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ABSÎRACT

A stud.y of tr,ro area.s of supposed Lake Agassiz beech rlclges vas

unclerialen to ascortai¡r the orfgin of the features and to establlsh crf-

terj-a þ wh-icb sinilar features raight be recognlzed. in the flleld" One

ridge ls at Ste. Anne, ln Southern !îanitoba, the other three ridges are

at Ponton, in Northern lianítoba.

Thís work rvas ma;inIy achieved þ a substantial study of the mor-

phology and deposÍtional ele¡rents of the ridgeso the norphology !râ5 os-

tablished, þ rneans of air-plrotograph analysís and accurate sulveying"

Firstly, the stratigraphy r,ras describecl. For gfavol slzo particlese

sphericity, roundness and long-axi.s orlentatlon values uere deterrnined"

SeeondJ-y¡ texbr:ral analyses a¡rd the percent hearry ¡n.ineral determinations

were used to cheracterlze the various deposits"

Throughout tho lrork, an attenpt ís narle to conpare the verious

aspects of the supposed b,saeh rlclges r¡íth other features, in the l-ltera-

ture, whose origÍn is knovn. The ridges could conceiva-b1y bo beach-

ri.dges, off-shore bars, borrns, eskers, kames, drunlins, morainic feature$,

or sancl d.unes" 0n the basfs of norplmloryr statistícaL testing pro-

ced.ures, eomparing these featrires r+ith ones of knor¡n origin, lnd;icatod

tbat because of tho Ínequality of sJ-opes, the Sten Anrto ridgo and rÍclges

l_ ancl 3 at Ponton nay not be eskers or tra¡sverse dunes" Resornblanees

occut, betl¡een these riclges and beachese off-shore bars and berrns" Ritlgo

2 at Ponton n^ay bo an eslæru

The sod.lrûent descriptiorr of the Sbo. Anne deposits evidence a

beach type of emrironroent (vlth storm beach ancl foreshore constituonts)
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a¡ct the laminations¡ graded bedding and high angle stratiflcation woultl

substantlate this; but the latter features have also been d.escribed in

the beds of known eslaers. The Ponton sauds are relatively homogeneous,

which nay be consisteut with an aeolía¡ erÍlronment. Moðifications due

to períglacial activity may aLso have occu:red.

Sphericfty valuos for the SLe. Anne ridgee uslng Folk and !trardls

seaile¡ rsxge betïeen 0.668 and 0,895. A plot of sphericlty arrd d.isbance

suggests a shifblng of grains flon norbh to south¡ possibly duo to J-ong-

shore drifb. A narked Lncrease in spherlcity towards tbe center of the

ridge is shor¿n vhích suggests deposition ín a flLur¡:ial environment. Ttre

pebbles are qphericaL (cornpact) a¡d rod shaped, An average sphericity

value for Ponton is 0,728.

Roundness values for Ste. Anne, according to the ltru¡ùeÍn Scale¡

are O.35t+ to O.5T\ tridr ttr the ColLleurc Methoð, 222 to 601. The round-

ness nay suggesb depositíon in a beach environme[t. The Long axis orl-

entatÍon showeil on!-y two significant directionsr S - l-00 clegrees and

!æ - 140 degrees (easü of north)¡ which rnay Índ:icate beach deposíts

uith their J-ong a:ces paralLel to the backwash dírection. The high dogree

of scatter is also sirÍLar to that found in outr,¡ash deposfts.

Textr.rral analyses at Ste" Anne varT according to seetion position

A - E across the rd.dge. The neaa gfaln sfze suggests a shoroline en-

vironnent, sorting is inconelusive, skewness inùicates a shorelin€ or

dune environnent and lurtosi-s suggests a beach, dune or aeoban flat en-

vÍronrent. Tho Ponton sedirnents nay aore cJ-osely approximate beach sa¡ds

tha¡ dune on aeoliat flLat deposits. The sortinge which decreases fÞorn R3

to Rl is conslstent r,rlth the d.ecllne ín the leve1 of Lake Agassiz fÞon

Sl.l to NE. The heavy nineral content varÍes 1n Ste. Anne betweon /r.28
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and 8.49 percent a¡rd at Ponton between 13.93 and 20.9L. Thls Índicates

different source naterlals or a eonsÍderable aroount of reworkingt

espocíally ín the Ponton úea.

The conclusions reached are that the $be, "Anne ridge consÍsts of

a moðified tiIl deposit r,¡hich has been rel¡orkecl þ water ln high a¡d 1or.¡

enerry environments. The Ponton ridges nry have been d.eposÍted in a

beach or aeolian environment, a¡d have also been reworked, to a greater

extentn
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Chapter J.

INIF.ODUCTTON

The introductory chapter consists of the following sub-sections:

Introduction s¡d aimsu

A Survey of Previous l{ork o¡ Lake Agassiz.

A Descríption of the StudY Areas.

An Outline of the Analysis'

A.

B.

c.

D"

.å". Introduction and Aims

the follovíng research project is an attenpt to adcl to the over-

aJJ- knowledge of the hisbory and cbang'ing environment of the area that

Ìfas once occupied þ proglactal Lalce .Agassiz. Attention here is focusseti

on Ím¡estígations of sone ridge features whlch have been presumod. to be

beaches of the lale, The lntentlon of the present uork is to disrogard'

this assumptlon ald, follor¡ing a detailed analysis of forn a¡d sedlment

content, to arrive at certain nore specÍfic eonclusions concernltl9 the

orlgån of certaln rlcl.ges"

Sone of the supposed Lalce Agassiz ridges noed to be consldered

nore closely for the follor,/ing reason. Assunring some Pleistocene lele

beaches were deposíted on the periphery of La.ke Âgassí2, criteria are

needed so that these forms night be recognized in the field and dis-

tinguished ln a nea:ringf\I uay fron fluvio-gIacial, aeolian and offshore

features. A generalized lake beach norphology and stratigrapty should.

be eluciclated so that beaches nay be recognized and compared i¿ith others

in the Agassiz Bagln. Whethsr the conclusion ís that the supposed LaJce

Agassiz beaches are beaches or not, the work leads ultimately to a rnore



detailed Ìnowledge of the dynanjcs of proeosses operative in tho

Ploi stocene environmont o

the chronology of the LaJ<e

history of L,alae ágassiz as a uhole

B. A Slrrvev- asslz

A necessary fntroduction to this thesls is a brief sunrÂar-Tr of the

past literature on Lake Agassiz beach rf.clges. The reason for its inclusíon

1s to ernphaslze the Laclc of detailed morphological a¡d seùimentologlcal

d.escription in the previous uorks. These, Ín generalr include extensÍve

ar€as a¡d the descriptions of the beaches tend to be vagueo ?here aro

no particular factors uhich l¡oulcl conclusj.vely prove theso features were

Lal<e AgassÍz riciges as ôistÍnct fro¡ir slnllar featuros of entirely dlffer-

ent origÍns.

The worlc of I{azren llpham ise to sonoe ertent, exceptiona-le in so

far as deseriptíons ar€ lncIuded. of generallzed La.ke Agasslz beach forn

ancl content. Tho Monogfaph of 1895 described hoi,l Upha¡, su::veyed a.u

extensive area fbo¡n the U.S. border to the Duck l4ountains of Manitoba.

He gave a graplr-ic descrÍption of the nbeachosrl, along r¡ith descriptions

of other la¡dforms. The features consist of rlbeaeh gravel a"nd sandr a¡d

each forns a contlnuous smoothly rouuded ridgeil wh:ich rÍses l0 - 20 feet

above tbe levol of the surrouncling terrain on tho landr.rard. side a¡d

3 - L0 feet on the la.t<esard sicle (p" 26)o The Ìridth of those varies

grorn 412å to 495 feot" Upharn asser"bed that varlation in beacb sizo was

duo to the unoqual pol.ler of forrner r^ravea a¡d. cu¡'rents. He gave a genor-

alized stratigrapþ, var¡ring from tilI or unstratÍfied clay off the rldgo

to stratified sand and gravele r.lith sono stones and bould.ers, unclerlying

the ridge 1tself. A detailed seilLrnentological descrlption ís not given,

\
Agassiz water-planes v1s-a-vis the

1s omittod f?orn the present uorku
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but certain pebbles uere measured and found to vary in size florn botween

2 - 3 inches arrd 6 ínches Ín d.iameter. Uphamls work i.s one of the more

comprehonsive treatíses on the Agassiz BasÍn, because of Íts lucid., quan-

titative descriptlon wh-1ch Íncludes the heiglrts, dirnenslons a¡rd deposíts

of the ridges. However, there are no parbicular characterÍstics wh:ich

woul-d &istinguish these presumed Ágassiz beach ridges fbom tho eslcers

(osars) arrd kames l¡h-ieh Upharo also descrÍbes.

The accounts of norpholog¡ and sedinents in Later works are less

specific. Those include the r^æitings of T. C. Cha.nberl-ain (fSS?),

J. Bn $r:=eJJ¡ who r.æote pap€rs in 188pr 1892 a¡d Læ3, and F. Leverett,

unitÍng in L9L22 1932 and.1936" ltrelr pap€rs tend to concentrate eÍther

on the nap,ping of the beaches, or tend to stress the geological hlsborT

a¡cl ínterpretation of f,ake .Agassiz. Tbe above authors e)æLude quantí-

tatÍve descriptions of tho presurnod beach ridges or their nod.es of forn-

ation.

Ifore detaÍl relating to the rldges (as opposed. to other features

in the basin) appearecl Ín the work of !I. A. Johnston (W+ö, uho found

that the Agassfz beaches were parbicularJ-y condueive to a study of varí-

atÍons 1n Ísostatie uplåft, becarse of theÍr ntrnrber (about Ð) and thejr

ùi¡ectionaL tiLt. This is de¡nonstrated ín their length, r'rhich exceeds

300 niles (p. 2). Johnsüonts vork consisted. of a detaiLed recor&tng of

crest Ìæights along rcst of the rÍdges. Th-is included sorre crest heights

whieh had not previously been reeogrrized. The roorphologlcaL description

of the ridges ls very tnÍef in Johnstonts r,¡orlc, sinee he r"¡a^s prímarily

coneerned with hinge-J-ine forrnation consequent upon isostatic readJusb-

nent than with the developnent of tbe beaph ridges.

C. C. Nikiforoff (L9/r7) demonstrated that the flagrnentary nature
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of the boaches Ís sucb that their declination to the south is nore

apparent tha¡ real. He asserted that tbe beach fbagrnonts at simllar

heights represent stages of a falling 141€ level, thus negating the

neeessity of ínferring isostatíc readjustment.

Sinrilarly¡ ïrork compJ-eted on the geomorpholory of Norühern

Manltoba bas tendod to exclude detalls of beach ridges. Certain ridges

do occur, for lnstancen in the aroa r,¡here Eo Antevs (fg¡f) studied the

depositional sequences of va¡rred deposlts a¡d wttldn the lJmits of the

geo-botanlcal survey of J. C. Rftchle (tg6Z). Houever, no analysis of

these forms has yet been made.

Very líttle reference is nrade to the beach rd-dges of I'fanitoba fn

tho general chapters of Jo Ho ElËst s publlcation of L938t due to the

cornparative insignifica¡ce of the rld.ges as parent naterials for soilsu

An exceptional section is that refe:rÍng to the llest-&alce regÍon

(pp" 5S-60). Here a cross section is drar,m shor.ring a Low hill of sand

and gravel, overlying trboulder tÍII or drif'tlt. ModÍf,led drift oceìtrs

landward of the rÍdge. Da}e-r¿ard there Ís ntexbured variation due to

r¡ater sorüingtr, br¡t no details are givenn fn the r¿ell-d.efÍned beachos,

the finese silt and cIery, bave been removed þ water sorbing, J.eaving the

gra.vel to bo deposited as rraore or l-ess rounded, stra.tified beach ridgestlo

lJ. I,f. Lai¡d (L96/)e lrorking fþom North Dakota, described bsach

sedl¡rents lfang unconfornably ovor a planed t111 surface. Those consist

largeþ of gravel a¡d sa¡d" To the norbh of Gra¡d Forks sorne of the

nultiple beaches appear to hase the same general elovation within a givon

beach complex (e,g, the Blanchard Beaches)r a¡d. so they rnay have been

off-shore bars ancl do not necessarily represent sbiJ-l-stand.s of the lalce

l-eveI.
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Earlier work þ InIn Il. Laird (tgØ) shot¡s a particle sÍze

analysis report of s'anples talcen fron beaches in l,lorbh Dalota. Some

beaches a::e ext'remely uell-sorted a¡rd bimodal grarn size d.istributions

are coÌnûono &rt no d.ecisive lnterpretation was drar.rn from the analysis,

A eonsiderable a¡nount of work on Lake Agassiz deposits has boen

compiled by J. A" Elsonu In hj-s rrSoils of the Lake Agassiz Regionrl

(1961) is found a table on lalce deposits" RLve dífferent depositÍonal

t¡4pes aro discussedo These lnclude boaches, near-shore (ttttor¿)

deposits, deltaic d.oposÍ-ts, deep uat'or deposits a¡rd lag concentrates

(pp, 53-5ù " The bsachos sre described as cousisting of ¡tr¡oll-sorted

sa¡d and graveLll fn the southoast ancl southvest of }fanltoba a¡rcl of

llmediun grarned sandll r¡bich occurs on the lnner parb of the lal<e basine

especlolly on tho vest siden Assocíated r,rith the forner, in tbe south-

west and the tr'Jluitenouth area are líttoral doposits of sÍlt and fine sand*

Chenical and mineral analyses of tld.riftrl doposits r^rere perforrned a¡cl

reported, as r¡ere the graln sizo dlstributions of tiIls a¡rd Lake Ágassiz

sodirnonts ín ter¡ns of silt, sand arrd gravol contento E1son described the

beach ridgos as being 2 to Ð feet high a¡d 100 to 300 feet r.rlde. Ths

sand. and gravel towards the center is 5 - I feet th:ick v¡ith lenticular

eross sectíons (p" Z). there are no diagrams sholring th-is. Elson also

described ma::y beaches r¡ith l¡avo-cut terraces betr.reen them, possessing

bould.ers several feot in ùiaroeter ald nade up of coarse gravel"

Dater vork þ Jo An Elson (tgíZ) finds only tnief troatment given

to ihe h-igher strard.lines, Tbis was surpassed in importanco þ the

olucidation of the post-glacial hlstory of Lalce Agassizo

Iu ttLife, Land and lrl¿isvtr (flee¡ r J. A. Elson has r¡'ritten the

nost conrprehensive strrdy to date on the laJce Agassiz rogion" ïn th-is
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work, the beachss are described as rld.ges usually 2 - 15 feet high¡ and

IoeaIIy as hi-gh as 30 feot r,¡here spits have erbondod across the eroba¡rnrcnts

(p" 7il. The lddth of thsso features rangos fÏon approrinately L50 to

500 feet, and sone groups of rtdges form. coraple:<es e:cceeding half a r¡:ite

fn r¡Ídth" Beach formation generally occr.u:s r,rhen r"taves attack the parent

naterlal (tiff), wh:ieh yieJ-ds sand and gravel size parbieles,

J. Ao Elson itenised some of the factors r¿hích influence the for¡n

of the Agassiz ttsbrandltnesr (p" ?7), In outllne these include:

l-. slop of the eoasb

2, depth of the uater

3" the fetch

4. the parent naterial

5o the duratlon of water level

6, the flequency of storns

Because of the unusual environ¡nental concÌitions which porsistedr alrd

boeause of the proporbions of the lale at any given tine, other factorse

sueh as the wavo period (if a.r-), peråglacíal modifications, the ice-

push effect a¡d the seiche effect, nay be comsidered íryortarrt in the

fornation of beach ridges. Prelim:inary roundness stud:ies havo been made

by J. A" Elson on the Herrnano Ca¡rpbe3.l and Burnside beachesr shouing that

there nay be sono relationship botr,reen the degree of roundness and the

þpotlretic al fetch caLeulations"

Therefore, it is apparent that conclusions coneerning lake levsls

ald supposed. boach ridge production have been drar.m f?o¡n an overall stud.y

of tho entire ågassiz Basin. There 1s a coraparative lack of d.etailed

norphological and seùinsntologlcal uork in specific areasô Ttris deficlt

is, to some e:(tent, being filled þ presont resoarch. An i4por*ant
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asp€ct Ís the neeessity of deterninfng whether those se-sa]led beacb

ridges have, ln fact, the lalce shoreline origin r¡hich is aseribeil to

thern þ the pr.evious authorso No one has been able to prove conclusiveþ

that these features €re beach ridges. Tlp intention in thls thesÍs Ís

to assume no specifie emrÍrorunent of depositíon. The ains are rather to

validate the ortgin of eertain rldges þ acceptable norphologfcal a¡td

seilinerbological testing pnoeedures¡ the results beíng ehecked. a¡d

compared. r'rith conparable ones obbainod. by othor authcns.

0. A Dsscription gf jlhe Studv .Areas

In order that ths ains of this thesis might b€ fulfilledr the

following areas of supposed Agassiz beac}r ridgos rnrere chcsen for studyt

r.rith the assÍstance of S. C. ZoLtai.

The Ste. Anne ridee. The ridge occurs in avr area /Ð miles to

the east of ftrinnipeg as shovn on Map 1. It is e| roites Ín J.engthr a:xd

at latitude lrÇo ¡r5t and DongÍtude 960 4Ol. FieLdwork at this locatíon

took place during May and. June, 1969. This area¡ which ís designatod.

the Ste. Anae ridger Has chosen for the foJJowing reasonss'

I. Here are found reasonabþ e4posed sections of a ridge,

previousþ deserlbed by I,I. A, Johnston a¡d noted in the ínterpretation

of the southeastern part of Lalce .AgassÍ2.

2" Several depositional sequences are represented,. These vary

flon boulder clry a¡d lalce elay off the ridge to stratiflied sand a¡d

gravel on the ridge itself.

3. The ridge is boundod inmsdiately to the north þ a sitalLar

area, containing rtdges whose geomorphological history is currently

being interpreted.
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l+. The morphology of the rídge is coroparatively &istlnct in

relation to others ín the iranediate area.

5. tho accesslblllty along the ridgo was pernlssibler since it

was 3-argeþ cJ-eared of bn¡sh.

6o the area was also close to WinnÍpeg on the Tra¡rsJanada

Illghvry and. lras sma-ll enough to cover adequately r¡ith the financiaL

assÍsta.nee, and Ín the tine avaÍ.Iab1e.

the Ponton ridses. TÌæee ridges¡ totalling one n:ile in lengtht

to the norbh of talce tr'iinnipeg and to the south of the Hudson Bay Railvay

at Ponton¡ Ìtore also chosen for sbudy. The locabion of those rid.ges is

at Datitude 5t+o 36r a¡d lon$itude 99o 05Ì. (See ltap t). Fleldwork 1n

this area took place durfng June¡ 1969, The Ponton ridges r¿ere chosen

fcr the folloving r€asons:'

I' These are a series of ridges wh-ich, ifr in fant', they are

beaches, would represent the largely unknor'rn later, or lasbr stages in

the history of Lake Agassiz.

2. There is a lack of detaÍled geonorphoLogícal lrork done þ
fieLd crelrs Ín Norbhern }fanitoba, Interesf particularly ís foeussed. on

the relatlvely unique condÍtions whieh oeeur in thÍs particular seðirnent-

ological environnent.

3. The area lras reasonably accessj.ble via the Thonpson llighway

and the newly forned Grand Rapids-Ponton road.

lr. Despíte the northorn Location¡ r+ork in the area rtas fina¡-

cia1Iy feasible a¡d could be adequately executed with:in a lirnlting

tíne factor.

A ft¡rbher aspect of iraportance is a¡ indícation of how these

rld.ges fit into the current histories of LaJ<e Agassiz. The beaches to

the east of l,linnípeg are mentioned Þy W. A. Joh¡ston (fgZu6). The
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Burnside bsaeh is indicated, on Johnstonts m.ep (.lohnstonts RLg. 1), as

oecuming at 888 feet 0"D, at the southern Ste. Anne loeation. The

actual beights surveyed. on th-is ridge are 897-8 feet. At this locatiou¡

Æ nriles north of the IJ. S. bordoru the ridge, according to Johnsüon¡ s

F1g" 2¡ colresponds to the Burnside beach, This oecurs to the ímned.iate

south of isobass 6n

.L sim:ila¡ d.lagran uas no&ifåed ty J" A* Elson (tgîAt p, /*6) o At

the heighb at uhich the rldge oceursr and at the loeation gi-ven, the

rld.ge at Ste" 3¡ne beco¡nes the Gledstone rídge. Therefore there is a

discrepancy Ín identification. Elson (FÍg" 6¡ p.76) descrÍbed ths

Gladstone ridge as being ono stop in the declfne in lalce Level afber the

Lalm .Agassiz III maxinum, dated as being forned appro>cinately 8-9000

years, B.P" (Elsonts Fig. 6), The northward retreat of Íce at this stage

oponed easterþ outlets such that the leveI of tai¡e Agassiz dropped. in

a series of steps to about the Grarrd Rapids waterplane (p, 93).

lI. A, Jobnston (19/n6, p. /*) refe:red to the Ponton ridges as

being those 109 a¡d 110 niles flon Ths Pas on the Eud.son Bay Railway.

these are tentatively identified as tfGraxd Rapidsrr beaches because rlthey

are the lowest Lalce Agassiz beaches hnol¡! a.q¡uhere in the La.lce basj-nrl.

0u Johnstonrs ùiagrelû (Fig, f) tno heights indieated for thls region

rÊnge fro¡n 828 to 845 feet OoD" The rldges sbudied ín the Ponton region

varÌr in height fÞorn 8ã t'o 843 feet 0"D" , 8L/* to 853 feet 0.D" , snd. 8U

to 8&5 feet 0"0. Therefore, ít ney bs assumed that these are, in fact,

tbe ridges vhich Johnston mentlons, They are very irreguJ.ar but tend. to

beeone lor.ler at thoir exbrenitles. I{hether or not they contluue south

to the Gra¡rd Rapids reg'ion is debatable.

J. .4. E1son (feee¡ does not inelude a water-pIane at the partieular
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heights and Location where the Ponton rldges 1ie. The ridges are higher

tha¡ the Plpun r.¡hlch i-s approxirnateþ 750-8OO feet 0.D. on the saræ lat1-

tude (Elsonts Fig, 5t p" t*6). The Lower one of the two unnamed ridges

betwoen the Pipun and Grand Rapids nbeachesrr may correspond to the Ponton

ridges in terns of location and heÍght, but dÍsappears to the south of

the area in question. The ridges reLate to the very last stages of lake

Igasslz and presumably can be accomnodated betueeu the Gra¡id Rapids and

Pipun water-pJ-anes. .AccordÍng to E1son¡ the Last stages of Lalte Agasslz

took place r¡ith the disintegra.tíon of the ice-shset on Hudson Bay wh-ieh

opened the northern outlets, such as the Sach-igo, Echoingr Hayes aad

Bigstone River. The Lake level fell in a serles of steps unbil sbabi-

J-lzing as the present Lakes Marritoba, l^llnnipeg a¡d ïlínnl¡regosis"

D. An Outline oÍ thc__iA,naüIs:Lg

The aims of the thesis will be fulfilled 1f it is possible to

identif! the features in terns of theír nrorpholory and seùirnentological

conposition. This r^¡111 be done in dlfferent sections of the thesis.

Chapter 2 deals with the norpholory of the ridges. l4ethocls of rnorpho-

J-ogical analysis are described, the qualtítative !þasurenent of tho

ridges is given. Once the releva:rt Li.terature is revieuecl¡ coraparisons

are made with a number of Hleistocene a¡ril modern lanclforms such as

kanes, eskers, ice-push ¡amFarts¡ beach ridges (a¡cient and. rodern in

each ease). A slrrúlar ¡nrocedure is folloved in the sed:itnentological

sectlonse Chapters 3 and. l+. Chapter 3 deals r¡ith the stratÍgra-

phical and structural descriptions of the ridgese together r.¡j-th spher-

icity deternrinations and long a:cis orientati.on. Chapter 4 involves

the partÍcle size analysis of the samples obüalned¡ follol¡od þ tho

percont hoaly mineral contont. Each section shou}l pa'ovicle evÍclence for
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Chapter 2

I'ÍoRPHoIoGIC,Ð AÌiiÁ],TSrS

The second chapter presents a detailed morphological a:ralysis of

the ridges at Ste. A¡no and Ponton. The foli.olring aspecis r.¡iIl- nor.r bo

covored:

A. A Revier,r of the Relevant Cument L;lterature on I'forphologleal Stuclies,

B. A Qua¡titative ancl Qualltative Analysis of the Riclges At Ste. Anne

anci Ponto¡r.

Cn A Comparative .Analybical Study of the Ridge Morphology at Ste. Anne

ald Poirton in Relation to Sinilar Rídges DescrÍbed in Past l;Ítera-

turo.

A. A 4ev1er¡ of Jho Relgva¡i- Curre$ Li-te{ature on J'lornho.loLri-cg} Stu.EliË

Sorne past literature tencls to suggest thai the genesis of tancl-

forns nay be cleternined þ morpholog:y. Itror'iever, the evidenee quoted in

the present research Ínclicates that this prenrise is unbrue in the case

of supposed Lake Ágassiz beach ridges,

l-o Some qua:rti-tatige l-_itetatqre on sl-ope _st_qdies.. Very littIe

has been vritton on the statistica^l a:ralyses of slo¡æ conponentst

d.ospite the abuncla¡rco of quantitative data. Cerbain writers have denlon-

strated that morpholory Ís the result of partícular controll.ing factors

lrithout focussing on the genosis of constructj onal lancì.forr¡s, as a

vhole. This type of slope stud.y i-nc-l-udes arbicles try A. l,iood (1942,

rgjg), s. A. schu¡m (rg¡e)¡ J. T. Hack (1960), A" Youirg (19fu, 1963, 196/r)
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Su Àn Schumn axd R, J. Chorley (1966) r ancl A. F. Pttty (f900). llorlc

presented b5r K. J, Gregory and En H. Brol¡n (ff6e¡ exeraplÍfies attempts to

evaluate slope fornÍng Fnocessese in which the cornplexity of nuLtívarÍate

reality necessitates the fornulation of a computer Frrografi.

2".

a. DrumlÍns. Detailed r,¡ork on the dimensional, plarrinetric

an¿ spatiaL reLations of drumlins has been r¡rítten bf n. lf. Lenke (lçSS) t

R. J" Chorley (1959) and B. Roed¡ G. J. GalvÍn a¡d J. P. Mil]-er (t9øz).

The paucity of the quarrtitative statisbical Iíterature on dru¡tLins was

partÍeuLarly enphasrzed þ the Latter authors who state that rrthere is a

lack of descriptíon of relatively simple symnetrical Landforrns rvbich are

characteristicalþ assocíated r¡ith specifÍc processês and eomnonLy

restricted Ín areal distributiontr.

bo Eskers. the analysed. data on eskers is similarly

restricted, although descriptlons are nlrmerous. 'ttrork which has tencled

to be quantitative includes that of Ïtr. V. leuis (tg¿g) ard J. C. Stokes

(rg¡g)o c. Embleton and c" .4" I,f. Kine (rg08r po 380) ilustraied a

serÍes of esker profiS-es flo¡n Reflection La.ker BaffÍn Ïsland. These

figr.rres are used for conparÍson r^lith the rídges of Ste. Anne and. Ponton

ín the present study.

ce Kavnes ancl kane terraces. There is a paucity of qua:rti-

tative data on the norpholory of ka$ês. I'fost articles are descriptÍve

and emphasis is p3-aced rather on the mode of fornration than the detail

of ùimensions. These a¡cl other flLuvio-glacial terraces usually have

their heights aceurateþ surveyed, but their overa'll. morpholory is

generalJ-y d:isregarded, for instance¡ in the v¡ork of H. E. Tonlinson

ftgzù on the tr'Iaru¡ickshire Avonn This and sÍnriLæ r^¡orks are oriented
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tor{ards esbablÍsh-lng a chronology of formative events, based on r.later-

plane hoights" I'forphology is ig:rored in favor of rather elusive heiglrt

data. This has includod the use of tho height - ra.rlge ùiagram, as shor¿n

in the worlc of A" Colemarr (tçSlr) and À, A" l{iller' (tgSS)" Sírailar con-

copts t{ore used. in the detailed morphological a:ralysis of glacio-fluvia1

terraces by Ro P, i(iri4f Gg69) "

do End ¡noraines" End morainos have been exLonsivoly studlod.

r,rlth regard to their rnode of formation, but quantitative morphoi-ogieal

data 1s rar€o Exceptions inclucle the r,¡ork of J, T, Andrer,¡s and

Bo Bu S¡aithson (lg0ø) in Canada.

ec Beaehes. The aaalysis of PleÍstocene bea.chos solely on

the basÍs of norphology has been neglectedn Profiles havo been drar¿n to

d.emonstrate their tr-istory of forrration (an exaruple being sJ:or.¡n in the

r,lork of F. Eo Zeuner, 1961). Slope angle data on the raised beachos

along the west eoast of Scotland uere not collected þ S. B. Mc0atn

(tg1l), r'rho obtained height data to inùicate fsostatic variations.

Ïtrork on ralsed beaches carried out þ J. Bo Sissons, Do Eo Snith and

R. ¡* Cul-lingford (1966) sinrilarly has tended to consist of map forrnation

ba-sed on the accurate level}ing of the features imrohred, together vith

a stuc\y of borehole recordso The beaches have been analysed þ a series

of plots of clistanee against heiglrt and are regarded soIely as indicators

of ísostatic and eusbatic variations"

J. Chappeil (1967) has exanined tho a¡4plicabillty of grain size

analysis as a Erea.ns of reeognition of fossil stra¡rdlines in New Zeal-a¡d.

He conslders rnorpholog'y as ar elenont l¡hieh nlght lend Ítse1f to the

diagnosis of origin, Iforpholog;u Ís not gonera'll-y regerded to be con-

pletely diagnostic in the identification of glacio-fluvia1 or
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gIaclo-lacustrine features. Tet nost of the ldentifieatÍ.on of, and by

inferenee, the origÍn of, supposecl Ldce Âgassiz beaehes has boen pre-

doninantly morphological¡ with very fer.¡ sedirnentological studioso

3n Tho literature olL_aeolian ridqeJlke featlures. Other

features uhieh have been dsscribed in the literature as being l¡ridge-

likerr ín form include the sand dunes of E, D. McKee (f966). Here varÍous

t¡rpes of dunes are described, inelud.ing the riclgo-lilce transverse duno"

So Ln Hastenrathts (1967) r.¡ork consists of a quantitative account of

barchans in the Arequipa region of Southern Poru. funong the analytical

teehniques used is a plot of crest height agarnst the gradient angle of

the r¡Índr+ard slope of the barcha¡. This results Ín a high correlation

coeffícient" The rnethod is ad.opted in Psrt B of Chapter 2 r¡ith the

intentíon of formrrlatÍng a clearor descríptive lndex of the bypothetical

relationship of slopo angle arrd lreigffi, as demonstrated. by the rldges at

Ste" .Anne and Pottonn

t+" So_rne literatqre on nodern ÏÞach orofiles" there j-s a¡

exbensÍve literatu¡e on beach ridge norpholory, includ.:ing that of off-
shore bars and relatecl features. As with otirer rÍdge-LÍke features,

rnost uork has tonded to includo a description of norpboloryp and the

¡rode of fornation of the ridges is stressed.. An fnportant aspect is the

profiling of such ridges. Despite tho paucity of accurate height ínfor-

rnation associated. uíth some of the data, the profiles thonsolves facili-
tate conparison, r,rith respect to the ridges at Ste" Anne and Ponton,

A number of r.rorkers have profiled beaches at regular intervaJ-s

to indicate seasonal erosional ard depositional changes, and variations

in sediment content at high a¡d. Iou wator. Processes and the controls
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of dovelopnent have been studied by 1^1, C. Krumbein (fç¡O). Aspeets of

gra.rn size in relation to morphology are included in the r,¡orlc of

!tr, N. Baseorn (fç¡f) and. Ju On Norrna¡ (Wftû" By eontrast J, Lo Davies

(tgSZ), l{n Pu Psuty (tg6Z) and D. J. Po swifb (rleA¡ have focussed. their

atiention on variations in vator leve1 allcl associated sequential shore-

J.lne changos. Similar var:iations j.n profile forroation can be seen flo¡n

the diagrams of !tr. Cn Krumbein (f96ú), Do Dola.n and Ju Cu Fern. (1967),

and A. O" Beall (fg6S). Receub norphological r.rork Í.nvoIvÍng the pro-

filing of a bar-tombolo landfor¡r includes that of A" Po Carr (t969)"

The conparison of those proflles r'¡ith ones surweyed at Sbe" Anne

a.rrd Ponton ca-n only be generally dralriln From the examples quoted above

there is no typical beach ridge profile because of the varíety of con-

trolling factors ínvoLvedu l'fost of the profiles, r.rhlch have beon dravrn

f?orn the r'¡orks mentioned above, are shor.rn Ín Figs. 2-1. to 2-5" Sorne

have no scal.e becauso this l¡as onttted in the original dr"fb; otheruise

the scalee locatfon antL author are as inclicatod on the figur'e. The

ùi.nronsions and tho long a¡d cross profile forms of roodern bsaches have

to be deter¡rined so that eompa.rÍsons r¡ith P1ej-stocone lake beaches can

be made" UsÍng morphology alone as the críterion for comparison, cerbain

problems arise:

Be The Pleistocono laiçe beachos themselves nust be exbromely

variabler changing j-n form uith d:ifferent environmental conclltionso

bu The Pleistoceno foatures are reliet in nature and have

beon subjected to 5-7000 years of nodif)ring processes þ various agents,

includi.ng man.

c. The literature relates beach profiles to prosent clay

onergy conditlons which may not be conrparable to those of the

Pleistoeeno"
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d" Oceen beach ridges ca¡not readÍly be conrpared to

lacustrine beaeh ridges because of lnherent differences based on tho

rolative scales of d¡mar,Écs r¡hieh vary in each caso,

Therefore morphological conrarisons of Pleistocene la.Ìce boachos

and rirodern narine ones nust be nade cautlously vith respect to theso

import ant c onsid.erations o

I,Iith referenee to Seetion A, it can be concluded that parbicular

values or statistical (a¡ralytical) formulae are rare in the past !,orl<s"

Yet, þ cornparÍng the relevant morpholory of the cited Llterature r.rith

that of the ridges at Ste. Anne a¡d Ponton, certaln simllarities nqy be

found to assist in providlng an inùieation as to the ori-gin of the

supposed LaJæ Agassiz beach ridges. In particular, it nay bo possible

to deternine r¿hether the Ste. .Anne or Ponton ridges were depositecl in a

fllwio-glaciale glacíale aeolian or littora-l em'ironnerrt, ancl to ascer-

tain r+ldch partÍcular featrre(s) of those'rev-ier+ed above do they nost

likely reserrbleo

Bo

anrl Pou9on

1o A eeneraf. description of :þhe gJ:Beo For p[rìroses of sinipli-

fi.cation the Ste. Anne riclge wilL bo discussed first2 follorved þ the

Ponton ridge.

The Sbe. .Alne riclge, as lndiea.ted by l'Iap 22 is one of a series

of riclges trending north - south r.rhere the Ì'fanitoba Lowlancls approach

the Pro-Ca¡rtnian Shielcl in Southern l,Ía¡litoba. General.ly these ricìges

becone progressively lor.rer tor¡ards the r,lest, dennnstra.ting a drop in the

Ievel of La.ke Agassiz, conetrrent vith the clovelopnient of a prograrìing
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shoreline sequence. Photographs shor'ling the forn of ihe riclge betl¡een

Soetions 6 and 7 are shown as Plates I ancl 2. P}ate 1 shous a higher

degree to the east of the area.o Plate 2 shovs the western boundary of

the ste. Anne ridge and a gradual drop tovarcls the forrnor T,alio Agassiz"

These features har¡e been described by J" A. Elson (fg0A) as bein¡; La'k'e

agassiz beaches and appear to rango in altitude f:'on the calipboll in

ttre east to the Glad.stone or Qjata in the uest. Research ty R. A"

McPherson (unpublished Ph.D. thesis, 19?0) has shol'¡n that the Ste' I¡ne

area ís basically a¡ ond noraiino, exbencling flora the l{i-lner ridge and

through the Agassiz Forest Reserve (as shovn on the inset map of I'fap 3) '
Most of the ¡¡oraine is apparent in the present day lanclscapec The

linear riclges a.re superimposed' upon itn

The basic forrn of the ste. .Anrie ridge, as deter¡nined þ preli-

m:inary aerial photograph invostigations (shor'In on I'fap 2), tend's to be

linear, trending florn north to south and havirig sone degree of sinuosity"

A sa.nqrle area uas stuclied, aeasuring e' nites }ong, but varying in r'¡idth

(Uap 3). Tluis riclge uas choson for the reasons outli-nod in Chapter 1.

It bocorres incìistinct, botl-r on the ground and on the aeria-l photogrephs¡

r^¡lren traced norbhwarcls, ancl its southern Ij-mits have been d.estroyed by

nall"

Ifore inforrrla.tion on the ricì,ge uas obtained þ accurate surveying'

The overall. forn ïtg.s mapped by plale-tablingr a¡cl heights tneastrod across

and a1ong the riclge, using a¡ N3 level. The ireights ÌIere levell'ecl to an

apcurâcy of 0"1 foot a¡rd ta.ken fbom a pre-existing bench ¡narlc to the

south of tho riclge, vhere it is clossecl þ tho Tra¡s-Canada llighway'

Eighteen sarnple eross-sections r.lere selected along the length of tho

riclge, and ntrmbered 2-19. 'Iho center point of oaeh was ehosen so-bhat a



Plate 1 

Between Sections 6 and 7 loskirig east . 



Plate 2 

Between Sections 6 and 7 looking west 
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CREST-LINES OF LONG PROFILE (STE. ANNE)
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long profile cou,ld be drar,¡n. From each conter poínt certain cross pro-

f1Ie positions r,rore a-lso choseno The lnterval for these varies r.¡ith

loea.L eircumsta¡cos, but averages 700 fU" This forra of systomatic

serial sarnpllng l¡as used so that "11 trues of morphologyr changing

throughout the longth of the riclge, vould be equally regarded. The

spatial di-stribubion of tho cross-prof,Lles Ís shown on }fap 3" Obher

Teasons for choosing this partS-cular nu-nber and spacing include:

âr The length was relatively accossible þ tnea:rs of a road

and tra.ek through the bush.

bo The size of the area !¡as reasonable in terns of the

exbent of the financial resourcos arid the tÍ¡ie arailable"

cc There is a comparatÍvo lack of dense vegetation over

half the lenglh of the su::veyed seetionn This facilitated distinguishing

the A, B, C, D, E points.

2.

profíle the

Map 3) were

A nuFrerical- strrdy of height dei "

five points marked A, B, C, D, E and, ín once

ehosen such that:

&c They would give an accurate pÍcture of the

the ridge.

b. The variations in heÍght al-ong the rldge could be deter-

¡rined.

c. The variations in height across the ridge could be

determined..

do The planimetric posrtion of tho crost could be deter-

nined.

The variation in height (r¿itft di-stanco) along the ridge can

0n each eross

case, F (on

outline of
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be seen in the long proflLl-e r^rhieh hes been drarrn of the conplete ridge

(Fig. 2-6) t a¡d the data shown on Table In Despite local variations the

ridge malnta:ins essontialJy the sa¡ne hoight throughout" Tbe average heÍght

of the southern half ls 897 fb. 0.D. a¡d the average of the northern half,

898 ft. Althougb thore Ís a localised rise, the samFle is too smeJ.l to

aLlov þenerallzed concluslonF to be drar¿n on the longitudlnal. gradient"

The J.ong profile data is hypotttetical because j-t 1s interpolated betveen

the sur:voyed poÍnts 2-19, Sone eonpensation has been nade for quarryÍng"

IIowever, the maxirnrn varÍation in crest height is between Section 1? (S991)

a¡d Section 9 (893"5t), thus gÍvíng a¡ overaLl variation of 5.5 fb"

the heigtrt ði-fferences of A, B¡ C, D, E, (F) r^¡esb - east across

the ridge are shor¡n in Fígs. 2-7 and 2-8 a¡d gÍven ín the acconpa^qrÍag

Table L. The average height of A (the lowest western exbrenity) Ís

889"6Lt¡ of Bo Ð3"I7tr of C (the crost Ín nar4¡ cases) æ5.82te of De

895.nt a¡d of U (tns Lôl,rest eastern exbrem:ity) 892.n-t. The average

elevatlon above the sumounding ground level is 6oãr on the r,rest (Late-

uard sLde) and 3.LI on the easb slde. This vartes considerably flo¡a the

d1¡nenslons gíven by !¡. Upharn (IÐ5t Ch. 1). In ÌIphanrrs deseription the

La¡dwa¡d sÍde of the ridge in relation to the surr-oundlng terrain Ls

trråee as high as tho lakeuard sÍzen

The rÍ-dge has a smoothly round.ed conve)c form, uh:ich ofton appoars

to be steeper tor¿ards the west and gentle in slope tor,¡ards the eastern,

la¡dr¡ard exürenity" This narked difference tencls to deerease at Sections

7r I and 9e but the convexity is pronounced again in Sections 10, 11 and.

12e where the ridge beconres a narro\.rer, senri-iylindrical featureo

The comred.ties flatten again through Secii-ons 1/+ a¡c1 15, but

become more pronounced, though l-ess rounded tha¡l at 10, 11



Soctlon toug
Nunber Profile

Data (ft.)

Long hoflle, Cross hofi.le a¡cl lEdth Data (Ste. Anne)

.t
3
lr
5
6
7
I
I

L0
11
1t
L3
Il+
t5
16
L7
18
19

996"6
898
Ð7.5
æ7.3
897.5
æ7.1
Ðt,
893.5
897.L
æ5
æ5.6
995,1
895.3
tjy-5"5
897"6
æ9
898.7
898.8

Cross kofila Data (fb.) (Stu. ånne)

Table I

A

890.14
890,70
887.83
884.88
986.@
æo.26
8æ.76
ggg,04
889.03
æo"u
Ð2.62
892,81
889.81
888" 52
ggg.gg
891.19
890.10
89O"2/+

B

889.98
896.73
w3"18
888"L?
889"67
8P4.&
ÐL.53
æo.45
gg5.o7
æ3.81r
89tr.l+6
æ3"57
8!.5"O3
892,18
æ2"1+2gyt"n
æ3.36
895.70

c

æ6,56
w7.L5
æo"92
Ð7,37
896"38
897"rt
893.00
891,30
897.1t+
894"9r
895.58
æ3"93
895.33
895"5L
æ7 "59Ð9.O5
898.69
897.78

D

æ5.56
Ð7.98
vl:7.18
æ'1.22
æ7"1+9
W/r.98
Ðf.116
893"53
ggt+.95

@/+.6I
tl+"99
Ð5.L/+
æ!+.9O
æ3"tJ
893.13
æ5.55
Ð6"lrJ
gg5.æ

E

890.80
æ4.57
Ð3"L8
Ð2.95
æ3.32
Ð2'"11+
æ3,97
WLO?J+
891,1+5
Ð2,25
g9lr.g7
892"63
æ3.31+
æo.31
Ð2.3L
893"35
89O.lr5
gg5"g2

$Ildth
Data (fË.)

38Io.l+
MO"2
l&5.4
489.8
11116,ln

/+W,2
,Llr.6
235'l+
L92"2
lu.o
155"ü;,
62.z

161.2
æ9"2
&n.8
378"2
Æ5.ln
331r"8

892"O2

\,,o
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and 12, at 1? and 18. Thore is a tendeney for the ridge to doerease

Bgaan at 19.

3. A numeri-cal studv- çt yi.dth {a.te" The r,ridth of the various

sections is also given on Table 1, and illustrated in Figs. 2-7 a:rcl 2-8"

The r+idest point is at Section 15 (6O8"2t) and the namowest at Section

L3 (62"2t)rdemonstrating the considerable variationn Tho or'íginal- i.¡id.th

vari-ation here nray have been caused by d:ifferences in sedimentation--

curronb processes and doposition. Present day contrÍbutory factors

inelucle the large slranÞ to the eastern edge of Section 13r lthlch has

eneroached on the ri<lge itself þ a process a¡alogous to spring sapping.

At Section L5t the relative clarity of morphologÍca^l expression has

rosulted flom a road traversing tho rid.ge at thls point, A subJective

assessment of ridge liruits ltas necessar¡r because adùitionaL material-s--

exaggerating the ridgets r¡idth--nay have been brought Ín for road

buil&ing" The average r^¡idbh of the ridge is 34v.73t e ono hundred feot

narnoçer than the average tridth of ridges described in W. Uphamts (fg9¡)

work.

l+. A eolirpar+-tjve-studv of s-lglres using the llílçoxon Matched

Pairs Signed &anlts Test. The slope angles for the 18 sections are

glven ou Table 2. The angles BJ:e denoted by o< bei'tg the potnts bett,¡een

A and B, p botìrcen B ald C, Y betr,reen C and D, and d betr,reen D and E.

A non-paramotríc test r.¡as used to eompare the angles of the east and

vest facir¡g slopes. T.he tvo steepest comparable angles o( alld d had to

be eorqpared separately fborn F and I because the area B, C, D repre-

sents the rounded crest portion of the riilge, l¡ith little or no angle of

elevation.
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The Wilcoxon Matched PaÌrs Signed Ra¡lcs Test vas used for the

folloving roasons:

âr Tho study enploys tr,lo related samples (1.e" the steepest

gradients on the sane cross profile).

b. The study yields different angles of eLevation t,rbich may

be ratked in ord.er 6f magüitude.

ce The data Ís non-norna-l and ha^s a positive skewness"

Consldering the comparlson of the o( and d slopes (referred to as the

steeper slopes) and the F uld T (upper slopes) on the east and r'rest sides

of the ridge, the daia ca¡t be found. 1n Tab1e 2.

The NuII ifpothesís:

Eo: The steeper or uppor slopes on the r"rest of the Ste. Anne

ridge do not ùiffer fþorn the comparable slopos to the

east of the ridge.

Ili: Either the steepor or uïæer slopes on one side of the

rldge have a greater gradient than the corresponùì-ng

slopes on the other side of the ridge.

SignifT-eance level E 
"05

N = nurnber of p4irs (fS) noinus aqy pairs whose dlffe::ence is

zøTo

j.N=f6
I =37

The critícal value flom Tables (p" 25/u S. Seigel, f956) s 30

rejeet the NulI Il¡>othesis"

The conclusion is that at tho "05 level, the slopos are unequal.

The x slope 1s siguificantly steeper tha¡r the c9 sloper a¡<l the p slope

signifÍcantly steepor than the ¡ sIopo.
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Table 2

The lliIeo:<on l"fatched Pairs Signed Ranks Test (Ste. Anne)

(o)
( -:.)
(¡:,h.r)
(+13)
(*1J*"5)
(+9" 5)
(-rr)
G/r.5)
G1.s)
GL,5)
(+9.5)
(-ro)
Ç¿.r)
GL.5)
(+s)
(+l-2)
(*/0" 5)
(o)

Rank

+l+
+I5
+15

+S.5
+1.5
+6r5

-11.5
-l+
0

_6.5
44

+11n 5
+Ll.5
+1.5
+ö. )
0

_L5
+11.5

(o)
(_0.5)
("4)
(*3)
(*¿)
(+2)
(-2"2.5)
(+1)
(-r)
(*l¡
(+2)
Gg.s)
(-r)
(+1)
(*1.5)
(+2"5)
(*1)
(o)

Diff.

+1
+1
+l+

+2.5
+0o 5
+2
-3
-1
0

-2
+1
+3
+3
+O.5
+2.5

0

-1
+3

t

z?(r)6(r)j 6 (0"¡) z (r)
45ß)1(r)j t+ (t) r.i (r)
6 z Ur) r.j (o)
7t+(Ð2(r)Bz(z.tÐsß)
9 3 (z) /+ (r)

107(j)7G)
11 5u)7(f)
122(Ð1(r)L33G.Ðo(re¡rt+5(o)2(r)tjze)I.jQ)t6 t+.5 0.Ð z (z)
17 t+ (¿) 4 (u)
lsz(3)6(z)19 tr (r) 1 (r)

(r)
(n)

(r)
(n)

The sum of the (teast) negative values e 37
Number ín sarnple s 16

The sum of the (feast) negative values s 37
Number in sample ro 16

þ
Section
Numbor

Steeper slope angles-'

Upper slopo angles:
(in parenthesls)
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The heighbs /r, B, c, D and E are inùicated on T'able 1 ancl the

relevant data shot¡n on Table 3" The graph of the plots is glven Ín

Iig. 2-9" The calculations are indicated in Table /+. The results are

as follows:

Regression: (g - ¿) . 1*01 ò 1J.7 (Sin 
" ): r ' +"682

Regression: (n - n) = 2.36 + !2"27 (sins): r o +"307

The coefficlents of correlation are not h:ighe bub in the regres-

slon ctrve, at least lifi, of the varíable (g-¿) is accounted. for by d-if-

ferences 1n the variable x or, almost along h¿-1f the rldger the varl-a-

tlon in slope aegle on tho uest side of the rídge but not on the east,

is assocj-ated r^rith lnereasod. crest height. The formulao are given as

an indox for later eomparisono The curve does uot resemble the one found

Ln S. L. Hastenrathls vork.

6" A slo'pe o4ient&ig-stu$J" From tho slope angle data pre-

sentod Ín Tab1e 2 f\:rther determinations were n''ade to cheek the relative
'steepness of the slopos in relation to their orj-enbation. fbon Maps 2

ald 3 it can bo seen that the ridge is sinuous in fornr having 8¡ open

lrslt shapo. Consequontly, various sogments of the ridge are oriented in

different directioirs. The orientation t'al<en here consists of tbree

naJor d:lrections. The northwest - southeast oriented proflles (tton

300-120 degrees easb of north) occur in Sections 2, 3t 4t 8, 9, 10r 16t

17, 18 and 19. Tho east - r^rest oriented profiles (t¡om nO-gO degrees)

oceur & 5, 6, 7 and L5. The northeast - southwesb oriented. profiles

(fyom 230-60 degrees) occìlr at 1I, IZe 13 and 14" In the Nl^l-SE oriented

porblon of the ridge, the nean arrgle of elevation for tbe relevant Nltr

facing slope is /+,t+5 dogrees a¡d that for the SE facing slopo is 3"8

degrees,



Table 3

CalcuLations of Regression Analysis (Ste" Anno)

27
36
/*5
5lr
62
7lrs2
93

1_0 7
1r. 5122
L33
].45
152
16 tr.5
17 lr
L82
19L

Sfn c<

(")
(s-r)
(y)

"LO5
.087
.070

"o35
n070

"o35.o52
.I22
.087
.o35
.052
.087
.o35
.087

"070.o35
.070

(sinx) (s-¿)
("y)

6.o3
5,35?ro
2.gg
/*"I5
I.77
L"/+l
6"olr
3.1+O
I"8l+
o"76
5.22
3"66
3,h3
6.oB
3.26
5.116

3B

QUAARYTITG

.633

.465

.230

.l-04.

"29r.o62
"o73
"737
"æ6
.o6/+
.0/+0
./16/o
.r28
.268
./*26

"11/+
.383

(sin'<) 2
(#)

"011
"008
"005
.001

"Ðo5
"001
.003
.015
o oo8

"001
.oo3

"008
u001
.006
.005
.001
.005

= 0.066
= 3"772

(n-¿) 2

G2)

Ex=
Ey=

r{X =
Ex¿ 

=¿Y2 =

36"36
28.62
10.82
8.88

L7.22
3.13
L.gg

36./n8
JJ"56
3.39
0.59

27.25
13./+O
tL.76
36.97
ta.63
29.gl

1.I25
6l+"L3
l+.767
0,087

288,85

Slope; y E I,O22

x
Ìt

+ /.J"673x



Table 3 (eontinued)

Calcul-ati-ons of Regression Analysis (Ste, Anne)

26
32
lrI
5L
61
72
85
9/,

L07
l-t 7
12 1
130
I/+ 2
t5 I
L62
17 ¿,

186
L9 l-

Siu ó
(x)

,5
Ea)

.105

.o35

.017

.026
"o26.o35

.070

.I22

.122
"0L7.0

"o35.o26
"035.070
.105

(o-a)
(y)

4.86
3.1+I
Ir"3o
/+rn
l+"17
2.91,,

t)Q
3"50
2"i6
0.12

1.56
3"ro
0"92
2rÐ
5"96

(sin¿) (u-a¡
('v)

39

.5L0

.119

.o73

.111

.108

.o99
QUÁRRFIl\Ti

.160

.427

.288

.002

.o55

.081

.oÐ

.L5/+

.626
QUIR.RYII{G

Ec)

(sinÐ 2

("2)

.011

.001

.000

.001

.001

.001

.005

"015
.015
o000

.001

.001

.001

.005

.011

(o-q) 2

$2)

ãx e 0"8/+6
Ey = /+5"76

Exy = 2.842
tx2 = 0.069
¿y2 u !?3.5'7

23.62
rL"63
r8.19
L8"23
17.39
8.07

5"U
L2.25

5.57

"016"3o
2./+3
g"6L
o"67
lr"81,

35.52

S1ope3 y=2.36+I2,268x

x
v

= 0.056
= 3.O5
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Table 3 (conttnued)

CaleuLations of Regression Analysis (Ste" åane)

Using b '

a=f-bl

a = 3o'7.i2 - (lnt.6n) @"066)

a 3 !"O22

Slope y = L.022 + lÃ"6'l3x

Using r = nex¡ - (ex)(:-v)

:
r = ß7\ UJ67) - (L^tz5\ ßL,ÐI

r1
r = gL})g --:-72,rL6-

Ejr)
¿x)'

/Ð

r = 0"682

(o.zt3) 0gz "zgl) t3"o36



Table 3 (continued)

Caleulations of Regression AnalysÍs (Ste' Ánne)

using b = #þ)*=l#

aoi-b*

a 7 3.O5 - (1Z.e6S) (O"O¡6)

a = 2.36

Slope y=2.36+l-2"268x

¿1

Using ranEv-(¿x)(:v)

I
r'= /,.2.63 - 38,7!3

- ? o1 F/
t

J .319 - 509"572 ],2,750

r r 0"307



RELATIONSIiIP BETWEEN HEIGHT AND SLOPE ANC'LE AT STE. ANNE.
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In the N - S orlented portion of the ridge the ¡nea¡ angle of

elevation for the west facing slopes is 3 d.egreesu and for the east

facing slope is 1.625 degrees" In the NE - S'^I oriented profiles the rnean

angle of elevation for the S.{ facing slope ís 3.75 degrees and for tho }G

facing slope is 2.! degrees"

This emphasizes tbe fact that the slopes on the vestl¡ard. side of

the ri-dge are steepor, as indicated W the ïIllcoxon Test" There is a

higher degree of equality ín the opposlng steeper slopes. If one assunes

that the rÍdge ís a storn beach, then it is possible that the greatest

d1rectional enerry ernarrated fþora the norttn¡est, with a secondarXr force

fbom the norüheast. The r¡esb-east oriented segnents tnay have boen in a

relatively sheltered Position.

1o A selegal- desc.Ë.iÞtion -qf the- areJl. At Ponton there is a¡

irregular series of tlnee pa¡all-eL rldges (l'tap 4), uhieh ney relate to

the latter sbage of La.lce AgassÍ.2, since the fínal basin of sedimentatlon

ís found in the Grass River 
"rea 

(J. A. E1son, 1967)' Those tbree ridges

are relatively unlque rrbâachrr featrres in the area that is depfcted ty

the weskusko Lalce topographle sheet. other features include wavo-washed

eskers and mor¿ines. Because the exact relationship of the ridges r'¡ith

other features is obscr¡red ty the dense vegetal cover (conifers and mus-

keg), r¡hich red.uces accessibj-lity and' visíbility in tho aneat an aerj'a-l

photograph analysis does not shou the features clearly.

The ponton ridges trend florn nortln.¡est to southeast and' ere

relatively short. Each ridge is approdnately half a mile in length'

Theso are designated Rl, R2, R3 on Map Lo reading fYon northeast to

southilest. Each tonds to be llnear. R2 and R3 are slightly sinuous.

Rl and R2 oxbend northwards beyond the rallr¡ay tracks"



TabLe /+

Slope .Angle vs 0rientatLon Ðata (Ste' Anne)

NI,I - SE

!{

7
6
5
2
3
7
l+.5
t,
2
L

E

EI{

6
2
1
5
t,
7
2
t+

6
L

t{

t/,

lr
2
t,

:
L2

I'J*.5

E

1.5
1.5
2
L.5

6"5

NE SIü

38

u

5
¿
3

:
L5

;
Á^i
i
f
r
x

l{l,I - sE (}I) = L"t+s
IEI{ - sE (E) = 3uS

E-l{(w):¡
E - li (E) ;, L.625

$E - Sür (i^I) 
= 3"75

NE - slnl (E) : 2.5

NE-SII e pnofilo orlentatious

E

NÌ{-SE, E-i.¡e

7
L
0

:
10
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The riclges vsry considerably 1n morphological composition r¿ith

distanco. An crrera-ll rnap l{as drar+¡r up afber the area had been surveyed

þ tho conpass and chain method" A clearing r'rhich irad boen cut for a

lÍne of Hydro pylons r¡as used as a base lir:e, because it coultl be traced

on the aelial plrotographs r¡hich r,rere ennloyed as a base map for the area'

Also, the initial surveyed heights of this I:ine r.¡ere providod þ I'fariitoba

Hydro. Sanrple traverses were selected, perpendicular to this liner æd

incorporating the observed length of the throe ridges to the south of the

ra;i1way tracks. Theso are dosignated, frorn northi,rest to southeastr -/+00¡

0OO, 200, /+00, 600, ?OO, 900, 1100, 1300, 1500" An interval of 200 ft"

vas generalJ-y used, btr this r.¡as exl,ended to 400 in the north (+OO)

because of morphological sinrilarÍty at the -200 polrtt. There are only

lOO ft. betuoon 6o0 a¡cl ?00 because of the relative morphological cora-

plexity tor.rards the eentor of the three ridges"

0n the gTound, sut'voying took place to obtain height aad slope

neasurementso A steel tape and clinorneter tllere usedt with an Abney

Ie¡¡el serving as a check. Linited accessibility preelucied the use of

heaviere more aecurate equÍprnent" A ve¡iable number of points i^lere

chosen for neasurernents 1ear1lng to the morphologlcal profile. These are

lettered throughout the lengths of the profiJ-es, conmencing r'¡j-th A on

Riclge 3 anð, proceeding through tho alphabet to P or beyond until the

Hydro líne is rea-ched (i'laP/o).

The density of traverse lines (-¿OO to 1500) r.ras solected

becauso it r¡as necossalî¡ to use the sarne systematic serial sampling as

had been usecl at Ste. Anne. This lIaS to include a-11 the major changes

in morpholory wtr-ich occur along the ridges in the Ìûost systernatic man-

ner! The fYequency of the points A - P vere chosen for the follor'ring
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reasons3

8o The fÞequency inclucles most of the va¡ieti-es of morpho-

logical forrn oxhibttecl þ the rj-dges.

bn There is a lack of vegetation on the ridges compared

wittr the surrounding muskeg. This fapilitates the distinction of the

pointsl-etteredA-P.

c. The nunber of points which i^rere included conrplÍed vÍth

the fina¡cial resources and- tirne availableu

2. A numerica^l study of þieilit data. The variation in heigLrt

along the ridge carl be seen in the long profiles, shor¡n in Fig. 2-10 and

Table 5. Th:is veriation is quite narkedr particularJ.y in R2. Rl varies

flom 827t ín the northr,¡est, reaches 8/+3r towards the center, and

deereases to 839r in the southeast. There ís a¡ ovs¡all- increase

touards the south of 12 feet in 1900 feet. The ¡naxinrum height differ-

enee throughout is 16 fL. R2 varies flo¡n 8281 j-n the northr^lestr drops

in 4.00 fb. to l:-Ll*t t reaches 853t at the center, and drops agsin to 8341

in the southeast. The difference fron north to center is 39 fb"r end

f}om center to south, !I+ fr,. The R3 varies f!'on 838r and' 823r in the

northr,¡est to \Mt tor,¡ards its southeastern exLrernityr æd f1nalIy drops

to 8371. The overall height variation a10ng the ridge is 21 fb.

The variations in height across the morpholog"ical traverses are

also shown on Table 5 aud on Fig" 2-f:!. The three colUmns of readings

here refer to the heÍghts on eithsr sido and on the centor of the ridge'

The average figures for Rl are 828(S¡), $4$), 9Ð(tm). For R2 they

are 82?(${), ele(c), Bu(NlI)r æd for R3 833(sl'I), 8ú5rc)' B28(trn)'

The average elevations of the three ridges above the su:=ounding

ground level are:
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This steepness of slope indicates that the lower rvestern slope

of the ridge, facing the forroer lakeo is slgnif,lcaltly steeper tha¡ íts
counterpart on the landward side" Ag€ìjin this does not correspond to

LaJ<e .þassÍz beach rid.ges, quoted ln Ch. 1, or the present day bach

profiJ-es, seen in FÍgs" 2-L to 2-5"

5" .4. reeression anqlysis--the qlpt of heighl versus sIoÞe a¡el-e"

Attempts here are also made to effect some t¡rpe of comelation betr¿een

the angl-e of slope and the height of the crest. This follows the method

used by So L. Hastenrath (1967)" fn this study the angle of the wind-

ward side of a barchat increases vith ínereasing height, wh-1le ¿þs sngle

of the leevard. sj-de is matntained, fn the present study the test was

used for the foll-owing reasonsl

âr To provide an index to account for the variations betr,leen

slope angles and. crest height of sup'posed Agassiz beach ridges.

b. Ïf the Ste. An¡e data results ín sirniLar equations to

the ones resulting fbon S. I,. Ilasbeæatht s r^rork, then it may ind.icate

that the Ste. Anne rídge lras a wind-formed feature.

The plots vere made on the steepor s1-ope angles narked x and ô .

The sine of the angle r^las used because:

Heieht of feature
Sine x = Slope length of featuro

The other slope a¡g1es ( Ê and õ ) were Ígnored. because of the

relativo insignifieance of the slopes in relation to heÍght around tho

crest area, and that /+ fa,ces at Ste. A¡ne could not be comparod to

Hastenrathls windward and leeward slopeso

Sin x is plotted against heigtrt (g - e)

Sin ó' is plottod against height (n - n)



Plate 3 

S.W. dope of R2 from 900 looMng S.E. 



Plate 4 

N,E, dope of R2 k.Qm 900 looking S,E. 



lrg

Rl 6 ft. (st¡) - 5 r\. (tm¡

'*, tl ft" (sw) - 11 fb. (r,ro¡

R3 2 r.t. ($,r) - ? rt. (itr)

Corqraratively spealcing, there is no apparent unifornrity of nrorphology of

the ridges, or sirnilarÍty in terrns of locaJ. relief.

3. A numerical stgdv of Uidth de,ta" The r.¡idths of the ridgest

as determ:ined at the various eross-profiles, are given in lable 5. The

avera.ge r¿idth of Ridge RI is 92 f+'"¡ of R2 is 89 fb. and of R3 is 59 f\'

There is a considerable variation in difference over the 660 yds"

covered. Rl varies fYom 17 to 199 fb. wider giving a variable differ-

ence of 182 feet. R2 varies flom 20 to 1-33 fL., the variation being

113 feet. R3 varies fron 25 to 100 fb., the variation being 75 feeL"

The vidth betueen ridges also varies (see Table 5). These figr:res, in

the case of Rl, refer to the dista¡ce betr.leen R1 and the Hydro lirre. Ïn

tlie case of R3, they refer to the dista:rce betr-¡een R2 and. R1, ald, under

R3, they refer to the distance betr,¡een R3 and R2.

R2 is seen to be the most variable ridge in ierms of heightr and.

RI the most variable in ter¡ns of lridth. Because of these morphological

differences, a different origin nay be signifiod.

The profiles themselves vary throughout their length" Inspection

of Fig. 2-11 shol.¡s:

a. the variations in the cross profiles from -/r00 to 1500

b. the differences uith each cross-profile.

Tho Figure al.so shor,¡s a marl<ed i-nequality of the opposite slopes

of R1 ancl R3¡ r,rhen conpared to R2 ruhose slopes are equal, T|És pat'bern

is relatively consistent throughou'r, the lengih of the riclge, as obscrved

þ lnsnecting the slope angles of Tabl-e 5. Tn thc case of conrpoutrded
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slopes, the steepest, or longer faeet fs here taJcen.

lo. A conr.oar:rtive_ studv qf, slopes _uslnq tlie _l.Iilcoxon I'fqlchgd

Pajrs SírTne_d Ra¡lcs TesjLn In order to eorqpare the variatlon betr.leon the

southwest and northeast facing slopes on eae]: ridge, the I'l'ilcoxon

Matched Pairs Signed Ranks Test r¡as used" The data is shol¡n on Table 5a,

8.r For oach ridge, respectivel;r, the followi-ng þpothesis

r.ras tested:

The l{ull Hypothesis:

Ho: That the I{E facing slopes on the Ponton Riclge 1

do not differ signifieantly in inelination fYon

the SII faclng slopes.

H:i:' The NE facing slopes are steeper than the S'!I

facing slopes.

b. Significe:rce Ièvel = "05

N = the nürber of pairs, ninus aly

pairs whose differenee is zero.

c. RI There are no least values.

T-0
Ìr - o ,.. reject the Nul-1 lfpothesistr-/a

R2 T c 11.0
N .' I .oo accept the Nu1I Hypothesis

R3 T=1.5
N = 9 .i reject the ltlull llypothesis

The results show that, along RI, all the steeper slopes face Slii"

R2 exhibits a marked sínilarity betwoon the NE and Sli facing slopes"

R3 has most of its steeoer slopes (to t¡e .01 level) facing NE.

5. The plots. 0n the regression ana-lysis, plot'bing height

against slope for the three Pon-r,on ridges vore very scattoled a¡rd had
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llldth
betwoon riclges

TabLe 5

Hetghb and l,I:iùth Data (Ponton)

('i.gg)
(zsz)
(zstr)
(zre)

0t)
0s)

(ræ)
(156)
(ur)

Seetlon Helghts (absolute) Traverse #S Width
Nuraber of rldge

l+2
199
LU
Læ

ryt
85
TI
J3
30

(rgo)
(roo)
(zso)
(tzz)
(;æ¡
(rso¡
(wz)
(rze)

K-M
K-R
K-0
E-K
F-ï
K;N
J-f,
J-K
K-T

sl{ c $E
822 827 8U
806 832 824
8?J. 8n 88
828 830 828

77
L08

9J,
7T

JJ7
t33

98n

837 8t+3 830
838 839 833
8Ð 833 830
832 836 832
835 839 831+

0s)
(rs¡
(¡o)

(rzq)
(:sz)

(so)
Qa)
e6)

(uz)

E,-E
F-r
GT

E-S
D-F
B-D
D-E
c -D

Riclge L -/r.00
000
no
400
6oo
700
900

L100
Úoo
1500

822 828 82Ð
810 8U 806
820 826 821
gtt+ 8t+2 827
839 853 834
825 851 839
836 851 835
8/,.1 8t+3 829
837 839 832

100
æ
91
59
l+2

a,
52
25
5L

A-D
A-D
A-F
A-Da-c
A-B
A-B
a-c
Â-c

Ridge 2 -4,00
000
200
l,Ðo
600
700
900

1i.00
l-300
1500

83t 838 832
820 823 8r0
830 83L 8n
822 825 8U
83? 839 833

825
8t7 8t+3 837
Slrt 8t+2 8/+L
84o 8M 838
895 837 833

Ridge 3 -I'ÐO
000
æ0
l+ßo
@0
700
900

1100
1300
1500



Tabl-e 5a

ÍlÍlcoxon Matched Peirs SÍgned Ra¡ics Test' (Ponton)

Ridge I -,,r00 L2
000 L8
200 11
t+Do L7
600
700 lL
900 J3

LL00 16
1300 18
1500 L0

Slopo ângLes

.Sti NE di Rsnk

Ridge 2 -4PO 2l- Ð +1 +2
000 2J 6 +15 +'l
æ0 ?2 l* +L8 +8
4O0 æ 19 +1 +2
6oo r7 Lj +P +t+
700 Ð 25 -5 -5.5900 L5 n -5 -5.5L10076+L+2

1300
L500

5l+

2 +10
2 +L6
lr *7
7 +10

9+2
L +L2
8+8
lr +14
5+5

Bidge 3 -l,nO L0 13 -3 -3"500067-1 -L.5æ03u-LL-7.5
400 3 u -u. -7 "5600 I L2 -t, -5
700
900 L0 L3 -3 -3.5It0032+1 +L"5

1300 16 n -il. -7,5I5oo tr 15 -l_L -7.5



exLromoly

blance to

6" A slooe prientation studvo As an erbension of the slope

angle data r+hich is found in Table 5Ã, determinations vero tnade to check

the relative s'beepness of slopes in relation to their orientation, The

ridges at Ponton are very sllghtIy sinuous 1n fornn, trending florn north*

ruest to southoast. The relative steepnoss of each slope is shor,rn in

Section /+. The average slope a.ngles on each side of the rldge are again

tal<en as thls nay reflect differences in ueathering and/or erosional and

dei¡ositional agents, active on either fæe. The average a:rgIe for the

Str'l facing slope of Rl is 4o67 degrees; the NE slopo ís 14..0 d.egrees. 0n

R2 the avorage angle for the S1,tr faeing slope 1s 14.38 degrees and for

the NE slope 17.88 degrees, For R3 tho average Strl facing angle is 5.1

degrees and the NE angle, 13 degrees. Because of the linearity of the

ridges, the orientation of the cross-profiles ís not here considered.

In general, there is no apparent unifornity throughout the three

ridges other thair the fact that RI and R3 face im,¡ards towards the

center, (nZ), a¡d are steeper on the inward facing slopes, r.¡hile the

center ridge (na) fras equal slopeso

1or^¡

the

correlation coeffli-cients. Thorefore there is no resem-

duno plots of S" L, Hastenrath (1967),

55

t¡¿

tuæ

Itr comparison of the data vhich has

vious sectlon uith so¡no siniLsx ridge-like

r,rill nov be attempted,

been presented in the pre-

forms descrÍbeci elsewhere
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1" A coJnpariåon uilh_ùru&Ilns" erslrers and kamr: s. fn the revier¿

of the literature of Pleistocene ridge-like forms in Soction A2r drumlins,

eskers and kames were Íneluded" The dru¡n"lin forn, accorôing to R, J"

Chorley (tgSg) and B" Reod, C" Jn Galvin and J" P" Miller (fç¿z) is

inherently ellipsoídal and therefore does not resemble the elongated nar-

row rnorpholog¡ of either the Sbe. Anne or Ponton ridges. Linear drumlins

are found in the r.¡ork of R. 'i'1, Lemke (fg¡S). Henee drumlias nay not be

recognized soleIy on tho basis of morpholory and, in terms of the pasb

Iíterature, the ridges at Ste" AJxne and Ponton may be identified as

drumlinoidal forms, or paraalel drunlinoíd flutings.

Beeause of their long and narrol^r forn the ridges rnay be con-

sidered to resemble eskersn Eslcers nsy be sÍnuous or straighte larror^t

ridges. According to Cn Embleton and Co A. Mo King (tge$) the slopes

are süeep, although gentle 5-10 degree nodifÍed s3-opes nay occur¡ ofben

approxiroating the angle of the rest of the nateriat (p. 369). The dia-

granmatie forrn of an esker at ReflJec'bion Lake, Baffin Isla:rd, is shor¡n

in Fig. 2-!2t and detailed slope angles are given in Tabl-e 6. I'iot a1-1

the slope profiles are here reproduced because of i-rregularities on tho

diagram. The l^lileoxon l,latched Pairs Signed Ranks Test is also shovn in

Table 6. 0n the esker shown, there was found to be no significa-rú d:if-

ference between the east and r,¡est faeing slopes. The same test was

used on the Ste. Anne slopo profile d.ata in Section B4(a). Here tho

vest facing slope was found to t¡e significantly steeper tha¡ the east

facing slope at the ,05 level, l,ihen applied to the ridges at Ponton

(Soction B/- (b) ) , tire test shor.¡ed that the southr,¡est facing slope of RI

ls slgnifY-car:t1y steeper as is th.e northeast facing slope of R3. This

1s again at ths "05 Ievelo The central riclge, R2, demonstrates no
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slgnificant dlfference between northeast ancl southr.¡est facing slopes"

Although this test is inconclusj-ve in so far as only one exarnple

has been taken, the following hypothetical conclusions nright be dral¡n:

àø The ridges at Ste" Anne æd R1, R3 of Ponton do not

resemble oskers morphologically because of their inequality of slopes.

b. Becauso of the strong sinrilarity of slope gradients on

both flanlcs of R2, it more resembles a¡ esker tha¡ does elther RI or

R3.

There is not sufficient comparable data on lca¡nes to test the

resembla¡ee of the Sbeo Anne a¡d Ponton ridges i,lith these features"

IIowever, this origin should not be ùiscounted completely si-nce a sutrrr-

ficial. IÍkeness (llnearity and. sinuosity) mry be seenn

2n A cornoarisgn uitir rnorai-nic_ forms" The noraines studied þ
J. To A¡drer,¡s and B, B. Snithson (fgAe) are asyrurctrica]- j-n cross-

section, l¿ith a steop d.istal slope averag'ing 34. degrees and a gentler

proxima-1- slope averaging betr¡een 1B and 2./¡, degrees. They vary fbom

1-20 meters above the adjacent sr+a-les. Tho rnoraines are spaced at

intervals of about 50 ra" TheÍr forrn varies flo¡n belng sirnpler li-tteart

hooked or S-shaçed. This ctetail, and the d:iagram given (Z-tZ) leads to

the follor,ring tentative conclusions:

a,r The inequality of opposite sLopes is similarly a fea-

ture of the Sbe. Anne ridgen as it j-s of ridges 1 ancl 3 at Pontonu

b. The average slope angles of the moraines are consider-

ably h:igher than those measured at Ste. Anne and Ponton, The elosest

approxinration of slope angles is R2, i'¡hieh also has equal opposite

slopes"



I¡lllcoxon Test on Esker
Is1and p" 380) afLer C"

Table 6

P¡ofilos (Refllection Lalre, Baffín
Enrbleton ard. Co Ao lufn Ktne (fgeg)

1 A"tr 36
2 5/+ 36
3 /r9 /+8
lr 50 lrz
55550
65055
85055
9 /r3 20

Ll 50 /,Ð
13 50 /,Ð

u 50 /+8
16 tÐ 55
t7 &5 50
2l_ tr5 /,L
22 lr3 lrZ
23 42 t+7

u2820

di

ó

-18
-1é

-5
-5
-5

-23
-i.0
-10
-2

J5
E

-/,
J
-5
-8

Rank

58

-11
-16
_L.5

-Lt
_9"75
-9"75
-öo l)

-17
-r3"5
-r3"5
-3.

-L5
-9.75
-t*
_L"5
-9"75

-1I
L'
R=

lefb side of ridge
riglrt sid.o of ridge

The NulI Ilypothesis:

Ho: The sJ.opos on tho lefb (t) of the ûiagran
are equal to those on tho rieht (R)

Hi; There is inequality of slopes between L
and Ro

Significanee leveI:

f,et e .05
N = the nunber of pairs
T e tbe sun of the leasü values

T
N

n50
=!7

on, Bccept the NulI $rpothesis
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cc The heigtrb above adjacent suales is considorably higher

in morainesu

d" There are overall sirnilæities in formn The sinrple

linear forrn resembles that of the rídges at Ponton. 'fhe S-shaped form

ls not dissinLilar from the riclge at Steo Arne"

Thereforer &s â result of rnorphological interpretation flom an

aerial photograph survey, the ridges at Ste" Anne and Ponton might

conceivably be identified as moraines" More deta:iIed obserwation*s

eoul-d indicate that they l¡ere unlikely to be norainic,

3, A conî:ariÊon r.rith aeolian features-" The sinLilarity of the

ridges to aeolia¡ features is nor,l cousid-ered, The transverse durres

described by E. D. I'lcKee (L96ù are Iong, paralleI ridges v¡hich tend to

be stra:ight crested for as long as 800 feet, The Fig. 7 of E. D' I'fcKee

(p. 22-2/+) reveals their inequality of opposite slopes" Their raaximum

height is 40 fb, and r.¡idth is /+00 ft.

The height and width of the transverse dune is considerably

larger than the ridges found at Ste. A¡ne and Ponton. The inequality of

opposite slopes resembles the ridge at Steo Anne arid Rl and R3 at Ponton.

R3, in parts, has a similar height t¿itl¡ a narrotJer widthr but its

opposite slopes are equal. R2 is also very unevenly crestedr i+ith a

considorable variation in heiglrt r,.¡ith distarlcoô Thereforer on rnorpho-

logical grounds, the ridges clo not resernble tra¡sverse dunes sirnilar to

the ones described by Mcl(ee,

Furthor aeoU-an features (barchans) have been described þ
Sn Lo Hastenrath (196?). The dunes themselves have no norphological

resemblanco to the supposed beach ridges. Tn order to demonstrate the



TabLe 7

I,lllcoxon Test on Beach P¡ofiles (Chesål Beach, South England)
after An Pn Ca:r (f969)

155
250
330
lr /+z

5U+
6 t+L

745
839
9 l,D
r.0 35
L1 3L
L2
J3 3L
]4,25
15 30

lþ9

30
lr5
23
22
3lr
,o
u
32
28
28

20
I

L0

60

+6
+20
_r5
+19
+22
*7
+9

+15
+8
+t
+3

+11
+17
+20

Rank

Nul-l qnpothesis;

Eoe Tbe sl-opes on the east side (n) of
(Z-z¿) are equal to those shoun on
side (ùt) 

"

+!,
aIZ"5
-8.5

+11
+U
+3"5
+6
+8o 5
+5
+3o5
+1

+'l
+10
+L2"5

Ei¡: There 1s inequal-ity of slopes btween E ancl W.

Signi*lcance leveL¡

tet e( ts

N=
,n¡
Ia

mÉI¡
Ne

.o5
tbe
the

the
the

numbr of pairs
sr¡m of the Least values

9.5
LI+

roJeet the Null Ilypothesis

d.iagran
wost
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relationship betr,reen crest height and slo¡e angle (Ha.stenrath, Fig. 9¡

p. 309), a plot of crest height H as a function of sin ç< is used. The

figure shor,¡ed that the anglo of ths uindr.¡ard slope increased with

incroasing heíglrt. At Ste, ånne þ cornparison, in Section B5(a), the

angle of slope is seen to increase \^¡itÌ: increasing hoight only l+7,4 of

the time. No positi-vo correlation could be found in the Ponton areao

Therefore it is unlil<ely, on nrorphological groulids alone, that these

features were forrnecl in a:l aeo]-ia¡ environmentn

/þ" A coFpa:rison r.rith prese-Ft F] erell-_ne forms" The supposed

beach ridges ma¡' also resemble, in ter¡as of their 1or:g and cross profiles,

shoreline forrns existing in ihe present environment. Certain of these

beach ridges aïo sho\.fn in Fígs. 2-1- to 2-5, There is a no-,,able tetrd.ency

for the profiles to dip dot,¡n tolrards the water Ievel, fornring a coll-

sÍsterrt slope fbom the la¡rd to the sea or la.ke" This is the case in the

generalized profiles drar,rn ì:y ll. C. I{rumboin (fç63), LI" II, Bascom (fç¡f)

alld J, 0. Norrma¡l s work fbom La.t<e Vattern (trig. 2-I) . Profiles clrar"rn

þ other authors shor,r najor and minor undulations. These inelude the

beaclr profiles and berms drar,rn by I'J" C. i(rumboln (fqru) (rig, 2-z), l',ne

generalized winter ancl sumner orofile of J, L Davies (nSü, the ír¡ner

ancl outer bar on the profilo of R" Dolan and J. C. Ferm (f967), the

washover fan ancl berrn of A. O Beal.lts profife (fg68)¡ and finally the

gravel-spit forrnation shor,rn in D. J, P. Sr,¡ifbrs r,¡ork (fgAA) (a11 shor,¡n

in Fig. 2-3) . The fornratíon of sub-aqueous feaiures r,rith inequali-ty of

slopes is demonstrated þ the soquence of profiles, A - E, tal<eir flon

J. S" Ol.sont s r¿ork (tgSS) on the sequential development of beach and

duno ridges on Lalce ltichiga:r (Fig " 2-/r). 0n1y þ visual connparison car
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these latter profÍIes be said to resemble tho supposed Lake Agassiz beach

ridges, end their genesís, therefore, coj-ncident r¡ith supposed LaJce

AgassÍz ridges.

A nore detajled analysis was taken fÞom slope stud.ies, the r^rork

of A. P. Carr (1969) on the spit-tonbolo formation hor,¡n as Chesil Beach,

South England. A series of profiles are shor¡n in Fig. 2-l¡. The Wilcoxon

Matcheci Pairs Signed Ra¡lcs Test shor,¡ed that, at the "01 level of signi-

ficance, the lagootward, facitrg slopos r,rere steeper than the sear,rard facÍng

ones, Table ?. Thi-s vould seem. to denonstrate that the sbeepest slope is

on the Iandr.¡ard side and therefore, reasonably sheltered flo¡n the effects

of the open ocearx, This spit is essentially a storm-constructed feature,

the larger pebbles being those r,¡ashed over d.uring periods of stor¡ns and

high i,raves.

The rÍdge at Ste. Áune sholrs a sim:ilar inequality of opposite

slopes, although in th:is case, tho steeper slope oecurs 1aJ<eu¡ard.s touards

tho former LaJ<o Agassiz. In Ponton one steeper sIope, R1, faces la¡d-

r.,ards (towarils the SW). In the case of R3 tho steeper slope faces lake-

uards (towards the NE). Therefore the level of La-tce Agassiz may have

fluctuated. eonsiderably at this tirne before J. A" Elsonts (1966) Pipun

phase. The inequality of opposite slopes nay indlcate a lJashovor ber¡n

or spit origln for these ridgeso

Lastly, eomparison may be betr.¡een the supposed beaeh ridges ald

those doscribed by I{. P. Psuty (L967) in Tabasco, l,fexico. A.d.Dúttedly

visual, there is some resenûblance betueen the th:ircl profile there drar.m

(¡'ig. 2-Ð a¡c1 the ricìge at Ste. Antrots cross-profiles. Tho steeper

slope 1s here seawarcl and the gentler slope, 1e¡dt¡ard.

5n Tont-elrve--qonclusj.ons geß infl- - --.---- oJiP'in oLÞle sunnosecl
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b'each ridgos. 0n1y tentatj-r'e conclusions car be dlar^rn at this juncture,

beeause tl:o methods of eomparing the Sben Anne a¡cl Ponton rídges r.rith

sinrilar forms of lcnor^rn origin is j-nherently limited" l'Ihen the aspect of

morphology alone Ís eonsldered, a number of diffez'ent origíns nay be seen

to be equally applieable to the ridges unrler study.

&¡ Visual sim:ilaritíes indicate that the Sbe. Anne and

Ponton ridges may be kames or drunlfuioicl figuros,

bo The results of the l{ilcoxon Test, conparíng the ridges

vith eskers at Baffin Island (tafte 6), suggests that they are not

eslcersn

e. Ðimonsfons and visual similarities suggest a rese¡rbla¡ce

of the ridges to the moraine forms of J. T. Andreivs and Bn B. Sm:ithson

(f900), shorun in Fig" 2-!2"

d. Dlmensions atd visual sinilaritles, in the case of the

r,rork of Sn L. Hastenrath (1967) and E, Ð..l'fcKee respectively, suggost

that the ridges r.rere not formed in an aeolia¡ environment.

eo Comparíson to the various cross-profÍIes (FÍgs. 2-!t

z-il suggests that t ho ridges may have boen formed as a beaph. The

Wilcoxon Test for Chesil Beach (ta¡te ?) inAicabes thate because of

inoqualities of slope, the riclge may be a spít-tombolo feature, r.rith a

subsequent storm ridge formatlon, The lagoonward slopes are steeper

than the seaward slopes" In the case of Ste" Anne, if the riclge is a

bar, the activo (laker,ra:'d) side l¡ou1d beo by analogy, the easiern sid.e

as this has the gentler slope, the lagoonr¿ard side being the steoper

west facing slope. This is contrary to the iciea of a Lalçe Agassiz to

the r'¡est of Sbc. Anne. At. Ponton, Rl has a steep Sl,I faclng slope; the

gentler Î,IE facing one, if alalogous to Chesil Be ach, represents the



6S

laj<er,lard side of the bar" The S!tr slde of R3 r,¡ould be the lakcr,¡a¡d side

of this bar,

Therefore, on the basis of roorphological evidence, the supposed

beaeh rirlges at Ste" Anne a¡d Ponton may oure their genesis to proeesses

sinrilar to those forning kames, drurn-linoÍd foatures, moraini.c forms,

beaeh ridges or spit-tornbolo formations or s'borm beaehes, ït ls

ínqrossíble to deter¡rine the true origin of the features on the basis of

morpholory alone.



Chapter 3

MAOROSCOPÏC EI,EI,EIqTS OF SEDII"ENT.ARY AN¡IYSTS

Becauso of the apparent lapk of sensltÍvlty of morphological

alalysis 1n deter¡uiniag the origln of tho ridges at Ste. Anne anil

Ponton, depositional elenents of the latter are nor,¡ consid.ered to see

aly of the tentative eonclusions found. in Chapter 2 nay be valrdated¡

if any nev conclusions can bo nadeu

Chapter 3 ts divided. lnto the follotring sectlons:

4- A Deseription of the StratåSaphy.

B. Á¡ Evatuatlon of Spbericity Data.

C. An Evaluati-on of Roundness Datau

Dn An EvaluatÍon of Orieutatlon Data"

Seetlon 4"- A_Doscription oqjLLe Stratirq-iæhy'

The descriptíon of the seùimentary sequeuees lnvoLves a nunber

of ùifferent aspects of the entlre sedinentolory of the present uork"

The sampllng point's have been discussed in Chapter 2, wlth reference to

the rnorpbolory. The rationaLe behínd the selectlon of bth the horl-

zontal a¡d vertical sampHng patterns 1s nolr discussed. Ths sarçIes

taken fbon pits dug at thess points Ín the horizontaL sampling grid. are

releva¡t not only to the description of ths sedinontary soquence r,¡h:[eh

was found 1n the varlous plts, but also as a data basis for the spbericity,

roundness and orlentation studies (Ctrapter 3) and for the texbural

analysls aad hearry laineral eontent (CtrapUer 4).

ff



Tho descrtptlon conslsts of the follolllng sub-sections:

1.

2.

3"

The borizontaL sernpling net

The stratlgapby.

Tent ative coneluslons.

1. The horlzontal samBllns net" Beeause of the unlnovn origin

of the rÍdges, the appJJ.cation of a horizontal salpling net preseated

probJ-ens" Variattous ín seåinent types across the ridges (U - tU at

Sto. Á¡ne arrct NE - Sl'I at Ponton) ha.d to be lncluded, as weLL as varla-

tlons along thenu This typo of sarnpllng in the ÏLterature ls m.afnly

found iu connectlon with shorel-ine eanplíng patterns" !1" Nn Baseon

(rg¡r), 1n his work on the PaplflLe coast of the t.s"å., chose to conei-

dor sone !00 profiles, uhich rnalnly extended" fn stratght Ïlne traversos

flon the dune LÍne to d.nus 30 fb. belor,l sea levsln One of the røst

conprehenslvo works on beach sa¡npling nethods was r¡rítten by l{. Cn

Kruroboin a¡d H. !* Slack (fg¡A). Tho prfnclpal obJoctive of the ßamp-

3-1ng nethods descrlbed þr these authors r¡as to ascerbain deposltional

cbalges across and along tbe beachu One nethoil of ftd-fltlling this is by'

deternlnlng tbe varlous beach zon€s and deslgning the sanpl1ng uet to

coLncÍde vlth theso" The beach.zones whieh the authsrs descrj.bed con-

sist of the folloulngt

67

d. the dune b€It,

It is posslble that, lf the Ste" Anne or Ponton rídges r.¡ere beach rldgese

sono or al-l of those environments of deposÍtíon would be represented"

ê¡

b.

C.

tho nearsbore botton

the

the

foreshore

backshoro
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Krumbein and SLack have descrfbod varieties of spacing based on

a prectical compro¡rlse betr¡esn eost and a deeLrecl degroo of rel1ab1l1ty.

This eould only bo done on e qualìtltative basis afber the varÍation of

doposits in each beach uone lJas !¡1oçno Eiglrt sa¡nFling plans vere trÍed¡

âo slmple ra¡clom garnples

b. randon ln eeLls

c. systenatlc in cells

d. clusüers of four

êr thee leve1 deslgn

f. sfratified. ra¡don

g. three strata (combined s"nples)

h. purposive selectÍono

Particle size d.ata r"¡ere collected in eaph and tbe ttrelative efficiency¡l

of each r.¡as formrLated, Ihe uee of particular sa.urpS-ing grfds vatles

according to the purpose for r¿hich the sanple 1s being te.ken. In the

case of St,e. Anne a¡d Pontons tho principal objectíve r¡as to aseertain

the variabilÍty of deposits along and across tho ridge. lherefore sone

forrn of randorn sa¡rpling is desj.rabLe. StratÍftecl random saryrlfnge r,rbich

bas a higb lrroJ-ative effåcioncy¡te could. not be acconpllshed bocause of

the laclc of prÍor hnor.rled-ge of the depositíona1 envi¡onraonts of so-ealled

Plelsbocene beach rldges"

A similar procodure has been described by E, W. Bieder¡na¡ (f902)

to find a neatingf\rl- distinction botr.¡een shoreline enrrironments Ín

Ner'r JerseX¡ U.S.A. Ra¡donness vas lntroduced by dividing tbe envlron-

nent zones lnto oquidirrensional blochs, thon ehoosing certain bloeks

for sampllng by using Ra¡rdom Number Tab1es.

Other sbudtes on the sanpling of varlable besch deposits inclucle
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tho uork of Ru N. GÍnsburg (1956) fn South FlorÍda carbonato sedlments.

Thls study was to relate varfations 1n grain slze and eonstituent conpo-

sltlon to dlffer€nees Ín envilonlrent, Tr,lo sanplfng rrethods r¡ere usod¡

âo îhe traverse rnothod by'wbich the samples were taken

along three traverses orlentod perpend.icularly to the trend.

b. Grab sa.nples r¡ere taken in a nore ra¡clom nannor, r¿here

traverses r¡ere loss appropriate.

A grici systen of sarupllng has been used by C" C. Ifason and

R. L, Folk (f958) on I'rrrstang Islancl, Texas, The baslc pattern consiets

of four traversos (perpendicular to the shor€l-ine) spaceA at Ínterv¿Ls

of four ndIes. StratífÍed sanples r¡ere taken r¡ithin the grid, relating

to the depositional enrrlronnents found on the shorellne" l\..1o traverses

were a-lso taken parallel to the shorelfnee spaeed 0"8 ntl-es aparte thus

maLfn€ up the grid pattern" This sarnpling pattern ís a systenatized

stratifled system a¡d accurately parallels topographfc variation a-long

a¡d across tbe ridge"

RelativeLy reeent vork þ J" Ro Be-lls (1967) considers the sa.mp-

J.:ing of PLeistocene a:rd Holocene sediments on a ba¡r'1er coast of New

South !tral-es, Austra-l1a. SectÍons Ì{ere talcen perpendicular to the beach,

exüending fÞo¡n the l-orr r¡ater nark, acróss a bemÍer or deltaíc pl-ain,

to a degraded Pi-eist,ocene beach. Â regular grid sa.npling patternr p€r-

penùicular to the eoastllne, Ís used by A- P" Can (1969) " Along

CheslL Boach, England, 23 sections uere choson at approximately b.al-f

nile intervals" Sanples r¡ere ta]cen at beach crest, hlgh vater mark, ancl

lor¡ uater rnark, and uhere variabilíty in pebbles oceu¡red.

0n the basis of the llterature described above, two varieties of

sampJ-ing patterns are agproplate to the sernpllng of sedineats at
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Ste" .Anne ancl Ponton:

a. the method of grfd a¡d traverse

bu sbratÍfled. ra¡d.o¡a g¡r'ï''Le"

"A¡ outllne gricl r¿as for¡urlatecl for both the Ste. Anne and Ponton ridges"

At Sbe" Anne, 1B cross-sectloned traverses vere s¡.nlpled at, lntervals of
660 yd.s' (approxinately), Five sa.rrples, labelred A - E, were talcen

along oach profÍle, as sho¡tn on T"fap 3" These were selected. on the basis

of norpbologlcal varj.atione ublch nay reflect s-bratigraphie change. Tho

va¡lations aeross the ridge coinciclo r.¡ith

&r

b.

the lake level ín the west

envlronmontal cha¡ges betweeq tho crest a¡d the La-tce

l-eve1

tho cresb

environmental cha¡gos botween the erest a¡d the eastern

boundary

e. tho easborn bound.ary"

In totaL g0 pits were dug in the Ste. Ânne ridge. These varÍed in depth

fþo¡n 2-9 feet. The depth li¡ritation ças the water tablee beyond r,¡hich

the sedinents became ÞjJ€d. .&t Ponton 10 eross-seetional traversese

avereg'ing 200 fb. aparb, vere used as a sa.mpli-ng grid, ÁlJ- thee ponton

rldges tlere sampled in the sams mÊr¡ner. A varÍable nunbsr of snrnples

r¡as taken across each profile to eoinclde r¿ith supposed facies chaages

fbon the NE to SI^I of the rldges, OccaslonalJ-y the rtd.ges are conpll-eatod

uith terraco-like forms o! one or both fllanks. additional sa"mpl-os uore

taken on the terraces, on a stratified basis, Sarç'Ies were ta.lcen between

the three rid.ges, sinee lt vas thought that b,y doing so useful supple-

nental evidence concerning the d.oposltional emrironments nay be derived"

d..
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l\t Pouton e l.3O pits r+ere duge varying fÞon L-6 feet lu depth. The dopth

Iimitation Ìtas flozon ground ln the lor¡er lf¿ng arees" .411 the pits

vere band. dug, using shovelo"

' 2. The sedine:rt d.oss:girÉign" Fro¡n tbe varÍous pits ín tho

localities descríptions r¡ere raade of the se¿i.xûents, structures and depo-

sitional cheages"

0nce a pit was dug the procedure was a"s foIlol¡sn Ttre sectíon

(depth) !¡as lreasured by means of a steel tape, ealibrated to 0"1- ft. A

cleseript,Íon of the sectÍon vas madep indicating the consbÍtuont natsrials

and structures" Beeotso of the orientatíon of the quarries on the

Ste. .Anne ridge¡ sonre pits lrere dug par'']Iel to the long axis of the

ridge, hence cross profile dopositf.onal strucúures were not easily doter-

ninable. Structures uere noted Ín plts dug paralleI to the tra¡werse

arcis of the rldge. rtlL sígnifÍcant structureL and deposltional ehenges

r{ere notedo tr'trhereas there ís consid.erable varrlety in the depositíonal

structures 1u the pits dug at Ste" Anne, there ís more appareut bono-

geneÍty ín the Ponton pits"

Tho sedi¡rent deserÍptfons fro¡n the varíous pits ale to be found

in .Appendíx 1 (Ste. .Anne) and .Appendix 2 (ronton) o Tho descriptive

nononcLature and sed;inent síze grades follor"s that outlined þ
R, Lu Fo1k, (fgeg) F," 25, a¡d on Tab1e 13"

For the deserlptions of the d.opositional sequenees tho riclge at

Ste" .Anne uiLl- be discussed. first, fo3-lor,red, þ the ones at Ponton'

As ís apparent flom Appendlx J-, tho seetion descrlptions vary

eonsiderably throughout the length of the ri-dge. The diagrarns (eigs" 3-1

to 3-6) dernonstrats tbis varfoty both olong and acloss tho rldgo.
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Illustrations of lr sections are shor¿n as Plates 5, 6o 7 and 8. A nu¡rber

of su¡faeo horÍzons have been disturbed. þ querrylug.

SÍgnifYcalt a¡d rocurrent aspects of the soetions include certaln

tendencies:

a'¡ Coarse rnateriaL tend.s to occur tor¡erds the crest of the

rldge a¡d fine naterial occurs at the eastern exd Hestern ÏÎ-¡cits. This

i-s shor^rn in Iigs, 3-2 to 3-6 and P1ates 5 a:rd 6.

b. A eharacteristíc gener"lJzed. section of the ridge fbon

ground level d.or,mwards rnay consist of the follorl1ng¡ very coarso seùi-

ueutsr granules and pebbles occul' near the surfacoe as is shoun in

Figs. 3-z (æ) t 3-3 Qrc) n 3-4 (10c) , 3-5 (rer¡ a¡rd 3-6 (rvc¡ " Tho fact

that there are 45 out of a total oî 55 sectÍons r¿j-th coarse pebble or

gralule horizons in the top tlro feet of the sectÍou is b-iglrly signlft-

ca¡tu These beds tencl to be unsorted in nature a¡rd contain a particle

sizo range fbon sa¡rd to cobbLes" 0f the 45 sections in r¡hich this bed

was represented, 39 r¡ers unsorted" ït is possible that these beds nry

ba classlfÍed in ono partícular category as regards their environmont of

deposition. Perhaps they r,lere lald down þ the sane agency or egencleso

Beloll tbe surfaco strata horlzons of med.lura to coarse sa¡d size

seilinents ¡ûay be ðistinguislred" These are shor¡n on Figs. 3-2t 3-l+s 3-5

arrrl 3-6. These beds rnry aì-so comprise a sÍgnificant d.epositional unit

since exarnples nay be found in 4-8 of a posslble 55 sectionso Tbe bods,

or indivÍd.ual 1a¡ri na.e, are reIat5_vely l¡elI sorted, Either graded becl-

ding or larninations ar:e exhibLted. in 4O of the /*8 beds describedu These

rnay aLso represent a different e'qvlron¡nent of deposition at a particuJ-ar

ti¡ne in tho depositional sequenceO

Below the sa¡rclsr EJrd 1n cerba:in ssctions only¡ silty-clay
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seðiIteûts are obsen¡ed. These are shorvn on FÍgs. 3-2 anð. 3-3. These

deposlts only occur 1n L5 out of a possibJ.e 55 sectj.ons. At the base of

so!ûe sectíons very coarse sedimonts, inclucling quarrtities of pebbles¡ aro

oeeasÍona11y found. Exanrples are seen ín Figs. 3-2 (?ts), 3-L (fæ¡ , 3-5

(fon¡ arø 3-6 (feo¡. These deposÍts are only found at the base of 25

out of a possible 55 sections.

co The najority of the bods dÍsplay ffradingr sortÍng and

l"mínations (espeeially in the Br Cr D sections). Evidence of this rnay

be seen in all the Figures 3-2 lo 3-6. The very unsorted bods tend to

occur at the top and ba.se of each section.

d.. A nurnber of the coarser becls towards the top of the

seetion are ínel-ined 1n an east - west plane. Tlr-1s bigh arg.le (ln sone

cases) stratification is therefore seen to ôip both la¡dr,¡arcl and lalce-

ward." Exa.nples are shor.rn in the Br C, and D sectíons of Figuros 3-2 t'o

3Á*

o¡ SiLt and cIry horizons pedoninate in the A and E

sections, or on the periphery of the ridge. Differenb combinations of

silt and cLry oecur in 25 of the 36 possible, Locatíons. To the south of

the ridger siLt, silty-c3.ry or cley with pebbles are found in the A,

sections. lolrards the center of the ridger clea¡ grey and r.¡bite clags¡

siJ-ty-cJ-rys and boulder-cJ.eys aro found in the A section, lrith v¿rríabl-e

sancl, silty-cIays and pebbles in the E sectÍon. Tovarcls the north of the

rid.ge, sllty sa¡d. with clay and pebbles occur at the A points, r.rith

silty-sands, silty-clrysr elays and silts found at E.

Generally speaking, bouliler-clays (cIrys and pebbles) are more

prevalent on the vest sfde (lakel¡ard) tfran on the east sÍde (la¡r¿war¿)

of the ridge. The reLatively honrogeneous silt or clay beds found on the
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uest slde are presunabJ¡r reworked boul-der-cLry¡ deposited þ some agency,

posslbly water sortÍng. Their texLure a¡d color ís sÍu'lLar to that

found. fn a l-acustrfne emrironment.

Follolring the above descriptions (a to e) certain tenbatj.ve

deductions nay be drar¿n. Further evidence concernlng environments of

d.eposítion awaits the texbural analysls of the sedi¡rentation unit

sarrç'Ies (CtraPter /r) r

ft is pssible that sotne indication as to the origin of the rid-ge

mry be deduced þ eonparing the stratigrapl1f lüith that found 1n features

of Ìnown origins. Ibralnic deposÍts and. drunlins generelly consisb of

boulder-elay deposits a¡d these are found on the períphery of the rÍdge"

Therefore, aLthough the ridge itself, based on tlre stratigrapþ, Ís not

a moraine, it appears to be (as R. A. l&Phersonr ].:?TO, suggested) some

ridgeJike forn superínrposed. on a norelne.

The ridge may be a¡ esker or fluvÍal deposft. .4, fluvÍoglacial

deposit 1s Þ d.efinitlon stratified, due to the differential flor¿ of

reLtr¿ater streams. Such deposlts eontain abunda¡t sand aad. gravel. The

eskers described by C. fubleton and C. A. M. KinC (fç6S) are bed.ded and

dip at L0-æ degrees or Eþre. NornalJ.y the beds dip outward fþo¡i the

a:ds of the esker, their gradients occasÍ.onalJy para"lleÏlng the lateral

slopesn .Additional seùinentary features (G. Hoppe, J:961) include the

occasional presence of silt in the esker or on its surface heaps of

bouLders nay be foì:.nd. VariabÍLlty of deposíts ís a-lso a rnarked. feature.

For insta¡rce, there are depositional chalges flom f,Lne sand to coarse

gravel within a¡ esker. Ernbleton and King (p. 37Ð maÍntain that rrthere

appears to be relatively little connection betveen their internal struc-

ture anil their exbernal- formrr. Certain structr¡ral varlations have been
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d.escribed sr F. l"f. Synge (fçfO) uith rospect to eskers in Antrin. In

outline those featuros inelude apparently horizontally bedded sa¡d a-nd

g3"avel, arch-beddlng, unsorted uashed. gravels, with erratics and dolicate

deltalc bedding, uith bands of laeustrÍne clay, Bedding is graded or

roverso graded.

Assuning a¡ esl¡er to be a r¡ater-l"rrid deposit, there should be

depositíonal correspondence betueen presont day fluv:ial sed:irnents and.

sono of those found at Steu A¡nsn .AccorÔing to t. B. Ieopold.¡

B" Go lfo1na¡ encl Jo Pu lrliller (196/r) there is a decrease in the velocity

of flow towards the bed and ba¡rks of a streemo The naxinurn velocíty

occurs near tho streamls eenter line. there is a lack of infor¡nation

appertatning to the charecter of naterials coqprlsing the river bed a¡d

ba¡ks for a given dlscharge. åceording to the authors J-ast quotede the

Eínstein bed. l-oad f\rnction demonstrates the dependence of sed.inent trans-

port rate on sheer stress and par-bicle size" With a deereaslng rate of

tra-nsport, (d.ischarge) thore 1s a decreaso Ín seôinont coneentratlonu

Âssuning tbe rldgo to be a flrrriog3epLaL deposit, tho coarse

naterial tova¡ds the eenter of tbe ridgo nay have been the lag deposit

of a glacial sbrea.n, vhen the coaxser slze grades could aot be carried

þ the veloeity of flol¡"

Thorefore the Ste" Anne ridge naJr be a¡ esker beeatrse of:

&c

b.

d..

€.

¡
.1, c

beclded sands and gravels

dipping or a¡ch-bodded deposi-ts

the occasional presence of silt

the occasional presenco of bouldors

internal variatlon of de¡.,osits

delteic bodd'ing, r.¡ith ba¡ds of cloy¡ alcl the grarìocl or
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roverse gradod doposÍts

gn the transitlon fbom coarse to iine deposits in lteeping

uitb present day observaiions of strea.rrs.

It ls possible that the r5.dge may be an aeollan deposJ-te sinco

it is long ancl sinuouso In his r.rork in the hlhite Sands I'Iational I'fonumont

E. Dn tlcllee (fgOO) examjned vertical trench sections cut thottgh 4 ¿if-

ferent ty-oes of duno. The transverse dune j-s ¡nade up of ¡ned:ium sandt

with good sortÍng, a¡rd has stoepl-y (n-ZO degrees) dippíng l-aminaB ln

its lover part. ?he upper part consists of thin, gently dtppÍng to

horizontel bedse with moderately dipptng cross-strata* I"Iavy or contortecl

lonrinae also oceuru Despite cer"bain sinilarities (for instarce, the sa¡d.

content at Ste. A¡ne) it ca¡not be closcribod as a dune becalrse

a,o There is a laclc of clrront beddlng at Ste. .A:x¡ton

b. Sa¡d slze particles only nake up about half the sections"

e. The la¡itna€r Brd eertaln ot,her beds, shor'¡ a greater

tendency toward.s horizontality"

do A naJor constituent is ¡nedlum to coa¡so size salcl.

A third possibility is that the ridge eould bo a shore-Llke forn..

Tbs forns of shorel-lnes have been ind.icated j-n earlíer dÍ.agra.ms.

W. C, i(¡.urnbein (fg¡O) has definecl certaln beach aroa6 where different

sedinentatlon processes oceur" The foreshore ext,ends fÞom ths Low r^later

line to the crest of the bern (Fig " 2-€). The crost of the ber¡r ís the

1lmit of nornal uprush of vsves" The backshore e>rbends fbotn the crest

of the bern to the Ia¡dvard l-init of the beach" The slope of the fore-

shore ra¡nges flom flat to steep, accortling to previr-lent enorgy charactor-

istics. the backshore consists of se¡d Ìrhieh hes been sbifted about by

blowing winds. The foreshore represents a zono of actlve hydraulic
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force (lÍ. C. Ibumboin, J:9Ø) betríeen tiro bern a¡d the plunge polnt r¿here

uaves breal<e a¡c1 ls subjected to a succession of biglr-ly tulbulent !¡aves

which wash ths foreshore before their r,¡ater returns dor'lnslope as back-

washo The effect of this motion is to sort out and aryange the fore-

shoro material selectively aceorcling to its particle size, shape ancl

density. Because of the d.epenclence of the beash properties on tho pro-

cess elements, a beach as such 1s dif*lcul.t to deftno in nature' So

nurch depends on the height, period ancl stoepnass of ltaves and. cuments

ín terms of direction ancl velocity (W' C" ErunbeJ-n, 196I) 
"

In his r¿ork on the sedÍnents of 1þout Lele, tr'trísconsin,

V. Gn }fcKelvey (fg¿O) siuilarily rocognizecl ðifferent zones of beach

d.eposits. Elght textural zones, paraLlel to the shorelinor uere recog-

nized¡

â¡ vashed cliffe consísting of pebbles

bu backsbore of nod:iunr to fine sa¡d. l¡ith occasional pobbles

a¡d cobbles derived fÞo¡e ice ra.mparts

cc swash-line, containing pebble concentrationse stickse

tr+igs a¡d shells; pebbles rolled up on the bach þ heaqy wavesr flner

material renoved þ baclorash.

d.n foreshore of ueIl sorted, coarse - nediu¡n sand

ec pLunge-1Íne of very coarse sa¡rd.

f" cobbls-l-ine of well uashed eobbles, coverod partially

þ mediun sand (first bredring point for vaves)

En a r.leI-l rlppled med.lu¡n to ffno sand. zone r,¡hich for¡ns a

veneer over cobbles"

ho a zo¡ie of dlrty sa¡ct ancl pla¡t coverocl cobbles, apparently

fìree fþon wave aetion.
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A foature t,lT"O is eharacteristic of deposition undor &Ì.ffer-

ential flor,r ratos is tho gradecl bodcling founcl íu the seetionsn Th:is nay

bo ascribod to the

&o varying baelfi'¡ash a¡d. swash action on the foreshore

b. varylng aeolia¡ actlvity in tho baclcshore.

If this deposit vas to occur beyond or belor'¡ the reach of t¡ave action,

it coukl be forned as a resul-t of turbidlty cr:rrents (P, H. Kuenen and

Ë. l{. Menard.e Jl952) "

Beacb lanìnatlons have been described by K" 0" Ene¡y and

R. Eu Stephenson (fç¡O), They found la¡rinae in beach sa.urples flon

Btktni Atoll.e Mono Lalce e¡d a boach near Newport, Ca.ljfornia. La¡iina,e

uere present in füne e¡rl coarse sand, the coarser sa¡d having thicker

larnìnse, À11 the serds r¡ere r¡elI sortod.,

A further lnportant aspect of beaph fornation is tho high angle

stratifieation which r,¡as observed by J. I,f" Eofb (fge!) in the Sapelo

Islands, Georgia" Eere the foreshore sa¡d bars uere reported to ha¡re a

steep landuard sIope" Deposùtion on thls slope resulted in the Ia¡dward

¡novenent of the bar, sueb that the slopes llere as high as 3Oo on the

seavard siclso

Tho beach ridge at Ste" .Anne contains certain featuros r.rhich

acconpa.ry roodern narine shorellne d.evelopnents:

a. There is a distlnct d.ocrease in sediment size lakeuard,

r.lhleh eorresponcls to a ci.ocrease sealrsJd Ín nodsrn shorelinesu

bo At Sto" Anno cor*bain sbratigraphie units nay be recog-

nized. They nay be assigned tentatively to shoreline unj-ts"

i. Tho coarse unsorted ðlpping matorial at top nay be

a r¿ashovor, bern deposit.
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li" The nedlu¡n and f1no sands may be a bachshore or

foreshors deposit"

fif. The relatively fine silt and clay nay be lacu-

sLrine incu¡aions.

ivo Coarsee unsorbed nateria.L at depth nay be perent

natorÍals"

cr Lsminationso sorting a¡d grading are characteristic fea-

tures of nodern day ricìges and of Steu .A¡ne ridgeu

d.o Àt Ste" Anne there are a nurrbor of examples of bigh and

low angle stratification, r¡blcb are shoun in the Figs. 3-2 t'o 3-6" A

number of these ùip lakellard a¡d therefore ney be reliet foreshore

d"eposíts. Others (the rnaJority) d:ip landr,rards. The latter resenble tlæ

struetures found ín Ïloytts foreshore sand bars e¡d Psutyss beach ridges

in Tabasco.

Tbe Last alternative ís tbe rea'lization that the beach nidee

resenbles a spit or bar. In thís casee certain eharacterÍsties of the

shoreline sedineubation zones vould. also be recognized, plus addÍtÍoual

pecul:lar features.

S.speets of the geomorpholory of beaeh riclges have been described

br N. P. Psuty (tgOZ). lb.e Tabascan beaeh rídges occu1' on part of a

deLtalc plaln" Here, becanse of actlve ùistributory discharge¡ there ls

local progradation aucl a serles of beach rj-dges b.ave built up. By some

mea.ns there nust be suffieient sedíment to produco the progradation slâd

to result in lts accunrulation in the for¡n of a ridge. Psuty describes

the norte winds as ths agency lnvolvedo Afber a norte ssason of stor¡ì

Ìraves a ber¡a uas a¡alyaed and seen to ôtsplay noar-sr¡rfaco stratiftcationt

r¡hich is either horízontal or ùips slíghtly inland. The sedlnents are
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a]"so sbratifled belc¡r,r the bern erest" .Accorcling to Psuty the steopesb

d.íp ropresents the stor¡n foroshoreo llhen the storn abatos the dlp 1s

seen to occur at slightly lower inclinatíons, Sorne of the beacb larnJnse

at Tabasco sloped searqards at less tha¡ 10o" Sone groupings lJere horl-

zontal or landward &Ì-pping at a lor*'er lnclination" Belou the ber¡n stra-

tifications the lanrinations have slopes of less tha¡ 50. There is a

3 fold division of laminae, reminiscent of deltale seòi-¡tentation" This

type of stratÍfication ís shown on Fig, 2-5"

0n present day beaches, exauined þ Psuty, the land.trard dlppÍug

foreset lamlnae vere seen to dovolop by uater washing over a rldge. Tlrts

type of doposÍt, characteristie of a rnarine bar or spit, ís the salae B.s

that of a foreshore zoneo 0n the bayr,rard sicle of an offshore bar or splt

1t resembles a backshore beach, This consists of short, steeply inclined

foreset la'r'inae¡ dipping bayr'rard. fnterstatlfï.ed wfth layers of long

gently ÍncIÍned topset lprqi nae¡ uh:ich also cl1p bayvrard'

.An aaal-ysis of graded eoarser naterfals tor,'¡ards the surface of

a spÍt-tonbolo formation is found in the r,lork done by A" Po Caru on

Chesll Beach, Englaad, Here coarse naterial one or imrqediately beh:ind,,

the beach crest is thought to be lrstrandedtt during longshore transport

under sever€ storrn conditfons. No evidenee of s'bratificetion is given"

Thereforo, in addi'bion to tho features rnentioned abovor the ridge

at Ste. Anne may bo a formor

a'o beach ridge on a prograding coast

b. spit or offshore bar, r+1th high anglo stratlficatlon,

both 1a¡dward a¡d lakevard., lrith coarse rvashovor (Uerm) doposÍts at its

crost.

Despite the apparent sirnpllcity of tho deposÍts, the stratlgraphtes
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of the Ponton Brea are of considerable goonorpl:-ic eonpJ-exity. 3. descrÍp-

tion of the stratipaphy ís found in Appendix 2" therefore an ox¡rlana-

tion of tho features clescribed abovo 1n terns of present da6' envtronrnents

of deposition ís erbrernely problenatfcal. Certain tentativo pofnts cae

be made, but no definlte eonclusfons, coneerningl

&. the dopositíonal environnent(s) of the clays

bo the depositional- envirorunent(s) of the sands and gravols

c, the problerns of nod.ification in a poríglaciaL environment

d., alternative opecial-i.zed environ¡aents of deposition.

Environnents of depositlon for the clay deposlts nay havo

occumed at tr¡o stages, The orlginal- source ¡nateríal foJ-3-or^ring tbe

presumed gl-aclal retreat is boulder-elay. ThÍs has boen exbensivoly

revorlced tÌæoughout the entire Grass River basin of sed.:imentatlon

(J. A, E1sone L966, p" 59). Thts ba.sin has been quoted b,y E1son as

beÍng the last area of lake fornatione im¡Tediately prior to the drainage

of Lake Ägasslz uia tbe }leLson Ríver, Therefore 1t ls posslble that the

cJ.ays at Ponton are l-ake botton doposÍts,

Tb€ sedlnents of the Ponton ridges are illustrated by Ffgs. 3-7

to 3-11 and Plates 7 a¡d 8. .&lthough the indirrldual sectlons shov a

d.egree of honogeneity, varíation ean bo seen across the traverses (¿ - i.t)

a¡d betÌ¡eeu the ùifforent travorses (-æO to 1500). A number of gen-

eralizatlons cB¡ be ¡nade fYom the sections.

ac The ridges are nrade up of ¡nedium to fino sand with a

r,¡eIl ¡narlçed grey (podsolized) horizon, This is shol¡n 1n Figs" 3-8 (A),

(¡c), (r¡Ð, 3-19 (M), 3-LL (H), sílty sand occurs off the ma-in ridges

rn 3-9 (c), (K) a¡d 3-10 (K).

b" The inter-r1dge areas are made up of clay r,tlth occasional
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Fig" 3-8
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Fig. 3-10
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pebbles. They are íllustratecl Ín Fie" 3-8 (B), (H) ana (CD). ltinor

sand unclulatíons t¿hich also occur betr¿oen the main ridges Bre e)cênpU-ffed

Ín Fig" 3-l-0"

co The sa¡ds ovorlie clqv at depthu shor,¡n in FÍg. 3-S (X),

(tl).

d.n Sono current beclding occì.trs (especially in R2), but this

1s rarely ilistlnct"

Depositlon of sa¡ds a¡d gravels could have occumed in a nunrrber

of er¡vironnents si¡rilar to the ones descr"Lbed for tho Ste" llnne rogion.

fhese include the possibilÍties that the Ponton ridges may be an esker

of fluvial deposÍt, a dune¡ a boach deposit (t¿itft ice push features) or

a spit or bar fornation, Th^ere also nay be ovídence of ¡noclifieatiou Ín

a periglacial environrnent o

Bo For the reasons d.esc¡ibsd in the background IÍteratrre

fn the sectlon on Ste, A¡no i-t 1s possibls that the ridges are not

fluvloglacial features. Án eslcer possessos beddod sand (and possibly

gravel-) r a:ld theso features are not seen at Ponton" Furthorrnore,

tbere is no evÍdence of inclined or arched bed.s, nor is there variabillty.

in the deposits" Hor,rover, there are features vhich resernble sedinents

d.epositecl 1n a fluvial. envlronmonto Tbis is ths coarser-nodiu¡n sand

deposited tor.ra¡ds the eenter of the ridge a¡d. the finer silty sand on

the periphery.

bo Ths Ponton ridges rnqy bave been deposited as sand dunes,

Follor.ring ths uork of !1" Ä. Thoupson (fg3Z) u a d,iagnostic feature of

d.unes is thelr le:nlnations. 0n tho U.,9n coast, botween San trra¡ci sco

and Sa:r Diegon gently j.nclined la¡n:ina.s consis'L of coarse graln slzes and.

dip ínto the r.¡1nd.. Steoply incllnsd la¡dnao of fino grain sizes dip t'ritb
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the lrínd" La¡ainattons of this type ere quite ra::e Ín the three ridgos

at Poqton, trIith roforonco to othor uorlcs quotod above (for exarnple,

D. D. I'fcKee, L966) certain sirnilaritic¡s do exist botr+een ths Ponion

rldgos and dunos. these are thoir hornogeneÍ-ty, lrleich is e:..liibíted in

al-l sectíons anri rídges, their current bedding and grad:ing r¡h:ich is par-

ticularþ seen Ín R2, a¡rd ruoderatoly good sorting uh:ich 1s seeu in all

the ridges"

co Soroo exarnples of the exbensive líterature on shoreline

sedimonts havo been quoted above. At Pouton thore is a lack of becì.diug

or detrnsitional change r.iith depth or dÍsta¡ce laJceuard or Landwardu such

as that described bS V" E" l'lcl(elvey (1940),

io There ís no evideuce of differential flor'¡ ratos,

íio Ttrere is a laclc of d:isbinct laminations.

iif" There are fer'¡ dippfng beds--lndÍcatlve of fore-

shore deposits"

ív" Eowever, moderately good sorting 1s a character-

lstÍc feature of the sand"

d. A parblcular aspect of beach deposltfon 1n a polar

en¡rlronmeut rnay bo applfcable to the area iu questlou. J, Dn }I¡tue and.

l{. Shalk (tg6l-) havo doscribed the effects of iee push on arctic beaches,

Thl-s phenonenon occurs $hsre the beach ls frozen for alne rnonths of the

¡rÊar, The Íee finally bnodrs up aud chunks of it are forced onto the

beach by wind.. the ice gouges l¡each naterial and pushos it up the shors"

At the fi¡rthest position of the Íco edge a line of tnounds (æ-30 ft,

higb) of sand and graveL was dopositod. Th:is deposit is protected þ
bea.ch prograclation,

R. !o Nichols (fgef) describes other boach deposit's found in the
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lftl'îurd.o Souncì, Â¡tartlca, .4. particular form of pit'bed boach occurs r'rhen

d.ebris falls fYon glaciers onto ico floes uhlch are rqasired up onto

beacbos. Sedinent then covers tho Íce, ubich hardly nolts. This gives

rlso to an exbrenely frregular surfacou duo to dLfferential collapso,

Cerbein aspects of tho Ponton rfd,gos nay resembls lce push or

pltted (elaclal) beach deposf.ts:

¿" lemace-Ilko nound.s, nade up of sand. and claye

oceur peripherally to RI and R3.

ií, Assuoing the origÍnal source seù1¡nont consisted. of

honogeneous sand, tbe rid.ges could havo boen

doposited. as a result of íce pusho Their vari.-

abllfty of forn mlght be explained in thls way"

The tbeo paral.leJ- ridges nay have rosulted aloqg

one shoreline, vith an oscÍlLating Lake IeveIe

causÍng progrossive rafüed beaches to havo been

developed..

iåÍ" The fact that boulders (nneði-um si.zed, lgneous

roek) occure percbod on the t,erraces, could. pro-

vide moro evldence for ico push featrrreso Tho

boulders thomselves EåJr be ice rafLed. (ne,te 9).

€c Certain sed.iraentological changes rnay have talcen placo as

a result of tho Ponton area oceurri-ng in a periglacial environment" ll

possible elçlanation for tho rldges is that thoy rnay have beon formed as

a result of alttplanatfon, and nay therefore be solifluctLon terraces"

This is unlikoly bocauso the bedùing 1s not couvolutedr a-lthough tho pos-

siblllty stllI remaLns. The Pontou Brea is one of sporadic pormafboste

accordi-ng to Ro F. B1ack (fg¿O). In this envlronrnent the sediment wiLL
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have boen e>qposod to a-lternate fboezing and thal.ring. A. E. Corte (t9AZt

];9æ) subJected a saturated sandy gravel to floezo-thal¡. Tbe results

shor¡ed a vortlcal sorting of nixed materlal, rlith fine particles mouing

dowrruards e¡d coarse partlcLos upltardso The d;ifferentiatíoa of coarso

sa¡ds and sÍlts in the Ponton reglon could be the rosult of the froezing

of a sandy sedirnent fþon tho baso upwards.

One of the peeulíar features of the Ponton region is tho fact

that J-erge boulclers ha¡ro boeono perched on the edgo of the terrace fornsu

Flat slab-Like linesbono and dolotnite rocks also occur on tho surfacs in

tho inter-ri.dge area betr'leen Rl- and R2" Th.ese anonaLies tnay have arisen

due to the ridges being subJected to perlglacfal. processes in the broad

senseo .According to A. Ilolnes (L96ù ín cool-, tenperato clinates thore

ís atend.oncy for stones to worl¡ theír way up to the surface" Dæ1ng

freeziug the undersurface of a stono is chíLLed nore quiet<Iy that the

sur¡ounding sedi-mont. Ice, therefore, eollects undernoath tho stone"

Thls expansion, in turn, opens up a! increasing nu¡nber of porospaces

(capiLi-aries) in the soil, Thls enablss more wator to colleet, ead. the

iee thiekensu As this occurs, tho sbone is pushed uprorards. The uhole

effect is to gfve stones a perched appoarancea Boulders na¡r or nay not

be able to rise up through clay in the sa.ne mannoro The thin slabs of

linestone-dolomlte are equally not woIl explainod by this proeess, but

altornatlve explanations are not avatlable, since the slabs are under-

Lain by fYozen sÍl-ty sa:rd e¡d. tho bedrock is marSr feet belol.¡ the surface'

The follor^ring are the deductions mado in the previous section.

Resembla¡ces af,o based soIoIy on verbal doserlptlons of other sitoso Hor.l-

€vere a doscription of the stratigraphy at Sbo" Anne indicates that the

ridge r,¡as cotstruetod either as a¡ esker or a beach ( posstbly a berrn or
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offshore bar), br¡b not as a duneo

The Ponton ridges do not f\rIfill the bedding requirements for a¡

esker or a rrnornalrr beach cìeposítu Thore Ís ovldenco that the ridges

rnry have been formed Ín an aeollan envlronmento OLher features peculÍar

to the Ponton ridges suggest an Íee push effect or fþeeze-thaw (leaûiqq

to sorting). Further¡nore, there is so¡ne evidence of subsequent perf-

g3-aei al nod.ifåc atlon.

Section Ð" A¡ E_veluation of fubgrlgÍ.:Lr_ÐgLa

The second. sectlon of Cbapter 3 deals with the evaluatlon of

sphericity data fborn Ste. A¡ne and Ponton and conslsts of the folloralpg

sub-sectfons:

l-n A Review of the Method.s of SpherÍcity Determinatfon.

2. Consideratlons of tb VarÍations of Spherlcity, Longitu-

dlnally and tra¡sverse to, Each Ridge"

3. Evaluation of the Sto" Anne Data flom. Spherieíty Forn

Triangles.

4" Sonre Measure of the Subjectivlty of the Sphoricity Forn

lrianglo.

5. Conparison r¿ith the .Pre-ed.sttng Lfteratare and Forrn:latíon

of Tertative Concluslons Regard.lng tne Origin(s) of tho Ridges,

1. À Revleu of t^be Ì&thods of Sph:orlcfty DqÞ%rriinetlqnn The

purpose of thls sectlon Ís to ascortatn uhethor or not the orlgin of tho

Ste. Anno and Ponton ridges can be deternined þ sphericity studies,

Sone indicatlon of thelr origin may bo seon b$r tho shape of the particles

ln the pebblo-gra¡ule elass (R. L. Folk¡ 196S)o The notlon of such par-

tlcles , both in a¡d out of a llquiil rneôiurn, glves sone indícation as to
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their euvlronment of doposltion, A sphere rolls nore easily than solids

of other shapes bocause it has the sroallost surface arÊa in relatlon to

volunre than aly other solld. Certain problems arise r,¡hen considering

the rel-ative settling veloeítÍos of pebbles of different shapes bocause

the variation in shape affects ths settllng vel-oelty. C" IÇ 'F-entvorthrs

(fgfg, L922a, I922b) quantitatlve study of shapos ïras e)rpressed in terms

of roundness and flatness ratiosn later H" hrarlelJ. (tglÐ d.erived a

spherlclty fornula s¡hich bas, Ín connon uith the r*ork of C" F-" llentr+orthe

arr inclinatÍ-on to lgnore the settling velocíties of the different shapes.

For ínstanes, one is unabl-e to determino whether or not the pebbles aro

illsc-shapod or rod-shapod, vhieh are useftrl factors in envÍron¡nentaL

clifferentiatlon.

The Li¡rttations of the earller ¡rethocls are shown þ the fol-lovlng

fornr.:Iaof ÏIadeÏl (tg3S\ 
"

l¡here vp e ttæ ectual volnne of the particl-e r¡hen mea.sured þ
:.
1¡Unersaon ]-n valer

vcs = tho volulae of the eircunseribtng sphore (or tbe

snral-Lest sphere whl-ch r,riIl just enclose the particle) 
"

The neasurenent of reLatfvoly large sedimentary particles bas

been discussed Èy I,I. C. Sru¡rbofn (fgl*l). lbis dotermination involves

the neasurernent of the longr lnternred.:iate and shorb diameters, vhich are

three porpondlculerly interceptlng pLanes. The actual sphericity is

then read off on a chert rrby neans of tl¡o ratios betr^reen patrs of the

clLanetorstt (p. 65) " Tho intercept method¡ based on the trlæCat el-lip-

soid, 1s less tfre consunlng tha¡ the I'Iadell nethod a:rcl conparabþ

3
lo"

JË;
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acctu'ate to r,rlthin a fer,¡ poreento

A fì¡rther nethod of expressing partiele spberleity has been

described b5r B. C. .Ascbenbronner (ßSq, Thls nethod is not strictþ

coraparable to the pebble sfze flactions Ín questlon beeause sand size

partieles r¡ore used. .Aschenbrenner advocates tho retu¡'n to lnladellls

coneept of true spherlcfty, al-though he noasured shapo trÍdi¡rensionally

since it is defLned. þ three mutually perponclicular param€terso l6asure-

nent þ this netbod, afber slevlng, fs done photogra.uTnetrica-1J-y, the

error being approlånately 6"1;/" snalLer tha¡ the spberieity as noasured

þ Krumbefnt s (19/+1) met¡r-od. The spherieity (F ) is converted. Ínto a

shape factor (F) þ the use of a cbarb"

This type of l¡ork has been expanded by P. A. Catacosinos (fge¡)

l¡ho for¡mrlated addítional- tables to deteraino the sphoricity and shape

of rook particl.esn Tbsso tables are derived from llo C" Krwnbeinls ínter-

cept nethod and the T. Etrry;g EglÐ classífT.catlon of shapeo The tabl-es

have boen produced to el-i¡únate the ma¡uaL plot and to inerease the

spoecl of d.eternlnfng the requlreil velues.

In L958 E. D. Sneed and Ru L" FoIk devel"opeil a nelt ¡aothod of

spherieity deternination" this involved the fornuLatlon of the ¡lna$-nrurn'

proJection spherieityrr. Sphertclty uas found to bs reLated to the size

of the pebbles¡ and so forn deterninations üere ¡nade to inclicate changes

ln perticlo norpholory" Because shape ís aLso lnvolvede thls !ûethod 1s

tbought to be raore usefìrl when applled to the pobbles and granules

found in the Ste. Anne and Ponton ridges. Sneoil and Folk developod a

spbericity triangle, whi-ch is f\rrbhor exenplified fn R, Lo Folk (L968).

Here the spherlcity vaì-ue, vhich is a nore behavioristic neasure 1n

terns of partlcle transportatione is r€tterated and described. þ tbe
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formula,

3-
I S 'na¡d-mrn proJection sphericityvlr

wbere s, I and t equa-1 the short, Ínternediate and J-ong a)ces,

respectiveþ. The na:d.¡num projeetion area (transportation potential) Ís

the plane of the long and inter¡nediate ances. Parbícles tend to settl-e

r¿ith this plane perpendieular to the di-rection of rnotion. To appþ this

nethod, the Long¡ j.nterme&late a¡d short axes are neasured., using vernier

sellF€rs¡ These values ere then subsbituted j-n the fornruLae

Ê u¡d !J a¡d plotted on the sphericity forrn triangl-e (e.8.
t L-s

Fígs" 3-L5 to 3-æ). trtrhere the two values íntercept, the third value-

the na:dnrlun proJeetlon sphericity-can readiþ be deterrrúned.

A nore reeenü method of detæmining the maxi¡rum projection

spherleity has been described by K. Br:rke and. S. J. Freeth (1969)' They

advocated placing pebbles on a grld, r,lhich is then proiected. on alx over-

head ¡rojector" The fÞagment is moved around the pS.atforn such that the

lntercepts (Iong, lntenmediate and shorb) can be nea'sured. This rethod

Ís clalned to be qufcker tha¡ the ca1iper method of l(runbein (fç¿1) a¡d

En Do Sneed and R. L. FoIk (fgf8). This ís consÍdered þ the arthor not

to be a eonsiderable advarrtage¡ especially if accuraey is sacrificed..

2. Considerations of the Variations of Sohericitv.. Loneitudinal-1y

and. tra¡sverse to each Rllqe. In order to ascertain the sphericity of

the granule-pebble content of the Ste. Anne riclge, 390 pebbles were talcen

fþon 4.4 sed'i¡rentatíon units (G. H. Ûttoe l93S) florn clepths of 2 and l+

feet. The sa.ryLes were taken from a variety of sedÍmentation units along

and across the rid.ge, but were mainþ li¡rited to the CrBrD pits because of
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the pauctty of apfrropriately si.zed pebbl-es fn tbe A a¡d E sectlons. Ths

particles measwed uere overÞrhelningly (Stg¡ LimesLone anct dolornite, the

renalnderr granitíc a¡d netamorphic. The grarrites tended. to havo 1or,¡

sphericities because of the d:isaggregation of the rnlnerals as a result

of woathering,

The long¡ Lnterrnedj-ate and short a:(es rlere neasured t'rith vernier

eaì-ipers e¡td substituted ùirectly in the fornula

,E
JTT

because of the neeessity of eye-balling in the second and third, decÍma.l

values vhen uslng the triangle nethod. lhe results of tho forrnuLa r.¡ero

d.etermined for each pebblo" Tho nean, nedial, raïì,ger variance and sLand.-

arcl deirlatlon were then calculated for the pebbl-es in each sectj-on

sample. Îb ealculations rdere nade to quantifþ the ebanges 1n sphorí-

city whlch nay occur uith ùistance. Shape is considered. Iater in the

chapter. The conputed. data are shor,rn on Table 8.

€Lr Variations-N_-=r9-a1one the ridge. fn Table I tbe first

coLunn indicates the sections fÞo¡a l¡hich the pebbles rlere sa.urpleil.

I{here pebbles oecurred at depth tvo or nore sampLes r"lere ta.hen. The

ra¡don nature of the selection is here shown. Tho bighest noax spberi-

eity ocerrrs at Soction 13C and the l-or¡est at 1IB, being A.895 a:rd 0.64.4

respectively. Since "1J oiher sphericity neasureneubs occtrr betveen tbs

tuo, thore is a high ovorall sphericity value for the pebìrIes in the

entire rldgo. The hlghest rnedian value also occurs in Seetion L3C vith

a sphoricity of O"9Mt and the lol¡est Ín L1B r¡ith 0.568. The h:ighest and

lor,rost sphericity values occur ín elose proxiruity along the ridge t¿hich

enphaslzes the vartabilfty of the values. The range between tho highest

(rotk, 1g6s)
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a¡d lowest values is small and the standard deviation Ís aJ-so quite low,

which would tond to Ínùicate uniformity in the data. A pJ-ot (¡'ig. 3-I2)

has been drar,rn up showing the relatlonstrip of sphericity r+ith distance

along the ridge¡ as lndicated þ the section nurnbsrsn Section C was

chosen becolss it closeþ approri-natos to the crest-line, and becanse

tbere is a nore continuous record of vaLues fbom thl.s soctlon. One

strillng factor Ís the degree of variabilityr r¿ith alternatfng high and.

low spherieÍty values aLong the rídge, Ilcvevsr, both the h:igh values

(6C and 9t) are lor¡er a¡d. the Lor¡ values ar:e lower thqjl the corresponùing

values to the norbh end of the rídgoe whlch has relatively high, trigh

values (úC an¿ J.8t) together with relativol-y b.igh lov values (15C anA

Lg0). îhls r,roul-d lndtcate thate although the overalL pieture is one of

variabÍIÍty ald flLuctuation be¿r,ïreon the secti.ons, there is some (not a

narked) overaLl trend. toward.s ar¡ Íncrease in spbericity touards tho

north end of the rldgen Thfs fs clearly shor¡n on the Saph. 0n1y tho

sa.nples çhich were approdnaately 2 feet bslor¡ the surface were neastred"

b. Variations T:- - E-actesir the- qldge. Beca[se of the pau-

city of pebbles and granules 1n sone sections, a conplete record. of

spher5-citÍes cannot bo shor¡n. .Llthough there Ís variability ln the data"

as shown in Table 8¡ sone overall tendency is shoun on Flgs. 3-13 end,

3-U. In Flg. 3-13, Section 3 sho!,s that the pebble sphericity increases

flo¡o the vestern edge toward the ridge crestn The values become rela-

tively low at 3D and hi-gher agaln at 38. The second diagran, Section 6¡

shous a sinúLar increase ln sphorlcity between thc B and C sections. The

inerea.se between B and, C Ís shovn ln Seetlon 5. The docrea.se between C

a¡rd D can be seen in both Sections 5 B¡d 9. In Flg. 7-llrt certa-ln si¡ti-

Lar trends are eg&tn recognlzed" In Sectiotr 13'r (as fn Sectlon 5) there
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Sectfon
Nunber

Table I

Sphericlty Dsasurenent Data (Sùe. Anne)

2A

æ

3B

3s

3a

3D

3n

tÐ

/rD

58

fr

fi
5Ð

æ

6B

7Ç

8D

8E

9D

9C

Left
10c

Mea¡

o.822

o.7@

o"722

O.7TL

o.7l+5

0"680

o.7æ

o"7/,ß

o.676

o.?57

o.w6

O.TLg

0.688

0.760

O,TLZ

0.690

0.800

o"795

o"l?J

O.79/+

O.7TL

l,feòlarr

0.?28

o.732

0.670

o.757

o,769

o.6u

0.760

0.776

o.667

0.786

0.838

o"7fl

O.731+

o oT70

o"702

o"666

O"8l+5

0"810

o.72J

o.771+

O"731+

Range

o"163

0"391

0o210

0.176

O"l+3I

ooltut

o.n4

o"285

Oel+IÐ

0.49s

0.L38

O"l+7O

o.3L3

o"371

O,tr38

O.l+26

o.376

0.099

0"300

0.LL8

o"3æ

Varlance

109

o.oo8/+

0"01-8

0.008

o.006

0"0L8

0.L21

0.007

0.023

0.016

0n001

0.006

0.078

0.089

o.o25

0.016

0.038

0"018

0.002

0.008

0.008

0"0I5

Standard.
DerriatÍon

0.09

0.L34

0.090

0.078

o.73/+

0"0L5

0.082

0.152

o.L26

o.o3l+

0.078

o.n9

0.298

0.159

o.L25

o.rg5

o.133

o.o43

0"091

0"091

o"I22



Sectlon
Nunber

Risht
Loc

LL3

u-c

rJn

Lfr

12D

13A

33C

130

143

w
1lÐ

L*
L5D

hles'ü
r.6B

East
L68'

1?D

L8c

L8D

194

l_gc

L9D

Mearr

Table I (contfnued)

0"668

o.6u

O.TLz

o.793

0.7L8

o.696

0.812

o.æ5

O.'n2

o"782

O.7/+6

o.725

o.73L

0"7Ð

0.708

o.73L

o.755

o.822

O"TT5

0.781

o.778

0.796

I'fedlan

o"571+

0" 569

0n800

0.850

on68r

o,693

O"79/þ

O"9l¿+

o"7q

o"74:l

o.735

0.?|l0

0"755

0.709

0.706

o.7/3

o.7&

o.7gg

0.71/r

0.788

o.770

o.79L

Range

0.252

0.390

o,3r7

0.206

o.Ð8

o.L62

o.266

0.148

o.l-85

o"281+

o.261

0.L?8

0.r[3

o.175

o.u6

0.251+

0"381

o,233

0.184

0"1_19

0.L95

O.LÐ

Varlance

110

o.ol_4

o.o/+2

0.013

0.007

0.022

0"003

0.008

0"008

0.004

0o01

0.008

0.006

0.003

0.00/+

0.002

0.009

0.010

o.oL3

0.013

o"oo3

0.005

0.002

Sta¡dard
Deviation

00117

OoÐ5

0"116

0.085

o.u7

o.o52

0.0918

0.0s7

o"o77

0.@7

0.088

o.o75

o.o5

0.064

o.ol+5

o.093

0"099

O"LL3

0.L12

o.o53

0.067

o.o3g
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is an increase in sphericlty flom A to Cr a¡d a sharp decrease to D.

Section 1,1¡ shows a declíne eastward.s flom B to E. A siniLar trend is

shown i-n Section 9" .4. reverse trend, shoLring a¡ increase in values fþom

B to Ee occurs 1n Section 11. Section L9 resembLes Section 3 !¡ith

respect to íts Lovering of sphericity values near the center of the

ridge" Gener"lly four raajor trends may be recognized. The trend. for

the spherieity to increase towards the cresL of the rídge f?o¡n the r.rest-

ern extrend-ty is found in 5 cases (Sections 3, 6, 5, fl and 13). The

trend for the spherícity values to d.ecrease fbon the crest to the eastern

oxbrenity oecì.trs in 4 eases (Sections 51 9, L3 a¡d U). The trend

shoving both the increase and deerease in the same cross pofÍIe is

shown in Sections 5 arid 13" There is also a teud-ency for the sphericity

values to increase torvards the eastern exbremity of the ridgoe that is,

away fÞon Lake Agassí2.

The sphericity deterninatlons fbom the Ponton rid-ge r^rill nor,r be

consld.ered. Becatrse of the reLative paucity of stones in tho granule-

pebble sfze range there is a scarcity of data in this area. One sarnple

of pebbl.es 1^ras talen fbo¡l 7004 1n R3. Othernrise a feu pebbles i.¡hich

oecur at the junction of the sand ancl clay (probably due to their expo-

sr:re þ ihe roadside)r r,¡ore chosen randonþ along the r¿estern exbreraity

of R2" .411 the neasurenenis r,¡ere nade on igneous and. rretanorphic rocks.

These can be found. in Table 9.

The sanplo takon fÞom 700À ind.icates an average sphericity noÌ;

unlike so¡ne of the mea¡ val-ues ascertalned for tho Ste. Anne ridger but

conclusíons cannot bo drar,ln fbon these two salaples a1one,

The rando¡l samole flom R2 has a lor,¡er sphericity valuo tha¡r the
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rnaJoríty of those found at Ste" Ânneo The decrease in this value is to

so¡re exüent related to the various J-itbologies. In the northern rldges

the flagmonts are entirely shíeld.-derived J.gneous and gneiesÍc pebblest

whlch contrast to tho SLen Ánne sedimentaríeso

Table 9

Spbertcity Measurenent Data (Ponton)

Soetíon
Nunber

700a o"7?5

Ra¡don R2 O"æ/n

Msan

Those values are not vory useful- in determining the orlgin of

the ridges at Ponton becauso of the scarcity of pebble fbagrnents 1u the

sands, uhicb l¡ould probabþ Índ.icate a considerable amount of re-r,¡orking"

For thf s rea"son (ttre paucity of pebbles) there aJre no round.ness neasure-

nents of orleubation studies done on the Ponton pebbles.

3. Eval-uatÍon of tho Süe., Anne Data fÞo!û Sohericitv Forn

Trla¡gl-es. Tbe nethod of computation of spherÍcft'y form. data Jlon. the

J.ong, interned;iate a¡d short a:<es of pebbS-es has previously been

described in thls section" Tbe val-ues for the fol-louing sections ¡^¡ere

neasured and plotted on sphericity forn triaagles. the sectlons lnvolved

are the cregb (") sectÍons ín every casoo The sarnples are nu¡nbored 3g tr,

5t Tt l_0, ll-, ],2r 73, 15, 16, 18, and 19" In Soction 3C there aro tr¿o

narked areas uhere the points cluster together. 'Itt-is j-s shoun on Fig"

3-!5. There 1s a tendency for the pebbles to bo either compact-elongated

Ideôia¡

o.7lL

o"665

Range

o"2n

o"232

Varia¡ce

0"00/P5

0.0067

Sta¡dard
DeviatÍon

0.068

0o082
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or conp8ct-trlad.edn uith a sna]ler percentage beconing more pJ'aty' In

Flg. 3-16, Section 5¡ thore a¡e distinctly feuer elongated' and platy peb-

bles" tho predord.na¡t area of cluster occurs 1n the coqpact-bladed to

blad.ed area" In Fig. 3-L7, Soction 10, the corpact-elongated' pebbles

predoninate, wÍtb seeonclar¡r cLusters of bladed¡ platy and conpact peb-

bLes. In Fig. 3-L8, Section 13e there is no parbicular poÍnt where tbe

pebbles cluster on the diegrara, since thero are sone in tho naJor cate-

gories of compact-platy, compact-bladed and compact-elongatedr. trith

second.ary elusters in the eonpact end bLaded areas. a similar repre-

sentation occurs in section 16, Fig' 3-19, although bere there a¡e

relatíve]y nore eLongatod pebbles. In Sectiou 19t ttlg. 3-2Ot the great-

est number of pebbS-es oeeur 1n the conpact-bladed' &Jiêâe r¿ith otlbers

beconing more compaet-platy or bLadedo In shorbe the following general-

ization ca¡ be nade:

Sectíon 3 corqpact bladed-platy*compaet-eLongated

5 eompact-bladed-bladeel

L0 coryact elongated

L3 conpact

L6 conpact

1"9 corpact-b1aded"

The data flom which these fígures r¡ere draun a¡d the values for

the follorving section occur as Table 10b'

lr"

Trianale"#

a9 a IIÞAns

(the long,

In order to test the valiùitY of

of deterntining sphericlty values,

lnternsdtate and short dlansters

the sphericitY forrn triangle

25 pebbles ÌIere neasured

of each) at each chosen
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L22

soction by two different stuclents in oach case. These r'rere talren flon

Seetlons 3s /r, 5, 7r 10, 11, 12, L3, 15, 16, 18 ancl 19. ALL C or erest

sectÍons were used." The moasureaents r.¡ere marlo r,¡ith sinÉIar vernier

calipers, ancl all the stuclents r^rore equally e4perienced. The E and L-ï
L L-S

values were plotted on the triangular diagrarn of FoIk (fg68) and ths

effective settling spherÍcity uas determiued, Each sbudent ¡neasured the

same 25 pebbles flon eaeh section. The two effective settling spherici-

ties, the differeuce (¿i) ærcl dlfferences squared (Ai")r €ro to be found

ín Tables 10b and. 10c. The Student rrtil lest was run on the data and a

Itt¡r valuo l.¡as founcl for each" The test is shor¡n on Table 10a. The for-

nuf.a used for the calculation of the rttrr value r,¡as

t.ã-pD

where d

n

S¿

PD

' the d:iffercnces between sphericíty measurerents

e tho nunber of pa;irs of neasurenents

= the varia¡ce

= the [toollo

Fron the J-2 sarnples measured by dífferent sbudents only 9 lndi-

cate thatr tdthin ths "05 1evel of siguiflicarce, the sphericíty valuos

neasuled þ the sa]ipers are sinilar. In threo cases there r.¡as too great

a variation within the pairs of results for a significa¡t sinilarity to

existo Therefore, Ít ís'possible that with ar4¡ given sa:npIe the neasure-

ment of the effective settlÍng sphericity, using Folkrs trlangle, is

objective 83.1 of the tine. Similarly 68S objectivity r¿as obtained þ
W. C. Ifru¡rbein (tç5il r'rhen, out of 100 students noasuring a pobble of

sphericity O.'/5s 68 obtained values between 0.73 and O"77. The e>rperi-

nental error 1n this case lras considered þ lfuunbein as being negligible.



Testing the nulI þpothesis that tle effective settling

sphericity of 25 pebbles noasured by one student is tbe

sajrre as the sphericÍty measured on the same pebbles þ

a seeond student, usrng the trlallgúa¡ method outllned

by R. I,. Folk (rl0s¡

Table 10a

Null H¡rpothesisc Ho:

Ili¡

Critical Reglon (W ' z5)
t = t2.O6/+

Sanple nunber

L23

ESS

ESS

(r) ' Ess (u)

(r) = Ess (u)
¿ O.O25

3 I - *O.92/+

'1, t t +0.01-9

5 t' u +O,125

7 t' = -O"4,35

10 t ' -0.068

1L

L2

t3

T5

16

L8

10

A

A

A

A

A

R

R

A

A

A

A

A

t o ç2.2Ð

t - +/+.554

t ' +1"283

t = -L.073

t, s -]. .2/+3

t a -0.200

' +0"553

.A o accept the lfo
R e reject the IIo



Sectfon 3

t

Table LOb
i

Spbrlclty Measurenents (Sb"" Anne)

LngS
L,TJ'
1.38
Ln07
0.78
1.09
0.?8
0.70
o.g9
0.73
0.8/*
0.83
0"8L
O.'12
0.gg
0n70
0.71_
o.93
o"53
0"55
o.93
o"99
0.93
o.63
o"56

r.56
1.60
0,70
o.72
0.69
0.88
O"5'l
a"4.5
0.85
O./¡.7
0"56
o.62
o"53
o.56
@.52
o"52
O"lv3
o"63
0./p
O./13
0.69
O.57
o.57
0" 5l
0" 50

o.62
0"88
0.51
0.?0
Q"le?
o"3g
0./:O
0./J
o.4.3
a.45
0.5?
Q,56
o.19
0.39
o.35
O"3'l
o"l.þ
0.49
o"25
0.41
o"5&
o.45
o.t$
o"æ
0.38

é

t
L-T
1d!d

.32

"51,37

"65
.5/+

"36.5I
.59
.43
.62
,63
.68
o61
.5h
.1A

"53,56
.52
.1"7
.75
.58
.116

"52
.1.6
.68

(r)
ESs

.30
"r3
"78.95
n?ß
.30

"55
u86
.25
.93
.90
.'18

"88.lt9
u68
.55
"90
"6'l
n/16
.86
"6lo.78

"65.35
.33

für

(z)
ESS

.&9

.65

.61,
n86
.68
.53
.TL
.81
.59

"8lr.85
.85
"83.TI
o63

"'Z2
.81
"'13.6'l
.89
.78
.TL

"51+.E
.73

"6lr
o58
o68
,52
o68
u/16
o63
.'/ /+

"67.73

"66.65
.63

"7'l.86

"7O
"61
"68
.72
.82
.88
n72
.88

"79.61

dl

o.L5
.07

-oOlr,
.34
00

.07

.08
n07

-.08
.11-
.19
.æ
.n

-.06
e>/)

.O2.u

.05
-.O5
.07

-o J-0

-.01
-.3/+

00
.I2

?-
di.

"023.oo5

"002.11-6
r0@

"005,oo6
.005

"006
u012
.036
"040
no4o
.00/r
.o53

"000.020
.003

"oo3.005
.o1o
o000
.116

"000.014

I¿¡

sd. =ta

long axis

lnterrredlate axis

"lh5
"9U

S = shorL a:ds

+.6'/ +"521ç



Section 5

t

l.g5
!.6tn
1.53
r.tê
L.O2
L"01

.83

.82

.95

.88

.'15

."16

.7lr

.72

.83

.77

.'16

.72

.66

.69

.65

."1 /+

.77

.68

.61

Tab1e 10b (continued)

1.18
r.33
L"05
1.0

"65
.80
.61
.62
.50
.62
.70
.Ø
.52
.62
.57
.54
.lL
.lrz
.53
.l+2
.55
.41+
./16
.42
.L6

1,08
.91+
.83
.9/,
. l+5

.lÃ

.M

.36

.l+3
,.38
.33
.36
.l+2
2ô.)\)

.37

.28

.Ir3

.3'T

.30

"u.lJ
.22
.4
.22
.32

g
t

f,-I
t-s

"557
"573
.5/+2
.657
.M!
.t$6
.530
./039

"l+53
.l+32

"MO
.l+7/+
.569
"528.M6
,36lu
.566
"5Il+
"l+55
"31+8
"351+.Ð8
"3L7
.32/r
.525

t25

1Ð
ESS

.884

"U+3
"696
.878

"649
.600

"56/+
"556
"965
"5n
.120
.400

"1186
"20/+
"565
"lo7o
"758
.857
.36r
.600
.238
"577
"585.565
"5r7

L?L
ESS

.80

.75
4E

.l)

.96

.67

.6/n

.72

.65

.73
"63.58

"65.78
.68
.65
.58
n79
.'78
.63
.58
.53
.5L
.5/+
.)J
n7r

.67

.70

.'18

.58
"63
.6L
.75
.58
.67

"63.82
.TL
.'l /+

"58
.53
.70
.68

EI.)+
.04
.tr9
.75
"78.5'l
¡Ol
.59

df

.r3

.05
-.o3

.28

.O/+

.03
-.o3

.o"l

.06
00

-.u
-.06

.O4

.10

.12
-.I2

.l-1

.u

.01

.10
-¿ 4l
-.27
-.o3
-.09
.!3

cii

"017
"003
.001

"078.002
.00L
.001
.005
.004
000

.058

.00/+

"002
.010
.01/+
.01/+
.012
.058
000

.010

.048'
"013
.001
.008
.017

sd = .125
t = .672

-.42 -.38L



Sectlon l0

t

2"L2

"961"6/+
r.26
L.80
L.L0
L.L2
I.7'l

.92

.96

.67

.67
o8g

OA

.9lr

.82

.72

.82
ot

.54

.5/,

.73

.81
"56.32

Table LOb (corrbinued.)

l.l+5
.83
.8o
.86

1"L6

"76
cÕ)

r.32
.7r
.63
.6/,
.53
.59
.83
.82
.5/+
.5!
./+5
.53
.l+2
?t

"67
'l+2
.51
.31

L.23
.33
"46.86
.6/,
.67
.67
.96
.57
.30
. l+8

.4ß

.59

.3L

.65
"45
.3/,,
.35
.30
.35
.35
.25
,3I
.4/n
.16

ù
t

.ß

.34

.28

.68

.36

.6L

.60

.54

.62

.3I

.72
¡ l/.
.66
"33
.69
.55.n
.ln3
.33
.65
./*6

"3/+
o)ö

ña]
r/Õ

.50

E-T fUI,-S ESS

,753
.n6
.TLz

L.000
.552
.79
.6/r
.56
"60.50
,16
,7 /+

1o00
.19
n/&
o(Q

.55
,7Oar/

.63

"6/r
"76.r3
.78
. lnz

.06

]..26

GI
ESS

.52

.69
oÃ

.60

.75

.63

.88
"79
.60
.57
.56

"86
.8ln
.75
.50
.74
. /+"1

.8L
,70
.5/+
."12
nó

.tQ

.79
OTI
.68

"78
"46
.5/+
.88
"59
"8lr.78
.67
.73
.5r
tö4
.U7

"86
. /*8

"82ãò
tIó

"69
næ
.58
.80
.70
.18
.6/t,
,88
.6/+

dl_

-. ¿o
aa. <.J

.1r
-oá0

.L6
-.27-
.10
.L2

-.r3
.06

-.26
-.0L
-.02
.Tl

-c)1
-.o/+
-.22

.L3

.!2
-.26
.o2
.30
.I5

-.r7
.O4

_.4
dr-

.0ó8

.053

.168

"0?8.o26
,ollo
.010
.QL/1
.017
,00/u
.068
000
000

.o73
"102
.002
.Oß
.017
.0L/t,
,068
000

.090

"o23nDo

"002

S¿
t = .?Ð59

=-.0680

-"07 1,018



SectÍon 13

t

2.90
1"71
L"09
1.05

"8L.95
.85
.75
.85
,65
n71

L"00
.65
.88
.@
,89
.62
.68

"77
n68

1,90
1.80
2"72
l-" 88

"57

Tabl-e 10b (continued)

2.Ilv
l.19

.92
u9l-
.55
"92.68

"Ð.@
"fr
.55
¿lÖ

"55
o4O

"50
"/,,9
.lv?
.59
.59

"&5!..35
1"04
2.&8
1"78

.Uo

s

l_.09
.50
.62
"55
" 

l+il

.62

".55.ll
.65
"1,5
"55.50
.39
.4O
.32

?o

.35
ât

.ltÙ

.39

.90
1"00
l.3g

.77

.28

Ë
L

e=I
IJ-Þ

.35

.39
" 5'7

"52.58
"65
"65.36
.76
n@

"76.50
.@
./r.6
.116
.lrln
.57
.77
.62
.57
"fu,56
.50

"4J.lr9

tn

"36
,/03

"36,2ß
.77

"@.57
.33
.80
""1 

5
1.00

.41+

"391.00
u5l
r80

"7A.
.56
.62

r70
a, )

.fr
"95.18
nW
.4.5

fÐ
ESS

lÐ_
ESS

.58

"/08
.7Å,

"68.80

"77.83
.5/+
.90
,8'l

o1a /t

.69

.78

"77.67
OTT

"78
.88
.80

r/o
at/

.@

.8L

.65

"56
"68

"58.88
"77
"73
"6j.I!8
"7 

/+

.61

"65.88
.75
"82
.65
"fr
.75
.'18
,7/+
.l+9
.57
.67
"78.80
.69
.80
./,8

d.:L

00
-.1Ð
-.03
-.o5
.L5
.Ð
.@

-.O7
.25

-.0L
.16

-.1/+
.33
.2!l

-.08
_"o7

.O4
?o

.Ð

.I2
-.o9

o01
-.04
-.4+
.æ

dí

000
.160

"001
"003.o23
"084
.008
"005
"063000

"o26.0æ
.017

"o73
"oo6
"005
.002

"152
"oB/+
"orh.008
000

.002

.058

.040

sd'
"18251"2822

r"1?
"85/r



Section 16

t

L"53
r"3g
L"/+5

.'16
oÃ

.lnj

./r'5

"92
"931.0/+
.@

L.08
.60
.6
"56.68
.55
o?

.55

.69

.6/r
1.30

,68
.58
.55

Table 10b (continued)

L.0/r

"93rto

.38

.TI
"38.39
.@
.63
.65
"53
"45.50
o)0
./ß
./-rÐ

"/u9.63
."12
oQ4
./*8
,59
.Ø
.fl
nlrD

.l+2

"n.69
.31

"ltÛ.15
.17
.43
.50
.li-
"43
.33
.loO

"38)1
.3L
.43
.50
.55
.53
.4A

"/+3
.d.7
.38
.35

ê

t

"2@
"IM./i76
"/+O5.505
.375
.3510
./+6/+
.538
"391+
"TI'I
"306.667
.633
.lrJr6
.A56
.782
.538
.625
.7æ
.625
.33r
.69].'
.655
.636

t-r
l-s

J_28

G}
ESS

./r'38

"387
.g6g
.8M
" 

511
o080
.ÐO
.1169
.698

"6Lg
"tüz
"84n.500

"091.5f6
,757
.500
.698
.438
./1.85
.661
"828.38L
"J50
"750

GI
TJùù

./t6
?oaJ /

.75

.70

.70

.5/+

.52
"65.78
"63.52
.61
.5/v
.75
.65
.TL
.æ
"76rto
ar/

.{7

.82

.69
o82
.79

ôa
oQ)

.825
"88.81
"72
"69.53
.735

"68
.77
.61
.69

"7n.79

"71+
"78.81
oQ4

"68.62
"82
o68
.90
.65
"'16.83

&i

477

-.58
-rO6
-.O2
.01
.01
.22

-.O3
.0L
.o2

-.17
-.!7
-.25
.01
'r2

-.10
.07
n08
.17
.o5
.l/+

-"22
.17
.03
00

-.2dL

"r37
.336
.004
000
000
000

.048

"001000
000

"oæ
oOÐ

"o63000
.017
.010
.005
.oo6
.oæ
.oo3
.020
.o/ß
.oæ
"001000

sd'
Ilrr

.]t786
-1"u3

J"11 .8L5



Section 19

L

Zu]-.lv 1.61
L"22 .75
.83 .6?
.955 .7/+

l.69 t"3g
I.03 .91+
,75 .68

2.L2 L.61
.76 

"/+7.653 .58
.82 .68
.@ .61

L.1/+ 
"73.75 .72

.75 .525

.66 .52

.60 .5L

.58 .4r

.'15 .56
r.7? 1.22
1.70 1.52
1.92 L.53
1.78 1"32
1-oTL 1"35
.59 ./-r.6

Tabl-e 10b (contlnusd)

I.285
"72
.l+75

"¿Ð1"05
,58
.35

r.32
"22.35
.61
.n'
"51+
.58
?t

.3L

.28

.2.&

./r'6
1"1?
L.20
1.03

.9/+
1.02

t')

a

t
L-ï
L-S

.60

.59

.572
"5L3.6&
"563
./+67
.6A+

"2æ.536
.7Uþ
.39l"

"4:l/+
.773

"/+n
.4.7
.1u67

"l4llr.6]-3
.66L

"706
.536
"528.596
.559

LÐ

lÐ f?)
ESS ESS

"62
"91+
"1,,5

"355
.4.69
.n
"r75
.639

"53'l
"2/&.667
"190
¡ OöJ

"r76
.523
.ltD
.28L
,50
,655
"9r7.36
"438.5/ß
o522

"50

u79

"8lr
"7/+
"68.78
"70.61

"80.50
"@
"86
"5L
OTT
.8lo
.6/n

"65
"63
,62

"79
"88.ö)
.71

7t4
el<'

"77
"73

./-t6
JA
.'l5
.@
.76
.52
"53.65
"76
.63

"8ln
"61.81
.71+
.65
.TI
.Ð
.71+
o78
n{7
.8L

"61+
"83.78
"84

ùi

.33

.5/+
-.0}
-"01
"o2
"18.08
.r5

-.¿o
.06
"o2

-.07
-"10
.10

-"0J.
-no6
-.26
-.12

.0L

.01

"o2.07
-.11
-'01
-"11

CLL

.109

"æ2000
000
000

"o32.006

"o23.068
.004
000

.005
n010
.010
000

.00.L

.068

.01/,.
000
000
000'

"005
"o!2000
.0J.2

sdo .166to
.55Ð

"lt6 "67lr



Sectlon /+

(r)
ESS

Student Measures for rltn Test

TabLe LOc

"93rtoar /
.86
.81
.68

"85.68
.69

"39.76
.7"1

"7/+.73

"58
"78.75
.68
.N
.6ln
.75
o87
.93
.69
.'7 5
.116

(a)
ESS

.85

"76.50

"'15.82
NTL
o8L
n89

"76.fl
.55
.78
.66

"73
u53
.50
.74
.82
.68
.80
.73

"63
"9L
"83.75

130

df

"08.03
.36
.06

a.14

"u
-r'J3
-ozJ.
-"37

"25
"22

-.O/*
.O'l

'lÊ
-aL)

o25

"25_.06
2r

-a) )

-.O4
-n05
.U
3A

-"22
_n0g
_"Ð

ò.02

= "207E .019

CLL

.006

.ooL

.130

.00/,

.020

.020

.01?

.0M
,737
.063
.048
.002
.005
.o23
.063
.o63
.004
.723
.@2
o003
u020
.090
.Oß
.006

"084

+L,026

S6
t



Section 7

Table LOc (continued)

G)
ESS

,76
.57
.7?
.65
.69
.86
.90
,82
.60
.51+
,TL
.6'l
.71
.67
.TJ-
.81
.65
.D
.75

"69.{l
.79
.{l
.83
.80

-(?)
ESS

"62
oþ)

"53.83
.6j
.76
"80
"82
"82
"89.65
"68
"65.82
.D
,@
"63..80
.70
.9/+
.78
,87
u85

"8r
.'7 l+

di

13r

"I/a
-.08.u
-o18
.o3
.10
.10
00

-"2
-n35
.o6

-.0J.
¡06

-.L5
-.08
,12
.o2

-.01
çO5

-.25
.@

-.08
.O2
.02
.06

-.Lri'r

.0æ
"006
.o5s
.032
"001
..010
.010
000

.048

.123

.004
000

.ooIr

.O?3

.006

.OUu
000
000

"003
.a63
.008
.006
000
000

"004

c- -vd'-
ts

-"3O

,L353
-"lrlr35

.¿'"/n3



Section Ll-

(r)
ESS

Tab1e 10c (continued)

,TL

"8lr.79

"75
"71+.6'/
.63
.69
.68
.80
.55
,68
"69.73
"75
"73
"64
n62

"52.80
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5" Cc¡nparispn vÍth El.æEisij.ns Iltsrature- and tbe Foqmul"atíon

of Tontative-togclusions. It is nol.r nocessal1r to coasider tho past

Literature wlth tho intention of deterninLng a possible origln at Least

fon the Sbe" A¡ne ridge, based on pr€rlous r^¡ork done rrith cornparable

spherlclty measuremont so

.A¡ lnteresting study on the Lake ErLe saxd was rrltten by

F" J. PettiJoha a¡ld A. C. ï,und.al¡.l (tglrl). They founde having teken sam-

ples aloug the south side of Lal<e Erfe, that the sphericity decllned

slightly in the direction of sand. shiftn Sinple abrasion r.¡as not eom-

siderod accountable for the observod trends, The sa¡d.s are sorted ln a

dor¡n current directlon¡ the Loss spherical grains belng caried f\rrther

than tbe nore spherieal onos,

As I^¡, J. Iforris (t952 t p" 31) has pointed out, there is a pau-

cíty of r.rork to date on the exact relatíonship between eertain partlcle

attrlbnrtes and the flaid lar.rs governlng the tra¡sporbing neùtum. Onee

thts ís a,scertained, nore kaor'lledge ca¡ tben bo aceun¡nuLated' on the

determ:inatlon of tho charaeteristlcs of a ssdfuaentary deposit-and

hence the envj-rounent. Certain conclusions arrÍved at þ Morris in

bls experlnont lnel-ude the fact that cond:itÍons of lntorrnodlato flIor,¡

rates of r¿ater edr.se a high rate of transportatlon for grai.ns having

Ïr-Ìgh spherieities (0.8-t"O) and lor¡ sphericitfes (less tharr 0.6).

In L958¡ Eo Du Sneed a¡d R, E, Folk produced their r.rork on par-

ticle norphogenesis in the 1ov¡er CoJ-orado River of Texas. Herre the

concept of the [â:cimurn projection sphoriclty r,ras first introduced.n

Partlcle size, evon within the narrou rânge of betl¡ee\ 32 - 6/+ mrn. r'las

found to have a greater effect on spherielty than 200 n:-lles of flLurrial

transportation. Large quartz pobbles were discovored to bseone nore
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roùLike, sLnaller onos more ôiscoidaL. Limestone pebbles 1n the Colorado

River maintain a 1or,r spherleitf,¡ aücl this does not significa.ntly chalgo

uith ùis'bal1ce. In the fluv:ial environment an adðitional point 1s the

donlnance of bladed forns, e:ccept in the llrnestone pebbles uhich are

nore discoidal. SpherÍcity is a f\rnction of pebble size and dista¡rce

vith the Litholory involved.

Later r,roric þ H. Blatt (lgSg) (substantíated, in so far as oaly

isotropfc rocks ürere neasurede ty C. !I. Sames, 1966) sat^t a J-arger

variety of size gtrades used uheu analyzing beach sedirents. The method

of finding the maxi¡nu¡o poroJection sphericity 1s essentiaJJy sinilar to

that used. þ Sneed and Fo]k. Elatt pLaces a great deal of onphasS.s on

the t¡rpe of quartz and indícates that spherieÍty varíations reflLectr in

J-arge parb, the quartz varietíes. The Ner¡ Jersey beacb d.eposits are

d.iscolclaL, contrasting r.rith the rods found in a fluvial environnent

such a^s those investígated ty Sneed. and Folk. The sLídíng robtÍon of

çave l¡ash is quoted as the cause, compared. r'ríth the turbuLent roJ-lÍng

actÍon of river wator. The latter trrocess develops to a ¡sore eJ-ongate

forn in sxûafLer partícIes. Hlatt aLso points out that rrriver and beach

pebbles are apparentþ indisüinguishable þ form Ín sizes finer tha¡r

-2.5øtt (p" 205).

Detailed uork on the sedi-merüation of beach gravel ín South

Wales r.ras carried out ty B. J. Bluck ígAZ). The classification of

shape was carried out accorðlng to the Zingg (tglÐ and lkumbein (fgl*l)

¡nethods. The surface layers of pebbles in South l'fa-les are ûivided into

four zones:

ae a large ðisc zone - Landtlard

b. inbrj-cate disc zone - approaching seaward.
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co a¡ infill zone of spherical and rod-shaped pebbles

d. sphericaL cobbles on the soar.larcl rnargln.

The shape-âxeâ systern relates to the settling velocity and

pivotabillty of the gravels rather tha¡ the enerry of roarine erosion as

sucho The sÍze fbequency of the pebbles and cobbles along and across

the ridge reflect a reworking of the boul-dor-elagr parent naterial. The

disc shaped pebbles occur as a result of 'rIagfi deposition (uhen this

coíneides r¿ith the nodal size). Spherical or rod-shaped pertÍeles æe

found l¡hen there is rol-ling caused þ baclcr^rash.

Co A. M" King and J, Tn BuckJey (fg08) have rneasured the shapes

and slzes of a nurnber of pebbles fþom d:ifferent environnents in the

Arctic Tundra" Shape noasurements r+ere aseertained using the !tr. C.

Krumbsin (n/f.) netirod. Beaches, deltas, eskers, karnes, area.s sub-

jected to periglacial activity, moraines¡ and features of unLiüown ori-
gÍns uere stuclied þ using the non-para¡ietric llologorov-Snirnov test"

It vas found that nean size alone could prrov:ic1e a criterion by which

deltasr eskers and ice-eontact deposits could be ùifferentiated fYo¡r

each other. Beaches could. not be readily dÍstinguistred þ the shape

rnethodo Becauso of the lack of overall environmentaL differentiation,

this nethod r^ras not adopted"

FolJ"ouing the revÍer¿ of the literature, eertain tentative con-

clttsÍons car now be made.

&¡ Despite òissinrilarlties in grain size, the fact that

F. Ju Pettijohn a¡d H. C. Lund.alrlts (tg+j) sphoricities decreased along

a lake beach, clue to sediment sorting, is seen to be sim:ilar to the

goneralized trend of a decrease flon north to south in the ovorall

spherÍcitlss found on the Ste. Anne rÍdge. Th:is suggests a shifbing
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of grains, duo to a l-ong-shore r+índ in a boach environrne[to

b. Although the pebble-granule sizos measured at Sbe" Anne

cover a greater rango tha¡ thoso neasured in the Coloraclo River þ

Eu Du Sneed ancl R" Lu Follc, certa:in generg-1izatÍons can be n¿.deo

i. The lfrnestones/dolorrites of the Ste. !¡no ridge

were reLativel-y consistent in value, despite Loeal

fLuctuations.

ii. Most of the rod-Ltke pebbles at Ste. Anne fal-l in

the corapact-elongated class, whlch itself ls not

donlnant.

111" There are no d.Íscoid.al pebbles at Ste" .Anne,

d.esplte the fact tbat thoy are Iredoninantþ Iíme-

stones and dolon:itos.

co To so¡ne exterit contradicting the analysis of beach sedi-

nents of H" Blatt (fç¡g), the Ste. Anne pebbles are raroly diseoídal a¡d

tencl to be nore rod-I-ike, such as ÌJould be found Ín a flLuvial environ-

nent.

d. Th€ Ste" Anne pebbS-es ¡oore closely coinclde r¡lth the

sealrard nargin cobbles and pebbles as d.escribed. by B. J. Bluck (tg6l),

Here there Ís an infill zone of spherical ancl rod-shaped rod-shaped peb-

bLese which is anal-ogous to tho conpact-bladed and compact-elongated

pebbles found at Stoo Anne.

Although the evlclence as denonstrated here does not conclusivoly

tr¡.ove ar5r particular environment of deposition based on the spbericÍty

alone of ths supposed Lake Agassiz rictge gfavels, thero is sone 1nd1-

cation¡

a. that it ltsy be a beach beeause of the spherlcíty
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variatÍons along tho ridge¡ md because of the spherteal (conpact) a.rìd

rocl-shapecl pebbles (as 1n points a and c above) 
"

b. that the rÍclge also nay be flluvial. because of the do-

crease ln sizo of linestone rapiclly vith transportatione because of the

variatfon in spherlcity across tho riclge (shor.¡n in Figs. 3-13 and 3-I/r) t

a¡ci becauso of the elongated rod-like forns (as in point b above)"

Seetion C. .A¡ Evaluatlon of Roundness Dat_q

0bsorvatfons of roundness data sere made on the pebble a:rcl gra-

nu].e sizes of the SLe" Anne rj-clge" An outllne of this section ls as

follous¡

In A Revier'l of Some of the Past Literature of Roundnoss

lub asurenent Ì'fethods 
"

2. Presentation of Rounclness Data flo¡r the Sbe. Anne Riclge"

3. A Reviev of the Past Llterature a¡rd. the Interpretation of

the Süe. Anne Ridge Datao

1? A RévÍer,r of Sorne of lhe Past l^tterature of Rgrndnoss

i&asurenent }rrethods" Roundness was def,Lned bF H. I^ladeLL (t932, 1933,

3lg3il as ttthe ratío of the radÍus of the corners ancl edgos to the radius

of ctuvature of the naxirur¡r ínscribed sphere r,rhen projected to a sta¡d-

ard diameter of ?Omnrr. Roundness is d:irectly related to the sharpness

of the corners and edges of tbe parbicle, and¡ as sucb, is distÍnguished

fYorn sphericity, The author also suggested that roundness is a¡ index

of the naturity of a seùiment, with distanee of trarsportatlon.

Later authors, R. D" Russell ano' R. E. Îa¡.Ior (tglZ), neasured

the rounclness and shape of certain Misslsslppl River sa¡d.s. Tbeir valuos

wero based on sa¡d grains r.rh-ich shor,¡ed no evidonce of beconring rounded
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as a result of attrftion during transportationo In orcler to deternrine

the roundness of the parbicles a visual nethod was used., the conparison

of grains vith a photomicrograph, 1n additlon to a descrlptive index"

No ¡neasure of the subjectívtty of the Índ-ox uas givenn

!I, C" I(rumbein (fgl,f) a.urplified the visual reprosentation nethod

of parbicle roundnesso In th-is nothod, the pebble is compared uith

standard Ínagos of hor¿n round¡oss. Once put in a certain category¡ a

roundness value is assigued to it. The lnages uhich are used in the

coryarÍson have been drar¡n flom pebbles raeasured þ l'ladelIrs ¡rethod"

Itrumbein states that statlsiical studies between the ti¿o rnethods lnd.i-

cate a reasonable sinilarity. The plate vith the set of stand.ard images

is shor.rn in the article. The largest projection of the pebble is com-

pared to the inages, the most sim:ilar ones are identlfiede and. tho

roundness value recordedo The. roundness categorles vary fbon 0.1 - 0u9t

sith increasing roundnesso .

M. C. Povers (f:gll) suggested a nelr roundness scale, defined þ

sÍx roundness classes. Ee attenrpted a¡ iraprovernent on the pre-edsting

Russell and Taylor (tglZ) ¡netbod. Beca¡rse the arithnetic nee¡s of the

lntervals were used. as rdd-poi-nts and the valuos did not provicle tþ

smal]-er sub-d.ivÍsions that are neod.ed 1n the lot¡or roundness valueso

F. Jn Pettijohn (ltg+g) sought to fmprove it þ using a georretric scal-oo

There was still a paueity of dívisions Ín the lover palt of the scale"

Por¡ers added a further round.ness category to tho sca1e, so that Ít be-

ca.ne nore sensitive. Tho 6 categories conslsted of very angularr angu-

lar, sub-angular, sub-rounclod, round.ed and well-rounded. These havo geo-

¡netric class intervals and rnea¡s. A visual comparison is mado botveon

photogfaphs of clay models r+hich fall near the geonotric noan. To
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deternino an average rounclnoss, the nunber of particLos ln each elass 
.

is rmrltiplied þ tho georetric mea¡ of that classn Tbs sum of tho pno-

ducts is then dlvid.ed. by the total nunber of partícles counted"

M. A. Beal a¡d F. Pn Shepard (nf1) consÍdored the scales set

up 6ytr,In C. Iftunbsin (f941) a¡d M" C" Pov¡ers (tgSZ) to deternlne their

reLative v¡]i¿1¿1"s r¡hen using a nicroseopo. Por,lorts scaLe ua"s chosen

for quartz grains¡ but ùif*tculty r¡as encountered. uhen comparing these

quarbz wíth the silhouettes ot the ltru.nbein seale. J. D. ïtraskon (fq¡8),

folloraing the work of Beal and Sbepard, also used the Poçerls roundness

seaLe for quartz grain anaLysis"

A fì:rther nethod was lntroduced by D, A" Robson (fg¡S)u This

vas devised because the i.Iadelt systen !¡as consídered to be too labori-ous.

Ánother ¡nethod is preferred b,y llbi-ch a neasurod granule is fi:csd to a

nlcroscope" The circles of }uorqn size are thon comparod dlrectly to

n:inerals, using transrnlttod. light, The reLatLve efficiencies of th:is

and the Por.¡er¡s scale have not been testod.

A fqrbher nethod of assesslng roundnoss has been described by

I. Jo S¡nalley (tg67). It vas the Szadeczþ-Kardoss (tgZl) technique.

ïhis was used þ Snralley to supplemerb general- shapo data" The method

necessLtates a¡ esbinate being nado of the proportions of the perticle

sulfa.ee r.¡hictr can be doscrlbod (subJectively) as beingrflat, convex.and

conct\reo The several resuLts are then e4pressed as a point on a tri-

angular net.

Finally, a nethod. was used by c. A. M. King and Jo T. Buckley

(fçOS) foJ-lowing a technique derrised ty Ì't Blenk (flæ¡ n llhen aea-

suring the size and. shapo of stones in arcti-c erwironmoubs this Callleux

Initex 1s appli.ed.. The round.ness ís ealculatod fbom the fortnula
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B./a x Lgooe r¡here R is tite ninitnun radÍus of curvaturo in the pnrinci-

paL plane 
,*U . 1s the long axisn For a conpletoly round stonor the

rounclnoss = 1000 or ãl = au Tho values can be caLculatod þ using a

roferenee set of æcs of ùifferent radii to fit the inùividual stone"

This nethod. is less subjective tha¡r the use of the Krunbein scalo, ancl

ís therefore adopted in tho presont study.

Tho Power¡ s scale r¡a.s not usod because it has been used mainly

to rneasure sand slze grainsu and therefore no d.irect coryarison ca¡ bo

rnpde betueen the resuJ-ts obûained here avrd other results in the litera-

turen lhe Robson technlque is ùisregarded for the sane reasono

The nothod suggested ìry !tr" C. ifuumbeÍu (f941) is used. andr 1f

suffT.eiently objeetive, is preferrable b€eause the scale is nore readll,v

adaptable to varÍable pebbLe sizeso It is ea.s¡r to use þ re3.aiÍvely

inetçerienced students, and the resuLts are slmilar to those derived

fbon the Por.¡errs scale.

2. hesentation of Roundn.ess Data flon thg Ste-Anne Ridgq.

Becauso the roundness scaLe used. here ís based on the nethod. first pro-

posed by l^1. C" I(rurnbein (fg¿J.)e a tesb of the subjectivity of the tech-

nique ís necessaryo

€Lo Lhe Chi-Souq]'e Test orLrouglrejss data" usine the Kru¡abeln

E@,. Approxirnately tlrenty pebbles/þanuLes were neasured flom each of

the Ste. Anne sections þ ! equally experienced stud.onts independenllye

using the l(rurnbein scale of roundnesso The results are shol¡n on Table 11.
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i. Null lÌypothesis: Ho: the d.ifferent roundness

values measured bY 5 sUu-

dents independ.entlY give

essentÍal1Y the same re-

sult's, if the sano technique

1s used.

1i. Hi; the resul-ts obtained þ the

5 students are dissiruilar

J-ii. The test 1s chosen because the sbudents and the

våIues obtained are independent and bocause the

vaLues are flequoncÍes in d:iscrete categories" A

grouping of the d.ata i.ras required so that the cate-

gorÍes, fornerly 0.1r 0.2.e O.32 0.4¡ O.5t O.6t O""7,

0o8r 0.9¡ ltere put into groups 0'1 - On3s 0.4 - 0n6t

O.? - 0o9. there r,tere no broken pebbles.

iv. Signiflicarrce levelc Let oç . .05

N Ís variable betr^¡een 88 - 108

' v. Sa.nrpling distributionl )C' as cornputed frorn the

foJ-1or.ri-ng for¡nuLa:

r
E

l=1

k

= 
(oii - Eii)

j.I Eij

r,¡here Elj = Ri ¡c Ki
N

and vhere

01j = observed vaf-ues

Eij = erpected values
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The degrees of fleedom are as follor,¡s:

df . (r-1) (ic-r)
r s nurnber of ror¿s
k = number of colunns

df æ (5-1) (3-1) = I

vl. Rejection Region:

Afber consultíng the appropríate Table îor X"

val-ues in S. Siegel (t9S0t p" 2/09), the region

of rejections is
(-4.L8 .< x *( +t7"5)

a total nuhber of 18 tests r¡ere conducted and the folIouíng re-

sults obbained, such that the NuII $rpothesis l{as either accepted or

rejected:

Section 2 - reject Seetion 11 - reject
J - rejeet 12 - accept
/+ - aceepb 13 - reiect
5 - re ject 14 .- reiect
6 - reject L5 - apcept
? * reject 16 - accept
I - aceept 17 - accePt
9 - aceepb 1-8 - reject

10 - aeeept 19 - reject

The overall results shor,r that /05% of the tine the Nu].l Hypo-

thesis was aecepted, and 55,4 of the time it was rejected, at the .05

Level of sig:rifieallcee The results are tlrerefore iqconelusiven

b. tile roun¿ness aeta Íïo . The roundness

data tal<en fro¡r the Ste. Anne ridge is found in Tab1e L2. TIro average

va]-ue from each section 1s catculated to deterrnine the trend in round-

ness vglues along the length of the ridge" A plot of this datae against

distance, is shor+n on Fig. 3-?J" This plot was based on sÍnrilar a:{es as

Fig. 3-12, rrPlot of Effective Settling Sphericity with Distarìeorr. A

sinrilar dogree of variation is shor"¡n in both. An overall trend can be
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TabLe LL

the Chl-square Test on Roundnsss Data (Ste" Anno)

Sa¡nnle 2(toi¿¡ 22"63)

Studerbs

0

15
25
36
lr6
56

o1-"3

Roundnoss values

SanpLe 3(toi¿: n "r5)

ì:'

"06
"06
"o286
"o286
"o?ß6

.4-o6

r/+6

0

6
I
u
u.
\/,

¿ö

)c'
2"00
o.61,
L"09
0.02
l"09

11
26
32
l+7
50

Sa¡nple /+(tot¿¡ 12.06)

.7-n9

0

9
7
0
3
0

1"59
3"O3

"5r
5"38
3"1¿o

53

.L

IC

7"L2
2.69
3.8
0"L7
3.8

16

u
L2
L9
I

16

19
27
38
lr8
55

"05.06
L.63
L"g6

.09

19

æ
æ
n
æ
æ

"67
"0L.19
n01

1"05

69

7
2
1
5
7

1.36
1"08
2.74

.19
lr"u

100

37

5
9

11
t3
I

L"58

"00
o6L
.63
.10

22

22
æ
22
æ
23

l+7

6
5
1
3
9

L07

.5/+

.o2
2.67
r"o2
2.96

a,

æ

n̂
24
23

r.08



SanpLe 5
(toi¿e 37"?ß)

Table lt (eoutinued)

Studenbs

"!*n3

Roundness values

Sanpile 6
(toi;af ¡ 23"72)

L223
3lr
lr0
59

L
)<-

.61
"06.04

3.92
7"9r

nA'- .6

Uç7

r.8

5
L5u
J3

9

x'
3"O7
1"68

"6lr
"lL
.Ai|

16
2Lt
36
h3
5J3

SanoLe 7(tot¿: 26"75)

atôaa - o.l

"33l.5lþ
"6lr3,39

1r.62

12
1,

2
I
2

56

)t- -
L0"81-
3.01
1"8/å
L"37
L.8/u

39

9
7

L5
Lt

6

1L2
29
36
l+1
57

25

o01
o58

2.23
.15
.94

T9
L9
æ
Æ
æ

l+.L5

"53.Tl
l+,gl

.00

tß

6
3
2
9
I

.90

.Ð
L.3'l
1r.58
2.r5

99

35

5
6

13
I

LL

1.28
.83

1.65
n0J-

"62

?J.

n-
2L
I
?3
n

lr3

2
5
2

L0
2

L.02
.JÀ,

r"35
8.8/t
r.19

2L

t9
æ
2J
19
æ

99



Samp1e I
(totat: ti.58)

Tabl-e 1l- (continued.)

Students

0

1?
21
37
lrL
5L

.L-u3

Roundnoss val-ues

Sa¡npLe 9(tot¿: 9.60)

K.

.o5

.90
'1.28
1.01
1.0L

I/+8

olr - .6

0

9u
I

L3
10

t3

L5
20
32
lr l,
5L

Sarnnle L0(toi¿: tz.iz)

.l'/r

"331"28
.78
./Ð
"08

"'7 - u9

2"5L
2.38

n06
1,11

.80

5lr

8.36æ,
/, .75 19
5.332f,
6 .03 20
9.992f,

X.

T2

T3
t5
L6
L2
Ll+

12
22
30
/r3
52

3z

.L7 3

"09 5
.33 2
.25 l+

"00 5

70

.o2
"o21.80
.80
.o2

99

.23

"44
.83
.o2
.lrJ-

I
L6
L5
LL
t4

9

L9

J..90
.80
.38
"25.lL

2f
n
n
20
n

6/+

10
2
5
6
L

L01

3"92
2.L/+

"03
.07
"36

n

20
20
n
æ
æ

l_00



Samole 11(tot¿: n Jo)

Table il (continusd)

Students

0

16
2L3
38
40
55

.! -- u3

Roundness values

Sançle 12
(totaL¡ L5.5/n)

-/..0

I/+9

nlr - "6

"o36,81

"4D6"ltÐ
.3L

32

9
6

1l_
L6
I

Sa¡¡pLe 13(tot¿: 26"98)

L3
2lr
33
lrz
50

)c¿

.L0
1.60

"103.Ø
,/Ð

.7-u9

50

.Ll
1-.1r3

"01
no2

2.22

5
L
l_

4
7

7u'

.5/+
1"88
1.gg

.o4
3.?)-

L2

11
LL
L3

6
6

110
27
39
lr9
5o

18

.17

.62

.28

.83

.83

20
n
n
æ
20

/+7

2.O8
.00
. lr7
. /+7

"l,f5

5
2
6
9

IL

100

.49
2.75

.t+5
!.38
3.9/n

35

5
lr
I
3

T3

.r7
1,12

"232,Og
5.n

33

t9
t7
22
L7
T7

33

1
7
I
6
5

1.91
2.O7
2"3/+
.æ
.n

9z

n

1,6
18
18
18
18

88



Sa¡uiole l-l+
(toi¿! al.89)

Table 11 (continued)

Students

0

L8
27
3t3
lr 10
5].3

.L-nj

Roundnsss values

Sar¡ple 15
(toi;at:, J.6"5tr)

I-X/

o60

"89
"91
"00
"97

150

olr - "6

5T

T2
I
6
I
5

Sarnole l-6
(toi¿: l-L.L6)

17
2lr
35
l+7
5L

L
'Yt

r"g5
"o2
"35
.O2
.9!

.7-.9

39

1.01
.13
.01-

1.01
3"01

0
lr
0
L
L

L
7-

r"u
6.w
7.18

,03
.03

Ur

7
L1

7
5

L6

1L0
?11
35
49
58

.53

.35

.53
l"g2
5.O3

n
L9
T9
t9
L9

6

.!3

.73
I"l+5

.03

.03

L6

6
5I
I
3

0.00
.17
"67.67

1.50

/r3

97

7
7

L5
I
9

3o

.69

./r9
3.8!

.L3
n00

æ
n
n
n
20

L6

l+

2
0
3
3

100

.91

.06
2.38

.16

.16

T2

?J
n
20
æ
n

101



Sa¡role L7(tol¿: 15.16)

Tab1e 11 (continued)

Students

'taoLno)

Round.ness val-ues

L3
29
3L
l+3
52

Samole 18
(totarr Ð.26)

a;
.L0

8.10
L.Bg

.10

.71

L5T

.ln - .6

18

9
I

12
12
10

18
211
310
lr6
510

Sanpl-e L9
(toial:, /*7.52)

ç

.Lt,
n/n7
,32
.32
.00

.7-oÇ

.Q/+

.69

"111.00

"00

5t

I
)
7
5I

}-t

.52
L.65

.10

.23

.52

l+5

/+

7
1L
L0
t3

llr
210
38
ltL
58

2.M
.æ
"M
.11

1.00

3T

æ
n
n
20
n

2.23
2.O/*
1.21
3"62
L"?J

/r5

I
t-
0
5
0

9"26
.26

3.oo
L"33
3.æ

100

3L

I
6
9

16
9

1.84
1"53

"O/+
6.8/+

.Olr

t5

æ
æ
?f
2L
23

/t8

I/þ
lr
0
0
0

L7.l+5

"OZ
3"L5
3"15
3.r5

LO5

18

26
n
17
L7
TI

97



Table 12

Roundness values (¿veræe of 5) ste. anne (1'l' c' I"ru¡rbein)

Seetion

2e 0.12
3c 0.0/e
t+c 0"18
5e O"O/+
æ, 0.12
7c 0"12
8c 0o0
9c O.O/+

10e 0"02
lLc 0"0L
].,zc 0"0/r
L3c 0.04
]-'llc 0,12
l..5e 0"12
L&, Oo2
I1c 1.0
L6c O"32
19c 0.08

o1 .2

o.l¿+ o"66
o"32 0"36
o.52 0.9
0"2 0"66
0.6 1.08
o.32 1.02
0.12 0n6
o"o 0.6
0.04 o./t2
o.36 1.08
O.l2 O"ltz
0.6 1.08
0.76 r"56
O"36 0"5/+
O"6/+ 1.02
0.L6 O.5/+
0.6 0.8/*
o"56 o"78

"3

l5J-a

"ln

0.88 1"8
r,Lz 1"90
1"36 1./+
1.04 2"1+O

7-.2 1"8
o"96 0.14.
o"6/+ L"55
ro2 2.8
0"88 o.22
!.12 2"/+
o "lr. 0"9
1.12 1"0
r"42 1.6
L.Al+ 1"0
!"76 !"7
l-.04 1.6
1.28 1.3
0.8 L.9

E u6

2.88 1.12
/+."32 In68
r.92 1"82
2"28 I"5/+
1"5ó r.82
2"O/+ L.68
3"2'/o 2.66
3./t8 1.68
3"/n8 1.82
l"4l+ r.26
L"92 3.22
L.oB 1,82
o"72 0"4.2
2,!6 0.98
o"96 0.98
r"76 2.!
1.56 0"98
2"28 0"56

el o8

Average
Round-ness
Value for
Sanple

1.16 0"18
Ln28 0.36
1,12 0"72
0"8 L.62
0.8 o"72
1.28 0.18
r.76 0.36
0.9 0.18
1.6 0"72
0"08 0"72
]-,til,, 0.18
o.32 0.9
0"4.8 0"0
2.2/e 1"62
o"6/+ 0.18
r"76 0.72
0.48 0.9
2.U o"o

oa/

O"ALz
o.571
o"A97
o"5æ
o./$5
o"3g7
O.5/+7
o,565
0.460
O./+U
o./ß2
o"398
O.35/+
o.523
o"/ra/+
0,489
O"/nI3
O"/.r@



].52

bere recognízod, r.rhich is dtssindlar fþom the sphericity plot; thore Ís

a tenclency for the pobbles ancl granules to decrease in rounclnoss north-

wards along the ridge"

LocaL doereasos in sphorÍcity correspond wj-th round.ness decroasest

for lnstar¡ce at 7c a¡d. llc in both Itlgs " 3-!2 and 3-?J" Tbere is also a

eorrespondence of pea.ks in the roundness graph (f¡*) r,rith troughs in the

sphericÍty graph (f¡c). The degree of var.iabillty of the rouncìress cor-

responds r¿ith the variability in the sphericityr such that the task of

recognizing overall trends fYorn the data is corçlicated"

A f\rrther test l¡as also used. to eonapuie the roundness of pebbles

in ra¡d.om. samples flora the Ste, .Anne ridge. Here the Caillleux method

was ernployed. Average roundness val-ues of indlvldual pebbles fborn. díf-

ferent sectÍons are /¡'72, /r78, 6tr5, 361+, 308. 222t 6OL, h44t /Ã5t 36/'s

296,6251 421+1 28O, /þ32, t+3gr 39?r 2561 2ß2,227, /þr8,3721 2gg, Ð5

ancl 360, the values again represent a consid.orable a¡rount of variety

thoughout the sections, as tho average roundness value for all the

ridge pebbles sampled is 387"8, cornpared. witb a EaxiBuIû and nir¡ímun of

645 øa ?22 respectively"

3. A Rev''er'l -of th-e Past lit-eÄature ard the InterpnetaLloagf

the Ste o_-¡[nne- ridge_d atg.

êc A eonsiderable amount of }lterature has been lritten on

the interpretation of roundness data. S. D" RusselL and R, E. Taylor

(tglZ) consfdered the roundness of eertain Missfsslppi River sands a¡d

fòund that there uas no evidence of incroased roundness uith distanee

dol¡nstrea¡n, In fact, the largor sa¡d parbicles becone slightly nore

angul-ar dot¡nstream, due to the chipping and fracturing of grains. There
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is no d.efinite longftudinal trend ln roundness values along the Ste" llnne

riclge, so current di-roctlons ca¡not be deterrained. Russell and Taylor

o,çnessed the fact that ln their area of a:ralysis there r.tas a fluctua-

tion of roundless values conconitant witl: the directional trendo A fur-

ther si¡r.i3-arity r.rith the Ste, Anno data 1s tho overall tend.ency for

rounclness valuos to decrease northwarcls" A vaJ.lti comparlson cannot ta]<e

p1ace, hor.tever, because Russell and Taylot anaLyzed sa¡d particles¡ a[d

1n the present study pebbles Lrere neasuredu

b. .Aceording to Ì,tr. C. Krumbetn (fç¿*L), degree of roundness

1s the product of modificatåon by the abrasion to r.¡hlcb the particlos

are subJeeted. It 1s not a reflection of conôitions of transportatíon

or deposÍ.tion. Tbe attalnnent of roundness is relatfvely raplcl in the

early sbages of transportatlon, after wh-ich firrbher rounding becones

nueh slol¡er. F" J. Pettijohn alcl A. C. Luncla}l (tg+g)p âs & result of

tbeir Erea"surenent of Lake Erie sand.s, conclucled that roundness and

sphericfty uere closely assoeíated there and, that r.¡heroas sphericity

declinecl slightly in the directÍon of sa¡d shifb, roundness decl:ined

consÍ-derab1y. They maintained that the decreased roundness in tbi-s case,

Ís due to the sortÍng of sands þ water novenent in a d.oun curenb

direction, vb:ich caryies the less round grains frrrther along the beach.

the results here cannot be ùi¡ectly compared r.rith those found þ l(rurabein

or Pettijohn a¡rC. Lundal:.[, because of the ext'reme fluctuation in valuos

throughout the length of the Ste, Anne ridgen

ce The work of If. A, Beal ancl F' P. Sheperd (1956) is of

Ímpor-bance in so far asroundness ís used to deter¡nine dopositional en-

vironments. Houevor, 1t relates nainly to send size depositso A dif-

ferenee wa^s shoun 1n the results of roundness analysis betr¿oen beach a¡d



€.o ûrfentation Direction bY

Seetion fulnarY

?3 - 3e,
/Ð

l-oc
148
168
r.8D

TabLe 13

b" Test of grientatlon Strength afber S. A. Hagis (1969)

Section Nr¡mber of QrientatÍon Qbserved. fbequency Result
pebbLes diroction in ¡oodal class

60-80
læ * tlÐ
80 - l-00
5-N

100 - L20
læ - LlÐ

SectÍon ldunbers

Secondary

?3-3C
tÐ

L0c
uB
L68
r_80

80 - J-00
100 - 120
i-00 - L20
æ-tþ

Lzo - v+o
J.00 - 120

(ste" anne)

Tertlar1y

to3 60 - 8o
Loo Ln -w
LOa 80 - J.00
1o/,. 5 - æ
L06 100 - Læ
Loo In -W

S = siguificar¡b NS

L5/+

5-N
5 *Ð lrO

60*80
L60 - L80
w -L6o'uÐ -L6o

Chi-square Test talcing Avorage Values

Frequency
o-60 @*Iæ 120-180

2B-3C
/,Ð

10c
u$
L6B
L8D

L9
17
27
æ
u
Ð

e not signif,Lca¡t

-60

3z
30
t5
lrD
T2
16

Total ]'.l+5 235 235

Oi' i - each categorY ?J+"17

Ei s e>.pected flequencY 3/0.17
k

* * f (Oi - El) ' /ç.39
isl Ei

/þ9

25
64
?J
/+Z

3t,

NS
NS
Þ

NS
NS
a

22
l+5
23
1,3

>¿
50

Total

L03
100
L02
LOI+
106
100

E:çeeteil
Values

6L5

39.17 39"17
3/+"17 3/r"L7

3/".33
33.33
3/*"OO
3/n"67
35.73
33,33

20lr.99
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dune sandso The d'ifferenco is thought to be due to selective sorting þ

r'rind" Part of thefu r^rork Ínvolved sa'mpL1ng of gralns that vere taken

fbo¡n beach-d.une traverses on Padre Isl-a¡rd- and l'frrstang Islancl, Texas. fn

Padre ïsland the roundness of se¡d.s 1n the beach ber¡u is ap¡ncordrnate}y

o3t+e th& of the beach baclcslope ,31e and the dune sa¡ds "39" ff a com-

parison can be rnade betveen the Ste. .Anne data a¡rd that of Beal a¡d

Shepard, the Ste. Anne rÍdge appears to be nore conparable to dune ridge

deposits, But it musb be noted that sa¡rd arrd pebbles ce¡not be directly

conpæedo

Jo D. llasko¡n (fç¡S) too]r- 59 sand samples fborn the Pa¡ha¡d1e

coast of Florida. trbon &ifferent enivirouneuts of deposition tho results

show that tho average roundness value of quartz gralns for the offshore

environment = .p$9, ín the open $rash zone = o268s d.une ¡¡ o269, beaph

rfdge , n2t7e a¡rd narsh . .p,!,ju Eencee the open sr¡ash zoner dune a¡d

beach-rfdge environ¡¡ents have reLatíveJ-y high valuos compared to the

offshore emri.roilnent and rnarsh samples. A conparíson betveen these re-

sul-ts and the ones obbained at Ste. A¡ne is ínaccurate because of the

ùistínetion between sa¡d arrd pebble grain siues, Ëowever, the beach-

ridge val-ue obtained þ Waskorn is closer to the pebble valuee found. at

Ste. Anne the¡ the values obÞained by hi¡r for other e¡¡rÍron¡ronts of

deposÍtion.

When consldering pebble assocÍaiions, C. S. Sanes (f900) states

that only littoraL, flLuvÍal a¡d detrital ones ea¡ be differentiated,

flle d.ata he a¡alyzed showed that Littoral a¡d flur¿ial- associations share

the rnediurn g3a.des of roundness" The flluvial associations¡ hor.lever, have

a cerùain percentage of anguJ-ar conponeuts and shor¿ a r¡iclor variety of

pobble shapes tban do the líttoral deposits, wieieh tend to be more



uniforn and shor,¡ higher degrees of roundness since angular particles

elLninated. By eornparison, ths Ste" Anne roundness values are quite

uniforn since the range is not extreme.

d. A different roundness mothod was used. ln the r.rork of

C" A. M. Illng a¡d J. To Buck]-ey (fç6S) and environnents of depositlon

were equalJ-y welJ- able to be dífferentiated. Tho roundness factor is

cLa:lmed þ 'r,he authors to be the most valuable tool of environnental

differentlatlon. Iforalnes (UA), kanes (zl9), eskers (llZ), beaehes

(¡çg) can be distinguished because of the ùifferent' roundness values of

their constituents. The valuos for eskers and deltas (llÐ are alnost

ídentical; therefore presumably the two ca¡rnot be cloarly differentiated,

0f th€ values obbained for the Ste. Anne datae the average 387.8 nost

closely corresponds to a boaeh pebble value, vhen compared uith the

table Ín King a¡rd Buelçleyts article (p" 211)"

Therefore this section is inconclusive beca¡se rounclness values

r¿hich occì,lr in the Literature aro tal'.en on sa¡d size partj-cles and here

pebbles are used,. If one ca¡ consider trend.s íu rou¡d.ness variation

there are si¡rilarítj.es betr¡een the Ste" Anne pebbles and the l4lssissippi,

Rivor sands, discussed in part ao abovs.

There is no evidence of rapid attainment of round.ness and sub-

sequent drop-off as describeci by Krunbeln. The over¡ll increase in

roundness to the north at Ste. Anne resembles the trend d.eseribed þ
PettiJohn and trunciahl. The d'irection of a eurent in th:is soction of

lake Agassiz nay have been nortln^lards at th:is tíme"

The Ste. Anne data nay indicate that the ridge is a dune r.rhen

eornpated trith Beal and. Shepard.ls data, or a boach-rldge when compared

r¿íth Tlaskoror s data, the unifor¡úty obbained þ Sanesr ancl the values

v6
are



found by Ktng ancl hrckley.

The ínference is therefore that the Ste" Anne riclge is most

pnobably a beach, but it rnay possibly be a¡ esker or a duno deposit.

Seetion D" A¡ Evalu¿rtion of Orlentation Data

fhe lasb section of Chapber 3 consists of the following sub-

sections:

1. A Revier,r of the Past Literature on Orlentation ltþthods and.

Results.

2, A Consideration of the Long Axis Ðata fÞonn the S-be. Anne

ridges.

3. fuberpretatíon of the Oríer¡bation Data fbon the Steu Anne

ridge a¡d Tentatlve Gonclusionsu

l-. A Revlev of the Past literalure

-

ResuLts" Sone of the earliest vorks on eientation stuclies are reviel¡ed

in !I. C. I{runbein and F. J. PettiJohnts book (Wß). In general the

alm. of orientation studies is to determine the direction of transport

of a pebble þ raeasuring the oríentatíon of its long axisr aldr if any,

fts dip, K. Richter (J:932) reasured the long axes of tiI-t pebbles wíth

a compass to deternÉne the direction of ice m.ovenent" ltris stu{y lead

the wry to a nu¡rber of other petrofatnic analyses.

lÞthods of collection of sarnples and. ].aboratory analysis are

described by !I" C" Ilru¡rbeín and F. Ju PettÍjohn (fjglg)u A Brunton

poeket compa.ss r,tas suggesbed, plus lacquer to nark the pebblos. The

sa-nrples are then measured l¡ith an trordinar¡r tvo-eircle contact gonlo-

nsterrr. The long arCs and dlp are then read'ily read off.

I,lethods of presonting the data includ.e a histograph or flequoncy

L57
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diagrarn of strj-ke or dip ðiroctlon, or polar co-oTd':inate diagrarnse

Linoar statistical ¡eethods are advised for use in computing the noment

neasurese

N. V" Iç¿rlstrom. (lgSZ) developed a nell nsthod of measurÍng orl-

entation data in the fie1d. By subsbitutíng a 5n x lrn template insbead

of !tradellrs drav¡ing method" Houever, the use of the gouioneter is

basically the sa¡oeu

Jn Rn Curray (Wfí) described. the aaalysís of tl¡o dimenslonal

orientation data, and. suggested clifferent statistieal nethods to inùi-

cate tho preferred orientatíon djrection, d.egree of prefer:'eil orÍenta-

tion a¡d the probabillty that a prefemed orientatÍon is rea-l and not

due to cha¡ceo The resultant vector nethod is preferred over linear

statistieal nethods because of tbe circular d.lstribution of the d.ata'

The vector directlon is the preferred oríentation dÍreetion of the long

atces, a¡d the vector nagnitude provides a neasure of dispersÍon" lfhen

trying to ascertain if the frequency is due to chance alono, Curray

díscounted the use of the Chi-square Test bocause the ndeviations flon

randomnoss whieh produco a signiflica¡t result do not necessarily repne-

senb a preferred orientatioltt (p" I25) " This is basically true of nost

statistical tests of this tyTu' Cumay prefers the use of the Rayleigh

Test (originally used for describing randon phasos in sound wartes)

because each observatlon cari be r'epresented ry a vector, with di:ection

ald magnitude, anci analyzed fron a graph.

Later uorlc þ J. R" Cugay (WSQ underbook an analysis of

salds, talcon fYon various loeations around the GuIf of lnferico" The data

shor¿ed a tendency for elongate sand grains to align themselves r,¡ith thej-r

long a:<es para13.e1 to the bacl¡rash ùirection of waves on the beach and
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thsreforo perpendicuJ-ar to the latterts trend.

To Au Jones (ffæ¡ suggests that llnear ôistribLr.tions nay not

be usocl in order to estj-m.ato the si.gnificance of the circular disbri-

bution. Vector rnea¡¡ ancl vector strength are dsfined follovÍrig a pre-

vious description of a. vector nearr by lI. H. fioocl a¡d R" l-f. lrlood (1966) 
"

Jones suggests the use of other statÍstÍcs vh:ich are d.oriveci fYon a

círcuLar distribution.

the suppositlon that nocha¡ricaL forces do lead to an orientatíon

of grains bas often been assuned, rather than proveBo llcwever, labora-

tory work by E. A. Rusnak (Wn) has demonstrated thats under uui-

directional flor,r, the most stable posÍtion for sa¡d particJ-es is l¡ith

their long axes parallel to the d:iroction of fluid ¡notion. Further-

nore, they possess sone imbnication, d.ip$.ng sliglrbly into the cumont.

The preferred orÍentation in th.is case ltas deternined statisticalty þ
the use of the Chi-Square lesto

The oríentation of pebbles in ruuning water has been exaluined

ty C. E. Johansson (f98). The basfe u¡rtt exerrined is the deltaic fornn

In the top-set beds the oríentation of pebbles is seen to depend on the

for¡a of the bed and ¡aode of transporüation. A prlmaril-y transverse

orlentation (ancl sone longítuùinal orienbatíon) occurs when pebbles are

transported as contact load al-ong a bed vithout obstacles. A longitu-

ilina-l orientation results flo¡a long iu¡rps, or uhen the parbicles turn

round. obstacles dr:ring bed-l-oad transportatlon" The foreset becls are

thoughü to be nore conparable to the Sbe. Ar¡te pebbles than top-set and

bottom-set beds, describecl þ Johansson.

Therefore there are a number of techniques described in tbe llter-

ature. T?re results obteined. nay vary r,rith the techniques chosen. A
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relatively early r.ritor (H. l+adelJ , 1936) used the clinometer mothod

and plotted Ïris d.ata on a histograrmo He compared the orientations of

pebbles in an eskor r¿íth those fYoni an outwash de1ta. These r.rere found.

to d.iffer vith respect to the bods in wh:ieh thoy were contatned.

Wn C, I(runbein, stlmulated þ the work of lladell ancl Richter,

suggested that equiarea polar co-erd:inate paper be used in conJunctíon

with petrofabric (shaded) ûiagrans, In this rvay both the relativoly raw

data and the interpretation may be sseno Ee fouud that a d¡r:rnljn con-

tained a numbor of pebbles r.rith their rrA! a:ces paral1e1 to the direction

of ice novernent. The nean direction l'Jas found^ by using the standard

radius - voctbr surn¡ration nethod" Histograms were dra.urn showing the

azimuthal distrlbution of tiLL pebbles (rtArr a:ris measuremerrts). Results

flom petrofabric diagrarns showed that, in the case of outrn¡ash pebblest

there \,ras a considerable a¡oount of scatter and, weak orientation, llith

soae indication of sbrea¡rflor¡" Beach pebbles and disc-shaped dolo¡aites

were also anal;yzed. The long axis a¡alysis shoned a tendency for the

pebbles to Lie para1le1 to the shorelino. It is therefore a,ssuÌued that

they are transported r¡ith their rrdr axes normal- to r¿ar¡e direction,

0rientation r¡ork has been exbended ín the area of till fabnic

analysis þ various authors, ineluc:ing R. G. liest and J. J. Donner

(1965)e in East Ang1ia., England" In their work, proof of ice-&irection

is drar,rn fbo¡n inconclusive evid.ence. Ner,l tnethods of obtain:ing till

fabric data, including detailed accounts of field. and laboratory pro-

ceduros, have been described ty P. 1,1. Han'ison (t957a) 
"nd 

thejr ernploy-

rnent d.escribed in a leter arbicle (tgSZA)' Using samples fÞon ground

noraines and end rnoraines, it was shor^rn that disc and blade shaped par-

ticles have a preferred inrbricatlon upstream to former glacior novenent
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d:ireetions. Other tlLL fatnlc studles include work þ A, shrirmadas

(PfZ) and R. B. Rains (Lg6g), I4ainly these consist of detailed ana-

Lytical vrorks which are based on the assuupti-on that the preferred

orÍentation of particles in tii-l depostts is aceorda¡t with tire di-
rection of ice fIor.'o

Recent worlc on tiIl fabric analyses has been conpleted þ
S. A. Harris (1969) u Here the method of plotting the d.ata ínvolves the

use of rose diagrâ.ms as opposed to the more conmon af-ternat5.ve, the

three ðimensíonal polar sbereographic protecti-on, becatse of the rela-

tive ease r,¡ith which statistics might be applied to the data. .Llso the

rose ùiagram is easier to coraprehend visuallyr and preferred orionta-

tions are nore readily discerneC. A disadvaatage of tÏ:-is ¡aethod uas

pointed. out by J. T. .andrews and K. shtmizu (tgæ). This is beeause

the data need.s to tre gfouped so genoralizaiions occur, their exbent

depending on the sj.ze of the elass interval usedn

Ilanfs (p, 319) uses the Chi-Square Test to analyze Ìrls results

beeause the obserwed and e>çected results in each class ca¡r be cornpared.,

and an "05 leveI of signifieance can be evaluated for the primary moden

.Al-so this test has been used. in other stuôies, so the results may be

eonpared.. The graph, vhieh Ís used in Hamist r,lork to deternine v¡he-

ther or not the primary modo is siguificant, is adopted for use in the

present study in Section b.

2. A consilþratjpn 9f the Long Áxis Data :îgoJltfie Ste, Anqq

ridge" As ean be discerned fYom. the past literature, a large propor-

tlon of orientation studies lnvolve tho use of varied statistical ana-

lytiea]. techniques. A particularly valuable technique because of its
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statistj-cat valiùity aad. ease of calculation Ís that outlined þ 
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S. An Harris (f969). In this r,rorlc the graph showíng the nullber of peb-

bles needed in the prinary rnodal group to give a 'O5 signlfieance Ievel

value against a given total frequency of pebbles is shorrno This is

adopted. in tbe present stu{y as Fig" 3-22"

fn the Ste. Anne ayea al, least 100 pobbles lrere ¡neasured fþo¡r

Sections 28 and 3C combinecle .4Dr 10C, r4n, 168 a¡d 18il). These particu-

Lar loeations r,¡ere ehoseu at random fYo¡r the si.tes which contained peb-

bles" 0n1y the long a:<es of pebbles lJore moasured., 100 to t06 beíng

taken in each case. The face r'ras first clea¡ed off vith a brushr the

long axis r,ras determinerl in sítu and its orientation neasu:red l¡ith the

use of a Brunton cotrpasse 0nþ the orientations of pebbles in hori-

zontal beds r"lere neasured."

The results of the orÍentation ara.lysis are shol¡n on îíg. 3-23

(in pocket). Some Ínaccuracies oceur as'the pebbles are groutrpd in 20o

arcs. The radÍal seaLe shovs the nunber of pebbles countedr a¡d the

va-1ues for each sectíon are shor.rn in the figure. The noclal flequencies

here are to so¡ae exbent otrr¡iotts, Tollards the soubheru part of the ridge'

the orientatÍon of the pebbles is variable, a primary mode occurring be-

tr¡een 60 and 80 degrees easü of north, and a seeonclary node betueen 80

and 100 d.egrees. At /+d there Ís a]-so a h:igh degree of variability, but

the primary nodal area occul"s between Iæ - 1,/+O degrees, the secondarXr

node occurìsbetr,¡een 100 - 120 degrees. At Section J-Oc, tor¡ards the center

of the ridge, the modal area is nore pronoUnced, occurring betr¡een 80

ard l-OO dogrees. At 1/+b rnore variability fs agarn introduced, with a

greater north-south orientation as opposed to the precloninantly easb-

vest one found in the previous J Sectiotrs, The prirnary modal fbequency
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oecurs botl¡eon O - æ degrees and the secontl most populated c3'ass is

betveen 160 - 180 degrees. At 16b a¡rd 18d thero is a greater tend'ency

touards an'çNÌ,tr - ESE orientation, wlth the prinary nnod.al fYequency in

J-6b being betr.roen lOO - 120 degrees and secondary grequency betr'¡een J,?O -

1./rO degrees, In 18d there is a very large prÍnary modal flequency be-

tveen Iæ - 1{0 degrees" The lable 13a is tal<en direetly fYon a visuaL

ínspeeiion of Fig. 3-23" Rel-ative dlvision of the rose diagra.m results

shor,ls cerba:in prÍroarXr, secondar¡r a¡d tertiary orientation modes in each

sectionn The flequency of appearajlce in each orlentation gÏoupr lfhen

al-l a¡e ta¡<en together, fndicates the dorainærce of the 100 - In degree

eIass. The seeond rnost doraina¡rt class is that betr¿een O - n d.egrees"

However, as stated above, there is a eonsiderable amount of

variabiLity Ín the data. Thorefore the significa¡lce of these values cart

orrl-y be ascertalned 1f the Chi -Square Test i-s run. Tbe method nsed is

that described þ Harris (fig" 3-22) to find the signrfica¡rt orientation

strength" The results of this test are found in Tab1e 13b" 0n1y in two

câsese l-Oc a¡rd 18d, are the primary nodal frequencies high enough to

have a signif,Lca.nt orientation strength. Thereforo the preferred orÍ-

entations a.re weak srd rather inconclusive exeept at the center a¡d

norbhern 1lnrits of the ridge (r.¡here it is orlented lW - S!I). let thore

ls no consistency in the preferred. orientations at lOc (S0 - 100 d.egrees)

a¡d 18d (feO - L{O d.egrees). Therefore there may have been no donrinarrt

curyent ùirection.

Beca¡se of the varíabilÍty of the data a¡d because the second'a:T

rnodal flequency ofLen occurs in a class contiguous uith tbe prirnary

class larger groupings had to be taken to attempt to achieve more sig-

niftLca¡rt results. The 3-arger orlentatlon groupings Bre 0 - 60t & - 1,Z-l,
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is run as

d.egrees.

follot¿s:

&o Null

L6ln

Ths reLevant data are shown on Table 13c" The test

Ilypothesis: Ho; there is no clifference in the

nodal fboquency in the 3 orien-

tation dÍreetions (using avera€e

values fro¡a six sltes)

IIi: there are differences ín the nodal

fbequeneles of the thee groupsô

bo Test¡ the Cl:-i-Square Test Ís used because the observed.

and ex¡pected flequencles oceur in dlscrete eate-

gorÍes.

c. Signlflieance leveL: o{ s "05

N g L02,5

The sarnplång disbrÍbr¡bion of X" is computed fÞom. the

f63mu1a

iel

where 0i -e the observed. values
Ei e the expected. valuos
df = degrees of fÞeedo¡a
k = number of categoríes

df s k-l

Tbe result of the conputations u &.39

The releva¡¡t î# value (S" Seigel, p, 249) = 5"99

Therefore the Nu1I ffpothosís ca¡not be rejectedr so there

no slgnificant difference in tbe different modal fbequeneies, tlhen

ere taken together, a¡d there Ís no significant orientation along

Ste, Anne rj.dge"

zx k
sr(oi-Ei)¿-; EÍ

1s

all

the
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The only statisbically signifieant orientation results are oi:-

tainscl flom incìivicìual sections 10c and 18d, lrh:ich have signifieant

orieubation strerrgtbs at 80 - 100 degroes and 1lÐ - UÐ degroes rospec-

tively or E - l,I a¡d NE - Sl,I across tho rid.ge"

3" Intelpre-Þe!íoq-gå !}e OïielrlaLioq D.ataJ!.rot-m tlg Ste"--lþme

Ridge_aFd Ten:Þa"tíve r0o¡cluq¿qng. Because of tho lack of significant

orlentation strengths ttc'oughout the ridge it may be assurned that there

ís no sign:iflLcant prefer:'ed orientaiíon in the Ste" Anne ridge, or the

sarnple talcen was too smallu

However, ín two locations tbere are significant oråentation

strengths i.nvolving E - Ï¡ and SE - Nl,I cornponentso If the Ste. .Aane

ridge ïrere an esker and therefore subjected to unl-d:ireetional flor'1,

there should. be a relatively strong north-south cotaponent of orienta.-

tion¡ ín spite of a slightly r.rinding coursen Ttris is assuning that

E. Ao Rusna.l<rs (fç¡Z) work on sa:rd particles Ís applicable to the peb-

bles here stuùlecl. Although, íf tlære were no obstacles in the becl, an

E - 1'l coraponent is equally likely" This is a.ssuming a similarity with

Co Eo Johanssonts (1963) r.rork vhen he was &iscussíng a dolta t¡1pe of

situatfono 0n th-is basis, thorefore, no tentative conclusions can be

d.ravn.

l{, C" Ikumbein (tg3or) found that there Lras a consiclerable scat-

tor on pebbles fÞom outwash deposits" The degree of seatter is not

stated, but that at Steo A¡ne is sinrilarly J-arge" the same anthor also

determíned that beach pebbles lay parallel to a shorellne, The pebble

orientatfons at Ste, -Anne have preferences uÌúch, e:r.:ept in the ease of

1.(b, do not even approximately parallel the riclge.
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!trork iry Ju Rn Curray (fg¡6¡) shor¡ed that beach sands alien then-

selves vith thoir long atces paralIel to the backvash dlrectlon. ff this

effect is applÍcable to pebirles, then there is evidence in the for¡n of

pr.ofe:='ed orientations that the Ste. Anne ricige may have been deposlted

Ln a boach enrrironaentn

Tho various tiLl- fab¡ric a:ralyses in the Lit,eratwo cited in

section a tend to in*icate that a proferred orientation of pobbles does

occrfr', althougb the study areas are ntrch larger tha¡i the Steo Anne ridge"

toc'rli2s¿ scatter occurs in these areas, as exemplifled by the results

of So A. Hamíst vork (tgæ)" So, assun:ing a lov degree of nod:ifÍcation

þ rer,lorkÍng processes, then baslca-Lly the Ste" Aane ridge nay consist

of a tÍIL d.eposit" Although at a depth of 2 fb.e this is exLremely un-

l1keIy. fhe evidence of the Ste, .Anne data is not strong buf soms ori-

entation is preserved 1n the ridgeo

The conclusions drar.¡n here are exbremely tentative, and nore

r¿ork is required on this aspeet of environmental deter¡ninatlone both on

the supposed Agassiz beach rfdges and elser¿here. Hovever, the evidence

suggests that the Ste. .Anne ridge nay be a shoreline featw'e or a¡ end.-

rnoraine deposit.



Chapber 4

}4ICROSCOPTC BI,EI'ßNTS OF SEDTI4ENTARY A],IATTSIS

In Chapter [, two as¡rects of sed.i¡pntology are discussedo

The Textulal Analysis of the Ste" .A¡ne and Ponton Sands.

An Evaluation of the Percont Hoavy }linoral Content at Ste. A¡ne and

Ponton.

A.

B.

A. Ee-JeÉllg-a]--lvralvsis of the- ÊLe" .A¡ne ancl P-onton Sands

This seetion of the chapter ís presentecì uncler the folJ-ovittg

headings:

' L. Methods of partiele size analysís

2o Theory of pariiele síze analysis

8.¡ Gnarie scales

b. The size òistríbution of se¿iments

c¡ Populations in sedimentary arralysis

3. Literature on the valiòity of certain partiele size para-

neters in the lnterpretation of depositional environnents

¿r" The presentation of the particle size data flon Ste. Axne

a¡d Ponton

5. Conclusions based on all interpretation of the data, and

comparisons wlth the past llteraturo

1" Methodg of p.ë:!igle siz,g ana].vgis. Samples of sa¡cl wero

talcen fYon both the Ste" A¡ne a¡d Ponton arêaso Ïn each case a homo-

geneous sa¡cple was obtained, complÉng vith G. H" Ottots (f9¡8)
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sedlrnentatlon unlt, as thts r.ras redo*Lneit þ /1" V, Jopllng (tg6l*)o Sa¡n-

ples uere talcen such that a group of represontatlve values may be detor-

nined for the A, Br C, Ð atrd E sections at Ste" Anne" As the varfatlon

ln parÞicle size r,rlth depth Ís imporbarte sampLes uere ta.ken flon dif-

feren'ü beds at a number of sectfonsu In the Ponton atrear sarûples were

talren fÞo¡n each ridge so that variatLons m'By be revealed.

A nunbor of d:ifferent nethods of parbíci-e sízo analysis had to

be consídered prlor to sarryl1ng. A lengtby revior.r on the principlos and.

rethoils of rnochan:ical analysis Ís found. ín I^I' C" Ibumbein and

tr'" J" Pettijobns s book (fg¡g) nl'fa¡uel of Sedlnentery Petrograplyrr"

Sand. slze pætieles can be neasured þ the follouing nethod.s¡

ao The d-eroscopie neasureinent of loose grains

('t^1. C" Ifuurnbeln, 1935, J. C.. Gniffliths, L958t 1961) tend.s to bs tedlous

conpared to,other nethodse hence lnaccuracÍes are due to the small sa¡a-

ple sÍze"

b. The settling tube has the ad.varbage of spoed', bub is

consldored to be a rather lnacer:rate metbod" Do M' PooLe (lgSZ) sbated

that the settl-ing tube rethod used 1n the size a:ralysis of sa¡rd has ad-

varrbages over other tecbnÍques b€earse the fltuid meôia lnvolved permits

a elose approxtnnation to the bydrodynanic eonditions of sed.irnetrbation.

It Ls adnltted that the sedÍrûent dlansters dlscerned. þ thls nethod are

generaLLy coarser tharr the equivalenb sieve día¡neter" They are a-lso

flner tha¡r the nrlcroscopically ¡neasured ðla¡:eters. C. Lu Basconbe

(ffæ¡ developod a nelr r¡ethod to deternine the sizo analysis of sedi¡sents

þ sod.lmentation. This irrvolves the use of à nanometer a¡d tra¡sd.ucer

r.rbÍch follor"r the drop in þ¡lrostatic Fressure near the botton of a

eoLu¡nn of soil susponsion dr:ring sedinentati.on. The el-ectrleal curlent
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is fed onto a record.ero whleh tracos an accumuLation culr/'oê îh:is nethocl

ls as accurate as both sleving and pÍpotte analyses, over the 20 - æ0 ¡a

rarge. .4. slnril-ar method, lnvolving a Ha¡d settling tubs arrd evenb re-

corder, has been described by E, Gn Modarresi (t968)r and ls also used

for sand slze partLcles. These nethods æe not yet r^ridely used.

co Sieving is eonsiderecl þ R. L" roft (19Ø) to b pro-

bably the ¡nost accurate nethod for the general analysis of sand and

gtraveln It 1s not a-s fast as the settling tube nethod, but it has the

advantage of accuracy" A close a.nalysis can be nade provided that

sereens of'ÈÉ iutenrals are used" I4bthod.s of sieve analysis are given

in detaiL by t^1" C. Ifuu¡rboin srd Fo J. Petùijohn (fg¡S) arrd Rn L. FoLk

(fVæ¡ " PossibLe varl.ations within. tbe nethod ltself rûay b refllected,

J.n tbe t¡pe of sieve-shaker ussdo ln 19lo6g A" Surineford and F. Swineford.

compared thr.ee t¡pos of sieve-.shalers wíth a different actåon' The me-

charrical slene-sha.ker r¡Íth a JarrÍng actlon vas found. to be superior to

tr¡o othe:rs i.rhich had onþ a horizontal ¡notionn Boeauõe of fts aceuracye

wi¿e acceptanee, and usago in generale sÍeve arralyses wero made on the

sand-size fþaction of the seòinents fYom Ste. Anne and Ponton.

2. lhe-orv of particle siae alalffsis.

¿1c Grade scaJ.esn One of the first geonetrlc grade scales

was lntrod.uced by J" A. Üdden (f8gg), The fuLervaLs decreased þ the

ratio of {- and originally lncludod tvelve grades fÌon 16rn¡no dia¡neter to

tlZS6 mn This sealo was later ¡aodified by C. K, lfentr.¡orth (1922).

Certaj.n d.efinitions ïrere also suggested so that uss of the terns pobbl-es

sand., silt and clay mlght be standardized. This had tleen done to a les-

ser exbent 1n both Attorbergls Size Classlfllcation a¡d the classificatÍon
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used by the II" Sn Bureau of Soåls. T,aL934 !I" C. Krr¡nbein noCr.ified the

hleubr,¡orth Scale lnto lts logarithmic equivalent by mears of a trarrsfor-

nation equation / * -log:- $ (whore 5 = the d:ía¡roter ín niLlinoters) "
The scale r,¡as developed so that conventlonal statistics could be appl:led

to seùirnentary data. Ín 1938, W. C. lfrwrbein considerecl the value of

the nornol pbl-curve" Th€ Phi-Scale 1s used alnrost entirely in receut

work in partlcle sizo analyses. The different siales aro shown on

Table 13e after R. L. FoLk (L968) " A criticism of particular uses of

tbe phl-notation was dlscussed þ D. Á. Irfcl,fa¡us (1969) n Arcng other

errors, fnaccuracies Ln the literature fnclucled the correLatlon of ú

rd-th tbe equlvalent nmsn instead of wit,h the syo.bol 5e ancl the log

value was not being considored a di¡nensionless nunber. The gener aI ac-

ceptance ancl usage of the particle size sca-le has boen rovielred þ
Ì1. F" Taruer' (tgæ) for a¡ S"E"P,l4o reporb" Conplårnentæy assets in-

eLud.e the flled.bitity of the sca-le, vhich nry exbenil to aqy exbrenet

the geometric basis allowing all parts of the slze renge spoctrum to be

observed, a¡d the fact that the najor diviùing polnüs coinclde l¡Lth

natr¡ral cLass bouÊdaries (approrinately) o

b. Tb size distribution of sediments. TbÊ sÍze ùistrl-

butÍon cru've, uhieh was developed þ l,lo C. Ifuu¡rbein (tg3lou 1938) was

based on the assuiptlon that sedinrentary parbicles are normally ðistrl-

buted such that a curve Ís easily defÍned þ the ¡nea¡ and sta¡dard de-

viation. The logarithnic probability J-alr (the nornal phi-curwe) has the

sa¡e attrlbutes" Deterninations of normalcy mry be narie þ consicleratÍon

of the first 4 nornents--trea! dia¡reter (If É), sta:rdard. deviatio¡ (o/ )r

skeuness (o,e ) and kurbosls ( o(+ ). Once sieved, the resultlng data is

generally plotted on åríthmetle Probabj-lity Paper. The Cumulative
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Table L3A

Ths PartieLe Såze Scal-e

/Ð6
LO2lr'256

6l+
16

l+

3.36
2.93
2.38

FhÍ (d)

L.41
L.19
1n00
0.84
0.7L
0"59

L/2 oo5o
o.&2
O,35
0.30

Lftr o.zj
0"eLo
o"177
0"149

L/8 0"L25
0"105
0.088
O.O7l+

Lß6 - 0"0625

2"00
1"69

*L2
-J.0

ot1

-6
-t+
_2
-r.75
-1.5
-].,"25

irlentworth SÍze Class

Boulder (-B

Cobble (-6

Pebble (-2

Granule

L7T

-1u0
-o"75
-O"5
JJ"25
0,0
o"25
o.5
o.75
Loo
L.25
1.5
L"75
2.O
2"25
2"5
2"75
3"0
3.25
3.5
3 r'75

to -LZo)
to -8o)
to -fu)

o.053
o.o4l+
o"o97

r/32 0"031
r/64 0.0:.,56

r/L28 0"0078
í/zSA o.oo39

0"00æ
0.00098
0.000/*9
0.00024
0"00012
0.00006

Voqy coarse s,end.

É
Êl
Þ

d
(5

Goarse sand.

IÞdlun sa¡ril

lr."O
l+"25
l+.5
l+"75
5"0
6.0
7"0
8"0
9"0

10.0
11.0
12.0
1300
L4.0

FLne sa¡d

Very fine sand

â

4
rJ)

Coarse sÍlt

l4eðiun silt
ftiue Sílt
Very flne siJ.t

C1ay

After Rn Lu Folke 1968.

Ê
Þ
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Froqueney (O-1OOÉ) occurs on the Y axis, and. the Pbl-Unj-t valuos on the

T æCs. Tbe latier maJr be geonetrically spacod, gir¡:ing the size distri-

bUbion cull¡e an open rtstl app€BÌ'ariceo .[lternaiively, it may be a log

seale, such tbat if the d.ata Ís normally distributed the curve becones

a straigtrt ];iue. G. H. ûbto (1939) wrs probabþ anong the firsb to use

a Log Probabillty graph" Different theoretÍeal curves ca¡ be drar'm flom

the d.istrÍbutÍons found on Log Probabllåty Paper" Cortain of these are

dlscussed by l¡" C" Krumbein and F. J" PettiJohn (WZg) a¡d. E. A. Lohse

(WfÐ. So A" Hamis (fg¡g) a]-so found. that certaln deposíts obeyed

the log Probabllity function, the resultíng LÍnes assisted in the re-

eogaition of the a.djustnrent of present day end past depositsto their

deposltlonal e nviron¡rc nt .

W. F. Ta¡ner (fg¡S) discussed the fact that m.ary d:istributions

of sedÍmentary data are hon-trorna]-. Uslng nine exarqples, eaeh wa.s plot-

ted. as a zlg-zag line eonslsting of tvo or [þre stralght lf.ne segnentsu

tbe lnferenee being that nore t'han one ppulatíon 1s Ínuolved. The pat-

tæn ís caused þ the d.ef,lciency of partieles of certain sizes. Later

Tanner (tgtÐ d.evLsed the nethod of differenees to ascertaln the natrrre

and properbies of the co¡nbined, populations, although Ta¡ner does not

guarantee that the procedrrre aluays works"

As will be denonstrated j-n a later s€ct1on, tbe cl.lst'lnction of

certain envlronments of deposition in man6r eeses ís thought to be re-

sa¡td.s are generalJ-y positively skewed and beach sands negatlvely slcer+ed'

This sker.rnêss, vtrich occurs in dífferent forms vaqying r¡Íth the se&iment,

is íncticative of a non-normal distríbution. T,n1963t J. Brezina de-

tailed a nethod of converbing a nornal distribrtlon fnto a log-normal
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type usinc KapteJ"Âss transfornation. This ts done graphically þ noa:as

of a Log-Iþdrodynamlc Probabitity Chart, which utillses logarithms of

settling veloeÍty. Ths ideal log*I$'drodynamic Probabllity Chart uould

ronove fþora the cunulative graln sÍze distribution currres the negative

skeuaess eaused þ r^later doposítÍon" The d.eviations 1n the trexsforr¡ocl

ilistributions may then be intorpreted as being due to locaL absrrations

in the geologÍcal or lryrlrodynenie envfronnento

cc populatfons in sedÍmentary analysÍs" As beco¡nes apparent

florn Section b¡ cornplicatíons to graan size a¡alyses occur r'lhen the geo*

Iogical populations are mi:ced. Early r.¡ork on populations íncludes that

of D. Jo Doeglas (W+q r.lho reeognized threo naín types of transporbed

detrítus trh:ich are dependent on energy conditions at the sÍte of dep-

osition, The concept of geological poprrLations has been reviewed þ a

trün6r of r,rorkers, íncludilg w" c. Krunbein (rg60) . a' J" Ifoss (tgoZ)

distinguishes those discrote popuJ-ations in natureo whieb he referred

to as A, B and C. only A, a uater laid deposit, occurs in an unmi:ced'

state. Remainrng deposlts are made up of eornbi.natÍons of the three. Six

eonblnation types are conmon and are found. in different environmentse

r¿'ngirrg fÞon eoarser to fAner. Jo N. J. Visser GgAq showed that cer-

tain gfain sÍzes were deficient in nature, depend.Íng on the d.epositional

environnent. These valuos ånclude raJlges of 4 - 1 and L/S - L/16 rtrî"

for particles in ftwñial d^eposits, 2 - r and l/32 ' Lþ28 rm' for narine

deposits, I/32 - l/lr28 nmu for laeustrlne deposit s, I/8 - 1/16 m¡n. for

aBolia¡ deposits and /8 - I/32 nn' for glacial deposits. Assuníng that

al] sLzes of naterial are procluced in eqUal a.nounts, then cerbain size

grades tend to be nore abund.ant due to various procssses transporting

and nodifþng the gfarns prÍor to deposition" This lsrollledge ls su¡rporbed'
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þ the fact that certaln sizo grades are unstablo during transporbatioit,

R, L. Fo1k (1968) graphiea1ty d.eveloped. a rrpopulationrr diagram

bf plotting nean seùirnent size (of all seùlments) against sortlng. llelJ-

sorted areas occur ai -t+t' r betveon 0 / an . tr f anit at approximatoJ.y

l-0ø. Bad1y sorbed. doposÍts occur ú -2þ a:rcl 8l " Tlree sirnilar pop-

uLations îtere recognízed by D" W. Spencer (tg6ù since he èivided geo-

logical popuJ.ations into g3:aveJ-, sa¡rd vlth coarse síltr ancì. clayn Ïite

factors r,¡hich characteråze a sed:inentary population ate therefore:

Í. the mean size r,¡hieh ís depend.ent, atnong otbr

thÍngs, on the parent rnateríals a¡d the compotence and capacity of the

transporting nedia"

iÍ. sorbíng, çh:ich depends on the source nateriaL and

probably the conslsbency of tho transprtíng mediar th type of trans-

port alcl the Lack of ùistr:rbance in litg" AccordÍng to R" Ln FoLk

(fge8), a beach produces better sorbing values tha.n a river for the sa¡æ

size val"ues, beealse the curnonts of the for¡ner resort the sane deposits

couüinuous3y. vartations earL be seen in the sortíng va-l-ues of sa'rrds bo-

tween I þ and 3 { . In beach sands, the starrd.ard dev{ation i.s betr,¡een

0"25 arrd O"5 ø r and in river sands the sLs¡dard deviation 1s botr,reen

0.35 axd l.ol.
ili. sker¡ness a¡rd tnrrtosis, considered in detail in the

nexü section.

3. LÍ-Leåature on the val-ldit',¡ of eert4ln narElc]e size para-

¡neters in thg Lnterprq!atlon of depo.sltional--enrriraûIenlsn One of the

first analyses of sediments wb:ich r,la*s nade in torms of a cumulative fYe-

quoncy distribution vas r.¡ritten ín 1937 bl¡ Ì¡' C. Ikumboin and
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E. J. Aberdeen. fn considering the socliments of BaratarÍa Bay, Loulsiana

flve main types of sedlmentary curves r.lere found, shor.ring a character-

istic variation fbom the deeper to the shalIorler parts of the bay. A

forn of distinction betr'¡een beach and dune sands occurred Ín the worlc of

1{. D. KeLLer (lg/rÐ. H€ postulated. a ðifferentíatåon of envj¡onments

based on an f/C natio (the proportÍon of pebb3.e sfzes to the naximum

grade size). Frob. th:is r¡odern beaches æe d:istinguished. fÞon dune sarrd

and sandstone forroations on the basis of sÍze ôistribution, Irlíng-Shan

Sìln (1956) is responsible for a grain size anaþsis of Jacksonia¡ seði-

nents" Againr a rel-ationshlp betwoen size a¡d enerry concLitions in

a shorel-íne environment is seen. The Jaclcson:ian Sea ís thought to have

been rapiðLy regressíve beeause coarse beach deposits occur inrne&iately

above the fíne deposíts.

FoJJ-ornlng on flon the r,¡ork of P. D. Trask (fg¡O) a¡d G. H. 0tto

(lglg), varíous parameters have been desenib€d þ geologists to defÍne

seôinents in certain environments. These are revj.ewed in detail in
R. L" Folkts (fgee) article. The parameters, mea.n grajin síze, sorting

(sta¡rdard devlation), skewness and latrtosis, are used to disbingulsh

certain envÍronments of deposition as a result of þdrodyna¡alc varia-

tions. A relativeþ unused method. bas been described W R. Passega

(lgfZ). qr using an approxlnation to the rnaximuro gra-an size (C) and

the neôia¡ (M) r Ct"f Pattenns r^rere drawn r^rhich are seen to vazy r^rith the

deposttional agent. C" F. Royse (fg68) reeognized fluvtal facies as

defined by CM Patterns. Channel pro:a.rnaL, flLood plain and basin en-

vironments lrore df stingutshed.

Sedimentary analyses of deposits in shoreline emrironments in*

clude the r,¡ork of J" t. Ilougtr (tg*z)¡ J. c. Grifftths (].:gSt),
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D" L" rnman (tg+g) and. Du L, Inman and 1o K. ChamberLai-n (WSÐ. In

their work on tho Brazos Rlver Bæ, R" L, Folk and l'i. C. 't'iard (tgSZ)

considered ths quairtttles of sa¡d and gravel in terms of their partÍcle

sÍze distribution, and concluded that there is a lack of correlation

botrceen tho curreut strengtb and the modal graan sÍzo of gravel and sand"

Therefore the control fbon the source area ís litt1e affected þ stream

action, The pararaoters introduced. by tb anthors are rnodified after

Po D. Trask (rg¡o) ¡ Go Ïlo obto (1939) a¡d D" Ln rnman (tgSz) r ârê grapb-

1ca1Iy deter¡ained, then connputed as fol-lows;

âo nean gratn siøe

l{z e

b. sortlng

sr

co slær,moss

sk
I

d.. hrrtosls

For one Brazos River Bar the mea¡ sÍzo ranged fborn -L.? ø to +3.26 for

ùifforent saroples, the sortíng flon O"rn} ø to 2.58 Ø , skewness flon

-6S ø to + "53e , lurtosis (dependtng on whether the sarnple vas the chan-

nel or spot variety) was eÍther 0.36 - O",l+7g or 0.96/e respectiveþ'

In 1958¡ C. C. Mason and R. t' Folk distingutshod beachr dune

and aeolian flLat er¿ironments on Mustalg Islald¡ Texas, by síze anal¡rsis"

The beach deposits shoued a nearly norrnal distributione with moan size

averagiag 2.82þ. Th€ average dune rnean uas 2.86 þ t the aeolla¡ flat

= (dg| - þ 6) - (ø_ss_-øS)

Kg=

6.6
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xþa:a uas 2.83ø. Sorting Ïras measìlred, using the Ínclusive graphlc

stalrdard deviation. Beach sa¡ds are relatively poorly sorted (0.3 to

O,35ú), r,rlrereas dune sands have the best sorting (0.21 to 0.26f) a¡d

aeolian flat samples have an inbertneðiate sorting (0"26 ¿6 9.28f).

Skewness ¡oeasured the syrmotry of the distríbution around 0'00,

r¡ith the range of skeunoss being f I,OO. Beacbes have a skewness of

-0.20 to -0.02/¡ dunes or beaches -0o02 to -0.05É a¡d the aBolian flat

environmer¡b r,¡as a skeilness of -0n13 to -O.3Oþ. Positive skel¡ness re-'

flects a number of fine grains ín the tail of the distrlbution. The

i<r:rtosis values harre been converted þ a nornalised functiont

Kg' ¡ Ke
IE-1

a.nd are as foIlor,¡s: beach or dune sands are O.!+'l Lo Or53 (nesolartic)

and aeolia¡ flat sa¡ads O"55 to 0.63. (leptoin:rtfc). This is a measure

6f ¡6p¡ne"lity sÍnce it conpares the sorbing in the central part of the

cìarvs r^¡:ith that in the tails. Therefore the tltoe envj¡onments ea¡ be

d:istinguÍshed þ sÍze ana^Iysis. I4ason and Folk found thab the elearest

òisbinction occurs r,¡hen sker¡ness is plotted. agarnst ln:rtosÍs.

To so¡ne extent supportÍng tho work of l{ason and FoLkr S. A. Harris

(lgSg) stated that the effect of r,rave action, uithout longshore driftt

on the rnechavriea-l composition of sands mainly consÍsts of the removal of

tho finest grades of ¡naterfal flom tho beach face (Learling to negative

skewness). Áccord:ing to Ha:ris, the necha¡rica1 composj-tion of the par-

ent tnateriaL, and not aty sorting process, is the prinary i-nfluence in

controlling the range of grain sizes in the coarser flactions. Beach a¡td

dune sands r^rere ôistinguished. F. P. Shepard. and R. Young (L961) r,lere

able to ùisbinguish betweon beach and dune sands on the basÍs of round.-

ness, hea:uy nineral content (for dunes), sheJ-ls a¡d m:ica content for
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beachos. They stated that boachos are nainly negatively skoved, and

dunos posltlvely sket¡edo

In 1961r Go l.f" Friedm¿n d.lscussed tho uso of the method of rno-

mentse vhich ls deflned þ fì:nctions rather than graphleal lnterpreta-

tionse clatnrlug that previous graphf.cal methods r¡ere unsatlsfactory.

Às Ln otber vorks, the dune sands are seen to be nainly posíttveþ

slcer¿d anit the beach sands negatively skeued" The formulae used are

given in Friednarss r,rorks" Emrlronrnental iltfferentiation occurs when

the J.ste Znd, 3rd. and 4th moments (mean, sta¡dard deviation, sker,rness

and k¿rtosts) are pl-otted againsb each other 1n varfous conbinationsn

l¡ost of the dune sand, e.nples have a mealx grain size higber tha¡ L"lrg ó e

and Nil of the bea.eh sand samples have mealx values lor'¡or tha¡ this

anounto

A revier,l of díagnosLÍc texbural paranetors of beach and river

sa¡xds r.¡as r.rritten by G" M" trþtedm.an in 1966" lwo ewironments of dep-

osftlon are contrasted, the backr,lash a¡d sr,tash of the boache where the

ftne parbicles are renoved seaward, and tbo sedinents of a ríver" En-

vironmental ùífferentiation is deternlned. þ the calcuLation aad plot-

ting in various conbinatÍons of the Third. l"fonent, Mea¡ Cubed Deviatfon¡

Sta¡dard Deviation, Graphic Skeuness, Grephie Sband'ard Ðeviatione to-

gether uith the Sirnple Sker.¡ness Mea,sure and Simpl-e Sortfng }basureo

Results obbained earLíer þ Fríedman are sinilar to those found þ

Do B. Duane (196/r)" In a beach deposit off northern CarolÍna the l"bthod

of }bments lras applied. to the size distríbution. Sker,¡iress was seen to

bo environnentally sensitlve due to the wlnnowing action produced 1n the

sodi¡nents of beaches, llttoral zones arrd tidal inLots. R. An Gees (1965)

also used Friedrna¡ss rnoneub Epasures when considerlng the deposltlonal
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environnent of river sands, and concluded that they were not totally

reliab1e"

A criticism of Etonont neasure bas been r,n'ltten tDr R" B. l'{c0amnon

(tgOZ), r.rho claimed that the low order nonents do not necessarily char-

act,erLze the shape of the &istritrution, R" Lo Folk (tgOlr) Llsts the clis-

advantages of the l,fonont l,fsthod of calculatlon (G" M, Freidnan, L962a

and b) when compared to the Pereentile-ïntercept }fethod, r¿hich is gener-

ally a more fLexible meas'¡reo Tho relative efficiencies of th-is latter

method havo been assessed by l"fcCammone The efficiencies of the

different íntercept methods used to obtain the mean, sta¡dard deviation,

skewness a¡d trurtosís incroase r^¡ith tho number of porcentiles used as

the nurnerator. An exarn,ole is the approximati-on to the nean.

P. Do Traskrs (fg:o) nrediarr (r/ SO) is 64% efftcient cornpared to R. L" FoIk

and l^1. C. !trardrs (f957) for¡nulap (d.escribed above) vhich is 88Í efficient,

.A¡r exbended numeratore introduced by l"fb0ar':nono ranging fbon 5 - 95

f.
tancreasang cy rncrements of five) / lO, is 97% effibienb since it in-

cludes the entj-re range of the dístribution.

fn eonsidering the use of certain texbural paraæiers, Rn J.

MoioLa aad D. tr{eiser (fgeg) stated that a plot of mean dÍa¡.reter versus

skemess is the ¡nost sensltive method of ùistinguishing betr¡een beach and

dune sa¡ds" Other nethods cì.istinguisir river sands frorn beacir and duue

sarrclso J. S. l'fothersill (1968, L969) æral¡'zed sarnples of longshore

bars and troughs in Lal<e Superior, Ontario. thore r.rere found to be dis-

tinct differ.ences bet!¡een the longshore bar sands, r.thich uere betier

sorted and finer grained than the shoretrarrf longshore trough sa¡ds.

R. L. Folk and l,f. Cn Wardts (fç¡Z) Percentile-Intercept lfethod ï¡as used,.

The longshore bar sands were unlmodal and tend.ed to bo positively slceued



!¡hereas the longshore trough sancls r.rere either unimodal or blrnodal

tended to have 
"t"ong 

negative slceuness. The finer gfains are consÍdered

to have been ncved fbom the trough area wlrere they were dislodged þ vave

action, transported la.ker^¡artl by the undertou and deposíted onto the long-

shore bars.

Sinilarly skemsss r,¡as found to be the only single pararneter

whieh r¡ould dLfferentiate envÍronrnents of deposítion along the coast of

New South l,trales, *rtr¡a1la, (J. R" HaiS-s, L967)" This is becalse the

boacb, bamfer and duno sa¡ds ale all polygonetic in origín"

Later r.rork þ Jo R, Hails and J, H" Hoyt (l-969) dernonstrates

varlations in the Ior¡er coastal plein of Georgiao In the bamier ísla¡d.

emrironment, about 7!fr of the sarnples of the coarsest seôirents r,¡ere

negativeS-y skevred. A srnall percentage of positively shel¡ed ba¡rier is-

Ia¡d sands, in the anthorss opinlonu refllected the díagenesis of these

salds"Appro:i.matelygol.ofthellolocenebeaehsand'sarenegativel-y

skewede and 70f" of the dune satds shol¡ posítive slcel¡ness" lhe Folk and

Wa¡d measures were usedu

llhen atternptlng to recognize fossil stra¡dlines 1n Nelr Zeal-andt

using the Graphie-fntercepb t'fethod of Folk and ïlardr J. C. Chappell

(1967) uas not corapleteþ successful. The beach sands r+ere negatively

skeued, the d.une sarrd positívely skerred, although tho values beca$e less

apparent in direct proportion to the Íncreased lithification ín the

Pleistocone secliment sn

A fr¡r'ther alternative nethod of analyzi.ng clastic sediments has

been described ty B, I(. Sahu (L96/.). It is related to the formulation

of soveral discriminate fì.¡¡ctionse rvith their leve1s of signi.ficance

esbabllshed by multfveriate dlscrlminatory analysise to dlstinguish

L80

a¡d
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bot¡¡een emrirounents r,rith closely sinrilar enor€if conditions. One par-

tieplar methode using a nrultivaríate statistical tecliaique, Ís the fa.ctor

arralysis of Jo E, Klovan OVA07" The data is analyzed þ nreans of vee-

torso '[,I" C" Itrumbein and E" J. Aberdeen (Lg37) provided the original

grain-size frequoncy distributions of sed.iments in Barataria Bay" The

analysis stror¡ed that, of the ttree types of enerry conditfons prevalent

Ín the Bay, r.lave enerry r¿as the most prevallent, cunent energy the see-

ond prevalent conponent, while gravitational enerry vas coriperatively

¡ninimal" In a recent ayticle tf J" H. Solohub a¡d J" E' Iflova¡ (fçZO)

the various techn'iques of gfain-size anal-ysis ltere applied to talce

!trinnrpegr $anitobae sands, The size paramoters of R" Passega (tg¡l) t

Cn c. I'fason and R. L. Foll< (]tgSÐ, G. M" Freíd¡na¡ (1961) and- B' K. Sahu

(:¡96/) r.¡ere lnsensitive in d.eterruining ew'ironments of deposition eorn-

pared. to the factor analysis rethod. The authors concluded that grain-

size ôistributions reflect deposítional processes rather than the eu-

vÍronnent of depositÍon; the tr¿o should be considered as being distinct'

tr. Th-e pg!¡Sejsation ot.9he partlcJsr-$ize data fns4 Ster Anne

a¡d Ponto!" l,Iith such a consiclerable l¡ealth of confli.cting infornation

ou the relative value of nsthods of evaluating grain-size paraneters , a

choÍce of suLtable parameters applicable to tbe Ste. .Anne and Ponton

areas needs to be based on certaín inporta:rt consid.eratíons;

do the arithmetie suitabiJ-ity of the nethÐd

b. the widespread use and general acceptability of the

nethod

cc the valuo of the rnethod r.lhen an unknor'¡n depositional

ageut is involrrod



d. the publication of conparable results so that nodern

a¡rclent dopositional em¡Íronnnents caq be comparod..

Reference should. hsre be made to the previous section (3) whero

the relative values of the various textural para:neters are dÍscussed.

Brlefly, the Passega CM Pattern meihod. doos not comply r+ith poínts b

ard c, and factor analysls does not conply uith point c (J, E. KLovaI¡

19?0 personal corununÍcation) unless a control Ís used. The mo¡nont ne-

thods of G" M" Frledman (1961) a¡d R. L" FoIk and lI" C' liard. (WfZ)

both eornply with the points ¡rentioned" Ihe Folk a¡d l¡Iard Percentíle-

Intercept l4sthod. has cerba:in advarrtages in so far as Ít is nore flexible

(a¿justnents can be na.ile for variations in screen sizo, Folk L966)y and

deposits in a¡cient envi.rorunents have been d.oter¡dned þ thls nethod

(J. chappel\ 1967J,

êo Þg¡É-êBgf,J€ig. In total I52 sand and gravel sarnplos

uere analyzed ln the Ste" Anne and Pouton â,reêse 89 tïon tho for¡ner Lo-

eation and, 63 fl.on Ponton" Sta¡rdard sedfmentary analyl;ical procedures

took plaee in each easeo

1. The cl-ea¡ ancl conpletely unconsolldatecl eanples

r,lere split Ín a sampLe spl*itter,

ií. A nesb of sleves Ì¡as pr€pared and. sievÍng took

place at f, phi intervals.

iii. After L5 ¡ainutes each seraplo tlas veighed to 0.0J-

gran.

In each case, the weíght prcent data l¡as convorted to a cwür-

lative fYequency distrtbution antl plotted on Arithmotic Probability

Pa1nr" The plots (tSZ) vere drar,¡n up and these ltere grouped in the

fo1louing ma¡tner. The Ste" Á¡ne curves llere seon to vary in relation

L82

and
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to their position across the ridge (4, B, C, D aad E) and in relation

to the depth fboro vhich the sarnple r.¡a"s ta.ken. Therefore the single sam-

pLe data vras generalì zed so thai these variations ntght be dístinguished

in grapbleal forno At Ponton posslble variations which rnay have occurled

botr,¡oeA the three ridges, RIr R2 and R3, Lead to the generaf i z¿tion of

the data on these throe. An average valuo for the inter-ridge area is

aLso taken,

0n tho origina.l 152 plots, tho Folk a¡d llard (195?) parameters

vere ded.uced þ the PereentíLe-T¡tercept l{othod' The ùifferent fornr¡lae

are shorln on page 176. The four [þasuremênts are:

i, the graptr-ic nean (¡ø)

Íin ttæ inclusÍve graphic sta¡rdard d.eviation ( q- )

iiin the lnclusÍve graphle slcer,¡ness (Stc, )

ív. the graph-lc in-rr'tosis (Kg) a¡d transforrued. loutosis

(Kg') Ro L" FoLk (1968) 
"

All the noments r.rere d.eterruined flon tho individual graphs for

each sodimento Averages were talcen to correspond r¡ith variatíons across

the ridge and with depth at Ste. Anne, and. variations wÍthin the tbree

ridges aniÌ beyond at Ponton" The genoralizeil d.ata¡ curnuLative fbequency

a¡d noment nea.sur€s are shovn ou Tables l-,4, 15 a¡rd 16. À11 the values

were calcuLated þ neans of a Hewlett-Parkard Desk Calculator"

1" Variation by Section (Ste. Anne). The firsb gratu

size d:istri-bution graph (¡'ig. /+-L, Table ü) shor.rs some variation in

sfze distribution across the various ridge soetions. As stated' 1n

Chapter 2, A oceurs on the so-calIed lalce',lard side of the beach ridge,

a¡d E on the landr¡ard sizeo Curve A reveals a h:igher fYequency of finer

grains than do the other culryes. l'farked inflexion points occur at
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3.3þ and -ã"oilt vith good sortÍng betueen the tuo, in the fine sa¡d to

rrery fine sand range. Relativoly poor sorting characterizos the re-

naining distribution fbo¡0. the -2rþ point, çbero tho curve agaln beeones

steepor, The ct:¡:v'e representing the B sections has a relatively lovr

fl^equency of finor, poorly sorted grainso The steeper porüÍon of the

curve in this case occurs between 3.3þ to J-"34t incorporating nore re-

diun sand tha¡ Ín the case of curve A" Relatively badly sorüed. naterial

oecÌrrs betr¡een L.3fi and -2$. Curv'e C reveals the lowest fbequency oî

very fine sa¡do the higher polnt of inflexion is sinilar to eurve B,

but the renainder of the curre is ¡nore evenly unsorted to approxinately

Ofr" Curue D ba^s a sinilar dlsüribution to curve C, although it has a

hlgh fbequency of exbrenely coarse grains as well as a high frequency of

fino-grainod sands. Curr¡e E is internrodiate Ín appoararcer t¡ith ¡ainor

inflerd.ons at 3. Zfi anð,1.8ø. It has a lower flequency of re3.ativoLy

badty sorted grains betueen +1"8p aad -1"2/¡ and a Iow proportíon of

coarse gpains beyond this polnt"

Tab1e L7 shovs the varíation in nea:r grain sizo with the position

of sections A to E across the rÍdge. Relatively fine coarse sa¡d occurs,

at point A (o.t+22ø) and coarser coerse sand is found. at B (0"311#). Tbe'

sa¡d then beeones increasingly fÍne fbom. C (0"583o - coarso sa¡A) to D

(0.øtZç - fÍner eoarse sard) and E (o.8ozp - very fine coarse sand)"

The sor'ting indeces are not extrenely varlable according to the

Ru L, fof:< (f968) cl-assification, All the average values of sr for A,

B, C, D and E lnd.lcate poorly sorted deposits, The skewness valuos

(foft) nay be categorized. as follous" The A secti-ons, with a sketrness of

¡0.031p is said to be near-sJrfiretrieal, the B sectj.ous, sker,¡ness -O"lO3þt

are eoarse-skeuod¡ the C seetÍons, skewness +0"066øt a¡re leax-s¡rmmetricalt
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Generqllzed CunuLatlvo lbequency Data (Ste. Affrs)
Varlattou þ SeetÍon

PH.
Scale

lr.5
4"o
3"5
3.0
2.5
200
L.5
1"0
o.5
000

-0.5J.0
-L' 5

-2.O
>2.O

1.90
2.38
2"83
7u08

22"01
32"56
37",63
1t3"86
50.37
17"L5
63"55
70"O5
74.t$
n "55
98.60

185

o"3g
O"l+9
o.63
2"OIt
9"9t+

n.r7
30.?3
37,99
l+6.78
56"?2-
59"67
67"69
TL"9O
75."99
96.1'ß

0"¿1
o"36
o.65
2.-78
8,3

?L"3/þ
32.Ð
l+6.8L
5',7 u5L
67,5L
73"33
77 

"l+O8L.35
85'"50
99,67

Percent sand Ln $$ size fþactloas fþon Sections A to E.

o.37
0,tl
o"@
2"76

lJ"65
n.n
36"@
t+6"53
55"O4
62"LO
67.39
72"6/+
75"70
n"26
93.90

0,97
L"t&
2,33
1r"86

L3"66
32"Ð
l¿+.57
57.tß
67"7J
75..L9
n"&6
8/+.92
87"71r
90.l+6
98"31+
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the D sections, sker,¡ness *O"139þu a¡e fine-sker'led, a¡d the E seetlons,

r¡ith a sker¡ness of +O,OÐþ2 are near-s¡nrunetrical" Therefore nost of

the curvos are nearly s¡rnmetrical, but B has atr excess of coarse natorial

a¡d D has an exeess of fine material"

Ths tra¡sformed lcurtosis values are a-1so quite variable" Ïn tte

A section the average Kg' is 0.556/, or leptola.lrbic, Ín the B section the

vaLue ís O"6/+5ú or Leptokr:rbie, in the C sectíon the I(g' is 0u511/ or

nesokurtic, in the D section the Iþi ís A.492þ or nesokurtic, and in the

E seetion the transformed kr:rbosis ís A"/,,DØ or platykurbie.

ii. Va¡j-ation þ Depth (Ste. lnne) " The graan size d'is-

tribntlon (shoun on Fig. /+-2, Tabl.:e 15) shows a slight variation l¡ith

depth. In the figure, the values 1 to /r refer to the depths 1-1"9r¡

2-2.91 t 3-3.9t a¡d greater than 4t, respectively" In cuzve l-'thore is

a laclc of sortlng between 3-t+"5# and a relative abund.ance of grains at

the fine end of the curve" Bot.ber sorting occurs b'etr,¡een the tt'ro j-n-

flexion polnts e 3( anð,2,1. Lack of sorting characterizes the distri-

bntlon betveen 2l anð. -2þ2 uítln increased sorting beyond the -2f point.

Curve 2 follows a sirailar pattern, lndicating the degree of sinilarity

betveen these two depths of deposits" Curve 3 is generally more openo

f¡ith increasing depth, the percentage of fíno grains decreases. The

better sorted area again occurs between approximately 2-3þt bub tho poÍnt

of ínflexion bstween the fine, nediun ar¡d coarse sa¡ds is not as clearly

evÍdent. Cur¡e {, repn'esenting the greatest d.epth¡ Ís the nost ùisbinct"

A lower porceubage of fine gfar-ns characterize the right hand side of

the cwTe. The higher inflexion poínt oeeurs around 3"5/ uith the

steeper porbion of the curve betr^¡een 0"5 and 3"5f" Hence the sorting is

reasonably good., but over an extended nediu¡n-fine range botr,roon 0.5 and
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TabLs l-5

Gener+llzed Cunulative Ïboquency Data (Ste" Anne)
Variatlon þ ÐePt^Ït

L
Pht 1-L"98

Scale

l+"5
lr'O
3.5
3,0
2"5
2.0
L.5
1n0
0.5
0"0

-O"5J"0
-]."5
-2oO
>200

Lgl

2
2-2"9r

0.8L
1.10
I"l+7
4.n

u"35
26"O2
33"88
1,3"62
53.83
62"9o
6'l.L?
75.66
w"36
83"68
98"56

3
3-3"93

o.53
o"w
L,01
2.n
7"65

n.67
30"26
l+2.56
52"53
61,05
66"tß
72"32
76"N
90"53
9?.106

o"tê
o"@
1.52
4n"72

L7.92
37"L',|
/Ð,L9
56"9o
6L.78
66.00
68.6r
T)"26
76.L5
78.9o
93"08

lr
>tþ

o.L2
or?3
o"33
3"n

11"58
25.&O
38,3t
lr9.æ
62"L9
72.78
76.6tr
W"TT
82.77
85"78
99"96
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-2þ t}:e deposits are unsorted" Better sorblng occurs above L}re -2þ

bounclary"

Table 18 shows 'bhate r+hereas üho mea¡ gra:in size does decrease

with depth florn 0"4721' to O'72J+þ, the eoarsest grains are to be found

approxÌ.nate1y 2nOt dor¡n (o"¿a6þ)r ed.finest grains at 3 to 3-9t (0"959)'

.ü-1 those fal.l r.litliín the cosrse sand categoryo Ths sorting is varia.ble

becorning better with depthe except at 3 to 3"9r t^rhere the best sortlng

occurso According to the definitÍons found in R. L. Fol-k (fçæ), the

sortlng nay be categorízed as follolrs: the 1-1.9f depth, r"¡ith a valtte of

t.331:úe is poorly sôrted, tlne 2-2"9t depth, ulth a value of 1'181fe is

poorly sorted, tlne 3-3.9r depth, vtth a value of 0"977Ø, is moderately

sorted ancl the greater than 4t depth, wítb a value of 1"1.00/, is also

poorly sorted"

The skewnoss values are aLI positive a¡ci lotl t¡hich inclicates a¡

erccess of flne naterial. Verbal lirrlts are af-so pLaced on thsse values

b5r R. L. Folk. The L-1.9t deptir is +0"017p alcl is described as near

s¡nrn:netrÍeal" Ilne 2-2.9t axd tlne 3-3"9t, r^rith values of *0"03þ and

+O.OZJ{, aré a-lso near-qrmretrÍeaL. TLre greater tha¡ {.f value, r,¡ldch

is +0"185/, is described as being fine-skelred. Therefore near-sf¡rxtetry

is eonstant r,rith depth until the /+.0t nark ís reached, and a rnore posi-

tive sker,tness occurso

The lcurbosis indicates that tlø curves tencl to be norma.Lly d'is-

tributed. the l1¡nits placed on tho tra¡sforrned kurtosís indicate that

at a value of 0"5f:6 at l--1"9t d.epth the ùistribution 1s resolair"bicr at

2-2"9t depth, i¡ith a value of 0.520þ,- the same distribution occursn Bo-

tueen 3-3.9t, with a value of 0.653ft the distribution is 1eptokurbic,

and at dt a¡d below, with a value of 0o 522þ, the &istrlbution is
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nesolmrülc.

111. Varj-atíon by Rfdges (Ponton) u CutnulatÍvo graln

sfze frequaneies for the Ponton rídges are given in Tablo 16, and curvês

for the rd.dges and. inter-ridge areas ate shot¡tt on Fíg" /+-3" One out-

standing feature 1s the lack of varLation betr¿een tlne /+ cìlrveso T'here

ls a h-igher fÞequeney of finer gralns in the inter-ridge area a¡d the

fYnes becorno progressively less frequent flo¡n R3 to R2 and RL. Points

of infler.on oecur betveen 3"5þ and 2"0ú" the steepest portions of tÌæ

curves between these tr,ro poÍnts indicaLe better sorting witbin the size

range. trþon 3.5þ to < -2þ the sediments eonsist of unsorted partlcles.

There is a higher frequency of coarse grains in the inter-rídge areat

a¡d the Ior¡est proporbion of coarse grains occurs in R3 and Rl"

Ihe Table 1? ínùicates a varlation in nean graan size r¡ith the

loeatlon (Ch" 2) of the three rídges" RI nay be consÍd.ered to be lake-

ward of R2 a¡d R3. The rnean grain size of RI is 2./+2Wt a neô1um fine

sand; R2 is 2.47/rút a fino fÍne sandr and R3 is 2.?2@t a very fine, fine

sa¡d, The lnter-ridge area is nado up of an er¡en flner sa¡d of 2""158þ"

The sorbíng values for the ridges do not va.r¡r conslderably. Rl, R2 ald

R3 are all moderately r,reIl sortedo The lnter-rldge area is not as weLL

sorted, and falLs in the noderately sorted eategory of R. L. FoLk (ftæ¡.

Similarly tho skewness values for the tlsee ridges (-O"O87ø, a0.05Op

a¡d +0.063þ for RI, R2 a¡d R3 respectively) are all low posÍtive values,

falling in the near-s)nnmetrical categoryo The sket,¡ness for the lnter-

ridge area (+0"10S/) fa11s lnto the fine-sker¿ed. category, beeause of

its excess of fine ¡nateria-l-s.

The lnrrtosis va-lue for RI ls 0.530{t and the dlstribution is

nesoln:rrtic. That for R2 a¡d R3 is 0"756ø axd 0" 563þ rcspectlvoly a¡rd is
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Table L6

General-i zecl Cu¡nutativo lbequoncy Data (Ponton)

Pht
Scale

l+.5
l+"O
3"5
3"O
2.5
2"0
1"5
J..0
o"5
000

-O"5
J"0
J"5
-?nO
>2"O

J."3/+L
2ogTL
7"1+35

23"759
l¿o.37
72"W
8L"95
90.005
9l+"77a
w,199
98.1055
99.oTa
99"365
99"588
99.722

R2

I"95/u
3"lrÐ8
7 

"681+
U"l+93
52"7æ
80..L06
æ.756
95.63L
97"83L
98"Tr7
99.Lgr
99"1+64
99.587
99"703
99"703
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R3

l+"2ül
5"9L6
9"778

25..5rL
5l+"/+92
78"1þ32
88'o3/+
95"OtÃ
y7"783
98"81+5
n,o78
99"no
99.5n
99.588
99"69L

rþ.

RI 'Ridge J.

R2 : Ridge 2
¡l = RÍdge 3

T-ß = the lrber-rLd.ge eqea"s

5.062
7,1+22

L2"t+93
3L.n8
4,3æ
83.1132
90"Tr5
95..O32
96"962
98"t62
98,808
99"r78
99"1+95
99.1+95
99.59

(as defined in Ch. 2)



An Soction Data (Ste" Inno)

Secti-on lqz

A
B
ü
Ð
E

Table L?

Data in Phi-ûnits

B. Depth Data

Depth
Categord.es

o.l+22
0.3r1
o"ß3
0"617
0.802

(ste" Anne)

Ytz

I
2
3
tr
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o--

1.226
L.L93
1,085
r"256
1.211

C" Ridge Data (fo¡ton)

Rldge NIz

o"4:12
0.406
o"959
O.'72.4

sk

-0"03L
-0,L03
-0n066
-o.139
-0"029

Rl-
R2
R3

sk(fa ¡

L"33L
1"L81
a.9n
1.L00

&

o"556
o.6l+5
o.5LL
O,l*92
O.l+79

2.4n
2"{ltt
2.726
2"'.758

-o.01,?
-on03
Ã.o25
-0,185

6-

o.703
0"695
o.6/44
o"7?ß

Kg

o"516
a u5n
o.653
0.522

sk

-o.057
-0"050
-o"063
-0,108

rg

o.53o
0"756
0"563
o"557
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3-epto}:nrtic" The value for the inter-ridge aroae O"557þt is also

leptolnr.rtie"

5. Conclusions LAsed on a.q Lnter.preJatiorr-a-f tho data- Bxd

comnalisons r¡ith the past literature" Assu¡rúng that the ridge doposlts

were originally morainÍc, as descrÍbed in Chapter 2, they nust represent

a revorlced fYaction of unsorted drífb deposits, The agents chiefly re-

sponsible for the resorting process nay b reflected in the grain sfze

distribution of the sediments and the four monent neasuresc

€Lr Variation þ section. Throughoub the sections coarse

særds predoninate. ïf the source naterial Lra^s unsorted. drift, thon the

predonlnantly eoarse sard f?action nay be a result of paucity of ned:iurn

or fine sands Ín the parent material, or the relatively fine nrateríal

may have been removed,

By considering the variation in the grain slze charapterlstics

þ seetÍon at the Ste" A¡ne site 1t night be possible to deternine r,rhe-

ther there is evl-dence of r.lind or r,lave actlon on on€ or both sides of the

ridge, and how these nay be seen to vary ttith disba¡¡ce" The size distri-

bution curve gives no inclication of systenatic change fYon A - E across

the rldge, although changes in tho constituent se¿inents do take place

as Ínôicated above in Section /+a i. Seetion C has nore grains in the

eentral portion of the distribution than A, B, D or E (see Table L/r,

Fig. /r-1) " The coarse sand at Section A is relativei-y fine and at B is

quite coarseo Therefore it is possible that the finer constituents r¿ere

being lntroducod fro¡n the A or E sections of the ridger tor,rards the

eenter. This is not only reflected. on the so-ca'lled J-a]ceward edge (¡)

but also on the la¡rdr^rard periphery. Fron C through D and E this sa¡no
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tendency Ís reflected at a nÕre pronoullcod rate. Hence whatever

causes the progresslve coarsening of grains tot¡ards B and C does soe

urequal-]ye on efther sícle of the riclge, that is, on both the Landward

and Lalceuard edgesu LI. C. I(rumboÍn a¡cl En J, Abercleen (tgZZ) suggesb

that the d.epositfon of fÍner partÍcles occurs 1n deeper water, the

ftnest being laicL doun in areas farthest rexlovecl frorn the euruents, so

there r"ras reLatively deep vater on 'both sicles of the ste' anno ridge'

In 1966, Go luÍ. Friedma¡ statod that fíne particles are rerîovecl b5r the

bac!:r¡ash-sr,lash action, prevalent on the shor€u

If water action r{ere prevalent, both the uoi-directÍonal flot¡

of a stream or the two-ðlreetÍonal fLou 1n a shoreline environrneub (as

sundng a constant sourc€ naterial) would sort the seùinento 0n the

Brazos River Bar (R" L" Folk ancl !f" C. trnlarde Lg57) sorting l¡as found to

va:1r fbon O"1Ðl' to 2.J8'þ, or fYo¡r r.¡elL to poorly sorbed" The sorting

Ín the væious sections across the Ste. Anne rÍdge has a reJ-atively Iou

rargee flon 1.085ú "i C, lrhere the naterial is better sorted, to I"256þ

at D where the poorest sortÍng occurso The lack of substantial varía-

tion in the sorbing values r.rould tencl to slgnify that the conclltions of

depositlon lJere constant across the ridge. l,lhen conslclerfng the sorbing

of particles on tfustang Islaad, Texas¡ C. Co Mason 8¡d R. I," Folk (lç¡t)

found sorbÍng of beach sa¡ds varled betl¡een 0"3 a¡d O,35þs vhiLe dune

parbicles had betr^reen 0"21 and, 0.26þ. îhêse values indicate a much

better sorting tha¡ the ones found at Sten Anneu }Iowever, it is evident

flon previous stuðies that sorbing has not been founcl to be a good inùi-

cator of sedimentary environrnental dlfferentiation.

B¡r contrast sker.¡ness has been found by a number of r¡riters to be

the only nonent moasuro sensitive enough to reflLect the environment of
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deposÍtion of tlre constituent sands' The sbe" Anno data þ section

shor^rs thaj the sker,¡ness values vary across the ridge. The positive

(near-syrnmetricaL) sker.¡ness at A ls folloved þ the only negative sl<er'r-

nesse At B sections (on the LaJcer¡arcl side of the rldge) this Ís fol-

loued þ three rnore lou posítive sker'lness values at C, D and E" Hence

there is a change fþo¡n eoarse-sker,¡ed to fi.ne-skeued across the rÍdge"

Sker,mess values founcl in river depositsu na.mely ths Brazos RÍr'er

Bar (foU< - Warcle 1957), shoued a rangp betr,¡eea -0"68É to 40.53þt wtÈe}:

is too gÍdo a rg.uge to suggest iclentífieation" ConsiderÍng the va-lues

suggested þ trfason ancl Folk (WfÐ for the l6rstang Isla¡rd- boaches, d,unes

a¡d aeolian flLatse the sker,¡ness Ín sediments of sections A and C of the

Ste. Anne riclge indicates that they nry be beaeh or du¡e depositst

r,¡lrereas the skel¡ness in B ancl D indicates a d.efÍnfte beach deposit.

the skeuness at C is not parbÍcularly conclusive. Ì'far1y a;:thors, for

example s. Ao Harris (tgtùe Gn Mu Friedma¡ (rg0r), Ao oo f\rller (tg6z) s

Ð. Bo Dua¡e (Lg6/r)¡ and J. R. Hails and J" H. Hot"b (f-969) t agree that a

beach deposi-t either has a nogatÍve skevness (general-Ly) or a 1or^¡ near-

symaetrical positÍve sker,rness because of the winnoving effect of the

backr"lash and st¡ash, renoring the finer sa:rd sj.ze. the J-ongshore bars

described by J, S. l"fothersín (1968, L969) also tendecl to be posltívely

skeuedo

Tbe kr:¡tosis values found across the sections B?e qulte variable.

The values do not conpare r.lith river chantrel lmrtosis values found- þ

Folk and \1afi, (L957) on the Brazos River Bar. '[,lhen compa¡ed r.¡it]r the

Ilustong Island data of Mason and Folk (tg58u p" ä9), Section A Í-s

founrl to be within the aeolla¡r flat ranger Section B is indistinct and

C, D ancl E may be either beach or dune deposits"
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Thereforeu although there are variations i-n nean grain sj-ze (suggesting

a shorellne environmont east and r.rest) e sorting (vÍth one depositional

agent or constalit source), skeuness (a shorelÍne or dune enviror,¡nent

vith nore evldence of the lake being on the r,¡est side in the forner case)

ln:rbosfs(eÍthor beach, duno or aeoliar flei environment), there are no

consistent variations across the ridge. The possibillty of a nu-nber of

depositional ernríronrnents Ís still suggestedo

b. Variation by depth" BeeaÞse the deposit consists of a

reuorked zone, a nurnber of different depositional environments are sug-

gested.. The variation in sed.:inrentation is òiscussed 1n Chapter 3"

The nean grai¡r size tends to d.ocrease r,¡ith depth, so that fÍner

deposÍts are found- belou and coarser deposits above. fhe fÍner deposits

are laid doun in a period of relative quieseencer the coarser deposits

in a trigh enerry environrnentn There a.Te no eonparable slzes founcl ín

the literature, so a unique depositionaL emrÍronnent nnay here be in-

volvedo

The sorting Ís also inconclusíve. The top two feet are conpar-

ativeJ-y unsortecl; this coincid.es r,¡ith the coarser overall grain size a¡d.

again suggests a higher enerry, turbulent environntent. The loller bed.s

are better sorted wbleh suggests a. more reguS-ar sequence of depositional

events. The poorer sorting, at depths exceedÍng /* feet, roay inðicate

the influence of the underlÉng deposfts.

Ihe skewness values are al-l positive and lol¡. The lor'¡est sicer'¡-

ness is exlúbited þ the upperrnost bed.s, the highest ty the cleepest becl"

This may refleet to sone extent the time involved in the reworking of tl:e

deposit, since more finer tnaterial is found at dopth, l¡lltll reference to

the work of Mason and Folh (fg¡S) on l'{ustang Island., clepth category 1 at
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Ste. A¡ne rnay be Ídentified as a beach, categories 2 and 3 as a beach or

duno a¡d 4 as a¡ aeolia¡ flat or clune. I'Ilth th:is evidencor a¡ld the grain

size eviclencee one tray be lead to conelude that:

1. category 1 is a beaph forrned Ín a high enerry

envj.ronment (stor¡n beach)

ii. category 2 ls a reworked porbion of 3g also for¡red

Ín a hÍgh enereñ¡ envlronment (aeotian)

í11. category 3 1s a beach formed in a 1or'¡ enerry

environment ( foreshore)

ivo eategory { is a rer'¡orlied. lrind doposit, on the

oniginal drÍft.

Tiris is rather inconclusively supported by the hrrbosis results. Beds

category Ie 2 anil 4, in cornparisof with the ]4usbang fsland data, nay be

eitber beach or d.une depositse r.¡hile depth category 3 kurbosls vaLue

points to an aeolia¡ flat situation.

Therefore variation ín depositíon occurs with dopth. The evj--

dence is not eonclusive as ¡aost of the beds roay be either r'rater or r'¡ind

J.aid deposits. l,Iriters (quoted abo'¡e) uho agreo that lov negative sker'r-

ness or a near-sJnm¡etrlcal distribution characterizes a beach depositt

¡oight consider that the Ste. Anne ridge r¡as in fact a beach deposit.

The posítive slcer¡ness nlglrt equally inclicate dune deposition.

co The Ponton Ridge data" The Ponton ridge d.ata dlffers

in mar¡y ways fl.om the Sbo" Anne ridge, reflecting a variation in source

rnaterial and a large òistance betr,¡een the two areas"

As stated prevlously (Chapter 2), ttre Ponton ridge roay have its

sedirrent souree !n pro-gIac1al doposits, r,lhich have been reworked, pos-

sibly þ the uaters of Lake Ágassiz. The size ôistrj.bution curves for
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the tlacoe rÍdges and the inter-ridgo area douonstrates a close slta.ilartty

r,¡trieh reflects that ths sain€ sor¡:ce naterial vas responsible for the

eonstruction of al"L of the ridges"

The nean gratn size of tho data alL falls into tho flne sa¡cl

category. There is a vårfatlon in sa¡d sizos throqghoub the rldges. The

coarsersed.lments are found in Rl and the finest sÍzes Ln R3. If vave

actlon, as statod above, removes tho finer grains, thenr a-ssuming a

shorollne envlronnent, R3 rnay bave been ezqrosed, for a shorter period of

tirno to the bac!:wash and sr¡ash action than R2, Rl nney have been exposecl

for the greatest dr:ration" The l-atter poínt is not inconsistent l¡ith

the fact that RI is closest to the ttlaicer¿ard.rt nargin"

When the parbÍcIe sj.ze data is cotapared with that of Mason and.

Follcss (195S) on l&rstang Isl-a¡rd the Pouton values are found to be con-

slsteutly coarser tha¡ the coarsest d.eposit (tbe ¡each sa¡ds) recogulzeil

hero. Thls ts on-1y by a srnal-L fl'actlon, a¡it the Ponton seùinent lnay bs

said to nore elosely a¡rpro:Cnate to beach sa¡ds thar to dune or aeol-ía¡r

flat depositso

The tbnee ridges aro a.Ll moderately welt sorted (Folk, 1866).

R3 is better sorbed than R2, vhich 1n tr:ra Ls better sorbed than Rl.

the r,¡orst sortlng occurs in the lntor-.:ridge areaso lÍhatever deposltÍonal

agent (assudng a coastant síze soulce) caused. these foatr:res, R3 has

been exposed the longest, and presutuably ha,s been subjected to the most

winnorrlng þ wlnd or watern This is conslstent r.¡ith the declíno of the

level of Lale Ágasslz, causÍng a prograding shorellne soquence fÞon St'I

to NE. Ttre sorting values are not sinilar to the ones found in the

l-iterature.

Tlre skewnoss values are aga:in all Lou and. falI lnto the uear-
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qmnotrS-eaL categorye exeepi the inter-ríd.ge æaa, uh-1ch ll¿s a highor

flequency of fÍne gralns" Tho sker,mess values do not vary systenatj.-

ea1ly flon rldge to rf.dgo, for Rl arrd R3 have tho b-ighest va"luos" Ïn

conparison vith the data of Mason and Folk (fç¡S), the results are in-

determfnate, vith the exception of R2 whích rnay have been forned in a

beaph or dune en¡rirorunent,

tiker.rise the kurbosls values do not vary systernaticaLþ with the

rldges, I'fost of the results shor¡ a tendency touardsaleptolcurbic type

of distributlon, exeept RI wh:ich 1s nesolnütj.co Thls r^¡oul-d tend to

lndicate that RL was elther a beach or dune (compared to Mason arrd

Follcts data), R3 a:ad the lnter-ridge area tend. towards the aeolia¡ flat

category" R2 is trroninentþ leptoln:rtÍc, uhlch nay lnd:icate that this

too r¡as fornsd ln a¡ aeo}lan environment.

Therefore there is apparently reasonable evidence at this point

(if conparisons are valld.) that the Pouton rldgos megr bave beon formed

1n a slmilar nannero 0n the basls of mean paröicIe size and sorbÍngr R3

was formed first (¡"ing exposed the 3.ongest) and Rl, uas the last to be

formed" The sands indicate that the ridges nay b€ either bea,ches or

aeo}lar featuroso

No cLear conclusions car be reachod as to a defiuite origin of

tbe Sùe. Anne and Poaton llsupposedll lþassiz beaeh ridges on the basis of

parbicle size a¡alysose The weigtrb of ths evidence fndfcates that the

Ste. Anne rÍdge is a mora{ne r,r}rich has boen rer.¡orked 1n different stages

þ wlnd or vater, ald r"¡ith a d:irectlonal force perpondlcular to the

N - S orientatlon of the rldge. At Pontone tho evid.once suggosts either

a noòlffed aeolia:l or r.¡ator J-atd deposft" The fact that R3 may have

been e:çosed J-ongor to modiflang procosses tend.s to 1nùicate that the
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three ridges may have ben beaches in a regresslve shorelino sequono€o

Subsequent aoolia¡ modlfleatlon nay also have tal<en placo"

Bo

Ponton

This sectlon consists of descriptlons of heaqy nd-neral alalyses

tai¡en fþon the Ste" Anne and Ponton ridges" The follor¡lng sub-sections

are included¡

1. A rovier'¡ of tbe relevant llterature on hoar4y ¡ulneral analysis

2" Fresentation of data flon Ste. .Anne and Ponton

3. Tenbat'ive conelusions based on the data Ín reLation to

findlngs descrÍbed in the past literaturen

1" A reElel'l. oJ-lhe r ,

Ihrch of the t'¡ork done on the aaalysis of the hearry ¡slqs¡aJs of sed:i¡aontary

roeks has tended to vary in ter¡us of both the techniques used and the

concluslons drarrn flon the results. Most r.¡riters tend to suggest that

either heavy nineraLs reflect the sotrce rock fbom r¡hich the sedinont

r¡as derived or tho process factors which are involved drring transpor-

tation and deposLtion.

A number of heaq¡ ntneral analyses havo been used to evaluate

the original sediment sources of the deposlt in questfon. .Attompbs r+ere

nade fn f9/+L13 ty G. Rlttenhouse to demonstrato the validfty of the

assumption that tho m.a^flic content of a ssdLnent 1s a direet reflection

of the provenaiteo naterial. After analyaing sanrples fbo¡n a tra¡sverso

sectÍon of the niddLe Rlo Grande Valloy¡ Rittenhouse coneluded that the

slzo dlstribution of heavy ninerals in a fluvi-al doposit depends nore on

the \¡drarrlic conditions at the tine and place of deposltion and. the
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slze of tho nlneraLs available tha¡r on sourc€ materialsu Thereforet

unless such factors as sed:inent size and the eompetence a.trd capaclty of

the tra¡lsporting agent are accounted for fn the analysis, a true re-

floction of 'ùire source naterial ca.rr hardly be validly assossed.

Another attenpt to detormins the source rocks flon which eertain

heaqy nlneral-s vere derlved 1s that conpleted by D" C" CaruolL (1957),

J. J. ltr" Rogers and 1,1. F. Powell (fg¡g) " The lattsr arthors stated that

tbe typs and d:istribn¡tlons of heaqy nrinerals (espectally zircon) found

ln tiæ Beaumont clay 1n lexas are largely controlled þ their soìlrce

roeks. Sinl1ar1y W. P. F. H, d.e Graaff and C. F" Woonsdrect (fç63)p in

the Coruna Provfnce of Spaine analyzed. tr¡o baaches for their heaqy

nlneral conterrt. The lJttoral zone was divtded J.ongltudlnally into

three zoues, with eertain ouistanùing heaqy m;inorals in each" Tt¡ls di-

vision accor&l¡ith the local disposition of ignoous and ¡netamorphic rocks

a¡d the heavy nineral content relates to eaeh. The r.¡ork of D" Mo Poolo

(fg¡g) indÍcates that the þdraulic índex roa¡r have had a greater control

on the distributi.on of certain heary n:ineral tfpes than l¡ould source

naterials.

The fact that beaq¡ antl light ninorals settle at ùifferent

rates, ancl therefore dor,rinate Ín different deposltional emrirorunents 1n

rel-atlon to p'revalenb energy conclitions¡ ís shown in the r,¡orl< of

B" M. Hard (L96?) wiro used dolta valuos to d.ifferentlate beach foreshore

a¡d dune sartls. fn 19{1, F" J. Pettijoh¡ related the persisterrce of

heaq¡ ninerals ín certain stratigraphic horÍzons with geologlcal aget

a¡d conclucled that younger arenaceous roelcs bave a noro diverse nineral

assenblage (probably by lnferenee, a higher percentoge of heaqy ninerals)

than ol-der roclcs. This 1s beeause the less süab1e heavy rniuerals 1n the



201

olcler doposits tend to disappoar þ solution.

Perhaps it shoulcl be concluded thato r,rhen detern:ining ths source

roeks flo¡r which heavy ninera-ls aro dorivecl, exLre¡ne care should be exer-

cised because of the variatlons inhorent Ín the transporbatj.on ancl sodi-

nentation (a:rd possibLe further rernrorldng) of the deposit"

As regards tho ai.m of the plesont vorlr, to determine the on-

vironnent of deposition of supposed LaJ<e Agassj.z boach riclges, 1t Ís

proposed that heaty nlnoral stuùies, not necessarlly of a detailed na-

ture, should be used for envlrorimental differentiation. This type of

work has previously been undertalçen by J" S. Bradley (L957) on Mrustarig

Is1and, Texaso Here, ba¡rier isla¡cl- sediments are disbinguished fìrorr

gulf seòiments on the basis of their hearry nlneral content (O"lr5fr 
"na

O.O5%) þ voJ.une, respectÍveIy. The berrn zone ís lntermediate Ín value

btweeu tho two (o,3/r/).

2" The- prese.nbalig¡j-o:fl-de-ta fbop Sto"- Axn-e g$d-Bontqn. The sam-

ples for heary ¡iineral analysis flon St'e. .Anne and Ponton r,¡ere tal<en ac-

cord,:ing to the stratified raethod descrlbed in Chapter 2" Not al-l the

seitlons vere sarrpled. Certaln sections r.¡ere elí¡iinated because of the

unsuitability of the sedi¡ient. fþom tbe remaining sections sa^up1es uere

chosen at ra¡dono lhe laboratory procedure was as follous:

€!. the sample va.s sÍeved so that 4 fþactions eorrospondíng

to the amount of seôiment retained on the 35s 50,- 70 a¡d 100 sieves r,¡as

used..

b. The samplo was passed tbrough a sample splittor.

cc Half the sample r.ras then uashed þ docantatÍon and dried

thoroughlyo
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do the nagnetlc ninorals lJ€re removod þ a hand magneto

eo fhe sainple lra-6 run through a f,banz Isodyna.ud-c l'fagnetlc

Separator tr.'ico to ensure nardnrun separationo

f. the ltght aad beaq¡ ninerals were r,reighed separatoly to

doternLne the percentage of each. The results obtained are fouttd- 1n

Tables 18 and 19.

No nfneralogical eheck was made on the heavy minerals since this

is not neeessatily consisteub lritb the detorrctnation of the environntent

of deposltlon,

The results given in Table 18 (S-be. Anno) shol¡ an a\rerage val-ue

for the heavy ratneral content 1s relativel-y hlgh fn the 35 sieven and

relatlvely low in the ?0 sieve" Tbe averagg percent of hearryr minerals

Ín the Ste" Anne area is therefore between /y,28 and.8u/r9" In Table 19

(Ponton) the values show a ¡ruch higher pereent tha¡ the ones for Ste.

.Arneo As on the Ste, Anne rid-ge, there ís a síniJ-ar proportlonal de-

crease fÞom. the sieve 35 (]:g"3l% at Pon1,on) to sieve 70 (L3"93fr) a¡d

inerease to sieve ].:OO (æ.9I/') 
"

Tesès were run on the data to deternr-ine what possible dlff€rence'9

in the values related to the sieve sizes, rather than to the hearry

¡rÌneral conteut itsel-f. The two extrerne sievo sizes were used, because

ary significa¡rt difference should be closely reflectecl ín these. Detail-s

of the test are shown on Tablo 20 and 21.

a. Null- Iïy-Fthesis¡ Eo: the heavy ¡nineral content of the

35 sÍeve does not ùiffer fÏom

that in the 100 siew

IIi: ths mineral percent ín the 35

slew is dlfferent fþotn that in

the l-00 sieve

\



TabLe 18

Heaqr }flnoral oata (Ste. Anne)

Section Nunber

28 TIÏ
ÐT
3Cr
4Ð rr
4Ð ÏtI
6O TT
rtsrrcI
8A IT
8Ð TIÏ
8EV
9Cn

16C TT
I?ts r

Percerrt

35

203

Eeavy Ì.tlneraLs (sievo slzes)

50 70 Loo

7"LAY
9,932
7 "32rg.ol_g

7"826
8,281
8.311
8.L00
8$n
9"TLz

L2"353
8"882
8,576
6.857

lr.ln86
t6,626

5"O28
3"259
4.9n
6.725
/+,630
5"309
5"06L
l+"6{L
5,373
4,5Ø
6.'125
4.630

4..3L0
lr.n8
/+"L02
l+"LgL
7"9Ð
3 "Tl2&"78L
3"768
3.Ol+7
3"6L9
ln.15lo
3 "2(Ðl+"382
h.558

Fron an a\¡erage depth of 2 - 3 ft "

x 35 s 8,tß&
r fr s J.8538
* 7O = /+,28O7
s Loo = 6"@L9

TotaL nu¡ober analYzed ' 56

9,396
5.639
8"312
7.090
/+"107
l+.739
9"256
5,855
l+.5o7
/+.TLg
6,25A.
l+"638
.4.L01

L6.O73
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Hea¡rt' Mineral Data (Ponton)

Seetion Nu¡nber

-4O08
-4Oæ
*¿+008

-4O0t
æ04
200H
200M
6008
9004
900û
900t

L30æ
1300J

Percenb

35

L8"703
L8.26/+
L9"276
?a"62lt
26"236
]5.505
25.æL
æ"ll+6
9*813

16,508
10,01
29.5/Ð
].:9.545

lþon an average

20l+

Heaqy }fi-nerals'(sÍeve sizes)

50 70 l-00

]",2.-6/+l+

U"o28
L2"72ß
]..2"?ß2
LO"763
10.836
25.255
T8"?J2
13 "'lgLJ3"U9
].2"428
L5,4ß2
16"L87

T3"TLz
rt.396
LO,55t+
1/+.181
a5.926
L2"O83

8"71+2
17"rg5
u"368
30"339
].,2.l+75
10.7r4
L5"38L

33.54u
15"028
ll+.99O
L5"623
14"850
J3"506
L2"Æ2
16"5ß
13,O82
]-3.L50
33"06/+
].:O"39l+
f.5"532

x tr=
* 50=
* ?0=
*too 

=

depth

TotaL nüûb€r

L9"305
u.137
].3"928
2o.9Lo

auaLyzed. s 52

of2-3f"t'"



Sts" Anne

Tabl-e 20

WlLcoxoa Matched Palrs Signed' Ranks Tesb

28 TIÏ
ÐÏ
frT
/*D II
4D ÏV
é0' ff
78T
?tI
8A ÏT
8D TTÏ
8EV
9Û II

L6c rr
178 r

35

'1"41
g.g3
7u32
9"02
7.93
8.28
8"31
8,L0
9"33
9"TI

L2"35
8.#
g"5g
6"86

100

n5

g.tÐ
5"6/0
8"31
7rW
4.ÏL
4.71+
8"26
5"86
lr.îL
l+"Lz
6.25
4.61r
4"10

16.07

-L"gg
3,L9
-'99

.93
3.12
3.54

.Q5
2"21+
g"g2
5.59
6"10
l+.U+
lr.Aß

-9 'n-

Rank of
(lt

-l+
+6
-3
è2
+9

nþ{
+1
+5
+8
+L2
+73
+L0
+L[
-L4

Ralrk vith Loss
flequent sign

At eaæ0.5 sLT

Thore ls no stgnif,Lcant dlfference
bstr¡sen the percentages in the
35 or J.00 s1eve.

-lr

-3

T*25-
N=13

;u+

T€



Ponton

Table 21

ÌÍiLco:on Matehed Pairs Slgttod Ra¡rlcs Test

-4O08
JO0û
-4O08
-4O0t
æ04
200H
200M
60oE
9004
900G
900t

1300t
1300J

35

L8,70
L8"26
19.28
?J-"62
26"21+
L6.5L
25"æ
æ"r5
9"81

L6"5t
10.01
28"5/+
L9"55

100

206

33"52
]-5"o3
u"99
]..5"62
u"85
73"5L
L2't&
L6,53
13.08
13 

"L513.06
LO"j9
L5,53

-J.l+"82
3"23
l+.n
6"oo

Lt"3g
3*00

33,39
3"62
å"n
3"36

-3.O5
18.15

l+"Oz

Ranlc of
di

-L2
+3
+8
+9

*10
+L

+11
*6
-t,
+5
-2

+!2
+7

Rank wlth Less
fbequert slgn

At o< s 0o5 æL7

Tiere 1s no signlfieant dffferenee
botr.¡een tbe percentages Ín the
35 or L00 sievo"

o
ao

-L2

TøÆ
NoL3

-4

-2

s =TE
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b. the i,liLeoxon Matched Patrs Sígned Rard<s Tesb r¡as chosen

bocause the sanples uere related.

c. The va-lues for the tests are found in Tables Ð and. 21"

d. In both cases, thereforer it is necessa¡T¡ to accopt the

NuL1 Hypothesis a¡d a.ssune there is no variation ín heavy nineral con-

tent with grarn sizeo

trþom tbe valtres found on the Ponton ridges (ta¡te 22) the re-

sults of the sarnples taken fYon each ridge r^rere computed separately to

determíne any posslble varlatlon ín the bearry nineral content betr¿een

ridges 1, 2 and 3" The resuLts are tabul-ated as foLLows:

Table 22

Rídge

Tbe ønerage heany mineral percenb for Rl ís J5"33%, for R2 ls L6"12/"

and for R3 1s L6"10ø. One outstanding feature is tha-t there is very

Iíttle variation in the overall hearry nineral content betr+een R2 a¡d R3

and only a slÍght variation betueen theso and Rl.

3. TentaüLy,e--eonelus-ions based onJlie dqla lnJqelation te

findinqs deseribed Ín the past IÍtqrgture, A particularly character-

lstic featuro in the results is the abundance of hear4¡ mj.nerals Ín the

R1
R2
R3

35

Sieve Size

50 70

L9 
"Ll+Lg"3g

NJL

]..6"66
u"22
J3"3lr

11"80
17"11
13"?.2

100

]..3"70
U"7l+
L7"38
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Ste, .Anne and Ponton ridges. these far erceeed the values obbained þ
J. S. Bradley (tgSZ). Therefore comparison of emri¡onments, based. on

tlre percentage of hearry nineralsr cannot be nade.

Folloving the l.¡ork of F. J. Pettijofrn (t9lú) r a younger deposit

nry eontain a greater dlversity of heaqy ralnerals than an older one of

si¡d1ar environmerrbal depositíon, Therefore it wotrld seern platrsible

that the Ponton ridgo is younger than tho Sbe. Anne ri-dge. .Alsor Íf

this inferenee is correct, Rl may have been forned before R2 and R3.

Although the short Iength of tÍme here taken Ín seiLinentation eould

negate this eonclusÍon.

In terns of seðiment sources, it is perhaps va1ld to suggest

that the Ponton rídges nEr have greater pnoxlnity to the source of heaq¡

ninoraLs tha¡r dôes the Ste" Anne ridge. Heaqy ninerals in both sreas

pnobably originated fbom the PreJanta"ían ShieLd areas, but are nost

¡robably derived. þ reworbng of ti1L. Sor becanse of the differences

Ín heavy nrnoral content¡ the Ponton sedinents nry be fi-nther ar.lay fYon

thejr source materÍa1 tha;r those at Sbe. Anne. The assurnpbione foSJot+ing

the work of G, Rittenhouse (L9t+2-3), tUat þ'drarlie conditions at the ti-ne

of deposition are nore inportarrt than sor¡rce areas cannot be accurately

cheeked in tlæ case of the Ste. -kme and Ponton data. As seen þ the sta-

tlstical test run, there is no apparent significant relationship between

the sieve sizes used and the respective heaq¡ ¡rineral corbents. Neverthe-

less, taling the first three síeve sizes only (35 - ?o), there is a de-

crea^se in the averago percentage of heavy rainerals in both areas. So

there are more heaqy minerals in the cosrser size grades. Enerry condi-

tlons nay have been nore Ímporbant controls than tho sor¡rc€ ârê&sr

B. C. RaD (L957) suggested that there is a dense accumulation of

heaqy rninerals in the llttora-L environnent caused þ the relrorldng of
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the sands ancì the r,ra*shlng a'¡ay of light minerals durÍng certain periods

of coastal erosion and dopositiou. Tho acculnuLation of hear,ry minerals

ín the case of Steo Anrre uould suggest reworklng þ sone agerrb that had

caused the rainerals to bÊ laid dor¡n in larainations, as described in

Section A of Chaptor 3. Follor¡ing the vork of B. M, Hard (WfZ)e tho

evldence of Ia''ri nations would strengthen the fact the Ste" Anno rid.ge

vas nade up of l¡ater Laid deposÍts" The h-igher heavy inineral content

at Ponton also suggests reworkfng þ some agont, possibly ei.ther ¡¡ator

or wind.

Defllnite concluslons regarðing the onrlronrnents of doposltion

of the ridges at Ste. Ánne a¡d Ponton ca¡not be nnade on tbe ba.sis of the

percerrt heary rúneral eonteut" Some evidonee polrts tor,rard.s a littoral

enviroment in both cases (simply bassd. on tbe noted. accutuulation of

heavy ¡dnera-ls) n lufore reworlcing is inclÍcated in the Ponüon ca.se because

the accumulation there is higher.
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coNcf,usïoNs

The ains of this thesisu as stated in Chapter lu were to provide

¡neaningful- crlteria for the recognitlon a¡d. dLstfnction of cerbaln ex-

q¡nFles of supposed taÏê Agassiz beach rldgese and. to &lscern the orlgin,

íf possíble, of the rldges at Ste. Aune a¡d Porbon.

Certain authors, quoted. in Cbapber 1, have amassed facts on the

tatæ .AgassÍz beach ridges in l,Ía¡itobae brrb have not stated hor.r these

features nay be speclflcally ld.entifLed in the fLeld. Although the sarn-

pIe at Ste" i¡ne a¡rd Ponton Ís very snal-I, and perhaps not representative

of the population of boach ridges as a whol-e, a ntunbor of characterlsti-cs

e¡åst r¡Ìrich provld.e eviclence of the orlginal environnent(s) of depneitlon.

llhon eonsl<lering the morphologye the overal-I hsight of the ridges

over a short dísta¡rce varies, fn the case of Sto, Anne the longitudinal

varfation is quite snal-l, beÍng orûy 5"51 1n 2,5 niLes; steoper height

va¡lafions occur at Pontone where at Rl there is a difference of L2s ín 
.

L900r¡ and R3 has a difference of 21! 1n 1900r" Tho naximurn variation

can be seen in R2 r'rith 21t in L900r.

The rlctges na;r bs snootbly rouncled in for¡a with the slope angles

equal on eÍther si-dee as in the case of R2 at Ponton¡ oT¡ rnore oftene

they nay have one slope sboeper than the otber, as in the case of RI and

R3 at Ponton and the ridge at Steu Annen

The maximum $Édth varies for the noastu'ed nortioris of the ridges.

The r¡iclest ridge is RI at Ponton vith a uidttr of197r. R2 is33 | across.
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and R3 is 1OO fb" across at the r.rÍdest point" ihe Ste" Aittlo ridgo is

the lrirlesb featu:re, having a naximua r,ridth of 608 fL. and average r¡id.th

of 3M f\.
l'trhen the above facts are compared to rnorphologically similar fea-

tures of knor.rn origin, descri'bed in the literature, certain tentative

conclusions can be ¡nade. the fact that the slopo angles on both sides of

the Ste" Anne ridge are unequal indicates that it cannot be identified

as all osker or a tra¡isverse dune" It ney be a moraialc feature or sone

J-a¡d form found in tho boach, off-shore bar or berm t¡rpe of envj¡onment.

SÍ¡rilar possible envirorunents of d.eposition are suggestecl for the riclges

at Ponton" R2¡ beeauso of the equality of slopes on eÍther sid.er may

also bo an eslcer.

the sedinent descriptions are variable and there is little sini-

larity betr,reen the stratlgraphy in the Ste. Anne ridge and that found. at

Ponton. .At Ste. Anne coarser particles tend to occur tor'¡ards the eeater

ofthe ridge, in the C, B ancl D sectionso These become gfadually finer

tor,¡ards the A sectÍons on the western presumed rtl-aker^¡ardrr sid.e of the

ridge and towards the E sections on the easterntrla¡dward.rrside, ^Assurcing

the entire area consists of a morain-ic ridge, the reworking has caused

coarser part5-c1es to accumulato tovards the center of the ridge, r,¡hile

removing the finer d.eposits. The sizes of the coarso particles generally

occur l¡itldn the granule-pebble range, thorefore a high enerry environ-

nrent Ís suggested. Possibly a stor¡n beaeh woulrl f\rJ-flill thÍs ty-oe of

requirenent, By inference, the finer deposits would then be rernoved to

the sides by the r.rinnotling effect anrl be deposíted in deoper t,ater'

Imr¡ediately belo,,,r these eoarser sedimeats and again touards the

eenter of tho ridge, nedium to coarse sands are found l.lhich are intorrnit-

tently lnterbedded with silty c1ry" These aay represent the t¡rye of
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saItds found. elser.lhore as foreshoro deposltsr and the sllty clay rnry in-

dlcate nlnor fluctuatlons in la]ce level, If tbis wore sor then the fore-

shore sa¡ds were deposited at an earller stage tha¡ the overlylng coarse

sedlnents, uhich is accordant r¡ith the tbeory of a progradlng shorelirie

sequence" The evidenco for a shoreline emrironmont is stipporbed by tho

graded bsddingr sorting a¡rd la¡rinations r.rh-ieh occuro The htgh angle

etratification also supports tbo above hypothosis. ?he ss"ne evidence

suggests that the Ste" Anne rldge neg havo been doposíted as an osksro

The ridges at Ponton¡ by contrest, have a degree of honrogenelty

fn their stratigrapfiy" They consist of nedi-um to fllne sanclsr with the

occasional pebble or granule horizons, and ver¡r 511Uht indieations of

laninatlon in R2. lherefore thore fs a lack of strat'Ígrapblcal evådence

whieh nlghb suggest a¡ environ¡rent of deposítion" There ís nothing to

favor the theory that ary of the rÍdges is an esker. Tbe homogoueous

sa¡d is eonsistent wlth a¡ aeolian environment" The naterial may have

been sorted b$t fleeze-thau actlvity in a perigLacÍal envj¡onment, a¡d the

boulders whlch occur on the terraced portlons of the rldges Drây oue thej-r

posítions to the ice-push effect. The latter uould in turn suggest that.

tbe rÍdges ltere constructed during, or prior toe lake formation.

Sphericlty values r,rore àetermined for cez"bain samples mainJy at

Ste. Anner and for two sanples only at Ponton. For the Ste" Anne rldgee

the range of spherieities fs betwoen 0"668 and 0"895; this is not dis-

similar to the value obtalned from the Ponton rÍc1ges, (RZ and R3), r,rhere

an average sphericity of 0"'128 r,ras obtained. As ivelL as the absolute

values, cerbain trencls tJêro recognized. The generalfzed trend of a de-

crea.se fbo¡n north to south in the overall sphericities is evidonce to sug-

gest a shifting of grains, posslbly due to longshore drift, or otler
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cument effects ln a beaeh envlron¡rent. The Steo Anno pebbil-es wore

plotted on sphricity-forn diagrarns which, vrhen compared to others fn the

}Lterature, indicated that the doposlts here, because of tho constltuent

spberical (conipact) a¡d rod-shapod pebbles, nry oue their shape to the

bachwash a¡d sr,¡ash aption" Ifowever the sa¡ro evidence could indicate that

tho ridge was formed 1n a fluvial environmento This ís substa¡tiated ty

the decrease in the spbericity valuos of limostone rapidly uith tra¡s-

porbatíonr arrd bocause of the easb - vest variatíon in sphericity across

the ridgen

Roundness Índoces r.rere deter¡rined for the Ste, Anne rÍdge" Ac-

eording to the KrunbeÍn Scale, the va-lue va¡ies fYon 0"354 to 0"57I¡ a¡d.

botr¡een 2.2 anð.60L bf the Callierrx }4athodo The roundness vaLues are

nore eonslstent whlch contrasts with the sphericity mea"surerents, re-

flLectlng the different sarnples vhieh were used in each case. SimlLar

trends are deseråbed in the literature and, a*ssunring a beach environnent,

the curront directfon nay have boen norbhr.¡arc1s. The values obtalned also

indicate that the rounding oecuned in beaeh deposlts,

The long ad.s orÍentation of pebbles ta.ken flon eerbain sections.

fn the Ste. .Anne ridge Ís, in EsrrJr casese sbatåstica]]y insÍgnlftca.nt,

0nþ tr.ro signifLcant di.rectÍons vere foundn These rnrere in tbe ranges of

80 - 100 d.egrees a¡d 120 - I/+O degrees in the central and northern por-

tlons of the rídge, respectively" '[,lhen conpa¡ed to long a:Cs studies in

the llterature, the Ste" A¡ne rÍdge nay not be a¡ oslcero There is no

evi.dence of a nortb - south conponent suggestlng uni-directionaL fLor,r.

In previous works, beaeh pebbles have boen reported as lylng parallel to

the shoreline. This trend. ls not slgnificaltly shotin at Ste, Anne.

There Ís evÌdeneo that tho pobbles nqr have been depbsited in a beach



n/"

ornrlronrriont, if they (Ilke sands) h.we their long axos paralleI to the

backwa,sh dj-rectionu The high degree of scatter Ín the data is sinúlar to

that fou¡d in outuash deposÍts.

Texbural analyses were perfor¡red on sarnples fbom botir the Ste"

A¡ne and Ponton ridges" T?re Monent Feasures vh-ieh are citod Ín the

I{terature are used as evidence for ths depositionaL envlronnents of

sediments. These are the l{ea¡, $bandard Deviation (Sorting), Skewness

a¡d Kurtosis, These neasur€s vary wltb respect to section psition on

the ridge at Ste. Anne, and with respect to depth" The variationse A - E

across the ridge, indleate that coarser material oecurs tor¿ards the cen-

teru The nea¡ grain size ln tho various sections suggests a shorelÍno

envíronment, the sorting is ineonclusive, the skelvness lnd.ícates a shore-

Lino or dune errvi-ronnent, a¡d tho kurtosis suggests either a beach, dune

or aeolian flat envlronnsnt, Betr'¡een 2 and.2u9t the sedi¡nents nay have

been deposíted in an aeolia.n envåronmert, Betveen 3 and 3.91 the sedi-

ments sbor,r evid.ence of having been deposited a"s a beeph, forned as a low-

enerry foreshore deposit or aeolia¡ f1ei, BeIoç dl there j.s evldence of

aBo}lan nodiflcation of the origínal tÍII (parent naterial).

When consådering particle sÍze datae the Ponton sediment may nore

elose3-y approxinrate boach sa¡ds tha¡ dune or apol-ia¡ flat deposits" Ihe

sorting varies flon Rl to R32 the latter havíng been o:çosed the J-ongest,

whÍcb is consistent lÉth a decline in lake Agassiz flom Slf to NE" The

skowness values are naifl[y indetorminate, except in the ease of R2, ruhich

nay harre been forrned 1n a beach or dune environmentsn Sinilarly, tho

hrrtosis values indlcato that the ridges were deposÍted either as beaches

or duneso

The healy' ninoral- data ls íneonclusive. Tire eviclence points to
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reworH-ng, wbich 1s nore prevalent in Ponton than at the Ste. Ánne ridge.

0n the basis of m.orpholory the Ste" Anne rldge nay be a morairric

feature or sone Landforn. found ín t he beach, offshore bar or storm beaeh

emrironment. The storn Ïrcach, or off shore bar, hypothesis is supported

þ a study of the stratlgraplry in the eentral- soctions sincs finer ma-

terial is found on tire east and r.rest edges, indicating that doeper r.rater

sunounded the feature" OfT-shore bar or foreshore sands are found bolor'l

the eoarse storrn beach sodirnents" The sano bsdded sequenco could be evi-

dence that the rldge is a¡ eslær.

The genoralÍzed trend on the spherícity data is uot dissinrilar to

that found to result fþo¡n longshore drÍft. But the sphericity form dia-

gra&s 1nðicate that a fltmñis.L environment ís also plausible" The round-

ness values decroase in arr opposite directiou fron tho sphericities Ín-

d-icating a dífferent current direction. The values iqdicate that the

rouading occu:rred. 1n beach deposits. Ðridence from the long axis ori-

entatÍon ls inconclusive but suggosts that the pebbles r/rere deposíted as

outuash or gLaciaL tillo

Diffsrent evLds¡ce agarn is d.erlved f'tnoil the texbural analyses.

Sonne para.meters suggest a shore}Lne or duno emrironrnont, othors índicate

depositÍon r¿ithin a dune or aeoli.an flat environrnent" Ðepositiou as a

beach is suggested for the uprpor eoarse d.eposlt, a¡rd tha rematncler nay

bavs been subjectod to eiths¡ water or wind reworldng. The reuorklng is

also suggested. by tho hoaq¡ nineral analyses,

The ovidence tends to be contradìctory and therefore inconclusive"

The Ste. ^Anne ridge is a nod:ified ti1I doposit, reworked by uind and. uater.

Evldence for the latter Ís stronger because of tho eoarso pobble hori-

zons, suggesting a h:igh energy en¡rLronment. Tho rldge xûsy b€ poþgenetic
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ln origin"

Tbe norphology of the Ponton ridges d{ffers" All ths three

rldges nay have bsen for¡ned as a beach or off-shore baro In arldition

R2 nay have beon deposited. as an eslçer" Tho stratigrapl¡f in all three

Ponton ri-dges 1s made up of homogeneous sa:rdse consistent r^rith e¡ apolfa¡

en.rlronm.ent. tho degree of sor.blng, and the fact that boulders are

percheil on t}e temaces, suggests ¡aocliflcation in a perÍglacial environ-

Eeut.

The terbural analyses shot,¡ the ssd.inent nore closely resembles

bsach tha¡ cluno or a.eolian flat sands, altbougtr there is some suggestion

that eech of the ridges nay have beon d.eposited as beaehes or dunesu The

beaff uinoraL analyses indicate a hlgb dogree of reworidr€¡ whieh cor:ld

take place either þ r,rater or l¡lnd."

As vlth ths flinðings at'Ste A¡ne, the results for Ponton are in-
couclusive" There ís evidenee to suggest a bsacl¡ or ar aeolia¡ emriron-

neub of detrnsition. The rÍdges nay bo poþgenetico
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Section 2A

Appendix I

TIM STE" ¿NNE RTME

Section 28

0n0 - L.3
l_n3 _ Z"j

Quarry

000
1o8

Z.O

2.L5

2.3
2.1+

2.7

2.9
3.2

3.5

l+, A'

1"65
l+r85
5.1
5.3
5, /+

5.6

perp€ndiculsr

* l_"8
- 2oO

- 2"15

- 2.3

Descr.lption

SoiL horizono
Unbedded gralxulesr nrjxed sand
and coarse silt" L0 B 7-2.

235

to the long arcis of the ridge

Contorted areat mixed þ quarrXring.
Ilnsorted granules, verT coarse
a¡cl mecliu¡l saxd.
Laninated ne&ium sardr with a
few granul-esn
Granulese verY coarse sa¡d a¡ld
Íþd:iun sandn
FÍnely la¡ninated nedium sarde
Predonina¡tlY mediun sa:ede with
vory coarse sa¡ld larninaer and
granules"
!4adiun sattd witb eoarso sand
Iam'l nae'
Very coarse sanil ]arninao
Lqx'i natecl fine saxd a¡td coarse
silt. 2.5 y 7-2"
Preilomlna¡t1y rædiun saad, r'rith
fine granules and PebbJ-es'
Mediu¡n saxd, l¡ith eoarse Lani nae

and gtranules.
Coarse sand. l¡¡rina - gfaded"
Dark clay horizon¡ r'rith granulesu
Coarse sard 1e'm{ n¿'
Dark clay horizone vith granules"
Very coarse sand la¡Tina.
Dark clay horizs¡, with granulesn

* 2.Ä.

- 2"7

- 2"9

- 3.2
- ).)

- l+.1+

* l+165

- 1r.85
- 5.1

Ê2.

- 5.ll
- 5.6
- 5"7

Structures:

T
TI

IIT

Beds
Bed
Beil

1"8
2.9
3"5

- 2,8 dlpplng
- 3.2 dipping
* lr./t dipping

3 degrees dol¡nr¡ard to eastn
30 degrees dol¡nr"¡ard to easto
30 degrees downwarcl to east.



Sectlon ãl Quarry perpendicular

0n0
L.4

2.2

2o7

3"o5

- L,l+
_ 2"2

* 2"7

236
to the loug axis of the ridge

Delrcription

Soil borizon.
Coarse sand lanLina, interbedded
uith medium sa¡d.o Fer,r gra:ruIes"
Graded sand horízonn r.rith coarse
sand above and. fine sa¡d and
coarse síIt belor¡. 2.5 y 7-2"
ünsorted nediu¡r and coarse sa¡d"
Some larni na developmerb"
I'feòium saxd, with very coarse
sand Ia¡nina at 3.1 and- 3"2.
Coarse saxd laruina at 3.35 and,
3"115.
ïInsorted granules and ¡ned:iu¡r sa¡d..
Interbedded ned.iun and coarse
sand with coarsê silt and fline
sa.nd. 2.5 Y 7-Zu
Predomina¡tly coarse granule s,
wtth mediun and coarse sa¡tdo
Coarse sa¡d lemina.
Fine gra:rule la¡Éna.
Sand Ianìna with graaules"
Granules and very coarse sand
Lami na.
Dark clffr r^rith disconbinuous
pebble horízono
Interbedded nixed sa:rd, r,rith
pebbles and coarse sandn

- 3.05

- 3.6

3.6
lr.ln5

10.85

5.2
5"1+
5.5
5"55

5.8

5.85

- l+./*.5

- 4"85

* 5"2

* 5.4.
- 5"5
- 5.55
- 5'8

- 5"85

* 6.25

Struetures:

SeetÍon Ð

I
TÏ

Bed I"4
Beds 5,2

Pit

0o0
1.5

Pit

0"0
1o0

Sectí_on 2E

- 2"2
- 5.8

d:ipprng
dipping

* r.5
- 2.O

10 degrees dor¡nr¡ard to east.
LL degrees domward to east.

- 1"0
- 3"o

SoÍ1 horizon.
Mediun sard,

Soil horizon"
t'fediun a¡d fine
gratìules.

sand, r,rith
2,5 y 6-2,



Sectlon 3A

SeetÍgg_38

0.0
rr5

* Ln5
- 2.O

Quarry

0.0
L"14.
r"7

2"6

2,95
3.0
3.05

3"25

3,5

¿+.25
l+.3

l+.8
5"O

5.2
5./+
5.6
5.8
6.L

6"3
6o/*

6.6

Description

Soil horizon.
Fine sa¡d predoninantlYr wlth
coarse and nedlun sand a¡d silt"

to the long axis of the ridge

Soil horizon.
Sendy soil, nixed r"rith granu'lesn
Bedd.ed gravel horizon--coarse
bolow and fine above.
Tlnsorted pebblese grarules axd
coarse sand.
Very coarse sard la¡Éna.
Goarse glaxul.e lar,i nan
Med:iu¡o sandr r¿ith coarso sa¡d
Lotnina.e.
Graded, coarse gra.nules belou
ancl flne aboveo
Gra¡ules and very coarse sand,
vith nediun sand Laninae at 3"75
and 3.8.
Flne graaule horizon.
IÞdlun to fine sa:qd--feu
gfanules.
Verxr coarse sa¡d.
Prodonrina¡tly coarse granules
and very coarse sandc
Ì&diun sard.
Irþd:iun and very coBrse sa.nd'
Granules and very coarse sandu
Mecliu¡n Éa]rd.
Ibdiun sand, very coarse sand
Ia¡n:inaB at 6,1 artd 6.3.
Mixed graltile horizon.
Ifediuur sa¡rd Ìrith coarse sand
lani naeo
Fíne to coarse sand, r^rith ftne
granules

perpendicul-ar

_ L"4.
- r"7
- 2"6

- 2"95

- 3.O
- 3.O5
- 3"25

u 3"5

- 1o.25
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- l+"3

- 4"8

- 5o0
- 5"2

- 5./+
- 5.6
- 5.8
- 6.1
_ 6.3

- 6n/+
* 6.6

* 9"0

Structure:

I Bods I"t+ - 3.Q ùipping 2.5 degrees dor'rnr^¡ards to vesto



Sectíon 3C Qualry perpendicular

Depuq-..(tb,)

0.0 - 1"0
1"0 - r.7
r"7 - 1,9

r"9' - 2"O

2"O - 2.2

Z.Z _ Z,!+5

2"1+5 - 3.3

3,3 * 3"7

3,7 - 4..0

Ir"O - /+"!

238

to tho long æis of the riclge

Descrûrtjon

SoÍ1 horizon"
Mlxed. zone dj-sturbed. þ quarrX'
vorlcing"
Gradod.--coarse sand abovet
granulos bolow"
Með1un sande r^rith coarse sand
Ia¡oínae 

"Very coarse sand, r,rith granule
1a¡nlnae.
Unsorted gra:rulesr very coa.rs€
and flne sar¡do
Medium sand, uith trery coarse
sand laraina at 2,6 and 3.0"

L0 B 8-2,
kedominantly very coarse sandt
grad:ing into grernules below"
Unsorted meùiutn sand, r.rith feu
granules"
l4i>ced gtranule horizon--fet¡
Snbbles.
Very coarse sand lamlna"
Coarse sand laJnì na"
tnsortecl sand and graluleso
Fineþ laminated sand.
Coarss sa¡d lamina"
Mlxed sa¡d. and granul-es.
Ì'fed:ium. sand and few granules.
Coarse sand., trith fine sand"
la¡rina db 6,3.
Graded bed of meùium to eoarse
sand--granuLes belowo
lbdiun sand..
Very coarse sando
l4edium sa¡dn
Ilnsorted granules, coarse and
¡ûediwû sa¡ldn

lr.L - 4"2
4,2 - ln.l,
ln./+ - /ro8
4"8 - 5"0
5o0 - 5"1
5"1 - 5"6
5"6 - 6o1
6.1 - 6.1+

Structures:

6.1+ -'6o7

6"7 - 6.9
6"9 - 6.95
6"95 - 7 "/*?.1+ -. 8.8

T
ÏI

TTI
ru

Beds 1.0
Beds /+.2
B€d 6.I
Bed 6"9

2.2 d.ipping
l',.l, dipping
6"/+ dtpping
6"95 dipping

27
7
9
7

degrees dot,¡m'¡arrls
degrees dor,mvards
degrees dounwards
degreos dovnwards

to
to
to
to

east o

uest n

l¡e st u

vest"



Section 3D- Quarzy porpentlicular
,

Deeth (rb")

0.0 - 0"5

O.j _ 0"9

oo9 - L"l

1"1 - L"/+

239

to ths long axis of the ridge

Ðescription

Soil borizonr nixed !¡tth coa.rse
sand. and gravel.
Unsortod granulesr velry coarsê
a¡d ne&ium sa.nd.
}bcliun sand.r r'rith coarse larnina
at 1.0.
Graded horizon--eoarse granule
abovo and sa¡rd below.
Very coarse and neòiun sando
Very coarse sand. and granules.
Mediurn to fine sand, coarse grit
lamina at 2.5"

Sec_lion 3E

L.l+ - l_"8
1"8 - znj
2"Q - 2"7

Pit

0.0
0o8
1.0

2.O

J.Þ

PitSection /,4#

- 0.8
- L"0
- 2oO

- 3"6

- /r"O

So11 horízon"
Soil and saÃd.
Càarse sandr interbedded
pebbles and ne&ium sard.
Reverso graded rneôium to
sand. 2"5
Very eoarse sand..

0o0 - o"3

0.3 - L"l+
1.4 - L.6

1.6 - 2"3

SectÍon l'3 Pit

0.0

2.3
2.7

3"O5

3"7

l+"9
5.3

Soil horizon, with pebbles and
eoarse sand..
Clayey silt, with fine sando
Granules, eoarse sa¡d and sorne

silt.
hedoninantly fino to verY fino
sa¡d. Sone coarse sj-Ito

2.5 y 7-2n

rfüth

fÍno
la, 7-2,

_ 2"3

- 2"7
- 3.O5

a17

- /r.9

- 5.V
- 6o0

Unsortod granules and eoarse
sand.
Interbeclded ¡oediun and fine sandn
Unsorted granulesr pebbles and
sa.ndo
Coarse siltr l^rith fine sand
larn:ina a+' 3.4. 10 ff. 7-2.
Mixed gtanules in bed.d.ed coarse
a¡rd ned.l-um sard.
Pebb1e horlzono
Unsorted pobblos¡ grenules and
saJado



Sectíoq_4C

Section 4Ð fuarry

0.0
ong

r"75

2.1
2.2

3.35

3"75

3nB
l+.O5
l+"25

tr.5
4.6
5.O
5.4
5.1r5

6.1_

6.8

9"0
8"L

0.0 - 2"3

para-lle1

- 0o9
* L"75

- 2"L

* 2"2
- 3.35

- 3"75

- 3.8

- /+"Q5

- 4"25
- 4"5

- l+.6 '

* 5.O
- 5.4
- 5"/+5
- 6o1

- 6"9

- 8"0

- g.1
- 9"0

Description

Unsorted saxd ïrlth granules axd
pebbles. 10 lR ?-2"

to the long a:cis of the rid.ge

So11 horÍzon.
Unsorted^ very coarse sand,
granules and pebbles,
Coarse sa¡d a¡d grarul-esr inter-
bsdded with medium sand axd
si.It. 10 m, 3-?.
Very coarse ssnd la¡rina.
ïInsor-bed pebbles, coarso sand
and graxulesn
l,fiediun to fÍne sa.nd, few
granulesn L0 B 8-2"
Coarse granules, interbedded
uith coarse a¡d ned,iun sande
Very coarse sa¡d larnina,
Pebble-graxule lanina.
Ilnsorted fine and. very coarso
sa¡d"
Coarse pebble horízon.
Ilnsorted sand, and gra:rules.
}þdiun sand, r,rlth coarse la.ninae.
Very coarse sand lamina"
Ilnsorted pebbles, granules aad
sa¡d.n
hed.ominantly coarse saadr lrlth
very coarse lamina€ below"
ì,leùiun to flne salcl, wi-th
IamÍuae of coarso silt. Fer¡
granules. 2"5 Y 7-2"
Pebble horLzono
tnsorbed granulesr pebbles a:rd
coarse sand.

uo

Section 4I Ptt

0o0
o"7
L.1

2"2

0"7
1.1
2.2

3"O

So11
Fine
Fine

horizon,
san¿l arrl
sa¡d and

Ilnsorted fine
Few granules.

soiln
coarse sÍlt"

2.5 y 6-2
and. noôium sa:ld.u



Secti.on 5A Pit

Drppth (fb.)

0.0 - 0"6
0.6 - r"21.2 - 3"6

boulders €"Bo Porph¡rritic

eit

0.0 - L"6

l-.6 - 3"O
3"O - /",5

Large

Section 58

Sectton ãQ Quarry para1le1 to

0n0 -, L.0
1"0 - 1"4

I.l+ * 2"5

2.5 - 3.5

3"5 _ l*oO

l+nO - l+.'l

l+.7 - 5n0
5.O ' 5,L
5.r - 5.22
5.22 - 6"6

6.6 - 6"'l

6.7 - 6.8
6.9 - 6"95
6.95 - 6"9
6"9 - 7.0
7.0 - 7.1
7.1 - 8"lr

Desqr:!pb:k>n

Soil horizon.
Dark sllty clay.
White clay.

granite 6"0 z 3"51o

UJ

tnsorted. pebblesr sand a¡d
cobbles"
FÍne sa¡do 2.5 Y 2-8"
SÍ1t horlzon"

long aris of ridge

So11 horizon"
Soil nixed with pebbles and
cobbles"
Sa¡d and cobble horÍ.zonr with
calcaroous accretions on under-
sld.e of cobbles"
MedLun sand, r¡ith coarse sand
1a¡ninae"
Graded beil--coarse sand. l-a¡oína
above, granules belos.
Cobble and pebble horízon--
sohe sald¡
Coarse sa.ncl la.Blna.
ì4ediu¡n-coåxso eard¡
Coarse sand. Ia¡d.na.
l4sdfu¡t sand uith coarse lam'ï na
ú 5.3¡ 5"/r and 5.5"
La¡olna of coarse sand ard fine
granuleso 10 4R 7-2"
Coarse gtrarlule lamina"
Very coarse sa.d lamÍ na.
Gra¡ule horizon.
Coarse granules a¡d sand.
Pebbles and very eoarse ss.nd.
Coarse pebblos¡ granules and veqY
coarse sando



Sectign (D Pit

Depth (ftJ

ooo - 0.6
0,6 - 1"0

1,0 - 1.3
!r3 - l"I,1.4 - 1.6

1.6 - 2.3

2.3 - 2"9
2.9 - 3.r5
3.J.5 - 3"3
3"3 - 3"5

PrtSeetion lE

DescrintÍon

Soil horizon,
I'fixed gtanule horizonr sa¡d and
soil"
Coarse granules and sand.
Very eoarso sa¡d la¡inae.
Mediurn sand r.lith coarse sa¡d
lamirtae.
Unsortecl gra:rulesr pebbles and.
sando 2.5 Y 7-2,
Mecllun sand r^rith coarse la¡ninae"
Pebble horizon--sorre sando
ì4eùium sand.
Pebb1e horizono

Sggrt3on -64 Pit

0.0
o"1
r.3

0"0
1.0
Ioln

200

2"9

u2

- L"0
- ].nlt
- 2.O

_ 2"9

- 3./r'

Section 68 Pl-t

0.0 - 0.5
o"5 _ 0.7
o.7 - 1.1.
L"I - 1"5

1"5 _ 2"3

Soí1 horizon.
Soil and fine sa¡d,
Unsorted. grsrules, very coarse
and raedj-urn sard.
Medium to fine sand with eoarse
laminae. 2.5 y T-2"
Medíum-coarse sa¡d.

- o"I,
- 1"3
- 2.6

Rotied. leaf nato
Dark clay.
Itrhfte elay.

Soil horlzon.
So11 l¡lth fine sand and pebbles.
Very coarse sand.
l4eùiu¡n to fi.ne sand.

2.5 y. 7-2.
Unsorted coerse pebblesr gTanules,
sand- BJxd coarse silt"

10 B 7-2"



Section 6C Quarry para11eI
;

Deeth (ftJ

0.0 - 0.5
o.5 - 0"8
0.8 - 1.1
1.1 - r"3
r.3 - 1"55
L"55 - L"65
L"65 - 2.O5

2"O5 - 2.15
2.L5 - 3"6

to the

a'3

long æds of the rÍdge

Doscrintion

Soil ancl scattered pebbles.
Cobble aad pebble horizonu
Very coarse sand,
Unsorted cobblesr gravel ancl
sand.
Meôlurn sand a¡cl pobbles"
Pebble Lani.na.
Coarse silt lrith fine send
lqnina ú I"75t 1.851 1.9.

10 B ?-2"
Coarse pebble la¡d.na.
Flne sandr with ¡ned.iun sa¡d
larni nap at Or2.-

E@ Pit

0"0 - 0.5
0"5 _ 0"9

0.8 - 1.1

1.1 - Lo8

1.8 - 2"O5

2.O5 - 3"3

3.3 - Ir"O

Section 6E

So11 horlzon"
Coarse saad, granules and peb-
p1es, r,rith solI.
Ilnsorted very eoarse sand-t
granules and pebbles.
Gra¡u1es and eoarse sllt with
fÍne ssrid la¡nlnae at L.45s Ln6"
Medfutn sand and coarse siIt"

10 n 7-2.
Moùiun sa¡d--fev pebbles and
granules.
Pebbles and. very coarse sanclo

Pit

0.0
0n8
r.2

lo6

2"1

0.8
J-"2
L.6

2.r

_ 2"9

So11 horizon.
FÍne sanci and. soil"
Medium sandr r.rith granules and
fllne pebbles.
Flne sand ancl granulesr ínter-
bedded ruith ¡nediu¡n sand and.
eoarse sÍlt" 10 n 7-2"
Gracled sa¡d.--fine above becori:ing
coarser below.



Sec!ion_74

Sectio¡_?ts Pit

0"0
L.0
L.3

1.9
2.O
2.r
2.2
2.35
2"8

0.0
1o0
r.5
1.6

I.0
!.5
1"6
3"O

Deserintiolq

Soil horizon"
Ifl>ced sa.nd ancl soil"
Itlne sa¡d.
Unsorted pebble, with fine and
coarse sand.u 2.5 y 7-2"

SectÍoÃ?O Pit

0.0 - 1.0

J_no - I"2
!.2 - L"3

L.3 - J-.55
r.55 - 2"O

2.O - 2.35
2.35 - 2"8
2.8 - 3"9

1"0
L.3
1.9

2"O
2.r
2"2
2.35
¿oó

3"6

A'¿r

SoÍ1 hori-zon"
SoÍ1, sand ancl fino gra:rules"
ïfedÍulr to fine saxdr lrlth
granules. L0 n 7'3,
Very coarse sand Iat¡'i.na"
l"Íedium sa.nd,
Pebble horizon.
Mediun sand.
Pebbles and sand"
Coarse to mediu¡r serd"

$ection ?D

Soil horizon--eoarse sandt
granules and. pebbles.
l,Íediu¡r sand, coarse lanrina at
L.03"
Graded bed--very coarse sand to
granules"
Pebbles interbedded r.rith sa¡d.
Ibùium to fine sancl.

10 B 7-3"
Coarse sando
Unsorted pebbles and granules.
Ìfed1u¡r sand.

Pi.t

0"0
0.9

2.2

_ 0.9
- 2"2

- 2.7

Soil horizon"
Unsorted ¡nediurn saJtd, r..rith peb-
bles and granules"
Reverse graclecl bed--mediun sand
and fine sa¡d with granules.

2,5 y 7-2,



Section ?E

Seetjþn 8A

0u0
0"6
ln0

1"9

2.4.

Plt

000
1.0
L"65
2,2

Pit

0.0
1.6

'Q

Quarry

0.0
0.5
1.0
L.2
1.7
2.8

3.0

Quany

0"0

0.6

0"6
1.0
l,g
2.1+

3"0

Section BB

DescriptÍorj

SoÍl horlzon.
Mediurn sarid.
I'fed:iun to fine saxd, ancL

gra¡ulese 2.5 Y 7-2.
Graded bed, me&ium to very coarsê
salld.n
Very eoarse sand and gra:rules.

l_n0
]''65
)t
2"6

SecjLion 8C

?J,5

Soil horÍzon,
Mediun saxd Bnd granules"
Fine sa¡d. 2.5 Y 8-2.
Coarse and meùiun sand.

_ 1"6
- 2.9

- 3"8

perpend.ieular

_ o.5
- 1.0
- L"2
- lo7
- 2.8
- 3.o

- l+.6

perpendicular

- 0'6

- 1.0

Section 8D

Soí1 horizon"
Ilnsorted pebbles, granules,
fine sand and coerse silto

10 tR 7-2"
Unsorted coarse gravel and sand.

to the long axis of the riclge

So11 horizon--sone pebblos.
Mediun sa¡d, pebbles a¡d soi1.
Coarse pebbles--sone soiln
Med.iun sand.
Unsorted rnedium sa¡d. a¡¡d pnbbles.
Unsorted pebblesr grâ:rulesr sand
and coarse siIt. 2.5 Y ?-2.
Coarse sancl, glanules and pebbles"

to the long a:Cs of the ridge

Soil horizon, with \¡ery cosrse
sa¡d a¡d granules.
Pebbles uith mediun sa¡rd--
graded to flne se¡ed.
I:regular pebble horÍzon,
Fine sand, l¡ith ðippÍng neûium
sand Ia.rni na.
Partially d:isintegrated pebble st
in nlxed sa¡rd.

1.0 - r"4
ar/+ - 1.5

1.5 - 1.6



Sectj¡r4 BD (continued)

Deottr (fb"l

rn6 - 1.8
1.8 - ZnO

2.O - 2.5

2"5 - 3"9

3,9 - 4.2

Structure¡

Segtion 8E

I Beds 0.6 - 2.0 dipping

Deserintlorl

Granules and mixed sand.
Unsorted pebbles, granuJes and
sard.
lInsorted pebbles, gralules and
sa¡d. Fer.¡ cobbles,
Fine a¡d sone red.iu¡r sand, r,rith
coarse silt. 10 ffi' 7-2.
Unsorted granules ancl sand.

Quarry

0.0
o.35
o.65

L"o5

r.3

2.L5

2"6

3.1+5
ln.o

perpendieular

_ o"35
- 0.65
- 1"05

_ 1.3

- 2.r5

- 2.6

- 3./r5

- 4,O
- /+.6

u6

16 degrees dounr.fards to west.

to tho long axis of the ridge

Soil horizon.
So11 r¿ith pebbles.
ïInsorted horizon of ftne
gtanules, nied:ium sand and soiI.
Unsorted bed of pebbles¡
glanules, sand eoarse silt,

10 rR 7-2"
Coarse sand, with roediun sand
:Latninae" 10 m 7-2.
Fine pebbles iuterbedcìed vith
sard..
Predonina¡t1y fine sa¡d uith
some coarse siltu 10 n ?-3"
Fine elay.
Med.íun salxd.

Strueture:

Section 8F

I Bed ].,nOS - !.3 òipping downward to east.

Pit

0.0 - 0.5
0.5 - 2.1

2.1 - 3"6

Soil horizon.
I4ediu¡r sard, graded. coarser
below.
Fredor¡-ine¡t1y fine sa¡d and
eoarse siIt, with pebbles and
granules" 2.5 Y. 2-7"



Section aA

Sectjon 9B

Pft

Depth ftb").

0"0 * 1.1
101 - r"7

Plt

0.0
1.0

1.?
2rl

leO

Pit

0.0
0n9
L.2
2.4.

Quarry

0o0
o.55

L"5

4.3

Pit

0.0
1"5

Seclion 9C

Description

Soil horizon"
Fine sa¡d. 2.5 Y 6-2"

1.0
L"7

2.I
2n6

2"8

Section 9D

Soil horlzon.
I'fecllum sand \rith coarse ssxd
larainaen
I'fediun granules, with sand.
Medium sand vith grarul€sc

2.5 Y. 7-2"
Unsorted gfanules and sa.nd"

2L7

0u9
L"2
2.lt
3n0

Seetíon 9E

Soí1 horizon.
Medium sa.nd axd soil.
Graded coarse sa¡d. and gFanule$c
Fine sand 2.5 Y 8-2.

to the long ads of the rC.dge

Sofl horizon.
Unsorted soil, fíne sand and
grarìules. 2"5 Y 7-2n
Fine to nedi-un, wÍth irregular
dark streaks. (fef)
Meðiun sand.

para1le1

- o"55
1t

- l+"3

- 5.0

Seetion 104

_ 105
- 2.7

.ttlt

0"0
O.2

0.8

1.8

_ 0,2
- 0.8

- 1.8

- 200

Soil horlzon.
Mediutn to flne sande

2.5 y. 6-2"

So11 horizon.
Soi1, Ì¡ith gra:rules and
pebbles.
I4eùiun sa:rd, grey clay and fine
pebbles,
Mediun sand, and fine pebbles.



Section l-04 (cor¡blnued)
¿

Depth ($"1

2.O - 2u2
2.2 - 2u5
2.5 - 3"O

Sectio$_L0! Fit

0.0
0.7
1.4

2"L
3.r

3.8

Quarly

0u0
o"5
L"7

2"1
2.5

3"O

3.2
?"5
/+"33
l+.38
lr"6

5"O5
5.28
5"32

Seetion LOC

FÍne sa¡d.
Fine sand,
White ela$r

0"7
L.l+
2"1

3.Lrö
) Gç)

5"r

Deseription

Leached coarse and. gravel.
Soil horlzon a¡d fi-ne pebbles.
Mediurn sand, granules and coarse
sf1t. 2.5 I 7-2.
Unsorted sa¡d a¡d, pebbles"
Graded bed--nedlurn to coarso
sand.
Gradod bed--fine to nedium sa.nd"

to the J-ong axis of the riclge

Soil horizon.
Soí1 and fl.ne pebbles"
llnsorted coarse pebbles,
gfanules a¡d sa¡d.
Flne granuleso
Med.iun sand a¡d coarse si-It"

2.5 y 7_2"
Unsorbed pebblos, granules and
coarso sando
Coarse pebble borÍzon"
Medium sand and granulos"
Coerse granul-es.
Coarse sardo
Coarso, meùiurn and fine sando

2.5 y 7-2.
Mediutn to eoarse sard.
Clay band arid eoarse granules"
Meòiun sa¡d eontaining very
coarse sand.

some sLaining. (ref)
iz:'egular ¡ebb1es"

u8

perpendicular

_ o"5
- ln7
- 2.L

_ 2"5
- 3.O

- 3.2

- 3.5
- 4.33
- /+.38
- /+.6
- 5"o5

- 5"28
- 5"32
- 7.00

Structures:

I
ïï

Bod
Bed

!.7 - 2"I dlpping
2.5 - 3.O dlpping

10
æ

degrees dol¡nwards
degrees clor¿nward

to easto
ùo oast.



Sectipn l-00

Section LOE Pit

0.0 * 1.3
L"9 - zu}
2.0 - 3,8

0.0 - 1"0
lnO -. 2"1+

2"1+ - 3"6

Section 11é PLt

0.0 -" 0"5
o"5 -.0.'l
0.? -. l_nL
L.L - 1.2
L.2 - 3"6

Deserfptios

Very coarse sand,
Soile with fine granules ancl
pebb3.es,
l4sd'iurn sand, coarse silt with
few granules. (ref)

2.5 y 7-l+,

Section LIB Ptt

0"0
r.7

2.L

u9

SoÍ1 horizon.
Soil uith meôium saridn
Coarse silte r¿1th fine to
saJxd, 2.5 Y

Sectþn 11,8

SoÍ1 hori.zon.
SoiL r"¡Íth some siltn
Very coæse sand,
I*lght clay"
Dark cJ.ay"

- l""l
- 2.1

- ).4

Pit

0*0 - 0"7
0.7 - J..1

1.1 - ¿rng

coarse
5-2o

Soil horizon.
Very coarse sand
gIanules.
Interni:æd coarse
coarse sancl, with

and coarse

and very
granulesu

2.5 y, 7-2"

Soil horízon.
Very coarse sand, wlth gra:rule
l-a¡oinations.
lrfeðium. and coarse sandr r,rith
\rery coBrse La¡dnati.ons.

2.5 y '.l-z"



Section 1lD_ Prt

Depth (fb*)

0"0 - 0.9
o*g - 2"2

2.2 - 3"6

Seetlon 118 Fit

0.0 * 0,7
0.7 - 1,6
L"6 - 3"lr

Sectíon L2A

Descrintiqn

Sbil horizon"
Graded fino granules a¡d coarse
grit"
Coarse to nodium sand.

2"5 y å-tr"

Sectfon l-28

Pit

000
LoL

2"O

Pít

- L"L
- zno

- 3"9

250

So11 horizon,
So11 vith silt and pebbles"
Silt !,:ith coarse to raeôium sa¡d.

2.5 y 6-2"

Seetion 12t

0.0 * 0n8
0.9 - 2og

2.0 - &"o

SolL horÍzon.
Unsorteil granules, sands and
siLt. L0 n 6-2"
Silty clayo

P[t

0.0 - 0.4
0.4 - 0"85
0"85 - 2"0

2"O * 3"6

Pit,

0.0 - 0.55
o.55 - O"g

O"9 - 2,O

Section l-Ð

Soil horizon.
Ilnsorted granuLes,
and silto
l"þètun sand.

Soil horizon,
Very coarse sa¡d. and granules"
Unsorted. fine to very coarse
sa¡rd with granul.es.

10 n, 6J.
Pebbles uith ¡¿e¿iun sand.

pebbles, sand,
10 B 7-2"

SoiL horlzon
Soile with granules and verT
coarse sand..
Unsorteil pebbles, coarse atd
rediun salxd.



Sectlog LÐ (continued)

Depth (ft")-

Structure:

2"O -
znL *
2.6 -
ëoö -

Seetion 128

I Bed O"9 - 2.1 dipping

2"I
2,6

?.8
3 "lr

_ Desc.riptåoq

PebbLe horizonr soao sand.
Graded medium sand and gra:rules.

L0 E 7-3,
Pebbl-e horizon.
Very coarse sand,

Seetion L3A

Pit

0.0 - 1.0
I.O * 2"4,

2.1+ - 3.6

Pf.t

0.0 - 0r9
o"g - I"3
I.3 - 3.1+

7 degrees down¡ard to east.

Section 138

25t

SbfL horfzon.
Ilnsorbed graaules and cosrse
slltr r+ith irregular pebbles.

2.5 y 7-2.
CIay. 2.5 Y, 8¿.

Pit

0.0 - 0o8
0.9 _ 1"4
l.l+ - r"65

1"65 - 2"1+

2.1+ - 3"8

Pit

0.0 * 0o5
o"5 - I"3
1.3 - L.5
I"5 - 3oO

Section 13C

Soil horÍzon r¡ith
havel horizon.
Pebbles, gra¡ules
sando

Soil horizon"
Soil r"rlth gravel.
Coarse sand interbedded with

some granules"

nedlum sard"
Unsorbed granulesr raith
and very coarse sand.

2"5
SÍIty sand"

and coarse
2.5 y 7-2"

Soil horízoa"
So11 r¿ith pebbles"
Very coarse sard ald granules'
Predominantly vory coarso sandt
r.rlth granulos a¡rd coarso sartdo

r0 B 6-2.

coarse

y 6-2.



Section 13D

0.0 - 0'?
9"7 _ 0"9
0"9 - 1,9

r,8 - 3"8

3"8 - lo.o

No l-38 position r'las sarnpled bscauso

Segþion L4.A Pit

0.0 - L.0
100 - 1"6
l_.6 - lo8
1.8 - 3o8

Descriptlon

SofI horizon.
Pebbles and granules"
Predouú-nantly ver¡ coars€ sa:rd,
r^¡i.th so¡ne nedlum sand. and
granuleso
Coarse sa.nd, witb ver1r coarse
sand, gra¡ules ald irregular
pobbles. l-0 n 6-2"
Sllty sar¡d"

the ridge naxrows at th.is poÍnt.

Section Ll3 Quarzy

0n0
0*9
I"L5

1"25

L,l+

].55
1"6

l_.95

2"1

2.5

3.3

3.8
3.83

252

paraLl-e1

_ 0"9
- l"l5
- r.25

- l"/+

- L"55

- 1,6
- L"85

_ 2"L

* 2"5

- )")

- 3.8

- 3"83
- 5"3

SoiL r¿ith coarse pebbLes"
Very coarse arid neôiun salxd"
Clryr r^rith some nedium sand..
Clay horizon. 2.5 Y 8-2"

to the trar¡sverse axis of the ridge

So11 with coarse pobbLes"
Very coarse saJrd la¡nrna.
Mediu¡r sa¡d., l¡itb very coarse
sancl lanlnae.
Ver;y coarse sand. lamina, with
lrregular pebbleso
Graded coarse to ¡ned:ium sa¡d
lani na.
Pebble borizono
Graded bed--eoarse sa¡d to red:iutu
gf a.nules.
Coarse a¡d nedium sand--pobble
horÍzon al, 2.1.
Graded very coæse to reðiurn
sand.
Þaded coarso to flne sard.

10 B 7-3.
l6.xed sa¡d. horizon with lrregular
gra¡uIes"
Clay horåzon"
Bouldersr wlth u¡sorted pebbles
a¡il ntxeil sa¡d.



Sectlon 1/E' (contlnued)

Structures:

f Bed 1.6 - 1.85
II Bed. 1"85 - 2.I

Section LÆ Quarzy par+1'lo1

Depth (rüJ

dÍppÍng { degrees dor¿nward to west.
dipplng /+.5 d.egrees downward to uest.

0"0

L"2
1.65
2.25

2.8

2"9

3"r
3.2
3.25

3.9

- L"2

- L"65
- 2.25
- 2.8

- 2.9

- 3"L

- 3o2
- 3.25
- 3.8

- /r"8

to the transverse a¡Cs of the ri.dge

Deserl¡ction

Soil r¡ith pebbles and very
coarse sard"
l'lediu.m sard.
Sf1ty clay horizon,
I4eiliun sa:rcl graded, coarser
beLow with irlegular pebbles"
Very coarse sand and pebble
Lemi.n¿"
lbðiun sa¡d with irregular pob-
bles,
Clry horizon.
Coarse granules.
Ver¡r coarse pebbl-e horizon¡
sorne nedium sand"
hedomlna¡rtly coarse sa:rdr uith
med.lum sa.nd, coarse pebblese
granules a¡d boulders"

2.5 y 7_2.

Structr:res¡

253

I Bed
II Bed

ïil Bed
W Bed

Section l-/D

L"2
1"65
2"r5
2.8

* I",65 dippÍng
- 2"I5 dipping
- 2.25 ðipping
- 2"9 dippÍng

Pit

0.0 - 0"8

0"8 - L.7

L"7 - 2,5

2.5 _ 2ê7
2.'l - 3./+

7
l+

5
17

degrees dovmward to easb.
degrees downward to east.
degrees downward to easb.
degrees downward to easb.

So11 horizon r¿ith fine granules
a:rd pebbles.
Horizon of very fine gra:rules
gracled to pebbles below,
Coarse to mediun sand and ir-
regular pebbles" l-0 E. 7-2"
Very coarse sand laminao
Unsorbed horizon of very coarse
sandn and pobbles.



Soction 1/.E

Seetion l-:5A

0.0 - 0.8
0"8 - 3"0

3.o - 3"5

Section l-ãB

Pit

0.0 - 0.6
0,6 - 0.8
o.Ê - 2.0

Z.o -?

PÍt

DeserÍption

SolL horizonn
SoÍ1 r¿ith coarse sand and ir-
regular pebbles"
ïInsorbed. granules uith fine
sand, silt and cIay.

2.5 y 7-/+.

0.0 - 1.1
1.1 - lo4

1"4 - 1.6
1.6 - L.8
L.8 - 2.8

25/,

Sofl- horízon.
Pebble Iam{na.
Coarse seixd and

Boulders.

Section 15C

2.8 - 3.1+

Soil horizon, with pebbles.
Coarse saad, graded, cosrser
below"
CJ-ay horåzone vith sone graxuleso
Coarse gravel horizon.
Coarse sand., gradecl¡ very coarss
bolowe wlth sone granuLes.

2.5 y 7-2.
Silt horizon, wíth lregular
pebbles.

Section 1Ð Pit

0.0 - 0"9
oo9 - I"l+
¡n¡n _ L.5

1.5 - 1.9

Pit

pebbles.
2.5 y 7-2"

0.0 -
0.6 -
l_.0 -
2.5 -

0"6
1..0
2.5
3"5

Soil horizon.
Soil ufth irreguJ-ar pebbJ-es"
VerT coarse sand and pebbles,
Unsorbed. eoarse to nedium sand,
sore granules. 2.5 Y'l-?.

Soll horizon.
Coarse sa¡ld.
Coarse granul-e horlzonr reverse
graûing Ínto coarse sa¡d below.
Very coarse sand, r.rith medlum
sand la¡u1nae.



Seetion 1Ð (contlnued.)

Depth (ft,")

1"9 - 1.9
L,9 - 2.2

2"2 - 3.O

Soetion IE Pit

0"0 - 0.1
0.L - 106

Seetlon L-64 Pit

0.0 - 1.2
Lnz - 2.0
2.0 - 3"5

DescrÍption

Very coarse sa¡d Ia'n-ina.
Unsorted very coarse to nediu¡n
sa¡d. Sonne granules and pebbles"

2.5 y'.l-z.
Boulders and cobbLes ín clay
natríx.

L,6 - 2"0
2.O - 3n6

Sectio¡ 168 Easb

255

SoÍ1 horizon.
ftlne silt]¡ clayr r,¡ith ímegular
gralules,
C1ayr with fev graluLes.
!trbite cley.

Quarry paralJ-e1 to the trarisverse a:d-s of tbe ridge
Top soil renioved by quarry uorkings.

0"0 - oo8

0.8 * 0.85
o"85 - o"g5
o.95 - lu3
r"3 - L.g

r"9 - 2.2

2.2 - 2"5
2.5 - 2"55
2.55 - 2.75

2.75 - 2"95

2.95 - 3.O

3.O - 3,r
3.L - 3"3

3.3 - 3"35

Soil horfzon.
Cley uith Ír"r'eguJ-ar ¡ebbleso
C1ay.

Dlsturbed horizon due to
quanryÍng.
Very coarse sa¡d La¡nlna.
Pebble horizon¡ vrith coarse sandn
Very coarse sand lanrina.
PebbLe borlzon with coarse and
very coarse sard. 10 fi, 6-1.
Very coarse sand, graded r.¡ith
graaul-es belor¡.
Mediun sand.
Coarse sand Ia¡rlna.
Coarse a¡d nedlun satd, v¡ith sone
clay. l-0 n ?-2.
Unsorted pebbles, coarse sand axd.
si1t. 2.5 Y 7-2.
Coarse granules wíth vory coarse
sand.
Clay horlzon,
Ibdlun sand, graded belor¡ into
gfalules.
Iþdiun and. very coarse sa¡d,o



åectign 168-Ea.st (contiuuod)

3.35 - 3"/r5
3"105 - 3"55
3,55 - 3,65

3"65 - 3"8

3.8 - 3.9
3"9 - 1r.35
l+.35 - 4"15
lr./+5 - 4.9
l+.9 - 5"I

Structures:

Very eoarse sa:lcl
Mediun sa¡dn
Very coarse sa.ncl

Unsorted pebbles
sar¡d.

I&d
Iï Bed

fiI Bed
IV Bed
V Bed

Vï Bed

DescJipti-on

Section L6B llesb

O.g5 - J-"3 dípping Ii- degrees dolmuard to west
2.5 - 2.55 diþing L0 degrees dorrnr¿ard to vesb
2.75 - 2.95 aipÞing 2 degreos dor'rnvard to vesb
3.1 - 3.3 d1þping 15 degrees dornrward to east
3.55 - 3.65 Aibpine 4.5 degrees dounr'¡ard to east
/r.35 - lr./r5 díþping 16 d.egrees dor"¡nwerrd to easto

Coarse granula lamina'
Ilnsorted sand ancl gravel.
Pebbles with ver1¡ coarse sanclu
Mediu¡n saxd, and granules.
ÌInsorted horizon of granules and
coarse sand.

1a¡r.ina"

and granuleso
10 B 7-3.

a¡d coarso

256

Quarry paralleI

0.0 - L.75

1.."15 _ I.g5

1"85 - 2.O
2.O - 2"I
2.1 - 2;8

2.8 - 2.g
2n9 - 3.2

3.2 - 3.¿o

3.A, - 3"115
3.&5 * 3o7
3.7 - 3"9

3r9 - lr"lr

to the tra¡sverse axis of the ridge

Disbr:rbed horizon due to
quarrying.
Very coarse sa.ncl aacl granule
Lamina.
Coæse sa:qd lanina"
Pebble horizon.
Þanules, pebbles and coarse
sand. 2"5 y 7-2.
Clay horizon.
Coarse snd fine granules and
nixed sandn
Sa¡rcl lexúna l¡lth irregular
gr axulês--rever se gr adocl.
Meôiu¡r granule horizon'
Coarse sand and granules.
Pebb1es, very coarse sa¡d' uith
sonþ fAns sand and sjJt.

2n5 y 6-2,
Unsôrted pebblese coarse a:rd
very coarge sancl.



Section 168 l'lest (contlnued)

Structures:

I Bed 2.I - 2.8
II Bed 3.9 - /+"1+

Section l-€ Pit

Depth (ft")

0,0 - 0.6

0.6 - l-.6
L"6 - 2.1

2"L - 2.2
2.2 - 2.6
2"6 - 3.3

dipping 15 degrees dol¡nvarcl
dipprng /¡ degrees dor,¡nward

Structuress

I Bed 1n6 - 2"2 dipping

Sectlon 16D

Desqrigþion

Distr¡'bed horízon duo to
qua:rying.
Coarse granules trith very
coarse sardn
Unsorted coarse sarrd. to coarse
sflt r¡ith granules and pebbles.

2.5 y "l_2"
Very eoarse sa¡d lamina,
Coarse granule horizonu
Ilnosrted coarse sand and peb-
bles.
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to
to

wosb
east

Seetion ]68

PI-t

0.0 - 1.0

1.0 - 1"4

I.lo * 2.3

Pit

0.0 - 0n8
008 - L.2
I.2 - zu9

3 degrees domrvrard to east.

Soí1 with coarse grariules aad
vory coarse sand.
Very flne sand graded into fine
granules. 2.5 Y 7-2.
PebbLe horízon with coarse sand"

Soil horizon.
Dark eIry"
Very coarse to fine sa¡id with
some gralìules and IÍght eIay"

2.5 Í. g-2.



Section 174

SeetÍon L?B Fit

0.0 - l_.0
l_.0 - Lo5

ro5 - 2o6

2.6 - 3o'7

0,0 - 0,8

0"8 - 1u6

1.6 - 3"5

Descrintlon

SoÍ1 horlzon, uith large
boulders on surfaceo
Very coarse sand and. pebbles"

2.5 y 5-2"
Sllty sand and irrogular peb-
blesn

Section I?C PLt

o.o - 0*6
0"6 * 2"2

2"2 - 2"4.
2.t+ - 3,O

3"o - 3"1+
3"Ä, - 3"65
3,65 - 3"85
3.85 - 3.95
3"95 - 5.3
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Soil horizon.
hedo¡nina¡tly soil tlith very
coerse sand and in'egular
granules.
Very coarse sand and coarse
granuLes"
Mediu¡r sa¡d r'rÍth granuLes and

¡nbbLes. 2.5 Y. 7-2"

Structureg

I Bed 3.o - 3.Ä drPPing

Seetlon LîD Pit

ooo - 0.6
0"6 - r.55
L.55 - 2"O

2.O - 2"9

Soil horizon.
l,l1æd horizon of granulesr vexï¡
coarse and ned:ium sanclo
I'fsdium sand.
l,lediu¡r sand, wlth coarse sand
Lan.ìnae ald. frregul-ar pebblesn
Very coarse sa¡d and granul-es"
Meðiunr sand ]a¡nina. 2.5 y 7-2"
Ilnsorted sard and granules.
Coarse granul"e horizonn
Unsorted coarse and very coarse
sand, and gtranules.

27 degrees doçnr¿ard to east,

Soil horizon.
So11, lrith granul.eso
Coarse gra¡ules ancl very coarse
sard.
Medlum send a¡id imegular
granules.



Sectjon l?D (continued)

Depth (fb,)

2"9 - 2.95
2"95 - 3"8

3.8 - ln"6

Pit

0"0 - 1.4
I.l+ - 2"O

2.O - 3u6

Seetion L7E

Sec_ti_o¡-18.4, PLt

0.0
0.6

L.1

L.6

DesgrÍntion

Coarse granule horizon.
Unsorted very coBrse to fine sand
somo granules, 2.5 Y 7-2.
Very coarse serd and granules"

Seetlgn 188 Rlt

0.0 - 0.5
0"5 - 1"2

1"2 - 2"O

2"O - 3.Ä,

Soil horizon.
Medium to fine
slIt"
Dark c1ay.

0"6
1.1

L"6

3 
"l+
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Sectlgn 18C Quarry perallel

0.0 - 0"5
0.5 - Inl
L.l - L.2

L.2 - L"35
L"35 - r.75

So11 horízon"
Soil, pebbles¡ vÊry coarse sand.
and boulders,
GranuJ-es, pebbles a¡d. coarse
sa¡d. 2"5 ''I 6-2"
SÍIty sardn

sand-r some coarse
10 n 5-2.

Soil horlzou
SoiL with very coarse sand and
granu"les"
Coarse sa¡d vith pebblese
gra.nul-es and. siLtn 10 B ?-2.
Granuleso with coarse silt"

transverse ad-s of the ridge

Disturbed dus to quærylng"
Unsorted granul-es in clay.
Silt, lrlth coarse sand and
granulesu
Unsorted gravel and- sa¡d.
Medlun sando with very coarse
sand lanlnae, somo pebbles Bnd
silt" 2,5 Y 7-2"
Coarse sand, gracLing into fÍne
gra:rules.
Unsorted coarse granulos and
gand.

to the

Lo75 - r"9
L.9 - 2,O5



Section l-S (continued)

Structuresl

I
rï

Section 180

2,O5 - 3"O
3"O - !r.?

Bed 1.75 - 1.9 d.ippíng
B€d. 2.05 -3.O òipping

Desc_rÍptic,n

Pebble horizons in ¡tlxed saJtd.
Unsorted granules, pebbles, verY
coarse sa¡d and silt.

2"5 y 'l_2,

Pf.t

0.0 - 0.5
0.5 - 1.0
l_.0 - 1n5

L.5 _ 2.2
^tèo1 - )o4

3./r - /r"o

Plt

0n0 - 1.6
Lo6 - 1"8
L.g _ 2.3

Seetíon i-88

I
5

degree downwerd to wesb
dogrees dounward. to east.
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Section lqA

Soil horízon
SoiL with fine pebbles.
kedomina¡tIy rnediun sandr lrith
very eoarse sa¡d and grauules"
PebbLe horizon.
Coarse pebbles.
Silty sarid.

Sect_1og L9B

Pit

0.0
0.9
L"3

Pit

0n0
0.5
1.0
1.2

_ 0"9
_ 1.3
- 3"O

So11 horizon.
Silty sand,
Silty c14y.

o"5
L.0
r"2
1""5

2.3

Soí1 horizon,
Clay r.rith Ínegular granules,
Clay, 2.5 Y 6-2.

r.5 -

SoiL horizon"
Granules a¡d- so1l.
Unsorted. coarse and meùiurn sardó
Very coarse sand lemina and 1r-
regular granulos.
Ilnsorbed sand with Í:='egular
granulesr pebbles and coarse
la¡ninae. 2.5 Y. 7-2"



Sectls¡n 199 Quarry perpondlcular

Depth (fü.)

o"o - 0.6
0.6 - 1,2

Loz - 2.3

2.3 - 3.9

3"9 - ln.6

Structuro¡

I Beit 2.3 - 3"9 dipplng 10 degrees dor,¡nr¡ard to vest

26t

to tho long axis of tho rid.ge.

De*serlptlon

Soil horlzon"
SoÍ1¡ r.rith very coarse sand and
graJlules.
Coarse sand and írregular
graluJ-eso
Very coarse sand r.¡ith discon-
tinuous gravel lar¡inae.

2.5 Y 6-2,
Pebble horizons, r,¡ith rnediun e¡d
very coarse sand.

Seetion L9D Ptt

0"0 - 0"8
0.8 - 1"3
r"3 - L.5

1,5 - 3"6

Section I9E Pít

0.0 - 0u6
0.6 - 2.6

SoiL horizon.
Granules and very coerse sardn
Silty e1a6 wtth lrregular
granules.
Unsorted. cobbles, pebbles and
gra¡ulesn

SoÍ1 horj-zon.
Light clffr wi.tb sone silt.



Transect -{00.

Section -4.004

o"o - 2.3

2.3 - 2.5
2.5 - /,,"O

Sectiqn =/.008 Pit

0.0 _ 2u3

Appendix 2

TM PONTON RIDC'BS

Ptt

Depth (fü")

Sectioq_-j¿OW

Section -/'OOD
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Description

Silty sand, clay and gra:ru1es.
2.5 Y 7-2"

Ash grey fine soil horÍzon.
OSAnge sa¡d horÍzon.

Pit

0"0 - 2.0

Ptt

0"0 - 2"4.

Pit.

0.0 - 2"1
2.1 - 3"7

Seg.bion -4O0E

Seetions - 4!0F and G.

Pit.

0.0 - 0.3
0.3 - 0"6
0.6 - 4"0

C1ay.

CIry.

C1ey.

Fine silty sand.
CIay horÍzon.

Sllty sand..
Ash grey fine soiL horizon.
Unsorted coarse to fine ora.nge
sand, r,¡Íth sone coarse silt"

2"5 y 7-1.



Seetion -400II

o.o - 2,5

Se,ctiqn +lO0 I axd- J.u

Plt

0"0 - 0"6
0.6 - 0"S
0"8 - L"g

Pit

Eeetton -¿OOK

Section -4O0L

C1ay,

PLt

o,o - 6.6

6.6 -'7.2

Pit

o.o - 0.6

ou6 - o.g
0"9 _ 2"9
2r8 - /+"I

Doscrintåon

Soil horlzon.
Silty sando
c1ry

Section Jo0l4 
iäåfr"" 

the same
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Fection -./'.00N.

fti-ne sand and

C3-ay horizono

Medfu¡r to fi.ne sand, solre coarse
silt. 2.5 Y 6-/+"
.Ash grey horizon.
Orange sand horLzon"
FÍne sa¡d.

seòi¡nentologic al differentÍation as

Sectlon -4Ð0(Q)

Pit

O"O - 3"2
3,2 - 3.9

Pit

Wet peat sr{aapc

sone coarse silt"
2"5 Í 7-2"

IIgIsect_-000..

Seetlon 0004 Pit

0.0 - 0"6
0.6 - on?

Very fine sanil,
Clry horÍzon"

Silty sand.
Orgenis horizon.



Section 000¡L (continued)

SectÍon 0008 and C

Pit

0n0 - 0.7 Orgairic horizon"
O.7 - 3nO C1ay.

0.7 - 0.9
0u9 - 3.0

Section 000D Pit

o"o - 3.6

Deseriptlotl

Ash grey fine soj-l horizonn
Fine to very fino sand"

108 6-6.

Sec-Lion 0004

Section 000J

Pit

0"0 - 1o0
f.O - 3.'l

Fit

0.0 - 0.8
0,8 - 2.6

P[t

0.0 - 4.0

261+

Seelion 0.00G

Fine to very fine sandr sone
coarse silt. l-0 R 7-2,

Sect-ions 000II and--lQQOI disturbed þ ihe road. Silty sa:rd above a¡d
clay beneath. Sone granules evidont.

2.5 Í, 8-2,

Section 000K

ftLne sand a¡¡d sílt. 2"5 Y 7-2,
Sf1ty clay.

Coarso sa¡d to s1It. 2,5 Y 7-/+"
Glay.

P1t"

0,0 - ou3
o.3 - 0.6
0.6 - 3./r

Fine sa.ndp and some coarse silt"
2.5 Y 6-l+"

Organic horlzon--po at.
Silty sand.
Coarse to fine sande some
coarse slIt and. granules.

2.5 y 5-2.



See_Lion 000L

Section 0001"f

Pit

Sec-tion 0001I

0"0 - 4ng

Pit

0.0 - 1"0
roo - 2"3

Pít

0.0 _ 2"0

PÍ-t

0"0 - /nug

Sectio_n_lQgq (0)

Descriotion

Fine sa¡d.

Sectjon 000P Pit

0u0 - 2"6 Silty saad, and irregular
pebbles

Silty sand,
Very coarse sand and granules"

Section 000Q Plt

0.0 - 1"0
1.0 _ 1.6
L"6 - 2.6
2"6 - l+.1+
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Vory coarse sand,

Section 00@ ïmpenetrable vegetative

Fine sand r+ith irregular peb-
ples. 2.5 Y.7-2

Transoct 200

Section 2004

FÍne sand ancl irregular pebbles"
A.sh grey fino soil horizon.
Orange sa¡d horizonn
Medium to fine sandu 2"5 Y 7-/+,

nat and peat.

Pit

0o0 - 1.9

1oo - 1"2
1"2 - L"/+
1"/+ - 1"6
L.6 - 3"6

3"6 - 5,0

SiJ-ty sa¡d r.rith somo clayo
2.5 r 7-2.

Dark organj.e soil horizon"
Ash grey fine soil horizon.
Orango sand horízon"
Very fine and medium sando

2.5 y 6-lr.
C1ry.



Sectlon 2008

SectÍons_ÐO0" D and E

Pit

0.0 - 0"5
o.5 - 2"3

Pit

Depth (tt.ì

0.0 - 0n6
0.6 - 3.0

Section 200F

Section.200G

Desc_rlptioa

Fine silty sa¡d" 2.5 Y 7-2"
CIay. 2.5 Y 7-2.

Ptt

0.0 - 2.6
2.6 - 3.3

Pit

0.0 - 1.6

Sec_tÍgIr 200II Pit

0n0 - 4.9

Fine sando
Clay. 2.5 Y 8-2.
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Section 200ï

Silty c1ay.
Sitty sard.

Seetion 200J

Pít

0.0 - 0o8
o"8 - 3.2

Ptt

o.o - 0o6
0"6 - 2"3

Pit

0.0 - 004
O"l+ - 2"3

lbdlun to flne sa¡d--some silt"
2.5 y 7-2.

Segþion 200K

Mediun and. ffne sa¡ld.
2.5 y '.l-t+"

FÍne d.lty sand"
C1ay.

Fine ora¡ge sald horizon.
Hhite/light grey clay hori.zon.

Sl1ty sandn
Coarse to nedfum sandn No one
coloi.



Sectiç¡U?00! Pit

Depth (fb,l

0"0 - 1"0

L"O - 2.3
aañf,Éo) - &ol

Seetion 200M

Section 200N

Pit

0.0
1.1

1.3

Rit

0'0

Descriptio¡

Medlum to silty sand.
2,5 y 6-2"

Very fi.ne samdo 2"5 Y. 7-?-"
Very coarse sand with irregular
pebbS-es and clay lentÍcIes"

Section 200(0)

- l_.1
_ 1.3

- 2.6

Transect {O0

Sectíon 400.4,
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- /r"O

Silty fino to very fine sando
CIay horízon r,¡ith j-rregular
pebbles"
Silty sard.

Pi.t

0.0
L,0

- 100
- 3"6

Sectlon 400P

Very fine
lønina, at

Pit

0.0

2.O

Pi_t

0n0
2"O

Pit

0.0

Seetion /,ÐtC

sand l,Êth nedium
2u0t. 2.5 Y 8-/+"

- 2"O

- 4.0

Fine orange sa.ndo
FÍne sand " 2,5 Y 6-!r.

- 2.O
- 3"6

FLne to veqy

Me&ium sand"

- /oro

f,Lne orange sard.
2.5 Í "l-/r"

FÍne to very f5.ne sando
Clay, a:rd so¡ne siLt,

2"5 y 7-t+"

Fino texbured. silty sa¡d.



Se_ction Å00I)

Section @0E

Pit

Deqth (ftJ

0o0 - 0.8
0.8 - L"o

Pit

0"0 - 0.9

O.9 - Z"t+

Pit

0.0 - 5u0

Seetion ÁOOF

Section 400G

Descriubion

Silty sand,
CIay horizon.

Section trO0J

Ptt

o,o - 3.à

No clay at base but

Pit

ono - Ln6
1.6 - Ln8
r.g - 3.6

Ibdlum to flno sardo
2"5 y 7-2"

C1ay, 2.5 Y 7-2"

zoö

Seetlon 4Ð0Ï

Fine to very fÍne sand.
2"5 y 7-/+"

Section 400J

Msdiun to ffne sandn

fev cJ-ry Lenticles in the seetion.

I&diun sa¡d.
Pebble horlzonu
Fine to very fíne silty sand,

2.5 y 7-?"

Pit

0"0 - 1.0
I"0 - l+"6

Ptt

0"0 - 4.0

Pi-t

0.0 - 1"0
Lno - 2"0
2"O - 2.!

Seetion /.00K

Fine orange saad.
Fine sand. 2.5 Y. 7-4"

Orange nediwn sandn

ûrange sand.
Meitium sand.
Pebble layer (aisintegrating)
wlth u¡trite clay.



Section /É0K (contlnued)

Transeet 600

Sgction 6o0A

2"! - t+"2

Boulders on the

DescriptloJ

FÍno to very fllne silty sandn
2.5 y 7_2.

crest of the rld.ge,

Sectlon @OB

Pit

ouo - 0r/+
O"l+ - 3.'7
3"7 - l+.2

Sectlon @.0!

Pit

0.0 - 0.1-
O,L - 2.6
2.6 - 2.7
2o'l - 2o9
2.9 - 3"2
3.2 - lr,6
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Section 600D

Ash grey fÍne soil
Orange sand.
Clay"

Pit

0.0 - /+.0

P[t

ono - 3"6

Pit

0"0 - 2u0
2"O - l+.O

Seetion 6008

Scattered pebbLes.
Silty c1ay.
Onganic horlzons.
0range sa:rd horizon.
Ash grey soÍl horizon.
OrsrìBs sand. horizon"

horizon"

2.5 Y "l-2.

Seetion 600F Ptt

0.0 - 0.2
0.2 - 1"0
1.0 - 3"6

Clay"

Silty c1eg.

2.5 y 7-2"

Onange sa¡d horlzon.
BLno to very fine sand.

2.5 y 7-/+"

l6diun sand.
Very coarse sand.
ftLno, silty sa¡d. 2.5 l. 7-2"



Section 6o0G

Secti_on @0H

Ptt

Dep-Lh (ft")

0"0 - 4.0

Pit

0.0 - 0.6
0,6 - 2.6
2.6 - 3"7

SectÍon_600I Pit

0o0 - 1u0
L.0 - 2.6

2"6 - 3.9

Deseriptfon

Iþdlum sard..

Trensect 700

Segtion 7004

Ash grey flne soil horizon.
Orange nedÍuro sandn
line to very fine sard.

2.5 Y. 7-/+"
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Ptt

0.0 - 0.2
0.2 - 0.6
0.6 - L.6

Lo6 - L,8

Clry exbends to
etq)osurec

Plt

0"0 - 12

Sectlon 7008

Iþdiun sand.
Sanil falntly laminated with silty
horizons"
Saady s1lt"

Section 70@

Ash grey soil horizon"
Pebble horizono
trtlne to ver¡r fine sard,

2.5 Y 6*L,
C1ryo

12 feet in depth--seen in ditch

Section 700D

about

Pit

0o0 - 2.0

2.0 - 5"O

Pft

ouo - 0.6
0.6 - 1"0

CJ-ry--in roadsid.e diteh.

Orange fine to
horizon.
Meùiun sa:xdo

Fíne sand.
C1ay.

me&1um sand
2.5 y 7-!+"



Section 7.0QE

Section 700F Ptt

0"0 - L.0 Fine sa-'rd o 2.5 Y 7-2"
1.0 a¡d surrounding and bslorv--tabular boulders

encouubered.

Pit

0.0 - 1,"0
Loo - 3"9

See-LlOq 700G"

Section 700H PÍt

0.0 - 2u0

Description

FÍne sando 2.5 Y 7-2,
Glayey sand--flozen ground.

Pit

0"0

lransect 900

Section 9004

- /r.g
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Seetion 9008

Pit

0.0 - 3"0
3"0 - /+,o

Pit

0"0 - 4"0

Pit

0"0 - 3.0

Pned.ontnantly flne to very fine
orango sando 2.5 Y 7-/+"

Section 900C

IÞùiun sand"

Seetion q00D Pít

0.0 - 3"0 Silty sa¡d r^¡ith clay below.

Section 9008

ftlne sand and some coarse silt"
clqy.

C1ay.

Pit

0.0
2.O

Very fine sa¡d and coarse s1lt,
2.5 y, 6_2"

- 2.O
- 3"7

Fine to very flne sa¡d 2.5 Y 7-2"
C1ay.



Seetion 9Q0l

Sectlon 9QOG

Seetion 90_0H

0.0 - /+"0

Plt

0.0 - ¿r"5

Section q00I

Pít

0"0 - L,l
r"L - 2"3

Descriptlon

Eine sand,

Section 900J

Fine sa¡d r¡ith fair¡t, very fine
sand la¡uinations. 2.5 Y 7-/+.

Pit

0.0 - 3"0

Ptt

0.0 - 3"0

Pit

0o0 - 1"0
l.o - 2.3

Ptt

0.0 - 003
0.3 - 1"6

L.6 - 3"4

Section 900K
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Fine to very fino sllty sa¡d.n
2.5 y 7-2.

Silty elqv--fYozen ground.
2,5 Y 7-2.

Section o00L

Very fine sand,.

Seetion q00l'l

E[ne sand.

St1ty salxd,
Fine sa¡rd--fþozen ground.

Pit

0.0 - 1.0
L,O - /+.6

/n.6 - 5.3

Silty sand.
Ash grey soiL horizon, with sone
sard.
Very fine sa¡d a¡d coarse silt.

2.5 y 6-4"

Ash grey soil horizon.
}bùiun sand predonrfnantly with
so¡ne fi-ne sard.
Clay. 2.5 Y "7-2"



Tran,Sct L[00

sec!-io¡_11Q84_ Ptt

Seetiç)n L100ts Pit

0"0 - 1u0 Orange sard horlzon.
1"0 - 3"8 Mediun to fine sand. wlth sone

incllcations of Ia¡ainatÍons.
2.5 y 7-/+,

P"p1!-Íil
0.0 - 0./¡.
O./+ - /+"0

Seetion L1000

De-jscrigtiQg

Ash grey soil horizonu
Fredominantly coarse to modiurn
sand, r^rith some fine sancl,

10 n /+¿.

Section__I1-gqÐ

Pit

0,0 - 0.6
0.6 - 3.6

Pit

0.0 - 3.0

3"o - 3"6

Pit

Wator tabl-e at
catecl that the
siLty sa¡¡cl as

SeetÍon L1008
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Section ï100F

Peat.
RLne siLty sand.

Section 1100J Pit

0.0 - 0.3
o.3 - L"5

r.5 - L.55
1.55 _ 2.5

ì{eùiun to flne

Clay.

Plt

f G H I 1n the 1100 sections have bouldersr pJ-aty in
type, lyrng horizontally at the surface.

the surfaco penetration beneath inùi-
prevalent deposit vas tho sane fine

founcl at 1100D"

silty sand.
2"5 y 7-2.

Peat soiI.
Sllty sand r¿ith

Pebble layer.
Clay.

grit larr.inae"
2.5 y, 7-2"



Sect_ipn J-10-0 K

SecËon nO0f ana M'

Pit

0"0 - 4"0

Pit

PcÉb-J$")

o.o - 4"0

Sesliot U00N PÍt

0.0
4.2
0.6
!"2

2.3

Descriptiog

Fine sand"

Tr"a+Sec! J.309

Seetiorlå094

0.2
0,6
r"2
2"3

3.5

Fine to very fline sand.
2.5 Y 7-/+,

n4

Section 13008

Pit

0.0 - 0.9
0,9 _ l-,9
1o8 - 2.7
2.7 - 2"8
2"8 - 3.8

Pit

0.0 - 0"7
o.7 - L.3
1"3 - /o"6

Peat horizon.
Ash grey soil- horizon"
ûrange medium sand.
llne to very flne sa:ado

2"5 Y "l_&.
Clay.

SeclloLl3LOC Plt

0.0 - 0.8
0.8 - 1.0

Peat horizono
Ash grey soil horizon.
Flne sand n 2'5 !' 6-2"
Black ? horizon.
Rlno sand.

Fine sand.
.Ash grey soil horizon"
Fine to very fine sand.

2.5 Y 7-l+,

Silty sa¡d"
Hard indurated sand horizont
conslsting of fine to very fine
saÈrd. 2.5 Y 6-/*'



SeetÍon l-300D

0"0 - 1.3

L.3 _ /+.A
/+"o - l+"!
/+.J_ - /rr5

SectioLL39OE Pit

0.0 - 3"8

Seclion- 1å00F Pit

0o0 - 1"0
L"0 - L"l

Description

I4edium to fine sancl--sone ac-
crotions of Fe, and la¡ninar
development
ûra¡rge rnecliurû sard"
CIay horizon"
Silty c3-ay.

Secti-on 13L08 Pit

0"0 - 3.0

Sectio! 1790H

275

Predomina¡t1y flne sand, with
sone trediun sar¡d. 2.5 Y 7-/+"

Sectíon 1300I

Ptt

0"0 - 3.8
3.8 a¡rd. below

Plt

0.0 - 3,0

fnpenetrable belol¡

Pit

0"0 - 1"2

Silty sard.
Hard inclurated sand horizon--
fbozen ground.

Seetion 1300J

Fine to very fine silty sand.
2.5 y 6-/+,

Silty sa¡d.
ïndurated sa¡d--frozen grouncl.

Silty sa!d..

3.0 feet because of fbozen g¡ound"

Silty sand"



seclion UgOK Plt

Seetiop 1300I, Pit

0.0 - on3
0.3 - 1"6
1"6 - 4.0

0n0 - I.0
1"0 - 1.8

r.8 - /+.&

Transect L500

Sect:Lon 15004

Descrj-ptioI

Meditun sando
Ash grey soil horfzon, uith sorno
sa¡do
ûrange medium sand vith sonre
coarse and fine sa¡d.

2.5 Y 7-l+.

Sectiog L5-0,08

Pit

0.0 - 0.9
o"9 - I.l+
1./o and belov

Plt

0.0 - 1.0
1.0 - /+.0

Ptt

o.o - 1.3
1.3 a¡d belor.'

Plt

0"0 - .4.9

Pit

0.0 - 1.0
1.0 - 4.0

276

Ash grey soil horízon.
0range mediurn sancl.
Coarse to nediuro sard.

21,5 Y 7 -/+"

Section I600C

Secüion J<00D

Ash grey so11 horÍzon.
Orange sa¡cl horlzon.
fmpenetrable fÞozen ground.

Section L5008

Dark orange sanci horlzonu
Light orange sa¡d.

Eine sand.
fmpenetrable

Med:iun sando

2"5 I 7-1"
fþozen ground.

Orange sandy soj-l.
Ifedlurn sa.rrdn



Seetlon L500I Pit

0"0 - 4.9

Ðes_cg:gþloJ

I'lediun to fine sand.
2"5 y 7-2"

¿tt
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MAP 4

RIDGES IN THE PONTON AREA

o NORTHERN MANITOBA.
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SECT 2b

FABRIC ANAIJSIS OF STE.ANNE PEBBLES.

lOSpebbles SECT 4d IOO pebbles SECT loc lO2 pebbles



lO4 pebbles SECT I6b IOG pebbles IOO pebbles
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