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ABSTB.ACT 

The cuspate shoreforms of the lower West Passage, 

Narragsnaett Bay, are similar in configuration. They are· 

triangular in shape, enclose a central lagoon and extend 

seaward from the ma.inland into West Passage. Two of these 

cuspate shoreforms, Greene Point end Casey Point. were se­

lected for f leld invr·estlga tlon to determine their morpho­

logic and sedimentologic response to the littoral environ-

Gree1uJ Point is partially composed of f lne sediments 

ranging from silt to pebble sizes, which are easily set in 

motion by waves under normal meteorologic conditions. The 

beach morphology of this shoreform undergoes algnlficant 

seasonal variations. In addition, this_ beach has apparent­

ly been retreating over lagoonal deposits which are now 

partially exposed on the foreshore. The cobble and boulder 

size material forming portions of the lower foreshore of 

Greene Point are not normally transported by waves and have 

lagged behind the retreating portion o-f the beach. 

In contrast, the ~,sey Point beach shows little sea­

sonal change. Shape sorting of the cobble and boulder size 

material forming the beach indicates, however, that the 

surficlal s~d.iments are at lea2jt occaslonally reworked by 
i 



waves. 

The extremely coarse ms.terial included in the cuspate 

shoreforms along We~t Passage was glacially derived and de­

posited at or near the location of the present shoreforms 

during the last glacial age. After post-glacial trans­

gression and establishment of a marine environment along 

West Passage this material was probably reworked by wav·es 

into the present morphology of the shoreforms. The cus­

pe..te configuration of the shoreforms ls due to shoreline 

orientation perpendicular to maximum effective fetch in 

West Passage. 
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INTRODUCTION 

Four cuspate shoreforms occur a.long the west shore­

line of West Passage of Narragansett Bay, Rhode Island 

(Fig. 1). Greene Point, the northernmost feature is loca~ 

ted just north of the Jamestown Bridge. Plum Beach Point 

is locat-ed just under the western end of the Bridge. Casey 

Polnt is situated a.ppro:x:ima.tely three-fourths of' a mile 

south of the Bridge •. The cuspate feature known as South 

Ferry ls· located another mile south of Casey Po1.nt. 

Included in the field investiga. tlon of this stud.y a.re 

Greene Point,-e. cuspate shoreform of sand, gravel, cobbles 

a.nd boulders, and Casey Point, composed largely of cobbles. 

and boulders. These shoreforms were chosen over other cus­

pate shoreforms in the area for field study because they 

are the,least altered by construction and artificial fill. 

Field studies were designed to measure characteris~ 

tics of the cuspate shoreforms such as morphology, sediment 

populations. seasonal changes in beach morphology and trans­

port of surficial material. The objectives of these studies 

were to define the stability of the present cuspate shore­

forms and provide clues to their origin and dev·elopment. 
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Figure 1 a· • Location· of' cuspate shore forms in 
Narragansett Bay - a. Gaspee Point 
b. Conimmicut Point c. Sandy Point 
d. Coggeshall Point e. Greene point 
f. Plum Beach Polnt g. Casey Point 
h. South Ferry \. Mccurry Point 
j. Sapowet Poi.nt k. Brown 1-·oint 
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Pre,.rious Atudle!:t of Cu$pa.te RhorefO,!pl!!, 

Fioneerlng studies of coa~tal proc~ssr?s 8.nd. shoreline 

development were conducted by D, W. Johr.won who cl ted the 

cuspate shoreforms of West Passage as typical in th~ early 

stages-of shoreline development of embayed coast~ (Johnson, 

1925, p. J60). He attributed the origin of cuspate shore­

forms to littoral drifting of beach sediments in oppo9ite 

dlrectl.ons. Condi tlons ideal for this type of or.tgln ex-

1st in long, narrow water bodies such as West Passage where 

directions of wave fetch are limited. All examples of cua- • 

pate ahoreforms cited by Johnson occur lri narrow water bod­

ies located. in weak-rock, lol'Jland regions typically under­

lain by Carboniferous sediments. Johnson (1925, p, 441) 

terms triangular shoreforms enclosing lagoons or marshy 

areas, such as Greene Point and Ca.$ey Point, cuspate bars. 

Other authors use terms such as cuspate spits, cuspate bar­

riers and cuspate forelands'for similar featurea. 

Fisher (19.55) stL1d.led the n.umerous cu~pate forms oc­

curring in the la.goons of St • .La.wre11ce Island 1n the Bering 

Sea, terming them cuspate apits. He concluded these forms 

were deposited from littoral drift and ~odlfled by opposing 

_ eddy currents, wa.v·e shadow ef fee ts; and storm breaching • of 

lagoon barriers. 

According to Zenkov·ich ( 1967, p. 500-522) cuspate 

shorefcrms may be formed by deposition of material from 
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littoral supply under sev·eral condition~.. Spits accnmu-
.!·.· •• . . ~ ·,:.f",\· • ~~~.?. ·5--

lating and growing in opposite directions. merge at their 

distal ends, forming a cuspate configuration. Cycllc dep-

os1 t1on of sediment from an ov·ersaturated 11 ttoral supply 

may result in etrenly spaced cuspate shoreforms along long, 

narrow lagoons. Cuspate-like features or1g1nat1ng behind 

islands, shoals, and shipwrecks which provide shelter from 

wav·e attack have also been cited by Zenkovich ( 1967, p. 520) .. 

Cuspate shoreforms enclosing lagoons are termed 

double fringing spits by Zenkovlch (1967) and forms with 

no enclosed l.r-1goon e.re termed cuaJ:&,te forelands. 

King (1972, p. 519) states that cuspate shoreforms 

originate under two main conditions: (1) Deposition 1n 

the wave shelter of an offshore island and (2) Origin in 

areas where wave approach 1s restricted. 

Cuspate shoreforms are referred to as cuspate barriers 

by King (1972, p. 519) if they include a lagoonal pond and 

cuspate forelands if the pond ls absent. 

Studies in Narragansett Ba,.l 

Investigation of shoreline processes 1n the study 

area have been limited despite local beaches having serious 

erosion. - Cross ,tl al (1971) studied erosion problems at 

Plum Point and Plum Beach Point, but did not observe the 

area long enough to note changea in the Plum Beach Point 

cuspate shoreform. 
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Rose~ al (1971), investigated water mass movements 

in West .Passa.ge during a site evaluation for a nuclear 

power :plan.t to be lees.tad on Rome Poi11t just north of t.he 

study area. 

Studies of the general coastal and marine geology or" 

the Narragansett area hav·e been carried out by McMa.ster 

(1960, 1962), describing sediment size distribution and 

heav·y mineral associations in Narrage.11se.tt l3ay. 

Q_eolo,gic Setting 

Major topographic features 1n the study area pre­

date the Wlsconsi·n (Schafer, 1961). West Passage is as­

sumed to be an erosional valley cut prior to the last gla­

ciation and submerged by post-glacial sea-level rise 

(Bmlth, 1955) • 

The surf1cial sediment cover (Figm·e 2) is almost a.11 . 

glacially derived (Schafer, 1961). Ground mora-1ne and e1.1d 

moraine deposits include poorly sorted mixtures of till, 

grav·el and sand. Ice contact deposits include gravel, sand, 

silt and thin layers of till. Outwash deposits include 

sorted layers of gravel and sand. Most of the glacial ma­

terial was p.robably derived from the Pennsylvanian bed.rock 

of the Rhode Island formation present in the area (Schafer, 

1957). 

Surficlal sediments in ·t;he immediate area of Greene 

Point and Plum Beach Point are ice-contact deposits, while 
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d.epos.1ts ne.s.r Casey Point and South Ferry are coarser ground 

·mors.lne materiale composed largely of glacial till (Fig. 2). 

Acoortlir..g to Sc.ha.fer (1957), shoreline deposits along 

West Passage have been der1v·ed from erosion of glacial sed­

iments by waves and currents. Schafer ( 1961) notes heavy 

shoreline erosion during storms such as the A uguat 19 54 

hurricane, resulting in wave cut cllffs up to 15 feet high. 



METHODS OF STUDY 

Greene Point and Casey Point. were mapped using e 

plane table and alldade between October 20 and November 

12, 1971 .. Four topographic profiles 011 each cuspate shore­

~orm were measured during the initial mapping period. 

These profiles were measured again between Harch 26th and 

30th, 1972 to detarmine any changes over the ~inter months. 

During the spring profiling, in-situ reference stakes were 

·placed along each profile and their intersectlon with the 

s·edlment surface marked. The stakes were monitored week­

ly between April 4th and June 9th, 1972 and changes in 

elev·e.t1on recorded. Continued monitoring of the prcf1les 

through the lat~ spring to measure any changes in. the 

beaches was 1:as·ed on the -w1nter-eros1o.r.a.l • and summer-re­

covery relationship (Bascom, 1964, p. 1.88). It wa~l also 

hoped to compare winter-summer changes of two different 

types of beaches, Casey Point being e cobble beach and 

Greene Point being more sandy in nature. 

Littoral S edirnent MOV}'.Hnent 

-
· Ll ttorel sediment movem.snt a.long Greene Point and 

Casey Point was monitored usin.g tracer sediments·coated 
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with fluorescent pa.int. The fluorescent coating is highly 

visible in both ultraviolet light and daylight, and is 

available in a variety of colors allowing it to be used ln 

closely spaced studies without 0011..fusing results. 

Fluorescen·c tracer studies of cobble. and boulder size 

ma.terlal on Gr~e~a Point and Casey Pclnt were conducted by 

coating a 3 foot by J foot square~section of beach at four 

locatic,ns along the foreshore. Each location was monitored 

wee.kly for sediment movement between }1arch 18 and June 20, 

1972. 

Tracer studies of sand size sediments on the upper 

foreshore of Greene Point required removal of approximately 

4 liters of material from the beach, coating it with the 

fluorescent paint and replacement on the beach. This pro­

cess was completed within 24 hours to ~inim1ze the possi­

bility of significant textural changes at the tracer study 

locations. The sand tracer.studies were conducted at four 

locations along Greene Point. Each study spa.f'\..ned two tidal 

cycles, with coated sediments emplaced during low tide and 

collected at low tide the following day. The collection 

procedure involved vaseline coated index cards pressed over 

points on a sampling grid surrounding the original point 

of emplacem~nt ( I!'.gle, 1966) • · The ~cards ·were then examined 

under ultraviolet light and the number of recovered fluores­

oent grains counted. 
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During each study period the wind velocity was re­

corded (from the Quonset Point Naval ,Air Ste.tion) end the· 

longshore current velocity approximated by observing a 

float 1n the littoral zone .. 

Sediment Samples: Greene -Poin~ 

Sedi·ment ss..mples from the Greene Point beach ridge 

were collected over six traverses of six to nine samples 

each. Sample s:paclri_g along each trav·erse was such that 

at least two samples from each zone of the beach were col­

lected (foreshore~ backshore and zone of wind transported 

material if any). 

Surficial sediment samples were collected with a 

sample scoop and shov·el. The scoop was used for sand, 

gravel and finer sediments, while the shovel was used for 

cobble and boulder sized sediments. The samples were 

large enough to include at lea.st a. few of the largest par­

ticles. 

Surficial samples were also collected along t.he 

breachway channel cutting through Greene Point and from 

the lagoon behind the beach. 

Cores of the Greene Pol~t beach ridge and lagoon were 

used to obtain samples of subsurface sediments. Three 

cores of the beach ridge and three cores of the lagoon were 

collected. 
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Sedlmel'}t Samples: _9§1-sey Point 

The cobble and boulder-sized sediments of Casey Point 

were measured in-sltu at eight positions along the fore­

shore. 

The lntermecllate d.lameters of fifty particles were 

measured in a nine square foot section (3 ft. x J ft.) at 

eaoh sample s1 te. This size section allowed at l~..ast a. few 

of the largest particles to be included ln the sample 

(Krumbein and Pettijohn, 19J8, p. 31). Four sediment sam­

ples were also measured elong three traverses across the 

Casey Point beach to determine any shape sorting trends~ 

The short, intermediate and long axis of each particle was 

measured. Sampling at Casey Point was designed to measure 

the range of sizes among the larger particl~s. No attempt 

was made to include all sediment sizes by sampling inter­

stitial sand, silt. and clay .. The f1ner material ,composed 

approximately 5% to 10% of the surflclal sediments. 

Two sediment cores were obtained from the Casey Point 

lagoon but the material underlying the beach could not be 

sampled because of dlfficult coring and trenching through 

the coarse surficial material. 

Size Analysis 

All sediment samples excepting the coarse material 

measured in-situ, underwent mechanical size analysis. ·Be-
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fore size analysis, howavar, samples were treated with a 

JO% solution of hydrogen peroxide to remov·e organic mEi.­

terial. Samples containing fractions of silt and clay 

greater than 5% were wet sieved to separate the fine and 

coarse material. The silt and clay fractions were measured 

by pipette analysis and grain sizes from 0.062 mm {4.o phi) 

to 32 mm (-5.0 phi) in diameter were mechanically sieved· 

at quarter phi interv·als. Particles larger than 32 mm in 

diameter were measured at quarter phi intervals using a 

sliding rule apparatus similar to that described by Krum­

bein Pettijohn (1938, p. 145). 

Textural parameters were calculated using a computer 

program developed by (Robert) Zimmerman at the·un1versity 

of Rhode Is1and Graduate School of Oceanography. Minor 

corrections 111 the program were mad.e by Edmond Fitch of the 

Geology Department before it was used in this study. 

S-Mode Factor Analysis 

Factor analysis was employed as a statlatical aid in 

defini11g sediment populations on Greene Point. This sta­

tistical tool was chosen because of the low energy bay en­

vironment 1n which the study was conducted. Friedman 

(1967) suggests that techniques employing grain size pa­

rameters for differentiating between sediment populations 

from dlfferent deposi t1onal environments, tend to be i.11.­

effective 1.n low energy situations where sediment supply 
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often exceeds energy available for distribution. Solohub 

and Klovan ( 1970) in a study comparing various techniques 

for identifying dc:posi tlons.l environments conclude that 

factor analys1.s is sensitive enough to detect subtle dif­

ferences in grain size distributions in low energy environ­

ments. 

Factor analysis on Greene Point samples was completed 

using a computer program supplied by Dr. John Imbrie of 

Brown University and adapted for use by the computer facul­

ties at the University of Rhode Island by Joseph Lambiase 

and Edmond Fitch of the University of Rhode Island Geology 

Department. 

The computer program ls a Q-Mode factor analysis pro­

gram which discerns relationships between variables of the 

sample. Ea.ch quarter phi size interv·al in the size analy­

sis of sediment samples is considered a variable in the 

computer program and the relationship between variables is 

expressed by correlation coefficients (Earbaugh and Merriam, 

1968, p. 182). These inter-relationships are expressed 

geometrically by mathematically pl0tted J:Sirs of v·ectors 

which are projected onto factor axes of untt length (-1.0 

to +1.0). The sum of the squares of the loadings on the 

factor axes is a measure cf the completeness of the repre­

sentation of the variables by the factor axes· and is known 

as the·comm.unelity. The goal of factor analysis is to ac­

count for the most variability 1n grain size with the 
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fewest factors~ In order to maximize this accountability, 

the computer program uses a varlms.x rotation which rotates 

the factor axes until the sums cf the.squares of the factor 

loadings are maximized. This is a posit1on1rig of the fac­

tor axes so that they are near the center of gravity of 

clusters of vectors representing variables. 

The raw weights in each size class of all surface 

and subsurface ,samples from Greene Point comprised the 

input to the Q-Mode factor analysis program. 



MORPHOLOGIC AND fJEDINENTOLOGIC ANALYSIS 

Morpholo5y and Morphologic Changes 

The Greene Point cuspate shoreform ls 2400 feet long 

in a north-south dire•ction and extends 800 feet bayward 

from the steeply slope mainland of West Passage. The most 

prominent features of Greene Point are a wide beach ridge 

(250 feet at low water) and the enclosed shallow lagoon. 

Tidal exchange bet:.-1een the Bay a11d lagoon takes place 

through a shallow breachway cutting through the beach. 

A marshy area at the southern end of the lagoon encloses 

a smaller pond which abuts against the mainland (Fig. J). 

Casey Point is smaller in its north-south dimension 

{1400 feet) than Greene Point, but extends more prominently 

into the Bay (900 feet) from the mainland (Fig. 4). Sim­

ilar to Greene Point, the Casey Point beach enclosed a 

lagoon which is connected. to the Bay by a shallow breach­

way. The Casey Point lagoon does not, however, include any 

marshy areas. 

Results of reproflllng of Greene Point ln March of 

1972 after the winter period show significant differences 

from the original profiles of November, 1971 (Fig. 5). 

Profiles 1 and 2, appearing concave where the beach slopes 
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up to the crest of the beach :ridge 1n November, 1971, had 

a less concave, much straighter profile by March, 1972. 

Greene Point profile 3 appeared concave along the beach 

zone section nearest the crest of the beach ridge and con­

vex along the foreshore section in November. In the March 

profile the situation became reversed with the upper sec­

tion becoming convex and the foreshore becoming concav·e. 

Profile 4 underwent changes similar to profiles 1 and 2, • 

changing from slightly concave ln November to straight or 

slfghtly convex ln Na.rch. 

Profiles 1, 2 and 4 across the Casey Point beach 

underwent no detectable changes between November 1971 and 

March 1972 (Flg. 6). Profile J located across the most 

seaward section of the beach showed the accumulation of a 

berm-like feature on the upper foreshore. 

Monitoring of reference stakes along the Greene .Point 

and Casey Point profiles between March and June, 1972, in­

dicated no change on Casey Point and moderate changes along 

the upper sandy foreshore of Greene Point (Fig. 7). Changes 

in Greene Poi.n.t. profiles 1, J and 4 indicate shoreward move­

ment of sediment between March and June. 

Littoral Sediment Movement 

Sediment movement on the upper sandy portion of the 

Greene Point foreshore correlated with average wind direc­

tion recorded during each 24 hour tracer study period 
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(Table A). When wind~ w-ere from the southern quadrant.a 

during a tracer study, th':! fluorescently-coated tracer· 

sands mov·ed north along the foreshore., The reverse case 

was true for winds from the northern quadrants. 

In·general, the net distance of longshore.movement 

was small and tracer sands were nev·er recovered more than 

66 feet alongshore in either direction from the starting 

point. This 1s probably due to the limited time of expo­

sure the upper foreshore has to wave action during each 

tidal cycle. 

The distance of transport varied depending on the 

average wind direction over each 24 hour study period. The 

greatest longshore movement occurred during winds from the 

northwest quadrant (northwest and north northwest) and from 

the southwest quadrant (southwest and south southwest). 

Net longshore transport was 25 feet or less during winds 

from the west and northeast • 

.A v·erage wind speeds were low during the studies, vary­

ing between 8 and 14 miles per hour, and no correlation 

could be observ·ed between wind speed and longahore trans­

port. Longshore current measurements should not be consid­

ered lndlcatlve of average littoral conditions, since they 

were not ta.ken throughout each study period and averaged as 

the wind .velocity had been. However, the iongshore current 

velocity recorded at the end of each tracer study period 

was highest, as sediment transport had been, du.ring wind 
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GREENE 'POINT FORESHORE TRACFR STUDIES 

Wind, 
Tracer * Tracer 

Wind Speed Distance Date ~tatlor: Direction (M.P.H.) Direction (24 Hrs. 

. 
J/2J S-A· SSW 14 NW(U) 15 ft. 

J/29 S-B NW 12 SSE(D) 40 ft. 

J/29 s;..A NW 12 SSW( D) 60 ft. 
, 

l~/6 S-C SW 10 NW(U) 66 ft. 

l~/9 S-B NNW 12 SSW ( D) 45 ft. 

-
4/29 S-B .WSW 14 w 10 ft. 

4/29 s-c WSW 14 WSW (D) 15 ft. 

5/21~ S-D SSW 8 NW(U) 45 rt. 

5/26 S-A 'NE· ,10 SSW(D) 25 rt. 

*U - Upcoast Towards Bayhead 
D - Downcoast Towards Baymouth 

TABLE A 

Littoral 
Current* 
(ft./seo.) .. 

.JJ(D) 

.25(D) 

• J5(D) 

• 50 ( U) 

.40 ( D) 

.15 ( D) 

.15(D) 

.15(u) 

.SO(D) 

• GREENE POINT 

>..; 
s-o ... 

s-c I 

S-B 
' . 

- -S-A 

LOCATION of 

SEDIMENT DYE STATIONS 

N 
I.,,) 



24 

activity from the ncrth1,iest and southwest.· 

Observations between March 18 and June 20, 1972 at 

sediment dye ste.tiona on the shingle material along the 

lower foreshore of Greene Point rev·ealed only two periods 

of mov·ement. Observations on May 10 and 16 at a dye sta­

tion just north of the breachway, indicated shoreward 

mov·ement of three J:Srticles between 5 cm and 10 cm in di'!'­

ameter. Maximum movement was five feet in the landward 

direction from the starting point at the dye station .. 

Bl-monthly observations between March 18 and June 

20, 1972 at five dye stations along the lower foreshore 

of Casey Point indicated no mov·ement of large cobble and 

boulder sized sediments. One instance of movement of small­

er cobbles (4 cm to 6 cm 1n diameter) was recorded on May 

18th. Three small cobbles had moved 5 feet landward of the 

dye station. 

Sediment Distribution: Greene Point 

Textural analysis of Greene Point surficlal samples 

indicates six areas of similar sediment size and sorting 

characteristics (Flg. 9). Poorly sorted pebble to cobble 

size sediments dominate in a zone parallel to the seaward 

edge of Greene Point. This zone ls wid.est {225 ft.) along 

the segment of Greene Point south of the tidal breachway 

and narrows on the north side of the breachway. It forms 

the flat lower foreshore of Greene Point and slopes bay-
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ward at one degree or less. La.ndward of the lower foreshore 

1s a zone of poorly sorted sediment ranging from granules 

to very coarse sand. This zone ru..~a the entire length of 

Greene Pol.nt and connects with adjoining sand beaches. The 

rpper foreshore and the shoreward edge of the backshore are 

lncluded 1n this zone. The remainder of the backshore area 

lncludes a zone of medium to coarse sand, moderately to 

korly sorted and a zone of fine to medium, poorly sorted 

tand. Two sediment zones occur in the area of the breech­

jay. One, in the channel itself, is an area of granule to 

febble size, poorly sorted sediments. In the area includ­

ing the delta-like extension into the lagoon, a zone of 

oarse, poorly sorted sand occurs. 

In addition to surficlal beach sediments ranging up 

vO boulder size a number of blocks ranging from four feet 

Jo eight feet in diameter occur along the lower foreshore 

1nd in the littoral zone {Fig. J). The total number of ob­

servable blocks is in excess of twenty. Some may be un­

~etectable because they are not exposed at low tide. Most 

Jr the blocks are fractured and many have been broken into 

slmaller fragments by frost action. These large blocks were 

fobably glacially emplaced, but evidence such as striations 

and grooves are absent and may·have been removed by wave 

abt1on. 

The beach cores (cores 1, 2 and J. Flg. 10) indicate 

Greene Point beach 1.s underlain by coarse. moderately 
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sorted sand .. Ceres 2 O.l'ld 3 were taken in low backshore . I . 
a.reiaa of Greene Point and terminated in a coarse, dark, 

brganlc appearing silt layer similar to sediments found in 

lthe near lagoon. 

Analysis of core samples from the lagoon indicate 1t 

is U."l.derlaln by layers of coarse silt lnterbedd.ed with lay­

ers of medium to coarse, moderately sorted sand (Fig. 11). 

~ome of the coar$e lagoor..al layers included particles. 

ranging up to pebble size. 

I 
[nteroretation of Q-Mode Factors 

Q-Mode factor analysis was used by Solohub and Klovan 

(1970) to differentiate bet111een sediment populations in the 

,relatively low energy Great Lakes area. It was found that 
I . 
ithe factor analysis helped to define the v·arlous sediment 

populations related to dlrferent env·ironments of deposition 
' 

(beach·, dune and river) much more clearly than frequently 

used bivariate plots of textural parameters (Friedman 1967). 

While factor analysis is a valuable tool for detect-_ 

ing subtle differences ln sediment populations from graln 

size distributions, lt la only a mathematical tool. The 

~elation between Q.:.Mode factor and aedimentologlc process 

ls ultimately a subjective interpretation. The interpreta­

~lon of Q-Mode factors resulting from analysis of Greene 

foint samples 1s based on the positioning of the samples on 

~he beach (foreshore, backshore and lagoon) and a knowledge 
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of processes that operate in thes~ zones (wave, wind, and 

tidal)., 

Q-Mode factor analysis of 81 Greene Point beach end 

• goon samples resulted in flve mathematical factors ac­

\ounting for 86.5% of ·the variability among samples. Q­

Mode factor 1, accounting for 33.% of the total v·arlabili ty, 
I -
ls significant in var1max matrix scores (Table 2, Appendix} I . . 
of samples taken along the upper foreshore of Greene Point 
I 
,Fig. 12). The medium to coarse sand in this zone was 

I jeadily transported alongshore during tracer studies (see 

analysis of' littoral sediment movement) by swash and back­

Jash. Factor 1 therefore probably indicates the influence 

~f wave run-up and backwash on the slze distribution of 

~each sediments. 

Q-Mode factor 2 accounts for 24% of var1ab111ty among 

G1 eene Point samples and is slgn1f1cant in the var1max ma-
\ • • 

trlx scores of samples from the section of foreshore between 
I 

mid-tide elevation and the low water line. The mean grain 
I . 

size of material in this zone is in the pebble range (19 mm 
I ti 76 mm). The transporting mechanism for this coarse ma.-

tirial must be of a higher energy leval than s~ash and back­

wash motion which 1s competent enough to move finer material 

h gher up on. the foreshore. Q-Node factcr 2, therefore, is 

pjobably related to the breaking wave process which supplies 

e ough energy through turbulence to account for coarser 

ale distributions. This lower section of foreshore is 
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0 

wide, flat ( leas t.ha.n 2 sea.ward slope) a11d complet~ly 

submerged at high tide. Waves nortr.ally shoal and break 

1n this section for a few hours be:fore and after high 

tide. Miller and Zeigler (1964) reported that sed.iments 

rl'thin the 

\rlbutions 

zone. 

breaker zone commonly have coarser size dis­

than sediments landward or seaward of this 

Q-Mode factor 2 is also significant ln all samples 

(samples A through H) taken from the breachway of Greene 
I 
701nt. This indicates that the material in the breachway 

1s been subject to EJ1m1le.r energy conditions as the lower 

\oreahore of Greene Point, but not necessarily attributed 

to the same transport process which influences the lower 

.1oreshore. we.ve motion.was not observed in the ne.rrow 

section of the breachway where 1t cuts the highest por-

t on of the beach ridge, while waves were observed to 

break where the breachway widens on the foreshore. Both 

o~cillatory wave motion e.nd unidirectional tidal flow e.re 

probably responsible for sediment size d.1stribut1on ln the 

b eachway. 

Q-Mode factor 3 is significant in 12 of 29 samples 

with a mean grain size greater than -2.00 phi taken on the 
I - -

middle to lower fore.::hor~- A 11 these samples included 

Jrticles up to boulders (greater than 76 mm) in size. 

Tje extreme size of these deposits suggests they may be 

1Jg deposl ta. Littoral mov·ement tracer studies of this 
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coarse ma ter1al en the f o:reshi:n:e of Greene Point ind.teated· 

slight shifting o? cnly th~ smaller cobble sizes.. 'rhese 

studies, howev·ert were cond.ucted under moderate energy 

conditions during the Spring of 1972. 

Q-Mode factor 4 accounts for 8.J% of total variabil-

lty among samples. Samples in which this factor is sig­

nificant contains 25% or more silt. Sample Jb from the 
I . 
rackshore of Greene Point, sample C from the breachway and 

·ra.mple Kon the foreshore adjacent to the breachway, all 

have a slgnlf leant factor 4 in their ·v-arlmax matrix scores I -
fTable 2). Factor 4 is also significant 1n samples 2a and 

l
a. which are samples of the lagoon bottom (Fig. 8). 

The source of the fine material may be offshore from 

he bay bottom. Finer sediments in the lagoon samples may 
I le transported through the breachway or ov·er the Greene 

joint beach. The significance of factor 4 in sample 3b 

jrom. the• backshore beyond the normsd range of wa.v·e actl vi­

jy, sugge$ts wind transport may account for the distr1bu-

1,,1on of some finer sediments. 

Greene Point beach core samples C2-J and CJ-J (Fig. 

~O) and lagoon core samples c4-1 and c6-J (Fig. 11) heve 

i significant factor 4. All three samples are dark with 

j large .organic content and hav·e a mean grain size in the 

1oarse silt ranges The occurrence of factor 4 in beach 

. clores as well as in foreshore and breachwa.y samples sug­

~eats that the beach has retreated over former lagoona.l 
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deposits. 

Q-!'lode factor 53 accountirig for 11% of total varia­

bility, is significant in a third of the samples from the 

lower foreshore of Greene Point (Flg .. 12) and in five sub­

surface samples from the lagoon. This factor occurs sig­

nificantly in samples of platykurtic size distribution. 

~uch a distribution may result from addition of fine ma-

to the ta.11 of a coarser distribution (Nason and 

olk, 1958). Following this interpretation, the signifl-

of factor 5 may indicate infilling of finer sediments 

round the coarser material on the lower foreshore. All 

o fine silt. 

boulders 

Sediment Distribution: Casey Po!Qi 

~urfloial beach sediments of Casey Pol~t are coarser 

fhz;n those of Greene Point and include sizes from pebbles 

fo boulders. Finer interstitial material ranges from fine 

sand to coarse silt and makes up less than 10% of the total I . . 

I
urflcial material. 

The mean size of samples of the coarse surf1c1al 

I each fil4terlal increases from 6.26 cm on the north end of 

Casey Point to 12.06 cm on the south end (Fig. lJ,.Appen-

1

1x, Table J). Samples taken ln transects across Casey 

Point beach from landward to seaward, also increase in 

jean grain :ize. 
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In contra.st" cores from the lagoon were composed of 

fine and m~dium sand. All samples of the cores (Appendix, 

Table 1, p. 99), except; sample C7-1, have a. mean gre.1n size 

in the medium to fine sand range, are moderately sorted, 

and hav·e el ther a :riosi ti \i"e or nearly normal skewness. 

Sample C7-1 from the top of core .1 is coarse silt and more 

poorly sorted than the other se.mples. Layers of coarse 

material such as found in the Greene Point lagoon are not 

found in the Casey Point lagoon at least to a depth of 3 

feet below the sediment surface. 

§..edlment Shape .An..a.l;zsl~ of Casey Po111t ~hingle 

Shape analysis indicates the distribution of sphere, 

blade, rod and disc shaped particles ln a landward to sea­

ward sequence across Casey Point (Fig. 14). In general, 

there ls a seaward increase in the percentage of spherical 

particles, with the percentage of blade and rod-shaped 

particles variable among the samples. Plots of particular 

size in phi units against percentgge of shapes, show the 

greatest percentage of disc-shaped particles occur in the 

modal s1ze class. 

Disc-shaped particles are·the most frequently occur­

ring of the fov.r snape classiflcatlons, composing up to 

50% of the most landward samples. The second most frequent 

shape is the blade" composing 35% of some samples a.nd usu­

ally frequenting the lower size classes. Spherical shapes 
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are third in s.bundance, forming up to JO% of some seaward 

samples. Sphares are acattered through all size classes, 

but are most frequently in modal or ne~r modal size classe~. 

Rod-shaped particles occur rnof:!t infreq_uently of any shape 

and are confined to the ~maller size classea. 

Bluck (1967) found that samples from beach shingle 

reworked to maturity by waves, had the greatest percentage 

of discs in .the modal slz~ class and a seaward increase 

ln the percentage of spherical particles. Distribution of 

particle shapes on Casey Point is very similar to Bluck's 

results and lncticates the Casey Point shingle has, at lea.at 

surfically, been rewcrked. 

Com,ee._Ti§on cf Greene Point and Casey Point -

Morphology and Sedimentology 

Greene Point and Casey Point are similar in their 

general morphology. Both are cuspate shoreforms composed 

of a beach ridge enclosing a shallow lagoon. Elevation of 

each beach rldge at the crest ls between 5 and 7 feet above 

low water. Tidal exchange between the lagoons a.rid the bay 

1s through shallow breachwaya cutting the beach ridge at 

the apex of the cuspate form. Tidal exchange occurs only 

at high tide since the elevation or· the breachwa.y channels 

at their highest point ls 2 feet above low water. 

Major morphologic differences between Greene Point 

and Casey Poi.nt are size and shape. Although Greene Point 

• 
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is approximately 1000 feet longer thari Casey Point, it 

does not extend as far seaward a$ Casey Point, and is less 

ouapa.te ln form than cs.sey .Point. 

In detailed morphology, the two shoreforms differ 

greatly in profile. Greene Point haa a sandy upper fore-
0 0 

shore which dlps seaward at 6 to 8 and a very wide lower 

foreshore (100 feet at low water) which dips gently seav-:a.rd. 

at 2°. Casey Point, however, slopes continuously seaward 

at 8° to 12° from the crest of the beach ridge and has no 

wide, flat lower fore~hore. 

Another major difference betwt,en Greene Point and 

Casey Point ls in sediment size distribution. Casey 

Point's surficial material is primarily cobbles.and boul­

ders with !Some interstitial finer material. Greene Point 

has a zone of surflcial cobbles and boulders along the. 

lower foreshore, but also has an upper ·foreshore composed 

of medium to coarse sand. Thi~ sandy zone of Greene ?olnt 

changes sea.serially, eroding in the winter months and ac­

cumulating material in the spring and summer months. 

Eroded beach aand 1s apparently stored offshore during the 

winter months as indicated by linear ridges of sand which 

were observed to migrate landward across the lower fore­

shore ln the spring. Trac~r studies s.long the foreshore 

of Greene Point ind.lcate the sands are .continuously re­

worked and tran~ported alongshore by wav·es. Q.-Mode factor 

analysis of sa,!l.d samples further ~mpporta re1:•rnrking. The 
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sand~ are sorted 1n the bres..1!:e:r zon<, and the finer sizes 

ar• dlstrlbuttJd o~ler. the upper foreishore by wave swash and 

backwash. The poorly sorted nature of the sands indicates, 

howev·er, the energy available for tran&port and reworking 

is low in the- bay in comparison to oceanic shorelines. 

Ca!tey Point does :not undergo S-lffl~lonal erosion or 

deposition. Shape sorting of cobbles and boulders and the 

accumulation of a small berm indicate Casey Point is re­

worked slightly by wav·es. Movement of material up to 10 

cm in diameter durip.g the winter months 1D apparent from 

the fore mentlonod berm. but th~ reworking :processes is· 

not co.ntl11uous. Movement of material lE,rgl!br than 6 cm in 

dla:meter was not recorded during tracer studies,. The berm 

that accumulated durl11g the winter of 1971-72 remained 

unchanged for at least 6 months after it ~as first ob­

served in March,. 1972. 

Sediments 1n the lagoons behind Gre~ne .P.olnt and 

Casey Point are also markedly different. Sizes range from 

silt through coarse sand in the Greene Point lagoon with 
' 

included particles ranging up to pebble size. Sediments 

in the Casey Pq1nt lagoon range from medium sand to coarse 

s!lt with no included large :pe.rt1cles. Greene Point la­

goo.nal sediments may hav·e originated as former foreshore 

d~posits ls suggested by Q-Mode factors 1 & 2, which are 

slgnlfica.nt 111 both lagoon and foreshore fiamples. Over-

• washing of sand from the present beach may hav·e also con-
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trlbutod so::ne lagoo.r..al material.. Howev·er, evidence: of the 

retreat of the. Greene Point b$&Ch ov·er_ la.goonal sediments 

ls indicated by the expo$ure of dark gray ·sand on the fore­

shore and in th~ breachway. These samples contained de­

composing organic matter_slmlla.r to da.rk layers of sand. 

found ln the le.goon. 

There is no evidence that Casey Point has r~treated 

landward over lagoonal deposits. Lack of coarse material 

in the lagoon indicates that ov~rwa.shing has not taken 

place. There 1s no exposure of lagoonal sediments on the 

Caeey Point foreshore. It ls not kno1·m, howev·er, whether 

the present Casey Point beach is resting on former lagoonal 

sedlment::i since the co.s.rse surf lcia.l IIJD1:er1a·1 could riot be 

penetrated. 



ORIGIN OF CUSPATE 8HOREFOfillS 

As pointed out earller (p . .3) Johnson (1925, p. J60) 

flrst recognized the slgnlflcance of limited wave attack 

in the development of cuspate shoreforms. Johnson suggested 

that wave at ta.cl..: limited 'to two opposing directions results 

in littoral drifting of sediment in opposing dlrections to­

~ard inequalities in the shore, shoals or protected areas 

ln the lee of 1.slands. or points projecting from an op_pc,a-

1ng shore. Numerous examples are given of wave built cus­

pate ~horeforms 1n elongate narrow water bodlea. Among 

these are st. Andrew~ Channel, West Arm of Sydney Harbor 

and St. Anns Harbor, all adjacent to St. Ann~ Bay near 

Bras d 1Or lakes., Cape Breton, Canada. These water bod1ets 

resemble West Passage, Narragansett Bay. All are found in 

weak rock lo,~lands and numerous cuspate shoreforms have 

developed along the shorelines of each. 

Zenkov·1ch (1967) discussed several possible origins 

of cuspate shoreform$. Some cuspate feature~ may originate 

as a double feature formed by two spits accumulating from 

opposing directions. Cuspate shorefor:ms originating in 

this manner form ln narrow bays where littoral material may 

be derived from the directions of both the ba.ymouth a.nd 

be.yhead. 
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Cuspate shoreforma also develop ln long, narrow, 

sandy lagoons and tend to be ev·enly spaced cyclic shore­

forms (Zenkovich, 1967). Waves move along the axis of the 

narrow water body in both directions, depending on fetch 

le~...gth (dlstence from the opposite end), and their energy 

becomes constant or decreases at some point due to re­

fraction. At this point the littoral drift system becomes 

saturated with material and sediment tends to accumulate .. 

. After the load of littoral material ls decreased by depo­

altlon, the cycle will repeat. The cuspate configuration 

of the accumul.ation form depends on the strength of littoral 

flow _from e.s.ch opposing direction. More symmetrical forms 

tend to accumulate near the center of the lagoon where op­

posing current~ are equal. 

Cuspate features also develop by erosion of more com­

plex shoreforma and islands according to Zenkovlch. An 

interesting example of this ls cited from Nichols {1948) 

1n which a caspate feature e.eveloped from the destruction 

of Snake Island, a drumlin island ln Boston Harbor. The 

development of a wlngied flying bar from material eroded 

from the drumlin gave rise to a cuspate configuration. 

The apex or front of the form is protected f'rom dlrect 

wave attack by a. boulder pavement, the rem,nants of the 

eroded drumlin. Nichols {1948) noted several peat deposits 

on the seaward side of the flying bars. He concluded the 
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bars must ha.V'e migrated ov·er these depoi!ii ts which formed 

111 the ~'iheltered area be.hind the cars~ This cuspate fea­

t 1.1xe ls similar in some resp~o'ts to Greene Point which 

al~o has r~treated over sheltered lagoonal deposits and 

ls bordered on its seaward aide by glacial blocks and 

boulders. Greene Point, however, ls tied to the mainland 

and the Boston Harbor feature ls not. Since Nichols• study 

in. 19Li,8. the Boston Harbor feature has apparently migrated. 

far onough away from the protect.ton of the isJ..end. .re.ran ..... "lnts 

to be vigorously attacked by waves and tidal currents. 

Snake Island now exists aa a curv lng almost circular ~1p.L t 

according to the la.te~t ed.1 tion of U,, s. Coast ::..nd Geo­

detic Survey Chart 236. 

King (1972, p. 521) states that cuspate shoreforms 

orlglnate under two general conditions: (1) in the shelter 

of offshore islands and (2) in areas of restricted wave 

approach due to intricate shorellne configura.tlon., 

Molla Point in the Solomol.'l Islands is cited by King 

(1972), ae a cu.spate feature which formed in the lee of en 

offshore island. The apex of the cuspate form points di­

rectly toward the island._ Each aide of the feature is 

formed. by a system of parallel ridges. These ridges were 

ap.P:trently formed by deposition of material from ll'ttoral 

drift in opposing directions. The two systems of ridges 

met forming the apex of the cuspate form. 
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The well~known cu.spate foreland at Dt.L.'1geness on the 

southern coa.at of England near the Straits of Dover ls an 

example of a form resulting from wave approach restricted 

by coastal configuration. wave approach ls restricted to 

the southeast by the proxlml ty of Fran.Ce and the apex of 

the form points southeast. The southwest shoreline of the 

Dungemess form faces the open expanse of the English Chan­

nel and the northeast shoreline facee the Stra1 ts of Dov·er. 

These shorelines a.re apparently oriented perpend:tcule.r to 

the direction of maximum possible wave fetch. 

Although King (1972, p. 521) suggests two conditiona 

fbr the development of cuspate shoreforms, the difference 1n 

her two examples {Noll.a Point and Dungeness) is only one 

of scale. The sheltering effect of an cff!rhore island is 

just one of !IIB.ny ways wave approach can be restricted. 

The sheltering effect of a ~mall. offshore island is much 

more llmlted than a proximal land area across the expe.nse 

of a major water body and the corresponding shorefo:rms are 

different in size. 

Shoreline Orientation 

The basic reason for the development of cuspate shore­

forms in all the analyses presented here la the restriction 

of wa,n.? approach,. In quantitative and qualitative e~timates 

of alongshore wa.v e energy and. v·olume of 11 ttoral drift, the 
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angle between the shoreline and the wav·e crest • or wave ra.ys 

of approaching waves is always taken into account (Johnson 

and Eagleson, 1966). The more acute the angle between the 

wave ray and the shoreline (the larger the angle between 

the wav·ecrest and the shoreline), the greater the compo­

nent of alongshore wave energy. If wav~s approach a beach 

:from one direction only, and assuming the approach direc­

tion is at an angle to the shoreline, even after refractlo.n 

ln the shos.llr..g 11ttcral zone, the beach would eve.t:tually . 
reorient to a trend more per:pe.mdicular to ·the wav·e ray!! 

(parallel to wave creHts),, In thi~1 configure.ti-on, littoral 

transport la at a minimum and the beach ls stable .. Thia i~ 

an ideal case, howev·er, since waves generally approach a 

shoreline from many directions. 

Lewis ( 1938) stresses the importance of dominant wa·1res, 

whlch he considers to be storm waves, 1n determlrilng the 

orientation of beaches composed of coarse material. Accord­

ing to L~wis, shorelinest.end to orient normal to the direc­

tion of maximum wave fetch from which dominant waves ap­

proach. 

Schou (1945) considers the effects of direction of 

maximum wave fetch e,nd wind resultant. If maximum fetch 

and wind resultant direction coincide. or the fetch la 

equal ln all directions, the shoreline will tend to be­

come oriented normal to the wind resulta.11t. If maximum 
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fetch and wind resultant do not coincide, the shoreline 

will become oriented a.long a line between the two direc­

tions. 

The work of Lewis and Scheu applies to beaches com­

posed of coarse material ranging up to cobble and boulder 

size in areas of llmi ted fetch. Wav·es affecting these 

beaches, are storm waves genera.tad by local winds and have 

s1..naller wavelengths, greater relativ·e steepness and are 

less refracted than wav·es approaching open ocean beaches. 

Davis (1960) considers the orientation of sand beaches. 

He considers the refraction of longer waves generated un-

der non-storm conditions as a significant factor in deter­

mining beach orientation. Sandy beaches will be most stable 

if they are oriented normal to the direction of refracted 

waves. Littoral zone bathymetry will therefore be impor­

tant ln determining bE".ach orientation. 

Orientation of the West Passage Cuspate Rhoreforms 

From the previous discuasion it can be easily under­

stood swhe,t effects u.n elongate body of water such as West 

Passage can have on shoreforms developing along its shore­

lines. Limited wave fetch probably has a slgnlf lca.nt ef­

fect on both dominant wave d.!.rectio.n and prevalent wave 

direction (wa.v·es occurrir..g w1 th the greatest frequency 

within the Passage). 



Possible relationships between the orientation of 

Greene Point, Casey Po1.n:t, the other two cuspate shore­

forms (Plum Beach Point and South Ferry), and the config­

uration of West Pas~m.ge were teated by calculating maximum 

fetch. Maximum fetch was determined relat1v·e to the north 

and south sides of all four cuspate shoreforms. 

Weve fetch is restricted by the configuration of 

West Passage and therefore it is necessary to calculate 

the effectiv~ fetch which accounts for the limiting effect 

of surrounding shorelines. Calculation consists of measur­

ing the lengths of fifteen radials extended from a wave 

station (Greene Point and. Casey Point in this case) until 

they intersect the shoreline (U.S . .Army Corps of Engineers 

1966, p. 24). The radials are constructed at 6 degree in-

. tervals out to 45 degrees on either side of the direction 

for which effective fetch ls to be calculated. Fach ra­

dial measurement is multiplied by the cosine of the angle 

between the central fetch direction and that radial. The 

resulting values are summed and divided by the sum of the 

cosines of all angles. This operation can be expressed by: 

. r x1 cos e 

~ Cos e 
where x1 ls the length of each.radial 

and els the angle between each radial and the wind direc­

tion. This multiple radial method ls based on the follow­

ing assumptions: (a) wind mov·ing over the water surface 

·cransfers energy to the water in the wlnd direction and 
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over 45 degrees en either side of the wind direction, (b) 

the wind tra.nsf~rs a unit amount. of energy to the water 

surface along the ra.cHal ln the direction of the wind and 

transfers energy in the direction of any other radial in 

an amount proportional to the cosine of the angl_e between 

the radial· and wind direction. and ( c) wav·es are complete~ 

ly absorbed at the shoreline. 

Effective fetch was calculated for both Greene Point 

and Casey F·oint ln eight compass directions, 4 5 degrees 

a.part. The two largest fetch directions were selected 

from the northern and southern quadrants and additional 

fetch distances were calculated within a few degrees of 

these two directions, to be certain that the maximum pos­

sible fetch was correctly located. 

Relative to the northern side of Casey Point the 

maximum effective fetch is J.17 nautical miles, trending 
0 

N22 E. On the south side of Casey .Point maximum effectiv•e 
0 

fetch ls 1.80 nautical miles, trending s23 E (Fig. 15). 

Plotting these fetch directions rels.tiv·e to Casey Point 

on a map, it can be seen that the fetch direction from the 

north is nearly perpendicular to the north side of Casey 

Polnt. The southern maximum fetch direction is not quite 

normal to the southern side, varying from the normal by 
0 0 

approximately 10 to 20 • 

Maximum fetch relative to the north side of Greene 
0 

Point ls 4,,89 nautical miles trending N10 E. On the 



-1 

SOUTH/ 
FERRY~ 

51 

\ 

0 

' 
.5 

, , I 
• ·Kilometer 

. I 
d , 

Figure 15. Orienta t1on of maximlli!l fetch rela. ti ve to 
the cuspate shoreforms in West Passage· 



.52 

southern side of Gre~ne Point .~:xir.rium fetch is 1. 57 nau-
o 

tical miles trending 350 E (Fig~ 15). The relation of 

these f etoh directions to the Gre.ene Point shoreline i~ 

difficult to assess since this shoreline is much more cur­

vilinear in outline than Casey Point .. Rowe,rer, .taking the 

perpendicular at various points along the Greene Point 

shoreline, as established from the plane table and alidade 

survey, and measuring the angle between the norrosl and.the 

fetch direction, a range cf values can be obtained. The 
0 0 

northern fetch dlrectlon va.rles beVAeen. 17 and 3.5 from 

the normal.to the shoreline at various points along the 

northae.at facing beach of Greene Point .. The southeast 

fetch direction varies between 12° and 20° f1•om the normal. 

Maximum effective fetch direotions. cs,lculated rela­

tiv·e to Plum Beach Point and South Ferry are approximately 

normal to the general trend of their shorelines (Fig. 15) .. 

The ecnflguratlon of Plum Beach Point and South Ferry was 

taken from U .s. Coast and Geodetic Surv·ey Chart No. 2J6 .. 

Therefore a range of angles between wave fetch and. shore­

line could not be established a.s with Greene Point a.nd 

Casey Point for which a detailed plane table survey was 

made. 

In general, the orientation of all four cuspate shore­

forms along the west banlr of West Pasaage are clearly re­

lated to the maximum available wave fetch. These ahore­

forms s.:re apparently orlen.ted in approximate equilibrium 
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with the most dominant waves generated in West Passage. 

Deviation from this norm of shore:llne orle11ta.tlon relative 

to maximum fetch ls probably due to wave refraction effects., 

Since these deviations are relatively small, the s.hallow 

submarine slope offshore from the shoraforms has probably 

been somewhat reworked and reoriented relative to dominant 

wav·e dlrectic::>1'1 .. 

The ahoreli11e of Greene Point 1s curvilinear and 

:markedly different from the other West Passage cuspate 
-

shoreforms which are sharply angular in map view. The 

dlspe.rslon of wave energy due to.refraction, reflection 

and diffraction of waves around the numerous glacial 

blocks bordering Greene Point ls probably the major cause 

of its curvilinear configuration. 

Prevalent Waves and Initiation of Sediment Transport 

Prevalent waves or waves occurring with the greatest 

frequency, are related to average wind direction in West 

Passage. In order to estimate the prevalent wave direc­

tion and po$Sible effect on shoreline orientation, wind 

resultants for West Passage were calculated. 

The calculation method used ls based on a formula 

for wave energy~ E = w4BF (Bruun. 1955), where E: equals 

total wave energy from a glv·en ~irection, W ls the wind 

f,~rce according to the Beaufort scale, H ls the wind fre-. 
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quency from a given direction and Fla the fetch length. 

Calculation consists of determining a v·ector for eight or 

more compass directions whose length ls proportional to E 

in the abmre formula. These vectors ere added graphically 

and the resultant is the· straight line joining the first 

and last vectors (Schou, 1945). 

Wlr1d data for resultant calculation was obtained 

from the Quonset Polnt Naval .~ 1r Station for the period 

between August, 1970 and June~ 1972. The data were re­

corded hourly and consist of both speed and direction. 

Monthly s1l1l111:a.r 1 eR of the data are given ln table 5 ln the 

Appendix (p.131J,,). 

The effect of the configuration of West Passage on 

wind velocity ls that the highest wind speeds and fre­

quencies occur subparallel to the long axis of West Pas­

sage. 

In calculating the wind resultant for West Pas.sage, 

average wind velocity in eight compass directions was used 

along with the fetch in those direction~. Because effec­

tive fetch was used, the resultant was calculated at two 

positions along West Fasaage, Greene Point and South Ferry. 

This was done to include the effect of fetch variation at 

different 1ocat1ons. 

The wave energy formula uaed ln this case was modi­

fled somewhat from Bruu.nts original formula because of the 

low av·erage wind ~peed in We~t Pas3age. If the Beaufort 
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scale was used. all the wind speed~ would fall into the 

force J categ;~ry o:r lower. In prev·1ous w.lnd resultant 

calculations (Guilcher, 1958) all winds below Beaufort 

force 4 have been eliminated as ineffective. In West 

Passage, however, the frequency of winds greater than 

Beaufort force 4 (18 M.P.H.) is v·ery low and all winds 

of lower force must be included ln·the analysl!i. There­

·rore the actual wind speed was used in the resultant cal­

culation to insure that differences in wind speed were 

adequately represented. 

The wind resultants are shown in Figure 16 at Greene 

Point and South Ferry along with the vectors calculated for 

each wind direction. The Greene Point resultant trends 
0 0 

N 27 E and the South Ferry resultant N 25 E. Both re-

sultants are clo!te to the maximum fetch calculated for the 

northeast facing shorelines of the two shoreforms. 

The wind resultant suggests a southerly longshore 

drift direction for aediments transported under energy 

conditions, indicated by av·era.ge wind velocity. This ls 

supported by the constant piling up of sand on the north 

side of the small rock groins built along the beach be­

tween Greene Point and Plum Beach Point. 

Maximum a.v·erage wind speed for any month between 

August 1970 and June 1972 was no greater than 16 M.P.H. 

Using this figure as the maximum average condition and 

applying it to wav·e hindca.stlng curve (U.S. Army Corps 
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of Er..glneers, 1966, p ·~ 59) , the hind casted wa. v e ov·er the 

maximum a.valla.ble fetch (.5 nautical miles) would have a 

signif lcJant height of 1 foot, a pe::i:-icd of 5 second.SJ and a 

length of 80 feet. Sediment tracer $tud1es on Greene 

Point indicate that sediments up to coarse pebble alze 

{ 76 mm) are readily transported when wind speed a\T~rages 

no more t.ha.n 14 M.P.H. (Table A). It ls therefore con­

cluded that waves normally generated within West Passage 

are competent in traneportlng sand in the littoral zone 

along with some coarser ma.terial ranging up to pebble size& 

This conclusion was compared with published. empirical 

and ·theoretical methods of predlctlng inl tla tl011 of sedi­

ment motion. Sternberg (1972) conducted field tests on 

inltiatlon of sediment motion and found that the curves 

relating m~an velocl ty, shear velocity 9.nd .Shields en-• 

trai~..ment function to grain ~lze agree closely with field 

data. These curves can be ua!;d to predict, in general, 

what gral11s sizes will be lni tiated into motion by in­

stantaneous l'later v·elocltles tu1der ~hoallng waves. Thi~ 

as~umes that instantaneous orbl tal v·elocl ties are analogous 

to the same velocities in un1d1rectional flow. Komar 

and Miller (1973), however, point out that accelerating 

orbital motion -~111 exert a greater e1tress than a constant 

fl.ow of the same v·elocity at a given insta.nt. The analysis 

presented here will therefore result in a minimum diameter 

·or particles eroded u.nder a gl ven set of wave condl tlons. 
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Taklng th<? hindca.sted slgn1flc8.nt 1 foot wave, gen­

erated over maximum available f~tch ln West Passage, shal­

low water transformatlonEl can be approxime.ted using the 

transformation relatlonehips presented by Eagleson and 

Dean (1966). The transformed wav·e in five feet -of water 

would be 2 feet in height, have a wav·elength of 20 feet 

and a celerity of 15 feet per ~econd. Using these parame­

ters in the equation for maximum horizontal particle 

velocity in a solitary wave (Dean and Eagleson, 1966j: 

u = CN , where C = wave celerity, 
max 

N and Mere functions of wave height and water depth and 

z = distance above the bottom, a particle velocity of J 

feet per second is obtained. A very small z ls taken to 

obtain velocity near the sediment surface. According to 

published competency curves (Inman, 196.3), this velocity 

ls sufficient to initiate motlon in sediments up to sizes 

of 10 mm ln diameter (pebbles). 

Prevalent waves ln West Pa~sage, which are g.enerated 

according to the wav·e resultant in a fetch direction from 

the northeast, will generally have a significant wave 

height cf up to 1 foot under normal conditions. While such 

waves are adequate to transport material up to pebble s~ze 

in the littoral zone and on the foreshore, tracer studies 

indicate transport of cobble and boulder size material ls 
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very 11ml ted. Ce~talnly there is no longshore trairnport 

of cobbles and boulders by waves of 1 foot or leas., There­

fore, the effect of relatively low energy wav·es generated 

in the study area on the orientation of the West Passage 

cuspate shoreforms, which have significant fractions of 

very coarse material, is considered minimal. 

This coarser material ls, however, at times locally 

reworked by wav·es a.s indicated by the cobble berm built 

on Casey Point and the landward shifting of a few cobbles 

on the foreshore of Cast:y Point and Greene Point. Trans­

port of this ma terlal may take place U.."1.der higher than 

average energy condl tlons when wind speeds an~_tldal ele­

vations are hl°gher than norm.sl. 'l'hls la wpported by the 

fact that the berm built on Casey Point during the 1971-

1972 winter was located above the usual high wster mark. 

Origin -of Wef!t Pas.§_age Cusi:e.te Shoreforms 

Appar~ntly there 1s no littoral budget of the cob­

bles and boulders forming the lower foreshore of Greene 

Point and all of the Casey Point beach. Shape sorting of 

the Casey Point shingle, however, is strong evidence that 

the beach has been totally reworked by wa.ve8. Schaf-er 

(1961) suggests the West Passage shoreforms have developed 

from pre-existing shoreline and bathymetrio irregularities. 

These irregularities probably existed as salients of ground 

moraine material projected towards the center of the West 
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Passage Cha.nnel. After sea-l~vel rose to 1 ts present po­

sition, tho cce.rse glacle.l d~p:)slta could then be reworked 

and reoriented by domir.ant waves generated over the largest 

fetch areas 1n w~st Passage. The finer material, conn.i.st1ng 

of sand, sllt, and gravf!l, now present in the beach deposits 

of Greene Point and Plum Beach Point has probably lnfllled 

• around pre-existl.ng coara~r deposi ta. 1'her:se shoreforma 

are> adjacent to ice contact deposl ts {Figure 2), which are 

charact~rlstically atrat1fled, include a wide range of grain 

sizes and are d~formed. These properties indicate the role 

of stagnating glacial lee and meltwat;er in the depc~itional 

process (Flint,1971, p. 184). Collapse of the~e depoaits 

after final melting of the ice probably exposed significant 

amounts of fine material to erosion and resulted in a sup­

ply of silt,sand and gravel to the adjacent shoreline. 

Casey Point, however, is bordered on its landward side by 

ground moraine and ls isolated from immediate sources of 

finer material available in ice-contact deposits. The 

source materials for Casey Point, therefore, are the cob-

bles and boulders predominant ln glacial till of the ad­

jacent ground moraine deposits. 



8 UMMARY A ND CONCLUSIONS 

Greene Point and Casey Point can be classified in 

general terms as cuspate shoreforma. Both shoreforms con­

sist of a northeast and southeast facing shoreline enclos­

ing a shallow la.goon. The beaches, which enclose these 

lagoons, are 5 to 7 feet above low water and are cut by 

breachways through which tidal excr.a.nge takes place with 

West Passage. 

Topographic and sedimentologic surveys ~dlcate 

Greene Point and Casey Point differ greatly in detail. 

Greene Point ls more elongated than Casey Point but does 

not extend as far seaward, nor 1s it as cuspate in form. 

The Casey Point beach consists of.shape sorted cobbles and 

• boulders dipping sharply sea.ward and landward from the 
0 0 

beach ridge crest at angles of 8 to 12 • Greene Point 

has a surflcia.l cover of sandy and pebbly, poorly sorted, 

sediments over its upper foreshore and backahore areas. 

Along the flat, lower foreshore, Greene Point ha.a a zone 

of cobbles and boulders mixed with poorly sorted sediment 

ranging 1n size from silt to pebbles. 

The Greene Point lagoon contains layers of medium to 

coarse sand, interbedded with coarse silt layers, with a 

high organic content.., Particles up to pebble size have 
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been found in this lagoon. Casey Point lagoon sediments 

are finer s.n.d range from medium sand to coarse sllt in 

slze. 

Seasonal changes on Greene Point include erosion of 

sandy material durlng the winter I::Jonths from the upper 

foreshore and infilling of this zone during the spring and 

summer months. Littoral transport of these sandy sediments 

readily takes place under normal, lower wave energy cli­

matic conditions. Exposure of lagoonai deposits on tne 

foreshore indica.tes Greene Point has retreated. landward. 

Cobble and boulder materlai forming the Casey Point 

beach and the lower foreshore of Greene Point is not trans­

ported in an alongshore direction, but some of the smaller 

cobbles are shifted landward under normal high wave energy 

climatic conditions. Significant shape sorting of the 

Casey Point shingle and the building of a. berm-like mound 

near the apex: of Casey Point indicates t.hat the surficlal 

material is at least occasionally reworked by -VQaVes. There 

is no indication, howev·er, that Casey Point is retreating 

landward ov·er lagoonal depositsa 

The configuration of Greene Point, Casey Point and 

the other two prominent cuspate shoreforms in West Passage 

(Plum Beach Point and South Ferry) is related to :maximum 

available fetch. The shorelines of these cuspate features 

are oriented nearly perpendicular to maximum effective 

fetch in the northern and southern quadrants. 
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Waves generated under normal wind conditions in West 

Passage are generally sJ.IJD.11, .riaving a. slgnif leant wav·e 

height of' 1 foot or lesse I11stantaneous water particle 

velocities under these waves as they move into shallow 

water, however, are capable of initiating motion in sedi­

ments up to 10 cm. in diameter. Larger particles may be 

set ln motion in the turbulent breaker zone. 

Prevalent waves, as indicated by the wind resultant, 

probably approach from the northeast. This is supported 

by a dominant southerly littoral drift. 

It is concluded that the cuspate shoreforma of West 

Passage originated as localized coarse glacial deposits 

which were later reoriented by waves generated over maxi­

mum available fetch. Waves cap!l.ble of reworking large 

boulders and cobbles are likely to be dominant storm gen­

erated waves. 

The sedimentology of the cuspate shoreforms ls di­

rectly related to local source areas. The coarser sedi­

ments of Greene .Point .have been 1nf1lled by finer material 

available ln ice-contact deposits immediately adjacent to 

the landward a11d north side ( updrift) of this shoreform. 

Casey Point. fui"ther to the south howe\rer, is isolated 

from any large source of fine m9.terlal in the immediate 

area and is composed of coarse size lag deposits from 

ground moraine material. 
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Table 1 

Sediment size frequency and textural parameters 

Size (phi) 1A 1B 1C 1D 

-6. 50 14.83 o.o o.o o.o 
-6.25 o.o o.o o.o o.o 
-6.oo o.o o.o o.o o.o 
-5-75 o.o o.o o.o o.o 
- .5. 50 2.47 o.o o.o o.o 
-5.25 5.05 6.32 o.o o.o 
-.s.oo o.o 4.63 o.o o.o 
-4.75 2.85 o .52 4.Ll-2 o.o 
-4.50 2.85 0.52 5.06 o.o 
-4.25 3.94 1.97 0.92 0.0 
-4.oo 3.94 1.97 0.92 o.o 
-J.75 2.11 1.91 1.06 0.56 
-J.50 2.11 1.91- 1.06 0.56 
-J.25 1.48 2.75 1.92. 0.95 
-J.00 1.42 2.75 1.92 0.95 
-2.7.5 1.30 2.96 1.63 0.77 
-2 .50 0.91 2.18 1.61 1.02 
-2.2.S 0.94 2.28 1.67 0 . .59 
-2.00 1.08 3.17 2.23 1.00 
-1 .. 75 0.71 1.8.5 1.34 0.75 
-1.50 1.17 2.76 1.49 1.10 
-1.2.5 1.04 2.39 1.22 1.09 
-1.00 1.33 2.85 1.22 0.80 
-0.75 1.74 4.50 1.54 1.09 
-0 .50 2.08 4.83 1.39 1.06 
-o .25 2.95 4.61 1.50 0.89 
o.o 4.76 5.37 1~76 1.22 
0 .25 .5.96 5.82 ·1 .79 1.14 
0.50 6.93 6.24 1.79 1.3.5 
0.75 6.96 4.42 1.98 1.34 
1.00 6.42 2.57 2.34 3.72 
1.2.5 4.58 2 • .54 3.56_ 5.07 
1. 50 2.86 2.86 6.30 5.91 
1.75 1.71 3.93 10.48 11.9.5 
2.00 O .86 J.28 9.97 14.40 
2.25 O .25 1.44 8.09 10.84 
2.50 0.12 0.63 6.71 8.97 
2.75 o .o·6 o.49 .., 4.25 6.66 
J.00 0.04 0.19 3.15 5.64 
3.25 0.04 • O .31 1.71 2.7 5 
3.50 0.04 0.11 1.20 2.19 
3.75 0.02 0.16 o.48 0.82 
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Table 1 

Sample % 

Size (phi) 1A 1B 1C 1D 

4.oo 0 .01 . o.o 0.15 0.33 
4.25 0.04 o.o 0.14 o.42 
4.50 0 .OL~ o.o o.o 0 .1+2 
4.75 o.o o.o o.o 0.21 
5.00 o.o o.o o.o 0.21 
5.25 o.o o.o o .. o 0.63 
5.50 o.o o.o o.o 0.6.3 

Mean (phl) -2.187 -1.261 0.164 1.490 

Standard 
Dev·iation 2.886 2.243 2. 503 1.6.36 

Ske1,;ness -0.264 -O.J62 -0.796 -1.259 

Kurtosis 1.543 2.097 2.247 4.946 
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Table 1 

SaE:.ple t 
Size ( phi) 1E lF 2.A 2C 

-6. ~o o.o o.o o.o o.o J 

-6.25 10. 57 o.o o.o o.o 
-6.oo 8.65 o.o o.o o.o 
-.5.75 o.o 7.20 o.o o.o 
-.5. 50 o.o L~.09 o.o o.o 
-5.25 o.o 1.18 o.o o.o 
-5.00 . 0 .o J.85 o.o o.o 
-4.7.5 2.23 6.35 o.o 1.42 
-4.50 2.23 6.35 o.o 1.42 
-4.25 1.98 2.89 o.o 0.53 
-4.oo 1.98 2.89 o.o 0.53 
-J.75 1.99 2.28 o.o 2.02 
-J.50 1.99 2.28 o.o 2.02 
-J.25 2.40 2.32 o.o 2.27 
-J.00 2.40 2.32 o.o 2.27 
-2.75 2.23 2.09 o.o 0.99 
-2.50 • 1.90 2.42 o.o 1 .52 
-2 .2.5 1.86 2.27 o.o 1.35 
-2.00 2.29 3.00 o.o 1.71 
-1.75 1.56 1.7.5 o.o .1.67 
-1 . .50 1.98 2.46 o.o 1.98 
-1.25 1.53 1.77 o.o 2.37 
-1.00 1.67 1.64 o.o 3.31 
-0.7.5 1. 59 2.25 0.73 .5.82 
-0 .50 1.92 1.79 0.73 7.52 
-0.25 1.68 1.95 o.49 8.94 
o.o 1.85 2.15 0.24 10.41 
0.25 1.84 1.93 0.24 7.86 
0.50 1.69 1.15 o.49 6.06 
0.75 1.20 1.79 0.73 4.63 
1.00 1.51 • 1.58 0.98 4.40 
1.25 2.00 1.82 1.22 4.55 . 
1 . .50 2.81 2.61 1.46 4.28 
1.7.5 5.98 4.47 0.98 3.21 
2.00 7.88 4.14 o.49 2.03 
2.25 4.93 2.84 o.49 1.19 
2.50 4.16 2.55 o.49 0.74 
2.7.5 2.64 1.73_ o.49 O .41 
3.00 1.77 1.00 o .49 0.23 
3.25 o.88 o. J6 o.49 0.13 
3.50 0.67 0.19 0.98 0.09 
3.75 0.27 0.06 1.22 0.12 
4.oo 0.15 0.02 1.22 o.o 
4.25 0.19 0.08 12.20 o.o 
lJ,. 50 0.19 0.08 12.20 o.o 
4.75 o .. o 0.08 '6.10 o.o 
5.00 o.o 0.08 6 1 • .... o o~o 
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Table 1 

Sample% 

Size ( phl) 1E 1F 2A 2C 

5.25 0.19 o.4o o.o o.o 
5.50 0.19 o.4o o.o o.o 
5.7 5 0.10 O .40 6.10 o.o 
6.oo 0.10 0 .40 6.10 o.o 
6.25 0.10 0.16 6.10 0 .o • 
6. 50 0.10 0.16 6.10 o.o 
6.75 o.o o.o 12.20 o.o 
7.00 o.o OsO 12.20 o.o 

Hean (phi) -1.448 -1.906 4.975 --0. 522 

Standard 
Deviation 3.285 2.987 1.749 1.666 

Skewness -0 .150 O .406 -1.226 -0.724 

Kurtosis 1.687 2.086 4.J86 3.157 
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' Tabla 1 

Samf)le % 
Size ( phi) 2D 2E 2F 2G 

-6. 50 o.o o.o ?5 'J.Q o.o ,_ • J 

-6.25 8 .. 27 o.o 14.20 J.84 
-6.oo J.16 2.94 7.30 o.o 
-5-75 2.25 8.13 2.52 4.7t 
-5s 50 4.55 1.34 5.25 1.27 
-5 .. 25 J.16 4.40 2.49 .5.53 
-5.00 1.60 0.98 o.o 5.84 
-4.75 ·4.44 J.14 2.8J 2. 56 
-4.50 4.44 J.14 2.83 2~ 56 
-4.25 4.28 3.39 1. 55 2.69 
-4.oo 4.28 3.39 1.55 2.69 
-J.75 4.08 3.06 2.02 2.02 
-J. 50 4.08 J.06 2.02 2.02 
-J.25 3.25 2.80 1.68 1.99 
-J.00 3.2.5 2.80 1.68 1.99 
-2.75 2.7 5 2.76 .. 1.47 1.78 
-2.50 2.16 2.41 1.37 1.59 
-2.25 2.24 1.97 1.29 1.45 
-2.00 2.29 2.86 1.47 2.12 
-1.75 1 .42 1.82 0 .90. 1.49 
-1.50 1.79 3.03 1.26 2.21 
-1.25 1.42 2.81 0.98 1.93 
-1.00 1.49 3.38 0.97 2.11 
-0.75 1.78 4.14 1.25 2.70 
-0. 50 1.7 5 4.2J 1.04 2.94 
-0.25 .1.78 3.74 1.06 2.94 
o.o 2.35 J. 51 1.18 J.28 
0.25 2 . .58 2.59. 1.07 3.05 -
0.50 2.64 1.92 1.04 2.69 
0.75 2.22 1.43 1.07 2.57 
1.00 1.99 1.20 1.10 2.60 
1.25 2.44 1.69 1.20 . 2.59 
1.50 2.42 1.96 1 • .3.5 2.45 
1.75 2.20 2.17 1.35 2. 50 

. 2.00 1.00 1.97 1.16 4.77 
·• 2.25 0.97 1. 56 0.76 2 . .35 

2 .50 1.03 1.34 o.82 2.32 
2.75 o.66 0.97 0.58 1.69 
J.00 0.35 0.65 0.35 0.98 
3.25 0.10 0.33 0.16 . 0.37 
J. 50 0.07 0.24 0.12. O .25 
3.7 5 0.08 0.09 o.o4 0.09 
4.00 0.06 0.09 0.03 o.o4 
4.25 0.05 0.07 0 .OJ 0.20 
4.50 0 .o .5 0.07 0.03 0.20 
4.7 5 0.10 o.o 0.0.3 0.20 
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'I-able 1 
Sample % 

Size (phi) 2D 2E 2F 2G 

.5 .oo 0.10 o.o 0.03 0.20 
5.25 0.14 0.14 0.08 0.20 

• 5.50. 0.14 O .14 0.08 0.20 
5.75 0 .o .5 0.07 O.OJ 0.20 
6.oo 0 .05 0.07 0 .OJ 0.20 
6.25 0 .o .5 o.o o.o 0.20 
6 ~50 0.05 o.o o.o 0.20 
6.75 0.05 o.o o.o 0.20 
7.00 0.05 o.o o.o 0.20 

Mean (phi) -2.740 -2.199 -4.304 -1. 70 3 

Standard 
Deviation 2.723 • 2. 599 2.823 J.OJ4 

Skewness o .593 0.243 1.136 0.196 

Kurtosis 2.386 2.152 J.088 2.093 
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Table 1 
Sample d 

/0 Size ( .Phi) JA .3B JC JD 
5.00 9,.39 o.o o.os 0.13 ,... ?5 2.35 o.o 0.17 o.o ..J• -
5.50 2 • .35 090 0.17 o.o 5.75 7.04 6.8.3 o.41 0.17 6.oo 7.04 6.8J O .41 0.17 6.25 2.35 o.o o.o o.o 6.50 2.35 o.o o.o o.o 

Mean (phi) J.696 2 . .367 -1.28J -4g148 
Standard 
Deviation 1.870 1.782 2.881 ? o'"'otc,.. - . ..) 

Skewness -0.699 0.554 0.164 1.240 
Kurtosis 2.407 2.465 2.361 ") 47·/1 J• '-r 
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'I-able .. 
.l 

Sample C1I 
;o 

Size ( phi) JE JF JG JH 

-6 . .50 o.o o.o o.o o.o 
-6.25 17.70 o.o o.o 6.17 
-6.oo 18.21 3,94 3.96 o.o 
-5.75 o.o o.o 7 • .51 6.89 
-5.50 3.20 5,37 2.36, 8.61 
-5.2.5 0.85 6.65 4.57 7.56 
-5.00 o.o 1.38 o.o 0.80 
-4.7.5 2.18 1.s9· 1.63 4.92 
-4.50 2 .18 1.89 1 .63 4.92 
-4.25 J.02 1.74 1.38 3.36 
-4.oo J.02 1.74 1.38 3.36 
-J.7 5 1.63 2.4-7 2.62 1 .. 71 
-J.50 1.63 2.47 2.62 1.71 
·-J.25 1.79 2 .. 72 2.4.5 1.59 
-3.00 1.79 2.72 2.4.5 1 . .59 
-2.75 1 • .59 2.01 2 .. 32 1.61 
-2.50 1.45 2.2.5 2.23 1.,52 
-2.25 1.24 2.40 1.81 1.19 
-2.00 1.57 3.32 2.85 1.33 
-1.75 1 .o .5 3.54 1.78- 0.65 
-1.50 1.39 3.16 2.73 O .86 
-1.25 1 .18 2.44 2.40 0.62 
-1.00 1.23 . 2.74 2.74 0.58 
-0.75 1.16 2.61 3.09_ 0 . .55 
-0 .50 1.29 2.69 3.10 o.48 
-0.25 1.29 2.52 2.99 0.37 
o.o 1.58 2.82 J.28 0.53 
0 .25 1.7 5 2.38 2.63 0 .46· 
0 .50 2.06 2.J4 2.16 o.47-
0.75 2.07 1.86 1.89 0.54 
1.00 2 .6.5 1.95 2.02 0.69 
1 .25 2.71 2.82 2.72 1.35 
1.50 2.31 2.44 2.81 2.38 
1.75 2.18 2.55 3.10 4. 59 
2.00 2.40 J.24 J.41 7.23 
2.25 1.62 J.24 J.28. .5.93 
2. 50 1.63 2.89 J.04 5.41 
2.75 1.15 1.99 2.14 3.07 
3.00 0.79 1.71 1 .36 1.76 
3.25 o.43 0.69 O .59 o.68 
J • .50 o.44 o.48 o.46 o.44 
3.75 0.27 0.20 0 .. 17 0 .14 
4.00 O .15 0.13 O .1.6 ·0.12 
4.25 0.10 0.13 0.20 O .13 
4-. 50 0.10 0.13 0.20 0. 1.3 
4.7 5 0.39 0.27 0.39 0.26 
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Table 1. 

Sample at ;., 

Size (phl) JE. :➔r JG 3H 

5.00 O .39 0.27 0.39 0.26 
.5.25 0.20 o.4o 0.29 o.o 
5. 50 0.20 O .40 0.29 o.o 
5.7 5 0.39 o.o 0.10 O .13 
6.oo O, 39 o.o 0.10 0.13 
6.25 o.o o.o c.o o.o 
6.50 o.o o.o 0 .o · o.o 

Mean ( phi) -2.946 -1 • .564 -1. 50 5 -2 .137 

Standard 
Deviation J.363 2. 8.52 2.969 J.467 

Skewness 0.581 0.102 0.042 O .351 

Kurtosis 2.032 1.984 2.017 1.518 
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Table 1 

• al 
Sample /0 • 

Size (phi) JI JJ 4A 4B 

-6 . .50 11.26 o.o o.o o.o 
-6.25 8 .. 18 o.o o.o o.o 
-6.oo o.o o.o o.o o.o 
-5.75 7.26 o.o o.o o.o 
-5-50 o.o 14.59 o.o o.o 
-5.25 o.o 2.87 o.o o.o 
-5.00 0.10 2.37 o.o o.o 
-4.75 1.J8 2.91 o.o 6.97 
-4.50 1.38 . 2.91 0,0 J.,02 
-4.25 1.01 2.82 o.o 1.79 
-4.oo 1.01 2.82 o.o o.o 
-3-75 0.98 1.90 1.01 o.o 
-J.50 0.98 1.90 1.01 o.o ~ ,.,5 -..J•'--o.4J 1.07 3.74 0.22 
-J.00 o.43 1.07 3.74 0 .22 • 
-2.75 0.59 1.10 4.88 0.15 
-2. 50 o .51 0.90 2.87 0.19 
-2.2.5 0.54 o.66 2.87 0.06 
-2.00 0.77 0.6.5 2.80 0.12 
-1.75 o.43 o.42 2.54 O .05 
-1.50 o.68 o.66 3.72 · 0 .12 
-1.25 0.55 o.46 2.18 O .15 
-1.00 0.59 o.49 2.49 0.23 
-0.7.5 o.66 0.67 2.70 0.35 
-0. 50 o .65 o.84 3.27 0.58 
-0.25 0.63 0.97 J.44 · O .74 
o.o 0.69 o.8J 4.55 1.32 
0.25 o.64 1.01 4.SJ 2 .19 
0 . .50 0.63 1.11 4.91 3.32 
0.75 0.61 1.23 5 • .57 4.79 
1.00 0.98 1.94 .5.20 8 .. 10 
1.25 2.17 2.53 5.45 11.69 
1.50 3.77 3.76 5.59 14.2.5 
1.75 6.70 6.46 6. 50 15.97 
2.00 9,68 9.15 5.39 13.21 

• -2.2.5 · 7 .67 6.71 3.02 · . 7 .05 
2 . .50 8.25 6.48 1.82 2 .. J9 
2.75 5.65 3.98 0.78 0.50 
3.00 3.59 2 .. 53 0 .41 0.13 
J.25 1.21 1.17 0.11 O .13 
J.50 1.24 O. 52 _ ·0.14 o.o 

• 3.75 o.46 0 .41 0.12 0. 0. 
4.00 0.33 0.29 0.08 o.o 
4.25 0.15 o.48 0.16 o.o 
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Table 1 

Sam-0 , o ct, .. .... ....,.,_ ,o 

Size ( phi) JI JJ 4A 4B 
4.50 O .15 O .l~B 0.16 o.o 4.75 1.17 0.24 o.49 o.o 5.00 1.17 o.24 o .. 49 o.o 5.25 0 .4L~ o.24 0.16 o.o 5. 50 o.44 O .2L~ 0.16 o.o 5.7 5 0 .15 o.49 0.16 0-0 6.oo 0 .15 0 .l.;-9 0.16 o.o 6.25 o.44 Oo49 0.16 o .. o 6.50 o.44 0 .1+9 0.16 o .. o 

Mean -0.779 -0.742 -0.170 0.547 
Standard 
Deviation 3.940 3.534 1.955 2.077 
Skewness -0.418 -0.123 0.076 -1 .. 912 

Kurtosis 1.583 1.639 2 .741 5.234 
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Table 1 

Sample% 

Size ( phi) !~c 4D 4 . .,, '.!!, 1.J.-~• .... 
-6 . .50 o .. o o.o o.o 15.6q. 
-6.25 o.o o.o o.o 9.09 -6.oo o.o o.o o.o 2.25 
-5-75 o.o o.o o.o _5.84 
-5-50 o .. o o .. o o.o 2.96 
-5.25 o.o o.o 9.99 2.04 
-.5.00 o.o o.o o.o 2.48 
-4.75 1.98 o.o 2.53 2.48 
-4.50 1.98 o.o 2.53 2.48 
-4.25 J.48 o.o 6.31 4.02 
-4.oo 3.48 o.o 6 .31 4.02 
-3-75 2.26 1.00 3.47 2.62 
-3-50 2.26 1.00 3.47. 2.62 
-3.25 2.19 2.45 3.11 1.80 
-J.00 2.19 2.45 J.11 1.80 
-2.75 1.57 1.95 2.17 1.03 
-2.50 1.90 . 2.63 1.77 1.03 

_ -2.25. 2.18 3.22 2.28 1. 59 
-2.00 3.07 4.JJ 2.85 1.86 
-1.75 2.50 4.12 1.94 1.13 
-1.50 3.87 6.51 3.10 1.52 
-1.25 J.44 5.89 2.97 1.09 
-1.00 3.74 6.59 4.61 1.03 
-0.75 4.98 7.37 5.65 1.15 
-0.50 4.64 5.64 7.48 1.09 
-0.25 3.90 5. 57 8.13 1.01 
o .. o 4.61 . 6.05 7.85 1.19 
0.25 5.49 5.05 3.54 1.08 
o .50 5.13 3.83 1 .42 1.03 
0.75 5.89 2.69 O. 51 0.93 
1.00 5.89 2.47 0.24 0.74 
1.25 4.81 2.16 0.22 1.63 
1 .50 4.89 2.52 0 .31 1.60 
1.75 4.17 3.63 0 • .52 2.3.5 
2.00 2.32 4.69 0.8J. 3.16 

- 2 .25 o.86 3.03 0.80 3.11 
2.50 0.18 2 . .32 0 • .53 2.93 
2.75 0.08 0.72 0.24 1.83 
3.00 0.06 0.12 0.07 0.96 
3.25 o.o o.o 0.03 O.JJ 
3. 50 o.o o.o 0.03 0.22 
3.7 5 o.o 0.0· o .ot1- • 0.08· 
4.oo o.o o.o o .. o 0.06 
4.25 o.o o.o o.o • 0.09 
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Table 1 

Sample % 

Size (phi) 4c 4D 4E 4F 

4.50 o.o o.o o.o 0.09 
• 4.7 5 o.o o.o o.o 0.09 

5.00 o.o o.o o.o 0.09 
5.25 o.o o.o o.o 0 .18 
5.50 o.o o.o o.o 0.18 
5.7 5 o.o o.o o.o O .18 
6.oo o.o o.o o.o 0 .18 
6.25 o.o o.o o.o o.o 
6.50 o.o o.o O~O o .. o 

Mean ( phi) -0.926 -0.587 -2.217 -J.175 

Standard 
Deviation 1.940 1. 572 2.021 J.283 

Skewness -o.461 0.130 0.008 0.670 

Kurtosis 2.099 2.297 1.948 2.111 
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Table 1 

Sample% 

Size (phi) 4G 4H 5A 5B 
-6.50 o.o 1.5.62 o.o o.o ,, 2 r:: 5.51 10.34 o.o o.o -b • ..,) 
-6.oo 7.43 o.o o.o o.o 
-5-75 7.69 6.76 o.o o.o 
-5-50 1.86 8.08 o.o o.o 
-5.25 4.18 3.54 o.o o.o 
-5.00 3.53 1.86 o.o o.o 
-4.75 2.25 3.33 o .. o o.o 

- -4 . .50 2.25 3.34 o.o o.o 
-4.25 3.45 1.21 o.o o.o 
-4.oo 3.45 1.21 o.o o.o 
-J.7 5 2.97 1.64 o.o o.o 
-3. :50 2.97 1.64 o.o o.o 
-J.25 2.4J 1.89 o.o o.o 
-J.00 2.43 1.89 o.o o.o 
-2.75 2.00 1.64 o.o o.o 
-2.50 1.68 1.26 o.o o.o 
-2.2.5 1.32 1 .1.5 o.o o.o 
-2.00 1.71 1.42 o.o o.o ' 
-1.75 1.07 0.84 o.o o.o 
-1.50 1.30 1.14 o.o o.o 
-1.25 0.97 0.87 o.o o.o 
-1.00 o.88 0.75 o.o o.o 
-0.75 1.06 0.75 0.09 0.13 
-0 .50 0.90 0.78 0.10 • O .19 
-0.2.5 0.86 0.77 0.19 o.4o 
o.o 0.95 0.81 o.4J 0.87 
0.25 0.79 0.7 5 0.91 1.76 
0.50 0.65 0.72 2.08 3.29 
0.75 o.64 0.67 4.64 5.23 
1.00 0.71 0.83 10.24 9.73 
1.25 1.25 1.42 16 .36 16.36 
1 . .50 1.95 2.10 20.63 20.J'2 
1.75 J.4J 3.15 20.23 19.99 
2.00 5.20 4.42 14.32 13.47 
2.25 4.81 3 . .51 5.86 · 5.41 
2 . .50 5.51 J.40 2.90 2.12 
2.75 J.66 1.97 0.74 0.5.5 
3.00 1.97 1.07 O .14 0.13 
3.25 o.66 O .32 0.15 0.02 
3.50 O.JJ 0.18 o.o o.o 
3.7.5. 0.10 0.06 o.o o.o 
4.00 0.06 0.04 o.o o.o 
4.25 0.07 0.09 0 .o . 0,.0 
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Table 1 

Sample% 

Size (phi) 4G 4H .5A 5B 
4.50 0.07 0.09 o.o o.o 4.75 0.15 0 .18 o.o o.o 5.00 0 .15 0.18 o.o o.o 5.25 0.07 0.18 o.o o.o 5.50 0.07 0.18 o.o o.o 5.75 0.15 o.o o.o o.o 6.oo 0 .15 o.o o.o o.o 6.25 0.15 o.o o.o o.o 6.50 0.15 OsO OoO • OoO 

Mean ( phi) -2.215 -J.210 1.411 1.354 
Standard 
Deviation J.377 J.401 o.499 0 .530 
Skewness 0.367 o.666 -0.JJO -0.559 
Kurtosis 1.657 1.915 3.920 3.397 
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Table 1 

S9.mple % 
Size ( phi) 5C 5D 5E .5F 

-6.50 o.o o.o 15.08 o.o 
-6.25 o.o o.o 28.68 o.o 
-6.oo o.o o.o 10.58 o.o 
-5-75 o.o o.o . 6 .87 o.o 
-5- 50 o.o o.o .5.97 o.o 
-5.25 8.37 o.o o.n o.o 
-5.00 4.69 5.43 o.o o.o 
-4.75 J.84 o.o 1.62 o.o 
-4. 50 Jo84 1~00 1 .. 62 3.07 
-4.25 4.27 1.69 0.79 3.58 
-4.oo 4.27 1.69 0.79 1.34 
-J.75 3.18 2.70 1.08 o.4o 
-J. 50 3.18 2.70 1.08 o.4o 
-J.25 2.29 J.24 1.05 0.29 
-J.00 2.29 J.24 1.05 0.29 
-2.75 1.31 4 . .58 1.21 0.28 
-2 . .so o.66 5.06 0.93 0.11 
-2.2.5 0,.77 4.12 0.85 0.20 
-2.00 0.67 2·.99 o.86 0.12 
-1.75 0 . .32 7.26 0.83 0 .13. 
-1.50 0 . .32 10.83 a.so 0.10 
-1.25 0.21 7.11 0.80 0.10 
-1.00 0.26 4.84 0.79 0.11 

· -0. 7 5 o.42 J.86 0.92 0.06 
-0.50 0.67 2.79 o.8J 0.23 
-0.25 1.0 .5 2 . .50 • o .76 0.27 
o.o 1.8J J.46 0.84 o.49 
0.25 J.21 3.46 0.77· 1..11 
0. 50 5.74 J.44 0.82 0.94 
0.75 7 .15 2.60 0.81 . 5.06 
1.00 7.44 2.18 1.22 10.45 
1.25 8.71 1.84 1.61 17.50 
1.50 6.94 1.54 1. 52 19.97 
1.75 5.63 1.44 1.61 18.16 
2.00 J.64 1.18 1.58 5.47 
2.2.5 1.75 0.71 1.06 5.84 
2. 50 0.67 O.J4 0.92 2.31 
2.75 0.27 0 .14 0.67 0.76 
3.00 0.11 0.06 o.24 0.33 
3.25 o.oo 0 .. 02 0.07 0.11 
3.50 o.oo 0.01 0.04 O .09 • 
3.7 5 o.oo 0.01 0.01 0.04 
4.00 • o.o o.o 0.01 0.06 ,. ,, ~ 
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Table 1 

Sample % 
Size ( phi) 5c 5D 5E 5F 

4.75 o.o o.o 0.04 o.o 5.00 o.o o.o 0.04 o.o 5.25 o.o o.o o.o o.o 
i1Iean (phl) -1.372 .::.1.666 -4.543 0.792 
Standard 
Dev·latlon 2.729 1.740 2.860 1.758 
Skewness -0.261 0.018 1.371 -2 .253 
Kurtosis 1.340 2.602 J.489 7 .008 

• 
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Table 1 

Sample% 

Size ( phi) 6B 6c 6D. 6E 

-5.25 o.o o.o 6.21 o.o 
-5.00 o.o o.o 2.74 o.o 
-4.75 o.o 2.12 0.93 5.36 
-4. 50 o.o 2.12 O .93, 5.36 
-4.25 o.o 5.43 2.62 1.27 
-4.oo o.o 5.43 2.62 · 1.27 
-3-75 o.o 3.59 3.39 4.39 
-3. 50 o.o 3.59 3.39 4.39 
-J.25 o.o 2.09 J.14 3.22 
-J.00 o.o 2.09 .3.14 3.22 
-2.75 o.o 1.20 2.77 3.59 
-Z.50 o .. o 1.05 2.08 2.56 
-2.25 o.o o.48 1.81 2.25 
-2.00 o.o 0.79 1.9..5 3.05 
-1.75 o.o 0.53 1.05 2.16 
-1 . .50 o.o 0.71 1.66 J.08 
-1.25 o.o 0.71 1.39 2. 52 
-1.00 o.o 0 .87 1.44 2.94 
-0.75 o.o 1 .47 1.98 14-.25 
-0.50 o.o 1.87 2.07 3.92 
-0.25 o.o 2.02 2.25 4.02 
o.o o.o 2.61 J.46 .5.10 
0 .2.5 0.07 J.47 4.50 4.96 
0 • .50 0.21 4a87 6.29 .5.23 
0.75 0.72 6.44 8.18 4.73 
1.00 1.96 8,.95 9.23 .5.21 
1.25 4.19 11.62 7.96 .5.21 
1 . .50 8.13 9.57 5.07 .3.02 
1.7.5 13.68 7.03 2.89 1.97 
2.00 20.97 4.25 1 .52 0.99 
2.2.5 22.77 1 .86 o.68 0.50 
2.50 15.77 o.s2 0.33 0.16 
2.75 7.65 0.28 0.14 0.06 
3.00 3.12 0.06 0.07 0.02 
3.2.5 o.66 o.o O.OJ. 0.01 
J. 50 0.14 o.o 0.02 0 .01 · 
3.7 5 o.o o.o 0.05 0.01 
4.00 o.o o.o o.o 0.01 

Mean ( phi) 1.971 -0. 570 -1.161 -1.451 

Standard 
Dev·lation o.472 2.299 2 . .321 2 .036 



Skewness 

Kurtosis 
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Table 1 

Sample% 

-0.334 

3.306 

-0.678 

1.837 

-0.460 

1.775 

-0.209 

1.770 
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Table 1 

Sample% 

Size ( phi) 6F A B C 

-6 .50 o.o • 0 .o . 0 .o o.o 
-6.2.5 o.o o.o o.o o.o 
-6.oo o.o o.o o.o o.o 
-5-75 o.o o.o o.o o.o 
-5-50 o.o o.o o.o o.o 
-5.25 o.o o.o o.o o.o 
- 5. 00 o.o o.o o.o o.o 
-4.75 1.55 o.o 7.98 o .. o 
-4. 50 1.55 o.o 7.98 o.o 
-4.25 3.55 o.o 4.JJ o.o 
-4.oo 3.55 0.79 4.JJ o.o 
-J.75 J.14 1.11 4.48 o.o 
-J-50 J.14 1.11 4.48 o~o 
-J.25 J.64 1.47 5.44 o.o 
-J.00 J.64 1 .47 5.35 o.o 
-2.75 2.86 3.90 5.02 o.o 
-2.50 2.66 3.82 4.J0 o.o 
-2.25 1.87 _ 4.60 2.65 . o.o 
-2.00 2.35 6.61 4.53 o.o 
-1.7.5 1.54 5.21 2.25 o.o 
-1.50 2.26 8.39 3.19 o.o 
-1.25 2.06 7 .81 2 . .51 o~o 
-1.00 2.23 7.76 2.52 5.02 
-0.75 2.96 10.98 J.24 5.02 
-0. 50 3.25 8.70 3.13 4.02 
-0 .. 25 J.42 7.37 2.93 5.00 
o.o 4.49 6.95 J.61 6.17 
0.25 4.81 4.91 3.37 6.65 
0.50 .5.45 3.19 2.74 6.J4 
0.75 6.48 1 .41 2.04 6.08 
1.00 7.39 1.08 J.14 5.13 
1.25 7.89 0.54 1.02 • 5.97 
1.50 5 . .52 0.27 o.66 3.97 
1.75 J.42 0.17 0.54 3.15 
2.00 1.86 0 .. 15 0.54 2.61 • 
2.25 0.87 0.12 0.41 2.41 
2. 50 0.35 0.07 0.28 2.00 
2.75 0.15 0.0.3 0.12 1.52-
3.00 O .o 5 0.02 0.06 1.24 
.3.25 0.01 o.o 0.02 0.78 
J. 50 0.01 o.o 0.78 1.32 
3.7 5 0.01 o.o 0.02 0.82 
4.00 o.o o.o o.o 0.70 
4.2.5 o.o o.o o.o J.24 
4.50 o.o o.o o.o J.24 
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'I'able 1 

Saiilple ct. 
/0 

Size (phi) 6F A B C 

4.7 5 o.o o.o o.o o.o 
5.00 o.o c.o o.o o.o 
5.25 o.o o.o o.o 2.78 
5 • .50 o.o o.o o.o 2.78 
5.75 o.o o .. o o.o 2.78 
6.00 o.o o.o o.o 2.78 
6.25 o.o o.o o.o 2.32 
6.50 o.o o.o o.o 2.32 

Nean ( phi) -0.931 -1 .231 -2.308 1.786 
f 

Standard 
Deviation 2.0J8 1.104 1.958 2.J24 

Skewness -0.400 -0.209 O. 523 0.722 

Kurtosis 1.792 2.497 2.367 2.220 
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Table l 

Sample% 

Size {phi) D E F G 

-4.7.5 7.36 o .. o o.o o.o 
-4. 50 J.48 1.86 o.o o.o 
-4.25 2.46 4. 1.5 o.o o.o 
-4.oo 2.46 4.15 o.o o.o 
-J.75 1.85 5.61 o.o 1.55 
-J.50 1.85 5.61 0.61 1 . .31 
-J.25 1.22 5.90 2.21 1.0.3 
-J.00 1.22 5.90 2.21 1.03 
-2075 1.6.3 5.04 1 .. 47 L.47 
-2 .50 0.97 4.85 1 .80 1.43 
-2.25 1 .03 4.17 1.96 1.22 
-2.00 1.60 4.7 5 1.40 1.93 
-1.75 1.40 2.79 1.75 1.37 
-1. 50 2.58 3.54 3.10 2.28 
-1.25 2.45 2.61 2.80 2.17 
-1.00 3.37 2.36 2.82 2. 57 
-0.75 6.J8 .3.13 3.56 3.61 
-0 .50 7.24 2.60 4. 7 3 4.31 
-0.25 7.24 2.60 5.03 J.84 
o.o 10.40 3.49 6.55 5.16 
0.25 9.77 3.72 6.67 5.89 
0.50 8.51 3.95 6.88 6.59 
0.75 5.40 4.05 6.71 7 .15 
1.00 3.25 3.5.3 6.45 7.78 
1.25 1.7 5 3.23 6.64 8.33 
1. 50 0.87 2.05 5.77 7.6.3 
1.75 0 • .55 1.73 5.83 7.38 
2.00 o.4J 1.16 5.44 6 .05 
2.25 0.27 0.71 J.68 J.20 
2 . .50 0.21 o.4o 1.87 1.62 
2.75 0.14 0.18 o.6J o. 54 
3.00 0.08 0.07 0.27 0.17 
3.25 0.09 0.04 0.04 o .o4 
J. 50 o.o 0.02 0.05 0.02 
3.75 o.o 0.02 0~06 0.02 
4.oo o.o 0.01 0.02· o.o 

Mean ( phi) -1.186 -2.721 0.042 0.12.5 

Standard 
Deviation 1.887 1.890 1.510 1.597 

Skewness -0.772 0.332 -0. 552 -0.941 

Kurtosis 2 . .396 1.901 2 .587 3.198 



92 

Table 1 

Sample% 

Size ( phi) H I J K 

4.50 o.o o.o o.86 2.51 
4.75 o.o o.o 2.59 1.26 
5.00 o.o o.o 2.59 1.26 
5 .. 25 o.o 0.22 J .L~6 o .. 42 
5.50 • 0 .o 0.22 J.46 o.42 
5.75 o.o o.o o.86 0.84 
6.oo o.o o.o o.86 o.84 
6.25 o.o O .4 .5 o.o o.84 
6.50 o.o o.45 o.o o.84 

Mean (phi) -0.322 1.410 · 2 .098 1.950 

Standard 
Dev·iatlon 1.77.5 o.838 1.462 1.614 

Skewness -0 • .53.5 2.012 1.004 0.93.5 

Kurtosis 2 . .500 3.322 3.348 3.897 
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Table 1 

Sample% 

Slze ( phi) Cl-1 Cl-2 Cl-3 C2-1 

-3-75 o.o o.o 3~67 
-3-50 2.89 o.o 1.60 o.o 
-3.25 Oo82 o.o 1.60 1.94 
-3.00 0 .. 82 • 0 .28 1.66 2.16 
-2.75 1.5.5 0.6.3 2.90 2. 59 
-2.50 1.3.3 o.os 1.62 o.47 
-2.25 2.23 0.23 3.93 o.6J 
-2.00 4.81 0.78 2.27 0.81 
-1.75 J.41 0.8J 3.52 1.22 
-1.50 4.43 1.94 4.J1 1.17 
-1.25 4.55 2 .30 5.42 1.58 
-1.00 5.76 4.13 5.02 2.28 
-0.75 5.35 5.58 5.87 2.93 
-0 .50 6.46 7.03 6.20 5.00 
-0.25 6.26 8.71 6.87 6.85 
o.o 7.52 11.38 7.04 7.73 
0.25 7.29 10.88 6.65 10.19 
0,50 6.46 8.72 6.16 10.82 
0.75 • 5.69 7.41 5.37 10 .41 
1.00 5.15 6.8J 5.42 9.67 
1.25 4.59 5.89 3.69 9.15 
1.50 3.67 4.62 2.8J 7.10 
1.75 .3.12 J.68 2.08 J.02 
2.00 2.48 2.60 1.20 1.40 
2.25 1.56 1.58 0.78 o.45 
2.50 1.11 1.08 o.48 0.20 
2.75 o.41 0 .40 0.29 0.07 
3.00 0.16 0.25 0.15 0.07 
3.25 0.05 0.09 0.14 0.05 
3.50 0.05 0.16 0.05 0.05 
3.7 5 0.01 0.06 0.08 o.o 
4.oo 0.02 0.07 0.29 o.o 
4.25 o.o 0.18 0.29 o.o 
4.50 o.o 0 .18 o.o o.o 
4.75 o.o 0.35 o.o o.o 
5.00 o.o 0.35 o.o o.o 
5.25 o.o 0.18 o.o o.o 
5.50 o.o 0.18 0.29 o.o 

Mean (phi) -O.J84 0 .256 -6.362 o .566 

Stands.rd 
Deviation 1.414 1.217 1.599 1.222 

Skewne8s -0.233 1.105 0.126 -1.119 

Kurtosis 2.594 7.314 J.657 4.027 . 
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Table 1 

Sample of' 
/0 

Size {phi) C2-2 C2-.3 ·c.3-1 CJ-2 

-.3. 50 o .. o o .. o o.o o.o 
-3.25 o.o o.o o.o o.o 
-3.00 o.o o.o o.o o.o 
-2.7.5 o.o o.o 1.03 o. 56 
-2 . .50 o.o o.o o.o o.o 
-2.25 1.94 o.o o.o 0,.0 
-2.00 2.16 o.o o.o o.o 
-1.75 2.-59 o.o o.o 0 .. 22 
-1.50 o.47 o.o 0 .. 21 0.31 
-1.25 0.6.3 o .. o 0 .o .5 0.79 
-1.00 O .81 o.o 0.23 2.87 
-0.75 1.22 o.o 0.63 J.46 
-0 .50 1.17 0.90 1.27 5.71 
-0.25 1.58 1.17 2.19 6.7 5 
, 0 .o 2.28 2 .51 4.19 7.73 
0.25 2.93 · 1.26 6.01 7.59 
O. 50 .5.00 5.02 7.67 8.46 
0.75 6.85 2.24 9.99 8.60 
.1.00 7.73 2.42 · 12 .26 7.84 
1.25 10.19 2.78 14.55 6.44 
1.50 10.82 3.77 13.15 4.3.3 
1.7 5 10.41 3.68 10 .57 2.00 
2.00 9.67 . J.86 6.2.3 1.6.3 
2.25 9.15 4.1.3 3.35 1.21 
2. 50 7.10 4.57 1.68 1.12 
2.75 J.02 3.05 2. 50 0.73 
3.00 1.40 2.51 o.66 1.10 
3.25 o.45 1.79 O. 31 0.11 
3. 50 0.20 2.51 0.26 0.76 
3.75 0.07 1.52 0.13 1.41 
4.oo 0.07 . 2.96 0.10 1.41 
4.25 O .o 5 0.90 o.4o 2.81 
4. 50 0.05 1.61 O .40 2.81 
4.75 o.o 2.24 o.o 2.11 
5.00 o.o 2.24 o.o 2.11 
5.25 o.o 8.97 o.o .3. 51 
5. 50 o.o 8.97 o.o ·3. 51 
5.75 o.o 2.24 o.o o.o 
6.00 o.o 2.24 o.o o.o 
6.25 o.o 8.97 o.o. o.o 
6.50 o.o 8.97 o.o o.o 
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Table 1 

Sample at 
/0 

Size (phi) C2-2 C2-.3 CJ-1 C.3-2 

Mean ( phi) 0.566 3.058 1.032 1.73.5 

Standard 
Dev·laticn 1.222 2.145 0.909 1.920 

Skewness -1.119 -0 .232 -0.424 0.873 

Kurtosis 4.027 1.660 6.564 2.688 
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Table 1 

Sample% 

Size (phi) CJ-3 C4-1 C4-2 C4-J 

-J.50 o.o o.o o.o o.o 
-J.25 o.o o.o o.o o.o 

·-J.00 o.o o.o o.o o.o 
-2.75 o.o o.o 1.16. o.o 
-2.50 o.o o.o 0.14 0 • .52 
-2.25 o.o o.o 0.55 0.63 
-2.00 o.o o.o O .52 0.85 
-1 .75 o.o o.o O .59 0.77 
-1. 50 o.o o.o 1.41 1.48 
-1.25 o.o o.o 1.33 1.2.5 
-1.00 o.o o.o 1.98 1.J4 
-0.75 5.62 o.44 1.76 1.81 
-0.50 4.14 0.28 2.72 2 .1~8 
-0.25 2.81 0.11 J.04 2.87 
o.o 5.62 0 . .39 4.03 4.20 
0.25 3.99 0~55 4 .. J4 4.58 
0. 50 4.44 0.72 4.54 4.99 
0.7 5 4.44 1.39 4.92 .5.17 
1.00 4.44 1.94 5.57 .5.92 
1.25 4.14 1.88 6.45 7-.25 
1. 50 3-85 1..77 7.21 8.24 
1.7.5 3.40- 1.61 8.71 - 9.17 
2.00 2. 51 2.44 9.66 10.,93 
2.25 1.48 3.33 7.99 9.28 
2.50 1.33 4.71 5.97 6.70 
2.7.5 1.33 _5.82 J.83 3.74 
3.00 2.66 7.15 2.6.5 2.37 

. 3.25 1.48 4.43 1.57 0.75 
3.50 2.96 6.04 0.94 o.82 
3.75 1.48 4.05 0.60 0.32 
4.00 0.89 1 .05 0.06 0.22 
4.25 3.70 1.39- o.86 0.22 
4.50 3.70 1.39 0 .86 0.22 
4.75 3.70 11.09 0 .86 o.o 
5.00 3.70 11.09 0 .86 o.o 
5.25 o.o 2.77 • o.o o.o 
5 .. 50 o.o 2.77 o.o o.o 
5.75 11.09 4.16 0 .86 o.45 
6.oo 11.09 4.16 a .86 o.45 
6.25 o.o 4.16 0.29 o.o 
6. 50 o.o 4.16 • 0.29 o.o 
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Table 1 

Sample % 

CJ-3 Cl~-1 c4-2 C4-J 

Mean (phi) 2.448 J.858 1.296 1.157 

Standard 
Deviation 2.35.5 1.687 1 • .582 .1.313 

Skewness 0.110 -0.305 0.193 -0 .2 .58 

Kurtosis 1 • .511 2.J82 3.979 4.0.30 
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Table 1 

Sample% 

Size ( phi) C4-4 c4-5 c4-6 C5-1 

-.3. 00 o.o o.o o.o 4 .. 80 
-2.7.5 o.o o.o o.o 2.84 

· -2 . .50 o.o 0.70 o.o 0.79 
-2.25 o.o o.o 0.77 o.4.5 
-2.00 o.o o.45 o.46 1.81 
-1.7.5 0 . .54 o.64 0 ,86 2.07 
-1 . .50 0.32 0.97 2.07 1.94 
-1.25 o.41 0.94 1 • .5.5 1.19 
-1.00 0.71 1 . .56 2 .. 93 1 .. 79 
-0.7.5 1.66 2.09 4.12 1.34 
-0 • .50 2.07 2.74 5.19 1.62 
-0.25 2.26 3.39 5.58 1 • .57 
o.o J.92 4.87 7.60 ?.Jl 
0.25 4.65 .5 . .54 7.46 2.68 
0 . .50 4.91 5.81 7.12 3.13 
0.7.5 4.89 6 .56 7 .36 3.50 
1.00 6.42 7.67 7.20 4.66 
1.25 7.19 8.49 7.77 5.57 
1 . .50 8.05 8.72 7.44· • 6 .80 
1.7.5 8.91 9.79 8.01 9 • .30 
2.00 9.22 9.48 4.96 10.72 
2 .25 7 . .36 6.77 .5 • .57 8.41 
2 . .50 5.32 .3.89 2.64 7.90 
2.7.5 4.0.5 2.07 1.04 4.29 
3.00 3.75 1.38 o.47 2.10 
3.2.5 1. 51 0.79 0 .15 0.74 
3.50 1.87 0.59 0.14 0.62 
3.7 5 0.95 0 .25 0.06 0.29 
4.oo o.45 0.20 0.07 0.12 
4.25 1.61 o.68 0.24 0.39 
4 . .50 1.61 o.68 0.24 0.39 
4.7.5 2.15 0.91 o.o 0.77 
5.00 2 .1.5 0.91 o.o 0.77 
.5.25 o.o o.o o.o 0.39 
5.50 o.o o.o o.o 0.39 

. 5.75 O. 54 o.o o.47 0.77 
6.oo 0 . .54 o.o o.47 0.77 
6.2.5 o.o o.o o.o o.o 
6.50 o.o o.o o.o o~o 
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Table 1 

Sample % 

C4-l1, c4-5 C4-6 C5-1 

:Mean. (phi) 1~61J 1.116 0.637 0.981 

Standard 
Deviation 1.425 1.J24 1 .. 21+4 1 .. 916 

Skewness o.46J 0.374 o.48o -0 .. 431 

Kurtosis J.347 4.778 4.725 3$205 
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Table 1 

Sample% 

Size (phi) C.5-2 C.5-3 C5-4 C5-5 

-J.00 o.o o.o o.o 0.7-9 
-2.75 o.o o.o o.o 1.09 
-2. 50 o.o o.o o.o 1.09 
-2.25 o.o o.o 0 .o . 0.74 
-2.00 o.o o.o 0.35 0.93 
-1.75 o.o o.6i 0.12 1.26 
-1.50 o.o 0.05 o.42 2.19 
-1.25 o.44 0.16 0.39 1.78 
-1~00 0 .. 88 o .. 64 0 .82 3.,35 
-0 .7 5 2 .65 o.68 1.24 4.44 
-0. 50 0.88 1.29 2.29 4.39 
-0.25 o.o 1.43 2.55 5.16 
o.o o.44 2.72 4.36 7.36 
0.25 1.11 3.72 5.73 8.16 
0 .50 1.33 4.63 6.74 7.87 
O .7 5 1.77 5.67 7.85 8.14 
1.00 1.77 7.42 8.91 7 .65 
1.25 2.43 8.1. 9 10.13 7.97 
1 . .50 3.32 8.10 8.65 5.71 
1.75 3.98 7.60 7.38 4.44 
2.00 3.76 6.49 6.12 3.21 
2.25 1.77 6.65 5.70 2.24 
2 . .50 1.55 6.01 4.97 2.24 
2.75 1.33 5.51 4.26 t.61 
3.00 1.11 4.74 2.96 1.22 
3.25 o.66 1.57 1.34 o.44 
3. 50 o.66 1.63 o.82 0.36 
3.75 o.88 0 .50 O. 57 0.16 
4.00 0.88 0.39 0.20 0.10 
4.25 o.o o .57 0.28 0.73 
4 . .50 o.o 0.57_ 0.28 0.73 
l}. 7 5 o.o o.o 0.85 0.73 
5.00 o.o o.o 0.85 0.73 
5.2 5 o.o 1.70 0 .28 - o.o 
5 • .50 o.o 1.70 0.28 o.o 
5.7 5 22.12 2.84 O .57 o.49 
6.oo 22.12 2.84 O. 57 o.49 
6.25 o.o O .57 0 .57 o.o 
6 .50 o.o O. 57 O. 57 o.o 
6.75 11.06 1.13 o.o o.o 
7.00 11.06 1_.13 o.o o.o 
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Table 1 

Sample % 
C5-2 C5-3 C5-4 C5-5 

Mean (phi) 4.481 2.006 1.J61 0 .521 
Standard 
Dev·latlon 2.398 1.779 1.378 1.521 
Skewness -0.897 0.970 1.003 a .525 
Kurtosis 2.343 J.627 5.105 4.391 

• 
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Table 1 

Sample% 

Size (phi) C.5-6 c6-1 C6-2 c6-J 

-2.25 0.21 o.o o.o OoO 
-2.00· 0.38 o.o o.o o.o 
-1.75 0 .18 0 •. o o .. o o.o 
-1. 50 O .18 o.o o.o o.o 
-1.25 o.45 o.o o.o o.o 
-1.00 o.66 o.o o.o o.o 
-0.75 0.69 0.13 0 .J4. o.o 
-0 . ..50 0.89 1.02 0.30 o.48 
-0.25 1.00 o.89 o.42 0.31 
o.o 1.86 2.67 1.11 0 .. 12 
0.25 2.48 J.69 0.34 0$42 
o .50 3.31 6.74 4 .. 25 0.57 
0.75 4.77 9.03 6.68 lo32 
1 .. 00 6.42 11.83 11.35 1.39 
1.25 7.09 9.80 13.81 1.82 
1.50 7.30 9.16 15.13 1.75 
1.75 7.8J 8. 52 lJ.68 2.55 
2.00 8.58 6.49 9.10 J.68 
2.25 9.18 3.05 4.61 4.53 
2.50 11.09 1.78 1.95 5.90 
2.7.5 10.03 1 .15 0.91 6.12 
3.00 7.92 1.02 0.54 7 .. 18 
3.25 2.62 0.89 0.22 10.88. 
J. 50 0.81 1.27 0.20 9.05 
3.7 5 0.32 1.27 0.10 8.56 
4.oo 0.12 0 . .51 0.06 11.18 
4.25 0.20 • 0 .o 0. 50 12 . .30 
4 . .50 0.20 o.o O .50 6.10 
4.75 1.41 o.o 5.96 4.60 
5.00 · 1.41 o.o 5.96 1.48 
5.2.5 o.o 9 . .54 o.o 1. OJ 
5.50 o.o 9.54 o.o 3.70 
5.75 o.o o.o o·.99 3.25 6.oo o.o o.o 0.99 3.25 6.25 o.o o.o o.o o.o 
6 • .50 o.o o.o o.o . o.o 

Mean ( phl) 1.773 1.977 1.8J2 3.565 
Standard 
Deviation 1.18J 1.767 1 • .389 2.455 
Skewness -0.010 0.964 1.37 5 0.311 

Kurtosis 4.824 2 . .571 3.999 2.492 
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Table 1 

Sample% 

Size ( phi) C?-1 C7-2 C8-1 C8-2 

-2.25 o.o o.o o.o o.o 
-2.00 o.o o.o 0.37 o.o 
-1.75 o.o o.o 0.26 o.o 
-1.50 o.o o.o 0.28 o.o 
-1.25 o.o o.o O .25 . o.o 
-1.00 o.o o.o 0.37 o.o 
-0.75 o.o o.o 0.20 0.16 
-o .50 o.o 0.12 o.66 0.10 
-0.2.5 o.o 0.12 0.59 0.17 
-0 .. 0 OoJ2 0,14 1 .. 10 0,20 
0.2.5 0.14 0.24 1.69 0.35 
0 . .50 0.14 0.36 2.61 0.71 
0.75 0.23 o.4.5 4.07 1.33 
1.00 O .41 0.95 5.45 2.80 
1.25 o.68 1.80 9.15 5.06 
1., 50 1.14 J.8J 9.57 8.44 
1.75 2.19 8 • .59 11.82 13.02 
2.00 5.34 15.46 13.30 16.8J 
2.25 8.22 17.82 11.70 14.1.5 
2. 50 9.9.5 14.91 8.28 9.84 
2.7.5 5.80 8.90 4.03 5.87 
3.00 2.8J · 5.09 2.55 3.59 
3.25 1.37 2.75 1.23 1.62 
3.50 3.70 2.7 5 1.50 1.91 
3.7 5 2.46 0.76 • o.64 o.68 
4.oo 2.60 0.78 0.70 0.84 
4.2.5 4 . .56 1.18 1.76 1.45 
4.50 4.56 1.18 1.76 1.45 
4.75 2.28 2.37 O .59 1.4.5 
5.00 2.28 2.37 O .59 1.45 • 
5.25 7.99 2.37 O .59 0.36 
5.50 7.99 2.37 0.59 0.36 
5.75 4.56 0 • .59 0 • .59 2.17 
6 .. oo 4.56 0.59 0.59 2.17 
6.25 3.42 .0 . .59 0.29 0.72 
6. 50 J.42 O .59 0.29 0.72 
6.7 5 :;.42 o.o o.o o.o 
7.00 J.42 o.o o.o o.o 

. Mean 4.025 2.579 1.861 2.337 

Standard 
Deviation 1.678 1.166 1.235 1.264 

Skewness -0.018 1.265 0.700 1.418 

Kurtosis 1.763 4.JJ2 5.29 5 4.877 
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Table 1 

Sample % 

Size ( phi) C8-J 

-2.00 o.o 
-1.75 o .. o 
-1.50 o.o 
-1.25 o.o 
-1.00 o .. o 
-0.7 5 0.67 
-0.50 o .. 4o 
-0.25 0.6.3 
o.o 1.19 
0.25 2.42 
0.50 4.27 
0.7.5 7.59 
1.00 11.9.3 
1.25 15.10 
1. 50 15.54 
1.75 14.96 
2.00 12.03 
2.25 6.60 
2.50 3.31 
2.75 1.41 
3.00 0.98 
3.25 0.28 
3.50 0.35 
J.75 0.18 
4.oo 0.08 
4.2.5 0.08 
4.50 o.o 
4.7.5 o.o 
5.00 o.o 
5.25 o.o 
5 • .50 o.o 

• 5. 7.5 o.o 
6.oo o.o 
6.25 o.o 
6.50 o.o 

Mean ( phi) 1.J28 

Standard 
Deviation 0.673 

Skewness -0.090 

Kurtosis 4.041 
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Table 2 

Q-MODE V.ARI~.AX FACTOR i'fiA TRIX 

Sample 
Name Comm. 1 2 3 4 5 

1A 0.748 O .379 O. 506 0.548 0 .105 0.195 
1B 0.874 0 .320 O .850 0.146 0.083 -0.146 
1C 0.924 o .556 O .J09 0.166 0.092 -0.696 
1D 0.963 O. 599 · 0. 120 o .086 0.175 -0. 7L~J 
lE 0.722 Oo299 0~332 O .528 0.071 -o.488 
1F 0.753 0.179 O .577 o.401 -0 .oo 3 -o.476 
2.A o. 531 0.002 -0.008 O .039 0.727 0.008 
2C 0.898 0.391 o.845 0.040 0.173 0.011 
2D 0.814 0.122 O .599 0.636 -0 .036 -0.189 
2F 0.84J O .051 0.773 O.J88 0.007 -0 .304 
2F 0.8.53 0.035 0 .. 083 0.915 O .046 0.075 
2G 0.831 0.248 0.667 o.426 0.075 -0.371 
J.A 0.810 0.190 0.062 0.055 o .868 -0.113 
JB O .850 0.615 0.200 0.078 o .564 -O.J28 
JC 0.798 0 .. 319 o.68J o.418 0.147 -0.181 
JD 0.633 0.006 O .151 · O. 780 0.03.3 -0.001 
JE O. 514 0.121 0.208 o.666 0.047 -0.100 
JF 0 .821 0.197 ·0.696 0.345 0.058 -0.419 
JG 0.838 0.218 0.673 0.385 0.089 -0.426 
3H 0.797 0.155 0.249 0.558 0.007 -o .632 
JI 0.833 O .337 0 .028 0.616 0.190 -0. 551 
JJ o.668 0.329 0.214 0.316 0.095 -0 .637 
4A 0.91.3 0.606 0.689 0.092 0.116 -0.221 
4B 0.905 0.858 0.161 0.149 0.019 -b.J48 
4c 0.9.59 o.484 0.837 0 .136 0.073 -o .036 
4D O. 8.59 0.239 0.851 0 .015 0.112 -0 .257 
4E~ O. 7.56 -0.091 0.832 0.182 0.024 -0.146 
4F o.888 0.090 0.210 0.897 0.052 -0.171 
4G 0.837 0 .115 0 .JJO 0.610 0.032 -0.58.5 
5A 0.927 0.911 0.065 0.103 0.015 -0.285 
5B 0.931 0.921 0.089 0.102 0.020 -0.254 
5C 0.728 o.642 o.479 o.282 -0.009 -0.087 
5D 0.707 0.054 0.820 0.090 -0.020 -o .151 
5F 0.785 O .031 0.014 o.884 0 .OJ6 0.019 
6A o.866 0.894 0.113 0.137 0.005 -0.188 
6B 0.929 0 . .510 -0 .o JO 0.066 0.112 -0.807 
6c Oa869 0~778 o.466 0.207 0.022 -0.057 
6D 0.841 0.590 o.668 0.204 0.04.5 0.055 
6E 0.88J 0.341 0.857 0.178 0.040 -0.011 
6F 0,.929 0.582 0.747 0.170 o .o 54 • 0.019 
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Table 2 

Q-MODE VARir-i-..AX FACTOR MATRIX 

Sample 
Name Comm. 1 2 J 4 5 

A 0 .. 814 -0.062 0.894 -0.022 0.085 -0.061 
B 0.716 O.OOJ 0.795 -0 .. 057 O .251 -0.135 
C O .872 0.535 0.872 0.020 o .506 -0 .. 002 
D 0.8.31 0.183 O. 574 0.076 O .158 0 .082 
E 0.767 0.786 o.826 0.193 -0 .OJO -0.099 
F 0 .. 961 0.190 0.700 O .051 0.154 -0.126 
G 0.986 0.655 0.607 0.081 0.129 -0.114 
H 0~962 0~763 0~755 0$083 0'"118 -0~179 
T 0.985 0 .582 0 .140 0.100 0.073 -0.276 • 
J 0.956 0 .814 0.088 0.097 0.228 -0.473 
K 0.909 0.535 0. JOO O .063 0.7?4 -0.074 
Cl-1 0 .919 0 .404 0.854 0.015 0 .157 -0.021 
C1-2 0.871 O. 509 0.739 -0 .008 0.240 0.087 
C1-J 0.941 o.4JJ O .851 0.0.31 0.171 0 .. 014 
C2-1 0.9.35 0 .. 634 0.707 0.060 o .155 - 0.066 
C2-2 0 .. 972 O .864 o.448 0.076 0.125 -0 .. 047 
C2-J o.8J4 O .. 351 0.178 O .059 0.806 _ -0 . .160 -
CJ-1 0.986 O .930 O .309 0.087 0.128 -0.037 
C3~2 0.967 0.779 o.411 0.067 o.432 0.016 
CJ-3 0.835 O .J49 O.J42 0.038 o .771 -0.003 
c4-1 0.970 o .741 o .351 0.069 0.270 -o.469 
C4-2 0.721 0.139 -o .018 0.058 0.778 -0.305 
C4-J 0.964 0.762 0.327 0.069 0.201 -0 .480 
C4-4 0.972 0.782 0.28J 0.076 o .319 -o .415 
C4-5 0.975 Q .• 83J 0.380 0.069 0. 20 .5 -o. 300 
C4-6 0.934 0.733 O .579 0.034 0 .214 -0.122 
C5-1 0.940 00666 0 .J02 0.092 0 .191 -0.601 
C5-2 o.418 0.110 0.035 0 .04l~ 0.632 -0. O .56 
C5-J 0.945 0.784 0.235 0.087 0 • .366 -0. 36 5 
C5-4 0.959 o.843 0.356 0.076 0.264 -0.214 
C5-5 0.949 0.663 o.662 O.OJ4 0.265 0.009 
C5-6 0.871 o .654 0.144 0.081 0.275 -0.58.3 
c6-1 0.769 O .814 0.232 0.080 O .203 -0.067 
C6-2 0.904 0.900 0.11.3 0.107 0.200 -0.172 
C6-J o.862 0.153 0.015 0.03.3 0.589 -0.021 

Variance 3.3.404 24.214 9.308 8.J2J 11.216 

Cun. Var. JJ.4o4 57 .618 66.927 7 5.249 86 .465 
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Table 3 

casey Point Foreshore Samples~Intermediate Diameters 

Sample 1 Sample 2 Sample 3 Sample 4 

9.3cm 6.6cm 10.5cm 6.6cm 
5.1 9.2 6.4 9.8 
5.5 5.9 10.6 8.9 
7.0 6rJ 7.1 12.0 

' 7.2 7.1 9 • .3 14.o. 
7.0 5.6 11.2 11.0 
.5.0 9.0 • 5.0 7.9 

11.0 6.6 10.6 8.2 
7.1 5.3 8.1 11.0 
6.1 7.0 6.J 7.0 
9.3 4.5 11.4 11 . .3 
6.5 9.5 10.1 10.0 

11.0 7.5 10.9 8.6 
8.1 6.5 . 14.8 12.6 
8.7 6.1 8.0 10.5 

10.0 5.6 i4.9 6.0 
10.4 10.6 10.0 11.8 
6.5 6.J 8.9 7.7 
9.0 9.2 9.8 8.1 
6e0 7.4 11.8 2.3.0 
5. 5 7.2 4.5 7.2 
7.5 9.0 10.0 21.0 
5.5 7.0 6.9 9.5 
5.0 6.2 11.5 7.5 
5.5 11.0 5.3 9.4 
4.4 9.1 6.5 6.1 
6~.3 • 4.9 4 • .3 11.9 
6.o 12.0 1.3.0 11.8 
6 . .3 6.o 10.J 9.1 
J.8 8.6 9.6 11.0 
J.6 a.o 8.8 8.0 
.3.9 5.6 6.J 9.7 
4.5 7.2 5.1 7.0 
.5.5 8.0 5.2 17.0 
5.0 6.o 11.5 10.5 
6.3 7.0 5.1 8.0 
6.J J.1 a.o 9.0 
9.3 4.5 4.5 6.1 
7.1 J.6 4.7 14.5 
2.8 9.5 4.J 13.5 
4.8 3.7 5.6 8.8 
5.0 4.1 10.6 9.4 

12.0 5.0 7.0 8.7 
J.8 5.1 10.0 11.2 
4.6 6.7 6.5 9 • .3 
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Table 3 

Casey Point Foreshore Samples-Intermediate Diameters 

Sample 1 Sample 2 Sample 3 Sample 4 

4.7 3.4 10.6 8.0 
4.1 7.8 11.8 9.0 
J.4 4.0 4.5 8.8 
3.3 4.6 J.4 10.0 

..b..2 J.8 ~ ~ 

6.Jcm 607cm 8.4cm 9.7cm Mean 
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Table J 

Casey Point Foreshore Samples-Intermediate Diameters 

Sample 5 Sample 6 Sample 7 Sample 8 

29.0cm 10.1cm 28.9cm 28.9cm 
28.o 9.5 27.5 27 • .5 

9.0 11.6 JJ.4 • JJ.4 
12.0 12.0 18.5 18.4 
11.0 11.8 15~5 15.5 
11 . .3 18.0 12 . .5 12.5 
20.8 9.8 11.8 11.8 

9.2 19.0 14.8 14.8 
14.5 9.0 9.7 9.7 
10.5 9.5 a.o 8.0 

· 11.9 1.3.0 20.2 20.2 
9.9 7.2 12.0 12.0 
9.0 8.5 8.2 8.2 

10.0 1.3.2 8.6 8.6 
7.9 13.0 16.5 16.5 
9.1 12.6 6.5 6.5 
9.7 6.8 11.2 11.2 
7.2 7.6 10.9 10.9 

·15.6 14.2 1.3.0 1.3.0 
13.3 7.4 11.4 11~4 
16.5 7.3 10.3 10 . .3 
13.9 1.3.0 7.0 7.0 
11.5 8.6 4.9 4.9 

7.6 10.2 13.2 1.3.2 
7.4 14.6 7.9 7.9 

12.1 8.2 14.5 14.5 
11.J 6.J 8.5 8.5 
11.2 12.9 10.6 10.6 
9.5 1.2.5 12.8 12.8 
6.6 5.0 1.3.1 13.1 
5.3 7.5 2.3.2 2.3.2 

11.0 6.5 9.4 9.4 
27.0 6.3 8.1 8.1 
10.0 6.6 7.2 7.2 
15.7 27.0 6.8 6.8 

9.0 5.5 8.o 8.0 
. 1.3.0 7.2 8.9 8.9 

12.0 17.5 10.9 10.9 
9 .. .3 6.4 9.8 9.8 
8.8 14 .. o lJ.4 1J.4 
7.2 7.8 • 9.6 9.6 . 
5.1 10.5 11.9 11.9 
7.0 13.5 12.5 12.5 
5.9 5.5 7.7 7.7 

10.0 10.0 14.5 14.5 
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Table 3 

Casey Point Foreshore Samples-I.ntermed1.ate Diameters 

Sample 5 Sample 6 Sample 7 Sample 8 

14.o 8.5 7.8 7.8 
5.2 19.0 10.1 10.1 
5.0 10.7 6.4 6.4 
4.o 6.9 6.4 6.4 
~ lli2 ~ ..2..:.§. 

10.1cm 10.7cm 11.4cm 12.1cm • Mean 
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( a) 
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( c) 
b/a 

o/b 

9.0 
a.o 

2.6 
.49 

.63 
15.0 

7.4 
4.o 

.62 
.76 

11.0 
6.8 

5.5 
.73 

.80 
9 • .5 

7.0 
5.0 

.58 
.66 

10.0 
5.8 

J.8 
.58 

.66 
12.0 

7.0 
2 .. 6 

.58 
.47 

9.0 
5.5 

J.1 
.61 

.55 
10.0 

.5.2 
2.6 

. 52 
.85 

12.0 
5.2 

4.o 
.83 

• 56 
6.3 

3.5 
J.O

 
. 41 

.66 
. 

5.5 
7.0 

3.0 
.78 

· 
.64 

9.0 
5.0 

2.8 
.6J 

• 50 
8.0 

5 .. 0 
J.8 

.73 
.60 

6.8 
5.0 

4.o 
.63 

• .52 
8.0 

.5.0 
1.3 

.63 
.60 

9.0 
6.6 

J.J 
.73 

. 51 
6.8 

5.5 
4.2 

.81 
.51 

9.8 
5.2 

1.5 
.53 

.62 
7.5 

5.3 
J.1 

.76 
.58 

6.o 
6.o 

5.0 
1.0 

• 50 
6.o 

4.o 
2.2 

.66 
.70 

12.8 
7.4 

3.0 
.58 

.63 
7 .3 

6.o 
4.6 

.. 63 
.40 

6.J 
5.0 

6.J 
.79 

.51 
9.0 

4.1 
2.5 

.66 
.50 

6.5 
6.o 

2.J 
.8J 

.42 
5.0 

6.o 
2.6 

.B
o 

.80 
5.2 

4.2 
5.2 

.68 
.47 

7.1 
4.8 

4.o 
.74 

.48 
7.0 

5.2 
4.8 

.73 
.75 

9.3 
6.8 

4.J 
1.0 

• .56 
5.0 

5.0 
J.2 

.76 
.54 

5.0 
J.8 

4.2 
· .80 

• .55 
6.5 

4.o 
2.9 

.65 
.42 

s.o 
4.2 

1.6 
.88 

.47 
5.5 

4.4 
.4.o 

.84 
.40 

5.4 
4.6 

5.6 
1.0 

. 56 
5 • .5 

5.4 
7.8 

.78 
• .. 54 

6.4 
4.J 

2.6 
.81 

.3.5 
a.o 

5.2 
1.6 

.37 
.55 

5.3 
J.O

 
1.5 

.71 
.87 

5.8 
J.8 

2.1 
.70 

• .53 
6.o 

4.1 
1.8 

• 50 
• .51 

4.8 
3.0 

2.J 
.83 

.70 
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Table 4 

Sample Tl-A 
\ 

Long Intermediate Short Diameter (a) Dia.meter (b) Diameter ( c) b/a c/b 
6.5 4.o 3.5 .72 .50 .5.0 4.7 4.6 .80 .76 10.0 4.o 2.9 .40 .73 5.0 4.o 2.4 .72 1.0 3.5 J.8 2.6 1.0 .47 



~ 'T "'.( l~..., 

Table 4 

Sample T1-B 

~ 
Long Intermediate Short 

Dia.meter Diameter ( b) Diameter ( c) b/a c/b 

12.5 9.5 2.6 .76 .27 
10.5 6.2 4.o .59 .65 
12.2 7.2 5.5 .59 .76 
10.6 8.5 5.0 .80 .58 
10.-5 6.5 J.8 .61 .58 
14.o 9.0 4.6 .64 • .51 

8.0 5.6 J.8 .70 .67 
8.2 6.8 2.6 .82 . .38 
8.0 5.6 J.1 .70 • .5.5 
8.2 7.2 2.6 .87 . .36 
7.6 5.6 4.o .73 .71 
7.5 5.0 2.9 .71 .58 
7.0 6.6 2.4 .94 .36 
.7.0 5.0 4.o .71 .68 

/_'} .8 6.o 3.0 .77 .50 
8.0 5.5 J.O .69 . .54 
9.0 5.0 2.8 .44 .56 
7.7 7.0 J.8 .90 . .54 
7.5 6.8 4.o .90 .66 
3.5 J.0 .f..J .85 .4J 
6.5 . .5.0 J.J .8J .66 

10.9 6.7 4.2 .61 .6J 
6.o 2.8 1 . .5 .47 .50 
6.J 5.8 J.1 .92 .53 
9.1 8.2 5.0 .90 .61 
5.a 5.5 2.2 .94 .4o 

15 .. 5 6.3 J.0 .41 .47 
8.8 6.9 4.6 .78 .66 

11.4 8.8 6.J .70 .78 
6.1 3.8 2.5 .49 .66 
8 . .5 4.o 2.J .47 .57 

10.0 5.0 2.6 .50 . .52 
18.0 8.4 5.2 .47 .64 

8.8 6.o 4.o .68 .66 
8.0 7.0 4.8 .87 .69 
9.0 5.4 4.J .60 .79 
9.0 5.0 J.2 .55 .64 
8.6 8.0 4.2 .93 .53 
6.2 4 . .5 2.9 • 7.3 .64 
5.0 4.J 1.6 .86 .37 
8.0 .5.4 4.o •. 67 .74 
9.6 .5 • .5 5.6 . .58 1.0 
7.8 J.O 7.8 .J8 .66 
8.2 4.1 2.6 • .50 .6J 

' 
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Table 4 

Sample T1-G 

Long Intermediate Short. 
Diameter (a) Diameter (b) Diameter ( C) b/a o/b 

13.0 10.0 6.1 .76 .61 
11.5 7.6 5.0 .66 .65 
10.0 6.3 J.8 .6J .60 

9.1 6.4 5.7 .70 .89 
8.4 6.J 4.8 .75 .76 
9.5 8.0 5.0 .84 .62 
8.7 5.3 5.0 . 57 .70 
9.0 7.0 5.9 .77 .84 
9.0 4.o 2.8 .44 .70 
7.0 6.o 4.J .87 .55 
8.6 7.5 4.1 .87 .55 
8.6 5.5 5.0 .64 .90 
8.5 6.o 4.o .70 .80 

14.8 8.0 4.5 .57 .56 
11.5 8.6 9.0 .78 .94 

9.0 6.6 2.7 .73 .56 
9.4 5.6 3.9 .59 .94 
9.0 7.5 2.9 .BJ .56 

11.8 8.0 7.7 .72 .70 
12.0 11~0 4.o .92 .44 
7.6 7.2 6.o .80 .98 

12.8 6.o 5.0 .47 .83 
7.8 5.0 4.0 .64 .. 80 

12.0 6.8 3.7 .57 .54 
6.1 6.J 5.0 .96 .83 

17.6 11.0 5.5 .6J . 50 
a.5 7 .. 2 3.5 .84 .48 
a.o 7.0 4.5 .87 .64 
8.0 7.8 5.5 .97 .79 

17.7 6.6 J.6 .37 .4o 
7.2 5.8 4.5 .80 .77 
6.5 5.2 5.5 .so .73 
6.7 6.8 2.7 .98 .60 
5.0 4.1 4.o .68 .99 
6.o 5.0 4.o .BJ .80 
7.J 5.7 5.5 .78 .96 
7.8 7.0 4.o .89 .57 
7.5 6.5 4.5 .87 .69 
8.J 6.o J.8 .68 .6) 
6.7 4.4 3.1 .66 .70 

10.0 8.8 5.0 .88 .57 
12.0 10.5 6.8 .87 .65 
14.6 8.0 7.0 .65 .87 
12.0 8.2 7.2 .68 .88 

I 
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Table 4 

Sample Tl-C 

Long Intermediate Short 
Diameter (a) Diameter (b) Diameter ( o) b/a c/b 

5.0 3.1 3.0 .63 ,.96 
17.4 6.o 6.2 .34 .64 
15.1 8.6 ,.6 -· .56 .73 
7.5 ;.o J.6 .66 .72 
5.5 4.6 2.5 .83 .54 
5.5 4.4 2.6 .83 5

,. . :;) 
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Table 4 

S.ampls 1'1-D 

Long Intermediate Short 
Diameter (a) Diameter {b) Diameter { c) b/a c/b 

12.0 7.8 6.8 .6.5 .87 
• 11.0 7.0 6.o .64 .84 

9.0 7.0 4.6 .78 .66 
12.8 6.o 4.5 .46 .7 5 
12.0 7.5 4.5 .63 .60 
7.9 6.6 .5.0 .8J .7 5 

11.0 6.o 3.9 .55 . 6.5 
11.0 8.7 4.7 .79 .54 
10.0 6.3 3.8 .62 .61 

9 .. 0 7.0 3.9 .77 .56 
1·2 .. 6 7.0 3.3 .56 .47 
10 .. 0 6.o J.8 .60 .63 

6.2 5.3 4.2 .SJ .81 
8.0 7.8 3.8 .97 .49 

12.4 7.7 4.6 .63 • .60 
11.6 8.6 5.4 • .97 .6J 
10 . .5 8.4 5.8 .6:3 .70 
6.1 6.o J.8 .78 .63 

10.2 8.0 5.0 .78 .70 
a.5 4.6 4.3 .53 .63 
6 • .5 4.o 2.5 .62 .63 
7.2 6.o 5.0 .8J .95 
6.1 6.o 4.1 .98 .6 .5 
9.5 4. 5 J.8 .47 .92 
9.0 7.1 J.8 .79 .68 
8.2 5.9 2.8 .72 .84 
9.0 6.4 5.3 .71 • .54 
6.5 5.3 J.o .66 .70 

10.5 7.0 3.5 .70 . 50 
9.5 7.5 4.o .,80 • .53 
8.4 • 6.5 5.4 .77 .69 
9.8 7.4 4.2 .74 .58 
4.J J.O 2.0 .7.5 .67 
7.5 5.0 4.o .67 .80 
6.6 .5.0 3.0 .83 .60 
9 • .5 7.0 5.0 .73 .71 
7.5 5.7 1.8 .76 .31 
4 • .5 4.4 2.6 .97 • .59 
,5.4 3 • .5 2.5 .64 .71 
5.5 4 .. 2 2.3 .76 .55 
7.5 4.5 2.8 .60 .62 
7.5 5.4 3.2 .72 .58 

11.4 9.8 4.J .86 .4J 
5.7 :,.8 2.8 .67 .72 



Long 
Dia.meter (a) 

12.5 
8.6 
9.5 

10.3 
8.0 

11.0 
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Table 4 

Sample Tl-D 

Intermediate Short 
Diameter (b) Diameter (c) b/a 

6.7 5.8 .53 
7.5 5.2 .88 
7.5 5.2 .78 
8.2 3.0 .80 
5.4 4.o .68 
6. 5 3.0 .59 

c/b 

.86 

.69 

.71 

.36 

.74 

.46 
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Table 4 

Sample T2-A 

Long Intermediate Short 
Diameter (a) Diameter (b) Diameter ( c) b/a c/b 

14.o ( cm) 7.0 ( cm) 4.o ( cm) . .so .57 
10.8 8.0 5.4 .74 .62 
13.7 6.8 J.1 .48 .39 a.o 6.o 2 .. 5 .75 .42 
11.0 6.5 4.o .59 .62 
7 .5 · 5.5 3.5 .73 .63 
5.5 4.5 3.0 .82 .67 

11.0- 7.0 7.0 .63 1.0 
9.0 7.0 . ,: q.. J .70 .4) 

13.0 7.4 5.0 • 54 .71 
8.8 4.5 2.5 .56 .. 56 . 
8.0 5.5 J.5 .6) .78 
7.3 6.7 2.5 .92 .37 
8.5 8.6 J.4 1.0 .35 

10.0 6.9 3.7 .68 .54 
11.0 7.0 5.1 .64 .71 
7.0 6.5 4.2 .78 .71 
7.0 6.5 4.5 .92 .68 
9.5 8.0 J.6 .84 .4J 
a.o 5.5 3.8 .68 .69 
9.0 6.7 4.6 .74 .JJ 

10.0 6.o 4.4 .94 .7 5 
9.5 9.0 7.1 .74 .77 
9.0 6.7 3.5 .83 . 50 
6.6 5.5 2.0 .40 .35 
8.7 3.5 2.1 .8J .62 
9.0 7.5 J.6 .72 .46 

11.0 8.2 4.5 .60 .7 5 
7.5 4.5 4.o .66 .75 
6.o 4.1 3.3 .4o .66 

11.0 4.5 J.0 .77 .71 
6.o 7.0 5.0 .76 .81 
8.0 5.5 4.5 .80 .54 
7.5 5.0 J.5 .66 .60 
6.5 4.o J.1 .61 • 9 .5 

12.0 7.3 J.8 .58 .73 
10.0 7.4 5. 5 .75 .66 
7.5 4.o 5.0 .53 .7 5 

10.5 7.5 J.O .71 .53 
8.0 5.0 4.1 .61 .60 
6.o 4.5 J.2 ·.75 .66 
8.5 6.5 J.2 .75 .61 
7.0 4 . .5 4.o .52 .88 
8.0 5.5 4.0 .78 .72 



Long 
Diameter (a.) 

11.0 
11.0 
B.o 

:; 10 .o 
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Table 4 

Sample T2-A 

Intermediate Short 
Diameter (b) Diameter {c) 

4.7 2.3 
8. 5 .5.0 
6.o J.o 
7.5 6.o 

b/a 

.58 

.77 

.75 

.72 

o/b 

.49 

.58 

.50 

.80 
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Table 4 

Sample T2-B 

Long Intermediate Short 
Dlameter (a) Diameter ( c) Diameter ( c) b/a c/b 

6.o ( cm) 4.o ( cm) 2.0 (cm) .66 .50 
7.5 5.5 4.o .73 .72 
6.o 5.0 2.0 .BJ .40 
6.J J.0 1.6 .JJ .80 
7.0 4.5 2.2 .60 .49 
5.0 3.7 1.5 .74 .40 
8.0 l+.2 2 • .5 • ,52 .59 
5.3 3.5 1.0 .70 .29 
7.0 J.4 1.7 .48 .50 
8.0 5.5 1.8 .68 ,.J2 
7.6 4.9 2.5 .53 .62 
8.0 6.o 2.0 .7 5 .33 
7.5 J.J 2.5 .44 .7 5 
9.5 6.7 5.0 .70 .74 
.5.2 4.5 2.0 .86 .44 
7.0 5.0 2.0 .71 .40 
7.0 6.5 2.5 .92 .38 
5.0 7.7 1.8 • .54 .67 
4.5 3.5 2.0 .77 • 57 
6.o 4.o J.0 .66 .7 5 
5.5 J.0 1.5 • 55 .50 
4.o 3.5 1.4 .87 .44-

i.o 4.5 2.0 .77 .57 
.5 3.5 2.5 .80 .62 

5.0 5.0 1.7 .44 .77 
5.0 2.2 5.5 .72 .78 
9.5 7.0 2.5 .80 .63 
5.1 4.0 1.6 .60 • 52 
5.0 J.0 2.0 .78 . 52 
4.5 3.5 2.0 -g4 .92 
.5.0 2.7 2.5 • 5 .80 

11.0 5.0 4.o .57 .80 
7.0 4.0 1.6 .90 .38 
5.0 4.5 2.5 .66 .49 

· 6.o 4.o 2.0 .86 • 50 
: 7.0 6.o J.0 • 50 .50 

10.0 5.0 3.5 .69 .70 
6.5 4.5 1.5 .80 .33 
5.0 4.o 1.5 .70 .33 
5.0 3.5 2.0 .64 .57 
5.5 3.5 1.8 .60 .51 
4.o 2.0 1 • .5 .63 .7 5 
8.0 5.0 J.0 .55 .60 
4.J 2.4 1.6 .60 .67 
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Table 4 

Sample T2-B 

Lo.r-.g Intermediate Short 
Diameter (aj Diameter (b) Diameter (c) 

4.5 2.7 2~0 
4.6 2.6 1.0 
6.5 4.o 2.0 
5.0 3.0 2.5 
5.0 4.5 J.o 
4.1 J.6 1.J 

b/a 

.54 

.61 

.60 

.ao 

.90 

.50 

c/b 

.73 

.4o 

.50 

.BJ 

.66 

.J6 
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Table 4 

Sample T2-C 

Lori.g Intermediate Short 
Diameter (a) Diameter ( b) Dia.meter ( c) b/a. o/b 

14.o (cm) 9.0 ( cm) 4.o (cm) .64 .44 
9.0 8.7 J.O .96 .J4 

10.5 6.5 4.o .61 .61 
12.0 10.5 4.o .87 . .38 
1Jo0 11.0 2.0 .84 .18 
6.5 3.5 2.4 .55 .86 
9.0 5.0 4 . .3 .64 .70 
8.0 5.8 JJ..2 .72 .72 

12.0 8.5 6.5 .76 .76 
11.0 7.0 5.5 .63 .78 
7.0 6.5 4.o .92 . 51 
6 • .5 6.o 2.0 .92 • .3.3 
7.5 4.o 2.8 . 53 .96 a.o 7.5 2.0 .93 .26 

11.0 7.5 5.5 .68 .73 
8.0 6.o J.O .75 • 50 
9.5 5.5 .3.0 .57 • .54 

12.0 6.o 2 .. 0 .50 .33 
5.5 5.0 2.0 .72 . 50 

10.0 4 . .5 4.o .60 .66 
11.0 8.0 2.2 .50 .40 
7.5 7.0 2.5 • .53 .62 
7.2 6.5 4.o .6.3 .89 

11.0 6.o 4.8 .72 .60 
e.o .5. 5 3.6 .88 • 51 

14.o 6.5 2.8 .40 .4J 
8.5 6.o 2.6 .70 .43 

11.0 5.5 .3.0 .50 .. 54 
9.0 4.5 2.7 . 50 .60 
8.5 5.8 2.6 .68 .44 

12.5 6.o 3.1 .• 50 • 50 
10.5 8.5 4.5 .80 .52 
10.5 4.5 2.5 .42 .55 
7.0 5.6 .3.2 .80 .57 
7.0 5.0 2.5 . 71 . 50 
8.0 .5.0 2.5 .62 • 50 

12.5 8.5 4.o .68 .47 
9.5 7.0 5.0 .73 .71 

13.0 9.0 7.0 .69 .77 
17.0 5.8 4.o .32 .68 
15.0 9.0 2.8 .60 . .31 
13.5 8.0 5.0 .59 .63 

9.0 7.0 5.0 .78 .71 
7,.0 4.5 2.8 .64 .62 



Long 
Dia.meter (a) 

7.6 
5.0 

11.0 
9.0 
5.5 

10.0 

12.3 

Table 4 

Sample T2-C 

Intermediate Short 
Diameter (b) Diameter (c) 

6.o 4.6 
s.o 4~s 
7.0 5.5 
7.1 J.O 
4.o 2.6 
6.o 4.5 

b/a. 

.85 
1.0 
.64 
.77 
• .50 
.60 

c/b 

.76 

.90 

.78 

.42 

.65 

.70 
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T

able 
4 

Sam
ple 

T
2-D

 

Long 
Interm

ediate 
Short 

D
ia.m

eter 
(a) 

D
iam

eter 
( b) 

D
iam

eter 
(c) 

b/a 
c/b 

9.5 
(cm

) 
9.0 

(cm
) 

4.5 
(cm

) 
.95 

• 50 
13.0 

11.0 
7.5 

.84 
.68 

10.0 
s.o 

6.5 
080 

.81 
13.0 

9.0 
5.0 

.69 
.56 

14.5 
7.5 

4.2 
• 58 

.49 
11.0 

8.0 
8.0 

.81 
.88 

10.5 
6.8 

6.o 
.64 

.88 
14.o 

10 •. 5 
8.0 

.76 
.76 

11.0 
a.o 

5.3 
.72 

.66 
11.6 

8.0 
7.0 

.69 
.87 

12.0 
10.0 

6.2 
.SJ 

.62 
15.0 

. 
8.5 

4.0 
.56 

.47 
1.3.0 

7.0 
4.o 

.53 
.67 

17.7 
9.0 

6.o 
.50 

.66 
11.0 

7.5 
6.o 

.68 
.67 

9.0 
8.5 

5.0 
.94 

.58 
9.0 

6.o 
5.0 

.66 
.SJ 

10.7 
6.o 

J.8 
• .56 

.63 
11.0 

8.9 
6.1 

.81 
.68 

11.0 
6.o 

4.6 
•. 54 

.78 
17 . .3. 

7 • .3 
4.6 

.42 
.61 

11.0 
8.J 

6.2 
.75 

.74 
. 26.o 

1.3.0 
6.o 

• .50 
.48 

10.6 
6.8 

J.8 
.64 

.56 
11.9 

6.8 
J.O

 
.57 

.4J 
11.6 

9.6 
5.0 

.84 
• 52 

8.5 
6.4 

J"".4 
.74 

.69 
10.6 

6.o 
3.0 

.57 
• .50 

10.0 
6.8 

5.1 
.68 

.75 
8.5 

7.2 
2.9 

.85 
.40 

8.5 
.5.6 

4.6 
.65 

.71 
6.o 

5.4 
2.6 

.90 
.48 

6.6 
6.1 

.3 • .3 
.92 

.54 
19.9 

11.7 
4.J 

.78 
.36 

10.7 
7.4 

4.7 
.68 

.63 
7.0 

4.6 
3 • .3 

.65 
.71 

9.0 
4.5 

J.8 
.50 

.84 
8.5 

5.4 
4.2 

.63 
.77 

9.5 
5.1 

3.5 
.53 

.. 68 
12.0 

6.J 
2.8 

.52 
.46 

11.4 
4.7 

3.2 
.41 

.68 
8.5 

4.J 
J.O

 
. 50 

.69 
8.J 

5.0 
4.o 

.60 
.80 

10.6 
8.5 

J.O
 

.80 
.35 



Long 
Diameter (a) 

7.0 
7.0 
6.1 
7.9 

12.2 
6.6 
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Table 4 

Sample T2-D 

Intermediate Short 
Dia.meter {b) Diameter (c) b/a 

.54 

.68 

.93 

.72 

.60 

.74 

c/b 

.78 

.58 

.68 

.63 

.78 

.53 
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Table 4 

Sample TJ·,.A 

Leng Intermedla.te ~hort 
Diameter ( a.) Diameter Co) Diameter (c) b/a. c/b 

8.0 ( cm) 5.0 ( cm) 1.4 (cm) .62 .28 
9.0 7.0 J.,8 .78 . 54 
1.05 10.0 J.6 .95 .36 

12.0 10.0 3.5 .. 8J .35 
10.0 5.5 1.6 • 57 .29 
11.5 7.8 2. 5 .67 .J2 
7,.2 7.0 4. 5 .97 .64 
7.6 6.1 2.8 .80 .48 

13.5 5.5 2.8 .42 . 51 
18.J 5.7 2.0 .31 .35 
9.0 6.2 2.7 .69 .46 

15.0 10.0 4.4 .66 .44 
21.0 11.7 J.2 .56 .66 
9.0 6.o J.1 .67 . .52 

12.0 5.7 2.9 .48 .41 
15.0 14.5 9.8 .97 .68 

6.1 5.0 2.6 .81 .52 
6.2 5.3 :3 .. 8 .8.5 .72 
7.6 5.5 2.1 .72 .J8 
8.8 5.4 J.1 .61 . .56 
6.J .5.2 2.0 .8J .J8 
6.8 J.8 1.5 .56 .39 
6.8 4.5 2.5 .66 . .56 
6.o 4.4 J.1 .72 .70 
7.0 5.5 J .. O .79 .54 

17.8 14.o 11.5 .79 .82 
6.o 4.6 2.4 .77 . 52 
6.6 4.1 1.2 .62 .29 

10.6 7.8 2.5 .74 .32 • 
7.5 5.2 2.2 • 69 .JO 
6.5 .5.2 J.S .82 .72 

1J.8 9.2 3.5 .67 .J8 
.5.2 4.5 2.4 .87 • .53 
6.o 5.1 1.5 .85 .31 
7.0 5.3 2.1 .75 .4o 

10.5 9.0 J.1 .72 .34 , 7.0 4.8 2.0 .69 .42 
.5.1 3.2 2.0 .63 .62 

11.2 7.8 4.o .70 .51 
7.8 4.1 1.9 .6J .37 

13.8 • '10.2 4.6 .74 .45 
9.0 7.0 5.0 .78 .71 
6.o 5.8 J.8 .97 .66 
9.8 4.9 2.1 .50 .4J 



Long 
Diameter (a) 

4.2 
8.4 
5.5 
6.8 
6.o 
6.9 
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Table 4 

Sample TJ-A 

Intermadiate Sho·rt 
Diameter (b) Diameter (c) 

J.8 1.5 
5.0 4.o 
4.5 2.2 
5.5 1.9 
3.5 1.5 

. 6.o 4.8 

b/a 

.90 

.60 

.82 

.Bo 

.58 

.86 

c/b 

.39 

.80 

.49 

.J6 

.43 

.80 



-
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Table 4 

Sample T.3-B 

Long Int ermedla t e • Short 
Diameter (e.} Diameter (b) Diameter ( c) b/a c/b 

14.o (cm) 12.0 (cm) 5.6 ( cm) .86 .47 
8.0 6.5 .3.0 .81 .. 46 

14.8 10.0 5.1 .68 .57 
8.7 7.5 .3.7 .86 .49 

15.5 7.7 2.3 .50 .29 
14.5 10.6 J.8 .7.3 .36 
8.4 6.8 5.7 .80 .83 

16.8 12.0 3.8 .71 .32 
17.7 8.2 3.1 .46 .37 
11 . .3 8.7 3.5 .76 .40 
lJ.4 6.o J.O .44 .50 
4,.o 10.J 6.5 .22 .62 
1 .o 12.6 6.9 .85 .54 
15.5 9.0 5.2 .58 .58 
10.0 7.5 4.o .7 5 . 5.3 
10.0 6.8 J.2 .68 .47 
16.5 . 11.0 4.5 .67 .41 
9.5 5.0 2.1 .53 .42 
8.6 6.8 3.8 .76 .56 

10.4 7.5 5.a .72 .77 
7.5 s.a 2.6 .77 .45 
8.6 6.4 2.0 .74 .47 
8.8 7.0 3.1 .79 .44 
9.1 J.8 1.9 .41 .50 
8.8 7.2 2.4 .82 .33 
9ct5 5.1 1.8 • .54 .35 

14.o 9.0 J.4 .64 .37 
9.6 7.0 2.5 .72 .35 
8.0 4.6 1.9 .57 .41 
6.5 4.5 1.8 .Bo · .40 
7.0 3.8 1.5 . 54 .38 
6.o 4.5 3.5 .75 .78 

1.3.6 8.7 7.5 .64 .86 
6.o 4.6 1.6 .77 .34 

14.o 7.6 5.0 . 54 .66 
14.2 9.1 7.9 .64 . 87 

8.5 3.8 1 • .3 .45 • .34 
7.1 4.1 1.0 .57 .21 
5.5 4.1 2.9 .74 .71 
8.0 6.o 1.5 .7 5 .24 
9.5 5.2 2.2 ~ .56 .42 
9.6 8.3 2.J .86 .28 
8.8 7.6 J.4 .86 • .44 
6.5 5.2 1.6 .80 .31 



Lo.ng 
Diameter (e,) 

11.6 
7.1 

1.3.0 
8.5 

11.0 
15.1 

129 
Table 4 

Sample -T.3-B 

Intermediate Short 
Diameter {b) Diameter (c) 

10.0 5.8 
4.1 2.8 

10 .8 800 
J.6 1.9 
9. 5 .5. o 

10e0 4.2 

b/a 

.86 

.58 

.8J 

.42 

.86 

.72 

c/b 

.58 

.68 

.74 

.52 

.52 

.54 
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Table 4 

Sample TJ-D 

Long Intermediate Short 
Diameter (a) Dia.meter (b) Diameter ( c) b/a c/b 

17.1 (cm) 15.8 ( cm) 7.8 ( cm) .90 .49 
16.5 12.0 6.o .72 • 50 
13.5 10.5 6.9 .77 .65 
22.2 16 .. 5 9.6 .74 .58 
17.6 12.8 8.8 .78 .64 
23.6 10.5 7.8 ~44 .74 
JJ.6 14.o 9.0 .42 .64 
25.5 17.0 7.0 .57 .41 
23.0 12.5 11.0 . .54 .88 
25.0 12.0 7.8 • 50 .6.5 
22.0 14 . .5 6.1 .. 66 .42 
21.0 1.3.7 7.5 .62 . .58 
18.8 1.3.0 4.6 .69 .35 

• 13.2 11.0 6.6 .8J .60 
1a.o 16.0 7.0 .89 .44 
18.8 17.8 14.o .96 .79 
12.4 12 .. 2 7.4 .98 .61 
4o.o 20.0 9.0 .50 .45 
4J.O 31.0 22.0 .72 .71 
28.0 24.o 13.0 .86 .54 
37 • .5 22.0 7.0 .. 58 .J2 
29.0 22.0 10.0 .76 .45 
17.0 12.8 4.1 .74 .32 
17.8 11.5 4.6 .65 .40 
28.0 16.5 11.5 .59 .70 
23.0 19.0 7.0 .SJ .37 
22.0 10.3 6.8 .47 .66 
20.6 16.5 12 . .5 .?8 .78 
24.o 18.0 15.5 .75 .86 
19.0 19.0 7.0 1.0 .36 
23.0 19.6 a.o .85 .40 
19 • .5 14.5 8.J .74 • 57 
31 .5 15.5 6.o .86 .51 
17 • .5 15.0 7.6 .48 .. 39 

· 22.5 11~6 5.8 .52 .55 
17.2 9.8 J.8 .57 • 59 
11.7 9.5 7.0 .81 .74 
19.0 1J.O 7.0 .68 • .54 
13.8 9.8 - 7.6 .71 .76 
17.0 13.2 5.9 .78 .45 
15.3 14.2 5.2 .92 .J6 
20.5 10.4 9.1 . 51 • 8.5 
1J.6 13.0 2 • .5 .96 .19 
lJ.8 10.7 8.0 .76 .75 
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Table 4 

Sample ·r.3-D 

Long Intermed.iate Short 
Diameter ( a.) Diameter I • ) Diameter ( c} b/a c/b 'D, 

- 10.5 9.4 6.o .87 .64 
14.8 10 • .5 6.7 .72 .63 
20.6 10.0 7.6 .49 .76 
18.2 12.5 4.6 .69 • .36 
lJ.1 10.0 4.5 .76 .45 
15.8 7.,3 J.6 .46 .49 



1J2 

Tabla 4 

Sample TJ-C 

Long Intermediate Short 
Dia.meter (a) Dia.meter (b) Diameter ( c) b/a c/b 

19.0 ( cm) 14.? ( om) J.O (cm) .77 .20 
15.0 11.0 5.0 .7J .45 
20.0 13.5 l.1.0 .68 .81 
14.8 12.0 7.6 .81 .63 
17.0 14 ~ 7.6 .85 .54 .... ) 
15.0 12.2 6. 5 .81 .53 
20.5 12.5 12.0 .61 .96 
17.5 12.5 8.4 . 71 .67 
17.7 9.7 8.0 .55 .82 
34.5 24.7 12.5 .,72 . 51 
lJ.8 12.2 7.6 .88 .62 
21.Q 13 • .3 8.J .6.3 .62 
14.8 9.0 5.2 .61 • 58 
14.5 10.2 6.5 .70 .64 
14.6 9.5 6.o .65 .63 
21.5 1.60 9.0 .74 .56 
14.5 10.5 4.5 .73 .4J 
18.5 12.0 11.0 .65 .92 
21.5 14.7 8.7 .69 .47 
13.7 12.0 7.5 .88 .6J 
13. 3 11.6 6.3 .87 .47 
16.5 :12.;.5 8.2 • 76 .66 
13.5 12 . .3 4.4 .91 .J8 
13 . .3 11.0 8.9 .8J .81 
35.0 21.0 8.0 .60 .43 
25.0 18.o 12.0' .72 .67 
19.0 17.0 12~.5 .89 .74 
16.0 14.o 8.5 .87 .61 
17.0 16.0 9.4 .94 • 59 
15.0 13.5 5.7 .90 .42 
1,3.8 11.5 6.5 .8,3 .57 
28.6 1.3.0 6.o .45 .46 
16.5 9.2 7.2 • 56 .67 
10 . .3 8.4 5.0 .82 .60 
10.J 7.8 7.3 .76 .94 
13.3 11.8 5.6 .89 4? . -
11.8 11.0 5.5 .93 • .50 
10.8 9.0 5.5 .8J .61 
10.5 12.0 8.9 .97 .75 
tli,.Q 13.5 4.2 .98 .Jl 
15.8 9.5 ,~. 0 .60 .. 42 
21.0 10.5 8 .. 0 • 50 .76 
19.5 9.6 6.J .49 .66 
1.5. 8 10.8 4.6 .68 .42 



Long 
Diameter (a) 

15 • .5 
15.0 
14.8 

9.6 
10.J 
15.0 

1:3:3 

Table 4 

Sample TJ-C 

Intermediate Short 
Diameter (b) Diameter (c) 

11.6 6.o 
5.5 4.7 

10.5 4.6 
7.5 5.5 

10.0 4.o 
10.5 4.o 

b/a 

.76 

.4J 

. 71 

.78 

.97 

.70 

c/b. 

.51 

.72 
41!. . ...,. 

.73 

.40 

.J8 
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Table 5 

Wind Velocity Data 
August 1970 through July 1972 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180. 
181-225 
226~270 
271-315 
.316-360 

. Direction {degrees) 

1-45 
46-90. 

136-180 
181-225 
226-270 
271-315 
316-360 

Direction (degrees) 

1-45 
46-90 
91-135 

1.36-180 
181-225 

. 226-270 
271-.315 
.316-360 

August 1970 

Occurrence ( %) 

4.7 
4.8 
3.5 

14.8 
18.0 
14.8 
15. 7 
11.0 

September 1970 

Occurrence ( %) 

• 8.3 
4.4 
1.5 

20.7 
16.1 
18.5 
14.J 

October 1970 

Occurrence ( %) 

13~0 
8.5 
4.0 

11.6 
14.2 
11~6 
11.6 
14.7 

A v-erage Speed 
(M.P.H.) · 

10.9 
6.8 
4.7 
9.1 
8.6 
6.4 
5.9 
6.4 

Average Speed 
(N. P.H.) • 

7.4 
8.0 
3.8 
8.9 
7.3 
6.4 
7.1 

Average Speed 
(M.P.H.) 

11.8 
9.1 
7.8 

10.1 
7.5 
5.5 
6.1 
8.) 



Direction (degrees) 

1-45 
46-90 
91-135 

1.36-180 
181-225· 
226-270 
271-315 
316-360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-.315 
J16-J60 

Direction (degrees} 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-.315 
316-.360 

135 

Table 5 

November 1970 

Occurrence (.%) 

12.6 
17.5 
6.1 
8.2 
6.J 
8.6 

15.6 
16.7 

December 1970 

Occurrence ( %) 

14.9 
6.o 
1.2 
0.9 
3.2 

16.4 
25.0 
25.5 

January 1971 

Occurrence (%) 

5.9 
1.9 
1.2 
3.2 
6.o 

26.7 
23.2 
20.8 

Average Speed 
01.P.H.) 

10.7 
• · 7 .6 

6.9 
7.3 

11.4 
5.9 
6.4 
7.5 

.Average Speed 
(M.P.H .. ) 

9.5 
11.7 
10.4 
7.6 

11.6 
7.7 

10.8 
10.8 



Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-315 
316,-360 

Direction (degrees) 

.1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-315 
316--360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-22 5 
226-270 
271-315 
316-.360 

136 

Table 5 

February 1971 

Occurrence ( %) 

10.0 
5.1 
5.7 
8.1 

13.1 
19.2 
22.9 

9.7 

March 1971 

Occurrence ( %) 

7.0 
5.6 
3.2 
6.7 

13.7 
12.9 
21.9 
15.2 

April 1971 

Occurrence ( .%) 

11.2 
8.9 
1.9 
6.9 

14.4 
8.2 

17.9 
20.0 

A v·erage Speed 
(M.P.H.) 

9.8 
9.2 
7.6 
9.7 
9.2 
9.3 
8.7 
7.5 

Average Speed 
{M.P.H.) 

.14.1 
10.1 
9.6 
7.4 

10.J 
10.9 
10.9 
9.6 

Average Speed 
(1'1.P.H.) 

11.0 
10.1 
6.o 
9.6 
9.0 
7.7 

10.7 
10.1 



Direction (degrees) 

1-45 
46-90 
91-1.3.5 

136-180 
181-225· 
226-270 
271-315 
316-360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-315 
.316-360 

Direction (degrees} 

1-4.5 
46-90 
91-135 

1.36-180 
181-225 
226-270 
271-315 
.316-.360 
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Table 5 

May 1971 

Occurrence ( %) 

15.4 
5.8 
2.1 

11.5 
20.J 
1806 
6.3 

13.2 

June 1971 

Occurrence ( ,%) 

6.J 
13.9 
2.1 

11.0 
17.2 
24.9 

7.1 
7.6 

July 1971 

Occurrence ( .%) 

J.6 
2 • .5 
1.J 

11.2 
18.8 
20.7 

8.2 
6.9 

A v·erage Speed 
(M.P.H.) 

.10.6 
7.0 
7.0 
9.1 
9.4 
9 .. 8 
8.9 
8.6 

Average Speed 
(M.P.H.) 

?.2 
8.1 
4.5 
8.5 
9.1 
8.0 
5.7 
6.1 

Average Speed 
(M.P.H .. ) 

8.7 
7.4 

• 5.0 
8.9 
9.0 
9.1 
6.J 
7.0 



Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-.315 
J16-J60 

Direction (degrees) 

1-45 
46-90 
91-13.5 

136-180 
181-225 
226-270 
271-315 

. 316-360 

Direction {degrees) 

1-4.5 
46-90 
91-135 

136-180 . 
181-225 
226-270 
271-315 
J16-J60 

Table 5 

August 1971 

Occurrence ( %) 

6.1 
5.2 
1.6 
7.0 

14 . .5 
24.9 
15.0 

9.5 

September 1971 

Occurrence ( .%) 

12.1 
7.2 
5.7 

13.9 
1.5.1 
21.7 
14.1 

9.7 

October 1971 

Occurrence(%) 

11.9 
13.6 

1.6 
12.5 
13.6 
18.7 

8.6 
4.6 

A v·erage Speed 
(.M.P.H.) 

8.7 
7.3 
5.0 
8.9 
9.0 
9.1 
6.2 

• 7 .o 

Average Speed 
(M.P.H.) 

7.4 
6.J 
5-7 
6.4 
8.1 
6.9 
4.4 
5.5 

Av·erage Speed 
(M.P.H.) 

9.1 
8.4 
6.o 
8.1 
7.0 
5-7 
5.7 
5.0 



Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225· 
226-2?0 
271-315 
316-360 

Direction (degrees) 

1-45 
4-6-90 
91-135 

136-180 
181-225 
226-270 
271-315 
316-360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-315 
316-360 

139 

Table 5 

November 1971 

Occurrence ( %) 

11.2 
7.1 
6.J 
9.0 

12.J 
11 .. 9 
14.8 
16.2 

December 1971 

Occurrence ( %) 

January 1972 

. Occurrence ( %) 

7.1 
1.6 
o.8 
3.6 
8.4 

21.8 
18.8 
20.7 

A v·erage Speed 
(M.P.H.) 

10.2 
8.5 
7.0 
.5.2 

11.1 
6 .. 3 
7.0 
7.8 

A v·erage Speed 
(M.P.H.) 

9.4 
6.2 
6.9 
603 

11 . .5 
8.1 

10.3 
9.1 

Average Speed 
(M.P.Ho) 

6.4 
7.0 
• .5. 3 

10.3 
9.9 
8.0 
8.5 
8.8 



Direction (degrees) 

1-4.5 
46-90 
91-135 

136-180 
181-22.5 • 
226-270 
171-31_5 
316-.360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-.315 
316-.360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-22 5 
226-270 
271-315 
J16-J60 

14-0 

Table 5 

February 1972 

Occurrence (%) 

11.9 
10.8 

2.2 
3 • .3 
7.6 

16.4 
19.7 
18.5 

March 1972 

Occurrence{%) 

13.6 
10.9 

2.1 
9.1 

15.1 
9.8 

14.7 
20.2 

April 1972 

Occurrence ( %) 

13.3 
5.3 
J.8 

10.3 
9.6 

11.7 
15.9 
18.o 

Av·erage Speed 
(M.P.H.) 

8.o 
13.5 
15 . .5 

9.7 
9.6 
9~4 

10.6 
10 . .3 

Average Speed 
(M. P.H.) 

10.8 
8.4 

10.7 
10.3 
12.7 

9.6 
11.0 

9.7 

.Average Speed 
(M.P.H.) 

8.9 
5.8 
4.4 
7 . .3 
8.3 
6.5 
7.6 
8.o 



Direction (degrees) 

1-45 
4-6-90 
91-135 

136-180. 
181-225 
226-270 
271-315 
316-360 

Direction (degrees) 

1-45 
46-90 
91-135 

136-180 
181-225 
226-270 
271-315 
316-360 

141 

Table 5 

May 1972 

Occurrence ( %) 

16.9 
9.0 
2.2 

17.4 
21.4 

9>5 
5.1 
5.6 

June 1972 

Occurrence ( %) 

5.3 
7 1 
4.J 

20.8 
J0.4 
17.4 

4.7 
5.0 

Average Speed 
(N.P.H.) • 

11.2 
10.4 

3.7 
8.6 
9.1 
9.1 
5.~} 

7.9 

Average Speed 
(M.P.H .. ) 

7.4 
7.9 

11.2 
9.9 

10.3 
. 8.2 
6.7 

11.4· 
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