4.473

3.831

2.339

2 "70L

L,897

CIJMI]LATIVE
Sl]M SQUARES

67.72

75.6s

B0 .79

85.26

89.09

9L.43

93.44

95 .34
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NORMALIZED VARIMAX FACTOR LOÀDÏNGS AND SAMPLE

.L249
,l,724
.I3L7
.L064
.0697
.0s04
.0L73
.0096

.0L44

.0427

.0812

.0925

.07 7 /+

.0972

.1311

.1168

.7069

.L744

.0920

.0590

.0404

.0L73

.0093

.0155

.0570

.0927

.1055

.066r

.0630

.0790

CI]MMI]NA],ITIES FOR GRAIN-SIZE DATA - BEACH
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o2-2

TA3LE 4

.0829

.0325

.0085

.0091

.0113

.0L44

.0236

.0275

.0265

.0189

.0095

.0080

.0114

.0076

.0037

.0094

.0031

.0037

.0058
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.0060
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.0001

,,,
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.0008
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.0011
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.0010
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.0014

.0013

.000 7
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.0007

.0008
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.0012

.0008

.0018
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.00 38

Sample
Communality

.2405

.7579

.7467
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.0823

.066l,

.0420

.0378

.0415

.0624

.0916
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.727L
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.0439
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.042r
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.3682
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.9279

.9505
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.8949

.9530

'z%

.3447

.205-

.0579

.0782

.L37 3

.2L78

.56l'9

.7275

.6386

.3029

.]'037

.0 790

.T268

.0777

.0272

.07 40

.0276

.0307

.0585

.1938

.3528

.5877

.7207

.6L28

.2696

.0601

.0423

.TL24

.0611

.0012

! n/o
J

.1360

.0824

.0443

.0069

.015 B

.0L97

.0262

.0185

.0r44

.0128

.009 B

.0079

.0L22

.0113

.007 4

.0070

.0205

.0191

.0141

.0L74

.0110

.OLBL

.0189

.0190

.0089

.0r20

.0072

.0235

.0440

.045 8
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NORMALIZED VARIMAX FACTOR LOADINGS AND SA-IVPLE

.0372

.0872

.0738

.0710

.059 4

.0408

.0265

"0L22
.0118

.0313

.077L

.1004

.0706

.0563

.0305

.0028

.0260

.0392

.032L

.0268

.025L

.0L79

.0149

.0183

.04L6

.0650

.0690

.0442

.0297

.0116

COIOIUNAI,ITIES FOR GRAIN-SIZE DATA - DI]NE
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2
D-
'2

TÆLE 4a

0. 359

.0L76

.0168

.0186

"0L62
.0L87
.0225

.0272

.0267

.0218

.0141

.0102

.0L52

.0159

.0133

.0185

.0077

.0061

.0717

.0L94

.0224

.0253
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.0L57

.0050

.0030

.0061
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"0008

F^2
J

.0002
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.0000
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.0010
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.0763

.0605

.0487

.0401

.0393

.0540

"0924
.7LL4
.0872
.0751

.0514

.0247
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.0535
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.8344
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uz%
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.4620
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.5718
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.0402
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.o4L7
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.0027

.0009

.0000

.0011

.0092

.0165

.0205

.0L75

"0204
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.0720
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.0246
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.0598
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.0000
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.1031
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.07 35

. O3BB
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.4017
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.0776

.0922
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.097 B

.0878

.0451

.0257

.0001

.1151
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TASLE 5
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TABLE 5a

.0139

.0107

.16t+3

.4258

.0611

.0555

.L430

"1526
,L783
.L290
.1363
.0014
.1034

.6469

.0228

.0379

.0001

.0867

.0836

.0s59
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.]-465
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F^2
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the factor loadings. These are nolmaLized by dividing the factor

components of each sample by the sample communality.

Results of these computations are plotted on a triangular graph

(Figures 17 and 18). Solohub and Klovan (f970), suggest that the three

factors presented on the graph represent different energy types. IË

ís assr:med that mean grain-sj.ze ís a crude measure of energy condiËions

at the Ëime of deposiËion. Therefore, on the basis of mean grain-síze

the depositional environments can be distinguÍshed. The empirical tesË

carríed out at Grand Beach seemed to suppolt the theory in some cases.

The most notable exception is beÈween surf and gravitational enelgy

environmenÈs. UnforËunately Èhese energy condítions aTe the most

dominant for the formation of beaches and dr¡nes. The result is that

the Ëechnique fails to discriminate between the two envíronments.

Figure 18 shows a plot of normalízed factor components of heavy

minerals. They represent data obtained from the volume percent of

beach and dune heavy rnj.nerals. The four Ërends observed by Klovan for

hís samples can be noted. These are:

1. The coricenËratíon of samples aË the apices,

. 2. The lack of samples on Ëhe bottom edge,

3. The lack of samples ín the cenLTe'

4. The tendency for samples to occur along the two sides.

A rnajority of the samples are clustered in the corner representing

Factor 1, with a slight gradatíon occurring towards Factor 2. Klovan

suggests Èhat Factor I represents a medium energyeenvironment . Factot 2

a 1ow energy enwÍ-ronment, and Factor 3 a high energy environment. Ilo'üIever,

these terms are used only ín a relative sense. For example, a sample

located at Factor 1 would have been deposited under hígher enelgy

-39 ^
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conditions than one located at Factot 2. There is no apparent discrimí-

nation beËween beach and dune samples.

Figure 17 is a plot of normalízed factor components for grain-

size. fn contrast to the heavy mínerals, the sample poínts are all

grouped between Factor 1 and Factor 2, with a majority of the samples

located toward Factor 1. Klovan shows by the use of cumulative frequency

curves that this trend is a reflection of a gradual increase in mean

grain-size. Again there is no apparent díscriminatíon between beach

and dr¡ne samples. They both appear to respond to differenË energy Ëypes

in a similar manner.

Q-Mode Analysis and Factor Scores

-42-

It was apparent from the gtaj,n-síze and heavy m-ineral daËa thaË

there Ì¡ras a difference between the beach and dune samples, Ëhe difference

being more pronounced ín the heavy mineral data. The problem \nras Ëo

establish a Èechníque that could clearly delineate the difference between

beach and dune samples.

A principal components Q-Mode analysis was run on the same daËa

used for Ëhe Klovan teehnique. The results obÈained for the grain-size

data are shov¡n in Table 6. ft can be seen that eighË factors were required

to account for 91 percent of Ëhe information in Ëhe correlation coefficient

matrix. The first factor accounËs for 53 percent of the data, while

three factors cover 85 percent. Thís latter figure is comparable to

the results obtained by Klovan.

The first factor of the heavy mineral data (Table 7) accounts

for only 28 percent of the matrix. Also only 61 percent of the data is

accounted for by 10 fact,ors. Three factors account for 48 percent of



FacËor 1

2

3

4

5

6

7

B
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Eigenvalues

B. O89

2.9].6

L.7OL

0.598

0. 181

0.L44

0. 050

0.003

TABLE 6

GRA]N S]ZE

Z Sum of Sguares

s3.93

L9.44

LT.34

6.01

1. 31

0. 96

0. 33

o.L2

EIGENVA],UES, PERCENT SUMS OF SQUARES AND

SQUARNS FOR GRAIN-STZE DATA USING THE BIOMED

Cumulative Sum of Squares

53.93

73"37

84.7L

BB. 70

89.90

90. 86

9T.19

9T.2L

CUMULATIVE SI]MS OF

Q-MODE FACTOR ANA],YSIS



Factor 1

2

I
J

4

5

6

7

B

9

10
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Eígenvalues

4.180

r.843

r.204

0. 658

0. 511

0. 351

0.267

0.t57

0.036

0. 009

TABLE 7

T{EAVY MINERALS

Z Sr:m of Squares

27 .86

L2"29

8.025

4.39

3.4L

2 "34

L"74

1.05

0.24

0. 06

Crimulative Sum of Squares

EIGENVAIUES, PERCENT SI]MS OF

FOR HEAVY MINERAI DATA

27.86

40.16

48.18

s2.57

5s.98

58.32

60.06

61" 10

61. 35

6L" 4L

SQUARES AND CI]MT]LATIVE SIIMS OF SQUARES

USING THE BIOMED FACTOR ANALYSIS



the correlation coefficienË data. These fÍgures are ín marked contrasË

to the previous Q-Mode resulËs.

. A more accepted method of presenting Ëhe results of factor

analysis is by plottíng factor scores. These can be computed in several

\^rays, the basic principle being to obtain the weighted cornbination of

the tests that besÈ predict a factor. The scoles for three factors

!üere computed as an integral part of the Biomed Q-Mode program" Appendíx

2 shows the factoï scores for a Q-Mode analysis of the gtaÍ:n-sLze data.

Each factor is plotted againsË the other two factors as shown ín Figures

Lgr 20,2L,22, 23, and 24. There are Ëhree trends to be noted in each

p1ot.
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1. The beach samples are well

quadranË.

2. There is a reasonably good

samples.

3. The dune samples are well dístributed in all areas except

the negative/negative quadrant.

The best separaËíon of beach and dune samples is achieved with

the comparison of Factors 1 and 2 for the heawy míne,ral peTcentages

(TLgure 22). For grain-size the best díscriminatíon between env-ironments

is achieved by plotting Factor 1 against Factor 3. Final1y, the dune

samples only shor,r a tendency to gïoup when Factor 2 ís plotted against

Factor 3 for the heavy ninerals.

grouped in the negative/negative

separation between beach and dune
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FIGUR,E 19
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FIGURE >2
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fntroduction

Greenwood (1969) notes that Ëhe problem with factor analysis lies

in interpreËÍng the new variables obtained. He suggests that although

the variables may differ between two environmenËs, íË is difficult to

deterrnine the geomorphological significance of the facËors. The use of

factor analysis in Ëhis m¿mner is termed causal. In geologíc terms íË

can be equaËed with process.

IË is beyond the scope of this study to associate the factors

obtained wiËh specifíc geologíc processes. However, there are several

poínts Ëhat need to be examined. These indicate how the results obtaíned

can be related Ëo process.

Failure of the Klovan Technique

DÏSCUSSTON OF THE RESI]LTS

Chapter VI

The first point to be examined is the reason for the failure of

the Klovan technique to dístinguish between Èhe beach and dune samples.

In Solohubrs sËudy at. Grand Beach it was argued that the lacustrine

environment could be compared t,o a marine envíronmenË. Discussíon on

the maximum r^rave heíghts possible at the site has already been presenËed.

Further evidence of the difference rÀ7as found by Miller and Zeígler (1958),

in a study relatíng fluid dynam-ics to sedímenË pattern. They observed

that in all maríne beaches exarn-ined there vras an increase of median size

tor¿ard the shore. 0n a Lake Michigan beach, this trend was observed only

in the shoaling l.4rave zone (Itiller and Zeigler, 1958). This is the first

recognized sorting zone for a \^7ave moving up a beach" IË would suggesË



thaË at thÍs poinË the energy of the wave is sti11 sufficj-enË to provide

the expecËed sortj-ng action. fn the lacusËrine environment the wave

energy dinuinishes more rapidly due Ëo Ëhe lower initial energy levels.

Fina11y, in general Ëerms, ít can be suggested Ëhat although

the processes of wave acËion are similar beËween lake and maríne, they

are considerably diminished in Ëhe former. Reduced fetch, the lack of

tides, and the relative shallo\,rness of lakes all contribute Ëo reduced

rÀ7ave energíes.

The failure of the Klovan Ëechnique to dÍsËinguish between beach

and dune on the basis of energy can be explained by examÍ-ning the grain-

sizes involved. All the samples gathered from Grand Beach were collected

on sieves that ranged from 0.0Ø to 3.75ø. 90 percenË of this Ëota1 r,ras

found in the range frorn 1Ø to 3Ø. G.S. Visher (1969) has shoum rhaË

these values represent the salËaËion population of any depositional

enrrironment,, regardless of the energy process. He found ËhaË 50 to 99

percent of beach material between 0.5Ø and 4.25ø \^ras a result of salËation

activity. The range was determined by the Coarse Tnrncation and Fine

Tnrncation points on the cumulative frequency curve, (Figure 25). For

Ëhe dune 97 xo 99 percent of movement hras by saltatÍ.on, with Coarse and

Fine truncation points rangíng from 1.0ø to 4.0ø. Sorting in both sand

types was classifíed as excellenË.

Simílar associations beÈween flexures in the size distribution

curve and tract.ion, saltation, and suspensíon populations were observed

by Syed (1970). These sLudies were performed on samples from Lake Ontarío

beaches, while Visherrs are from marine beaches. This seems Ëo ímp1y

that in response to energy the marine and lacustrine environmenËs are

sinilar.
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If the energy input is quantitatively similar for beach and

dune environments, æd grain-size response is only slightly different,

a dífferenË parameter must be found to províde dístinction. The require-

ment j.s a parameter that can be easily measured. It. must also be sensítíve

to símilar energies, but reacË ín a differenË manner.

Examination of Ëhe raw data in Appendix 1 shows comparative

measuïements of beach and dune samples. Graín-size measuïements are

sinrilar, but heavy mineral percentages are markedly dífferent. Five

trends can be seen.

1. The ratio of heavy to 1íght minerals is greater for the dune

than for the beach.

2. Heavy mi.nerals are found ín a greater range of graín-sízes

in the dune deposits than in Ëhe beach deposíts.

3. Magnetite is almost non-existent in the beach samples,

occurríng only in sizes above 2.5ø.

4. Magnetite is found in a majority of the graín-sízes of the

dune samples.

5. There is a gradual increase in Ëhe quantíty of magnetíte wíËh

a decrease in graín-size for the dune samples.

The last observation agrees wíth Ëhe findings of Bradley (L959)

at Mustang Island, Texas. His sËudy deËermined that the average volume

percentage of heavy urinerals gradually increased from 0.04 percent for

near-shore and beach samples, to 0.45 percent for adjacenË dunes.

The relationshíp bet\,ieen a gradual ínshore increase in heavy

ur-ineral percentage and a gradual inshore decrease in grain-size appears

Ëo be diagnosËic. As the raw data shows, Ëhere is an increase in the

percent of heavy minerals with a decrease in grain-síze. It is suggested
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thaË Ëhis reflects the inability of wind action to frequently achieve

Èhe requíred energy to move these denser partíc1es, whíle sÍmilar sízed

but lighter density parÈícles may be removed. The result is a higher

concentration of heavy minerals in the dunes.

Confirmation of this process should be reflected in higher volume

percentages of heavy minerals in the fine grain-sizes of the dunes. (See

Appendix 1).

-56-

I^Ihí1e plotting factor scores does not provide any clear analysís

of the depositíonal processes, iË does provide a clearer separation of

the two environments, thus showing that heavy n¡-inerals are a suitable

diagnostic parameter. The following section attempts to explain why.

A key to using factor analysis to separate beach and dune

environments seems to líe in the mechanical reactíon of heavy minerals to

a partícu1ar energy.

One theory is related to Ëhe concept that a heavy mineral should

be studied using its rhydraulic equivalentr, rather than the usual para-

meters of. síze and shape.Jc Syed (1970) examined this ídea and concluded

that although a heavy mineral approxímates its theoretícal rhydraulic

equivalentr during deposition on a beach, it is the deposiËional shift

that causes size differences after deposition.* He concludes that although

densíty controls the original deposition of heavy minerals on beaches,

the difference betr¡een the size distribution of heavy and light mínerals

* Hydraulic equivalence occurs when heavy rn-ineral grains ín suspension
settle out fasÈer than light graíns of equal sizes and identical
shapes under similar hydraulic condiËions.

+ Depositíonal Shift. The size difference between the líght and heavy
fractíon cumulative curves at certain frequency levels.



is caused by selecËíve sortíng by breaking \^raves and wind aË the síte

of deposiËion.

The implication of Syed's conclusion ís thaË heavy mínerals

reflect most clearly the last depositional process experienced by Ëhe

grains. However, in contrasË Greenwood (1969) contends that, "... the

dynarn-ics of sedimentation and the energy levels present in different

environmenLs are readily recognised as influencing the resulËing sedi-

mentary deposiÈs.r' He further staËes thaË the average parËicle size in

a sedimentation uníË represents Èhe average síze of maËerial transported,

regardless of mineralogic composition, and that Ëhis is a direct reflection

of the kinetíc energy of the deposiËing agent..

The present study suggests ËhaË the kinetic energy conditíons

at the siËe of deposition are noË diagnostic. The work of Klovan (L966) 
'

Visher (L969), æd Syed (1970) show ËhaË the different energies of wave

and wind action result in Ëhe same transportati.on process, namely saltatíon.

Grain-sj.ze distribution results of the Q-Mode factor analysis show thaE

a high percentage (53%) of informatíon is accounted for by one factor.

Accepting Klovants analysis of Factor 1 representing rmediumt energy, it

would seem reasonable to conclude that thís energy is ïepïeseritaËive of

the energíes of wind and r¿àve action.

In conLrasË, heavy minerals, due to the depositional shifË, do

noË appear to respond to similar kinetic energies in a similar manner.

The facËors Ëhat control deposiËion of heavy minerals react differenËly

dependíng upon the agent of depositj-on. The factor analysis shovis the

reduced effecË of kinetic energy. FacËor 1 accounts for onLy 28 percenË

of the infomation in Ëhe heavy nrineral matrix.

The problem of assigning geologic significance to Ëhe various
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factors sti1l remains. However, the ability of factor analysis Ëo

discriminate bet\^ieen depositional environmenËs is further enhanced

the results of thís study.
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Deterrniníng Ëhe deposítional environmenËs of an ancient sedimentary

deposit is a difficult problem. Several approaches have been attempËed,

mosË of which use staËistical measures to characterLze sedimentary

deposiËs from different envíronments. Klovan (L966) proposed Ëhat factor

analysis prowided a meËhod of data reduction and organízatLon thaÈ showed

sígnificant trends among sedímentary samples on Ëhe basis of graín-size

dis tribution .

Solohub (1970) tested several statistical approaches in different

sedimentary environmenËs. He deËerrn-lned that Ëhe Klovan technique provided

Ëhe besË discriminaËíon between environments on the basis of energy aË

the site of deposition. The major exception was the separaËion of beach

and dune deposits.

The Klovan technique was applíed Ëo beach and dune samples from

Grand Beach, Manitoba. A Q-Mode facËor analysis r^7as run usíng graín-size

and heavy mineral data. A plot of normalized factor components failed

Ëo disËinguish between beach and dune samples. This held true for both

grain-size and heavy mineral data.

A Bíomed Q-Mode factor analysis \^ras run on the same ra\¡I data as

thaË used ín the Klovan method. FacËor scores r¿ere obËained as an integral

part of the computed output. A reasonable separation of beach and dune

samples was obtained by plotting graín-sLze by factor scores. The best

separation r¡ras obtained by plotting the volume percentage of heavy

rn-inerals .

Chapter VII

CONCLUSIONS



Although the heavy mínerals provided a good separation using

factor analysis, Ëhe causal analysis of the factors remains generally

unknown. The Klovan suggestion that the fírst three factors represeriË

various levels of kinetic energy appears Ëo be confirmed. The hígh loadings

on FacËor 1, classified as rmediumt energy is drastically reduced when

the volume percentage of heavy minerals are analysed.

Heavy minerals were found in greater concentrations in the dune

samples Ëhan in the beach samples. They also showed an íncreased per-

centage wíth a decrease Í-n grain-size. Light minerals and heavy minerals

show a different response to símilar levels of kinetic energy. Syed (1970)

termed this process rdeposíËional shíftf and showed that it occurred

after a grain had been deposíted.

The increased volume percentage of heavy mi-nerals provides a

diagnostic parameter for distinguishing between beach and dune environments.

This appears to be true even in 1ow energy lacustrine environments.
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2.25
2.50
2.75
3.00
3.25
3.50
3.75

0. 05
0.20
0.26
0. 39
0.49
0.53
0.32
0.20
0.0 3
o.o2
0.02

s. oo
3. 86
3.24
2.53
r.97
1.91
2.90
6. 15

14.00
36.36
50. 00
50. 00

Total Vol.

0. 01
0. 04
0. 11
1 .00
5. 18
8.01

15 .40
25.27
28.16
L2.05

4.06
0. 50
0. 11
0.08
o.o2

D18

oloz
0.03
0. 04
0.08
0.04
0.03
0. 01

0.00
0.25
0.50
0.75
1.00
L.25
1.50
r.75
2.00
2.25
2.50
2.7 5
3.00
3.25
3. s0
3.75

0.09
0. 15
0. 19
0. 53
1.00
1. 10
0.52
0.26
0.02
0.01
0. 01

26.47
3.22
2.82
2.99
3.08
3.90
6.60

L4.97
t2.50
40.00
66.66

:
0.06
0. 34
4.6s
6.72

L7.69
33.04
28.95

B.48
, t7
0. 48
0. 10
0.03
0.01

o. or
0.01
0.03
0.03
0.05
0.04
0.02
0.02
0.01

0.01
0.04
0.08
0.27
0.50
0.97
0. 85
0. 38
0. 18
0.03
0.02
0.01
0. 01

7 .L4
9.52
4. 00
3.20
2.84
2.78
3.29
5.7L

14.46
L7.50
30.76
50. 00
66.66

olor
0.06
0. 14
0.42
2.00
8.43

L7 .92
35.20
26.72

7 .TB
1.59
0. 40
0. 13
0.06
0.03



Sample
#

D19

Phi

0.00
0.2s
0.50
o "75
1. 00
7.25
1.50
L.75
2.00
2.25
2.50
2.7 5
3.00
3.25
3.50
3.7 5

MagnetíËe Heavy Minerals
Weight YoI. "/"

D20

0.02
0.02
0.04
0.04
0.05
0.04
0.02
0.01
0.01

0.02
0.04
0. 11
0.32
0.52
0. 85
0. 78
0. 34
0.L7
0.02
0. 01
0.01

0.00
0.25
0. 50
0 "75
1. 00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7 s

7.69
5 .79
4.29
3.43
2.92
2.6s
3" 1,4

5.24
LL.95
77.64
50.00
50.00
50. 00

Total Vo1.

0.02
0. 11
0.26
0.69
2.56
9,32

L8.44
32.76
26.05

7.24
7.84
0.34
0.06
0.04
0.02

D21.

olor
0. 0B
0.08
0. 10
0. 10
0. 20
0. 40
0.52
0. 38
0. 20
0. 04
0.02
0.01

0.01
0. 03
0.03
0. 06
0. 06
0.03
0.02
0.01

0.00
0.25
0. 50
0.75
1. 00
L.25
1. 50
L.75
2.00
2.25
2.50
2.7 5
3.00
3.25
3. s0
3.75

-
4.34

L2.L2
4.7 3
3.75
2. B0

2 .00
L.56
r.60
2.70
s. 89

L2.04
JJ. JJ

42.8s
50.00

olo+
0.23
0.66
r.69
2.66
3.56

10.00
26.22
34. 30
L5.L4
4.4L
0. 83
0. 15
0.07
o.o2

0.01
0.03
0.03
0. 04
0.06
0.03
0.02
0.01

olo:
0. 15
0.25
0.49
0,70
0.56
0.25
0. 16
0.02
0. 01
0. 01

7.Bg
6.66
2.72
2.57
2.3r
2.LB
3.80

11.00
13.51
37 .50
66.66

o.02
0.08
0. 38
2.25
9.16

l-9.40
31 .56
27.00

7 .63
2.00
0.37
0.08
0.03



S¡mple Phi
It

D22 0.00
0.25
0. 50
0.75
1. 00
r,25
1.50
1,.75
2.00
2,25
2.50
2.75
3.00
3.25
3.50
3.7 5

Magnetite I{eavy }tinerals
l^Ieight YoL. 7.

D23

0.01
0. 01
0.03
0. 03
0.04
0.0 7

0.03
0.02
0. 01

oloz
0.07
0. 13
0.20
0.42
0. 43
0.66
0.29
0. 18
0.04
0.02
0.01
0. 01

0.00
0. 25
0.50
0.75
1.00
r.25
1.50
r.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

6.06
s .60
3.51
2.82
3" 16
r.67
2 "28
2.55
5 .55

l-3.92
3]-.25
50.00
66.66

Total Vol.

o.o2
0. 10
0. 33
L.25
3.70
7 .07

13.58
26.30
30. 14
12.53
3.96
0.79
0. 16
0.06
0.0 3

D24

0. 02
0. 05
0.05
0.07
0.05
0. 03
0.02
0. 01

olor
0"05
0. 15
0. 48
0.69
O. BB

0. B0

0. 30
0.L7
0.04
o.o2
0.02
0. 01

0.00
0.25
0. 50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

4.54
6.94
4.76
4.76
3.7 3
2.92
3.54
4.03

L0.76
26.47
4s.4s
s7.r4
66.66

o.02
0.08
0.22
0.72
3. 15

10.08
78.49
30. 7B
23.9 4
8.67
2.23
0.34
0. 11
0. 07
0.03

olor
0.02
0.02
0.06
0.07
0.03
0.01

:
0.04
0.09
0. 11
0.0 B

0. 15
0.37
0.44
0.29
0. 20
0. 11
0.01
0.01

:
7 .69
5 .35
5.78
2.50
7.66
L.44
1.33
L.95
5.02

18.00
33.33
66.66

0.02
0. 15
o "52
1.6I
1.90
3.19
9.00

26.26
34 .34
16.40
5.02
1 .00
0.72
0.03
0.01



Sarople
JL
1t

D25

PhÍ

0.00
0.25
0.50
0.75
1. 00
t.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

Magnetite Heavy Minerals
weieht YoL. 7.

D26

0. 02
0.03
0.04
0.04
0. 09
0.04
0.01
0.01

0.01
0.04
0.17
0.5 3

0. 86
1.08
0. 78
0. 35
0. 16
0.02
0.01

0. 00
0.25
0. 50
0.75
1. 00
L.25
1.50
L.7 5
2.OO
2.25
2.50
2.75
3.00
3.25
3.50
3.75

s.55
6.66
5.29
4.89
3.94
3.51
3.72
5.78

15.15
22.22
50.00
50.00

ToËal Vol.

olog
0. 10
0. 18
0.60
3.21

10. B3
22.28
31.59
22.00
6.74
L.65
0.27
0. 04
0.02
0.01

D27

o.oz
0. 02
0.04
0.05
0.05
0.03
0.02
0.01

0.00
0.25
0. 50
0.75
1.00
L.25
1.50
7.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7 5

0. 04
0. 0s
0.2r
0.50
0.7 3
0.63
0. 31
0.L4
0.02
0.02

19.04
2.70
2.68
2.66
2.30
2.40
4.58

10.00
L7.85
57 .L4
50.00

:
0.02
0.03
o.2L
1. 85
7 .87

L9 .48
32.48
27.83

7.86
1 .90
0.28
0.0 7

0.02

olor
0.02
0. 03
0.04
0.05
0.0 7

0.06
0.02
0.01

olo ¡
0. 11
0" 30
0.60
0.78
o.7B
0. 40
0.22
0. 03
0. 01

g.sl
5.82
4.42
3.51
2.7 3
2.73
4.s0

10. 78
15 .51
50"00
50.00

0.01
0.0s
0. 11
0.32
1. 89
7.00

L7 .66
29.62
30.00
10.00
2.69
0.58
0.06
0.02
0.01



Sample
JL
1t

D28

Phi

0. 00
0.25
0.50
0.75
1. 00
7.25
1.50
r.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

Magnetite Ileavy Minerals
Weighr YoL. 7"

D29

0. 01
0.03
0.03
0.04
0.06
0. 0B
0. 04
0.02
0"01

0. 00
0.25
0. 50
0.75
1. 00
7.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

o]¿
0.L7
0.49
0 .87
1.05
0. 8B
0.45
0. 20
0.04
0.02

ToËa1 Vo1.

25 .45
o. 40
5.23
4.38

3.60
3.61
6.19

13.95
L7 .02
44.44
50. 00

olos
0.09
0. 17
0. s5
2.63
5.55

20.52
30.00
2s .46

8.23
2.L5
0 .47
0.09
0.02

D30

0.01
0. 03
0.04
0.06
0. 09
0.04
0.02
0. 01

o.og
0. 18
0. 35
0.34
0.47
0.55
0.42
0. 40
0.27
0. 10
0.02
0.01

0.00
0.25
0. s0
0.7s
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.7 5
3.00
3.25
3.50
3" 75

:
L0.77
12.08
6.86
4.58
4.26
2.66
L.43
2.84
6.08

T8.26
3L.57
50.00

0.02
0.07
0.28
L.49
5.10
7 .4L

LL.O2
20.99
3L.27
L5.46
5.42
L.O4
0. 19
0.06
0.01

0.01
0.02
0. 03
0. 03
0.04
0.04
0.02
0.01

0.12
0.2L
0. 34
0.53
1.15
0. 99
0.52
0.22
0.03
0.01

37.50
10.00

5 .01
2.64
3.L9
3.89
7.s9

16. 35
23.33
75 .00

:
0"01
0.06
0.32
2 "70
6.78

L8.42
36.6L
26.20

7 "24
L.59
0. 30
0.04
0.01



Sample
JL
JÍ

B1

Phi

0.00
0.25
0.50
o "75
1.00
L.25
1.50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7 5

Magnetite Heavy Minerals
trrieight Yo:-.. %

B2 0. 00
0 "25
0.50
0.75
1. 00
I.25
1. 50
1.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

0.01
o.o2
0. 01

o]o
0. 11
0. 38
0.91
0.82
0.26
0. 13
0.01

ToËa1 Vol.

rols a

4.08
2.44
2.32
2.40
4 .01

L7 .28
33.33

'o-oo

0.02
0. 04
0.02
0. 01

olor
0.03
0. 13
0.91
2,69

L5.52
39 .08
34.LL

6 .47
0. 81
0. 09
0.02
0.01

B3 0.00
0.25
0. s0
0.75
1. 00
I.25
1. 50
r.75
2.00
2.25
2.50
2.75
3" 00
3.25
3.50
3.75

olot
0. 20
0. 35
0. 86
0. 83
0.26
0. 11
0"02

6.49
4.79
2.53
2.22
2.40
3. B0

15 .11
s4.54
66.66
50.00

0.02
0.08
0.77
4.1,7

13.80
38.77
34.57
6. 83
0. 86
0. 11
0.0 3
0.02

0.01
0.03
0.01
0.01

0.01
0.03
o.L7
0.26
0. 34
0. Bs
0. 70
0. 31
0. 14
0.03

g.og
8.10

10. 75
s .48
2.60
2.27
2.09
4.04

\8.27
28.57
50.00

0.03
0 .06
0.11
0.37
1.5 B

4.74
13.03
37 .43
33.44
7.9L
0.93
0.L4
0.02
0.01



Sarnple
JL
1t

B4

Phí

0.00
0 "25
0.50
0.75
1.00
L.25
1.50
r.75
2.00
2.25
2.50
2.75
3.00
3r25
3. s0
3.75

Magnetite Heavy l"tlnerals
i^leighÉ Yo:-.. %

B5 0.00
0.25
0. 50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

olo z
0. 1B
0.42
0.60
0 .76
0.59
0.29
0.060.01

0. 01

ToËal Vol"

L4.89
5. 35
5.23
2.58
2.26
2.31
5.65

L2.96
33.33

olor
0.02
0.07
0.47
3.36
8.0 3

23.L9
33.51
25.49

s .13
0.54
0.03
0.01

B6 0.00
0.25
0.50
0.75
1.00
L.25
1.50
7.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7s

0. 01
0.02
0.01

0.06
0. 15
0.42
0.90
0. 83
0. 31
0.05
0.02

5.40
J. JI

2.46
2.47
2.50
4.55
8.10

57.L4
50. 00

olor
0. 01
0.02
0. 1B
1. 11
4.45

17.03
36. 35
33.15
6. 81
0.74
0.07
0. 02

o. or
0.07
0.26
0 .42
0.75
0.69
0. 2B
0.0 7

0.01
0. 01
0.01

4.s4
4.60
4.39
2.47
2.03
2.77
4.s6

L2.69
50. 00

0. 01
0.02
0.05
0.22
L.52
( ot

L6.96
36 .79
3L.69
6.L4
0.63
0. 04
0.01



Sanrple
ll

B7

Phi

0.00
0.25
0.50
0.75
1.00
1.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

MagnetiËe Heavy l{lnerals
weísht vo1. "/.

BB 0.00
0.25
0. 50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.7 5
3.00
3.25
3.50
3.7 5

olor
0.02
0.01

o. or
0. 11
o.28
0.7 4
0. 83
0. 40
0.09
0.03

Totaf vol.

2.22
5 .69
2.36
2.03
2.70
4.55
9.52

62.50
50.00

olor
0.06
0. 4s
L.93

11. 86
36.36
39 .40

8. 7B
1.05
0.08
0.02

B9 0. 00
0.25
0. 50
0.75
1.00
L.25
r.50
L.75
2 .00
2.25
2.50
2.7s
3. 00
3.25
3. 50
3.75

olor
0. 05
0. 14
0. 39
0. 81
0. B0

0. 31
0.04
0.01

olor
o.02
0.01

7 .69
4. B0

3.40
2.52
2.t8
2.29
4.6s

10.00
50.00
50.00

0. 01
0. 01
0.03
0. 13
1.04
4.IL

L5.47
37.06
34.84
6.66
0.50
0.06
0.02

:
0.03
0.05
0.07
0. 18
0. 39
0.82
0 .79
0.21
0.08
0.02

0.02
0.03
0.01

78.75
9 .6L
3. 55
3. 15
2.46
2.29
2.44
3.92

13.88
62.50

olos
0.08
0. 16
0.52
L.97
5.77

15. B0

35.7L
32.28
6. BB

0.72
0.08
0.0r
0.01



Sample
1i

810

Phi

0.00
0.25
0.50
0 .7s
r .00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3. 00
3.25
3.50
3.75

MagnetíËe Heavy Mínerals
I¡leiehÉ Vo1. "/.

811

oloz
0.06
0. 09
0.27
0. 55
0.77
0.67
0.23
0. 03
0. 01

0.00
0.25
0.50
0,75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3. 00
3.25
3.50
3.75

0.01
0.03
0.01

20.00
L3.04
3.75
3. 0s
2.64
2.16
2.36
4. 83
7 .84

66.66
50. 00

Total Vol.

0.01
0.02
0.01

0. 01
0.03
0. 10
0.46
2.40
6.87

20.79
35.58
28.29
4.76
0.51
0.06
,_0,

BL2 0. 00
0.25
0.50
0.75
r. 00
L,25
1 .50
L.75
2 .00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

oloz
0.06
0. 19
0. 39
0. 81
0.74
0.29
0. 05
0.03

,-oloo
4.\6
3.38
2.43
a a1

2.I7
+. JO

9.37
62.50
50.00

0.01
0.01
0.05
0.20
L.44
5.61,

16 .00
35 .63
34.03
6.62
0.64
0.08
0.02
0.01

0. 01
0.05
0. 16
0. 38
0 .79
0.67
0.28
0.07
0.010. 01

4. s4
3.7 8
3. s9
2.2L
2.74
2,07
4.r7

L0.29
40.00

olor
0. 01
0.06
0.22
L.32
4.45

17.18
36. 86
32.23
6.70
0.68
0.05
o_0,



Sample
#

813

Phí

0.00
0.25
0. 50
0 "75
1.00
L.25
1.50
r.75
2.00
2.25
2.50
2,75
3.00
3.25
3.50
3.75

Magnetite Heavy Minerals
Weiehr Vo1. %

BL4 0.00
0.25
0.50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

0. 01
0. 03
0. 0B
0. 36
0.77
0. 89
0. 35
0. 11
0.02
o-o'

oloo
0.01
0.01

L4.28
4.6L
3.00
2.56
2.24
2.36
3. 89
9.90

46.15
66.66
50.00

Total Vo1.

olor
0.02
0.07
0. 6s
2.66

L4.05
34.35
37 .68
8"98
1.11
0. 13
0.03
0.02
0.01

815 0.00
0.25
0.50
0.75
1. 00
L.25
1. 50
L.75
2.00
2,25
2.50
2.75
3. 00
3.25
3.50
3.7s

0. 02 22 .22
0.04 8.16
0 . 10 3.96
0.25 3.L4
0.54 2 .63
0.75 2.05
0.60 2 .24
0 .22 5 .03
0".03 8.00
o.o2 66.66
- 33.33

olot
0.02
0.01

0. 01
0.01
0. 09
0.49
2.52
7.94

20.52
36.s6
26.78

4.37
0. 50
0.06
0.03
0. 01

0. 03
0.09
0. 16
0. 35
0.93
0.7 4
0.29
0.08
0.01

0.02
0.01
0.01

8.33
5.29
3.04
2.36
2.5r
2.L9
4.74

14.28
20.00
50.00

0. 01
0.03
0.0 7

0. 36
L.70
5.25

14.80
37 .00
33.1r
6.rl
0. 70
0. 10
0.02



Sarnple
1f

B16

Phi

0. 00
0.25
0.50
L.75
1.00
t.25
1 .50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7s

Magnetite Heavy Minerals
WeiehË Vo1. 7"

BL7

oloi
0.04
0. 10
0.L7
0.22
0.47
0.82
0,77
0.L7
0.05
0.01

0. 00
0.25
0.50
0.75
1. 00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

olor
0.01

L6.66
25.00
11.90
5.2L
2.63
2.52
2.42
2.40
3 .55

L2.50
uu_uu

ToÈa1 Vol.

o.o2
0.06
0. 16
0. 84
3.26
B. 36

18.60
33. 86
29 .s4

4.78
0. 48
0.03
o_o'

BlB 0.00
0.25
0.50
0.75
1. 00
L.25
1. 50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

olo,
0. 0B
0. 13
0.37
0.90
0.77
0.28
0. 09
0.05

0.01
0.02
0.01

7-.40
4"79
2.36
2.58
2.3L
2.40
4.46

L4.28
30. 43
,r_r,

olo'-
0.05
0.27
L.67
s.49

L4.29
38.95
32 .00
6.27
0. 70
0.23
0.03
0.01

olot
0.02
0.02
0.01

oloo
0. 11
0.32
0. 81
0. 83
0. 39
0. 11
0.08
0. 01

4.L6
3.47
2. 80
2.3L
2.L8
4.14

10.07
50.00
66.66

o.ot
0.02
0.03
0. 15
0.96
3.77

11.40
35 .00
38.06

9 .65
L.29
0 "20
0.03
0.01



Sample
JL
1t

819

Phi

0.00
Q.25
0. 50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.7s
3.00
3.25
3.50
3.75

Magnetite Heavy Minerals
tr^leiehË Vo1. "/.

820 0.00
0.25
0.50
0.75
1.00
L.25
1.50
L.75
2.OO
2.25
2.50
2.75
3.00
3.25
3.50
3 .75

olo+
0.07
0. 15
0. 3B
0. 41
0. 86
0.73
0. 31
0.03
0. 02
o_o'

0.01
0.02
0.01

r¡]o
7.08
3.79
5. 65
2.33
2.43
2.53
5 .43
6. 55

50. 00
50. 00

Total Vo1.

o. os
0. 11
0.29
0.96
3.95
6.72

77.57
35. 39
28. B1
5.70
0. 61
0. 0B
0.04
0. 01

B2I 0.00
0.25
0.50
0.75
1.00
t.25
1.50
L.75
2.00
) )q

2.50
2.75
3.00
3.25
3.50
3.75

olor
0.01
0 .01

olot
0. 10
0.22
0 .37
0. 90
0.82
0.28
0.04
0.01
o-o'

4.76
t .46
5.68
2.28
2.32
2.49
4.68
7.24

22.22
uu-uu

olot
0. 02
0.04
0.24
L.34
3.87

L6,T6
38.66
32.83
5.98
0.69
0.09
0. 03
0.01

0.02
0. 01
0.01

0.07
0.20
0. 34
0.91
0.94
0. 38
0.08
0.01
0.02

B. s3
6.43
2.24
2.4!
2.67
5.38

l-2.50
25.00
uo_oo

olot
o,o2
0.09
0.82
3.11

L5.L7
37.63
35.08
7.06
0. B0

0.08
0.05
0.02



Sarnple
JL
1t

822

PhÍ

0. 00
0.2s
0.50
0.7s
1.00
r.25
1.50
r.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

MagneËite Ileavy Minerals
WeiehË Vol. "/.

823 0.00
0.25
0.50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7s

0. 01
0.01
0.01
0.01

0.02
0. 13
0.28
0. 87
0. 82
0. 35
0.05
0.02
o-o'

Total Vol.

3.70
5.32
2.L5
2.37
2.r5
4.78
7 .69

42.8s
50.00
50.00

olor
0.03
0.06
o.s4
2.44

13.01
37 .s6
38.10

7 .3L
0.78
0.07
0.04
0.02

P24 0.00
0.25
0.50
0.75
I .00
L.25
1.50
7.7 5
2.00
2.25
2 "50
2.75
3. 00
3.25
3.50
3.75

0. 01
0. 01
0.01

0.02
0.07
o.L7
0 .37
0.93
0 .67
0. 33
0.04
o-o'

8.69
4.66
3.48
2.05
2.35
2.00
4.12
8.33

28.57
JJ. JJ

0.01
0.02
0.04
0.23
1.50
4. BB

18.00
39 .48
33.38
8.00
0.60
0.07
0.03
0. 01

0.01
0. 04
0.L2
0.28
0.4L
0. 87
0.69
0.28
0. 05
0.02
o-o'

o. ot
0.01
0.01

,-oloo
9.52
5.91
4 .50
2.37
2.35
2.29
s.39
9.67

30.00
oo-oo

0.02
0.06
0. 10
0.42
2.03
6.2L

L7 .25
37.00
30. 11
5.r9
0.62
0. 10
0. 05
0. 01



Sample
#

F25

Phi

0.00
0.25
0. 50
0.75
1.00
L.25
1.50
7.75
2.00
2.25
2.50
2.75
3.00
3.25
3. 50
3.75

Magnetite Heavy Mínerals
trleiehË YoL, "/.

B26 0. 00
0.25
0. 50
0.75
1 .00
1.25
1.50
7.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.75

olor
0.02
0.01
0.01

0.01
0.09
0. 18
0.4L
0. 86
0. 81
0. 30
0. 10
0.02
0.02

ToËa1 Vo1.

6 .66
B. 6s
4.65
2.89
2.35
2.33
4.07

73.79
33.33
42. 85

olor
0.01
0. 04
0. 15
1.04
3. 87

L4.75
36.s5
34.72

7 .60
0. 87
0.09
0.07
0. 01

827 0.00
0.25
0.50
0.75
1. 00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3.50
3.7 5

o. or
0. 01
0.01
0. 01
0.01

oloz
0. 13
0.22
0. 39
0.90
0. 86
0.32
0.08
0.02
o-o'

5.26
6.9L
5.02
2.68
2. 44
2.57
4.78

10. 34
30. 00
33.33
50. 00

-
0.01
0.0 7

0. 3B
1. BB

4.38
L4.52
36. 85
33.46
6.90
0. 87
0. 10
0.06
o.o2

0.01
0.01
0.01
0.01

0. 15
0.25
0.43
O. BB

0. 84
0.25
0.03
0. 01

11. 11
4.26
2.50
2.30
2.68
5 .11
6.77

JJ. JJ

50. 00

0.01
0. 0r
0.05
0.22
1. 35
5.86

L7.L5
38.25
31.3r
4.89
0 .59
0. 06
o_0,



Sample
JL
1f

B2B

Phi

0.00
0.25
0.50
0.75
I .00
1.25
1.50
L.75
2.00
2.25
2.50
2 ,75
3.00
3.25
3.50
3.7s

MagnetiËe Heavy Minerals
Weieht Vol. "/.

B29 0. 00
0.25
0. 50
0.75
1.00
L.25
1. 50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3. 50
3.75

olor
0.01
0.02
0. 01
0.01

o. oa
0. 11
0. 48
0. 83
0. 80
0.26
0.09
0.02
0.01

Total Vol.

+. oo
3.39
2.90
2.L5
2.45
4.L4

L4"92
57.L4
50. 00
50. 00

-
0.01
0.03
0. 17
1. 00
3.24

16.55
38.52
32.62
6.52
0 .67
0. 07
0.04
0.02

830 0.00
0.25
0. 50
0.75
1.00
L.25
1.50
L.75
2.00
2.25
2.50
2.75
3.00
3.25
3. 50
3 .75

0. 01
0.01
0.01

oloz
0.08
0.26
0.56
0. 78
0 .57
0. 19
0.04
0.01

5 .88
4.08
3.35
2.5I
2.L0
2.25
4.44
9.6t

40.00
50. 00

0.02
0.04
0.07
0. 34
7,96
7 .76

22.28
37.13
25.25
4.27
0.52
0.05
0.02

0.01
0.02
0.01
0.01

olor
0.06
0. 14
0 .37
0.72
0. 6B
0.27
0.09
0.02
o_o'

4.L6
4.4L
3. 15
2.36
r. 90
2,09
4.tL

L4.66
25.00
JJ. JJ

-
0.02
0.04
0.24
1.36
4.44

l.5.63
37 .75
32.50
6. 81
0.75
0.L2
0. 06
0.01



FACTOR 1

-o .7 377
-0. 5 190
-0.9937
-0. BB40
-0. 8010
-0.9220
-0.64L6
-0. 8820
-7.1468
-0. 890s
-0.6362
-0. 86 70
-0. 2509
-0.7026
-0 .8226
-0.9693
-0. sBB9
-0.4824
-L.2227
-0 .7679
-0.5572
-0.5506
-0.4286
-0. 9 365
-0.6341
-0.479L
-0. 8215
-0.7293
-1.0 730
-0. 6 813

L.LL42
0.521L
0.2298
0. 65 88

-0. 8486
0.2293
2.009 3

-0. 2004
2.0L36

-0. 3040
L.8434
1.0182
r.4234
t.2s94

-0.0407
L.9737

-97-

FACTOR SCORES OF GRAIN-SIZE DATA

APPENDIX 2

FACTOR 2

-0.9180
-0. 8260
-0.2754
L.2262

-0. 4871
-0.071-7
-L.7355
-0.7323
-0.L529
0. 4430

-0.6347
-0.2406
-L.3253
0. 7830

-0.5507
0.4348

-0 "2702
-r.3387
0.5619

-0.s685
-0.9013
-1.5318
-L.6620
0.3673

-0.4739
-0 .3787
-0.2270
-0 .329r
T.LI67

-0. 1850
L.4464
2.5912

-0.5896
0.6036
L.5728
o .8472
0.2064
L.6L07
0.1893
1.8507
0 .3495
1. 09 15
0.0996

-0.9230
-0.9053
0.0694

FACTOR 3

-0.7204
-0.9037

0.3398
-0.l-734
-0.5290
-0. 3038
-0.7850
-0.5324
0. 8701

-0.06 70

-0.522L
-0. 47BB

-0.9484
-0.3769
-0.1498

0.6689
-0.6583
-0.4980

1.5166
-0.4723
-0. 8015
-0. 7833
-0.4939
0.26L2

-0.6276
-0.6284
-0. 4805
-0.7542
0. 0505

-0.5440
-1.0551
-o .3266

2.7537
-0.2864
2.744s

-0.1398
-0.3479
0. 5s 86

-0.7s41-
0.5052

-0.2058
-0.3364
-0.2856
1.2001
3.440L

-0 .7 46L



FACTOR 1

0.5608
0. 8481
0 .1084
L,L346
0 .347 3
L.9652
0.9435
L.347 4

-0. 40BB
0. 0486
0.s689

-0.0290
2.6350

-0.3412

FACTOR 2

-0.0096
0.6500
0 .8244

_I,72BB
0.4707

-0.7067
L.2403

-2,t729
1 .90 B0

0. 4353
-0. 4315

0.7527
-L.7952
0.77 42

FACTOR 3

-0 " 44]'0
-0.76L2
0.6041
2.5415

-0.6096
0.1484

-0. 1846
L.6007
0 .7 804

-0.6423
-0.3697
0.75L7
0.0427

-0.6547



FACTOR 1

-0.4436
-0.4727
-0.2940
-0.0136
-0.1428
-0.4529
-0.8736
-0. 3684
0.2390

-0.0L42
-0 .39 37
-0.49s7
-0. 3121
-0.1057
-0.0269
0.757s
0. 0196

-0.4004
-0.2955
-0.5157
-0.25L6
-0.6294
-0.5008
-0.0818
-0.1669
-0.0260
-0.2439
-0.2158
-0. 4933
-0.6522

o .847 4
2.8726

-1.1019
-0.291]-
L.97 77
0.9503

-0.6977
-0.7727
-0.7084
1.8936

_L.4BL4
0.L592

-0.7167
-0 .7 899
-0 .7 897
-0.9L96

0 .89 47
t.8697

FACTOR SCORES OF HEAVY MINERAL DATA

-93-

FACTOR 2

L"235/+
0.4088
L.0604
1. 185 7
0.7630
1.1905
1. 1151
0. 7883
I .0 34s
0.9758
o.9Ls7
0.7824

-0.2335
r.2570
0. 5 86s
L.7L4s
0.5205
0. 556 1
0. 9051
0.2580
0. 89 86
0.3632
0.4L56
0.9789
0.5803
0. s064
0.6719
0. 3541
0. s069
0.5782

-0. 1813
0.4760

-0.6L74
-0. 3s31
-0.5954
-0.6202
-L.0624
-1.059 1

-0.s649
-0.1526
-7.327 4

-L.2795
-7.2337
-o .937 3

-0.8663
-L.2886
-0.9443
-0.76L4

FACTOR 3

r.3970
0 .8026
0. 835 I
0 .07 36
0 "2329

-0.2240
0. 3460
o .L29 4

-L.793L
-r.276L
-0.0840
-0. 3831
0.L227

-1,.4393
0.3586

-3.9795
-0. 1535
0.3303
0.6602
L.3699
L.6L94
0.67L6
0. 1283
0.0614
0.7798
0.6708
I.26L7
0.0320
0. 1410
0.0719
0.256L
0.5723

-0.0244
0.2301
0. 1511
0. s799

-0.s743
-0.7894
-0 .39 32
-0.0004
-0.2333
-0.3589
-0.4926
-L.2136
-L.0722
0.041.7

-0.L474
-0.2359



FACTOR 1

1.1361
-1.3006
-0.2400
-0 .7572

L.L392
-7.8452
2.0548

-0 " 028-
0.5484
2.2789
0. 0169
I.760L

FACTOR 2

-0. 6 355
-0. 7804
-0.6310
-7.9043
-]-,7245
-0 .8275
-0 . s799
-0.6394
-0 .7 849
-0.7336
-0.9554
0.79L4

FACTOR 3

-0 .4609
-L.L237

0 .3377
-0.s869

0.0056
-0.2L65
0.3283

-0.0526
0.621,3
0.5L49

-0. 1017
L.1347


