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i*#
Bhe.gci€nceofpetrograpbyhaobeenandcontlnueEtobeconcerned

""rriy "rttr ttre atudy of t¡¡tn roek sectione' Àlthough firet applied to

"áâir""t"ry 
roeke the aeience Eoon beea¡ne more lmportant ln igneoua antl

rnetarnorphic rock geology. rn reoent, years bo$ever, the reallzatler¡ t'lrat

lnportant regults car¡ aleo be obtsined fron a ¡d'croBeopie analyelø of

eedlssnte has ürnerl the attenticn of nany Petrologlste to tJrlE branoh

of, ttre ecl,ence. slnce the petrographic etudy of eedinente, particularly
:ì:::¡. .':, ' j

saiùalq., ie cqraerned nainLy slth tlro heavy uinerEle oecurring in the gand'

' --^--^¿^ --i ¿^ -âlt.lE AeceêÊary, firet, to eoncentrate ar¡d to eeperate thle part of tåe

eánd'from the lighter part; t¡e atucty uay be carrled on wLt¡¡ aeet'lone of
..,'..: ]

lùre heevSr plnerela but, ueually tJne graine a¡e examinetl in t't¡eir natural

. , :: '.'
eohilltlon,. I?relobJect of the gturly le the: lôentlf,loatlon entl ttre exanin-

ation of tÏ¡e pf opertf eE anil lnteFelatione of the nlneral'E '

1?rereJuvenatlonoft,lrlegclenceleduenainlytoBritiehworkerg

Ref. (2) (iZ)rúut' lt lE aleo being earrled ø by a f,ew Â¡qerlcan

petrofogiets. mà'fnte"est ln th€'Petrogrêphy of eedieentg tE lnoreaeed

Ee: Ê,.rggrilfittöf its appllcatlsn to oi1 field development. In nany o11
..;

flelèe tbe..eeaie1ty of foegllE in the sf¡rata nal¡ee' lt ver¡r cltfficult to
-..:eorrelat" àå,fOi,¡*tf*-wlth anotlrer; ttrie ie eepeeial'Iy the cas,e''wltJt.

onhter¡aneao,.leÈraþi:'iù..*y. ç'aEeB' of' this kind co¡relaÈlsn ,fm 
mlr ue

'. 4, -.: ' :

narle f+çw t&.g-i.eÉ4-gqca,,affordeil by eaæplee frou,,.sellg. À tJrorough

e4gpi.4r',,rå.wr,¡of,..tbe-heqrT. nlnere.xa,,hee, showB.that, lt ie poeeible to

connelætE tåe.forustlong enootuteneril l¡lr ,one. drlll hole wltå {ibsse ln

a+ê;tù¡erìr .,.,,prOylded eopelailqns ari€'attempted only t'n !'inrted areee' (1)'

Fq5.!{4g5.¡tqt.eqeg:t. t9-,fog4d..1n the pet'rogreP$- of eeilfnerrte sln¡e lt

' t¡¡qi-çA**,vegy..:vq\rqb'le-detA ln. regard to ttre lnterpretatløa,'of their

orlgin and geologloaL hletory.

rN"uru'e¡e.,t+-br.q,ckêtg,,rgfer..to the blbllo8raphy given at enit of tlregle'

I

I



llreworkcor¡gtgtEofaatlr'tl¡lofthephya'lcalchafagt,er'aofg-anile

frou:iltffsræt. etfatlgrapbieal horlzørg of the Mlttdle weet¡ t'Ïre atuily

ài ou dÍvideil convenlently into tso rnsån parte'

A- I'l¡e Petrog'raphlc ånal¡¡elE of ttre Esntls

(t) Ifeaqr Mi¡lera1 Content

B. tt¡e ileterminatlm of a rapid nethod for quantitatively meeaurlng

.'-t '':.

ttle.' rsun¿r¡Ees, of eand' graine'
i:::.j ri i:!, ,:.

t?re eand. borlzons etuilieè are lletoil bel0w in t'helr at'ratigrapht'cal

poettlon ln fåe' geological' colunl'

Gr.a¡cal Beaeh Sand - - Pleletoeene

I
Snith Sidtng' -

BeauaeJour--' ¡----

Melbor¡nne

Bet¿van Santletone

n

i

Eoeene - BaEe of TertlarY

Fox BiIl - UPPgr 0retaceous

I¡oweet, þar.t of n ü of À[anitoba

Ba,so,'of Silurian of ñ{aaltoba

tower Oritovieian of Dlanitoba

ï,-:,È .Ih€,.,:aaaa ¡Orfo*".n*"lrilereil tn t¡i" inveeülgaif* *" nearl¡¡ all

pg{fêg&+fly ¡4eoae-ollttated¡ that 1t le'poeelble to Ecreæ tbe ¡aterlal

l¡tgr:the'iar,lgqq.,gf,Êù€j,e1,zes without preliraiaary treatuent' fhe $ler

etand€æü-.:ssueeß.s,are-ueed.,fo¡ gradtag tJee EÊtarial¡ tJre'grading belng

4qe,.l'gg¡Il-g.heô.,,by;,Plao.ing- the"'aereeaE' in a meehanical- shåker' opera'teel' for

apertorl',qf;.f!f;-lgel.r¡åautee.tlrc''lteav¡r'ul¡sratr'separatiøleuaÈe'from

thg.¡e84..*;.after',:the'Juqterlal"le gcreened; tåe"aar¡it belng' ùhorotrgþty washeê

ln wa''tsr' E¡l,{i"lute acltl.to remove' any cemeutlng neteriala shlch' nåI

tàtêrferé::,rw,ith,,tdro:BePar*tion. À welghedl porttcalr of t'!re gand' about five



4
..
l:gqeug:,ta for4tt,to be euf,flclæt f,or rnaÞlng a eeparaõion; ae' a rule saly

,:-tF9.l.gg,€ad,,@o gradle elzea are for¡nil to be eatlefaetory for eeparatrng'

fire, hea,vy, ux¡rerals are Eoparatetl fron t?,re light, by neane of t'Ì¡e heavy
:-

.'.e.9,11t.1on,bronoform11.thaeaepec1f1cgravJ.-tyof,about2.9qfLdí1lI

,t$f, aeparate: minerals wittr a epeclflc grevity greater tbau ttrat fron

thoap epeei.fic gravlty la leae¡ in ttris way the'heavy'nfnerala' are

.le¡a+ated.frontJeequartzand'.feldepar.gft,}reltghtcrop.

.,ì, .T,: eepqretioa 18. nade ln a wt.de ftúrrel wltll a large etem, attgehed

,t¡ lbfth Le a pleoe of rubber tubing with a piaehrcock grip' Il¡e

bronoforn-Ie poured. lnto, thE fb¡¡ne'I and then tbe gåñil' Le addeil t'o lt;

af,.Èer. an inter¡a1 of, about hÂlf an hour, witb frequent etLrring' durlng

that.tinet tåe heavy ulaerale srit"Ìt.Part of thE bromoforn eolution are

drawn. off by openrag. tihe plnch-eock. The brsmofo¡rm is reeovereil fron

the;.heavy and, the ltghè reelduee by placing'eaeh ln eeparate ftltera¡

the bronoform whteh.,renalna in. tlre, eaplllary gpeeee betweon tJae'gralne

Is reesvEreel by a ffnal waahing'w.it*r aleohol¡ it then ls renoved from

. t-- --

tue,,¿icôtra¡,,.by, waehtng t;re: sol,utlon:wLth. wat'r; flrc .heav¡¡, nl,neral crop

1s..,ôrted,antl weighed antl tlre. perEentage of heavy ni¡ne.ral' !n tfie.aand 1g

ìåi¿tìi"-t"â, 
'¿ 

Fortion. of each, reeidue. ls noteted. m a, slice wLth' canatla

¡ortion of eaeh ls*baieàü 
for.. utcr-ogcoptc exanlaatlon a¡¡d' another 1

'tiäâàiïed: f, or rn5.oroseopic exa¡ing.tion wl thort betng, mot¡eted'

':r;:'.:.,l:i'"';"66,,;âo¡mted 
portlon of the heavy ml,aeral reeldue ie'exanlned with

the obJeet of ft¡gt,, tJre identlflcation of tho minerala, eeemd, the

',.: :: ¡, ,'.iÉèäìa-fig. *f.,¡a*ticnlal charasterlatlc featr

:tnit¡r',titeleEùi¡¡çtlen-of tlre reletlve abunda¡lce of, an¡r of the mln'era1e'

'r:ir:r';'-:'Th:'notintedlportlm of tåe llght reeldue le exa¡nined nainly to

'ifiCä.idnE ,tÈ, aneuigt. of feldapar 1rr, tJre, eend and. ite ' degree' of a'trtEratlon '

the rmnornte<l heavy nineral. portiæ ie uaeil for Refractlve D¡ilex

!-^ 
-:.tesùgland. for deterlttnlqg.:the roagnetic proper:tiee of certain niners'le'

'::r'i':i.Ì'\ rt,':,'l .:,,:-ì --,': :.r :.: ì.,. dgtgfntng.tJfe ehape.affd' : .'J 
Tl¡à Ðeeulrteê llght. Portt.otr le exafti¡ed to

eurfaee féatr¡reE of lihe graiae.

l



t-' t.;'nr|'.,.l,-':-:"- - 
e ileterufnatlcn of color¡ ahape¡ fracture,.' .úethô¿a are enProYedr e.¡i' thr

parttag, cleaveger ëbraaiol, relative refrEctlve index' luEtre' pleochrolam'

leotropiEm or anteotropism¡. blrefringeacer extinctiotrt- l,nterferenoe flgure,

ù¿ elgn. Ttre relatlte abtintlance or eoarcit¡r of each apeeLes of heavy

miaeral preeent in a eand' ie reeorded ur a percent'age baeie and this ie

obtai¡ett by connting the.an¡mber of grai.na'ln a,cert¿in nr¡mber of flelile

of tJreinleroeoopÊ and from thfa oalaulating the average¡ ln tl¡ie' ray lt

fã¡OÈ¿fUfe to refer tåe nineral to one of the followlng groups:

Dontna¡rt - ovet Wþ

Áu*a"nt

Comoa --lO-?Ji("
Preeent - 5 -l;W
Ra.re- -- 7--57"

Traoe leee tJraa I/o

. ¡ii o"+,aiiËa nu"orrptiqr of t¡e Heav¡¡ ìlin¡rale rilentlfietl'

sggg-oeoure es. e¡48.1.1, tabular o: squar€,shape : gralne.always ebowlng

e,.i*ai¿"rable degree of rormittng. CLeavage lE eometi"Eos sÌldent ln' t'wo

dùreetloue.., eolor Le eithe!. elear yellow. or Þ¡ownlab yellow. The
':

mlaerg'I, ls: not, Gotffigrl.:;:
iùlitÉ.ùffu - pllae.tierclearrcolorlese graine a¡rd Eomewhat rounded gra'y

P*î+.*!F.9:F,r-.,1'lP!;loccur. wel'L clefrned py-ranldal endlnge'ueuallf cap tåe

q:*l€.. ,g'3fu. and, tùre priam erlges ean- sometimes be seear À few

greXne f¡rom,yellow to colorle6e haVe, been. noteil; iae:Iueiona

to the-prlacl¡¡al arcie ere-cmlnqn; souesimee t'hege

þc,luslona, whea-ainute. glve'ttre Cqrtre gf ,ttle: $raÍ$ a very dark appoaråBce'

-&aal- 91¡; Eided:lieotrop1c geotiona are eouetimes' Ê9€ll:. The"n:tneral ls

,,ï! LÈ+lf.¡"ui19 Í]æesBJbut diff,ers from tlrat ntneral ln havlag lowerR'I'

a¡td, loner. poleråzatlø, colora,,
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-.,grairnE' are lrfegular, tabula¡ or six slded ln ehape. Ttre

.,ì.ói;;.íà,dark fror,dark green to brown or brownteh b1aeh. Pleoohroism

;::ie:,y€fÍ,:.geldom-€vi.dent,. ft¡e,ninEral oecurs more ftequentLy:in ttre

coûrse"grade aLzea'

rrglg@ - graåna are alwaye J.rlregular, ln ehape. rhe color ie very

, :chJ.aeterietle belng. a tleep yellowieh gneen; tþe elistlnct Pleoehrolsm

,.fr,on:yel,lowleh gÍeen to groen ie tìlrc'beet gurtte in lileatifiring the mlneral'

',-,::€Í€rËi!á,Ë.'- lr.rogUlar ehape¡ often apP€ars freehly'Oroken giving a

*resäeboidal fracture. Graine are,usually eolorlees but ptnk COIOred

:,:lglatne-er,e--fotnd'in Eone sa¡rds' fhe enrface of the grains iE either

j,:r.sm0oth;:orrvery, rough giving a pebÞIy aPpearance. It tE alwaye ieotropie'

::1ft99gþteeldo!û abrmilant tåe mfurerel lE' preeent tn every horizon'

;:i,{i$g@g¡!g.- lE not a co@oa nlneral except''lrl certain parts of thE

;¡afót¡."a¡¡Au¡sne; gra1na,,are all qulte rot&ded'a'è v*ry'ln color ftou

.,lrì',sbÊdèg¿¡:oÊ':-greerl¡ olive to brosryiieh yel'lowi they are-ueuelly crowoed' with

:,:st--a,4F$*darh-, lneluet oaE, probabll, iron. The, mineral' 1g opaque'

"*l"t .; graine,, afe Te'rV' irregUlar:'in ehape -andj'l'D':'-9ol!€ ¡ dietinot

iì.etéat{6tirig,.evüdent, !n one dlreetlor¡i the ørds Of the graine are eorunonly

;:: qg¡.gnr¡¡¡eyenj. ,esaeÍ.e:ting. of. .* seriea of ftne proleetione. the pleochroism

r:lll-Ë.,9i*thÊ:',". 'tæiting feature of the gralna¡ lt rangee 'from & roee: oolor ln

,iìittjliê¡horåáontÈL,póeition to blue in tlre vertieal' lþe extinctlon aagle

le ebout. five degreee.

vffifi,iilf.regular, ahepe., opaflue oad gives a reddLsh bro¡sa color f.a

jiì,{.(**g"gteè':}ight,,

*;n g d$,r--genorâ.1-ly Occure in prienatio grains, wlth lrregular broken

"o¿". tleavage ie.ueually eviilent eepecially i:r croes - eeetiqllEt

ì.iFbÊ+g*fÀg:i:two,..o:leev,agga:. intergeet at.124 clegrees'; Color varlee froU

dlark green to brownish green; sol[€ grains a:re very nearly colorleas,
.:i

"'.îirgåçlng,- q,¡,b1e-aeÌ¡e'd-'.-'a-Ppeara¡ree to the'ninere'l' Pleoehroisu le ueually
Â

ri'¡€itrå.ilen:ü,:råiu,tiÌ¡e'.dèrk,coloreè'o"o€pf "".
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i.f*t-fr++t,1a,.,,!a'.v-eqy: llk€ ¡oegnetite in general appearance but lt le

itlfferentiated i?om..that nlr¡eral by (a) lts charaeterleti.c tleveloprnent

of.,,,goo-d,€fystal facea, t'h€'graina boing ettrsrer E'

lt.,,ta-.,no .,attracteel,by the nagaetlzed neectle (c) a crlnson eotror ie
:,

eo.peliaea notlceil on t'he very tlrln 
"Ug,1? 

of tJre gralne '

Kyenlsø-elongate'dprienati-cgrslngwlthlrrggularternlnatlona.are

""''*..We1l¿efinectcleavagelntwodireetlone'ietþical.Grains'.. .'--,'':ì. . :r.. ..

are, cotrgrleea'¡ or graylah blue with pearly luatre' Pleochrolam le

aþs..!t!{:., . r-

Ë,*seEÉ-$al-,oCGllf'B in trregtllar, anorphoue eggregatee. Ix¡t'l browrr color

in reflected light'

#F$e-t'Llae - the most conEiEteüt oeourring' ninera!'' le founil in well

.'..'....
r,ogrp$qitar¡d.i.nirregularohapedgraåne;ocGaslsäa1'lyweLlerystalllzeil

a'hapeilgratnsarefor¡r¡d.Ablulshn¡talllaluetrelovery

:eåq}Fgr!?r{4.!1e

.M9}se1å9..¡.ttrrlemlrreralalwayeappearswellroundedarrdalwaygghowga
-1 

^r ^- af .I'laa ar.r¡.i,
u,.e¡lr,,.otgþ:-rgfractivo intlex¡ the citron yellow' eolor of t'l¡e graine ie

r1,]i-q.t-iP9$ive¡ noet of thE graina aro pleochrolc from ettroa yellow to

e greenish Yellow.

;$frrasÉLvf.te,: -'ocellfg-ae'el'eavage flakee irregular ln outllne' cOlOrleee

-

'"a':ç+**","oth-low. polarization colors are-ueuar. rnelueionB are co4mon

1..,g,,e,o4.9..gqeåne; the, graine being sometieqe nearly fllIetl wlth fiae

-Lr1$,r$ins; B9ed'le-Iike' ine luai ore' probably rutl Ie'

fg!!E,-..occurE 1s well developett cr¡retals ar¡ct ln clustene of etnall

c,rye+f.Ia¡ ..The,,nlneraL ie braes yelIow i,n. color and iE Very eolnln@ Ln

*t$"S Tlzp.,!f1r,beång.,eepeclally abr'¡ndtar¡t ln' aampleg taken f¡om bore-ho1ee'

It*,-9..o'-!gg,t'¡4eB;,.ocolü8:eurfotmôod by a c-Lugter of quart'z or ¡n¡Eeovite gralnø'

,;1,ÞSçt.¡.,r-eaqqþ,g,,,fåese,'¡alnorale to be canrled d'own into the' heavy reeidue'

&t.tÊ¡Ie,:ç.,¡r4,,,$+rk fo.xy-iretl ancl.:yellow ln color; the graf'ne are ustrally

+f;i.i;1a.,g*tlgg. o¡,,irfeg.uler brrt,, osca'lonally bright clear prieuatùe greine

påj0ÞsCfe.ti¡gt:,.oleavâgê;a!€: ee94. The mfneral le preeent ln praetlcai'Iy
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every separation but tt is,neven abtmdant'

lgtar¡r,sli'te-occurginirregularshapeewit,t¡.vgryeharpreent,rantarrglea
.. ;,. .-
.áù 

"fr"oo: 
ai charaeteri.stto haekly fraeture" f.lne eolor rarlges from. nearLy

,uio"tr"a¡ ¡rellow to a light brown.. fnelue.lons Êre ooltnon. Pleoehrolsm

le efÈben quite pronouneed fro¡r ðroBn to yellow. Polarizatioa eolsrE.are

alwaye htgh' reda ar¡d Þluee

fitãnlle - (Spheno) grai.ne are priematle and lrregular 1n shape; an

o"o."iót.l diamønd ehaped. grain with good cleavage end very hLgh polar-

Lza*.LøfÁ eolore iE aeen. BOt*r clear yeLlow,and cl'ark brown graine aro

preaent, ttre yellow graine ylelct goo<t biaxial figur.oa witlh colored

leqryrea very, promlneat, tJto: dark, browa graina do noi give gootl figqres

but, elo ehow well d,efined cl,eavage et ri,ght anglea, tt¡e]¡ alao Ehow

ilietinot pleochrol,em.

ry - rrregul,a:r and priematic graine oeeur. Good cleavage le aometlmeE

geen ln tso directtone. À few graiaô are vertlcal,ly etriat€d'

Insluelong ar€ quite'copmon in eome graine.'aad ln par:t at Leaet appear

ts be fl,uid. t'he minerstr.is'genenalLy eolorlese but aometiues'a faint

¡rleochrolEm ig evldsnt.

i$osanÊtr'ibe,- the. cor¡Esn¡,shep€E,ale prleuatier$raine wùth st!'iatione

Pa,rallel..,wåth tlre lengthn wel} roundeê graåne a¡¡d' irnegr¡Iar' angular

g**fiiq"TtTocLusiong-..âr€:..Boüünor. 'rfhe,.solor range. ls oonelilerabl€r PurPle¡

uÂuve.i v€r-¡¡, U.ght brgwnn.bromi brownielr..black, light and' d.ar'h bluet

blUåeh..,gr"¡r,; ,g"r"*, ¡U"", and,.,oliye.ooloreil gra'ine- have 'been.' obsetVed'

Pleoehr.oie!ü"1E, very narkedl in eone, Of the brown and uauve variètlee' but

lb.-,'¡aotleeably abEent ln tlre. dark. blue- verlety'

,Ei'rEqu., - occî¡rg ae round graine a¡d ae prlenatie graine 'witiÌ¡ the

P$rorntêel:.eÈdg. genenally qulte rotmded. Cl.ear colorleeei grainE are not

ngaF.IJr:ì-esr.:eOÌr¡¡BOA.,: aE. tþe duehy yellOw tO brOwn: colOred OneE' InclusiOng

qre¡gonmmlraad qulte-oftea ar-e arranged tn a zonal fashion.. a very few

?ll+gå,ù.Ut:pleoetaoic yellow gralne have"b€en.,r¡oted. Roee to purpla col'ored

g:aiae oceur 1n certain horizone.
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,r:¡ :1Ïe*ê:.,followlng mlae'rale' ale found in tåe ltgllt reeldue'

ry0rtÏroc1age-iacomoninEomeeande.C1eerpriematiegraina
ft

&*ì¿ oir.leuad tr*þing are ueual'
..:':ùÌiiì:.,'': ' 

ríagioclaB€ - occul,e along sith tlre, orthoelaEe ar¡d is

" 
*o.føeit by'iiiäþr"r outllne, preeence, of ttivln lameIlae, and by

""p."ii"rar 
deeomposition. Nearly eIl the felttapar graine are erouded

witlr älÎ,Eratiæ' Prod'ucte '

Cäfãfæ.- occurs part'Ly aa cleavage rhombs and part'Ìy irregu1ar in ehape'

' pelê,,ehai1eE..of yellow¡ eolorleEs aad' bro¡rn" graine occur' the brown eolor

'l ia annnm ìrì gfn'nl

ev:lðea.tIy- being, dr¡e to impurily. ThlE nineral' is eoEmoc in eøEs' sandg

dt,i¡-Uro aarple iE,not treated wltlr aeld part of it.comes down into the

ì-
. llrii'rt

trCeúy"reeldue. ' .. ..:.. -....., l.i

øñ;.- ie the piedonio*tiog minerat, ngklne up practieally all or t'he

iffi'"*"idue:. GraiBE *r" n"a^r,Ly alt clear a¡¡d colorleee ' antt' nany of

tilài,,,csat*rn incluaione elthen fluril, brrbb-le or needre-like, tt¡e laet

tfiå' probably beång. rutile -u'eedles'

(2) Ðetat'Ied Ðeaerlptlffi "l' ry-ShÎ: aad'Surface-Featuree of
Sancl GraJ'ns '

TlregeneralEhepeoft,heeå¡trdgrafast'e¿et€rElnedb¡rnicroeeoplc

eirthÀtroa; b5¡.ttrLE meanê: tùte gralne' can'only be deaignat'ed'aE'

!o.9;1ì\¡.¡-9r44itedn¡ nrotrnd'ed!, aeubangulsrf , * 
:î**".|' 

**ï::'' *"

¡rg.tboit¡tp. of .,eonålderab1e vÀl"E 1n giving a' relatj'vE i'<iea of thE exient

..gJ rorryrding'.'or of angular-lty' of .tJre grains

i¡,.;:i.-'4trr:g-Eg4iastion* of the eurface feaÕures of the'$fal'a shOwg shetTrer

!.t4çf:.SpÞ.gerr1€Iear ani[,.fresh. or tlull a¡¡d coated with' ceg€trt1gg''naterialE'

Irr. aifditls¡ to theEe eurfgee, fsaturee of graina there le another gr'eatLy

nore taporta¡¡t; the.featute" referlled to le the froetec and Pltte'l

åppearaaeo. sf. rnanJr eanda; thlE. feature.can bE seeg.r¡edEr the,' low potrer

ì'ìieau'',oramar.y*nleroscope¡- 
.xlle"eurfaee. of tåe gralr¡E Eho¡r a¡¡ evenly

. e+ ted¡:e.e¡i;êe.:of:yery fine .Iltt1e.hslee-,or plte ar'¡tl tt is this eerLeE

-Ì
B
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..:to.:;.:--@g graiue. I-n atlüÌtton to tl¡e froett*g there tg sfterr eeen

:g.9-Bp4¡at¡vel¡i: large lndentatlonE of irregular ehape; tneee larger plte

*þen.preaeat pertly obecure the finer øee. wbere tho pitttng: ie very

¡inrrte the &igh. FoFer obJeetive of tJre fdrieroaeope ie uged anit wltJr elther

the:lo¡r or the high.porser the,,frogting ar,rd Plttrag le obgerved wifJr all

refleeted ligbt andl part of the traasEltted lighL cut off'

: The .froa.ted anrt-:pitteit eharacter of. eand: graina ie deaLt wit'h here

ratL¡el ftrtly, becaug€ tìhie feett¡re ls csrEtcte¡red'' to be dlreot eviilence

ttrat gometine durí"\g the hiatsr¡¡ of,,tJre eaflô"1t'hae been eubjecteil to

,1æg cotÈiuued çintt aetlor¡. The result of the' aeoliaa aetivity te t¡riE

,ftqBti¡g anil. pittlng whlch. is proiÌueed by aetmal' abraelon¡ the pits on

,tïr€ graina befng the result of t?¡e'graine' etrlking' a¡¡J¡"har'il rock objecte

.in,,th,e,patib. of, tlrE..Eand azril tlqe result of e't¡likl¡}$"orae ar¡ofher'' with

....],€Bg.esntiaue<l aifting to antl fro sf tbe-aan.d, the gt'rikiug-of tlhe gralns

one.ega1nel the ot!¡er ie ec,aeidered,to.he"?he nai'a faetor ln Pro'hreing

o,thg'ph€nouþnorl dleEenibed. Ref ' (?) 
'

Con ,anil

thle ,Invegtigstion.

1. lbe TfinnlPeg Sanrìletone
l,,r . flæ, Hinãipeg, eaniletone ia ' tJre" baeÊtr

of Menitoba¡ it fa-e-'partially eonEoli'dat'ed

tlre Preêa.mbrian Eurface. fief. (29')

-::,: ::, .. The.heavy ntneral'eeparat5ton of tåis Earrô r€veals' only a very

':suÊIl,:erop; Yarying. from a trace to 'llp' The nr¡mber or dlffgr€qt

'Ef,agrals,: ls ver¡r linttedront'y tJre 
-foLloning 

being' noted'

llorninent - Zi.fconDonlnqnt - Zlrcon
Coumon - lourmalirae, Magpetite

.:; :.: . Preaæt - Staurolite
Sare - Rutile

ii. Trae.e - Garmetr Hsrnblenile

¡;,.,. , : , fÌre,pi¡¡erele-are oxceedilngly well r-oulded, the tourueline' and

u¡. g¡qgpg$ile PÊr,ËiealÊr\r. . The zircsg greine' ar'e' prienalls with we l l

eeetion of- thE Ordovieiar¡

sa:ed resting <lirect1y'-en
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iornilert e¡lde a4at are nearly all a duaky yellow or broçzr eoloÏ. Ttre

tgrn"raffnur,ìvAråes Ín. color fro'm' brown to olive, bfu¡e or vislet and

.,ì .

lnclugion". *t", nOt co¡mgR. The gther ninerale ¡qentloned above are

very inalgntficant. Itr t¡ro oil well eau¡rles of tlre Wrnnlpeg eaudetone

the heav¡ir rinoral reei,due ln each eaee La floodetl with pyrite. the

ganerel, rounding of the heavy nineralE of thle Ea¡¡d le readily oeen

in Plate 1.

the ehepe-of the llllnnlpeg eaniletone graùnE üsy, be claeeed as

trnel.l,-rotmited0¡ in the eoarse grade aLæa 1.e. fron 20 to 
'18 

raeab nany

of the,graina arervery' nearly perfeet EPherEE, in the flne grad'e Eåzea

fron65 to 2OO mesh the. gneiae a¡reneubangUlarn to nangularff' T5e

rsell-roundedn graino oecur in every grade Elae but the pereentage of

,å*g*I*ttt gt"in" in re1atio¡ to the ror¡ncl onee gradually increases aE

l¡lre',flaeat grade ia approaehed'

fhe eurfaee featuree of f,!¡ia sarid showe t*¡o davelopneaÈ of froeting

ãad. pitting to a htgb ilegree. The.la:lge graine' e?row very cleaqly tihe

iroe.ting. and piÈting. but the Ernall graåns only enow tlre' frostlng'' Many

,sf. the ptte on the.large, gnaine, are qui.te tl'eep't¡to tl¡e'grai'n aaè'are

triangular or roughly horse-Bhoe ehaped. Plate 1l' ehowe the pitted

,eharaeter.rof. a. ty¡rieal lVinnlpeg, aand grain'

2. the gllurian SanclEtære

be tåE transltion ge.riee from the 0rdoviciaa to the Sil'urlan eyeteme' ltef ' (29)

The.rook iE over 75þ linestone and' the, renainéer ie aand, iliet¡i'buted through

tåe lineetone.

Tho heavy nlneial content and the alrape ar¡tt aurfaee'fEatt¡ree 9f

,thiE aanè le very gimiLar tO t¡re Winnipeg ea¡rdEtOne. the saÐe Elnerals'are

,fornd although. only ae, a traee a¡¡d the degree of rowrdi.rng, froeting and

r-rtting parallel,s tlre ordovlcian ssndetone in every qa¡¡. rÏre only

lôlffereace between tå1e earrd and t*le laat deecriþed le the high

,. :Gdtclum earbonate eontent.
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DomÍnar¡t - Zlrem
Con'rnon - lournall.ne' Magnetite
Preeent - Stat¡rolite
Rare - Rt¡tile
Trace - Ga¡net, Hornblende
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Froeting and Pitting of a \{innipeg Sandetone Grain.
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:: r'lì'' lhe. D_ak9ta saniletme ig tåE olkst forrnatÍon of tlre upper

ìÌlãileaeeot¡e.,ofi, Ma¡ri.toba¡ tt ia a mari-ae depoeåt roeting tllreetly- @ t&re
ill::ì:.:l:a::.: . i
:t':::i'r:ìÌl lri'l ' _

',1,,È¡¡4"¿.Eurface 
of the Devonlalr rockg. Ref. (29).

..,1arVtne.f,rom ,51 - .97%. fhere le preeeat a m¡ch greater variet¡r of

.,"::hineralg tJtar¡ ln t'be l{innipeg. sandetme. ;::.-:

.,," Abr¡¡ôa¡rt - lfagnetite, Glauconite
:,,::.' 0onnon - Staurollte, Apatlte¡ ?or¡rrnaLine., P¡¡rlte, Museovite
',',,i,, PreEent - Kyenite¡ llneniter- tiE@nite, Biotit'e, Zircon
,¡ Ba:re - ÌIor:oÈ1end6,, Anataaer €iernet

Trace - fitanite, Rutile

..:.....,1}re.generalileeer1ptionoftÀe.nineraIegiven.previoue1y

. 
,, t"" to thoee above. Platee,'lll, lV anil V are all takem fron Dakota

,'ttii!ÞIee, and they ehow ln a graphic nanner tlrc variaiionE oecuruing in

:.¡:ì:¡ltiie- heavy ni¡enale taken, from differeat geographical a¡rd atratigraphicaf '

.t'.¡'i.-l¡Ì], : .

... àatt"r.e,ln the asue borizon¡ tleeee th¡ee eamplee are from different , "

',..¡-ii 
,eiaeg and-',thie ie an aåditional factor that heIpe, to exptrain the

.¡.,;'.ûi'|f.ference in mfner,al aaeemblage. 'fhe eum total of. the miaeralg in

,.,,.,.êliff-ereat eeparatlone varieE l,i-ttle except in the. caa-€, of ttro flood' of 1a

.rÇtgr.tain mineral., it.g. glauconlte ln. tlre one BepeJraticm. ft. ie,,notlsed
ti$¡.:''|þt" 

111 the retrative, abnndaaèe, of apatite¡ the.'flood, of tl¡le
.'ì::,,ti'::,,È,.
.¡-{,!$,,--. rtl oeeura ln a very flne. grade, aiz.ør, being finer thaa 2o0 mgaht

:

:,.f,¡i'ats" lll ehows''clearly typicaL graine of kyanite, the cloavage ao

..$....ì;.n*e,*reed 
in t*re picture le very helpful in litentifling ttre nlnoral. . l

,.!þþ¡heavy minerals are all quite angular and nany of then appealr to be

, ,,.f-I,àanl¡r broken, e.g. the large garnet grain in P1ate lV whfeh ahowe cleerly

.,,'{iNi, eq¡chotdal. fracture llnes typieal of freehl¡r broken eurfaeea of t}rat

uineral.
..''r' ': 

Dre Dakota gandEtone, is very angular, ¡!any. of the quartz grglne

.r;?,Þ.9.ErTery sharp corners and eclges. lhe gurfaceE of noe.t of the gr.aine

.':,;ìiì'i^-; ----- å .r r,--r---- . --.very clear ae though the gratne had, beeûr frEehLy broken.: Ilt

tleere are prea€nt, narqr graine vuhich are well roundod. Theee
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graine eho¡Y froeted a¡rd pitted gurfacee EimíIar :ts the

¡:¡,.&øf geg aarrclle,.

,,' .; 'lhe BoiEssvain Sandstone

,,o.onsiðered to be Fox EiLl which ie the top of tlre upper Sretaeeouo. Ref. (2g).

: It ia very dlfferent ln heavy mfneral content from either the

lifucipeg or tJre Dakota¡ ttre heavy mlaeral content iE exceedtngly high,

about 1.AVÁi the outetanding feature of tþe heavy minerale la the '

of prianatie ehapedr dark green hornblende¡ tbie nine¡ral, showa

little evidenee of al.teration and ie never in tr¡e allgþt€et ilegree

:ii:ii,ùaea, in faet, the ende of the priernatic grainø''are ueuall'y a

ai¡riee of fine proJectiione. flre hor¡oleade ooeur:e i¡ re,tra-tinely eo

,gte,,gt, 
a percentage tJrat, at flret it eeems to be the onLy mineratr, pnesent,

âæ*"" q¡e following additiom,e.I mlnerals. have been notetl,. '' ':..'t' 

"...1. .t,,,. Oqmnm..- Blotlte¡ [&agneüIte i ,. .

'-i.: Pneaent - Garnet,r Zircm, Epidoter llnËniitêri -

;:,. Ba¡e - ånatage, Àpatlte, 'tournallne
t'' ,' lraee - Kya¡ite, Ïitanlte, Rutl1e, Caleite

- -.' Plate !1 ehowe the flood or weLl ahape.d hornblende,greine

o.eqt¡fri.ng ln t¡rte Banê. The eleavage traeee parallel wltå,the-lengtJr

,o,f,,the gralae ea¡r.readily be eê,€lt. lhe genera!. cleeeription Of the

ùfnarqle glven previouely applies to. tlnoee'preeent in tl¡ls Ee¡rd- but lt - '

!àl&riereeting tonote l¡e the eaee ofthe zircone¡ that a few of, the¡t

ar,e a, dtietiåct roee color and a few others are purple.

s.tsdted.

Ttre light reeùduo ie aleo quite diff'erent fro¡q the- other' sandE

'Ihere le a reLatively high percentage of- feldspart both

pla-gigclaee and orthoclaee in addition to the quartzi 8om€rof't'þe"'f,eldspar

rygare.c1earandco1or1eeebut,mostof.them'aregrea.ttrya1tEred.
caleite is more abunda¡rt tha¡,r feltlBpar €nd' oecurs' ae a'ega'tia$r.OB.'t'he' ' '

otl¡er graine a¡rd aE a eement. Treatnent of tl¡e eanple witb acld aeeoqnte.'

:i'i- i:, ' , '

-f,'.et'Ule ecarcity of thle miaeral in the aeparation

The BoiEeovai.n eand graine ln ttre natural conditior¡. are very
'ì..::i:ì:t:t:j.ìì..

,..*,ÊÈè,, 1*rr in ebape but after treatnent witt¡ asid wl¡ich r€novee. the, tJriek
!r:,tiai;r::ì;ì
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coating they are found to be quite angular end fresh¡ 1'ho

6hap€ of the graine 1s due to the i*egular faeni,on i.n whlch

,aaLclte cryetale havo developed and to the uneven coating of iron

-ô*i¿". I{o froeting. or pitting ie evident in tùrie sand.

'5; llee Eetevan Sandstone

The Eetevan ie e eontlnental deposit oecupying a ¡rosition at

,!he baee of the Tertiary; tt ie eonEi.dered to be Socene.Ref. (S).

-, The heavy mÍneral content of trhie eand le aÍnilar i.n amormt

däÈ,..fn variety to the Boiseevai.n. 'i?re sinilarity ie evldent in tåe

àÈÈij¡¡panying. block diagram r€presoatatfon of the- relative amounte of

-:ær yarioue minerale preeent in eaeh eand.

.-,, 3he outstar¡dtng feature of the heavy ninerale of thiE Ear¡d ie

,..,@:Ctu*t, variation in the hornOlende graina.. '*rie mlneratr varieE in

$"" from dark gr€en to colorleaa; the oolorleEe graina appear to be

,$1¡!acnea anphiboles of eome kind and eince in some graine a gradaÈLon

. cotor from brorynieh green in the centre to oolorlêss oa ?he'.,bordere

....]!!$ 

"", the colorleEa gratne probably reproaent hornblende,gr-siaa that

'ù&.otpletely changed'over from the dark to {he,light eolor, a3d

,.Si$thu" the different ehades. of colorr. seea in othEr graÍÞa: of- tÌria

liù'funal probably repreeent, vari,oug etagee of tåe proeess of Þleachlng.

Many of tl¡e bloached graiJIE are crowded with ine1uelouE, probably

,ÈÈlonpo"ftlon products. I¡o all the color varfþiea' of tbe mi'neral t'?¡e

. "nt""istic prieuatic shape of horzrblende graine- ie retained' Tho

ì:ìlin 
crad chsraeter or ghown in Prate',!fl1, tneb,li¡ached and, altered charaeter of tJre graine ie

:l¡iaeeinite bordere. of tJre graine 1g a reeult of thelr altered conditioa'

, Agaia in thie Eand ,ae 1n the Boieeevain occur roge and pnrple
. ì.r:i._

eon gnaine" Pleochrolgm ie evident 1n. eo49 of these,'deep eolored

e
Leffrieei tùe cslored graina are rounded and qulte gpall. A ver¡r'few

'úef,for zircone aleo occuri theae graiae. are pleoehroic from yel'}ow to

eand gralns ar€ very angular anril freeh, a¡rd no froetlng or
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pltting of tÌ¡e graine ig evldent.

The Pleletoce¡e SandE

lthe ieeeheete' whieh movedEouthlrarde o'ver tlre provi.nce left

deposite in the form of aheetE of tÈll, morailae ridgee and drtuline'

eekerE and outwaefr gravel fane a¡xd effatleE, whlle tJre lakes shich

were inpoundect in front of thE ice formed ueaohee antl delta deposlte.Ref'(29)

1?re reaulte of examinationE of fot¡r of these ty¡Lcal Pileietocene <lepoaite

are record,ed below.

6. ltre Melbourae $and

llhe eanil ia a very fino gralneil wÍ¡nil blowr¡ deposit.

llonnblæde, tb the abr¡rda¡rt mj¡¡eral of the heavy reelduer a fen

of ttre grains are.bl,eaehed or very nearly colorleEe' lbe outetanding

feature,le trovrever, the oocu,rr€nce of apattte; the grÊinÊ are wel'I

rstuded, white or gray ln eoLor and general,ly have a rougþ pitted Eurface¡

a few of, the graina poeeeee higher polarizatlog coloie than le somæ for

thls Bineral.

fhelightrêsf.duea}rørg:'t}requartzgrainearepartlycoatettwlth

iron oxlde ar¡d eone felctspar grÊiñs are preseat' In general t'b'e eend may

be aaid to'be.angUlar but á few, eepeciall'y the larger graLae ar€ f,oüoded'

A very fine f,roeting ie Eee¡r. on the graine, tld,E feature Le not nearly ae

we,ll ileveloped as on the,pal,aeozolc atr¡r-ilg ar¡d rEal pitting le praetlcal'Iy

abgent.

7. Elre BeåuEe'$our: Sand

hrr" ie coû}aiùered to.be.ar¡, eeker aatrd. Ret.(28)

1?re:.he'ev.¡r mineral peroent4ge' ie hlglr, about Z.ffo. ltre heavy 
'

mlnerale of tÌ¡14 eandrwhteh ie t¡pieal of tþe PlelEtocenet are very

lntereetlng,.Et-nee ln aitdltt on to the ueual', minerale founil in otJrer sa4de r

too more heve.been iitentlfied.; the mlneralg ref,eged to ar€ nonazite

and glaucophane. Ilornblende,'ta"again tåe'-itonÍna¡rt mineral' the gralne

are, trrrlenatlc ln ehaPei green and .blue i¡r color. gne' hornblende grain

exhlbits ttletinct twirmlng;'the tlark grains are p&eoeÌl:roic from green '

't:-E

a i,
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to bluieh. grgi€¡.; Plato'"VIIl :.E' a: plcture of' tï¡e heavy u:lnefale of-thle

Eand; f!' ehore 'the ttoninarree of horablenae a¡rd t*re preaenêÊ'r'of a'fen

other minerEle euch ae uagnetitæ and gar,net,.

Ttre light reÊi.due Eho¡rs the preeenee of feld'epar with fine

tryin la.uellae¡ Quartz grelne tloninate the llght regidue and a few of

these ehow laclueione of rutLle neeil,Iee. lbe sanè le angulan but'Lt

aleo containe rotÍrdect grainE whicb- ere" finely f,roeted, and tflangular

Ehaped. plta are evldent on Eotre of the gralne'

8. the Sui.Èh Ðlding Sancl

An Outnagh eand for.¡ncl geogfephlcally cloEe'to l¡ake 'd/lnnipeg

and the WinniPeg EqndEtone.

ltre.heavy reeldue ie agaln doirinate-dl by hornblence' GlaucoPhsn€

and. ![mazite are both preeent and a thi.rd nineral' topaz le noted for the

firet tine.

îhls sand eloeely approachee ths Þllnnipeg ealldatone'l'n degree

of ro¡.¡nd.lng, froetj.ng and pitting; the grains; of the trvo eande are 8o

nueh alike trhat dif,fereatlaticrr between tJre trvo le di.ffl'Cult' Poroelty

t'eete-laet eection of lrork-indieate the close einilariSy ln rounding of

this sar¡d aud- t?¡e tTinnipeg eantl'

g.- êra¡¡d Beach

a beaeh eand tlepoeit located oD the eouth eaet Ehoreof- Lake

ïf ütn!,peg.

The-heavy alnerals, hornblende, nagnetlte, eplctote, rutl.l.e'

mgnaz' ite, garnet, zi.reon, tournaline, topaz., glaueopharre, nuecov.ite,

etaurolite, typical of Pleistoeene eande are round. Plate IX ia a

Pioture of the heavy mlnerals of thi's Eand'

T}re ehape of t,tre guartz graine Es.y þe claased ag ngubangular..

to frogndedtt; the large¡graine being well ror¡¡¡ded' Froating aad pittlag

ie very weli developedi tl¡e larger nearly sphericaL graina slro-w a

development of froetlng ana pltting that equale the winnipeg ealrdstone'

which outcrops farther. north in tJre eame lake' The emall' Ëeubangularr

tothngularn graine are quite freEh in appearnnco'
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PL TE VIII

Dominant - Horn¡lende
Abundant -
Ûoumon - Epidote, Garnet, Magnetlte
Preeent - Zireon, Rutile
Iiare - llonazlte, Glaucophane, Staurolite

Tourmaliner Henatite
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Ilominant
Abundant
Co¡nnon
Preeent

Pmr& u

- Hornblencle

- ldagnetite
- Oplao&, lvlonázite, Rutllet

Garnot, Zircon
- Star¡rolite, four¡naline, Glaueophane

- lopaau Muecovit€
Rare
lraee
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end,OoncluEiorrs ,of the 'Pef,r

The petrographia'*áív""" ;i ü# horizonE etudied ln thie

inveatigation reveal nany inportant faeta. ÍÌt€ appllcation of theae

faetE is conce¡r¡etl in helplng to lnterpret the geological hletory of

the horizorne and to eEtabllehing eeans. of aorrelatlng the various horizone.

Ilany of t*re heavy mlneral eultse and aurfaoe featurea of the gralna are

charaeteriatie of certain deflnitp horizone, and ln thie way, they can

be uEed in sorrel.ative work. Ân example of the applicatlon of theee

featureE to fåe correlation of horlzone rney be given¡ a eor€ from an

oil nell drilled ln the Palaeozoic fornations o'f Mar¡itoba ylelded a

eection, which in part wae difficult to identlfþ ln the hand epeciaen'

A petrographic exa.nination of ttrie part lhowed it to be identical in bott¡

h¡avf nineral content ar¡d in degree of rounding, froeting and pitting to

the lïinnipog sandstone, which outeropa eaet of thls well' In t'hle ray

p€trographic analyeie nay profitabl¡¡ be used to correlate fornatione gf¡d

to verify nacroecopic identifications

fhe Winnipeg Sandetone

ft le evident fron the reeultE of the p€trographle analygia of tihe

llirurlpeg eandgtone, that coâ€titionE m¡st bave been very different in oarly

prrtovieiar¡ tiaee, to tþe Gonditiqre durlng the hietory of any sand of

later tine.

The erÐel1 heavy nlneral eontont, the hlgh degree ot'roundlng of oot'h

tihe heavy ntnerale and the quartz greine, stld the developrnent of wel'l

frosted and pittect graine are all inFortent lndieatÍona that the eanit

paeeed through an enorEously Long perioil of being ehifted' aror¡rd by t'he

¡çi¡rd before Lt was flnally deposited

Ttre onLy heavy minerale for¡nil counmly in the gandl are zlrcont

tou¡Ealine and nagnetite¡ noroaLly theee minerale, espealalty'' àircon

oc¡astitute only a enall pereentage of the total of the heavy'rninerale

preeent, in any eanrl younger tlran Palaeozoic. The reaaon for tÌ¡9

eoncentratisn of these, the moet etable of all heavy minerale'1e,, that
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all the other conmon heavy ¡riaerale, which are leEs Etable, eu.ch as,

hor-nblende, kya¡ite, garnet anC epid.ote havo been worrt aleay. lïreEe

ninerale !Íere very likely conmur at qr¡e ti,ne' but through continued

abrasj.sn they have Eince þeen eaueed to dlaappear

sÅ predOnÍnance of tþe more Etable minerale, euch ae, ziroon,
tournaline, rutl!.e a¡rtl lrcn oreer probab\f to the total Extlnetlæ of
otl¡er epeciee, inp1iee a dertvatíoå tt.n þi"e-exieting eeitinente.ünef.(17).

11¡ie ig gre eituatic¡r ln regarrt to tåe lïinnlpeg eendatone aiUrougtr

a llttle etaurollte and garnet oeeure aa welI. WÌ¡ether'or not, thia

eand f,e derlved from a pre-exlating cerliment ie difficult to eay, for

certain, but in vfev¡ of lta poalticn êirectly overl]tlng the þfeQanbrla¡l

rock¡it 1g nore likbly that tåe Ea¡¡d was aerlvect fron thle bagal rook;

the Eand. being mov€d by the wlnd over thte surfaee r¡rt'll the agente of

erogion wore able to wear away al.l rmstable nlnerale, 'to rot8tt off all'

ren*iniag mine¡als and finalLy to give the froeted' and pitted -.:Ììi:.ìi,

eharaeter to tJre eand graina.

In oriler for the quartz graine to becoqE eo well rotmded, froEted

anrl pitteit t?¡e tlae interval nrgt have been very lcnrg and not oarly ttfigtt

but there rnrre.t have been great freedlOm of movement of tbe ,gralne¡ i'€'

tlrere could have boen no obstruetion, eueh &Er a vegetable eover to

prevent trlre nlnd moving: tù¡e sar¡d around. . an oavirsnment of thle Eind

probably was. to be for.mit over tùe Pre@a¡rbriaa. Eunface' An ldea of t'tre

eondÍtionE neceseary to produce such groninOnt froeting' aad þitt'ing li;ke

oceurs on tl¡e Wiruripeg sa¡rd grafule la given when'lt te oo4par'ed wlth the

üelbourne eand. 'ihlE iE aleo a ¡vi¡d, blown aa¡rd but tåere ie only a

development sf a very ff.ne froettng aad no elgn whatever of real pltting;

the heavy miaeraLe of 'the Melbourne aand give no lncllcatlø' of rotnding

and naay fairly tme-tahle ninerala are fouad. It- le evid.er¡t thie ggBd haa

not, as yet euffered eroaisaal èffectE ae great aE thoee'of' Iflntrlpeg

saadstone time. 'Itre two Ea¡rds cannot be eo4pared too oloeeLy however,

becauge the Melbsurne ls a ff.ner gralned eefid tùan' tåe 'Winnlpeg and thla

faetor aleo tende to Prevent, exteürsive devetropment of froet'tng' and

pitting.
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It la thought tlre tlepòe,ite of thle eandetcne w6re of much groater

extent orlginally tlraa tJrey are today; 'ITrlE eeees qulte llkety sÍnce

there is evidenee of i[ãly of the depoelte of later tine csataialng in

then elther Winnipeg ear¡dEtenle gralne or graine veryr elrniLar to then.

the Wlnnlpeg eandetone and the Fotedam eandEtone(whieh LE of

Upper Cambrian ti.ne)nuet have had â. very alnllar hlatory. An êéelyela

of a epecimen of PotEda¡l eandEtone, from near.Ottasa showe the presence

of the Bane, eulté*öf'ìúÍñéÍa1s ae' ìrhat fotmcl ln t*le lTS.nnipeg gaadEtor-re.

the rormdlng, froe:ðing,and pltting of the tso Eands 1s also ver¡z einllar.

fire p¡rite go abundantly eneouctarerl ln clrlll hole sanplee of the

I{lnnipeg,aåndgtoae iE evltlently eeeondary, lt very often Eho¡rg lell

developecl'cryetal Ehapes and ls a€ver rotndecl. fhis mineral 'LE ,evldørtly

not stâble when expoaed to tlre atuaoaphere'aE it le rarely fouad'ln

ôurface eanplee

The Sllurian Sar¡ctatono

the.great einllarity Ln tlre heavy nlneral content, the ahape, the

froetf.ng and pttting, of thie ,eand,. to thê Winnlpeg eandatone ia very

evlcleat. The elnl1arJ.:öy 1e-so great that tlrE,,quartz graine are etther

actual Winnlpeg esr¡dgtone graine or they.are graine that paeeed' through

the Eanc geologlcaL hietory prevloue to their preaent depoeltlør. In

eltþer:.caee-the eand was, depoeltecl. by wiact or by wate¡ wtth. atlbeequent

lnfi.lt¡rattql of tbe.Iine.or elee during the time of llme depoeltlon in

the eea; tlrere waE. eand being drifted over the laaO surfece and gone of

Ít beea.me, -ineórporateil ln the line clepèait,.

The Dalcot¿. Sasndstsne

fhe heavyrnl¡eral.eontent of this sand lneludea a la.rge nunber of

dlfferent epee1ee- It ie qulte probeble the Pre0e¡ùrian. rock eupplled

at leaet part of thle eand. file aesoclatlon of Bo!ûe: sf t't¡a ulnerale

formd 1n thle, ag¡rd i¡¡dlaates"a metanorphle rock t'yBe' ae t?re Eot¡rce of

at leaet part of tJre.eand, e.g. tJre. Etat¡ro}lte-- lcyani¿s - garnet

euit€. Ref. (f7). Again the aaEociatlon, of apatite and. zLreon, wlrich
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alÊo occurE La ttre Dako-ta, le i,ndlcatlve of ecid or tntermed.iate rock-

typee ae poaelble sourcee of eupply. Ilef . (2g). BotÌÌ met€rnorphlc antt

aeld, or internpiliate roek t¡rpee occur in",t'he PreOanbriar¡ ard thta rey

be ttre Bsuree of 6ùppl.y for tt¡eae miaerale .

' ThE glaucmite forxrrt go abrmdantly in certain zoneo aervea aE a

good horlzm uarker for tl¡e foruEtion but it doEs uot help in

aeternfåS a source for the eand.

the preeenee. of d¡rerale. wtth good eleava$e¡ tueþ¡as': kyar¡iter

together with ths:nexked anguLarity of the earld, intlleatea tlrat the sand

sas not eubjeeted to Yery severe erostonal agenclee, etleb ae'wind, or

t*,¡e mlnerals wlth ,gogdi€leaTege'would be ileatroyed, the ligl¡t ninerqlgr

Et¿eh ae¡ ffrseovite a¡tral blotite woulc be blown. awa¡r anril, the queiltz wsuld

ehow'eons rorndißg. - In factr tlhe grea aggulari'ty, the eher-P,'eêgea and

:

cornerE ar¡d tJre freEh Looking frEctur.ee of tlre qnertz'gra1ne.,aløng" rltih
i'i: i i' 

ltaã'v nlrror¡lg tiiffåaulttbe broken natr¡fe ôf Eo¡e of the heavy nlerala are all facto:a

to explain r¡nleEe eome erushing. agency, auch ae, glaeier lce pleyed a

part in tJrc'hl.sto"y of ,the sa¡r{.
'

In. t5ia,a¡gular eand ttrere arÌe a fe¡v very well rounded''qua¡tt'z'1'grâi'tls¡

these-graine are.froa.ted and plttetl. eirilaJ' to the' lTtrmlpeg eanðgtc|re

graine. It le qui.te poseåb}e tJrat tÌ¡e. froEted a¡trd. pltted' grains cÉure

fro¡n the Wln¿ipeg EE¡rdgtme or a eieilæ foruatlm ând:wer€ carried by

rivere or b¡i: wind a¡¡ê depoeited 1n the Dakota Eea'

The Bolagevai¡ SandEtone

ftrle eanä esntalnB the greateet heavy ninerel content, of Bny

s¡¡erniasd. tbiE ie due to tJre abûldaace Of hornblende' Ítre hlgn percenta'ge

of heavy mineral indlcates. thaù tlt€.:Êal¡d haa,had, TÈgry'Ilttle'travel' even

e moderats amornt of travel sould deatroy esme of the'ninenala found'

AnOtJrer facüor euggeetÎrrg, llttls or no t¡avel of t'he ;s8llcl' le the'ehar'aeter

of ttro hor¡bls¡ite grai+a" t'?rerneeLvea, frequentlS¡ ttreae'PrienÊ'ti'e ehaped

graiaE are teirninated 'at botå ,enda , by a ÊerieB of litt1e fine projeetioÙl8 '

even ttre otighteet movement of the aa¡ld prior to depoaition would be

'-il

i,i
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gxpected to break or veår off theee tlny proJectiono. Fr¡rtner

evidence ahoøing: that the eaådt hag never boen eubJected to eroaio4ÞI

effectE,.ie'the high cølent of feldepar, both plagloclaÊe"snd

orthoe.lase, norü¡rally are not ver'y atable and thefr preeenee'in thlE

Ea¡ld ie explalnecl by coneldering tihem to have been derived from the

parent rock qulte cloee to t,Ìre preeent site of depoait"iur'

The rerkett angula.rity of grain, tlre preeence of ruch biotitE and

the abeence of froetlng and pittiag are all polnta lndteating the sand

wag: nêver aubjected to eroeioael aetivities of the winil.

fhe celclte pree,ent ie lilße1y eeoondary; lt Eervss as a, ceruenting

nedlur. and probably entered ttre saf¡d after it wag depoeiteil.

À gouree for a eaadetone, of thùs natute iE a¡r anphi'botre rock a¡rd

fro¡n the natt¡re of thê mlnerals, the ea¡rdEtorre resulting today t'a

oither tÌ¡e reEult of cllslntegration of -th€ parent rock in plaee'or is

the reeult of itepoeltion eoon after dleinttegratlm. Mil/ner ttef,.(17)r

mentlma, the, eha¡aeterietic aeEsclatim of ilf@tt,o, aaat*Ee, rutile

anil brookite which pointe to a clerlvatton from ' haelc or ultrabaEic

f{¡a* *l-aa n{n md inrock-ty¡ree, nhe firet, tluee nlneralE of this aEEociation ale fo

thle sar¡dstone.

tÌre Eeùevan SaailEtone

Drls eÊad óIoeely parallele ttre BoLeEevain botJr in heavy minEral

cmtEnt and. ln vaÉety of nlnerala with tlre ø'e great tllffErence that

tåe hornblende gr1jry in. thlE gafrd are greatly altered and bleached'

roounon bornblende. and, baealtlc hornbLende ln eome. instanceo aLter
by the loae of cotror. and subsequeat paE8a,ge.lnto peLe or colorleea
amphlbolera Refi, (L7)'-'

'| :. '..:. :

Definite gradatione froa tåe deep green hornblEnde of the
..:

BoleEevain to the eolorlese amphlbole of the Eateva¡r seem to oceur, 8lnce
': .ì. .. :

1n uany graing io t*te BoiEeevain a pertial alteratLon 1a eeen where t'þe

orboowninthecent,rearrd'pasagratluallytopalegraine are green

green or colorlees at the edges'
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Reaeoning along tlroee li¡ree it uey be that tt¡e Eetevan' Eand firet

paased tlrrough a bletory sinlLar to the BoiEgevaln and' then wae eubjected

to eond,ttlone that caueed the alteratiø of the anphibol'e' The

ainilarity in tåe eui'tE of heav¡r mlaerale for.nd in the two sand.e and

ln tl¡e characte¡i of tl¡e graina both eupport aI¡ origill of tt¡le klnd.

The intereeting aEesciatior of small rot¡nded rose and purple zireons in

bsth üre BolsEevaiË. and Egtevan. Eand ft¡rther inilÍcate a einilar origin

for tl¡e two eandE.

õIhe purple or roge-colored variety of zlrcon ie eapeeially

e¡s.raiterietie ot. thgse Br1tleh eedimenis in which einerals derivect

frorn regl,onal.ly-netamorphosed rocks a.re' abt¡rttaat, and of freeh

appearauce. r Hef. (5).

lllUefloer or not tl¡e met¡morphoEed rockE whf'ch a.re comnõn ln the

Pre0a¡rbrlan cmtain colored ztrrco,¡¡a is yet to be'de'tern:lned'

the garnetrataur ollte-kyanite and' the i l'nenlte-anatase-rutile

E¡¡itee, of minerals Dentioned. by Mitner are preaent i¡e the Eet'evan as

we1l. as the Bsiseevai¡r, ,{n ultinate orlgln for thEEe' ninerale tron' the

Pre$anbrlen rock- 89€B¡B llkely ei¡ãce nanSr of these m|ne1lglE ar6 }rrown to

occur in certai¡ a¡reas- of the Pre0ambrian today'

Tlre Pleletooene Sande

llhere la-great s{mrtarit$ in t}ro heavy mineral content of all tlre

Plet.e,tocene:såndgexani.ned.Hornb'le¡rdeie.t,tredonlnantniue'ralin

eYeryeeparatimsthegreinefort,heuoetpartbeingdarkgreenarrd

freah looking.

A veiy eharaoterietlc f?eature of th.e Plel'stoG49 egnele a*ô æe tåat

s€Ì.vðs to dlfferentiate {ilren fron all ottrer aande studted la the preeence

of mor¡azite anat glaucophane. These mlnerale are ôiagnogtie cha¡actere

of t;re tce-rlepoaited sands lnvoatigated a¡¡tl they appoa¡' to be valuable

indieator'E for eurfaee correlatlong of tfils tyPe of esnd'
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flne Melbour:¡e Sanil

Ttre wlnd. blown nattge of thls ga¡rd ls ahown by tfre finenege of

tJre Eanil, by tlre abrmelanoe of lrm oxtde coatlng the graina and by the

flne froating on tfre larger rounded. greåne; the froatiúg having been

developedt Eince tfte saï¡tl was dunped by ttre ice. Tlre uouauel't3rpe of

apatite graine ocourrlng in tJrig gand uÉkee it a usefirl epeeiee for a

horizm narker.

The BeEuaeJour gand

fhe prlernatie¡alearrpleoehrolo, red graila of rutlle ehoqi¡ßg

oloavag€ inilicats thåt lLttle relrorkiag of the Eantl hae seeurred aince

it wae releeeed b¡¡ ttre parent rock.' In moEt of, thE oecurrencêe ôf rutlle

in the oltler Eandg, tlt€ gralna are rotrrdetl anit somewhat eloutled or etull

in appear€ltlc€. fhat little reworking of the eanil haE occuFsd ig

fi¡rttrer supported by the angular nature of the heavy nlnerala antl ttre

qua¡ltzgraÍna.Froetinglsevj.dentotrnarrygrarnBaErdafewgraine

Buggestlve.of 'tïinnipeg, eandatøre ehow devolopnent of deep triaagul'ar

ehapeil Plts.

SËrfir Siat{ng Sanct

ll¡îe typical heevy rnfneral Eulte of Fleletoeene eandg ie'again found

wlttr tþe additio¡ of topaz. Tlrls ntnol'Al is'very rare ar'rit na¡rl have been

overlooked in eoüe of ttle othsf sanale. The extonsive'clevelopment of

rotm.dlng, f,roeting a¡rd pitü.ng ls very suggeeùt've of a winuf'peg" ear¡dEt'one

origin for a great part of tùlE eànit'

Gra¡ril Beaclr. Sand'

llriesandiaverysinllarineverywaytotlresnithsldlngexeept'

there,are probably raore angular graine ln thls eand'

In tåe laet, t¡hree ttepoelta dleeuseed tlrere Eeeua to have been two

ctifferent Eourceo for tJre aand i.n eaeh caae' the angUlar quart'z gralna

ancl tÍhe great vari€ty of heavy minerele indlcate a Eou}:ce wif'tr very

little eubaeguent reworking. t'he mjnerale preaent are for'nd ia lgneoue

and netamorphia roekg and bottr of theee t¡pes of roek are cotltltron,. ln tne
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Pr€t)ambrian; a oource for thig part of the ge¡rd from tf¡e Fre0ambriar¡ Íe

áo clor¡bt tÌ¡e,eaoe. the otùer Eource of the Eand is eoneldered to be

the Winnipeg aancletme or a Eandatone of ainilar ago and poaitlon.

l|hIE concÌuelon le dragn fron the faciu,. that, the frost€d and pitted

gralns of thoee eands are identical nith the l{lnnipeg eanitetone grelne,

asrd ftgther, there le no Eand of younger age tlran the l[innipeg that hae

froaôing anrl pttting ao well. deveLoped. Ehe probablllty of tlre salrd ln

questioü¡. developrng tl¡le eharacter after being picketl up by the lce le

very unlikely. tsveu lf conilttions weré Eultable for tho d'eúrelopnent of

froeting ancl pitting during or after rdepositiøn by the lce, the faator

of tine eoueE tn andt aE seen in tlro ccts€ of the Melbourne earrd, time

has not beea long enough for theae eharactere to becolae.prominently

d,evoloped. It seems quite probable tl¡at the ice in raoving down fron the

north wouLd,incgrporate ln ite loacl, part at leaet of aay eafrdE in ltg

path; the Slinnipeg eandatone or its. equlvalent being. aituats¿ geogr-aphieally

nortÌ¡ sf t¡e PleiEtoeene depoaite ln queetion woultt yletd palrt, of ttreir

aa¡rd to tlre icE. The well ror¡nêed, fro*tetl anil plttetl graine of the

Beaueejour and the Snlth Sidingr although different types of gLacial

deposita ca¡r.,,tÏ¡us be explained as redepoelted lTin¡ripeg sandetoge graiÌE

br sn equivalent or that aând. The Grand Beach eand I'ocated nea¡ ühe

ooutå end of take lflnnipeg, ln whioh lake tJre ïfinnlpeg eandetone outcrope

could lt 1g believed reeelve lte froeted and pltteê graine direeÈly from

tho lfianlpeg eaniletone by water a¡rd wave trezreportatisn.

. -.:. - ..-
â. final Éurv€y of the heavy mlnerals tleaeribed, is made ln order to

emphaaize thoee epecles which are importa¡rt, for correlatton pürpoeês.

For tho moEt part, def.lnlte aEsoclatlona or suiteE of three or four

mtnerala are tlee moet laportent and noet reliable. The minorala of

llttle correlative value are alEo indicated

The zircon, tournaline, rutile suite is diagnoEtie of the Winnipeg

sandstone.

lì

lleatløa of
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Magnetite iB newr of vaträe becâuse it ie present ln 'eÍellar

a¡nowrte in alt ss$dE

llo¡nblea¿e is of great value in difi'erentiating between t]re Ðakota

and 1*ter borlzoaE; it te Bsaree ia.the Dakota antt floodE all later eaxrds.

fbe bleached varlety ia ctistinctlve of EEtevan'

$laucoalte 1g intliEative of certaia parte of the Dakota.

lournaLine varieg eo mrch ln color that lt bae not es yet been

forgd of particular value.

1pÊtXtâ u,?¡e¡r cleax, eolorlese al¡d priamatic ie charaeteristle of

par-te of the Dakota; while.rot¡adedr S!¡ayr pitted, apatlte ia

eharacterietic of the Melbourne sand.

ìfi¡ecovite and Biotite are- of little value '

Ster¡rol,ite-le for¡¡nd in stÊII. qragtítieg 1n aL1 horlzøne en{ ie

therefore of little correlative.naluer the san€ applies to Garnet'

ZLrcon is of llttle value exeept when eolorecl. Roee sn¿l purple

zireone a¡e charaeterietlc of Boieeevaln sad Esteva¡l sand.g.

ånatase- le only recorded tn- tho. Bolesevain sfùtt ie tþerefore

dietinctive of thaf horlzon.

Eþi¿ote xe of little value exoep! in helplng: to differentiate ì

Ðaksts, - rvÌlere.lt haa aot bêen for.æd - f,ron lator horlzong.

Tltanite when. ¡li.asond sbaped., ae i¡r the Ðakotq¡ le, of Talue.

It is very rare however and nay eaeily be overlooked'

Monezite,ar¿d Glaucophaflo are.uarkera for tÌle Floietoeene eands

aad, can therefore be-ueed Í.n surfaee-corrElation of theae depoeite'

Kyantte - staul¡ollte - Garnet euite ie typical sf Dakota aer¡de '

FeLdepar ar¡il celcite when ver¡i, ebund.ant in the light residue iE

diagnoetic of Boigeevaiu aande'

IlnenitE - Ánatase - Rutile',euite ie charaeterletlc of Bolgsevain'

lopaziefoundoalyineome-oftlrePleistocened.epoette;itaay

be of correlatlve value.
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A qtudy of the heavy minerai,e,'of ttre varioue sasrdE d,eecribed in
tfrig iàvestigation Les.de to.a gu"y.,lmportant conelueion in regard to

the,origln of: the.,depoe,ite.; the ttonlnance of ho¡rrblmtle, o€curE m.Ly in

t'hoee horizonE whl,ch a^ne eonELd.ereô. to be contlnental in orgin. This

fae.t indieeteg, that, thle mineral ua¡r be a very iroportant crlterim for

dtferentiating bet¡reea eoatlaental a¡ril marirro depoeite, Ttre rlepoeita

whleh *¡re r¡ndorrbtl¡r narin€ &r€ either very low in hornblencle or it ls

abeent altogetJrer, e.g. t?re Dakote and t*re ifinnlpeg Ear¡d,atones. Ttre

Boieeevafn anct the.Estevar¡ ear¡êetonee cglctain eoal. and lignlte, bede,

yerJr, euggee.,tf.ve .of continatÂl depoeitior, probabLy in ahallon water;

tùreae¡""rde are floocled rt'th hornb.londe. 11¡e Pleiatocene eaicdg whlch

a.re ;lce depoelted..'are,aleo fTooited. with hornblende; thlE feature

furthor, eubef€Btiates a contlnentel origln for theso sandg.

.lthe. aceon¡anyiag, bloek diagrau: of tfre heav5r ninerale Ehowa very

cloerrly the flooding. of :,horrrrùilende, ln .ttre Bolgsevaia and all yotmger

ilepoeilte¡ lt aleo Ehows-othEr nlnorals whieh, though aot go abundant

are'alE-o, cha¡aoteri;etic of'' ttrg;:contirental depoeÍta. Îl¡e, mogt
,-1.

fupor,tant':of wlich ia epiclote¡ thiE-mlaeral hae,not been. fOund in the

'1'h". but it ia a very. .eharaet,erigtle feature: of t,}re continerrtal

depoeits,.., 
, 
fbe, ntnerail. garnet,mt be mentloned alttrough lta value ae

't41. or narine conditione la doubtftrl;an incli.gatgr: for eittren, eontinen

it ocgure Eo¡r€ ahr.¡nd.antly in tåe eontinental depostte and le general'ly

plnh in color-. Glauconlte Ls fotætt only ln the Ðakot¡'; thie helps to

verifSr tha. n4¡iae origia,:of thls eend.
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The ilegree of rorm¡ling of ea¡rd grains, produced through

meeha¡llcal wean during transportatlon ie an inportant feature ln
interpretlng the geologieal history of gand. ft 1s lrnFortar,rt from an

eoonomie etanilpoint eiaee tJre., degree of rormding deternineE to a
certain extent, the poroaity of tJre aand, whlch in. turn deterninea

whetlrer or not thE horizon- eourd poeetbl¡¡ ea^rry oil, or gaa.

Â microgcoplc exanination st ttre grains fe helpftrl in deterntning

their ror¡rdneae but it iE d,eficier¡t in two reepecta. Firat, the

grai"ng can only be studied in one d,imengion a¡rd. sesond, only a few

graina ca¡¡ be: exarnined,¡ The objeet'of thls part of the work is to
deteFniT¡e another meaaE of meEg¡¡ring. the roundneee of eend :gra.itro.

l'wo u¿ethods håve' been enproyod., ttre ftret of whlcb invorveê the

use of, a Jig-table. The Jig-te.bl.o esneiEted of ar¡ inolineé.,prane",

7t x.140, adjuatp.bre to any angre, eupporterl on a meøhentear ahafer.

ltlg eurfaee of the table ceg, nad,e.-as smooth ae poeelble lri order to

leEeen the, fuiction. rtre eand graine to be teetoit were-plaeed in a
end

roF on the higher of the board. Ttre shaher-waE then Etarted and a3,lowéd

to rr¡¡ for a. d,efinite period; the apeed of the ehaker, being redueeil

untlr ttre grains eeaEeå to junp when pJ.aaed oa tbe table. The purpoae

in this ¡cethocl nag that ritlr grafne of like sLze, t,Ìre rounder the grain

the farther it would rol,l in a g:.v€n tiue of ehaklng.

Ttris ¡uethoit did aot.prove to be satiefactor¡r in the fine gr:.de

eLzeE sf tJre esJod on aceount of the frietlor botrceen the Eand and the

table, whicb eaueed the graine. to renaiu at the, to,p LnÊtead of jigging

do¡vn. The"method: oould.. probably be uade applicable in the coa¡se grado

Ei,zea i.,e. ln tlre 75 mesh eize aad larger, where-the force of gravity

overeonee the frl"ction between. tåe graine. a¡¡d t*¡e table. Sinee the

greateat part of aII the sande Etudied have as¡ average Eize mrch Enaller

thar¡ ,5 meoh, the nethod could not adva¡rtqgeü¡aly be appliect.
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, .l?re gecond uetrhod depencled upon the permeàuility of sarial. Ttre

obJect wae firet, to finì, out wtlether angular qaterial or rornd ¡uaterial

le the mor€,porou6, and eeeoad, to.fi"¡ait out whotiher or not poroslty

changee witÌ¡ char¡ge in gize of grajn.

the apparatue consisted of a eoulcal dropping funnelr a.eutteble

etand, and e, run tube. flie easd. to be experimentett with wae firet
gcreoned in order te obtain graino of a r¡niform aize. The eereened

æ.terlal was placed lnto tt¡e FÜa ãrbe up to the level of t,l¡e ârrEE:¡ gacrr

branch of the tubo wae thea cioÁe¿ with a rubbe:r etopper. fhe conlcal

dropping tlmnel¡ ueed ae ån asplrator ras fllled witlr sater. and

conaeetEd by a pieee of rubber tubing to me-arm of the rur tr¡be. The

apparatue ueed i.s,Ehora in Flg. t.
Before eaeh teet caÌe EaE talcea to Eee that. tt¡e water ¡ras-.et a

definlte level, in tbe.dropping ft¡rr¡el¡ a, fiùgor was,pleceê over tl¡e free

endt of ttro tuË tube, and the etop-eock of the d,ropping furnnel, opened to

uake , sure tÌrai-'no air wae leeking i.nto the apparatus.

lbe length of ti¡re taken. by tlre wa,ter.to rrr¡ out of the clropping

fu¡¡r¡el wae-noted b¡r meane of a stop-watch. Fnom tl¡e tine.measurênentE

the relative porosltV of eaeh eample wae computed. ai.ace tlre po:roeityr

va¡ies Lnveraely ae the tine.

the dropplng funnol. wae. filled again ano a¡¡other readLug obtained.

The.'rUs tube wae enptied a¡¡ä refillEd.witJr eand and two aore reaclinga

t*cen. Ttrie wae'r€peated: a thlrd tine in or.der ttrat a fair average

night he obteined.

Experirnenta were earrie¿l out with two typee.of,. mterlal; the firet
type ueed saa--crr¡ehed quartz, repreasnting a hlgh degree sf angularity;

the eecond type ueed re,E. eolitl glaee-beads, represeattng a-high. degree

of rounding,; .å, EerleE--of tsate waa mgde with tÌ¡e two uateri,als; each

teet þeipg made, wltå a different gracte Eizs. Ttre grade sizee experimented

with inalt¡ded tlre fol.lowing 2O, 28r 15, I+8, 65i and 1@ meEh.

It wae formd that tåe reer¿ltE var:ied lf care was not taken in pouring

1;_,)a
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the eand into tjre ntJr tube. The srighteet packfng of the.eand
decreaeed the porosiiy conaiderebly¡ for thig rea'on tl¡e eand leaE

potrred into the nur tuüe through. a fi¡nnel. held at a r¡riforn height in
order that any packing cauged in pourJ.ng the sand would be aa nearly aa
poseible the ga,ne in all testo.

lbe reEurtE were protted. on graph pe¡rer using the abecleea to
ropreeeat the poroaity and the ordinate to repreeent the eize,of graia.
Fig' 2¡ ghswe .the eurveE repreeen'ting. tbo Beroeity reeulte of angular
grrartz and. rorm,d beade wheu no packlag egent ie used ln puttiag the
eauud into the run tube. The curvqg ehow that ia üre caee of botÏ¡
engular o.o 

"ut-¿ naterial there ie + moderately eüeaily increaee of
poroeity ritÌr increase in aize of grain up to a size between .4rl and

.589 nil'limeterg' From thie gradL slæ, to t*re largeet. experinented
wit'hr the increaee in poroalty conpared wltlr increaae.in eize of grain
ie-very guaIl. rn tlre €oarse grades i.e. ttre-.gjT and .589 nlÌ,. Bizes
the ror¡nd beadE ehow a elightly greater poroeity thea does the angular
quartz' A't tJre .411 mr. eize the two naterials have an equal poroeÍty.
Fron: thta alze to tlre enalleet tegted i.€. ,14/ rurn. síze tåe yound beads

. af,e eonsiderably 1eae pory'ous than the artgutar qu8¡tz

å' einilar.,Eerieg-of teatg was perfo¡:med..a eeeond tiae, nith ttre
exceptionr that, a definlte ano¡¡nt of packJ.ng of the-garùd in t¡e ngn tube
Iraa urdertakea. 1o aoè.ouplieh ttris tåe nUr tube ft lled with earid waa

attached to an upright euepended. rrsn a¡òvå, .t}re uprigbt when releaeed

above,al'rowed, tåe f,ur tube to d,rop tbough a vertical diet*lcd, of one

inch a¡¡d' a half on'to a Eurfaee covered. witrr felt to produce a dead faII.
flre tube filLed sith ea.nd wae dropped in this way ten tlmes, before

each-poroeity test.

Fig' ), repreeente.the resurtE of thie eeriee of experlments. â,gain

it ls evident there iE an increaee in poroeity witb. i.ncreaee in gize of
grain. 'fhe tl¡ree coarsest grades i.e. ,gJLr.5g9 and, .4Ll m¡., si.zee

ebore a elightly greater porosity in the rormd condition. Between the
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'417 and '2i5 mw. ELzee the poroeity of tlre two conos to be üre sa&e
at one poLnt' The forlowing tvvo enaller aizeg eborrtJre.rot¡nd beadg to
be leee porous than the angurar quartz but, the fineet grad,e size 1.e.
the ' 14/ rnn' slze ehowe the poroat ty of t?re two aaterlalg to be eqtral
agaln' ftre pro¡lnlty of tÌ¡e two curvos lndicatea that tmder packed
ostdf'tieqe the tro'ktada of, natertal shen of uelforn eize have very
nearly the ga¡ac porosfty.

Fig. 4 & 5, ehov reepeetivety angular quartz ssrd rormd beade

plotted' to Ehow the relaticnr'bet¡reen lÍ.kò'ne,teriale teet€at r¡nder bofih

tmpaeked and packed emdl.tlæe. rn bott¡ caa€s the curvee ehow tl¡at
unde¡ pecked condltionE tt¡e poroeity ie leae. lbey aleo ehow that the
ga&e aBolnt of paeking decreaeea, tho poroeÍ,ty to a greater extent in
angular uaterial than,. lt does ln rotnd naterial. I¡r both caeeE tåe
effeat of packing on poroelty in the two eoa¡rgeet gradee ie negligiÞle.

Í'heoreticaríy, eoi perfeetly rotm¿ lrarne 
'ro 

* d.rirrite epace wlttr
the nr¡mber of gra5ng. inereaslng. in proportlon wÍttr the deereaee,in aize,
the actuar pore spaee ig the aaae for groups of graino of any æe eize.
In actr¡et praeticer thooe conditlma'an€ never uet with; all the curves
tn t'he'aecompanylng.'grapha Ehow türat by the !þanE of neaaureueùt employed,

the poroelty te not tJre:88tr(€:for eaeh grade elue.but lnetead lt increasee
deftnitely with inereaee.in size of graln. the.ctrange in rate of flors of

.air through: the, ealrd ie, greater In tåe fiae graile elzes then in gre coaeer.
rûaq of the reaaona for ttrie grea.t, difference rn tine.of f,}or iafound i¡ tl¡e, fact ürat, whttre. the lot¡,t ,r"* ãi- "ru"" 

gection 61f;ug;whlch the flow uay take placo ie yery nearl.y tr¡e aame.in arl c&ees, thenumber of' tubee through which the air nrst áove ie very different an<lat tt¡e eane-tine theii'die¡reterã ar_e e1_lrerrry-*r-rike in eize, the poree
!"pg-very na¡¡y, but snalL, wrrere the fto¡s i"'"iorr, and nnrch fewer a¡rdrelatively larger shere rtbe'flow'ts faster. --Iã;-ilr", -tËtä 

iã"tn" 
""rabeol'ute amourt of frlcùion per each equal uni.t'a¡ea of ello,lng eurface,lt lE evidEnt tfiat where the po¡re spa€e haa been most di.viiled. there mugtlg ttt"-largeat loae of.el€rgy'per rmlt sf tine¡ ard heR.ee the enatleetfrow, Juet ae haa beea o¡aeiieã.u I;¡.-lrãil-' '
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fhis explaitrg not orly the great diff'érence ln. ttre poroeity of'the

different grade eizeg ln the nateriale ueed in t*¡ls lnveetigation but

al.so 1t expleLna the relatlvely greater chang€ i.e. a greater deereaee

in poroeity trith d.ecreaee 1n eize of grain ln the g¡ns.ller graile sLzee

t'ha¡r in the coareer.

l}re applicatisn of the poroaityr reeulte to the ehape of eand. grairoe

wlth which tåis part of the work ie prinarlly concorned yieltlE g.ome

falrl,y deflnite-conelustone. In the fiaer grade elzes (See Fig.2) i.e.

fron tlre .41J ran. eize to the .147 the round beade are lees pory'oua than

the erushed quartz. 'Ihiê ia the result, øre would' expect eince the

angular nature of the crushed quartz would. tentl to prevent tlre gralns

from, fitttng against one alrother In ae compact a ¡!ârner ae poseible; the

graiae tend toholit Öne another apart ratber tha¡r to fit in:togêther.

The regult of thie lE to create a greater amornt of pore space which in

turn oaueee a higher porosity value. ÀE the eLze oî greín fncreaeee

paat the .41/ rnr, eize thie property of the angular graine being more

efficlent in creating Pore êpaee'does not geem to nold'

tittle.aignlfieanee is attached to t¡he faet ütat the ourveg ahow

a, greater poroslty for, the ror.ud boarle tha¡l the angular quartz in the

eoarsest gradee exam]'ne.d, TtrlE really repreeents only a differenee ln

actual tlne reailing: of absut 2 seeotrds whereae, tåe difference ln tlne

roading of tÌre tliree enaller grade sizee varlee fron 15 eeeonde tn t'ho

.2p5 nm. ai:ze't 25 eeeoad'E Ín the '2O8 *' size to 28 seconde fn the

.I4/ uni BLza,

l{hen a definite amouat of paeking of the ¡naterlale iel under.t€ken

tJre'poroeity of einllar grade Elzes sf the tno r¡aterla1E le mueh n€arer

tt¡e eame, tha¡r in taapacked conditisra Ftg. ã. FIg. 4 ar¡d 5 ehow that, tbe
on

paehing has.a greater eftect t'heaf,,tre angular than æ tåe rorr¡cl nate¡rial.

Tl¡is fu¡ther eubetantlateg tJre tlreory advaneed to explain tt¡e flrst

graph t.€. th€ angular neteriatr ingt€aal of oeeuPytng'a sEÊlI a Epaoe as

.r ar.ao.|.o q. lqn oa Ìrarte. snâee - thê ft çhenpoeeible tende to creat€ a-Iarge pore-sPaee' th€ reeult being tltt
.'..
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paeked th€se graine a.re rearranged :and clms to oceupy a much enall.er

BpEGer. Ooneeguently, the effect, of packing whlle lt Lg a better metnod

of eneurlng einllar treatuent of naterj.al before eaeh teet, yet it

eaueee the angular naterial to approach the row¡d naterlal in poroelty

reading so cloEe,l,y thet t*re difference ln tJre natt¡¡e of tJre graína

ca¡rnot coreeèly-be interpre.ted. Fig. 5 Bfiowe the small effocü packing

hag m rourd naterlal. flle rowrd gleao beatle whlch are very nearly

perfeet Epheres tEnd to occupy ag ennlL a space ae poeslbl.e even without

þeiÌlg packed ar¡d the tentleney EeetrË to oe to fit in toget'her rat'her the¡r

to hold one another apart.

xL. au''l*eatiæ, of ,,Me,thsd,.lxg r p¿¡ti.oülar,ga¡rd6 ¡

Three EaÍtde repreeentlng differ€nt typee of clepogit asrd of

different age-w€re experiuented with, the Eands used being t'l¡e 75,48t

ó5 e 10O grade gizee of ttre following:

Wtrnnlpeg Send,
Boigeevain Sand
Ënit'h Siding Sand

Itra poroelty teete we¡re uade ¡rlth unpacked naterl-al. Flg. 6 ehone

the reaults of tJreee te€tE with tJre curyeE repreaetting ar.gulär quartz

ar¡d rormd beada also ahowr¡.

lbe proxinity of tlre Wlnnlpeg eandetoae a¡¡d the Snit'h Slding

eurveB.ia ver¡r notlceable¡ tlre eurves ere aleo very cloee to the rsr¡nd

glaee beactg cürye. Tlre lälnnlpog- and tJre Suith Siding as mentloned in

the firet part of thls taveet"igatim are exeeedingly well rot¡nd.ed aands.

fhe eloEe eileilarlty in the poroeity reeulte of t'hese two eands

indicateE the practicablllty of ttris nethod ln ctetermining the anape of

eand. graina. I'he BOiEeevEin gsfid ourve ehows lt tO be a more porous

sand, evet¡ more porous than tkre eruelred quartz in the coareer gradea.

llre great lrregularity in the shape of the BoigEevain graine ie

considered to be the eause of tJrie eand givlng euch higb poroait¡il vaLuee.

At firgt it, wae thouglrt,'that, cruehed quartz r¡ould ropreeent the

higheet degree of anguLarity poeeible in a eand. Tt¡ie view is now kro¡rn
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to be €rroneouE since for the noat part the crushetl quartz ia ørly

angular in three di,menalone and ie conparatively'flat in the fourtå¡

thie ie due to tt¡e way in which thf.g mineral fractureE. fhe Boleeevain

Ea¡¡d with lte very irregular development lE really a more engular sand

beeauee it is angular ln every die€nEion. fhlE ie eapeeially tJre case

in ttre ooaroer gradee aad thue tihe Eand givee a greater poroEity

reading than doee crushed quertz.

The poroslty nnethod of d€ternlning the ehape of eÊlrd grains ie

deficient, in me reepect, that ie, the alighteat change in cond.itione

in carrying out the experiment,, especially any packlng effecte must be

guariled againet aE thiE alwaya hae the effect of deereaeing the

poroeity values much below norrns.l.
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