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I. Intr’oduction

The ecience of petrography has been and. continues to be coneerned
me.inly wi‘bh the. study of thin rock sections. Although first applied to
sedimentary rocke the science soon became more important in igneeua and
metamerphic rock geology In reoent years however, the ree.liza'c.ien that
important results can also be obtained from a microecop:.c enalysie of
sediments: has turned the attention of‘ many petrologie‘be to 'bhie branch
of the science. Since the petrographic study of aed:unente, partieularly
: eands 18 concerned mamly with the heavy minerals oecurring in the send,
it-is neceseary, flre'b, to concentrate end to separate 'l'.hie part of the
ee.nd from the hghter part, t.he study me.y be carried on with eectione of
the heavy mi.nere.ls but ueually the gre.:.ne are examined in their natural
condition. The objec’o of the study ie the identifica’oioﬁ and the examin-
‘ation of the properties end interrelations of the minerals.

The rejuvene.‘bion of this science is due man.nly to British workers
Ref. (2) (17)*but i‘b ie also being carried on by a few Americen
petrologiete i;‘The i.n’ceree's in the petrography of sed:.mente is increased
as & reeult ef 1’03 application te o0il field. development. In many oil
fields- ‘hhe ‘sca '\city ef foeeila in the strata makes it very difflcult 10
correle.te on .formation wi‘bh ano’t.her, this is eepec:.ally the case: with

subtt.erranean;ge \a.' in»meny cases: of ‘bh:.s kind correlat.ion cen only be

k made fr.em the evxdence a.fforded by semples. from. welle.i A thoreugh
examinﬁ”_‘ Lom - of the heavy minere.le has. shown_that it is poee:.ble to
cernel&te the- ferme.:biens encountered inone. drill hole with ’ohoae in

another;.. provided correlations ere attempted.only in lzum.'bed aree.e.(l)

in‘hereet ie f‘ound in the petrography of eedimen'be since. it

i furm.e%aee very v&luable data 4n. regard to the mterpretation of their.
- origin and.geologicel hietery-

. *Nﬂmberainbrack,eterefer to the bibliography given at end of thesis.
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11 Nature of- Researeh and- mhes Horizone St-udied.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The-ﬁork consistes of a study of the phyeical characters of aa.ﬁds
frem, different. etrétigraphieal horizons of ‘the Middle West; the study
may be d:.vzded conveniently into two main parts.

A. The Petrographic Analysis of the Sends
: (1) Hea.vy Mineral Content

(2) Shape and Surface Features of the Sand Grains
B. The deter.mination of a rapid method for quantitatively meesuring
~the roundneas of . sand grains.

The sand horizons studied are listed below in their etra.t:.graphical

poeition in the: geological column.

Grand Beach Sand = - - - = - - - Pleistocene
Smith 8iding - = = = = = = = - -
\'Beaﬁaejo___ur---—--—----' "
Molbourns - = = === === ===
" Beteven Sendetone - - = = = = - . Eocene - Base of Tertiary
\I‘S’éissevain S Fox H111 - Upper Oretaceous
Dakot.aj.. - ﬂ | R - Lowest part of ' ¥ of Manitoba
?ruSilurian e -- i e-- - Baae of S:.lur:.a.n of. Manitoba

Lower Ordovicien of Manitoba

suffieiently unconsolidated, that it is possible to screemn the material
into: the: various. gra.de sizes without preliminary. treatment. The Tyler
‘standard screens- are-used.for grading the. material; the.,—.-gradmg‘, being

‘ k%g%ggig%g;ghg@,rbm:;p:la@ing;.the»»screena.»- in a mechanical shaker. opers;:b_ed, for

a period. of. fif’teen minutes. The: heavy mineral separation is made. from
the:sand.after the -material is screened; the sand being. thoroughly ‘washed

in water or dilute acid to remove any cemeniing materials which may

k'i_‘zfz‘t’é‘“rfere.;awith,rtheﬂ separation. A weighed portion of the send, about five




g gramaie found -to be sufficient for meking & separation; as & rule only
:,,;jghe ’-150 a.ndaoo grade sizes are found to be satisfactory for aepara;ting.

heavy minerals are separated from the. hght by means of the heavy

: aolution, bromoform. it ha.a a apecif‘ic gravity of about 2. 9 and. will
"ohus gseparate mmerals with a epecific gravity gre&ter than that from
those uspeeji‘ﬁc gravity is less; in this way the heavy minerals are
f.,ge,parafc.ed: Prom the quartz and: feldspar. of ’ohe light erop.

L The eeparation is mede in a wide funnel with a large stem, attached
to which is & piece of rubber tubing with a pinch=cock grip. The
bromoforwi.e-poured into the funnel and then the sand is added to it;
after. an interval of about half an hour, with frequent stirring during
that time; the heavy minerals with part of. the bromoform solution are
drawfx.: off by opening the pinch-cock. The bromoform is recovered from
the.f:-heavy'and, the light residues by placing each in separate filters;
the bromoform which. remeins in the capillary spaces between the: grains
is recovered by a final washing with aleohol; it then is removed from
the alcohol by waehmg the aolution with water. The-heavy mineral crop

is-dried and weighed and the percentage. of heavy mineral in the sand is

lated. A portieh of. ea.ch residue. is momted:on: a slide with Canada

:}B&laam for micrescopic exe.mination and another portion of. each is

ved- for microeccplc examination without being mounted.
““The ‘mounted. portion of the heavy mineral residue is examined with

bjée\ﬁ"ffbf""ffﬁbvt, the identification of the-minerals, second, the

r ordmgof any pa.rtzcular characteristic Peatures of the minerals,

‘third,. the- estimation of the relstive abundance of eny of the minerals.

Themounted ;Séf.tionf of the«-ligi'xt residue is examined mainly to
de rlﬁﬂetheamexmt of feldspar in the send and its- degree-of alteration.
The unmounted heavy mineral portion is used for Refractive Index |

) dforde‘berminingthe magnetic properties of certain minerals.

‘The wnmounted :-iighf.ﬂporti.dn is exemined to determine-the shepe-and

‘featires of the grains.



‘the identification of the minerals ‘only simple petrographic

o are employed, €.g. the determination of color, shape, fracture,
parting, 6iélaxeg§}d;§braaioh, relative refractive index, lustre, pleochroigm,f"'
iaotfbpiam or anisotropism; birefringence, extinction, interference figure, |
 end sign. The relative abundence or’ scarcity of each species of heavy
ﬁi’néré.l present in a sand is -récordedk on a percentage basis and this is
obtained by counting the number. of. gra'.ine:’ in a certain mumber of fields
6?“‘%116»-‘-!1‘1101'0800})9 and from this caléulating the average; in ’c.hia,' way it
: i.a poseible to refer the mineral to one of the following groups:
Dominan‘b-----—-over50%

Abundent - = = - = = = 25 = 50%

Pregent - = = = = = = 5 = 10%

Rare = = = == = === 1 =5%

Proce = = - = = = = = less than 1%

:,g‘.‘:co‘nﬁ}deﬁgable‘ degree of rounding. Cleavage is sometimes evident in two

- Color is either clear yellow. or brownish yellow.. The

raine end the prism edges. cen sometimes be seen. A few
: {,Baealfsix sided_. ‘i“fa'étropic, sections are sometimes. seen. The.-minera}. is

and: lower polarization colors,.

e S T e T
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trbe - grains are irreguler, tabular or six pided in shape: The
:\cozfé;x;:f‘i’;’s»dark from dark greén to brown or brownish black. Pleochreism
-~ 1g very seldom evident. The. mineral oceurs more frequently in the

.- coarse-grade sizes.

pidote:

- grains-are- always- irregular- in shape.- The-color is very

“Garnet - irregular shape, often appears. freshly broken giving a

conchm.dal fracture. Grains are usually colorléss but pink colored
rains-are found -in some- sands: The surface of the grains is either
é::famebthﬁz or.very rough giving a pebbly appearance. It is always- isotropic.

hough: seldom. abundant the: mineral is present in every horizonm.

< -Glduéonite = is not a common mineral excepi ‘in certain parts of the-

- aketaea.nd.stene, ‘grains. are-all quite rounded- and vary in color from
rtiﬁ‘iﬁréh&déa;ere:ﬁ‘:iigreen, olive to brownish yellow; they are-usuelly erowded with
m&ll»dark inclusions, probably iron. The. mineral. is opaque.

;“él*a.uea" ha.ne - grains. are very -irregular-in shape-and: in-gome, distinct

= Yery-uneveny - cona:.st.mg of .a: series of fine project:.ons. ’I'he pleochroiam

outstanding feature- of the grains, ‘it ranges from a rose:color in

he-horizontal position to blue in the vertical. The extinction angle

ivisgcabout five- defgr._eesv.

:irreguler shape, opaque and gives a reddish brown color in

wherx:e»%fthe two- cleavagea intersect at.124 degrees. Color varies from

d&rk green_ to-brownish green; soms graing are very nearly colorleaa,
giving a-bleached appearance to-the mineral. Pleochroism is usually

videntin-the- dark colored: ~varf,{c.i‘es .

»-*fr,omyelvlowish green to green is the- best guide in identifying the mineral.
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8.very like magnetite in general appearance but it is
ﬁtiated,fromuthat,mineral by (a) its characteristic development

ofygped cryetal faces, the grains balng either three or six sided (b)

it ia not-attracted- by the mognetized needle (c) a crimson color is |
sometimes: noticed on the very thin edgas of the graina.

Kyanite - elongated prismatic grains with irregular terminations are

.......

common.. Well defined. cleavage in itwo directions -is t¥picel. Grains

L'aggicplerlesa,,or grayish blue with pearly lustre. Pleochroism is

-

fgaimanﬁgau-,occurs in &rregular, amorphous aggregates. Dull brown color

inirefleeted llght.

etite - the most consistent occurring mineral, is found in well
rounded and in 1rregu1ar ghaped grains; occasionally well crystallized

: oatahedron.ahaped graina are Pound.A bluish metallic lustre is very

,-Mwacterietic.

. Monazite - this nmineral always appears: well rounded and always shows 2

~ztédiéﬁiég;rgf:activé;index; The citron yelloW;color of the grains is

tinctive; most of the grains are pleochroic from eitron yellow %o
eg§§b$yellcw.

itegzaoccurg»as~c1eavage flakes irregular in outline. Qolérless
JiithiloW=polarizationvcolors are-usual. Inclusions are common

;p;gq@qurgins;ethezgrains being sometimes nearly filled with fine

\ ;gggggedleelike.incluaiané,.probahly rutile.

Pyrites. - oceurs: in well developed cryatgla and in clusters of small

‘ cxyatala-»h?hesmina:al-is brasa:yellow.in:color and is very commop in

3€me“h9§1ggn§;;beingweapecially abundant in samples teken from bore-holes.

mgagchurswauricunded by a cluster of quartz or mascovite graing,
| §hu8§gag§iggg;haeermineralapto be carried d§wn into the,heavy,reeidue,’
ark foxy-red and. yellow in color; the gralns are uauglly
.ot;iégggu}qr but,occaaiqnally bright clear prismatic grains

stinet cleavage are-seen. The minerel is present in practically
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--gvery separation but it is never abundant.

zsza.ur.ai-i:be- - ogcurs in irregular. shapes-with very sharp reentrant angles

and ahowna characteristic hé.ekly fracture:. The color ranges from nearly
‘coiorv;-leaﬂ;. :jéllow to’v a i-igh‘t. brown. Inclusions are common. Pleochrolsn

is a_ften quite pronounced from brown. to yellow. Polarization colors are

always high, reds and blues.

T:.tanite - (Sphene) grains ere prismatic and irregular in shape; an

ization colors ié—seen. Both clear yellow-and:dgrk brown. greins are
present, the yellow. grain;a. yield good biaxial figures with colored
isbgyres:’ very;‘ prominent, thez-: dark brown grains do not. give good tigures
but do. show well defined cleavage at right angles, ‘f.hey- also. 3h§w
: dietinct pleochroism.
_.E.?." Irregular. a:a‘d prismatic. giains oceur. Good cleavage. 1s'~vseme.times
seen 'in,l two directions. A Pew grains are vertically striated. ’
iﬁéiueiona, are quite .common. in. some- graine and in part at least ap?ea.r
B tobe fluid. The mineral is generally colorless but sometimes. a faint
| ?,‘:pleochroism,v is.vévi-dent. o
ﬂaumma:l&h@— the. common. shapes:are prismatic,grains with striations
é&-’:&ienca?#: Thelusions.are-common: The- color range. is. considerable,- pu;_'ple,
mauve; 'fvery.- light brewn;,:bzown,»:,’v brownish. black, light and dark blue,
blu:.ehgray,green, vv r.oé.é.; -and : :ol:i-.ve:-séélbred : graine.- have - been. observed.
- Pleochroism:is very. marked in some: of the brown. and msuve varisties: but
- is-noticeably absent in the dark blue.variety.

- Zircen - occurs as round grains and as prismetic grains-with the

nearly:ascommon:as. the dusky yellow to. brown colored ones. Inclusions
: &feeemmenand quite-often are arreanged in a zonal fashion. A very few

~8lightly pleochroic yellow grains have been:noted. Rose 1o purple colored
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‘ﬁTheafalléwing4minarals»are-foundain:the~11ghi residue.

ar -
g Orthoclase - is-coumon in some sands. Clear -prismatic grains

ng Carlsbad tw5pxng are.usual.

Plagzoclase - occurs along with the orthoc¢lase and is
eharacteriZed by 1rregu1ar outline, preaence,of twin lamellae; and by

’ auperficlal decomposltlon. Nearly all the feldspar grains are elouded

with alteratlan products.

¢ te-- occurs- partly as cleavage rhombs-and partly xrregular in shape.

" Pale:- ehadea of yellow; colorlese and;brownLgralna occur, the brown color

~ev1dently belng due to 1mpur1ty. This mineral is common in some. sands

andfiféthe sample is nat treated with aeid part of it comes down into the

; _.yvrealdue.

o Quartz.- is the. predom1nat1ng mlneral making up practzcally all of the

;residue¢~ Gralns ‘are nearly all clear and colorlees, and. many of

ytﬁe4 contain incluaionsyeitner*fluid, bubble or needle—like, the last

v f‘typevprobably being rutlle needles.

(2) Detailed Deseription: of. the Shape. and. Surface Features of
. ‘Sand Grains.

The general shapévof.the.aand~grainswis;determined.by*mlcroscopic
]eiamdnétien;fbyrthia,meénsrthe:graina,cansonly be designated-as

‘,k“well-reunded“ "rounded?, “subangular”,~or "angular?. However, the

e- idea-of the extent

nod. is: of. considerable value. in- g1v1ng a relativ

- of rounding or of sngularity- of the grains.

Eénéﬁﬁgwinaﬁién& of the surface features-of the- grains shows whether

;%gpggagﬂeleag,and;fre&hvor'dullAand cogted~with:cementingrmakerigla.

fInﬁadditiunﬂto these surface feastures-of grains.there.ia-anather,greatly

*’4hm9re*imyertant; the feature referreé to is the frosted and pitted
?ppe&r&nee-of many sanda‘ this festure can be-seen-under the- low power .
en ordinary-microscope.. The.surface of the grains. show an evenly

¢tad;segiesaofivery-fine:littlenholeeaor pits and it is this geries

1y set pits that gives the frosted or the ground glass appearance
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4o: the greins. In addition to the frostimg there is often seen

ﬁcempanatively lafge‘indentations of irregular shape; these larger pits

when present partly obscure the finer ones. Where the pitting is very

' 1m1nute the Righ power objective of the microscope is used and with either
the low or the high power the- Prosting end pitting is observed with all

\:refleated light and part of the tranemitted light cut off.

 fThe frosted end pitted cheracter of sand grains is dealt with here
rather fully because this feature is considered. to be direct evidence

that gometime during the histery of. the sand. it hag been subjected to

.long ~continued wind actien. The result of the. aeolian activity-is this
;frgsting,andﬁpitting,whichﬁia,producedlby actual abrasion; the pits on
‘the grains being the result of the»grains.strikingxanyvhard rock objects
Ezn the - path -of the send and the result of siriking. one. andther. ‘With

" :leng continued eif'ting to and fro of the .eand, the striking of the grains

one -against the other is considered to be -the main factor in producing

.the phenomenon described. Ref. (7)

V. The. Petrographic ‘Analyses.-of the Heavy: Mineral Content and
" the Shape-and.Surface Featyres..of " "the. Sande Considered in
this Investigation. . ..... ... .- .- e

1. The-Wznnipeg Sandstone

The Winnipeg. sandstone. is-the. basal section of the Ordovician

~of ‘Manitoba; it~is—&;partially,coneolidated.sand resting direcily:en

the PreCambrien surface. Ref. (29)

, The:heavyamineral.qeparaﬁionvof this. sand reveals. only a very

<small-erop; varying from a trace t0. .11%. The number of different

minerale-is very limited,only the following being noted.

Dominent - Zircon

Common - Tourmaline, Magnetlte
. Present - Staurolite

-Rare - Rutile

Trace - Garnet, Hornblende

x,Thssmigexals:are exceedingly well rounded, the tourmaline and

,§$itebpgnticalarly.. The zircon grains.are prismatic with well
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6ﬁﬁded>enda an&~are-neafly all a dusky yellow or brown color. The

:téﬁrmalineaygries:inﬁcolor from brown to olive, blue-or violet and

inclusions. are not commen. The other minerals mentioned above are

very insignificant. In two 0il well samples. of the Winnipeg sandstone
‘the;heavy mineral residue in each case is flooded with pyrite. The

'ggneral‘rounding of the heavy minerals.of this sand is readily seen

in Plate 1.
The shape-of the Winnipeg sandstone grains mey be-classed as

?well—rounded“; in the coarse grade sizes i.e. from 20 to 48 mesh many

',;fvthe»grainsfarefvetyfneazly.perfect spheres, in the fine grade sizes
from 65 to 200 mesh,the”gtains~are”éubangular“ to. "engular". The

. "yell-rounded" grains oecur in éveéy'grade.aiie;bui,the peicentage of

ﬁéngular" graine in reletion to the round ones gradually increases as

: %he*fineét grade. is approached. -

The surface. features of this sand. ahows the development of frosting

V"&ndwpitting,tova high degree. The-large grains. show very clearly the
A ‘~fr09$inghand pitting but the small grains. ornly show the frosting. Many

‘k 'of the pits on the large grains are quite deep: into the grain and.are

trlangular or roughly horse-shoe shaped. Plate 11. shows the.pitted

xf&u&%nﬁa&wmﬂWmﬂwguMgmm.

2. Tne Silurian Sendsione

This formation occurs at Stonewall, Man., and. isconsidered to

" be the transition series from the Ordovician to the Silurien.systems. ref. (29)
' The-rock is over 75% limestone and the remaindér is sand, distributed through

- the:limestone.

The heavy mineral content and the shape and gurface features of

~this send is very aimilap,ta_the Winnipeg sendstone. The same minerals- are
 ;ﬂfoundValthough~on1y as a trace and the degree of rounding, frosting and
V fP1tt1ng parallels the Ordovician sendstone in every way. The Only

‘dlfference between this sand and the last described is the high

'ium carbonate content.




PLATE 1

Dominant - Zircon

Common - ._Tourmsline, Magnetite
Present - Staurolite

Rare - Rutile

Trace - Garnet, Hornblende




PLATE 1II

Frosting and Pitting of a Winnipeg Sandstone Grain.
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Ppakota Sandstone

éhe‘Dakétausandetonesia-the*ol&aat formation. of the upper
,tagéeuga Menitoba; it is a marine deposit resting directly on the
‘&ed“aurface of the Devonian rocks. Ref. (29).
The.percentagé'of.heavy;minerals—in this send is fairly high,
varying from .51 - .97%. There is-present a much greater variety of
minerals than in the Winnipeg sandstone.

Abvndant - Magnetite, Glauconite

- Common - Staurolite, Apatite, Tourmaline, Pyrite, Muscovite
Pregsent - Kyanite, Ilmenite,. Limenhite, Biotite, Zircon

Rere - Hornblende,. Anatase, Garnet

Trace - Tltanite, Rutile

The general description of the minerals given. previously

lies to those above. Plates:11ll, 1V and V are all taken from Dakote
Xes: and they show in a graphic manner the variations occurring in

heavyvminerals taken;from;differentzgeographical and stratigraphical "A'

eitions in the same horizon; these- three samples are from different

de-gizes and thxs is an additional factor that helps to explazn,the
ference~in mineral assemblage. The sum total of. the mlnerale 1n~~
ifferent separatione varies little excepit in. the. case. of the floodwor CI
tain mineral, é.g. glauconite in. the one- separatlcn.. It is notzced
ste 111 the relative abundansde. of apatite;,thefflood ofjthis‘ |

eral occure in a very fine grade size, being finer tﬁan 260 ﬁéahg

te. 1V shows: clearly typical grains of kyanite, the cleavage ae‘,

ced 1n the picture is very helpful in identlfyzng the mineral._vj

‘heavy minerals are all quite angular snd many of them appear.to be“

hly broken, e.g. the large garnet grain}in Platé v which.showaéclégflyk

conchoidel fracture lines typical of freshly brokenksurfacéé of £hgt-

' The&Dakota.sandstone;isvvery angular, meny cf the quartz,graina_~
varyfshafp corners and edges. The surfaces of moet of the gralne 5

very clear as though the grains had been freshly broken. In ;'

on there are present many grains which are well rognded-~ Theeef




Dominant
Abundant
Conmon:-

Present
Rare

Trace

]

PLATE III

Glauconite

Apatite, Magnetite, Bieotite,
Muscovite, Pyrite
Tourmaline

Staurolite, Rutile, Zirecon,
Hornblende

Kyanite, Garnet




Dominant -
Abundant - Xyenite, Garnet

Conmon
Present
Rare
Trace

- Staurolite, Magnetite, Muscovite
- Rutile
- Tourmaline, Zircon




PLATE V

Dominant -
Abundent - Tourmaline, Magnetite
Common - Staurolite, Muscovite

Present - Kyanite, Ilmenite, Glauconite
Rare. - Apatite, Hornblende, Zircon, Rutile
Trace - Garnet, Titanite '
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ad‘gréina show frosted and pitted surfaces aimilar;to~the’ T

nipeg” 9and°
{he Boissevain Sandstone

lhie sendstone outcrops south of Boissevain, Men.; it is.
considered to be Fox Hill which is the top.of the upper cretaeeous; Ref;(29)'
k' It is very different in heavy'mineral content from either the
¥innipeg or the Dakota;j the heavy mineral content is exceedingly,high;
/ out 3.05%; the;ouﬁstanding feature of the heavy minerals is the
inance of prismetic shaped, dark green hornblende; this mineralyshows
yllittle evidence of alteration and is never in. the slightest degreev
ded, in Pact, the ends of the prismatic grains are usually a
‘riée of fine projections. The hornblende occurs in~felgtiyely 80
a»peréentage that at first it seems to be the only minetalupxeéent,
ever the following additional minerals. have been neted.'
Common. - Biotite, Magnetite
H%wt-%mﬂ,mmm,mmmmImwm&
Rare - Anatase, Apatite, Tourmaline
Trace - Kyanite, Titanite, Rutile, Caleite

Plate T1 shows the flocd of well shaped.hornblende;grgins

‘obéurring,in this send. The cleavage traces»parallel»With:thezléngﬁh_ Sk

;ef the grains can readily be seen. The general deecriptlon of the

erals given previously applies t0 theae present in this send. bui it e
.ié’interesting to note-in the aaselef*the zircons, that a fewvof»themvs
are a. dlstlnct roge color and a few others are purple. |

The light residue is alsc quite different. from the other sands 8

7;ied. There is a relatively high percentage of’ feldspar, both

Plﬁgioclase and orthoclase in addition to the quartz; some- of the feldspar

'a are clear and colorless but most of them are greatly altered.‘

te is more ‘abundant then feldspar and occurs as- a ceatlng on the

Other graing and as a cement. fIreatment of the sample Wlth acid acceunte

the scarcity of this mineral in the separatlon.~

‘The Boissevain sand grains in the naturglvconditicnsarefVéryf‘]_;\”
ular in shape but after treatment with acid which rempvéamthe,ihick"



Dominant
Abundant
Common
Prasent
Rare
Trace

PLATE VI

Hornblende

Biotite, Magnetite

Garnet, Zircon, Epidote, Ilmenite
Tourmaline, Anatase, Apatite
Rutile, Kyenite, Titenite, Calecite
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us coating they are found to be quite angular and fresh. ‘fhe

iayr‘shape of the grains is due to the irregular fasnion;ig,which'
calcite crystals have developed and to the uneven coating of iron

, gidea No frosting or pitting is evideﬁt in this sand. |

"5; The Esteven Sendstone

k The Esteven is a continental deposit occupyingia position at
45§he base of the Tertiary; it is considered to be Eocene.Ref. (8).

k The heavy mineral content of this sand is similar in amount
in variety to the Boissevain. YThe similarity is evident in the
_mpanyingublcck diagram representation of the-relative amount;”of

- yvarious minerals present in each sand.

The outstanding feature of the-heavy mineraleuof,this sand is
great veriation in the hornblende grains. This minéral varies in
or from dark green to colerless; the colorless grains appear to be
ached amphiboles of some kind snd since in some graina~avgnadati§n"
coior from brownish green in the.centré to colorless onithégbérdéra
‘s, the colorless grains probably represent hornblendeagrginagﬁhai i
e completely changed over from the dark to theJlighb.colo:;;ana

iher the different shades of color. seen in other”graiaa,offthis‘;
eral probably represent various stages:of.the proceés-of.bleaching.

y of the bleached grains are crowded with inclusions, probably
omposition,preducts. In all the color varfiles of the: mineral the
racteristic prismatic shape of hornblende grains is reteined. The
éshed and altered charaeter of the grains is shownain.Platelel, the
éfinite,bordere”of.the grains is a result of their altered condition.
- Again in this sand as in the Boissevain occur rose-and‘purple
eon grains. Pleochroism is evident-;nﬂsemeaof these -deep. colored
§%iea; the;eoldred grains are rounded and quite small. A vefyﬁfew
iew,zircons also occurjy these grains are pleochroic-rrom~yellow 1o

Orless.

The -sand grains are very angular and fresh, and no frosting or




PLATE VII

Dominant - Hornblende

Abundent. - Magnetite

Common. - Garnet

Present -~ Epidote, Zircon, Ilmenite

Rare - Tourmeline, Rutile, Kyeanite, Titanite
Trace - Biotite
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pitting of the graiﬁs is evident.
The Pleistocene Sands
The ieeaheet3>which,movedsouthwards over the province left

deposits in the form of sheets éf +&11, moraine ridgea-and.dfuﬁlins,
eskers and outwash gravel fans and erratics, while the lakes which
.were.impounded in front of the ice formed beaches and delta deposiis.ﬁef.(29)
The. resulls of exeminations of four of fheSentyPicaIIEdéistocene~deposite
aré recorded below. |
6. The Melbeourne Send

The sand is a very fine grained wind blovm deposit.

Hornbldnde:is the -abundant mineral of the.heaVy~réeidue, e few
of the grains are bleasched or very nearly colorless. The outstanding
feature-is however, the occurrence of apatite; the grains are -well
rounded, white or gray in.color and.generall& ﬁave a rough pitted surface;
a few. of the greins possess highervpelarizﬁticnﬁcolera"than is commen for
this mineral. | |

The light residue shows the quartz grainé are partly coated with
iron'oxide~and>36me Peldapar greins are-preaént; In generzsl the sand may
be said to be-angular but a few, especially- the lafger}grainsJarexroupded.
A very fine frosting is seen on the grains, thie feature is not nearly as
well developed es on thevPalaeezoie gands and real éitting is,praetipglly
absent. |
7. The Beausejour Sand

This is considered to-be an esker sand. Ref'. (28)

Thefhﬁayyvmineral~percentageuis~high,about 2;2%. The -heavy
minerals of this send,which is typical of the Pleistocene, are very
interestingrsinée-in.édditiohﬂto the usual minerals found in other sends,
t60 more have been identified; the minerals referred to. are monazite
and glaucophgﬁe; Hornblende is-again the dominent mineral, the greains

are=pr13matic in shape;,greenuand.blue»in,color. One hornblende grain

exhibits distinct twinning; the dark grains are pheochroic from green -
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tp.bluishtgrssﬁ%“ PI&ta*Vlli‘13'a“picture;of“thevheavy'minerals«of’this
aag#;“itfshqwa”the’dominance of‘ﬁornblenda»and:the~presence~of~a-few
othe?*mineralareuch.aa.magnetite.andmgarnet.

The light residue shows the presence of feldspar with fine
twin lamellae. Quartz grains dominate~the-1igh£ residue»and:a few ot
these show inclusions of rutileé needles. The sand is angular but-dit
also contains rounded grains which are- finely frosted. end triengular
shaped pite are evident on some of the grains. |
8. The Smith Biding Sand

Anvoutﬁash sand foﬁnd.geographically,close»to Lake~Winﬁipeg
end the Winnipeg sandstone.
| The -heavy residue is. again dominated by hornblende. Glaucophane
and Monazite are both present and a third mineral topaz is noted for the
first time.

This;eéndvelosely approaches the Winnipeg;eandstone«infdegreé’
of rounding, frosting emnd pitting; the grains: of the two sands are 8o
much alike that differentiation between the two is diffricult. Porosity
tests-last section of work-indicate the close gimilarity in rounding of
this send and the Winnipegwaahd.‘

Q.- Grand:B;ach

A beach send deposit located on the south éaat shore. of Lake
Winnipeg.

The- heavy -minerals, hornblende, magnetite, epidote, rutile,
monaz ite, garnet, zircon, tourmaline, topaz, glaucophane, muscovite,
staurclite, typical of Pleistocene sands are found.‘ Plate 1X is &
picture of the heavy minerals of this sand.

The~éhape~of the quartz grains may be claased as "subangular"
to "rounded"; the larger: grains being well rounded. Froating.and pitiing
is %ery»weli.developed; the larger nearly spherical grains show &
development of frosting and pitting that equals the Winnipeg sandstone,

which outcrops farther north in the same lake. The small "subsngular'
to 'angular® grains are quite fresh in appeareance.

-




PLATE VIII

- Dominant - Hornblende
‘ Abundant -
- f i Common -~ Epidote, Garnet, Magnetite
' Present - Zircon, Rutile
Rare - Monazite, Glaucophane, Staurolite

Tourmeline, Hematite

Trace




PLATE IX

Dominant - Hornblende
Abundent
Common = Magnetite

, Present - Epidote, Monazite, Rutile,
’ ' Garnet, Zircon
Rare - - Staurolite, Tourmaline, Glaucophane

Irace - Topaz, Muscovite
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: VIQ Resulte and Conclusions ‘of the Petrographic
Analyaes.of,the;Varioua,HOrizone..-,, e

The petrographic analysea of the horizons studied in this

investigatien revealymany important facte. The application of' these

facts is concefned in helping to intérpret thevgeological.hiatory of

thg horizons and to esteblishing means of correlating.the variéus.horizons.
Many of the heavy mineral suites and surface features of the grains are
characteiietic of certain definite horizons, and in this way, they cen

be used in correlative work. An example of the application of these
Peatures to the correlation of horizons may be given; a core from an

oil well drzlled in the Palaeozolc formations of Menitoba yielded a

sectlon, whlch in part was difficult to identify in the hand specimen.

A petrographlc examlnatlon of this part showed it Lo be 1dent1cal in both

heavy mineral content and in degree of rounding, froatlng and. plttlng to

the Winnipeg sandstone, which outerops east of this well. In this way
petrographic analysis may profitably be used to correlate formations and
to verify maecroscopic identifications.

The Winnipeg‘Sandstone

It ie e#ident from the results of the petrographic analysis of the

Wlnnipeg gandstone, that condltlons must have been very different in early

Ordovician tlmes,to the condltlcns during the hlstory of sny send of

‘later time.

The e@all heavy mineral content, the high degree of rounding of both

the heavy minerals snd the quartz grains, and the development of well

frosted and pitted grains are all importent indications that the sand
passed through an enormously leng period of being shitted around by the

wind before it was finally deposited.

The only heavy minerals found commonly in the sand are zircon,

tourmaline and magnetite; normally these minerals, especiall§7éircon
ccnstltute only a small percentage of the total of the heavy ‘minerals

present in any sand younger than Palae0201c. The reason. for the

concentratlon ‘of these, the most stable of all heavy minerals is that
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all the other common heavy minerals, which are less atable,»éuch as,
hornblende, kyanite, garnet and epidote have been worn away. These
minerals were very likely common at one time, but through continued
abrasion they have since been caused to disappesr.

*A predominance of the;moié stable minerals, such as, zirocon,
tourmaline, rutile and iron ores, probably to the total extinction of
other species, implies a derivation from pre-existing sediments."Ref.(17).

) This is the situation in regard to the Winnipeg sandstone;aithough

a little staurolite and gérnet occurs as well. Whether or not, this

sand is derived from a pre-existing &ediment is difficult to say for

certain, but in view of its positicnhdirectly overlying the PBreCambrian

1y that the sand was derived from this basal rock; é

rock,it is more liki

o

2

the send being moved by the wind over this surface wntil the agents of

erosion were able to wear away all unstable minerals,.to round off all

remaining minerals eand finally to give the frosted and pitted

character to the sand grains.

In order for the quartz grains to become 80 well rounded, froated |
and ?itted the time interval must have been very long and not only that,
but,there must have been.great freedom of movement of the grains, i.e.

there could have been no obstruetion, such as, & vegetable cover to

prevent the wind moving the sand around. An environment of this-kind éfé
probebly was. to be found over the PreCambrien surface. An idea of the )
conditions necessary to produce such prominpnt.frqeting.and pitting like
occurs on the Winnipeg aénd graine is given when it ie compared with the
Melbourne sand. this is also a wind blown sand but there is only a

development,ef,a.ﬁery fine frosting and no sign whatever of real pitting;

the heavy minerals of the Melbourne -send give no indication. of rounding

and meny feirly unstable minerals are found. It is evident th;amsand has
not as yet suffered erosional effecte as great as~those~oprinnipeg
sendstone time. The two sands camnot be compared 100 closely however,
because the Melbourne is & finer grained sand than,the;Winnipeg,and this

factor also tends to prevent extengive.develepment of frosting and

pitting.




It is thought the deposits of this sandstone were of much greater

extent originally than they are today. This eseems quite likely since
there is evidence of many of the deposits of later time containing in
them~either.ﬁipnipegieandstane greins or greins very similar to them.

The Winnipeg sendstone and the Potsdam sandstone(which is or
Upper Cambrien time)must have had a very similar hietéry. An &éalyaia
of a specimen of Potsdam sandstone, from near Ottawe shows the presence
of the same suité of minerals as that found in the Winnipeg sandstone.
The rounding, frosting and pitting of the two sands is also very similar.

The pyrite so abundantly encountered in drill hoie"samplea of. the
Winnipeg sandstone is evidently secondary, ;t very often shows well
doveloped crystal ehapésuand 1§¢never rounded. This mineral ‘is-evidently
not stable when exposed to the atmosphere as it is rarely found in
surface samples.

' The Silurien Sandstone

The great similarity in the heavy mineral content, the shape, the

frosting and pitting of this send to the Winnipeg sendstone is very
evident. -The.similarityvis;aé great that-the quartz grains are either
actual Winnipeg sandstone grains eor theynaresgraine-that‘paseed~through
the aame,geological,histor&rprevioua»to their preeent deposition. In

either-case the sand was-deposited by wind or by water with subsequent

infiltration of the lime or else-during the time of lime deposition in
the sea; there waa: seand being drif'ted over ihe land surface and some of
it became incorporated in the lime deposit. .
The Dakota Sandstone |

~'The»heavy:mineralxcantent of this sand 1nclu§es e large number of
different species. It is quite probable the PreCambrian. rock supplied
at least part of this sand. The associatianfof some of the minerals
found in this send indicates a metamorphic rock type as the source of

at least part of the sand, e.g. the staurolite- - kyanite - garnet'

suite. Ref. (17). Agein the association of apatite and zircon, which
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also occurs in'thevDakota, is indicative of acid or intermediate rock- 2
types-as poasible~séurcee of supply. Ref. (29). Both metamorphic and
acid or intermediate rock types occur infiﬁe~§reeémbrian;ang~thie-may
be the source of supply for these minerals.

The gleuconite found so sbundantly in certain zones serves as &

géod horizon marker. for the formation but it ddédfnot,help in
determiég a source for the sand.

The presence. of minerals with good cleavage, such,as; kyanite,
together with the marked angularity of the sand. indicates that the sand

was not subjected to very severe erosional agencies, such as wind, or

the minerals with'gebdaﬁleavage~wou1dlbe.deatroyed,,the light minerals,
such as, muscovite and biotite would be blown eway and. the gquariz would
show aome'roundlng.1 In fact, the. great angularity, the. eharp edgea and
corners and the freéh looking fractures. of the quartz grains alang with
the broken nature'of some. of. the heavy minerala are all factora difficult
to explain. unleea some - crushlng agency, auch as, glacler ice pl&yed a
paert in. the. history of the sand. -

In this angular aand there are a- few very well rounded.quartz ‘grains;

these- gralna are: frosted and pitted azmllar to. the Wznnipeg sandstane

grains. It is qulte p0391ble that the. frosted and pitted grains. came

from the Winnipeg;sandstone.or a similar. formetion and were carried by

rivefa'or'byvwind“anéxdeposited in the Dakota. sea.

The Boiesevain Sandstone

Thie sand contains the greatest heavy mineral cohient.of eny

examined; this is due to the abundance of hornblende. The~high.percen§age
of heavy/mineral,indicaxeafthat.tnecaand.haafhad,veryflittlestravel,,even
s moderate amount of travel would destroy some’of;thafminerala;found.
Another factor.auggesting,little;or-no"travelaof the sand is the character
of the hornblende.grainaithemselvgs; frequently these prismatic shaped

grains are terminated at both ends, by a series of little fine projections,

oven the slightest movement of the sand prior to deposition would be
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expected'to break'or‘wearfoff'theee“tiny projections. Further
evidence showing that the saend has never been eubjectednto erosional
efrects is the high content of feldspar, both plegioclase-and
orthoclase. normmmally are not very stable and their presence-in this
sand is explained by considering them to have been derived from the
parent rock quite close to the present site of deposition.

The marked angularity of grain, the presence-of much biotite and
the absence of frosting and pitting are. all points indicating the sand
was never subjected to erosional activities of the wind.

The calcite present is likely secondary; it serves as & cementing
medium and prebably entered the sand after it was deposited.

A source for a sandstone of thés nature is an amphibole rock and
from the nature of the minerals, the eandeteﬁe.reeulttngjtoday'ie
either the result of disintegratien~af*the-parent'reck“in place or is
the result ef deposition soon after dieintglegraﬁion, M;l#ner Ref. (17),
mentiene the charaeterletlc agsociation of 1}xanita anatase; rutlle
and brookite,which(peinte to. & derivation from - basic or ultrabasic
rock-types. The first three minerals of this association are found in
this eandetene.

The. Eatevan Sandetone

This send cloaely parallele the Boisaevain both in heavy mineral
content and in varlety of minerals. wzth the one great difference that
the hornblende grains in this sand are greatly altered end bleached.

"Common. hornblende and baealtic hernblende in some- 1netancee alter
by the. loss of color and. eubaequent passage into pale or colorless
amphibole. " Ref.,(lﬁ)

Defznite~gradatlone from the deep green hornblende of the
,Boieaevaln ‘o0 the colorlese amphibole ef the Eetevan eeem to ‘oceur, since
in many gralne in the Boiesevaln a partial alteration is seen where. the

grains are green or bnown in the centre and paae gradually to pale

green or colorless at the edges.
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Reggcpingvalongvthese lines it may be that the Estevan sand first
pessed. through a history similer to the Boissevain and then was subjected
to conditione that caused the alteration of the amphibole. The
gimilarity in.the suite=of héavy minerals found.- in the'two-sénds and
in the character of the grains both support an origin of this kind.
The interest'ing association of small rounded rose and purple-zircons in
both the Boissevain and Estevan.sand further indicate a similer origin
for the two sands. - |

"The purple. or rose-colored variety of zirconvis easpecially
characteristic of" those British sediments in which minerals derived
from‘reginnally-mezamorphosed-rocke are-abundant, and-of fresh
appearanee. Ref. (5).

Whether or not the metamorphosed rocks which are commen in the
PreGambrian,contain;colored zireons is yet to be-determined.

The,ggrnétpstaurolite—kyaﬁite.andithe.ilmenite-anataeefrutile,
suites of minerals mentioned. by Milner are present in.thewEstevgn as
well as the-Beieeévain. An ultimate origin. for these minerals from the
Precambrian rock. seems. likely since many of theae minerals. are known to
oceur in certaln areas- of the.- Precambrlan‘today.
The Pleistocene Sands

There is-great similarity in the heawy mineral content of all the
Pleistocenecaands,examinedb Hornblende is: therdeminant mineral in
every gepargtian; the greins. for the mosi-part-being:dark green and
fresh looking. o

A very characteristic feature of the Pleiatocena sands snd one that
serves to differentiate them from all other sands studied is the preaence
of monazite and glaucophane. These minerala are'diagnoatic characters

of the ice-depoalted sands investigated and they- appear to be valuable

indicatorevfor surfaeg»correlationS»of this type of sand.
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The Melbourne Sand

The wind blown nature of this send is shown by the fineness of
the sand, by the abundance of iron oxide coating the grains and by the
fine frosting on the larger rounded grains; the frosting having been
developed since the sand was dumped by the ice. The unusﬁa.'lg type of
apatite grains oceurring in this sand makes it a useful species fer a
horizon marker.
The Beausejour Sand

The prismatic, clear,pleochroie, red graine of rutile showing
cleavaege indicate that little reworking of the sand has occurred since
it wes released by the parent rock. In most of the oecurrences of rutile
in the older sands, the grains are rounded and samewha;t ¢louded or dull
in appearance. That 1i.t’c.le reworking. of the sand has occurred is
further supported by the angular.,.. nature of the heavy minerals: ‘and the
quartz grains. Frosting is evident on many grainsg end a fewv»‘gr.e:ine
suggestive-of Winnipeg sandstone show development of &eep" triangular
ghaped pits. |
Smith Siding Send

The typical heevy mineral suite of Pleistocene sands is-again found
- with the eaddition of topaz. This mineral is very rare and mey have been
overlooked in aom‘e-of the other sands. The extensive: development of |
rounding,. fr'esfbing aﬁ_d? pitting is very suggesbive of a Winnipeg: sandastone
or’igin for & great part of this sand. |
Grand Beach Semd |

'I.‘h:.s sangd 1e very almilar :m every way to the Smith 'Siciing except
there are- probably more angular grains in this sand.

In the last three deposits discussed there seems:to have been two
différen’c. sources for the sand in each case.  The ‘angular quartz. grains
end the great variety of. heavy. minerals indicate a source with very

little subsequent reworking. The minerals present are f‘ound in igneous

and metamorphic rocks and both of these types -of rock are common. in the
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PreCambrian; a source tor this part of the send trom the PreCambrian is
no doubt the-case. ‘he other source of the sand is considered to be
the Winnipeg. sendstone or a sandstone of similar age and position.
This conclusion is drawn from the Pfact. that, the frosted and pitted
grains of these sands are identical with the Winnipeg sandstone grains,
and further, there is no sand of younger age than the Winnipeg that has
frosting and pitting so well developed. The probability of the sand in
question. developing this character after being picked up by the ice is
very unlikely. Even if conditions were suitable for the development of
frosting and piﬁtiﬁg during of after ‘deposition by the ice, the factor
oﬁ,timeveomes’tn and as seen in the- case of the Melbourne sand, time
has not been long enough for these characters to become prominently
developed. It seems quite probable that the ice-in moving down from the
north wou;d-incorporate in its load, part at least of any sends in its
path; the Winnipeg sendstone or its equivelent being situated geographically
north of the Pleistocene deposits in qﬁestion would yield part of their
send to the ice. The well rounded, frosted and.pitted grains of the
Beausejour and'the.sﬁith Siding, although different types of glacial
deposits can.thus be explained as redeposited Winnipeg sandstone grains
or an equivalent of that send. The Grand Beech sand located near the
-gouth end of Leke Winnipeg, in which lake the Winnipeg sandatone. outcrops
could it is believed receive its frosted and pitted grains directly from
the Winnipeg sandstone by water and wave tr&neéortatian. |

VII. Application of Heawy~Minenala»za Correlations

..................................................

emphaaize those species which are importent for correlation. purposes.

For the most part, definite associations or suites of three-or four
minerals are the most important and most reliable. .The minerals of

little correlative value are also indidated.

The zircon, tourmaline, rutile suite is diagnostic of the Winnipeg

sandstone.
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Magnetite is never'of*valﬁa because it is present in eimilar
amovmts in all sands.

Hornblende is of great value in differentiating between the Dakota
and later horizons; it is scarce in the Dakota and floods all later sends.
The bleeched. variety is. distinctive of Estevan.

Glauconite is.indicative,of certain parts of the Dakota.>

Tourmaline varies so much in color that it has not as yet been
foumd of Particular value.

Apatite when clear, colorless and prismatic is characteristic of

’paxté of the Dakota; while rounded, gray, pitted apatite is
ch&racterietié of.the'Mélbourna.sénd.

Muscovite and Biotite are-of little value.

Stauroli§e~is foundﬂintemall-qnanti;ies‘in all horizone and is
therefofe of litt;ercorrelativevvalﬁe,-the same apgliea,to$Garnet.

Zircon is of,litﬂle value except when'eolored. Rose. end purple
zireons~aremcharaeteristic‘of’Boissevéin_and-Estevan sands.

2 Anatase«ie~on1ypreeordedain,the;Boisaevain.and is therefore

distinctive of. that horizon.

e

Epidote is of little value except in helping to differentiate
T Dakota - where it has not. been found - from later horizoms.
| Titanite when diemond shaped,as in the. Dakota, is of value.

s It is very‘rgre»howeverqand.may»easily be overlooked. 4‘ ‘
- Monaziterand,dlaucophane are markers for the Plgistocene egnda

‘andvcan therefore’bemuaed~in.eurfaca~correlatian_of these deposits.

Kyenite - Staurolite - Garnet suite-is typical of Dakota sends.

= Feldspar and Calcite when very abundant in the-lighz residue is

- diagnostic of Boissevain sands.

Ilmenite - Anatase - Rutile suite is characteristic of Boissevain.

Topaz.ie found only in some-of the Pleistocene deposits} it may

be of correlative value.
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VIII Heavy Mlnerals asg- Indmcators of Continental or
: g rigin .of Sanda_,.,-,.,,,.,,1,,J,,,.,,.

R T A T

A study of the héavy mznerala of ‘the various sands described in
? th1s 1nvest1gat10n 1eads to a very important conclusion in regard to
the orlgzn of the. depeezts, the~deminance of hornblende ocecurs only in
thoaevhorxzpna«which:are considered»to"be continental in orgin. this
fact indicates that thia.mineral ﬁay be a very important criterion for
diferentiatingvbetween éontinental end marine deposits. The deposits
which are undoubtly marine. are either very low in hornblende or it is
absent altogether, e.g. the Dakota and the Winnipeg sandstones. The
Bezssev&in and. the Estevan eandstones contain coal and lignite. b;da,
very:suggaaxiverf continental deposition, probably in shallow water;
‘th§36~s§nda areSereded,witﬁ.hornblende. The Pleistocens sands which

are~ice}depoaited;arefalae fToodedeith hornblende; this feature

“ffurther eubatantlates a continental origin for these sands.

‘ ;The accompanylng block.dlagram of the heavy minerals shows very
>,cléﬁr1y thevfloodingéofﬂhornhlenderinvthenBoiasevaln,andxall,younger
" depes1ts, it also shows -other. mlnerals which, though not so abundant
-~ are- alao characterlatlc of the eﬂntlnental deposits. Thesmost
i important of wh;ch ig epidote, thxs mineral has not been. found in the
marine but it is aaveryweharacteristic feature of the continental
depoaits;“'Thewmineralwgarneﬁ:ﬁay»be,mentioned although ita value as
an 1nd1cator for elther contlnental or marine conditions is doubtful;
>*’1t occurs mcre abundantly in. the continental. deposita and is generally
"pinkgin.color, Glaucqnite»ishfouad,only in the Dakota; thie helps to

verify the marine origin of this ssnd.
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The Determination: of a:Repid Method for

Quantitatlval, Meaauriqg the -Boundnegs of
Sand .Grains. .

IX.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

The degree of rounding of sand grains, produced  through
mechenical wear during transportation is an important feature in
interpreting the geological history of sand. It is importent from an
economic standpoint since the;degree;of.rounding'determinesvté a
certain extent, the porosity of the sand, which in;turn determines
whether or not the horizon could poesibly carry oil or gas.

A microscopic examination of the grains is helpful in determining
their roundness but it is deficiént in two.respects. .Firat, the
grains can only be studied in one dimension and aeeond; only a few
grains can be examined: The object of this part of the work is to
determine another means of measuring the roundness of sand grains.

iwo methods have. been employed, the first of which involved the
uée of a jig-table. The jig-table consisted of an:inclined~p1anq,
3t x:;#“,badjustableqto any engle, supported on a mechenical ehaker.
The aurfabe'of.the.table'was=madesas.amooth as~possibleviﬂ‘order.to

‘ lesaenvthe,friction- The sand graina to be tested wére¥p1aged'in a
row on thewhighé:?if the board. The shaker-was then started and sllowed
to run for a definite period; the aspeed of the ehaker being reduced
until the grains ceaeed to jump when placed on the table. The.- purpose
in this method was that with grains of like size, the rounder the grain
" the farther it would roll in a giveh-time of shaking.

This method did not prove to be satisfactory in the fine grade
sizes of the sand on account of the friction between the sand and the
table, which caused‘the.graina,to remain at the- top instead of jigging
: déwn. The-method: could. probably be~madewapplieab1é,in the coarse grade
sizes i.e. in the 35 mesh siza~aﬁd’1arger, where the force of gravity
‘overcomes the friction between the grains and the table. Sinece the

greatest part of all the sands studied have an average size much smaller

than 35 mesh, the method could not advantageously be applied.




. The second method depended,upon_the pérmeébility;of sand. The
objec£NWaewfirat, to find out whether angular material or round material
is the more porous, snd second, to.find out whether or not porosity
changes with change in size-of grain.

. The apparatus-consisted of a conical dropping fumnel; a suitable
stand, and a "U" tube. The sand. to be experimented with was first
screened in order to obtain graine of a wmiform size. The sereened
material was placed into the PU" tube up to the level of the arme: Bach
branch-of the  tube waevthenvcioéed with a rubber stopper. The conical
dropping funnel; used as an aspirator was filled with water. and
conpeeted»by-a-piece-of_rubber-tubing.to one-arm of the- "U' tube. The
apparatus used is shown in Fig. 1.

Before each test care was taken to see that the water was:-at a
defigite,Ievel\invthe~dropping~funnel; a finger was placed over ﬁhe;free
end of the "U" tube and the stop-cock of the dropping funnel.opened to
meke- sure tﬁai:no air was lesking into the apparatus.

The length of tima,taken,by the waler to.run out of the dropping
funnel-wasvnoted‘by,meansfofﬂa étog—watch. Fnom,the’timeameasurémgnts
" the rel&tive~poroaity,of each sample was- computed. since the porosity
varies inversely as the time. _ \

The: dropping funnel was filled again and another reading obtained.
The;?U” tﬁge;wge»emp$ied‘and refilled with sand and two more readings
takeﬁ,“ This was repeated a third'timerin order that a fair‘avergge
might be. obtained.

Experiments were carried out with two typeauoﬁ.material; the first
type:ueed—waswcrushed.quartz,-repreaenting‘a high degree of angularity;

- the second type used wes solid glass -beads, representing a-high degree

of rounding. ' A series-of teata;waabmgdé»with the two materials; cach
test being madeawithAa_differentfgféde~size.k The grade sizes experimented
with included the following 20, 28, 35, 48, 65, and 100 mesh.

It was found that the results varied if care was not taken in pouring
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the sand into the "U" tube. The slightest packing of the- sand

decreased the yoroéi%y conaidérably; for this reason the sand was
poured into the "U" tube through a funnel held at a uniform height in
order that any pécking caused in poﬁring ihe sand would be as nearly as
possible the same in all tests. '

The results weré plotted on graph paper using the abscissa to
represent the porosity and the ordinste. to represent the size of grain.
Fig. 2, shows the curves representing the perosity results of angular
quartz and round beads when no packing agent-is used in putting the
sand into thezﬁv" tube. The curves show that in the case of both
angular and roﬁné:materialvthere is a moderately gtggdy increase of
porosity with increase in size of,grain.up to a size between .417 and
589 millimeters. From this grade size. to the largest experimented
with, the'incréaaélin,pohoaity compared with increase -in size of grain
is very small. In'thé‘eo&rae gradeswi.e. the¥.8§5 and 5892 mm. sizes
the round beada.éhow-a.slightly greater porosity then. does the sngular
quartaz. At,thew.4l7 mm. size the itwo materigla.havé an equal porosity.
From this size to the smallest tested i.e. +147-mm. size the-round beads
are cbnaiderably leas porgous-than the angular quartz. |

A similar series of tests was performed a second time, with the
exception, that a. detinite amownt of packing of the send in the "U" tube
was undertaken. To actomplish this the "U" tube filled with.éané was
éttached 1o an upright sugpended~frqm,ab6véa The upright when released
abovefallowedathe U tube o drop;throughka.vertical distance of one
inch,éndua halfyén;té & surface covered with felt to produce a dead f'all.
Thé;tube‘filled with sand was.dropped»in~this way tenAtimes“before ‘
each-poroaitj testQ

PFig. 3, representa;the results of this.eeries-of eXperimeﬁts. Again
it is evident there ié an increase in porosity with increase in size of
grain. The threéjcoarsest grades i.e. .8%3%, .589 and 417 mm, sizes

show a slightly grester porosity in the round condition. Between the
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417 and .295 mm. sizes the porosity of the two comes to be the same
at one point. The following two smaller sizes show,the round beads to
be less porous than the angular quartz bﬁt the finest grade size i.e. |
the .147 mm. size shows the porosity Qf the two materials to be equal |
again. The proximity of the two curves indicates thet under packed
conditions the two kinds of material when of uniform size have very
nearly the same porosity.
Fig. 4 & 5, show respectively angular quartz and round beads
plotted to eﬁow,the.relaiibﬁéﬁétween like'materials tested under both {
unpacked and packed conditions. In both cases the curves show that
under packed conditions the poroaity ie-leas. They also show that the
same amount of packing decreases the porosity to a greater extent in
angular material than it does in round material. In both cases. the
effect of packing on porosity in the two coarsest grades is negligible.

X.:Results:end: Qonclusions of. the Porosity:Method:

the number of grains increasing in proportion with the deerease in size,
the actual pore space is the same for groups of grains of any one-siée.
Inﬂactuelfpraetice, these conditions ‘are never met with; all the curves

in the-accompanying;graphe,show that by the mesns of measurenent,. employed,
theapqroeity is net the same for each grade size but instead it incresses
definitely Qith inerease-in size of grain. The change in rate of flow of
air through the sand is:greater in the fine grede sizes than in the céaser.

"One of the ressens for this great difference in time of flow is
found . in the fact that, while the total area of cross section. through
which the flow mayrtake~p1acevia»verylnearly the same-in all cases, the
number of tubes through which the -air must move is very different. and
at the same- time their diameters are extremely unlike in size, the pores
being very memy, but small, where the flow is slow, and much fewer and ?
relatively lerger where the flow-is Paster. If, then, there is the same
absolute amount of friction per each equal unit area of sliding surface,
it is evident that where the pore space has been most divided there nust
be the 1&rgeat~loea,of;enargyvper'unit of time, and hence the smallest .
flow, just.as has been observed." Ref. (15). 3
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This explains not only the great difference in the porosity of the -
different grade gizes in the materials used in this investigation but
also it explainsrthe relatively greater chenge i.e. & greater decreese
in porosity with decrease in size of grain in the smaller grade sizes
than in the coarser.

The application of the porosity results to the shape of sand grains
with which this part of the work is primarily concerned yields~some
fairly definite conclusions. In the finer grade sizes (See Fig.2) i.e.
from the o417 mm. size to the .147 the round beads are ieés'porﬁous than
the crushed quertz. This ié the result one would expect since the
angular nature of the crushed quartz woﬁld tend to prevent the grains
from fitting against one another in as compact a manner aa-ﬁosaible; the
grains tend to heold bne. another aparﬁ rather than to fit in -together.
The result of this is to c¢reate a greater amount of pore space which in
turn ceuses a higher porosity value. As the size of grain increases
past the 417 mm. size this,propérty of the anmgular grains being more
N efficient in creating pore space does not seem to hold.

Little-significance is attached to the fact that the curves show
a greater porosity for the round beads than the angular quartz in the
coarsest*grades.eiamined; This really represents only a difference in
actual time reading-of. about 2 geconda.where&a, the difference in time
reading of the three smeller grade sizes varies from 15 seconde in the
.295 mm. size, 25 seconds in the .208 mm. size to 28 seconds in the
+147 mn. size.

" When a definite amount of packing of the materials-is?undertaken
the;péroaitj of similer grade'aizes~of"the'two materials is much nearer
the same than in unpacked conditions Fig. 3. Fig. 4 and 5 show that the
packing has a greater effect %haazzhe-angular then on the round material.

‘This further substantiates the theory advanced to explain the first

graph i.e. the angular meterial instead of occupying a small a space as

possible tends to create a-large pore space, the result being that when .




packed these grains are rearranged and come to occupy a much smaller
space,. Consequently, the effect of packing_while it is a betier method
of ensuring similer treatment of material before each test, yet it
causes the angular material to apprbaeh the round meteriel in poroeity<
reading 8o clesély that the difference in the nature of the grains
cannot correetly be interpreted. Fig. 5 showe the small effect packing
has on round material. The round glass beads which are very nearly
perfect spheres tend to occupy as small a space as possible even without
being packed- and the tendency seems to be to fit in together rather then
t0 hold one another. apart.

XI. ApplieatianwefnMetho&ﬂtewParticular~8andaz

Three sandas repreeenting dlfferent types - of deposit and of

different agefwererexperimented with, the sands used being the 35, 48,

65 & 100 grade sizes of. the following: -
- Winnipeg Send
Boissevain Sand
Smith Siding Sand

The porosity testa'weré~hade-with unpacked material. Fig. 6 shows
the results of these tests with the curves represemting emgular quartz
and round beads also shown.

The proximity of the Winnipeg sendstone end the Smith Siding
curvegiisvve;y noticeable; the curves are also very'cloeé to the round
glase~beade curve. The Winnipég,and:the Smith Siding as mentioned in
the first part of this investigation are exceedingly well rounded seands.
The close- similarity in the porosity resulis of these two sands
indicetes the practicability of this method in determining the shape of
sand grains. The Boissevain sand curve shows it to be a more porous
sand, even more éofoua than the cruéhed quartz in the coarser grades.
The great irregularity in the shape of the Boissevain greins is
congidered to be the cause of this sand giving such high porosity values.

At first it was thought that crushed quertz would represent the

highest degree of angularity possible in a sand. This view is now known
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10 be erroneous since for the most part the crushed quartz is only

angular in three dimensione and is comparstively flat in the fourth;
this is due to the way in which this mineral fractures. The Boissevain
sand with its very irregular development is really a more angular sand
because it is angular in every dimension. This is especially the case
in the cosarser grades end thus the sand gives a greater porosity
reading then does crushed quartiz.

The porosity method of determining the shape of sand grains is
deficient in one respect, that is, the slightest change in conditions
in carrying out the experiment, especially any packing effects must be

guarded againet as this always has the effect of decreasing the

porosity values much below normal.
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