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ÂBSTRACT

1yr experi¡teit-Lal me-bhoc-Lol-ogy sl,udy of five collrrnon rnormting

-beclrliques ancl procedures ancl three caf-cu-lation me'bhods helpecl

cLe'tennine the specific X*ray techniclues to be usecl in the serrri-

cluantitabi¡¡e es-l;imation of clay minerals in the str-rcly of offshore

Lake Agassiz sedinents. The aqueoi-rs pipette-on'-g1ass sl-ide technique

with caJ-cul-a-tion by the dj-rect conpa::ison rne-bhod -v¡as chosen because

i'b offerecl besi and. nos-t, consisi,ent resu-l-bs, ease and rapidi'ty of

ob-bairri-ng resu-lts and. bes-r correlal,ion possi-bilities"

liitmerous atternpts have been m¿Lcle at subclivicli-ng the oÍf-qhore

cleposiis of Lalçe Agassiz in southern I'la:ritoba aird adjacen't parts of

the United. Siates. The resul-ts of detailecl clay rÉ-neralogical a¡d

-bexbural anal-yses of samples from the Red River basin suggest a.

three-fold s'r,ra.ti-graphic su-bdivision. This subdj.vj-sj-on is a,l-so

supported by non-clay rrrinei:alogy differences r^¡ithln the secliment

and by the Ii¡i-ited soil engineeri-ng d-a1,a avail-able.

Uniit 1, the for+entos'u offshore -,mi'u recogtt-ized, is defined

primarily on the basis of its lo'.u montmorill-on-ite:il-lite ratio,

very fine average grain sj-ze and 1or.¡ Âl:terberg linits. Unit 2 is

recognized by its Ìrigh rnonbrnorilloniie:illi-be ratio, very fine

average grai-n size, and lri.gh Atterberg limits. Uriit J, t'he upper-

¡rost off shore uri'b recognized, is de fi.ned by its l-or¡ rrrontmorilloniì;e:

l- l-



ill-ite ::atio, relati'¿ely coiÌÏse grarin size a:rd 1or+ At'berberg

l-imi-r,s. These three uni'bs can be icìeniifi-ed- tirroughout the

sedirnent¿rybasininl,l¿uritobaandroughlycorrelater'rithulits

in North Da-lcota.

Lli,hor,igh vcrious l1i.poÌ;heses can be suggesLccl -Ì;o er'1p1ain

'l,ireo"l-.,serveils'i,raj:igro.phj-cancÌl-a'beral-cha:rgesr^riLlúniheoffshore

seclimerrts, pr"obabl)' the nost :"easonable erpla:rat'ion is tha'i: of

d.ifferential- setiling oí' the clay par''ticles caused by salir-rity

changes in the l-a]ce and. size clifference of the rrarious Ilúnera-ls'
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CHAPT'BII. 1

IJùTRODiIC 1]IO}:I

P!il.Ii O SE lri'lÐ G. ÌiERAl, D-io$ÜiÌlP T T 0r¡ AU.-TiE-IlliM]1j{'Ir 0{

G]acial Lalie Agassi.z sed.irrren-bs occur r,¡ii,irj-n an a-rea of

2OOTOOO $quarc lú]es in pa:'-Ls; of ontario, 1"1ani-Loba., saslta-'cchewan,

l.fnnesota, l{ort}r Da.lçoba ancl SouLh DC,toba. The Red River ba-sj-n of

Nort,ir D¿Llco'¿a a-nc1 l'{arritoba is the Jarge st of l,ake Aga.ssiz¡ severa]-

seCi¡nent¡ry beisins (!'ig" 1). Despi.te a large amount of research

cLone on i;ire l-a-he j-n such cl-iverse area.s as biolog¡, archeo.l-ogy,

soi-l_ scj.ence a¡d. gene::t.r.l geol-ogy, rela.tir¡el;r l-itt1e l./orli ha.s been

ab-begp-l;ed i1 -bhe are¿r oÍl stra.tigraphic subd-i-'rision and correlation

of the offsho::e sed.ine:ri-,,s on a regional basis. Tlle main objectives

of'bh-Ls thesis are to (f) ¿eUem¿ne the to>lure of these offshore

sedinents of Lahe Agassiz in southern i'{anitoba; (2) qualj-tativeJ-y

and seni-cluantitatively exarnine tlte cla;' minerals of the offshore

sedir,ren-i,s t (j) äevelop :L g¡eneral overall stratigraphic picbure of

Lalce seclin:enta.'bion b;' clefining stra'bi gra.phic units based nainly on

'bþe above tr,ro cri't,erin; (Il ) suggcs lr ar,r origin or source of these

offshore clays by erariúning and using exis'r,ing knor.¡'l edge of the

n-ineral-ogy of acljacent becl.rocl< ancl drift; ancl ()) attenpt to

correlate the units recognlzed j.rr *uhis study i.¡ith the results of

o-l,her research throughout the basin.

I
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Fi *. 1. Major Sedimentation Area: in Lae Agassiz (after Elson, 1967).



X-ray cliffraction tech¡úqiì.es r.Jere useci to iden-tify arrl. eve^l-ua-be

the ofîshore cl¿y-sizei{ ini-ner'¿-l-s. IJor.revcr, siuce the study of clay

rHineÏal-s by X-ra¡' cliÍ'fraction Ìras not yeb beetr standardized, a

lte-l_,hr:cì.o1cg¡ stucìy,.¡as ¿Llso u:iceÍl¡lcen bo detenúi.Le if one or molre

specifi.c tccÌtliclu-os a.lre particr-r-Larl-;'r l'ie-Ll sui1;e:d for +'he s'cr-irly of

offshore l,a.he Agassi.:l secllnieriis, arrd. lo see ií the use of a

parti-cr-r-1.a.r nethocj. r^¡oulcÌ ¿rlterthc stra.iigraplúc rurits recognlzed.

q]ìEVI0l-lå_IdQRIl

I,luner:ous ari-tho¡s have previor-rsly given exce]-lent a]]d extensive

revi-er,ls of the literai,ure on -bhe general study of Lake Agassiz

(El son, Lgrol; Wicks , L965; Mayer {akes, L)663 Bamna-t'yne, et' al,

L970, I,icpherson, L9-lO; f'en-uon, !97O). The rnore imporbant contri*

bubions r.¡_Lll be useful in pror;icling the rìecessal?- bacllground

inforrnatìon for ihe nain part of this th.es-îs.

Upham (3.}g¡,)-, i1 unclerta-king bhe filsi, comprehensive siu-cly of

Lake Aga.ssiz, recognized the la-lce as a. proiluci of mel'bwater fro¡r

two main lobes of gl-acial ice. He es'i;j-rn¿'bed that the l-ake exis'ted

six to eight thou-sa.nC yeers ago for a periocl of aboui;1000 yea::s.

Tyrrell (f896) a-nd Leverett (L9L2) generally expa'nded and

refined. uphamrs icleas of l-ake formation" Johnston (t915, I9L6t

I9I7, L9L, L934, f9\6) conpi-Lecl ser¡eral evJensive surface and

subsurface reports of Lake Agassiz in both I'f¿rn-i'coba and On-barj-o"

IIe recognizecl t'¡o separate ages of lal"es. Firs,c, the fluctuatirrg

Keer¿atin j-ce sheet hacl j-i;s mel-'bi¡ater i;rapped betr,,¡een itself and

lrighlalrcls bo the sorir,h. As it continued to re-brea.-b, early Lake

Agassi-z lemalned a:ld cvetl-bual-1y draincd to the north" Then, an

aC.r¡anci¡rg Labrr.doreut gl-acicr seaf-ed off -bhe north.ern ou-r,lcts



encl tlte pondecl lnel|wa] ez' forrne{. brue Lake llgassiz" Eventi-ral]y,

hlgh r.+u.tcr le¡¡els causecl the formation of olttlets to the south.

Finally, .bh: ice front retreaiecL allor^¡ing nol''bhern ou1,lets to

be re-oper.red. a:lcl the }¿dce rapidly clraiued

El,¡¡c¡n (1c)5-1, 196L, L9611, l-967) has Cone nost of the recent

r./orlí oi'I La,'lie Aga.ssiz e¡cl has coritpil.ecl a history r,illi-cþ includes

possibll- four seper.re.te la-lce pli¡-s:es related to the fluctuations

of the l,Iísconsin¿ur ice sheets" l,lrclcs (A965) a-tbenpted a:r exLensive

and debailed. ¡únererJ-ogical st,ucly of the gl-acial and lacustrine

cteposibs in the l,Iigipeg aTea. llls repor-t enphasizccl the chenical

a¡d diffc:renti¿rl therrneJ- ana^lysis of the clays. l"lcPherson (l-968,

L97o), Fen'ton (fllo), l'fcPherson e.t, al (1971-), and l-enton a¡d'

Ande¡son (197f ) stnch-ed a:rC. nappecl the glaciur-l deposì bs of ihe

t^lirrnipeg Ri¡¡er-Be¿ir-tse .'j ou:. ¿rea a:rd. the Porta.ge la Pr¿iirj-e area.

l.Jlcler (L97L) developr:d Celajled cross-seci:ions for the subsurfÐ'ce

s'r,ratig::a.phy of a snall porii-cn of sou-'bherrl ì4anitoba"

The resul--bs of groundr,+a-ber Ïesearch and soil mapping ha.ve

provided a large a¡ro'u:rt of Sed.irrreniol-ogical and s't raii-graph-ic

inforuabion for ttr-is sbud"y" These incl-ude: El-lis ¡nd. schafer

(1941); Ithrll.ch, et aJ. (L9fi); Pratt, et al (1961); Charron

(Lg6L, L)6t',, L96r, L967); sn-ith, e'i; al (t967); Rend'er (1970);

arrcl l'{iciraJ.yne, ct al (1972)"

The I'Iorth Da]',ota Geological Sr;rvey is also doing extensive

a:rd. cleta-iled studies on offshore Lake Agassiz and related glacial

sediments . Their mos1, 'ìnl:ortant arecl a'pplicable reporis

include: C]-ayton ('1966); Bal<e:: (f96n; Iì.oss and Karnet (1967)¡

Klausing (1963 ) ; B-¡uernr-e (L96',1 , 197 j); Ila:rsen and. l¡.,rne (1970 ) ;

ì4oran ('L972); ancl l1o.rr:Ls, ct aL (in press)"



iltiilrnlll, DliSCtì.iPI|ION AilD CIiOLOGTC SETTl.l'lG 0F l,^i^iE AG.¡r'SSIZ

OÍfshore s;eciimenl,s oI glacial L.lke Agassiz cover an a:'ea of

abont 6100 sqir:Lre ¡i:i-les j-n the Red llir¡er ba.sirr of southern l"Íanltoba.

Thr: bedrock geo-Lory of tiús area consists of Preca¡rÌ-rrian gratútic,

me-basedinentary and vol canì c rochs in the east and a thiclc

sequcnce of northi.¡est t::elcli-ng PaJ-eozoic, i'{esozoi-c, and Cenozoic

sedinen-bs in the cen'ura-l- ¿r:rc1 ,,+est p'orbion of 'r,he area (Da.v-ies, et

aJ-, L962; K1a.ssen, et a1, L97O). The Paleozoic rock consists of

limestones anl dolostones t.rith smal-l amounts of sa:rdsbone ¿nd sllale.

The l'{esozoic arC Cenozoic rocks are predorninently shales and sa-rrds

(Fig. 2) " l,l-ith the e:rcep-'cion of a fer^¡ isolated outcrops of line-

stone and granite on the nori;h ¿Lnd. northeastern cclge of the area.,

a].1 beC¡'ocl< is cor¡ere,1 by r¡a.riabl-e tliick¡-eÍises of ti]l a:rd

gl a.cio:îluvia-1 cLeposits o.¡erlain by la-ke clays ¿Lnd recen'i; all-uvial.

d.eposi-'r,s.

The offshore sed.inen'bs of Lake i\gassiz have been subdivicled in

a variety' of r,rays by several authors (table 1). fn the Winnipeg

\.alear j;licks (!9"5) recognizcd a. massive bluislt glay clay bcd

(rlJlue_Gz.ay C1ä¡.rr) ancÌ a r'1¡'thrni_ca11y bedded (va.rved?) bror.rn clay

bed (ttBror+rr C-1-ay't). lle ca.llecl these two beds Lalie Agassiz I Unit.

Over'1ying thj-s is a thin ¡'ellor+ sil{; bed, a rrvarveil-rt silty clay
'bcd (Greenish-Broi¡r Clay Unit) ancl a very fine graineil yellor^r

sald becl of La-ke Ägassiz II Unit.

l4ost resea¡.'ch since, hol'rerrer, has at'bempted to foll-or,¡ the

general three uni b strat:i-graphic sequ.ence as recogrr-ized by Elson

(f967) in the Rcc'l- River B¿:.s-Ln. In the Beausejour area, McPhcrson,

et aJ- (1971) reports a. rltrytlunically bcCdecl c1a¡r rx11¿¡ a silt;'
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TABL}I 1

TTIF] SUfJDTVISTOI.] OF LI¡{'JJ AGASSIZ
STjDIFËliTS BY V,AIIOUS AUTI'IORS

lylle1-l, 1

SoutÌle rl l,Í¿rni ioba :
Ì,lorth llalto1,a,
I[inlrc sota

lLu-bhor

A^cea of

La-ber Le,ke Agassiz

Earlier Lerlce Àga.ssiz

iS'uudv
I

Ron-inger and
Rutledge, l!!2

J-ohnston,

Grarici itorks,
Iio¡'[,h Ða-]co1,a

So,; bhe rn l{a-ni- bob,:.

Unit

Unit

uÏrit

Uni'b

uIIit

Lo/L6, LgL-l

îu-1,Ìror

I

Ea:'ly Lalre Igassiz

Tru.e Lake AgaLssiz

,
)j

z)

2

I

\rea of

I'tricks, 1

l,rlinni1-reg

Elson, 1!6J

i

I

I

I

I

I

I

Southern Lfa:iitoba

Lake Agassi-z

I.,eLke Agassiz

Lake Agassiz

La.lce .Agassiz

Lake Agassiz

LaJie .þ5assiz

Lake Agassiz

]V

TII

Grourdr¡a.ter ancl lþ-drologr
Stu-dies

IIa

II

I

Southern i4¡:útoba

Silt Uni i, ¿rlso
CJ-ay or Varved

Clay Unit also
o:: Gray Clay

Bror.¡n
Unit

Blue Clay

(c ont inued )



(Table 1 continued)

Âuthor l'{cPherson, et c-},
1.9]Li a¡rd l4cPher:sonr

tseause j ou.r' Acea

Sancly Sil-t Unit

I4ud Unii

Clay Unit

Ar-rthor

l./ii'ea of

L970
F'cnbon c:rc'[ Anclclsoir, J.!ll;j
a:rd Fen-i;on, I)'IO

Iunfi'de:', 1lJl

South of Lalte I'ian-L,,,oba.

Silt Unit

Upper L¿-cu-strj-ne
also cal-l-ed Brorcr

Lct"¡er Lacns-Lrine
caJ-led Gr"ay Clay

Unit !
Un-i'1, I

llarris, e'i; al, in press

Un-i L

C1a¡'

also

I'iori;ir Dekota -
l4lnneso'ba

Sheraclc llorrnaii on

Brenna Forma'bion



clay berl (l.'trcl tlnit) a:iil a sancly silt unit or¡erl,yi.ng't,:ill a¡rc1 ou'l,r¿¿sh

m¿l'r,er-i-a-l-. ircn-i;on ¿Lnc1 AnlLcrson (t971) d.eveloped a sind-Iar picture

oÍ ll¡la.ssiz seciirren'¿a-Lion in 'i,he Portage l-a Prairie area. by

dividing the sco.:Lneu1;s irr-t,c a l-oi+er cl-eiy, an upper clay and a-rt

over'lying si-11, unit 
"

llhc Nor-Lh Ða-lio'¿a Geologi-c SuÍvey (""g. Harr:Ls, e't, 41, in press)

a-l-so recoqaizes rou.ghJ.y si¡nila.r' u-u-i-,,s in i{orth Da"kol,a; hot'rever,

pa.r'i,ly ciue tothe distance fron oiher s'cudies, ma,ny o.f their

specific clci,ajls of l,:¡Ìe Ag.-'ssì-z sedimenia-r,ion are differenb

fron -bha1, of i'la¡itoba"

9



CIIAÞTER 2

Piì,OCTÙDUiIE T'0]ì SA,trLE ¡J']¡IYSIS

IÀrr&glu:'rQU

S:'-nce a. p:rrt of 'l,his s'uuäy e-{aJnines differences in netÌrodoJ-og¡

(Cha.pi;er J), and bec¿Luse tecfrniques of clay rn-ineral- stud.y are so

r¡aried¡ :Lt is impo¡'-bant -r,o include a blief ou'i,l-ine a"nd clescription

of -bhe general procedures and laboratory techniques used. to obtain

da'l;a Íor '[,1ús rupcrt.

ttil¿.ytt, geirerally referred -bo as a very fi-ne-g::ained, na-bural.ly

occr-x'i-ng encl procluct of r,¡ea-i;hr:r'ing, has severa:L different conno-ba.bions.

Colrnonly it reîers to a particrila.r size of rnaiez'j-al " In this s'r,ucly

clay-sizccl rnate::ia-L is clefined. -i,o be less 'bhan 
"OOig ttm' (J.) 4

or B $), anC the follol+lng clivisions arrd nomertclature az"e used:

ver1r coarse 'úo very fine sand 2 - .0625 $:ïr

coaïse .to ver¡' íincl silt .062, - .00f9 mm

n'ì crr (. "00J9 mniwLaJ

A tlclayrr c¿Ln a*Lso be def:Lned on the basis of minerafo¿y; -bhab

is, a par'cicle of any size l.ririch i-s composed of one or more of the

¡únerals r:egarcieC as clay rnine::als (Carroll, f97O) " A}nost all clay

m-inerals a:'e pÏ¡yllosil-icates or'-. nore conmonly, 1a;'er-1.a4t""

silicaies (Grim, f-9óB). In this thesis the najor rúneral-s si:ud:ied

r.¡ere montmorill-onj-te, illi'ce, kaolini'¿e arrd chl-orite"

10



FIIIT,D Ì'ijÏlloÐs

Sain¡:les a:talyzed in this s'ludy rvere obtai-rred from several ma-in

sources: (1) aügc,1r clrill samples a^nd surface a:-rd shallor+ subsrr,rface

samples frcm Dr. J. T. l'cllerls continu-ing str,rdy of the surficial-

geoS-o¿y of soitthern l.{anitoba,; (2) core ¿iad chuln drill samples

fronthe l,ia'l,e:: Ìlesources Briurch, ì4ani'boba Dc:partment of lolines,

Nal,ur¿.l fì.csource s a¡icl Enr¡ironrrLental ì4c-nagement; (l) auger sarn'p-Les

collecteC by R" luÍcPirerson and M, I'cnton on iheir respective thesis

stucLies; and (4) su::fa.ce ancl- shallolu subsurface semrp'l-es coll-eci;ecl

by the aul,ho:r (See F-ig. J). Approrirnatel-y jl-O samples r¡ere ana].yzed-

írorn !8 Í,ì,uger and cirurn clrill- hol-es a-rrd 20 natriral- e:'postires and

shallols exc¿ì-vations.

The resul'Ling stra.i;ie;::aphic subctivision Ìlresen-i;ed in Cha.pr;er

4 is based- on these ernalyses of samples wlúch ihe author interpre-bed

a,s offshore seCirnen'i;s of La'ke Agassiz. That is, the sa:nples Lliìf'e,

iir lhe cleposiiional environmen.t sense, al-::eacly in'berpre'bed before

analyses proceeded. In general, the criterion used for these

environnental -ìn-ber¡.rrebations 1.ras 'i,exture (clay to silty clay)"

f,j1.XTull..¡'1, ¡i'i!J-,YSI S

Since rnos b of the offshore sedirnents of Lalre Agassiz are very

fine grained (usu-arlly over )O"l of the seclirrient is finer tnan B {),
sj-ze a¡¿rlysis b¡' thc pipette nethod r^¡as usec1" Briefl)' this procedure

is a.s follor¡s:

f ) Tr¿elve to seventeen grålns of sampl-e ¡¡ere placed in a

clispersalt solu'¿ion. Cal-gotr was exclusively used for this

purpose. i-àsb resul'bs for the c-rffshæe L¿l<e AgeLssiz ma-teris.1 '.lere

obl,aineci usiirg-Lh:'ee gl:€uns ol Calgon pcr one l-iter of'clistilled rvater.

I1
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2) Thc clispersecl seunple 1^/¿ìst;heil r'¡et sieved tlrough a 62 4

sieve usiri,rl less 'th¡l one 'liter of Calgon sclution. All materj-al-

l-ess than 62.', r+as placcd in a 1OOO nl gracluated cyJ-inder. Tlte

coalrselt fr¡.cbion t+a.s r+eighecl .

3) f..ipeLti-¡g ,."¡e.s thcn cLo.e a.t tines and cLep'r,hs as o*tl-ined

by I'olk (1968, n. jg). De.t,ail_s of the proccciu'e are given in

A1:pendiz A a:r,i Folk (1963, PP" J7¿O).

4) trleight perceirtages r./et'e c'leterrninecl for one half phi

interv¿rls fron four pir-r to six ph-i, and one phi interval-s from six

phi to t,en pþi. cu-mrila'uive percentages lüelre calcula.ted-, a-nd a

culml-a.-bive cltrlie plott,ec1 .

Ð .¡,1 bhe same time that the nine pnh- ancl ten plú r.reighi; seurples

vere being tal:en, an e.cLcliiicnal s-Lxty ni1 portion was l:emo.¡ed and put

in a'J-2j nJ- (fou:: ounces) polyethylene bottle for si;orage" From tnis

s'borage reservoir, slides for X*r'ay ellalyses r.lere later made. The

storing of a relaiivel;r large ¿unount of cl-ay soluiion made it possible

to return. 'bo the par.r'ticr-r1ar sarnlole and size flaction and. make

additional slid.es.

l''1I¡iER ALO GI C Â!.,¿Ii\IALY,SI g

Qualititative aitcl semi-c¡uan'bitative clay mi-neral a:ral;lses lilere

conductecl on tire basis of X-ray ctriffrac'bion data on the ten phi and

finer s-ize fraction, Initial experimen'bs sho¡ed -bhat there llere

oû1y rúnor clifference;s in the diffractogram t::aces of th.e nine phi

and finer a.nd the terr plr-i and. finer: segrnenis. The ten phi fraction

r+as cho5en for s'l,ucly because of less interference from non-clay

rnlnera-"Ì-s.

17r)



Dj-ffractogr¿rns l.rere rurr on a Phil-i.ps porvder cliffractometer-

generator using niclcel fittered coppeÏ I(."¿ r¿r¡liat:Lon generatecl ¿L-1,

fort¡r lci.lo,,¡atts a¡cl trvcnl,;r rúlJ-iarnpeles. Furtirer pe::t'inent eqr-ripment

settiirgs incluilecl: fo bea¡i sli-t, 0.006 inch deieclor sl-it, \OO range

counts per Secotrd. ¿rtl,f i;r.lo second.s 'l,j-1e coirsian-b r,rith the zero

sllpreilsor at zez'o. Tr.aces .,.rere rtln fr"orn 20 2 O'co Joo e o. 1he

slicles r¡Ieï'e scâ.'loecl in one clirection a.l, a. r'atc of 10 2 0 per rn-inu-¡e.

This cornbina"bj-on of paÍalie-i;ers r.¡a.s a.rrivecl at prlnarily by

tr.ial- ancl error me-i,hoc-Ls and. sholil-d. no'b be taken as a standard for

a*11 snch sech.men-b I.JoI'1{. In particuleJr j-f fer¡ samples rvere -bo be

a:ralyzed. a:rd. a g-reater eccuracy r'ras d'esired, the scann-i-ng spcecl

can be cu-b to -å-o to +o e g per ni-nu-r,e. Á1so, clepencling on the

Suii,e of cJ-ay miner¿l1-s pi:esen'b, the nurnber of d.egrees scanned- can

be decreasecl or in.creased as necessary. C¿rrroll (f970) sugges-bs

a r¿ìrge of eo ï,o 37o 2 O for nost general reconnaissance r,¡ork r'il;' i-fe

ilre l,lor-bh Dal<o't,a Geolo.gí c Surrve¡, scans Jo to tlo z O for thei::

Agassiz; cl-ay norh (Arncii;, 1973, r^ritten com:nr'mication).

A iîsta.ndariltt sl1ile of offshore cl-ay l.Jas prepared. and ru-n everïr

fiity sa:npl-es to insure propor m¿rclr-ine ali-gnmen-l, ¿uld cal-ibration. fn

addi'bion, i-i; t¡as Íound. -r,ha'¿ in samples from severa'l l-ocal-ìties (most

noi;ably llol-es p€ to P-l-B) pre-breatment r+-i..bh \ydrogern pero>ícì.e in

orderl,o rentove or:garric mateli¿L'l greatly enjra"ncecl the relative

heights of the peajcs, thereby- making interpreta-bion easier. Ffur'bher

aspec'bs of s1icle prepe-t'ation a:rd orien'bed. mounting tcchni-ques r.¡j-ll.

be dlsci-issed ir-n ChaPter J"

Tlrree sl-ic1-cs llor eacli s;imple wel:e prepared frorn the stored

sol-i.r'i;:i-on. Difílr'¡.c l,cgrr¿llls i¡cre ob'l,airrecl from one r+hich had beerl

14



glycolated (by placing iri an ethylene glycol envirorunent for a.t

least for'by-eight hours; Brtmton, 1955) ar..l one heated, a,L )'75oC for

one hour (CarroJ.l, f97O). The remaining slide r.¡as left un-b¡'eated and.

lcept for l-ater use i.f' necessarXr" Frosted pe'b.r:ograplÉc sliites r¡ere usctl

througlr.out th-r-s projec',,. E:-perinents confirmecl the fact that the clay

fìl-m r+ill- mcre rc¿lclily crr:.'l a.nJ. crack upon Cr;ri.ng on u-rrfros-becl slides"

The above proceciure (Soe Fig. il) proved to t¡orjc very r+el-l for

analys-is of offshore L':-lce Agassiz seciiments" O:oce size ana.L.yses

anci- slide preparati or'L l.Jere cornpleted , X-ray analysis proceeclecl

rapiclly. l¡lith the above conditi ons ii i¡as nortrral -bo rr-m ti.lenty

sampfes per B hor-r:: day"

I'#-f,]{rErqlJIATroll

}ion-Clay I'linera.ls

As pre-'riously sta'ued, it ça.s not l,he purpose of ì;his thesis'co

de-ter.mine 'bhe presence or abu¡dance of non-clay núrierals (in the

clay-sizecl f:raci;ion) in -bhe L¡lce Agassiz secliments. llor.rever,

several non-clay ¡únere.ls were noted either because of their

abunC.a-nce as minor constituenis or '¿heir possìble i-mportance 'bo

s'tra'l,igraphlc grouping uucl correl-a-bion. The quan'bitative analysis

of carbonate nÉnera-ls uill be cLi-scnssed later in this Chapter.

Quarbz r¡as identifiecl r.rhen present b¡- i.bs peeLlc aL 1t.26 i (eO.Bo).f

/, much stronger pcrLlc for cluo.rtz evjs'us aL 3,31¡ 
oX (26.6o), but th-is

-i.s usual-ly na.sked t), 'i:he OOj reflecticn of illite a.L 3.33 
oA.

Felclspar r.¡as iclcntified by its peaks at l.1B - 3.2 L (t8o) ancl

1

^ 
*Â1.1 

cìi:gr"cc .,'¡.lucs ¡¡iven in thi s reporL are aÍisulnr:d to beu ,.,.cv tlS1-rrf, Uil i\,< IîJ Ilïaon.

tq
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60 ïú-. sainÐ] o of Lhe

¡rar',,icu1er r siz:e frac-bion
'bo be s buclicd for
ruinere.loç1\'. S'core in a

'be:: boti,-'l- c ,

Agi L,a'be

a.ird. make
sl iile 

"

pu i, sil- b a¡d c] a),- in.bo a
gracJ.u-:i i:ed cylinde::, s i;ir
a:cL i+i'u1rck'ar..¡ 20 r'r1 " sarnple
ai; 'l,imcrs accoi'cling to

IO

in bensi'ci.es ; caJ-c r,r1a'[,c

F:ig. I¡. Genera.lizecl I'1or.¡ Sheet for Sarnple Analysis.
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o o,
\"0 i (aZ"e"). In nosb c¡.scs-i,he difÍrac-'¿j-on pat'be'ns; of these

a¡rcÌ olher non-clay ¡lì-r-reral-s uere ioo poor"l¡r clevel-opedl to conclu-de

a:rything tnoL:e th¿m tirei:: presence.

Ci-ay l.lincraJs

Cla;' nriner¡l-s iC-ctr i,ified :'Ln 'bhe samples ar"e clivided into four

rnaj or f¿l:'()uptj : ltontnorillcrúte, illi'uc, icaol ì-rúte and. chlorite .

These cliLy nineral- gruu.ps constitutecl the birll< of the samples

striclied, a¡rc1 tuiless othen¡ise iro-'ced, are, ÍÌor qua:r',,i-bati-ve

estisrabi.on-s, assuríted to rnake u-p 100 percent cf the sample" In

ccmbina-tiou, they p:cor!.uced. a coir!-t'l cx series of reflec't j-ons in the

--q -r.Q -^q n -..9 \,. ' o o
Lj "A, t\ Yr, 10 7r, t - to) r\, +.J - )1.5 Á, 3"5 - ll"O A ancl 2.Il -

o
2.9 A rep;ions. The fol1.or+ing criteria ancl heat and glycola-bion

chara.cl,crj s-blcs r+e .re used io identify and d-e'r-,ennine relatir¡e

pe::cerr-La.gcs of fþs 6'ì rr.y nrinerai-s:

(1) The mon'i;morilloni'be group is characierized by its expanding
O O,

labtice. l,¡lr.en clr'iecl it has a ba.saJ- spa.cing of about I2"J h (7"05 ) "

IJter glycolation tire na.tcrial erpancls to a 1l 1 (:.fgo) peak.

Scvera"l- problems arise, hot+ever, r,,¡hcn this lJ ? peal< is used Íor

quan-biba'cive neasurelien'bs. The peak is of-ben very broad, æd since

i'b occurs at a lor.r 2 0 angle, a.ccurate baseline posi'tioning is very

cìj-íficult,. Differenccs of lCO percent 1^¡eï'e conlnonly observecl símply

by r,'aryi-ng the baseline posi'bi.on benea'ch this ).1!o pealc. For tlris

ancl other reasons (See Chapter f ) the folloi,ring bechnique of serni-

ciuantii;ative analysis r+as used. throughoub the study: lleabing at

575oC Íor one hour t.¡ill cause a. shift in -blre montmorillonite pea.lc

Ír'on tl I (>.tgo) to to I (A.go) i.¡ith.oub Ìraving any effec'b onthc

1.7
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o.L,hc' nincra-L (itlite ) contribubing to 'b¡-is 10 T (B.Bo) pca:r

(Ca,rroJ1, 1970). Thus, the cliÍference in intensities bett¿een the

O ,O- 1 a-:,r^
lO i (8.8") pclj; fron the gl.ycolated slide and the heated slicle is

the rcl¿.-bj-ve anolutt of nontnorillonij:c :Ln the sanplc "

lcr a_pprorir:rs.-bion of 'r:he degree of crys'La.11ini-by of -l,he

nontno¡i1-l orr-it,e t,¡as atterrip-r,ed using a. tne-l,Ìrod clcsr:r'ibecl b¡r Biscaye
oo

(1965). Usirrg the he-1gh¡ of the 17 A (5.19 )peak above¡he ba-ckg::ound

(p) ancl the clepth of 'uhe va.ll-ey on the lou-¿Lrrgle side of bhe peak

(v) , 'rtre closer bhe ratio of p/v is to one 1he be-bter is the

c rT/ s1; ¿ll-li z aLio'û o f -t he montmorilloni te rnate ri aJ- .

(2) Illite is a poorly defined term referz'itrg to a general

group of rrúc¿L-l-ilce clay rúnerals of ind-efinite strricture (Grin,

t96B). I+, is idenbified by a sharp pea]. at rO I (B.Bo¡ ort-ri"h is nol,
o o.

af1ectecl by g1ycol-atiou. Broacl secou':lary peaiis at 5 A (L7'7 ) and

O - ^.3.3 "1, (26.7" ) r+ere also u.seful- in iden'r,ification, although the J.aï,ter'

r+as often naslcccl by th-e 3.J 
ol, quartz leflection. Quantiiat'ively, the

a¡rou-nt of illite in the sampie was assumecl to be relative to ihe

pealr irrL,ensiLy of -,,he lo T (B.Bo) rettection from the glycola'bcc1

sl icle.

(l) The kaolinj.te and chlorite groups r,rere j-clen'tified by their
'^O

combineil, overl-apping reflectj.ons at 7 i (12.4 ) fron the glycolated

slicie. Although var:ious teclrniclues d.o exist lor ihe separa'tion of

1,he tr+o cornponents (notably that, of Biscaye, L96\) the accuracy needed

to qua-nbitatively evaluate this separation was not achieved. in th-is

stucly. fnstcaC, sinply the presence of a. large a:nount of eithe¡' one

of the conponcn'bs v,as incl-i-cc.ted in thc quantitative detertnina'c:Lon

of the combinccl group. This ¡"las done by firsb del,errnining if l'here
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On

\.,r:r.s s.:.)r A (6.;;') ctrlorite pea.1'. plrese:i-ìt. If no'1,, r',ros'b of thc 11.
c).

(12.)+-) r.cllcctiorr coukl be ai,'L::ibuted to k¿rol.inite" Aft,er heating

a1; J'/JjC f.or olrc hour', lca.oh-nl'te ¡¡il-l -becomc amoÏphous, ancl its

contribu'tio¡r to thc I ? ttt.\o) pe":, wÍl.l- disappe¿ur. Chloritc upon

Ìrea''cin¡;, hro','/e.;er, r.,nIl shor+ en :Ln-crease in pel-rr inL'oilsi-1,y (Carrol1.,

L97o). T'iri.s, if onthe heaied t::ace the ? T (fz.l*o) ana flr T

o.(6"3") lc,alis i.icre tio'r, r'educed i-rL aunplitr,rcle, mosi of 'l,he reflec-tion

r.¡as corrúng fron the ci-tl-orit,e.

t^liclis (f96j) , j n a d-ifferen'bia1 'bherrneJ- analysi s of Lalce

ligassiz scdircen'bs ilr i;he l,lirrnipeg area., reports a possible hr"igh

¿urou:r'L of rcixed-la¡'sr rninerals ancl 'i ni,ers-l,ratifica'r,ion of the cl-ays,

¡rarticuJ-a.r'-l y of th,e illi'ue ¿rrc1 nontmo::i1l-onl'¿e gror-lps" llowever, in

'bhe curcnL )(-'ray s-bu-c-L;r, less bhan Jdi o.î tire sarnples stud.ieci shor¡ed

er.idence o-f inlr,ers[r'atifica-'bi-on. I^rhen preseti1,, it is charo.cterized.
oo

by broa-iì- b¡.sa.l diffr¿.c'¿ion pea.rrs in ihe L| A $.19 ) a¡d I O to
a)ôO

fll ¿ (8.Íl- to 6"i ) regions on ''r,he glycolabed'urâce (Gjerns, 1967t

CarrolJ-, 1970). The r,:i-xecì.-1ayer mat,eri al '1,¡a.s sirnply notecl if present,

and no semi-c¡-ran'uib¿tive estj-ma'¿ions l.Iere at,temptecl . Its prescnce

rvas not frecluen'r, enough to l¡e consiclerecl in the total clay mj neral

calcti-l-a'ri ons.

Perceirta.ge C aJ-cu-l-a'Li oris

Th-e starLclard netirod used to obta*in serrú.-quantita-bive figures

for the cl-ay ninerals s-budieci. r^¡a.s as follor¡s (Pierce and Siegal,

tg69):
;{

% l.lonì:moril.loni l,e gï'oup = fifi x lOO

7i li¿rolinite plus Clúorite Grcups -- Y x 100
XrYi Z
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Chcnic¿rl ana.l;'-ss5 t+ere ullilerta-lcen on selected samplc:s to

cle-bern-ine if rrr,rettl che¡rical me-uhods cou-ld be r¿orked, into a si;aniLa¡'d

a:ralyi,icel proced.u:re in the investigation and. stra.tigr:aphic

subdj-li-siotr of Lalre Ágassiz seriinents.

Aboub ti.ren1,y percent of the total nu¡rber of sa:lples studiecl r+e:'e

que.ntita'r,ir.e-Ly anal.vzecl for tireir: ca-rbonate content, u-sing an in'tercept

ga.soneiric nethocL d.evelopecl b)- Dreima.nis (tg6z) a]ld modified by Tell-er

(L972, t.rritien conLnluricat,ion) . Basicall-y, this process consisis of

aclcling a meesuïec1 mroimt oí' \yck'ochloric acid Lo a 1 gram portion of

finel-y groi,nd. ( < 2OO mesh) sa"inple in a closecì. systen. The gas

genera.'bed. by cheri caJ- reaction of the a'cid' l+i-th the c¿¡rborrates

displaces a connec-cec'l- col-r¡rrr of r,¡ater. The measrlre of the amount of

r,¡ater clispJ-aced after )15 ninu'bes, after corrected forbemperaiure

ancl pressure cha:rges, can be used to cal.cu-late the calciie anci

tLolonite percentages. A cornple'ue description of thls procedure

is girrotr iu Appendix B.

eal.l licigh'u aftc:r glycol-a1,iott 
"

pealc hcight aJ'bcr glYcolati-on.

x 100

o
A peak heigh't, af'r,er

¿v

saIt l,lqciltlrrcs A-lí¡¡Y

The use of engirrec::ing ¿md soil mecha.nics propcrties has been

recogrúzecf as arr i,npo::tant tool :Ln subcii.¡idiug offslio::e Lafce AgErssiz

scCirreilbs (Romingcr an'J iiutledget L)J2; l'loran, It)72-; Arnclt, L9-12,



r^¡r,itten corirni-nic¿Ltion). llor¿ever, geologists have not applied the

cla1,a bo the l¡lce stra'ui-gra¿lr\-;.¡ in Ì'þni'l,ob¿r" Therefore, an :r-btemp't

r^¡as made in this study'bo incorporat,e soil meclia-nics propcr.t,ies i^li'l,h

the gencral- -l-ct'r,ural- and lúneralogical i-indin2;s. l4ost of the da'l,a

r+a.s obtai necl frorL the l,J¡-ter Resourccs Bra-nch of the t4anitoba

Cor¡erune¡tt a-ncl, i,o Scne e:rl,en'[,, froin publica''u-ì ons of ihe ]"f,miÌ,oba

soil s\u'vey. r elso a:ralyzed- sevcra'l- samplss for pla's-bic liruL'b

a.ncl na-buraf- r;¿rber content" Details of bhe p::ocedures usecl a.r'e found

in Appendix C. Follor^¡ing is a brief' descripbion of bhe properi;ies

emd parameters ¡rea.surcd and. used."

Liquid Lirnit,

,ts the liois'bure con'bent of a clay rleposit increases frorn a c1ry

s'ta"Ì;c, the rt¿lterj-al ciranges from a solici or seni-solid to a. plasì;ic

sta.'t e and r,lj-'i,ir increased- raois-bu:'e even't ual'ly ì,o a liqr'rici sta-be" The

liq".l-icl lirnit j-s the mois-bure con-bent, e>çr'essecl as percent of dry

r"reigÌtt, a-b t¡h'i ch the cla.y cheinges from a plas'uic solid -bo a vi scous

liquicl (Rominger ancl lìubl-edge, L)J2; l4ichal¡'na, e'L; aI, 1972) ' It

clepencls mairrly on the ¡nlneral composition, t¡4pes and. a¡nount of

organic ma'r,erial and. texture.

Plastic l,inú-b

Plas'r,ic lir'li't,, like liqr:-icl limit, is also a wa'ber con'bent

measrlrelnent. It is the amorint of nois'bure, expressed in percent

c1r'y weigþt, a.t r+hich the cla.y r.¡:rl-1 change from a plastic solid

s'batc to a friablc or brii,tle solicl state (Rorúnger anci Rutledge, 1952).

practicall)'srlea-kin¡, it is the ¡roistr.r-re necess¿ì.ry to allot¡ the clay

't,o be rollecl int,o a snsll cylincler r.¡jr-thoub breaìring (l4icha.1yna,

ct al, l-972) 
"

2I



Thc 1r]s-5;'i,j-cit¡r irrd-ex is an a.ssocia'bed pa:'curte''cer cs-l-ctil-¿itec1 as

'L,he clifference bctr+een the liquicì lirút and plastic li¡tit. It is

a rneasrrro of the ral.L.qe of noislure con'Lent over r,¡h-ich. a clay can

ercist in tJrer plasi,ic s-La'be (Roninger ancl Rutleclge, 1!!2).

I'la bu-r¡-I l^Ja.'[,er Conicnt,

An irnpor''cant paraneter in stratigraplúc clivision of La,lce

Ag:rssíz c.l.ays j.s the na.li-raJ- r¡a'ber con'bent of the na'berial" ft is

e:,pressed-, in ¡-rercen'i; dry veighb, as the ratio of the loss of r^leight

sr.r-siainetl by a. sn:nple al'-'cer heating at lO5oC to the i,reight of the

norrnal alr clr'ieC sarrple (iìorninger a:rcl Ru1,led3e, L952). ft is

aÍfec'l;ecl not on-Ly b). ilineral coinposi-'bion and textr-rre, but also by

the cleposi'¿iona-l- a-nC pos'i,deposi-tiona-1 hj-s-bory of 'che sediment .

The relati-¡e l¡a-'rer col-'cent is anobher associa''r,ec1 pa.rane'cer

d-eli-ned as the rati o of i,lie differerice betrveen bhe natural r.¡ater

con-Len'r, a:ic1 the plastic lirri.t -L,o the plas'bici-b)' index (Rominger and.

Ru'r,lectge, fcl52).

22

Pre c onsolid¿Lii c.ri-i S-Lre s,.;

Tire preconsolida-r,ecl- s'bress

parti-cularly in founilaj"ion anC

of the maxirrum s-l,ress tha1; has

It also is s'i;rongly affeci:ed by

is a basic soil mecha¡-ics tesi used

settlernent i,¡ork" I'b is a mea.srlre

af'fec bed the clay prior I;o sarnpling.

the seclirnents t loadi.ng hi s bory-.
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COT,.tr¡JìAT]-.'/E ì"IETI-IODOLOCY STUDY

riirTP,.OLtiqTI0[

A number of varl¿bles a.ffect the fj-nal serri-quantita'Lî¡¡e

estirLation of the r¡arious clay uúne¡¿.] groups f:.'o¡r an X-ray

d.iffr.aci,ograrì. These includecl: (1) va.ria-b'ìons i-n the response

of the X-ray c'l.if:fracbone'úeï eqtllpaenb clue 'Lo inhei:eirt incoirsisterrci-es

or oul,sicle fa-ciors, such as electrical pot.ter surges i (2) va.lia.'cions

in selecting 1-rieces of salrlrr-Le íor a:ral-ysist (j) variations in

thi,clcness of c-l-a;. fil:n s'.íbject +¿c irradíabion; (l+) varÍatioirs ilr

noun,l,ir_Lg -l,ecluriciues; ancl (5) r¡ariations in quarrti'i;a.tive caf_cu]_a'i;ion

teclrrriclir-es. r,,Iith 'b,he excepti.on of varj-a'r,ions (1) and (2), each of

these r,,¡ilt be cliscussed in c1e-bail in ihe follor+i.ng sections"

Several se'bs of anarl-yses l,iere repea'bed in an attempt to

est¿Lblish the inr¡oltusJtce of each of these varia.'t i-ons. Table 2

srLnÌnar'izes the r-esr-il--bs of rerururing three sets of -bhree sarrrpl-es"

Col_runn l- lists the cluan'biì:a.'cj.ve arith:rrei;i-c tiÌearr vaJ-ues of thc cJ-ay

¡ainera-l- groups r,rith 'che thicl<ness fac'¿or (clay film thickness) being

r,'aria.ble. Thicl.;ness variation i^r-as produced by using slides containlng

se\¡en nig, fifteen ng, bl+enty ûlÉì, å:rd thirty mg of a sample (clry

let r+eight)" Collunn 2 er¡afua.i,es thc nountirrg variable. Four

slicir:s lrcre pr-cp¡li'ed u-sing thc aqueous lltcclia p-Lpc'c'tc rnethoci, the

23



TARL]I 2

REPE./'TED X-iì,\Y Aì'{AI,YSS
TIIT.:Eiì S/'!,PLES OF I,-¡ú''E ¡,GASS]Z SEDII'ÍBIiIT

Sa;nple i

OF

ttD-¿
r,Ìea.n

t7

HB_4
mean

ii

lts-6
trlearl

¡Q 7r-?ti-) )l
4^ tì(lJv .././

20 42 37
.16 .L',6 ,95

Co-Luurr 2ìi

-lÍ
_))
), ),

20 50 30
z,( LrA :v'7

._)v .Ll

rr - -Ll,ioil Lr r\-

'),'COltUrn

Colurnn

Coli-r¡¡r
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lrr
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1.1

¿n
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33
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zn)t
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Thickness varj-a'i,j-on (7 ng, LJ ng, 20 mg-. J0 mS).
Ilount vari-a'r,i on (a.queous pipet'ce, ace-tone pipet-be,
snear, sr-Lction) .
Compu-bing variation (direct comparison, heiglrt
and area; r,¡eigll.-Led, heighb and area).

4o
t"o

rr- = ¿¡i.lþ¡etic stanclard clevia-bion.

I11 .= percent illite group"
Mont .' percent nontmorilloniie gnoup.
K*C = percen'b kaolini't,e plus chl-ori-be group.
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acetone meclia pipette nethocl, the smear methocl, and the suction

method of nounti.ng. Coh¡nrt J shor+s thc restr-lts of va,rying ttre

calcu-lation tecluriqrics using thr direct compo.rison and the l+eightecl

methocl-s (See pp.45 -il.T ) .,+ith intensities being calcufa'L,ed by pealc

area a"ncl pealc hei-ght. Th.e aritluietic sta¡da:'cl devia-b-ions are

girren to help ilh:-str¿'.ï,c Ì;he ovcrall trenC. The actnaJ- computed.

qr-ran-l,ita-i,ive vaJ-ues for each oÍ 'che se-t,s a.re sltol'rn in Append.ix D"

lLlthough each of the three variabl-es ilitroduces soltle degree

of devia'r,ion, -'uhe rna.grr-itude of -bhese clevia-,,ions should be an

inclica.i;ion of j:he re-La,1,ir,-e influ-etrce of each of the variable fac-Lors"

'i'al¡le 2 shows that i,he i,hickness variation contributed the least arnotmt

of inccnsi-stenc¡,., anri- i,he cal-cul-ai;ion lr¿Lr'ìable contribu'ced -bhe grea1,es-b"

The nain erirphasis oí this chap'ber r¿ill be onthe resuJ-ts of

ve.rj-ous cxperi-nenis conducted -ì n -Ll.¡o main areas of cla;. m-ineral-

investigja--bion: (1) tecirnicl-i.es rr-sed to ob'tain oriented mounts

su-itable for X-::a¡' crj-fíractornet:1'; and (2) rnethods usecl 'bo obi;ain

semi-qua-nl,itative estj.na-t,es fron the resu-Lting cliffracbograms. There

is no standar"d rnethod lised to nour1, or calcul-abe the arnount of clay

núnera.ls in sedimen't,s using X-rery- diffra.ction 'bechniquesó

Finally, j-t should be no-r,ed that the purpose of this part of

-Lhe s-t ucly \.ras to investigate the various'rlechlliques and methocìs in

lighi, of their .r:eprocLuclbility. Hor,tever, accu-racy (closciress 'uo some

trtïuerÌ v¿Llue) i+as not, being J-nvestigaied, and no corûpa.riison shou-l-cl be

at.bemptcC. betr+een bhc clay percen'cages in this report a¡rd a trtr.r.tetl

percentagc "

ôtr



r'iouÌ,r :r !ì ic" r v.iän TJ ljìlílg

Introciuc-bion

There are b¡.sic:Lll-y br'lo t¡¡pcs of clay rr'ineral mormts: orieu't'ed

('chai; is, the riro.rrT:iro1o3^j-c sru'faces of -i,lie c1.ay parblcles are

p::efert:ntial-1-y orj-enLcd. parallel- io thc plan.e of ihe slicle) anci

unor:i.en.¡eil-. AJ-'uhor,i¡1ir the use of lurorierr'r,ecl. l:toun-Ls :is connon

(Lìarshac1, I95i¡ l,icAl:ee, L956; Klug and A-Ler¿urCe::, L)62; Schultz,

L)6Lt; ljystron-Aclcland: $66; and iren-t,on, 3-!10), iire preparai;ion and

i:rter.pre-Lat,-Lon of o¡'i-en'i;ed Lnoun'¡s is e¿-sier arrd proba-bly I s5s erlroneolls

(Brincile;., L9':J).

Cla¡' P11,n Thiclç-rress

One. oÍ i,he fi¡'sb and trtos-L imporban'b a.spects considered t+hen

proch.ici-ng a:r ori-en1,eci molrc.t, r.,¡¿ì.s obtainirrg a pToper 1,hickness of the

clay filrn -Lo give i;he rnaxinun intensity of cliffraction from crystel-

latLice pl-anes" This i.¡as basically a ques'l,ion of ho¡,.¡ much of the clay

slu-ri:y concentrete or pas'r,e should be mou:rted on 'the sli-de" Th:ls

qi-res-Lion ha.s been s'tud.iec-L (llarr+ard a.ncl Theisen, L)62; Carroll, L91O)t

a.nd the ¿¡eneral- consetlslls is -lha'u the slide shoulcl coniain be1 r^¡een

) ancl 90 ng of sediment (c1ry ne-b r^ieigh'c). This vaf-ue r,:-r11 change

depend.ing on the pe.rticr:-1a.r suite of clay minerals, t¡pe of sed.:Lment

beiirg a-rrniyzecì airc,l the concentr¿;.-bion of c1a¡r ¡¿t *raf-s in the solution

( j'ar'vis, e'b al, |L9r7). E;<periments concluctecl r^¡ith cla.y-rich offshore

Lalie ,ilga.ssiz sedirnents (fi8. 5) indiea'l,ed a desirable net sarrple

r,.leight of ien to tr.icnty rng. Less 'r,han 1.1ús a¡'ror¡rt prod.ucecl a clay

fil-n too *,,hin, a.r.c1 tlie pr:ir-rcic-l-e spo.ci-rrgs ,.rere ttealç ancl cli-ffusc.

Tf nruch rrio¡'e 'bh:in blú.s cnoult r+¿s usecl ltigh background peaks llere
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pt,oclucecl r",¡¡-ch 
-limj-tecl the c¡,r-aniit,ati¡¡e aspec'b of the d.i-ffractogram.

In adclition to this, Srokke ¿urcL Carson (L973) s'uo.te that 'l,he .bhicker

nount r.lill prodlrce a.n abnorrnaaly hi.gh leflection fo:r montnorilloni te

clue to segregaì,ic¡n of i;he niner.al nearer bhe top of the clay film'

TJiis :ir; par"cici,rlarly pe::-Linent ulien g:ra.vitational methods of

:nourrting '1.¡cre used (See p, 29).

P:î-pett,e-On-GIass-Sliclc Tec}¡1i que

T¡ere are 'r,hree b¿rsic '',ypes of clay roou-ritiirg bech:riqu-es :'eferred

l,o in ihe 1i.i;era'úure. P::oba'oly i,he most cornmon method is'bha-b of

clepositi ng a given amount of clay solu-bion on a glass slide and

a-llowing bhe liqu-id. portion to er¡aporai;e. This tecluriclue is

lcferred. to as 'che piper,te*on-s1ide o:r sediïìen-baiion me'¡hod. Since

nea,lly ¿'ll clay ¡rineral par-'cicles are pJaby, t,he dispersecl. ¡'Laterial

s¡o-,¿lci sel,tle r¡i-bh a higir. degree of pL:efemeil orienta'bion" Hot^Iever,

several- au'Lhors ha..'¡e recogn-ized tir¿rt, this gravi-i;ational- proccss l-ead.s

to egoneous resu-L'Ls, pi'inarily due 'co segrega't,ion of i,he larger

par'uiclcs (r.ril,h a. grea'cer settl-iirg velociby) in the loi+er pert of

tire clay filrn and a corresponding concentration of i;he finer

(s_l-or,rer settl-iirg particles) in the upper por-bion. Since -bhe

sln¿Lller clay p;rrticles are predominen-i;1;' montnor:il-lonite and the

larger a.re lce.olinit,e a-¡cl Íllite (Schul'cz, 1.95r), this size segrega-l,ion

is a¡.so e nrineral segrega'bion. As 90 percen'b of the X-ray clifÍrac'clor-L

pattern origina'bcs in bhe upper fi.¡e to ten pcrcent of the morin'b

(G-ibbs, fgq), r.rhere the finer nonbuoril-lonite is concentra-bed, the

i:rno-r.:-ri'b of er.¡:or in ¡dncra.l pereen'|, co.lculatiorrS nay be considera.ble

(SLol<l..e iu'icl C¡u'son, L9] j) .

¡Cl



Gibbs (L965), l"larrris, e'b al (f957), ancL othe¡s con'i;end that

the c1ua.J-ity of the clay sticle cliffracbo¡gam (that is, the recognítion

arrcl nca.sure.biJ-ity of various pcalcs ) is a dj.rect response to the

anouni of 'bi.ne al,l-o',+ed. 'to le-i, the clay particles settle and the

so]-ution media to e.¡aporaie. That is, a higher quality diffrac'cogram

slrou-Lci. resuj_r ar' a greatel a¡rlolrnt of 'Lilre is permii,1,ec1 for media

evaporation. if l,he tj-¡te for se.b-i;lJ-ng is increasecl, hoi,Ie-/er: nineral

segrcgatj.on (a"s nol,ecl above) r.rj.ll also be j.ncreased-" Conversely, i-t

sleems reasonabl-e bhaL rf the time for eva-po::ation is decreased, -t he

fac-bor of fj-ne par'uicle segregation r,¡ill be curbailecl. Parallel

orienta.-bion sirould still be ¿Lchieved by'uh.e platy clay particles a-s

they se-b-i,le through a liquici r-redia. Thus, a comps.raii.¡e study LIas

u¡rderteftelr to note any cliffelrcnces in l,he pipeti;e-on-slid-e method.

using \.ia.-'üer as a solution meclia p,nd a more evaporatir¡s -l iquid

(ace-bonc or alcohol) l'ihich lecLr-r-cec1 the length of tine allor'¡ed for

par1,icle set-i;ling a-nd segregai,ion.

The resui-ts (table J), based on fifbeen samples, are

inconclu-sir.e al-though a major|by of the sampl-es (r3iL) shot^¡ed a

lor^¡er nontmorilloni-te conten-t, uSing 'i;hc ace-bone and alcohol media

rnounbs conpared t,o the \^Iater media moun-l,s. Tbis decrea"se l.¡as

usuaJ-ly -ir: the rarrge of ten to fj.fteen percent. Ilct^Iever,

thirty-three perceri-b d.id not decrease but shor.¡ed. a large increase

in morr'l,nori1loni-i;e, uslral.ly a.ì, g:'eatest erpense to the kaolini-be

plus chlolite grou¡r. Approxilia.teJ-y thir',,een percent of the sarnples

shor+ed fess bha:r -LJrree precent cha:rge in 'the values.

The d.ecrea.se in percetrta¡;e in the nontnorillor:-i'ce groÌrp using

ace1,orre ¿rnd a-] cohol suggcsts ihab ¿Ln incl'eased. e.¡apcration ra-be

'ic)
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caused by using a lic¡-ricì. tncCia of lúgher vola-b:Llc cluality does

resu-lt in a less r¡erLica-Lly segrel;¿l1,ed clay rnouut. The increase

in ¡rontnorillonite percei-i"ca¡1e canno1, be e:qllainecl .

. Sever.a1. zrtLcmp-bs r,¡cr'.'e IuìCe aL decreas-Lng the evaporation ti¡ne

even inore b). hea.t:lng tlie s;ljcles jus'b p::ior l,o applying bhe clay

sol-uiion or by placing 'I,Ìle freshly rnoturied slic1e on a. r./aJ'rn su-rfa.ce.

In alrnost all cases ti:.rs procedu¡e l"Ias ullsuccessful . Increased

-be:nipe::atu-re caused curling ancl cra.cking of the clay film or a general

tt¡qTboustr texì;u::e a:rd- appearance-bo the slicle:Lndicating a lack of

para-llel ori en-u a'ui on.

Although i'u is probable tha1, r'olatile liquj-d nedia moun1,s

prociuce rnore accu-rate dif'frac'Lograrns (i.e., closer to rtiru-elr 'ralue),

-bÌre ar.queous mecl-ì a mouni r'¡¿¿s chosen a.s the s'r,a:rd.a.r'd used in 'bhis study

of -l,a-l',e ligassiz sedirlen'L,s because of the follor,,r:Lng negative aspects

involved. in the forner r¡ola1ile liqui-ci mebhocls: (1) SU-c]-e prepareì,ion

usi-ng the acet,one and e.l-cohol media requ.irerl severa.l adclibi-onal- steps,

no1;ably i,Ìre l-onger cen'l;::i.fr-rge 'birne nccessery to remove the naxinum

¿unoun-b of l¡a'¿er possi bl e before rnixing r.rith ihe ¡¡olatile liclttid

(Appenclix A). (2) Aceione a-nd al-cohol rnounts r+ere noticeably more

susceptible bo curling and cr¿rclcing bhan r+ere the aqueous l¡rorm-bs.

(j) VolatiJ-e liquj-c1 norln.bs had a soner.¡h¿Lt for^¡er reprod.ue.ibil-i.ty

(t'alte 4) inclica.ting the process may be less p::ecise. (4) The

chenical- effec'l,s, par-Liculaz'1;,r any ion fixa.tiorr process ¿Lnd its

effect on the le.t,tice s'Lructure of tlte clay nineral, have not been

fully erplorecl. (5) Acetone r¿as observed to ca.rlse floccrii-a-l,ion

:incl. gela-i;ion of 1,he c1a¡. solutiorr, a corrditi on r.¡hich ís conirary

to the ¡:arrllcl orien'{,¡.'Lion cc-'nccp'i;. (6) The vo.l-¿rtile li.qr-r-Lds

3L
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r,rere observcd 'bo se.i, r-ro circu-l-a1 ion or -flovr patterns r¡j'ch-in i;he

clay sl-u.rry. Thi s also clecreascs '[,he anount of prefez'r'ed orien'b¿ri,i-on

achier¡cc1 .

Srrrcar IIe bhod

AJ-thoupJr the pipe'i,te-on-sh-de techni.que is the more conventional

Lncbhocl oi s;r-,cc-Lneil pïcpal:a'r,ioli (Car:roi-l, L97O), 'l,he pobenì,ial

segregation problems \.rarr:ented exa¡úliation of other possible

proceclures. X, secoad. moimiing proced.ure, the sme¿Lï-ojt-glass-slid.e

teclnique, i-nvolved nalcing a th-ick clay paste a¡rd spreading this

pes'r,e everrly o-..er the slide (Âppend.ix A; Theisen and FIarr¡ard, l-962).

1.n th.eorl-,'chis process should nob only prodr-rce an oriente<l clay

rrronnt but also eÍÍ'eci;ivcly elircinate any size segregation due to se-b'bling

'ulrough a pari,icuJ-ar mcCia, a-rrd. consecluently, give a for.¡er qua:riita-tive

es1 irna.tion for mon'bnori.l-ionibe. The results of a colrparlson betr,¡crrn

the snear nlowr-b and the pipette-on-slide mouni (aqu-eous media)

siror.red- thls to be trre (Table 5). The calcu-l-ated monj,mo::111oni',,e

.¡alues r.Jere generally lo'¡s¡ ilsing the snear .cecludc¡ue.

Once again, as in the case of the vo] a-bil-e liquid. media pipette

nethocl, the smear iech:i:riclue probably gave more accurate results

beca"use of the el-imin¿Ltion of the segregation problem, This method

r,¡as not chosen as the nai:r an¿.l),sis techniclue for the Lake Agassiz

sediment s Uudy, hor+ever, because of several negative aspects

inrr-olved" Again, the smear method required severaJ- time consurning

au-rilliary sbeps in the gcneral procedure, nost notable being the

evapora'bion of Ì;he clay concentra'be to a thick paste (,rppendix A).

Thi s pastc rmrst bc at a verJ prcci-se consistcnc¡r. rf i'b is too blr-in

a partial,ìy nsebtledtt slide'.rill be ploducecl; if too thíc1c, the

2 -/-
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cla;r r.rill not, smear on e./enly a:rd thus the particles irill not assu-uic

an orientecl arra:lgc¡nent. /t rni-rch nore important discrepanc;v was the

Jach of reprod-ucibi-Lity r-ising -ì:his proceclur:e" Table 6 shoi.ls ra-i:her

high sLancla:'cl c1e.,'j.ations compnled. '¿o the pipe'b'be techrique for five

mounts oi'thc same snmpJ-es. Th-is high clegree oÍ varj.abi-lity is no

cìoubt cine -Lo r,he inconsistency of the ¿noun't of paral1el- orien-r,¿ltio.it

achier¿c-:il ilr -producii-rg 'bh.e smeal:o

Suc-i,ion Ì,íoi,hcd

.A- fÍn¡J- niethod of ob'b¡rining ¿ul o::ientecl rnou:rt to be compa.recì. in

Lþis si;uci;'consists oÍ'depositing ¿ri anount of clay solution on a

porous slide anC, by a.pplying suc-tion ''¡o the undersld.e of the sli.de,

removing a-l-l of the solut,ion media. Although the original investigators

of i;his ne1hod- call- Í'or the slides to be na.d-e from pla'ces of r+hite,

u:igl-azed, no:"r¡,-iirecus ceranúc -i,jle (iü-ni;er a^r:rd Dia¡rond, 1956)., this

particula:: material r+a.s no't, a-vailabl-e for Ì;Ìús study. Instea.d., flab

plat,es r¡rerre lr.a.de fron a -l,ype of seriri-porous cer¿unic earthenware

corunonly u-sed. for floi;er pots (available from Jonasson Cera¡iric

S\rpply, Td,Lnnipeg)" TÌris nta1,erial al-lorvs reasonably rapid passage

of tÌre l.Iater bhrough the slide and is inexpens5-ve.

Several- ait.¡antages r.Iere observed in u.s-i ng this procedu-re" l-irst,

slicle preira-r'ation is vei'y rapicì. (Appenclix A). Since 'úhere lJere no

ev¿LporÐ.'Ì,-'ì on or se'ttling processes in¡¿ol-ved.: t,he slides cor-rld be

mou¡ted and reacly for -lr:::rdiation i.rrthi¡r thirt"¡ minutes. The suc-bion

proce.Jure, clone L')' iroldj-ng a. ]eng[h of ru-bber" tubing (comected. to

Er vacuun:;ysLern) on the undersicie of -t,he sliclc, r-rsually toolc less

tha.n fifl;cen niimuLes. The rernrinder of the lintc r^ras to allor.¡ the

7f:))



TABTE 6

REPP.ODUC]BILITY OF CI.NY I',[}IEP"[L PE]ICEI.ITAGES BY

TÌlll SÌ"{E.¡!tÌ l',illTtlO]J Vilì.SUS Ti-,E PIPETTII }ftlT}lOD
(Cal.cr"rLa.'t-lon b;r i;he Direct Comparisol l'4ethod)
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clay l,o coniple'tely diA'" Second, the snction noun'bs vere no'l,iccably

niorc stable, Lhab is, there 1.Jas very. libi,le crackittg or curlirrg of

the cla;r' film. Th-ls r,¡as probably due to the porosity of the slide

i¡hich a.Ilor¡ed. the cla.v particl.es to penetra'L,e and get, a rrfootholclrr

on the ilou-n'b. l-1.so, a] '¿hough iro'¿ direc'i'l). used in -i;his study, lij-nter

a-rrc1 llj-e¡nond. (L9i'6) pcini oui iha-b by passing .¡arious solu-tions

ihror-rg,,h tÌre cla;' nount, j-t is ¡rossible io saturaLe the san,ple r.dth

one or:' ncre catj-oi-is f o:: ion erch¿rnge s buclies. Tlr.is i s particuJ.errly

usefr,rl- in soi-l clay inineralogy r¡orlc and. elininai;es teclj-ous processes

of cation satur¿¡'¿ioíl r.,rþ'i ls the naterial is still ururc¡unted"

Finall;ø, a higher degree of parallel- orientation r.ras proba.bly

achieved- i.¡j- bh the sllc'r,ion iechni-qr-r-e tha.n r¡ith a.ny o-birer method-

siucliec],. I(-ìn-ier aod. Di-e¡rord (L95/o) conparecl peak intensities of the

pipel,trl-on-gJ-ass-s-Lide and suction techniqu-es and found. that the

sucti-o¡r ne'l:horl gave hehghts t'.ro to i:'.^¡elve ti-mes as g::ea-b a.s those

of the gla.ss sl-l de. ¡\ si-llril-a-r rel-a.'r,ioirslr-ip r¡as observecl in the

presen*r, s'bu-Cy (it:ig. 6)" The problem of vertical size segregation

r.¡as al-so again a¡:parently la::gely avoided- as suggested- by consisten''ül-y

lo',¡er values of rûontnorilloni-1,e (falle 7), A1so, in a lj-rrúted

reprocluci.biliì,y stucly, the suction ieclul-ique proveci to be sligh'cly

more pïecise 'ulle-n tire pipebte-on-slid.e iecir:-rique (Table B).

Despi'r,e the ni.uriocr of adr.¿rn'úages a-nd 'L,he fact that the suc'l,ion-

on-porous-plate neihoC ',tas probably a be'¿ter (nore precise) orient,ecl

clay mo'Lnting iechnicli,re, there r.rere severa.l diso.dviurtages r+hr-ich

precluCccl j.'u froin bei.ng used in this si;udy of La-lce Ag;assiz sedi-nenis.

The na.;j or problcrn in¡ro'l-r¡cci o1;tainì-ng 'r,hc slide or porous plate. If

available at aü-1, porolis ccra¡tlc n¿rterj-al- r,rill probably nob Lre of a

37
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1lsab}e size oll s}ÌeÌle arrd., therefore, inust be cu'c ¡¿nd g:'ouncl to

appro:<irn¿L-,-,ely the d..lllensions of a pe';rographic slide. If actuaf

f-l-orver po-l; cereriric j-s u,-:ed.r ¿ts tr¿ls 'bhe case in ttús comparative

sLrLclyr -i;Ìrc cltr.¡ecl cc¡'a¡úc rrtu.st aJ-so be grounc} io proclr-rce a f1a-b

u:tiÍorlr-ly thicl.r sliclc. .After irrc.cliation, s''corage is a probl-ent

sj-nce ',,h.e sl-abs are usuafly co:rsiclerably bul-l';j-er thur glass slicies

a.n,J. d-o noL fj.t into s-i;a"nclard s'¿orage boxes.

Än ilrpor:b:::rt aspeci t¡hich ru-rsb be consicj.ered if the suction

¡ethoC, is to be used. as a na.in analysis technique is that of '¿þe

poros-ìty of ihe cerarnlc nateriaJ-. The slide has to be porous enough

-l,o allor+ es.sy passage of Iuiâter r¡hen suction is appl-ied. but canno-t,

be so porolls that size segregai,ion, by withdrai,¡ing the finest

na.1 er'ì.a.-l, ce.n occur "

QJsr_cirliJ:IQÈUJISEF.Ilg-d:S.

fntroductiotr

A colparison oí the me',,hod.s useci to conrpu-ie the percent of clay

niner¿rls from X-ra.y diffractogl:ams was r.mcLer't,elien prirnarily to

inves'r,-Lg¿te any s,i gnificalt differenccs tha.ì; night exist d-ue solely

to the methocl of calcul-ation.

I'b þas been recognizecL since the 19J0ts, i^/hen the fj-rst r"¡ork

4o

on rnaki-ng qurrn-bi1,a.tive estima-Lions

ruixed powclers rvas atternp',,ed, that

serri-c1ua:rii ba bive :Lpproxi.nations .

serú-qua.nt:L batj ve fi.gures, bascrJ.

depencì on mctly faciors, including

thiclc¡ress of thc nottnt, cvcness of sp::ecrcl on tþe s}icle,

cry stal- pe ::f t: c -r,iort, Ìry-cì.ta'ci on ancL chenú c al conl:o siti on 
"

fron X*ray cliffractograms of

these va.lues are, a-1, bes-b,

Carroll (1970) polnts out that these

on conparisons of peak

the orientation of the

intensitie s,

particles,

d.ifferences in

Ì"lany authors



(Jol'urs, et a,1, L95\; lÍrrray, L95L+; SchuJ-i,z, 1955; 1964; I,leaver,

I95B; Brincll-ey, L)6I; i(1ug and Al-e:^rander , I)62; varr der }4arel,

W()rr) have corlclucled tha'i, al-l s:chenes of cla.y lnineral evaluation.

by X-ra¡' ciiffraci;ion tccluiques are only serni-c|-iarlbitative.

llor,rever, in splte of *r,he mrrnerorlíi ancl obri-ous lindia1 ions of the

accur'û.cy of thc qrianii'cr:-l-;j--¡e d.a-tar nos'b authors s.gree thatthe resi;-lts

do give a c-lear-er ide¿L of the general distribu-b:i-on a¡rL varia-|,-Lon in

cl-ay ninerals r'ri'r,ldn a pa.rbicr:-la-r: study. The mr:thocls of arriv-ing

a1, these sern-i-qu-an'r,ita'uj-ve values are extremely varied, ancl i.n many

cases directly contracl.i-ct ea.ch other" Pierce ancl Siegal (fg68)

give an exce-l-lent revier.v and comparative study of five of i;he nain

calculation rnethods. A sjn-ilar conpa"r'ison of tr,+o nethods r¡as

u-rclertalcen as part of ilús Lalre Agassi.z study.

Da-selirie Position

Schultz (fç64), in an X-ray analysi s of the Pierre Shale, con.bend.s

ihat inconsis-l,encies in baseline positioni-ng could con'bribute a high

a:nou:lt of r¡ariation in c¿¿lculated. anounts of clay rninerals, particu-larly

if there ar:e small enoimts of the specific nineraJ-. lle proposes

baseline positioning such that it m¿u'ks r"¡here the diffractogra:n

trace r+oulcl be if the núnera1 producing the peak r+ere absent. lle

fi,rrtirer.nore sriggests iirat the baseline be cons'bructed by the use of

a french cllrve. Others (Schoen, 1g6\ Gjems, 1967) propose the use

of a baseli.ne approrimat,ing a hy-oe::bola. Tt seems, horvever, that

if the very approximate n¿rture of the resulbing cprantitative figr.res

is accep'r,ecl, va::iations procluced by baseline locations will be

negligible. FLr¡'thennore, eïperirncnts r.rith Lake Agassi-z scdimenls

slto,,+ecl that vari-ations causecl by be.seline positioning 1.iere generaJ.ly
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less tha:r f:Lve percenb (taule !) indicating that i'1, malces little

d-ì ffer"ence r,¡here the b¡lsel-ine is placed as long as the posi'bionii'rg

is consisteni i;lrr:ughou',, 'l,he sburLy. In +"?ris Lalte Agassiz study the

baseline r^ra.s placed 1,irz'ough the niidcll-e of the backgror,rnd tl'ace.

Pea]c Ar-ca. vcrslus Pe¿llt i{eigirt

Ànothe:r: aspect to be evafuai;ecl is the rnebltod of obta.ining the

diÍfra.ci;ogram peak in-bcrrsity. -Althoi-rgh ra.rely does an a-uthor inciicat;e

iror.¡ he calclr]a-bed the intensity, e>,çerinen'i;s¡ shot^¡ed tha-b variaiions

u-p to tr,len'cy percent ca*n exisi (:L'able il).

Appar-en-bly the ärost corrunonly used- rneihocl of evalu¿¿'bing the

reflection in'¿ensit,y is to mea-sure the eïea- u:lder the parbicular

pcak" Tlús can be clone u.sing a polar:: plarúrnei;er (Pierce and Siega.L,

L96Ð or an a.pprorirria{¡j-on tecluric¡r-e developecl. by SchuJ-'b z (196\) "2

There :is l.i'c-l,l-e d.iffe::enco bet,¡ecn the tr+o tecluriques (fatte tO).

The second rnel,ìrod. of evalua-birig ihe pea-k in-bensities is by

measuri.ng the heighl; of the pealc a.bove the baseline. In a limited

study corrrpa-rj-ng the height, anC. a¡ea. calcuJ-ation nethods (tante lt),

haJ-f of the sermples ana.]-l,'zecl sho,.+ecl little dj-fference (a11 r,'rrtluin

3/") fror; one nethod to the other r^¡iúle the other half shor,¡ed

moderaL,el-';¡ 1arge (LO-25%) but inconsj-s'cent variation.

Johns, et al (1958), Schulbz (1958, L)61+) and Brindley (i961)

conclude 'tha.-b the peak area methoC. is probably more accurate, but,

also poin-b out that, rnany factors can influcnce -l"he accu-racy, mos-b

notable being the clegr"ee oÍ crys'ua-Llinity of the clay mineral-s, the

amoun'b and icind of rn:ter'ìal rnalring up the clay mixture, and the

2scli;-ltzl appror:-ina-bi.on ¡nc i,hocl coirsi-sts oi r-rsing 'i;he sum of the
Ìreiglrt, a'c ihe pe:ck pos:Lt-,-i.ofr hcighbs ".t ¿-o on either sicle of peal<
posi.tion, air,--ì. ircLglrl;sr at 1' on ej-ther s-i cle of peali position"
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V,A-RT ATIOIJS OF

RESULT]IiG FRO}Í
(Calcu1il'cion by

SaripJ-e

TABLE 9

T1ü] CLÄY ]'iU\iER¡ù, PERCEÌJTAGES
D If ii llRllf i T B.A Si-ri,i.iiE P0 S I T I Oi{-ii'{ G

'che Direci, Conparison ì¡fet,hod.)

I{il-2
4
ô
B

t0

!gue{-----i-.Liicì.¿1s--_*-. j .Urrirer j
I{oirl; l(rO l-ì,:l} ituiorr'¿ I(16 i lll- i'4ont KrC l

nO

22
rB
29
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)\)
)il
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)J
3o
33

2a))
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3c
19
Lr5
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TABI,E 10

VARIATIOIÍ 0F CLAY lì.'lIl'{Ei-I"AL PERCi¡Ì'ITAGES P,ISULTI¡ìG FR0}4
PE/U{ ANEA BJiIi']G CÀLCULATED US:I.NG 1i I'OLAR PL1\Ìr]I1.,frTEIì

\TERSUS A\T APPN,O,{]I,UITIOTJ T'TITTIOD (SEE P" 12)
(CalculaLion by 'r,he Direc[, Colpa::ison ],ie'r,hocl)
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TABLE T].

V¡f"T ATION OF C],,¿'ú Ì.TTI'J]IR,¡|L PERC,Eìì TÄGE,S IìJISÍ.ILI]},IG
¡-iì01'f IliTIlliSITY l.äìlLSUirEì{Ei'lT,S LrSiÌ\iG PEAT ÄREA VERSUS PIIAK ÍIETGIII'

(Cal-culabion by ',,he Direct Conparison
l,le-fhod using .Areas and Heights )
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2
3
I¡
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b

7
o
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22
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L
¿)
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anount of backgrcttncl noise on the d-Lffr"actogrÐ.nr. Hor,rever, the pcak

Ìreight netirod is much less *ujme consuning and 'bherefo::e l¡as used in

't hi ¡ thesis.

l.veigh'becl Cal c¿¡"1rion:j vef'sus Direct Conpa::ison

Perhaps r,he rnos't variable factor invol-veci in obta-ining serni-

qua:rtiiatir,'e inf'onnei::i.on on ''che relative proportion of va¡ious clay

rúneral gr:olips presen-L in a sample is the nethod of conputal,ion.

llasically there a:'e ti.ro t:roceclures: r^reightj.ng the figures and

direct compa:'ison.

Tire rirore comronl-;'r usecl l+eiglrting nethocl involves nrulbiplying

each of -l,he pea-lc int,cnsit,ies by a factor to relate one r-rineral to

a;rother. These factors, based on mess a.bsorp'¿ion and. X-ray

scat'bering coeff'ìci.ents, r/aJy fron one author to another (Johns,

e1, al, I95L',: on a g-l-;'cole.ted ''út'e,-cs, 'chc 1l T ut"o irnontnorillonitel
o

is equal to fonr iimes ihe 10 A peak area 'illite-i and i,l¡ice the
o,

. I A peak elr'ea jhaolini-l,e plus chl-orii,e ì ; llathar,lay and Carroll,
. (), O, O -. rì,. O,7 ÃL9J\z l"t 'it/lo "t,/S x I "1,; schu-li2, I)'o\z r7 V\"5 x tO VË,

o, o, o.
Picrce anC Sicgai, !9692 17 MS x Lo M 2 X 7 Ã). The rne'bhod

of Johns, et 4.1 (195)+) i+as selec-bed for ttr-is compa.rative study.

The seconci me1,hod, d.ireci; compa-r-i sorr, involves calculating

the relative a¡rounf;s of clay rnineral-s using bo bh the glycolated and

heateC tr.a-ces. Tire.in'i;ensities oí bhe 1O T an¿ l l reflections on

the gl-ycolated. traces are di:'ecl;ly comparable to the relative

arnounts of iliite ancL llaolinite plä.s chlorite respectively. The

montmoril-loüii;e gïor-1Ìr content is the difíerence betr^reen the intensity
oof the 10 A peeJr on thc hco.-t,ecL trace a:rci that on the g1-ycotated

+tïacc. lllris mc,:tho.1 hrts the acì.virn-ba.¡¡e of not ha'tring to l+ork
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o
r,¡i.¿h-bhe U il pealc r+hic.h is usu¿rll-y errati-c ¿lc1 cliffictil-b to

cval-tiate

The reslrlts of a cornparison betr,¡een 1,hese ti,,'o mc'r,hoc'[s rn¡ere

inconclusive ('fa.UI-e fZ). Vari¿r't,ions of up to 3Of" r,¡ere calcuf,a'l,eci.

The pe::cen'cage of il.lite seenec] to r¡a.r'y thc nos-b consis't ently,

-r.ii'Ln'l'ilt of '1"he samplcr; girring a. higher con1,ent usi-ng the r.rcightec]

ncthccl.. Corl:espondirrglyr mon-i,1l1ori1l-onite and lca.o1ini'r,e plus

chl-ori'¡e uere bo'uh lor¡er' .,¡i'i;h thj-s pi'ocedure. lior'¡ever-, i;he

conc-l-usions reached b;r Pierce ald. Siegal (L969), that the direct

cornpa:':i-:;on (by peak hei-ghbs) ne'uhod is of l-it-bl-e value for

conpara'Live purposes r,¡¿Ls not su-bs'La-ni;iated in tru"-s study. idaiurally

a.rry t¡1pe oí r,ieighteci va.lue slrstem, if aclequately supported -bhrough

c¡c¡nical a.ncl X-ra.y- d-e'¿e-rrninaii ons oÍ nass absorption and- crys'i;a-l-li nity

properlries of r,he sjuii,e of rúner¿lls being s',t-tdied, t'¡ill no cloub't

i-npr"ove the a-bsolu.'ue qu-an-bi'bat:Lve estima-l,ions for tha-L par'cisu] ar

s-i;i,rcì.y" bu.-Ì,, by sinply noting the num'oer of diffcrent, Í'actors

i.rr'i:z'od.u-ced unclerche prenü-se of r+eigh'r,ing, i-b may be concluded thab

lieighbing is possibli. ¿,rt u-rlnecessa-rl¡ refinenent. IÌ, is nob appli-cable

't o reg.i6nel- s-t uiLies r,,,i-'uhou1, fu¡Lher consid.era.tions

Ç!JqTü$IAig

Sig]rificani,l;r ¿i¡¡"rent cluanti'b¿Ltir¡e results have been obtainecl

r-ising a var-j ety ol mei,hocls ancl teclrriclues of clay slid.e rnoi:niing and

ca-l-cr-rla.tioir report ed in the l-ibera"ture . Hor,lever, since all of these

techniqu.r:s le ad on1.y to serli-qr-1anti',,at'i ve results, exacting ancl

prec:Lse rnetfuo,i.s oÍ ¡tcun'¡ing and. calcr-:-l-ai;ing are probably umtecessaqf.

Thc resi:rrclicrls o1Lî preÍcrcnce, type of seiì-irnents being analyzed,
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TÁBLE 12

VlLIì.LtTIOll S OF CLAY l"iIüilR.¡,L PERCEIITAGIIS
RESULTIÌ'IG Flì0i,1 CAI,C-IIL1,.TI0¡] BY T]-lE l[iIGitIED l''llTHOD

IIE}ìSUS T].E DIRECT CO},P,ARISOI.T I',ÍET}IOD
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srúte of pinerals ex-pccted, equiprnent artd t:Lnc avai-l abfer and

previous a:rcl concLrrrent work a.re rnosi, iltpor'-i,ent in cletenn-ining the

comblnt-tj.on oÍ procecì.ures to be ilsed fo:' a. parbicuJ-ar s'budy.

l\lthcugh clua:rti tir'civcly one me'i:,hocl ma;'r be bet-l,e:: than anothcr',

a-IJ- of the 'r,eclrníqucs, if usea singly ard cons-ì stentl¡', r'¡:i-11 shor'l

the vari.a.'l,i-r:lis ¿ind t.¡:cnds i.n c1a;,. rnineral conl,ent of the sbrab:Lgra.phic

sequence being sbucliecl. In ligtr.t of the con-b::adj-ctory sibuation

e:ii-sbing j-¡ r¿he 1i-ier¡.ti-rre pert¿-Lning to rlanlr 6f these basic

proced.ures it is of pr'ìne'imporbance to list, in detail, a.ll aspec-i,s

oí' the me''.licCs being usecl in em¡i si;¡-fl¡r.

Spccifically this compa::a'bì-ve s-r,udy shorvccl :

(1) Si.ze aird nrinei:¿Ll- segre¡1a.'u'ion is a clefinite problern in

attenpting bo arrive a'b semi-quan-'ci-l,a-i,ir¡e est:imates of clay minera-l-s

using X-ray difÍraction tecluriotltes" Orientecl slides of samples

prochrcecJ- b¿, 1;he secliltenta-bjon nebhoC general-Iy shor.ted higher

non1;rnorilloni'¿e values ihan sl-j-cies; prodlrr-ceit by 'i;he srnea.r and-

suction rneihoäs for 'ultese sane seunples" llol+ever, the conclusion

arrived a'¡ in this report is that, a.lbhou.gh the smeer and suctiorr

techniques cio perhaps give nore accurate (closerbo rltru.etl '/alue)

Semi-quar-bitative resú'us, the Sedirnenta-lion mei;hocl wa.s Selected

as the rnos.i, useflr-l noun'bing technique because of lov reprocl.urcibilities

ancl more complex ancl tirne consunú.ng preparation s-beps involved r,¡j- bh

the other tr+o rnethods" Álso, since the seCimerrtation ¡lethod is

more corrunonl-y used, i-b offel's greater correlation possj-bilibies.

(2) The results of attemirbing to co::rect the segregation

problen b;r r-rsing a mo1'e volatile liquid rneclia in the sedinentation

teclurique r.¡et'e generally inconclusive. Tltc conclusion ree.ched is
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that possirb]y 'bhose volatile lic1uicl tnolr,n'rs c1o givc rtore a.ccula-Lc

values tha1 aqueoltl--; nou:rts but physical (possible laclc of achiewJ-ng

paral-lel- oricn-ba't,ion) ancl cheriúc¿l (possible ionic substi'¿ution end

1n-ber:Cerence) farctors as,¡e11 as'bhose listed. in (1) above, are

cLra.r.¡Ïr¡Lc1's to 'Liie use of '¡olatil-e licluids.
/_-\(:r) Differences j-n baseline posi-l,ioning and Lhe rne-'r,hod. usecl

to eva..Lu¿L-ue pca.k irLtensities, in genero.l, cljd not ha'¿c much effect

on the ca-lcLrla'ted cJ-ay va.lues"

(\) The clifferences ob'r,a.ined by u-sing tr,¡o calculation me'r,hocls

r.lere la.rge. f-b r+as concludecl, hor.lever, Lhat, the r,ieighting rne'bhod

ailcled u-nnecessaÐ' rcfinemen-ì, to the'selni-qua.ntj-ta'Lj-ve es'ci.matj-ons "

(5) Clay fi1:n thickness differences in ihe pipe'L'te-on-glass-

slid.e rne'i-,hod procirrcecl- l-it-ble clay minera.l pcrcentage varíaiion.

llor,lever, consiil.era.ble diff::ac-bograrn qr-rali-i;y clifferences liere observed..

(6) In general, of the nain vari ables a.ffecting semi-quanl;itabive

clay r"iireral estj-nation by X-ray di.ffractornetry, the ca-lculation

r¡ariabl-e proci.u-ces the greatest dev-iation, tlte moun'cing variable

slightly less a¡rd. th.e llulckness va:.j-eble the least cle-'¡ia-blon"
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CH¡PTER 4

NESUI,TS

]NTEA!!$I.AI

The main enpharsis of s'tratigr:aphic data presenied in tlds

'thes-ls is on the very fine grained offlshore sedj.ments cleposited by

glacial Lalie Ag'assiz in the Red kiver basin of sou'¿hern I'lanitoba"

These offshore deposi-bs do not cover the f'l oor of the basin r+ith

equal thickness ar-rd -i n some areas constituie orily a th1n vetfeer

on the si;rface (¡'rg, -/). The pr-rpose of thi-s section is to repor-b

my resuf i;s of rnineralogíca)-, textura.i, and engírreeri-ng r,Jorlc on

-l,hese o-ffshore sed.j-men.i,s and. to sugges'1, stratlgraphic subdivisions

a.ncÌ correla'i:ions of the d-eposi-r,s.

l{0j':l-.-T:ACUSf&llE- SEDI}'frlj3Ë.

In addi-i;ion to descrj-bing the of-fshore sediments of 'bhe Lalce

Ag;assiz basin, Appendix G also reports the presence of non-l-acustri-ne

sedilients, sucir as til-l a.nd gravel. ,AJ-bhough these non-lacusì,rine

deposi bs were not studied for tlús repor-b, the information presented

iir Appendix G and other subsu::fa-ce clata coll-ectecl. by Dr. J. Teller

can be usecl to sr-rgges-b ar possible ¡'elati onship of the til-ls a:rd

grc"vels to the lacus'¿rine sed,;merits.

In thc cenirel pc.rb of l,lanitob¿Lrs Lal<e Agass-ì-z basin, offshc¡re

lacusi;r'irre c-ì-a.;,-s üricl sil'by clays ere present fro¡r the si.rrface to a

cì-ep-bh riuiging f'ronr )O bo 160 feet.
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Ocr: Lsionaf-ly thin be,.ll of sand and gravel ca¡ be foulcl overlying

a¡cl .Ln'Lc :bedcled r^¡ith the l¡.icus-brine clays (Charron, f96f).

Irr 'l,he central part of the basin this thick section of

laclLstrir:e clay usually rests d.irectly on till or on a sancly gravel

bed r¡h-icl, is rrnderlain by till. Th:is till (or possibly tills) is

interbed.ded i^rith sands and gravels a:rd erbends to bedrock.

Farther east in the basin, however, a much thirurer section

(10+0 fe,:t) of lacustrlne sediments is found at the su.rface.

Underlying this is till wtr-ich, in turn, is underlain by lacustrine

clay and final-ly till. Near the eastern margi-ns of the central

lake basin, ti1l is found at the sr¡rface and is r:nderlain by

l-acustrine clay and the basal till section.

STRAT]GRAPHY OF OFFSHOFE SEDI},ENTS
i

Introducti-on
I

Chapier I sunma¡ized various attempts to divide tlæ offshore

Lake Agassiz sediments into units. However, rteveral problems

arise in atiempting to work ürith these subdivisions:

(1) Many of the schernes aïe based on veriy localized studies,

thrlt -i s, a smal1 mrmber of sample locations irL very close geographic

proxiraity (Iror example, I,fi-cks, lWefl based Ïr-is nineralogical study

on tr+o, les¡; than 60 foot, holes in the ldinni¡,og Bxea; Ross and

f*l
I(arner F96'tl on one hole in Grand Forks; Roniriger and Rutledge

7952 on three holes in the Grand Forks-Fa¡go-Crookston area).

(2) The more comprehensive studies (i. e', those with a larger

sampling base) of McPherson (1970) und Fenton (1970) are not

primarily concerned with the aïeas of maximum sedimentation (i. e.,

tr')



the cen''¿r'aJ- Lalce Agassiz basin). They have developed a stratigrar-plúc

picLu-re cased on tirc sed.iment recorcl at the rrmarginsil of the basirr,

r+trich may or may not reflect the record in the rfdeeper uatertt porLion

of '¿he la-Ke. Also, the erbensive worlc done in North Dakota and

Mimesota, particularly in the Grand Forlcs{rookston areas, was found

to be of only fimitecl applicability to bhis t4a¡-itoba study. .AJ-thou,gh

this Unitód Strtes work is centrally located in the basin, its

geographic distance from the Manitoba area and the lack of publishecl

information betr¡een the tv¡o areas (namely within Pembina and l^lalsh

Counties, North Dakota) make for questionable correlations.

ß) l'fany of the stratigraphic schemes are based. nainly on the

color and the grain size of the sediment. Color, although often

the most obvious a:rd read.ily observed basis for subdivision, is a

rather poor criteria due to its subjective ch,lracter arrd the mmber

of factors contributing to its variability. Grain size difference

a:rd. variability remain inrportarit criteria for d.istinguish-ing between

beach, nearshore, offshore, deltaic, and pre-J-ake and post-lake

fluvial sediments. With.in the offshore deposi.ts, however, grain

size alone has been shoi,¡n by several authors (e. g., Rominger and

Rrrtled.ge, L(;)J2; Moran, f9T2) to be a poor crjt,erj-on on r¡hich'bo

b¡rse a subCi.r¡ision of the se;diments.

Any stLidy of offshore Lake Agassiz sediments in Manitoba is

ira:npered by 'che almost total l¿rck of naturaJ- e:i:posures. The fow

exposures pr:esent (mainly in the Pine Fa11s-l,rlirr-rri-peg Ri-ver area)

have been sl,udied and interpreted by Elson (1]67) and McPherson

(f97O). Consequently, any further stratigraphi-c investigation

must be done al¡ost entirely on the basis of subi;urface drilling.
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Tlús is loi, only cosl,1-¡¡' but much. inrpoll,:rnt da.Ì,a, suclt as 1:uit-Ltiat:i-ons,

joinbi.i-rg, stru.cture and the no-tnre of bÌrc contacts, are ei-i,her los'r,

or c1j"['ficu1'1, r;o r.sscss.

Basj.s of Sr;ratiglapÌr-Lc Srbdiirision

Ìriany pararire'i,e:'s 't.¡¡:re iirve,sL,igated as hav-ing the po'r,ential for'

srLbi¡-viiing a-rri. recogniz-Lng; r-r:ri't s lrithin tire offshore Lalte Agarss-Lz

sed.iments. Some possible cri-[;cria, such as sedimenta.r]' st'ructlr-r'es:

vlerc el:ì,rnina-Led. beci¿use thcy are ::arely preserved in Samples

ret¡.ievecl- froro auger or rotary drill holes. Others t'rhich have been

successfully usecl in subdiwision schernes elser.¡liere (See Ron:-inger and

Rutleclge , J-952; l.toran, 7972) r.¡ere not fu-lly eval-uated herc because

of the specia.J- engit:ee ring laborabo:'y -Leclmì qu-es ancl equiprnent

reqai:.'eiL arrcl'¡he s;ca.r'ciby of eristing clata- on sampJ-es collected irr

sc¡ut-,h.: rn l.'iani',,ob¿L 
"

Basica.lly .i;he Íollor.ring p¿Lraneters r.¡er.e used in subdividing

'r,he firæ*grained. (offsliore) laLtre Agassiz seclimenis in southern

l'fanitol¡a i-n-bo thrce tuiir;s: rn-inera].ow , terbure a¡rct soil- nechanics

data" .rilthou-gh col-or r^ra.s veJ'y us.eÍul in developing the correla-bions

presen-bcil irr Chap'ber l, i'1, r+as of linitecÌ val-rle in clefining the

r¡rits ci.iscussed here.

The ofíshore cì.eposi't,s sl,,ucl-i-ed rvere e;çosed. iu continuous section

1. çu-is ¿¡rcl clrill holes from i;he surface to the firs'b non-offshore

lacus1,r'ine cleposit, ( i.e", 'l,illr gravel, or coarse sand.) in the

central paz't of i;hc basin. Inii,ially only the thiclcest sediment

sequenccs (50-110 feei) encounterecl in d.rilling i.¡ere used to

establish 'úhc mos'¿ impor',,ant o:rcL usa'ole paranie-bers. As the

tl )r
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;ri,r'atigraphic picture ,:eveloped, dat¿ from near surface cuts,

stt¿r-l-lor,¡ drill holes ,an l marginal basjn hofer:; r¿ere adclccl. Figure

ll shor.¡s tlre fifteen ho,l.r:s used to nake the inj-tiaJ- parameter study.

l41neralcc5:

Clay i,[irrer,:ús. -- As poi-nted out by hlic]is Q965), l,icPherson

(L97O), *d rþigley (I9ít'7a), qualitatively tht:re is little vertical

v¿rriation in the clay n-,nera1ory of the offshore Lake Aga.ssiz

serlilren'bs. fllite, monlrnorillonite a:ic1 other e>çand.abJ-es,

lcaolinite and chl-orite are the most irnportant clay n-ineral-s.

fn abtenrpting bo work r¡ith the seni-quantitative clay rrineral

d.a'ba, i-b l¿as appareni; thr,rb patterns anrl unibs coul-d. not be easily

recogrrized on the basis of the rai¡r percenta.ges. It r^las found that
-r,lLe rnoirtmorifloni-be to il lite ratio greatly aided differentiation.

The norrtrncrilloniteftJ.l:i'r:. value was chosen over the other possible

r¡¿tj.os because j-t showed bire leLrgest v.ariability and brought out

ihe grciL'best differences.

Two significarrt breal<,¡r Ín the ratio vaJ-ues appear i-n nany of the

,.rectionr.r studied. (Table l-J). The changes a:re from a low (1ess than 2)

irontmor-L.Llonite/i1l-ite val-ue in the lor¿er 10 to 4O feet to a high value

(greate.,r than 2) in the o'rrerr'1¡.ing 10 to 100 feet. Stratigraptlically

above th. s there is a 10 to l0 foot section of 1or¡ ra'bios (1ess than 2).

Car"r,onate Minerals. -- llase'1 on a l:Lnited study of the carbonatc

content r:f the offshore Lake Agassiz sediments, a slight decrease j-n

the amou-n'b of calcite a¡rd d.ol-omite with depth can be seen (Appendix

E). The ,rpper one third. to one ha].f of most of the sections studj-ed

average alrout 5% cal-ci.te and I'l/" doJonJ.te whereas the lower feet average

orJy 2/, c¿rlcite and IO/" dolom:ite. Dtte to the high percentage variationt

however, th-is decrease was not very useful in discerning the various unj-ts.
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other Ìlo,r-clay Mi;-erals. -- Quar''uz and feldspar r,¡ere also

-L,,icntifiecl in this 5'Ì;u,iy. Both minerals are present throughout the

i,lire Lgassiz sediments and both have an erratic or rantdon distribution

( A¡,pendix B). In apprc,:cimately hal-f ,:f the s,:mples ana-lyzed, howevcr,

cluarf;z cloes l;hot¡ a clos,: relationship to terture: the co¿rrSer the

sr.:-li1;le is, the more ini,:nse the quartz peak is on the X-ray diffract;ogral

Nr; qualtitative estimabcs were made for either mineral.

Te>lburr¿

Table lJ shows hor,¡ 1,he sand/si1t/clay percentages vary in the

C.r,itL- holes studiecl. One significant break appea:.s in the upper. half of

sever¿rl of ihe sections. This texbr:raf- chem¿¡e is from very fine

g::airiecl scdiment (averag.i-1g B2/" c1ay, I7% sitf and, I/. sand) in the

lovier ;:ortions to coarso-' secliment (arrerraging 69% c1ay, 2BS silt

airrd iii, sr.r.nd.) in the uppr:r' 10-50 feet. rn over half of the samples

analyzgd, this cLivision coincides with t,he upper divisj-on based on ['he

non'brnorillonite:illite ¡¿l,io. In the remaind'er, however', there is

r:to cot:'rcspondence between Lhe texbr.rrat and rrineralogical divisions'

S,fLf Mecharlics Data

Talile lJ shows how sever¿rl Atterberg lin]-its (liqrrid linit,

natula1 water eontent a¡d plasbic limi'b) va:qy in the holes. Several

of thc .;ections show ¿r ba.srrl zono of l-ow rtatural water cont'ent and

plas'l,ic Lindt, a middle sec: bion of Ìúgher $-fO/") U-¡nits ar¡d an uppel

portion,:f values sim-ilar io those of the basal zone. These groupings

appeaï' iD coincide with the above n:ineralory divisions.
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Col-or

colors r+ere de'benúned. for the samples using a Rock color char-b'

Althougþ ]xany exceptions occur there seelûs to be at leasi a two-fol-d

aLnd. possibly a three-fold subcu-.¿ision in most cases: an upper light

to pa] e l)r'o,".r-ir or terr por't ion, a:rd a lower ligÌlt to medium gray and

äar.1i gray 'l,o grayisli brot^¡n port-ì on. llor'r-ever, these color c1i'riS:ions

are, for -i;he rnost part, cornple'Lely independ.ent of the above

mineral-ogical eurd-/o:: 'br:x'br:-r¿rl- clivisions (i"e", these col-or zones do

not coitrcicle l¡i-bh the rnineralogical, terbura-ì- or soil moch¡rnics

zones). For this reason color r.+as no-L extensj-vely used- in

subCivicling thc oííshore sed.imenì:s in this thesis. lloirever, since

marl]r orúher Lalçe Agassiz stud.ies clo use-bhj-s feature as a b¿rSis of

subclivisi-on tÌre colors r+ere no-bec1 a;rd. used i-n the correlabions

presen-becl. in ChaPter þ.

Defini r,ion ancl Descrip'i;ion of Units

UBI!-L

Defil-ition. -- unit 1, the Jor.¡ermosi offshore unit recogrrized

in this s'i,uc-Ly, overlies til-l, gravel, sanil or other non-lacustrine

materiaf-. It is defined pri-rnar:Lly on the ba.sis of ii;s low

montmor:j-1.l.oni-tc/i11ite ra'bio coupled. r+ith its sligh'cly lor^¡er natural

r+a'¡er conten'b. The. montmorillon:Li,e/illite ratio is less than 2 with

an aver¿-ge of O"!. The nabu-ra-l rnoisti.rre content ranges from 2O/" t'o

\5/" t¡tn an average of 27/" (rabre 13). The AtteÏberg linits are

sligiri:ly less than that of the overlying rmit.
:,JPrepar.ecl by thc Rock-Col.or Chart Commit-bee and disbributed

by f,ìre Ccologic Soc-Lcby of America, I'ie"r York, 19Ø"
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Ì"lineralog¡" *- Qualita-bively, thc urineralogy of cJ-ay-sized

particles in Uni'i, 1 is sii¡ú-ìar -bo tlte ¡'est of the offshore Lalce

Agassiz secLinen-bs. Illi*ue, nontinorilloiiite ancl obher e>.1panciables,

kao-Linlbe anf cirl-orite are 'the most i-rnportalt clay ninerals" Quartz,

fel.dspar, ca]cite and dol-orn-i'ùe l,/ere the non-c-1.ay rrinerals idenb-Lfied.

Quantii,ai,ivcly, the cla.y rrúnera.ls offer a good basis of

cliÍÍ'eren];ja.tion. The l-o..¿ montnoril-l oli'ue :if'l iLe l:a*ui o ernphasizes

the a.¡crage clay nì-neral äistributi-on of 33% I]..LiLe, 26/å nonl,noril-lonì];e

a¡rcl itOiá lcaolinite plus ci,L-lorite (taute 14, rig" ! and Appendix l-).

The carbona'be conì,en-t, of Unii I al-so helps distinguj-sh it frorn

the overl;v-ing r-rnits. The average calcite value 1s 2.5 a:rd dol-ornite

).) percent, both of r.fúch are loi¡eri;han in Units 2 artd 3"

A measu¡e ojl bhe l:el,al,ive crys ballinity of *,,he montmorlllorúte

slror¡ecì. ex-ürerne r¡ariabiU-ty r+i-bh values ra.rrging f.i:oin "2 to .9, Near]-y

a.11 of the kaol-inite phis chloriie percen.bages Ì'Iere usually

attrj-buted to kaolinite in the seni-quantiÌ,ative alalyses (See Appencli:;

'n\

Textr-rre " ** l4ost o-f the sediment in Ilnit J- is cornposed of rnore

tha.n BOfi clay*sizecl parl,icles (talte 14, Fig. 9, a:rd Appendix F). Th.e

average clj.s-r,r':ibu'i,ion is Iff sand, I-liL sILL, and B1l" clay. Ttris is

slighbly less clayey tha*n 'i,ire overlying Uni-t 2 and much finer grained

than Unit J. llovever', the bexl,ural- sinilaril,y of Unit 1to'i;hat of

Unjt 2 prohibiteci iis use as a main criteri-a for recognit:lon.

The upper scveral fcei of Unit l- sometj-mes con-bain angular,

pebble-sizeil silt blebs vllúch arc nore charac-l,e::is'uic of parts of

llnit 2. llor,rever, -i;heir clistrib';.tion 'ìn Uirit I tlrroughou't the basin

is erla-'¡ic.

o)



TABLE 14

AVERAGE SA¡ID-SILT-CL¡J COI\]TET]T AIID
SEMI-QUA]'ITITATT-IE CLAY M]NER,AIOGY 0F IINITS I, 2, 3

( !a:;1 o;, a.lr r-rr.,i,:,] e - :.:a1, ze ;ì- )

Unit ll I i I -IIII UE IVI.OilïtrIOr-
rIl_onate

Kaolinite Sand

0 3.3 27

0 .g Ic
01.4 5

N.= n:mber of samples

L, M, H = refer to Lor.i, -4.:ri+-hnctic iî.eaï!, a::.c itigÌr vei-,ies

I 
silir

I
1

1

\o 6g gg

6o 84 99

58 BL 97

lo BB

16 67

18 42

03966
72644

29 39 6t

03675
o183l

20 33 \6

LI3

a)

t, /¿+{f

o24Bl
4r i, 77

62646

Hì!IL 14 äìL I,l

üJ
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Fig" 9. Te:itru'c iLncl Clay }Íineralogy of Unj-t l"



Soil l,lcchan-ics D¡r.ta. -- The !-10 perc'lnt lo1^Ier n¡Ltural water

con,¡ent is one of thc main factors used. in identiflinll unit I

(Table 1l). This, hor.,rrlverr is probably a r:esponse to -l-,he clay

uin,;ralory charnge i.n ìinit 1: the ]or,¡er nal.,ural water L'eing a

lìuncbion of bhe lowor lnontnorill-onitc; content.

color. -- The coL.or of unit 1 rernges from a da¡k olive gray

$ y 3/f) io rlark browri.ish gray (5 YR. 3/f) and is relat].vely constant.

Geographic Dist::ilrution, variation and Th:ickness. -- unit I was

found. exposed in surfar:e cuts in onl;y two localities (samples B-1-4b

ii.3-i c, a¡d T-l). All other inforrnation llas dt¡rived. from I+6 subsr:rface

sa:nples from 22 holes. The erbent of Unit 1 in the stuclied area is

siior,rn in Figr.rre 10.

There is only very sl-ight lateral- terbural variation of unit I

ihÏ,oughout 'i,he baL;in (I:ig. 10). A contour map of the average

rno:itnorillonite content (Fig. 11) shows that the montmorillonite

núneralog¡ cherrrges tend bo correspond r'rith the subtle tertural changes.

Tha'u is, the a¡eas of co¡rser sedi¡tent generally irave a lower

moni;morillonite content.

Tlle ¿rverage thicknel;s of Unit 1 is 1)-20 feet witþ exbremes

oî O-!) feet (Fig. 12).

. i'rrl2

Dcllinj-tion. -- Uni'b il is ¡rrimarily c-lefined by its characteristic

irigh rnoritmorillonii;e:il-li-t,e ratio. Other parameters usefiú in

r:ecogn-LL;ion are the sligh[l;r hì.gher natural water content, iúgher

carboria.fe content, and. fin':r grain size than Units 1 and J. The

relativc Ly high percentage of anguJ.ar silt clasts, the medirm to

d¿rrk olj ¿e gray color, more, distinct la¡únae and the stratigraph-ic

66



tak e
rnånitoba

\fr

portace
La prai'rle

[a ke

6l

winnipe

w rnn lpq
ê

-1
-lîl

,""rìtaxirnumo-exterrt of unit 1

lnig" 10" E.':'i;cnt and l"rariat-ìon of Averagc Cla¡' Cont,ent of Unit l.
Ccni,or-u' interval oÍ 10f;. Unit l- r.¡es noi id.entified in
irolcrs ourtside oÍ 'Lllc c:ci,ent l-inc.

I

t
I
I
I
I
!

I
f
t

I
\

I
t
I
t
It
t

T

.Be

L___\g__J0
mi les

t
I
I
t
t
t
t
t
¡



wrnntpe9
[ake

'eo

'extent of unitl
7 'rna x i nru rn

2A

\

$

10

mites

,
I
I
t
t
I
¡
I
I
,
I

t

to

0

¿o

.z(

.t

wi n nipe

Ia ke
ma n itoba

,
I
I
,
,

t
¡
I
I
a

I

\
f

_-J_ _

Fig. 11. Va:-ic-l,ion of Ar¡erage lulont¡rorillonite Content of Unit 1.
Contour interval is LO/.

[a prair¡e
Þcr tage

,ei

'^tn-'À't
<)¿

'¡J/.," a¿

<9 
n¿

6to-,ë'-
-a --

{'z
At-/¿(o'-ar

ð--
¿ê

?

=-

t
l
t

4)'rñ,
4(

zÍ



I

I

læiiilri
i I rarr.e \
1l manitoba

(\
\)

$

'portage
la prai ri e

N

ï

?,..ó
Ò

I
I
l
I

¡

I

t
I
1

la ke
w in nipeg

¿ó'

2
.'./.
)¿.9"
;

I

winnipeg

Ð'-

(.
v--
4t-

rD;
a

20

U)

t

1'

l'-
)¿

/-

¿¿

r'

o

rt

I

Fig. 12. Isopach MaP of Unit 1..

'3¡

mi tes

'sl

eo
to

Contour interval is I0 feet.

I¡----



p()s;.i'1,,ì (rn (i.".¡ Un,ì.'r, 2 cì-ì ,'ccl,ly overlyiirg Unit 1 and r-u'irler'lying

U-ri. l: -i) r.rere al-so used ¿s ..;r'iteria for recognition in some instances;

lro\^/cv,::) j., correlations bas:'l solely on bliese latter crj.teria remain doubtfl

l''liir,:ra1ory. -- The l-r¿..:;ic clay-*n-ineraLl components o:[ Unit 2 are l,he

r.jarne ¿,1.ii that of the othel i,r^¡o nnlts: ¡rontmorillonite, ilJ-ite and

l,:ao1in-Li,e and chl-ori-te a:'c bire clouúnent clay miner:Js; quartz,

feldsl:,r-r, calcite and doloinj-te are the ¡lain non-'clays.

Un-ì- b 2 is characterizc:ii b;r a higher montmorill-onj-te content

than thr: other units. The rnontnori-llonite:illite ratios are greater

tha¡r 2 r,'-ì.th an average of J.O. The average distribution is 18%

illi'ue, t,J/" montmorillonite, and 26/" kaolrirnite plus ch-lorite (fable

l-4 a:rd f'jg, 13). Nearly al-L of the kaolinite plus chl-orite figure

r+as usually atiribuied. to kaolinite. A measr:re of the crystallinity

of the montmorillonite showed a range sinilar to that of Unit 1.

The ,zverage carbonate content of Urdt 2 (calcite z 3%¡ dolo¡n-ite:

I2%) is greater than that of Unit 1.

Texbrrre. -- Grain-size analysis shows that over BO% of tne

sedjment of Unit 2 is composed of clay sized material. The average

dis'tribution is !/" sanð,, 16/" sIA1. and 84Ø clay wtr-ich is much finer

than the overlying Unit J but very simila.r to Unj-t 1 (taU1e 14 and

- -\.b19. J_J/.

Soil Mechanics Data. -- The natural water contentr plastic

linrit and liqu,f.d limit values of Unit 2 aL,l- tend to be relatively

Ìrigher than ihat of the other two units (ta¡te ti).

Color. -- The color range of Unit 2 is much more varj-able

than that of Unit 1. It is usually a medium to dark olive gray

$ Y \ft) a:rd in the lor,¡er parts is always thj-s color. fn the

7()
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upller fer+ fee''c of l.he uni-t, hor,rever, it often grades sharply to a

chocola''¡e brou¡n io rrayish bror^rn (2.5 YR )+/2). Thi¡; variability

ma-lrcs uni'¿ recogrútion by color nea:'ly iripossible. 'Ihe analysis

of some 200 samples showed no rriner¿r.logical o¡ textura.l changes

associated r,rith this upper color change. ilhis suppor"ts the earlier

corLc:l-usion about the inadvisabilityol a subdivision scir.eme based on

color.

Geogr:rphic Distr:ii-.ution, Variatj.on, and Thickness. -- Subsurface

cla.ta (!J samples from i6 holes) indicates Unit 2 covers nost of the

Iìt:d River basin a¡rd ex'l,ends beyond tlLe limits of Un:it 1 (nig. 14).

U,rit 2 directly overJ-i,lr; Unit 1 in the central- part of the basin; but

in i;he northeastern pa:''i, arrd at the nargins it directJ.y i¡verlies

i,i11, pre-Lalre Agassiz sediment or P¿r-Leozoic bedrock. Thickness

of 'uhe unit ralges from I feet at the margins to a maximrnt of over

ltO feet nea:: the International Border' (fi-g. t5). Other depositiona*l

cen'bers of Unit 2 appea:1" to be located about J0 miles northeast of

hli,lr.:Lpeg ancl 4) ruiles s(,ì.tthwest of l^linrLipeg.

Lateral terbu-z'al variati-on is more apparent in Unit 2 than in

the u-nderlying u¡it. This variation r¿rnges from less t;han'lO/" cl.ay

in 'r,hc center of a trough-shaped area nea,r -bhe r¡estern margin to

greaì,trr Lhan )Oft south o:ì hlinnipeg, north of frrerson and west of

T,r(: tlrr llor,ncl, (iii¡1. t)r). Thcrc does nob, howover, &ppo,1Ìr'to bo ony

rt;latic,nsirip betr,lecn thr, L;extr"rraf- varial,ion and the l,hiclmess

v¿rriati-ons of Unit 2.

InrlJ-viduaJ- clay rainelcLl-s in Unit 2 also sho¡¡ consiLlerable

lateral variation. A map of the average montmorilLon-ite values

shov¡s tlrai the southern par'.b of the basin generally has a higher
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cotÌ'i,íint tiran '¡hc northern arcas (Fig" 16). Thele does not appear to

be a. good rei¡r'i;-i-oltshi-p br:il'reen iru.lneral-ogr changes and size variation

or thiclaress'¡eri-a'bion,

Silt $l-asis. -- Tþe preseilcie of snall, ünguleu:, buff -t,o liglii

gt'eys calcareoLts, silty fr:Lgnierits is more coml.Ìlon jn Unit 2'bhe.n in

the other u:rits. Titc r,r:tclerlylilg Uni'o 1 only con-l,a.ins a. small ¿rmotint

oÍ 'uhese clas-ì:s :'rn i-bs ujrper feu fee t . The overl¡'i11g Uni b J al-so

sonetiries coirta-i.ns 1.¡161.c11- sca-'¡tered silt blebs.

These silty cl ¿rs-bs ha¡¡e been reported by a. riunber of autlLors

(Wiclrs, 1965; Quigley, L96-le; Fen'bon, L97O; l'lcPherson ' I97O;

Ilarris, e'ü a}, in press). Ar a:ral-ysis of the silt clasts frorn

) hol-cs and cuis (su:utarized in Tabl-e 15) shor¡s'i;ha'i; they are composed

pred.onincribl;r e¡ sil b sizecl naterial (aver:ige d.istributionz L/" sand,

B5iá s:-:.t an¿ llrÍi clay). Flrthermore, cheraicaJ- a.rrd X-ray diffr¿rc-bion

a:ia1.yse s shol¡ tha.i; the cla-s't,s efe prirnariJ-y d.olorcibe, cal-ci'¿e ancl

qu-c.r.bz, .,,¡hicir ¿j.gr'ees lii-bh Quigl-eyts (l_gfia) fincli-ngs, The cl-ay mineral

fracti-on is ch¿r::¿ci;erized b)' a. very lot¡ montmorili-onite conten-t,

(a.ve.rage dist:"ibubion: SOIL lll1le, 6/" montmoril-1onj-.i,e and' Iú/"

kaol-ir:i+,,e plus chlorite) .

The cl-a.s'cs, usrially a. pale orange (10 YR B/¿) '¿o light yellor*i-sh

grcy (5 y B/2)., ra.rge in s-ize frolt lcss than 1 mm to over JO mm in

cliaric'ber', rvith the rlonn varJring frorl hol-e to hole a.rrd wibh d-epth.

TÌtcy are ang-ir-lar to subrou-nCed and usually are rou-ghly tabular

shaped.. In sone insta:rces they can niake up ol¡er B0/" of the

ir-rdiviclual k¡ni-nae .
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TABLE I5

SU'['íJ,-N,Y OII A]J4],YSES OF S]LT C],ASTS

Sample lSand Silt C.l.a.v ' Ilii'ie ii¿ioiini i;e Calci-ue Dol-cnj te Quaríz Fe tctspar
I iltoní ch.]-ori-'ue

PV-l
2

I,lR-l1
-34,

I^lR-1

-4¿

B-1+
Ba

ürR-10-
-24

Average

TR
l_ ff.

2

TR

1

7

TR = Trace

\-
A dash (-) índicates 0 or nil.

A blank indicates no inierpretation was attempted.

The letters VS, S, M, 1rI represeni Very Strong, Strong, Moderate and Lieak a¡d refer to the
relative s+-rec{"h of the particular peak on the X-ray diffractogre$.

)6
)6

2BZL6
.B 84 t4
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6
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50
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ilnit i

Defirrition. -- Urtit I is recogni zecl clúefly by its 1ol.¡

nontmoz'il-i oni'¡e:jllite ratio" O-bher parartteters useful in

recogni'Li-on aI'e coarser grain size anC higher carbona'be conteut

tkrarr Uni. bs I anci 2. The s i,rati graphr-ic position (i . 
" 

. , ovesl ying

UniLs I a¡c1 2) i.ras also useÍ'ul in icien-bifying tÌÉs ri¡jt.

I'fìr-reralogy. -- The qualitabi¡¡e niireralog5r of Unit J is silrrllar

to that of the othe¡' '¿r.ro u:iibs. IlJi'ue-" montmori-Llonite arrd

kaollrrite plus chl-orite are ihe main cla-¡r 1¿t 
"ral-s 

c The non-clays

included calcite, doloruiì,e, quartz and feldspar,

The montmorillonite:ill-i'r,e ratio of Unit J is less than 2

with a.n average of 0.1. The average clay nineral clistribu.tion is

36/" LLI|.le, 21r,4" ncntnorillonite e.nð, 39¡q' kaoliidte 1:1u-s ch]-ori'uc

(Table l-\-and ltig" 1-l). I'lost of 'bhe kaol-inite plus chlorite figr.re

i¡as fou::d to be due to lcaol-i-nj-te. A measure of tbe crysiallini'uy

of -l,he mon-b¡rorillorrite shows i-t to be predoninentl¡. poorly

crystalline (:rvera.ge vaJ-ue of 0"3) i" contrast -t,o the high

varial:iliLy of Units I aud 2.

The ar¡erage carbonate content of Unit J (calcite , 4.9/";

dolonii;e: L6.B/,) is higherbha:r tha.b of Units I a:rd 2.

Texti-r-r'e " -- Grain size ar-lalyses shor+ that Unit I is much

coa.r'ser than the underl;'i¡g -bl+o unj-'cs. The ar.rer¿Ìge distribu-bion

ís 3ii sc.ncl, loii silÈ ana 69i3 cl-ay (Tablo l-4 and Fig" 1l),

Color. -- The color of Unit J ranges from pale bror¡n (5 YR 5/2)

tc olive gray (5 y tr/t) . this varieLbili. by greatly lirnited the use

of color as a recogni-bion tool .

c()/u
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SoiI Mechanics Data. -- The natural water content, plastic f-irn-i.b

and liquid h-ûrit values all tend to be lcwer than that of Unit 2 a¡rr.l.

roughly similar to Unit 1 (ta¡te tJ).

Geographic Distribution, Variation and Tldcknesso -- Data frorn

4J holes indicates Unit J coveï's rnost of the Red River basin a¡rd'

Unit 2 (fi_g. lB). Anotable excepbion appears, to be in the north

central pa.rt of the basin r¿here the unit Seerls to be absent.

Thicl<nesses of Unit I are as much as 70 feet east of Morden v¡,Lth

.r,he average being 20-40 feet. Three centers of deposition a¡c,.

eviclent fron Figure 7): north and east of Poltage 1a Prairie,

east of Lake I^/inn-ipeg and east of Morden.

Latera-L texbural variation shor¿s an incre¿se in grain size near

to the nargins of tlre basin çfrig. 1B). There .-loes not appear to be

any relatioi:Lship between the texbural variation ¿rnd the th"ickrress

variation of Unit J.

The cla¡' nineral content of Unit 3 shor¡s -LateraJ- va¡iation

sim-ilar to bhat of Unit 2. Generally the montrirorillonite content

is greaier ín the southern parts of the basin (l'ig. 20). However,

there is no correspondence between clay ur-ineral.og¡ and size or

thiclaress va.riation.
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DISCUSSIOIt : r.IITEÌ'PIìE'IAT-l0Il,
CORF_llLli1ili,Oi'l lririD lÌr STORY

rr lilìQtJtJCTI0lr

One of ''r,tre purposes of this rese;arclt is'bo cievelop a betber

unde::st¡¿rding of -i;]re his'bory and cha.r'acteristics of Lake Ágassiz

oífshore clepos-ì-bion j.n sou-l,hern Me¿-ritoba. Ctrapber I¡" defineci and

cliscnssec'1. 'blr:'ee stratigra.phic r.mi--bs b:Lsed on miner:aIoW, grain

siz,e and var-i ous o1;i:Ler ph;isica'l proper-bies of i,he seclimeiri" In

tire fol-lor,ring sec'cion -Liii.s d.ai;a r,¡ill bc interpreiecl- as to sourcc

a-rrd varia.iions, ¿'Lnd correl.a-bion on a regional basis r,¡ill be

a'1,+.eiiiÌ¡ l;ed.

LaJce Agass:i.z probably originally began in itlorth Dalcota- a-s a

superg)-acia-l lalr-e and }e-1,er changed to an ice-r^¡a1led lalce (ì'{oran

ancl. Cla;'tott, 7)"i2). I'b is generally agreed that, although many

fluc'Lua'bions dicl occur, Lalie /¿assiz attained greatest depth during

iis early s-i,ages (tirst IOOO-2OOO years) and gradu-all¡, ¿""r'eased i.n

clepth througitou+, i.ts lúsi,ory (Wichs, f9to5). Drainage into the lalce l¡as

no'i, only fron -bhe fluctuating ice nass to the north, but also from

streanrs draining the ner.rly exposed gla.cial scdimen'b to the sou-bh and

v¡est. Ðrainage out of 'the l¿-ke r,ias initially tirrough southern outle-1,s,

btit as the margin ojl the ice fluctLta'ued, eastern ou-tlets l¡ere

periodj-cally opened ¿rnd closed.
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Var:ious authors ira.r¡e t'ecogrri,zed numerolts 'l alce sl,:r.gcs through

r.Iofk on lelict strandlines. In recen'b yeaf'Sr hor,'ever, nel¡ eviclence

basecl on the oÍfshore sedinents suggests th¿Lt the laliers history

is much rûore colnple:c tha;r the strandline piciure has cleveloped

(Elson, 1-967).

Alnos-u a1-1 previor-ls research on Lake Agassiz secliments has

ai;'bernp l,ed io cLevelop ',,he generarl sedirrren'L,at,ion pictu:'e oÍ the l-alce

rnainly on the basi.s of color ¿ncl textttral changes" llhis study has

shor,.rn, horrever, tha'¿ in the central part of the basin, neither color

nor texburc clearly clefine stratigraphic r-urits. Also, afmost al-l

previous resea.r'ch on ihe clay rni-neral-ogy of Lhe sedimen-t,s has irnplied

that ther.e is neither vertical or lateral vari ation of the offshore

de¡rosits r,dthin -r,he basj-n (lvicks, t965; Quigl-ey, I)6'la, b; Fenton

ancl Anderson, L91L; and l.'lcPherson ei aL, !97L)"

ORIGIlii 0l' OIE.IORIì l,¡i.G .aGASSTZ _DIPOSJTS

Bedrock Sources

The rnaterj-al malcing up the offshore sed.inents r+a.s probably

clerived fron tr+o possible soirrces: bedrock and surficiaJ- d.eposits.

}Tearly a-11. the ::esearch associai;ed with Lalie Agassiz in l'lanitoba

concludes that the bullt of the clay-sized rna-i,erj.al- (i. "", clay

rúrreraJ-s) rvas uJ.t-'Lrlatcl-y derived from thc Cretaceous shal-es of the

Prairie region (liocia-na and Ì]rydon, L)6J; l,,J-icks, L965).

The non-cley mincrals in the offshore sedimen'us probably had

a greater variety of source arees. The quarbz in the seclinent

could have been cLeri.¡cd from the Prec¿unbri:rn granite to 1,he nor'uÌr

¡rrd east a-ncL from'bhe sandstone of the l,I'inn:Lpeg irorrnation (Ordovician),

B¡



as lJcll ¿Is from h-ighly sificeous shafc:s and sandstone within the

Cre'baceou.; (Ba:rnaiyne, i!10). ì4ost of the calcj.te and dolomite

lto doubt <:arne from Pal-eozoic secliments. The feldspars probably

ori-ginateci from igneous rocks of the Precambrian.

Surficial DeposÍt Sources 
l

The questions of how much and uhat kind of material r¿as

derived from the preæxisting soils and glacial deposits, and what,

if any, cha.nges the clays have u¡rdergone since deposition in the

basin are perti-nent to this discussÌon since a'portion of the

sedlmen'r, could have been derived from these sources.

An exe¡irlnation of all surficial deposits (ti11, glacioflr-rdd,

glaciolacustrine) in ttre Prairj-es shows that, in general, the clay

nirLeralory is very sin-ilar rega:.dless of origin or depositional

enrrironnent (Wicks, 1965). Mon'bmorillonite, il.Lite and .kaolinite are t;lLe

dom-inent clay r,rineral. groups. Quartz and feldlrpar are usually presenl,

1¡¡ 6inor amounts (see I^Iicks, Table 2, 196| ). Lltrristiansen (1!!! , ]196Ð ,

Rice, et aJ- Q959), lntrcks Q96j), Kod.ana and h-ydon (1965), ancl

several others have all reached the conclusion Lhat the Cretaceous

shales are the source of the clay n,-ineral_s in the glacial and

¡1laciofluwia,.L deposits of this area. Sorne also conclude that since

there is sucìr a s'briking similæ'ity between the clay nrineralory of

the shales anLtl tha'b of the glacial deposits, therc has been very

little diagenei;i-c change during the erosion and rr:deposition of the

¡raterial (Kocriuma and Brydo n, I)65).

Receni glacial stratigraphy r¡ork (Mcllhersor, 
It aI, l)'ll-¡

Teller, 1973, personal conmwrication) indi-cates üat the clay

content of some of the tills i-n southern lrlarritoba r:;<ceed.s zo-3o
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pcï'cent. .lurtherniore, the Ifuot arrd Falconer -Io¡rnations recogrtized

in Nor,uh D¿ûcota have clay contents of up Lo 8\r/, (Harris, et a.L, in

pre;ss). The Ìiberation of this material, th:'Ough not only the

me-Lting of the ice but also by streams and wa¡.'es rer,torlcing the

drif'r,, rvoul-cl permit the til-ls of the area to bc a favourable sol]-rce

of clay m-inerals for *uhe offshore T,ake Ägassi.z sediments.

COrÌ"1ìEI,ATIOI: rrNll REl,1\-TlIOilSlfIP 0F THIS STIJDY T0 OTl'lER REGIONAI, AÌlD

],OCAL LAI(B ;IGASSIZ S.TUDIES

A surnma.ry of probable correl-ations of the offshore units

recognized ,Lrr thj-s study with other recent subclivision schemes

throughout -i,he basin is shovnr in Tabl-e 16. Severaf points shor-rld

be noted in using'bhis chart: (1) Only the most recently published

stratigrapkric sr-rbd.ivisions of a particular authol or group are used.

For example, Iliddel (1950), Barocos and Bozozak (1958), Elson (196I'

f9/o2), Laircl (1964), Moran and Claybon (1.970), and. Moran, et al

(1971) *" nr,rb included. because their wo¡'k has largely been updtLbed

and. refinecl or included. in other reports; (2) Ir:t many of the areas

the ¡dneralogiceil rrnits probably carrnot be recogn-ized because of

variation over large geographic d.ì-stances; (l) '- he chart is not

i-ntendecl to be a time correlation graph.

Correlations in Table A6 are based on the fol..i-owing factors:

(1) Clay minelrLlory; (2) Particl-e size d.istribur;ion; (l) Color;

(4) Relative li,qr:-i-d and plastic linits and. natural water eontents;

(5) Sedimeniary structures and ileatures; (6) Str:atigraphic

relationships a:rd position. Not al-l of these crite'ria were used

for any particular correlation nor do they have equal enphasi-s

throughout this study. lJhere possibler samples of a parti-cular
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i'íclriic: :-'.;on (f97A)

Peausr...'our ,Area

Unit
bror,rn

silty

Unit 1
flurrial-
silt

*-= --

Ilarris et a1 (fgb)

North Dal<ota

Elson (1967)

Lake Agassiz r'.¡
cJ-ayey

Ìi'enton (1970)

South of l,ake
l4a:ritob¿r

Deltaic Urrits

Roninger ar.cl

Ru'bleclge (1952)
Grand Forks-
Croolcston Area

Ì'foran (f972)

Grand Fo.rks
N. D.

bror^rn,
ay

Sa-cdy S;ilt
1a::únat,'ed,
sandy:i1t

1
I

I

I

I

I'iud Uni-;
1e:ir-inated,
offshore cl

ay Bed 1
I

I

Upper Lacus-
trine Unit
also n&'olrn
ClaYtt

I

If- --
I

I

j

Sherack Fortnati.on
brol¡n to gray

5_i1t¿, oIIrEI" g_lay*
I

I

I

I

I

IvLv

I

I
I

I

I

-1-

I

I

Lor¿er Lacus-
trine Unit
also rrGray
Clayrl
bluish gray
offshore clay

Unit 5
brol¡n laminated
silty clay

Unit 4
blue to brown
nonstratified,
slightly organic
offshore clay

lrdrT¡inq surfacett

Unit J
, blue to black

offshore clay

Unit 2
brourn sill,y
clay

pockets ojÌ
fluvie] s¿,urd

Uni'r, JA
hard, consoli-
dated

Ir-nj.t JB
soÍ'i

Lalce Agassiz I-i I

low water phase

Lake Agassiz II¡

Lake Ágassiz II

Clay

Clay Unit
la¡únated bluish
gray offshore
clay

ULit 2
dark blue to bl;ar:k
offshore clay

Unit 1
blue, nor stratif.Led
slightly silty
offshore clay

UILL tJ )
sof'b, dark gray
plas'bic ofí-
shore deepwa'ùer
vroJ

Brenna Fornation
slick, plastj-c
dark gray, offshore
deepwater clay

Lake Agassiz I



lesea.ïch â-rea \.¡el'e rcsillclied. ¿ts pa:.t of this thesj's. Tþis a'pplies

speciiiically to l,icPheÏsonts (t)70) a:rc1 Fentouts (1970) thcsrs

sant¡lcs (Sce A!¡-,':ntiix Cì)'

unit l of bhis study bes1, co*espond.s to'uhe lol.ler !'r,o llo

í'ce''¡ oíi l,icl'hersonls (r-970) Cle;r Un-i'b on the basis of clay mineralog;"

color., ¿Lnc sir¿r-bi¡;r,c.nhic pos-i-'cion. sarirpl-es of the loller parb of bire

Clay Unit gencrally ha.r¡e a lo,,r (1s55 ihan 2) inontmorillonite:illite

ratio, ¿. d.ar]< SIir;r "o1o", 
ancl::es-L dir.ectll' on till or beclr.ock"

Basecl on stl,¿'t,igr.aphic posii;ion and co]-or unit I, is correlable

r+ith i,vicksr (1965) Blu-e-Gray Clay of hj-s Lake Aga'ssiz I'

un-it 1 uä.s no'r, recognizecl in the area d.irec'Ll;r south of l,¿Lke

l"ianitoba, althor-rgh Fen''ron (1970) does s',,a-be (p. 6:-66) that tiís

Lor.ler Lacustz.ine l-Tnj.t r,¡as cle,oos;il,ec1 be'¿t'leen 10r100 and L2t50O

years ago, a,-rrd that',,his shoulcl (p.70) lrcorresponC-bo the Clay

Unj.i; of l'LcPherson (f9'¡O;."

Unit I seerls to be correl-able lvi'r,h Unii j of l4oran (L972) and

the lor,.¡er por-Li-çn of L,he iJrenna lrortoation.of Harris, et a1 (in press),

in i,lorth ]ldcota on the basis of grain size, color, engineering daia,

ancl s-brabigra¡,'?r:Lc position. The Brenna Forrnation (and unit J) j-s

a d-arli grax: hig[L;' plastic cJ-ay that d.irec'b1y or¡erlies a till. The

1ic1ui.d an¿ pl-astic lirúis arcl the na'r,uïal- water conten+, of i4orants

Uirit J (ard. Rorninger ancì. F"r.r1j-eclgets, L)JZ, Uni.-b 1) shor,+ very rough-ly

thc sarne re-1-a'Lionship r,É',,h the overlying units as does Unit I wi'bh

Unit 2 in tli-is studY.

on the basis of stratigraphr-ic position unit 1 is probably

correl-¿,.r¡l.e to Elsonts Q9r.7) l¿re þassiz I Bpisode'
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unii 2 of this s'Lr,idy besb correspond.s to the upper portion of

l,he Clay U:-.it ancl 'che -l.ov¡er poltion of the Ffutj Unit of McPherson

(l9TO). Anrúysis of lds sampl.es in th-is iuter"'¿a.l show a high

(greater than 2) monl,morillonite:ill-ite ratio. The unit also

pÏobably cou,.rela'bes to bhe ]lrov¡n clay of l,Jicks t (]965) Lar<e Âgassiz

I on the ba.s-Ls of stratigraphic position and tlre presence of sì-lt

clasts.

unit 2 coï,ïesponds to the upper part of tfue Lor¿er Lacustrine

a.nd the fouc,r parb of the Upper Lacustrine Unii,r,r of Fenton (1970)

in the Lake I.t¡nitoba a¡ea on the basis of sinilar clay rnineralogy.

Analysis of lús samples frorn this i-nterval show iì. hi-gh (greater

than 2) mont,ntorillonite :iIlite ratio.

Mainly c.n the basis of stratigraphic position unit 2 probably

corïela'r,es with the upper part of the Brt-'rura Fornration (llarris,

e-b al, in pres;s), md the upper part of llnit J,:r¡rl the lower par:'t of

Unl1, 2 of Mora.n (L972) in North Dakota. Moran (L(:)72) also indicates

that h-is Uni t 2 is rel-atively higher in ¡rontmorilJonite which

corresponds'i,c the high montmorillonite content ol- Unit 2 in this

study.

unit J of i,his study is best correla'bed \,rith 1;he upper Mud unit of

Mcpherson (19i'O) a:rd the Upper Lacustrine Unit of I'enton (1970)

on the basis of clay n'rinera1ory, grain size andrto a limited exbent,

color. The tr¡o units are a brourn, silty clay, and :rnalyses show a

compara-bively lor,r (less than 2) montmorillonite:ill:Lte ratio r¿hich

corresponds with Unit J.

urlit 3 probably corresponds to the sherack Fomation j-n North

Dalcota-Mirrnesot¿L (Ilarris, et al, in press) on the basis of grain size,
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s1,ratigraphic posit'io:r a¡d color. The She::ack Forrnation j-s a ¡rourn

Lo gray sili;;r clay that clirectly rrnderlies post,-l,,ake ÁgassÍz f Luvi¿rl

s¿urds and gr',rlvels, ¿Lnd overlies a dark gray pliLr; bi-c clay. For the

s¿nne reasons Unj-'b 3 may be corrclated to the u¡i¡rer portion of I'lorarils

(L972) Unit 2 and Ronringer and Rutledgers (l'g]22) Unit 4 and 5.

].NTENPRETATIOI.IS

Possibre Fac'l,ors ;lffecting the Nfineralogical Dillílrrrences

Basical-i;r, the r:nits in this study can be nrr:ognized by the.ir

clay rrriner¿¡-l ciifferences: units 1 and J have rel.¡.Ltively 1ow monb-

morirl-oniie ve.lues and unit 2 generalþ has a higlr montmorillonite

content. the :lollowing factors cor:_ld possibly e:.1,-Lai:r this
nineralogical- difference .

l/a:'iatiolr of Source Materi_af-

s that of a varXr-i.'g so'rce for the

clay rúnerals. Â l-imited mineralogical stud.y of one of the major deltas

in the northi¡estern part of the lahe (Assiniboine) showed a clay nineral
suite that was conspicously 1ow in montmorillon-ite (llable 1J). This

suggests that relabively low montnrorillonite sediment was beíng

supplied to the lake basin in Ma¡-itoba. ft seems posrsi-ble that the

rivers tha'b formed rna;ior deltas j-n the r¿estern part o.í-' the basin

l¡ere contributirrg sediment having a different clay ¡dneral srrite than

that of the glacial_ rneltl¡ater from the north and eas.b.

Also a measure of the relative cregree of crystaJl:Lnity of the

nontmorilloir-ite for over 1)0 samples in this study (see Appendix F)

srhor'red that both units 1 a¡rd 2 had a wide range of crys barline

cì.evelopment, but that 1Init J was predoninently poorly crystalline.
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ANAI,YSIS OF ASSI}]IBOINE RIVER DELTA CUT
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Th-is v;,':ul-d set:n lo be a strong i,:rdicati-on of a charr,ge in sor:rce

materi¡'-l-.

fiowever, since Kodama and hydon (l-965) found 1.hat al-l the

Cretaceous sha-Les and surficial deposi-ts in the j¡mnediate vicinity

of Lake ,Agassiz have a nearly uniform clay nineral as;sembledge as

well as sindlar relative percentages, the observed LrLke Agassiz clay

¡r1neral variations, if due to source va¡iation, are 1ikely the result

of influx of materi¿rl from a more distant sotrce.

Source material varj-ation carr be used to errplain much of the

lateral variation evj.dent with-in the irnits. Both Unj-l;s 2 
3nd 3

shorv a definite grading from relatively low montmorillonite in the

nor'.bh to hi¡¡h in the south (see Fig. 18 and 2J). This trend probably

continues south to the l-i¡rits of the offshore sedjments: Mora¡r

(1972) report s average montmorillonite contents of greal;er ti¡art 75il

il-r the Grand Forks area. Differing source nnterial, coupled with

perhaps a different hyclrologic regime in the southern part of the

ba.sin, could resuJ-t j.n 1;he lateral.ly graded nontmorillonite

distribution seen in r;orrthern Mani-toba.

DifferenÌ;i¿.i1 Settl:r-ng

A second possi-ble irypothesis involves tho use of a differentiel

ser i,'l,ling and derposj.tiona.l- mecha¡-ism. ,Since mon'bmorillonite has a

r;m¡'ller diamr.:ter (o.o]-*¡ ) ttran other cJ-ay nineral groul:s (kaolinite -
l,<¡, illiüe - O.j1; Sch'LLltz, 1955), it should settle more s1olrly

in ¿r s;tanding bod.y of w¿rter.

Thus, if i,¡e aun^rume the clay m-inerals of Unit I were deposited

under a certaj-n set of envirorunental anci trydrologic conditions, the
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d.eposition of the h-lgh rnontmorill onite of Unj. b 2 couJ-d. be caused by

a chernge in these conditj-ons. Perhaps this ch¿mge r^Ias from a rapidly

flushed lake (lor,¡ rcsiclence time) during the deposition of Unit 1

to a mucir higher residence time during ihe deposition of Unib 2.

the lor+ resiilence peri.oC r,¡ould. e:çlain the relativel-y lotuer

moiltmorillon'ì ie content, i.¡irere¿r,s cìriring the h.igh residence si'í;uatiorr

the montmorillonlte '',,rould be given a greater time -bo trsetJ'ble outrt

thereby increasing its concenrr,ïabion relative ì;o the other clay

¡rinerals in the sed.iment. A retirrn to the initial condition of lol¡

res-ìdence i;ime l¡ou] d e:"plain the d.ecreased montmorillonite content of

uflr u ,.

Seve::al clue stions and points neeiL to be ::ai sed in con¡rection

lrith ihis second hç1-poihesis:

(1) It is difficu.li ì,o.expla-in l,he lateral variatj..ons discussed

in 'bhe previous section if this second \ypothesis is fully accepted..

(2) l.ihat effec-b r+oulc1 a relat-i.¿el-y shallow density or chemical

ba::rj-er ('r,hernocline or chemocline) have on i;he L¡ydrologic conditions

and changes necessary fo:: the above differential setLling? A

barrier ¡,¡hich prohibii;ed interndngling of the upper, r¿ell rrixed

layer of lvater and lor'¡er, less turbuJ-ent l,/ater of the lal<e could

effectively isolate clay rúnerals in suspension in the lor+er ptrt,

thereby inci'casing the residence time and consequcntly i-ncreasing the

relative non'¿molillonibe conteut of the seciinent.

ß) t^Jha-b effect r+ou-l-d a change in the average water dep'r,h

have on the cla;- nr-ineral.ory- of the sediments? Ä shallor^¡er lake

r.¡ould 'uend to have a- grea-ber a¡nouni of nrixi.ng and turbulence than

a deeper lalie, and. +;his i+oufd clecrease -l,he a¡roi-rnt of montmorj-llonite

o)r



irll,oir¡ccr bo settle. Ilr j-¡: r;c,:ncra11y reco¡;nized (e. g. Elsorr, f967)

;het t.i^L.r level of Lahe Alj;¿rí:siz varied. considerably throu¡Jhout its

Lústor';y as drainage out1c1,s o¡rcued and elosed..

()t) Is it, in fac'b, por;r;i-ble to prohibit even the firrest

m¿rteri¿r.L (nontmorillonite) irorn settling out year after year for

at le¿rs L several hundred yertrs? That is, is it feasible to suggest

'bhat mor;,, of the finest matt,rrial was actually being continually

swept ou-i; of the basin? Confirrnation or rejection of any t¡ypothesis

based on this argument, hol,iever, hinges on the development of

a more ccimplete þdrologic-plqysical lirnnologi-c picture of glacial

Lake Agassiz.

l^fater Chen1strw Ch.enEes

A thlrd hypothesis r¡h-i-ch could possibly erçIain the mineralogieal

changes e.rident in the offshore Lake Ag'assiz sedj.ments involves

changing the cheniicaf- environment of the lafce. ïf the nineralogr

of Unit 1 is a result of a certai-n cherricai- balance within the

entire basin for a given length of ti-me, the deposition of Unit 2, 
I

l¡ith its slightly different clay mineraL anount, ean be e:cplained

by altering this chemical bal-a¡ce. 
,

Broolcs and Farrell (1970), in a study of a snalI, brackish,

southern Unlted States lake, showed that there,is a definite

correl-ation between the degree of salinity (i. €o! total dissolved.

solids) of the r^¡ater througir which the clay is settling and tite clay

mineralory. An increase in iotal. dissolved solids in the lake r^¡ater

corresponded to an increase in the relative montmorillonite content

ancl generally to a decrease in the other clay nrineral groups. They
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at'cributed this,uhenomena'Lo d.ifferenti ¿,1 settling ch¿uac'Leristics

broughl, out and emphasized by a slol,rer flocculation raie of -bhe

nron'brnoril-lonite .

In transpoz't from thei r sou:rce area, clays, as r^¡ell as other coll-oids

t+hich are nega.tively chargec'l, r.rill adsorb vater molecu]-es on thej-r surfaces

in a lr:ry bhat pr:ohi.bits ihe ¡-,a::ticles Íron further collicling.

l-lorvever, r+hen -bhese parti-cles come in contact, lrith saline conditions¡

the eleci,rolytic action of ihe r,;ater r,.rill attractthe aclsorbed r+ater

mol-ecules thus freeing the surface of the clay particle and allor,rlng

it to f-l-occulate (lieiheisel a-td l^leaver, 1967). Iir has been esti-rnated

that the salini-ty of the uater need not exceed. I ppt (much less tha.¡r

the sal-j-rú'by of sorne grou:rd ¿.ncl surface r,ra'ber in sou'bhern Mani-boba

toclary) 'co in-i-biat,e i;his flocc':la.tion (Krone, 1962, iq l{eiheisel

and ì¡iea-ver.', L967). In estu,ary stuclies the rate of fl-occuJ-¿Lti on

of clays has been shor,rn'bo be ilepencleni on a varie'Ly of fe-ctors,

rnost irnport:¡rt of l.¡hich is the type of clay rnineral and its concen-

tration rel ati-ve to the non-clay mineraJ-s (t"ieiheisel and ì,^/eaver, I9'o7).

rlli.lic a:rci kaolinitic material is flocculated rnore rapidly than

montmorill-onitic clay (Brooks and Farrell, f.970).

Thus, the rnineralory of the units could be expl ained by

invoking a low salirliiy (i."", very fresh) condi-tion during the

cleposi'bion of unit,s I and j ancl a slightly higher sal-t content during

the cleposi-i,ion of Uni-l, 2.

The main requirenen-bs for this 'uh-lrd \ypothesis are, of course,

to (f) fina a mechan-lsm responsible for the increased sallnity and

(2) fi:rd er¡ici.cncc¡ possibly through pal-eontological stttdies, to support

'rhe prerLlse bhat the lake envirorunent i,¡as actual-ly slightly saline
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duriug ab Jeast parrt of i ts lristor1" ITeither of these rec¡uirements

has been resol..¡eC conp]el,ely. Most, of the lirtitecl paleontological

eviclence sr-rggests tha'r, the lake r,¡as rlfreshrl ('fut1f'11, I962t t967; Moran'

Cl-ayton a:rcl C.va-ncara, l-9'.-L). BiclcleÍ, et aI (I97I) concl-u-ile'

bhror-rgh 'bhe inberpretation of a section in Nor'l;h D¡rkota particuleirly

hi-gh :ln fossil content, 1;haL the lake r+as oligotrophic, wii;Ìl high

sec-limentaiion ra'besr in i-ts early s'bagesr and euirophic' with

aJtundant life, l-aier jn :its d.evelopmen'b. During i'¡s final- stages

-r,he l-ake a.pproachecl the general ecolory of a shallor'l sloug'h" I-iowever,

-Lhis tells .us very little about the a¡rou-n'b of total- dissolved solids

in bhe r.¡ater" A1so, since only I ppt can in-itia'¿e floccul-at'ion a:rd

rnj-neralogy ch.anges, it is not possibl-e to excl-ud-e this $¡pothesis orr

'tjre basj-s of 'r,he nature of the fossils a-l-one '

The d.issolt¡ed. safts, if present, cou-l-d have several possible

souïces: (1) grounili+a'ber and. (2) an influx of ocearric ldaters fron

llu-clson Bay (Teller, 1973, personal conmnnication). The high salini't'y

of the gro¡ndr,ra.teri,+est of ihe Red. Ri-ver tod-ay is l'¡ell knor¿n (Charron,

1962). charron (1!61.) gives averagos of up -bo 3.2 ppt clissolved

soJ-ts in the Phim coul-ee area of sorr-thern i'fa-rrj-toba. rn adclibion,

Lakes l4anitoba, r'din-rr-ipegosis, Da-uphin, Sr;an, Pellcan ancl Red Deer in

r,rest ceniral l'lanitoba shol¡ Lr-igh concentrations of Na+ a¡d Cl--' In most

cases these lakes are fed b;'r brine springs r¡hose total cli ssolved solid

concentratious can reach, more than ?O ppi; (Thornas, 1959)' If Lake

Ágassiz r.¡a.s recei.¡ing a large contribution, either via gro¡nd';ater or

surface r+ater, f¡orn these h-igirly sa.l-ine sor-Lrces, the floccula'cion

þpothesis -¡;cu]cÌ seem to be possible. lloliever', i'r" Inust be lcept j-n rn-i-nd

that-t he fl-ot+ a¡rC. chelustry of todrayls ground' and surfa'ce i'¡ater regirne

i+as not necessarily the s€ufre cilrring-bhe tj-ne of Lake Agassiz.
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/rno'¿her posslble Soui:ce of the salt r,l¿Lte:: could. be from thc

ocean :iLself . This t.¡oulC require the ice mass 'bo have suff-lcientl.y

d.ot¡nr.larpeci the earbhls crrrs-t, bctr'¡een Lelle itgassiz and Ifud-son Bay

to ¿11or¡ a gra.dienb to be set uo in -i;he direc-bion of the lake. AnCret¡s

(19'70), hor..rerrer', íe.i-Ls to indicate tha.t the nccessary grå.client did

cxi si;

trLg¿Jli4c rif -Ç ILa: I f : e s

A fj.rre.l possi.bì-e ceplanablon is iha'r, the clay rrinerals of one or

more o-f the u.tits could have lt:rdel'gone pos1,-d.epositional- chenges;

-bha.-b is, unit 2 could ha.¡e a ldgher montnorilloni-be con-'cent than

Unlts t or J because scrne of -i,]re illiie of' Unit 2 has r':t^leathered.r'

to a non-tnorilloni¡e str-uc'¿ure. Although this illite-.rnontmorillorrite

r,ieathering sequence is i¡elf clocu¡renied. in clay lúneral alteration

r.rork (see Jackson e.l, al, 1916 a.ncl Ìriovak et al, I97o), nost rcsea.rch on

the glacial sedineiti;;; a:rC bh.e Cretaceous shales of -bhe Prai::j-es (see

p. 86 -B? sugges'cs 'cha-L it is not a.pplicable 'i;o Lahe Âgassiz s'l,udLies.

I{or+er¡er¡ it seens that rnore cletai.lecl resea-rch shouf-cl be a-i;i;enpbecl along

bhis line before the post-deposi'biona-1 change e>q:larra'l,ion is cliscard.ed..

Qg¡iglusion

The a.bovc cliccussion h¿Ls pointed our; onl.rr the niore obvj-ou-s possi-

bjlities concerrring the cause of the clay minera'l regime of offshore

Lalie ltgassiz sed.imen'c and sotre of the observed or expecteel

phe.ooincna r,,rhich help 'to sr,rppo,r1, or reÍute -the various hypotheses.

The mostt lillely conchrsion tha.b ca:r be reached is that the part-

icul.ar sila.'r,i srapÌry i+as cansccr, b;' =otn" t-r'pe of diffe renbial set'bling

brought abou-|, by a chem-ì-ceLl rrrrd/or Ìç¡ch'oJ-ogic change in the lake.
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tirsT0ii'r

Tlre his'boï-y pf'esentecl in this sectj-otr is inteir,:led only to

give çre rea.dez. ¿r better general understa:tding of i;lle glacial events

during 'bhe tim,: of Lake Agassizl fo¡nation a¡d eril;t,ence. It is

based. entirely on tlie correlatj-ort presented. on pageri B7-9t. l'Iith the

exception of the points noted in that section, this :research did not

find aly finn eviclence to contradict or adcl to Elson's (196?) detailed

history from which much of the following is derived.

(1) Numerous 'bil-ls were deposited in the Lahe /gassiz basin

by late Wisconsinan ice. As yet it is not knor,¡n hou many glacia^L

ad.vances a:rd. ::etreats are represented by these tills.

An ancestor of trclassicaltr La.lçe Agassiz formed in the southern

Lake AgassÍz basin about IJ,OOO years B.P. and exbensive offshore

sedirnen'r,s çere d.eposited. in North Dalcota. It is uncertain r,¡hether there

:Ls evid.ence of this early phase of the lake in Manitoba. Possibly

t,he northern part of t,l.:rnitobal s sedimenta:Xr basin was continuously

i-ce covered. r^'hile the ;-'luctuating southern ice nargin controlled

l¿Lcustrine deposition j.n North Dakota and l4innesota.

(2) Follor^ring ¿r brief i ce re-adva-nce (which deposited a very

clrry-rich till in Norijr Dakota) r Lake Agassiz began to form probably

fir;st as a superglacial lake and then as an -Lce r¡alled' lake (Moran

ancl Clayton, l-970). Ur..it 1 and a part of Un-it 2 l¡ere deposited during

tiris tine (121500 to-lOrOOO B.P.; Elsonls Lake Agassiz Episodes I,r¡rd

I.i) as cleep wa'ber, offshore sediment. Most of the major deltas on the

wcstern edge of the bas.in were also deposited at this tìme.

Irlumerous r,¡ater ler¡itl fluctuatj-ons occurred during this spart

of 1;jme (121500 - lOrOOO B.P.) corresponding to the ice sheet
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opening arrd closing eastern outlets (See Elson, I)6'l). Elson

(1967), or: !r,he basis of textural differences, suggests that

the¡'e 1./as a major lor,r water phase about lOr5OO B.P. with

drainage into glacial- Lake Barlow-Ojíbway in Ontario. Soil

engineering r,rorlc in North Da.kota (Rominge',r and Rutledge, 1952;

Morrrn, f972) identified a sharp change in pk¡ysical properties

resulting from dessication dr.rring subaerial, erosion about 111000

to 1Or5OO B.P. Hoi^rever, this type of change has not yet been

recognized. in southern Manitoba. I

fn liorth Dakota, rivers flor¿ed across irruch of the

exposed lake plain depositing isolated pockets of sand and gravel

(Moran, fg72). The absence of Unit 1 from a¡, area inrnediately

south of La.lce Ma¡ritoba suggests that the unit was either not

deposited there or that erosion during the nloi'r waterrt phase

destroyed. much of the sediment record. .

(l) During another ice advance that blocked eastern out-

l-ets (t0r00o B.P.), the lake level rose (Elsonts Episode IIf) &nd

Uffit 2 and Unit J were depositecl as offshore sedj:nent between

about 101000 and pr000 years B.P. The relativeJ-y higher mrmber

c¡f silt clas'bs found in Unit 2 may indicate a cfoser ice front
'biran during t,he deposition of Unit 1. .Along the eastern edge

of the basj-n -bhe fluctuating ice mass caused intcrfingeri-ng of

'bill with Uni'i;s 2 and J wh-ich also indicates a close ice nargin.

This i-nte¡fi¡rgering of lacustrine and. glacial secl.i.ment is not

recorded in the central part of the basin.
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(4) f,\rrther ice retreat after about B'5OO to lrlO0 years B.P.

redtrced Lrike Agassiz 'bo a very shal-low l:rlce in which fine lacustrine

s¿urd.s a¡rd silts and finally fluuial sancls were deposited. These

lacustrine a¡d fluvial. sediments were rarely deposited in the

central- part of the depositional basin a¡d. were not studied within

tlLr- s the sr- s .
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CHAPTER 6

SJ}"I'LA.N,Y OF COI.ICLU SIOI'IS

Il l'l'lìCtDIiCTI0ll

This study tended to fal-l inì;o tr+o disbinct areas of research:

(1) A compara-bive meihoclology study of X-r"ay anal-ysis of clay

m-inera.ls, a^nd (2) A str-rdy of the clay nü-rreralogT and. stratig:rapÌ1y

of the offshore sed.imen'bs of glacial Lake Agassiz in southern

l'4a¡ribcba. The results and. conclusj-ons reacheci in (1) helped to

for'¡rulabe a general proceclure foll-o-1.¡ecl j-n '¿he e"nalysi-s of the clay

/^\
saxlp-Lcs 1]'om \z/.

BE

(1) The clifference in the average size of nontmorillonite

compared. bo tlre other c1.ay rn-ineral grou-ps does ini;roduce error

in[,o cluanti'ce.tive deterrúnations of the ninera]s by X-ray diffraction"

This i-s attributed 'uo the different settl-ìng velocities of tlre

minera.ls, r^ilrich tend -bo segrega'ce the srnal-ler rnon'r,moriflonite particles

near the top of the .clay film i.¡hen using the aclueous pipette-on-slicie

mount.i rig techu-ric¡ue .

(2) Attenp-"s to cor::ect thj-s size and nrineralogical segrega-tion

by introclucing a more r¡olatile liquid ¡nedia l{ere generally not

successfurl. Àlso, chemical ancl cr1,'siallini'by cho:rges in the clays that

n:i-ghb occllr as a resuJ.-L of tÌrj-s introciucti-on could not be evalua-ted.
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(l) The u.se of the ;cneâr-on-sU-de and suction methods of

nounting, r,¡þich do not ernploy grav-i-bational settling, showed

consis'bently lor+er nronimorillonite .¡alues. T[is suggests that

these ieclniclues clo give more accì.Lra'be results by eliminating the

c].i-fferentia-L sebtling ¡rrobl-cn. llor,'iever, 1or'r reproclucibilities and'

noï.e coinp] ica.tecl, time corLsi-r:rring procedural st,eps elimina',,ed these

rnethods f¡'ont use irr tids s'cucly.

(Ir) The ilúclcness of the clay fihn being X-rayed affects the

qr-ral-Lty of -the d.iffractogram. Experiments cond.ucted. r¿ith offshore

Lajre Agassi.z clays inc'licaied a d.esi¡'able net, dry sarnple weight

of ten te l1u'eniJ¡ mg pe:r slide.

(5) A comparative study of -tr+o cal-cul-ation procedures used

in cle't ennining relative clay rn-ineraJ- percentages showecl variations of

up to 30i1" It r+as concJ-uclecL thab the i+eighting method added

urnecessary refinemen'i; -to the senri-qu-antitative estima-l,ion"

(6) The follouing specific techni ques and procedures r.iere

usecl in Ì;his study of offshore Lake Agassiz sed.iment:

(u) Äqueous pipette-on-glass slid-e me*,,hod.

(b) Calculation by the d.irect comparison me-i,hocl using

peak heights as inclicabors of j-ntensity and baseline

positioning through the middle of the backgroturd trace.

Th-is set of proced.ures l^ras decicled on through a combination of best

ancl nos'1, corrsistent resul-ts, ease ancl rapidity of obtaining results,

and best correlation possibilities.

(7) In light of the appro:imate and senr-i-quantii;a.bive naiu.re

of c1.ay rrúnereJ X-ray diffraction, it is most importarrt i;o maíntain

consistcncy -bh::oughout a particular study and, if possible , a stucì.y

region.
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rulSriLTS 0I STIìAi'iGiìA¡llIC STUDY 0F OìrFSilOBlI LÁKE l\cAiStiiz SEDIME¡ITS

(1) Using l,he results of anal¡'ses of about j)0 samples of

offshore Lake Agerssiz sedi-ment from 58 drill holes eurri major cuts

in southern Manitoba, a three-fold stratigraphic subd-Lvision based

prinarily on clay inineralog;¡, Ðd secondly on carbona.l,e content,

engi.neering data and bc.xturaf- criter:La, is proposed.

unit l- is cha:'ac t,orized by montnorillonite:i1litr¡ ratios less

t,ha:r 2, ÏÉgh clay v,:Ïres (generally 6;reater tha¡ 75f"), -Low carbonate

v:Llues and low Atterberg lim:its. Unj.t 2 is characterized by

rnontmorillonii;e:illibe ratios greater than 2, ldgh clay values

(generally greater Llø,.'lJ/,), md bigh Atter.berg Umits. Unit l
j-s characterized by mor,imoril-lonite:i-Llite ratios less than 2, 1or^l

clay values (generally less than 7oiÐ, high carbonate values e¡rd

lor'¡ Atterberg I-i:nits.

(2) The cause of t;hese mi-neralogical ancl texbu¡al differences,

as r+el-l as lateraJ- va¡i¿.'bions, catl probably best be explained by

ba-l;ing into accoirnt two possible \ypo'bheses:

(") Variable :iouïce material.

(b) Different-Lal settling of the clay ni-nerals due to

residence 'bine variation and enphasized by si-ze a¡d flocculation

di-fferences.

Tlt,: conclusion reachccl in th:is thcsis is that diff'e¡rential sett.Ling

ca,usecl priniarily by salinii;y changes a:rcì. secondly by size differences

resui-ie<l in the observed 'rr:r'l;j-ca1 a¡d lateral nineralogica-l variations.

(i) Correlations basicd on clay n-ineralogr, texbure, color, engineeririg

data, ¿md stratigraphic poi;ition resultecl in (Table t6) Unit t
being equ"ated to the lower p,art of the Rrenna Forrnation in North
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Da.lc-ota and the lor.¡er part of the l,Iickst (t:165) C"oy ar:cl McPhersonls

(19'70) Clay Unit in southern Marritoba. Urd.t 2 is eq;; valent to the

m-ic1dle and irpper part of the kerina, and ttre lower palt, of the

llherack For¡tation. fn southern Ma¡-itoba it. correspom.ls best to the

lrpper part otl the Clay Unit and part of the }4ud or lSrovm Unit.

Lhiit J is probably equ.Lvalent rnainly to the nicldle and rrpper part

ot' the Sherack in North Dakota a¡d the Mud llnit in souihern Manitoba.

(4) The glacial lr:Lstory arrived at in this thesis rvas based

ent;ireIy on the resulbs of the correlation. Basically, as the

l-¿r-be l^Jisconsinan ice re breated, Lake ;þassiz came into existence

¿rrc1 Uni'r, I a¡d possibly a part of Unit 2 were deposited about

1?1500 to 101000 years iì.P. There is evidence of a najor low

i+¿-ber phase about 10r50C to 101000 years B.P. Most of Unit 2 and

ijnj,t 3 were deposited a-f [er thi-s (101000 --pr000 yea¡.s B.p.). The

1a.1,:r: drainecl (-7r5O0 ye,?rs B.P.) after depositing silts and sands

ovcr '¿he offshore clays.

105



RIIFERE}]CES

Álexi-acì.es, G. 4., and Jaclisc.rn, M" L", 1965" fuantita.tive
Determina'r,ion of Ve::rn-icul-i'úe in Soi'l s: Soil Sci. Soc" Amer.
Proc. , v. 295 ç;, ,22-52]"

Andrer..rs¡ J. T. , Lg'lO. A C,eoärorphologi ca1 Study of Post-Glaci¿Ll
Uplift. Insì:itutc of tsr'itish Gco¡;raphers, l,oncìon, A56 p"

Azaroff, L. V" arcl Bueger', l'{" i.r 195S. The Por,xler l"'te-bhod in
X-Ray C-rysi,allog:r'apÌry" l"ícGra'ø-tiil-1 Book Co., lrjew Tork, AL p"

Balrer, C. ll., 1967. Geology and Groundr.rater Resources of Richl¿r¡d
Cou-nty, i'lorth Dalio-ba: l\Torth Dal<ota Geol. Surv. Eì111" 46,
po.rt l, r.t) p"

Barrna-b¡me, B. B", I97O. The Clays and. Sha-les of Ma:ritoba.
Ì4,:niioba },[ines Branch Pul¡U-ca'tion 67-L, 107 p.

Banna.byrre, B" 8., Zoltaí, S. C", and Teunplin, 1'{. J", L97O.
Annotai,ed Bibliography' of the Qu¿.ternar¡r in l4aniloba a:td
aCjaeer:r-i, Lalce Agassiz Region (inclr-rd'ìng Archeolcry of
l4r-n-i.boba): I,ianitoba ltlnes Branch Geol. Paper 2/7O, f)-12 p.

Bara.cos, A. a¡cl Bozozuk, Ì4. , L958" Seasonal Movements in Sorne

C¿rnad.ian Clays: Proc. 4Utr Inter. Conf . Soil l{ech. and
Iounclatioir fingiir. , p" Z6\-268"

Barsha.d, I.,1953. The Use of Sa1ted Pastes of Soil Coll-oicls for
X-Iì.ay r\ralysis: Clays and Clay Vt-inerals, v. 2, p" 2O9"2L7.

. , 7.960. X-Ray Ánalysi-s of Soil Coll.oids by a trrodi.fied
Sal-bed Pas'be l'lethocl: Clays a:rd Clay l4inerals, v" 7:
^ zrn =ll,P, ))w-)u1 o

Blra'Lt¿rcharya, ìtr. , 1962. l^/eathering of Glacial- Tills in Indíana,
I Clay ì4inerals: Geol. Soc. Amer. Bull-., v.'l'J, p. 1001-1020.

Blckley, 1,f. 8., Clayton, T,., ancì. Cvancar:a, A. M,,I97L. Seibold Site:
Comparison r+i bh Other Late Qua'Lel'nary Fossil Sj-'Les in itlorth
Dakota.: Iriorth Ðalcota. Acad" Sci. Proc., v" 24, part fI, p. 7349.

Bisca-;.e, P. E" , L9O)" Distinction Betr,¡een Kaolinite arrd Chloriie j-n
Recent Sedinen-bs by X-Ray Dlffracbi-on: Ámer. Md-ner., v" \9,
p. tz8t-ta89.

Clays in '¿lie Atlantic Ocean and Adjacen-b Seas and Oceans:
Geol. Scc. Amer. 8u11. , v, '16, p" B0l-8J2.

., 196r. Mj-neralo¡ry a-nd Sedimentation of Recent Deep Sea

t06



Bluerrl-e, J. P", 1967. Geolog¡ and Grormdrvater Resor.rces of Traill
County, l,lorbh Dakota: Nor bh D¿ûco'ua Geol. Surv. Eìr-11. Lv9 ,
par..b 1, 35 p"

Dakoi;a: liorth Da^liota Geol. Surv. 8u11. J'1, parL L,

kadley, l,^1. F., I95L¡. X-Ray Diffraction Criteria for the
Charac-i,erizatiorr of Chloriiic l4aterial i n Sediments: Clay
a:rcl Clay I'finera-ls: v. 2, p" 324-J3\.

Bri-nclley, G. IrI., ec1" , L95I" X-Ray ldentification and Crystal
Structures of Clay lulinerals. Mr-ineralogical So ", 336 p"

., L96!. Quanì;i-'r,a-tive Analysis of Clay Mixtuïes: in
X-Ray Idenb:ifica'Uion and Crystal Stri-r-ctures of Clay Minerals,
Bror,in, G., ed. Mineral-ogical Soc., London, p. 189-516.

Broolcs, R. 4., and Farrell, R, E. , a910 " The Lateraf- Dis-r,ribution
of Clay I'linerals in Lahes Pontchar''i,rain and Maurepas,
Louisiana: Jour. Sed. Petrn: vo 40, p. B>14'oS.

Brolil, G", ed., I96L" X-Ray lclentj-fica.tion and Crystaf- Stru.ctures
of Clay l4inerals" Ì'tinera.logical Soc., London, 543 p.

Ecorrorúc Geol. Repor-b /12)+, 228 p"

Brunton, G., 1955. Vapor Pressure Glycolation of Or'iented Clay
l4inerals: Amer" Miner.¡ r¡" 40: p. L2Lr--I26.

Bystrom-Asklimd, A. l"{., L966" Samp1e Cups and a Techn-ique for
Sidei.¡ard Packing of l{-Ray Diffractome'ber Specimens:
Amer. luliner", v. 5L, p. L233-1237.

Carz'ol, D., 1970" Clay }fi-nerals: A Guide to Their X-Ray
fdenbifi-cabi on: Geol. Soc. Xrner. Spec., Paper 126, B0 p.

Charron, J. E., L96I. GrounrLwater Resources of Plum Coulee Area,
l4a-nitob¿¿: Geol. Surv. Can., Paper 6O-22, Bl p.

Charron, J. E. , L962" Fresh-water ancl Sal-t l,later Boundary in the
Groundl+a'ber of Sou'bh-Central l4a:ritoba: Geol. Surv. Can",
Paper 6Z-1.l.

., 1973. Geology of l.lelson a-rrd Wal-sh Cowrties,

r07

North
68 p.

lrtanitoba: Geol. Surv. Can., 8u11. 98.
", 1,.961+. Groundl,ra'r,er Resources of the Fa.rurystelle Area,

Geol. Surv. C¿,n., Paper 64-23, l0 p.
., L965. Groundl+ater Resources of trvinnipeg Área, Ma¡-itoba:



Geol-. Sulv. Can., Paper' 66-6, i4 p.

Christiansen, E. A., L959. Glacial Geology- of the Sr+ift Current
Area, Sa.slcatche'r.¡an: Saslt" Dept. l"finera.l F€s., Report No. J2.

., L96O. Gcology- a:rd Grou-nr+a'¡er Resou-ï'ces of the
Qulþpelle A::ea, S¿slcatcher.¡a:r: Sask" Research Council,
Ge o1" Di rr. , Ììeport ì'lo. l-.

Coalrley, J. 1'. and Bea.l, G. S. , L972. SEDAN - A Coniputer Program
for Seclir,rcn-i; Pa::Licl-e-Size furalysis: Inland l^la-bers Bra:rch,
Dept" of the El'rviz'on:nent Report Serj-es l,lo. 20, Can.
Governnent.

Davies, J" F., Bannat¡me, B. 8., Barry, G. S., and. McCabe, H. R.,
L962. Geology ancl l4ineral- Resources of Ma¡ri-toba" Malitoba
Mines Branch Publica.tion, lBJ p.

Dreimanis , A., f962. Quantiia'r,ive Gasometric Determination of Calcite
anC Dolonite by Using Clúttick Apparatus: Jour" Sed. Petr.,
v. 32, p. 520-529.

Droste, J. B", L956. Âlterai;ion of Clay lr{inerals by l,leathering
in l,fisconsin Tíl-ls: C-eol. Soc. Ämer. 8u11., v. 67, p. 9lt-918"

EhrJ-ich, l'/. Â., Rice, ll. 1{., and Ellis, J. Il., L955. fnfluence of
the Conposition of Pareni }4a-r,erial-s on Soil Formatj-on in
Meni-l,oba: Can" i'or1r" Agr" Sci", v. 35, p. 407-\Zf .

Ellis, J. lI", and Shafer, I,'I. H., L9\3" Reporl, of Reconnaissance
Soil Slrrvey of South Cenbral. Maniioba: Manltoba Soil Survey
Repor:.b lilo. 4, 146 p"

Elson, J. -h" , L957. LaJ<e Agassiz and the Madcato-Valders Problem:
S':i " ¡ ..t. 1,26, P. 999-IOO2.

., L96I. Soils of i;he Lake Agassiz Region: in Soils of
Canad.a: Geological, Pedological a:rd Engineering Stuclies,
Ro;'¿1 Soc. Can" Spec. Publ. No. J: p" 5L-79"

., L967. G¡'ounr.¡ate:: Resoulces of Steinbach Ärea, Manitc¡ba:

108

of the Pleistocene and. Arctic, .r. 2, llo. 2.
. , 1962. llistory of Glacial Lalie Agassiz: Problems

F'enton, M. 14" , L97O. The Pleistocene Stratlgrapl¡r and S\rrficial
Geo]-og' of 'bhe Ass'ìniboine River to Lake Manitoba Area,
lvf¡niboba: Unpr-ib" l4sc. Thesis, Univ. of l4anj-toba, Earth
Science Depb.

LI. J",
No. 1,

f966" Geology of Glacial- Lake Agassiz: g1 }fayer-Oakes,
ed., Lard, Life ¿md lliater, Univ. of Matri-toba Press,-- ^/p. )(-Yo.



irenton, ì4. l"f ., and. lndcrson, D. T. , I97L" Pl,eistocene Stratigraphy
of the Portage la l'ra.irie Area, l,fani-toba: Geol . Soc" Can.,
S,oec. Iraper 9, p. 4I-276

Folk, R" L" , 1968. Petrolo6gr of Sedimentary Rocks, llemphills,
Ausiin, Tex¿us.

I'oth, ll. D., and Jacobs, iI. 5., 1959" Lerboratory- I,{a:rual for
IntrocLuctory Soil Science. r,^1. C. Brol¡n Co., Dublrque,
fowa, 101 p.

Gibbs, R. J " , L965. Ez'::or di-re to Segregation in Quantitative Clay
l'tinerai X-Ray Diffraction l'{owrt-ing TecÌrniques: Ämer. lvliner.,

r^ .- z)'r aE1v3 ),J: l. [-iL-l)L.

. , L967. Quan-i,:Ltative X-Ra¡' Di-ffrac'cion Analysis Using
Clay l4ineral Sta:rc-lards Erbracted from the Samples to be
&ra1.yzed: CIay l.{inera}s, v" 7 ¡ p. 79-90.

Analysis: A Discr-r.ssion: J-our. Sed" Pe-b. , v" 38, p. 2\.2-21+\.

Gjcms, O., !967, Studies on Clay l4ì-nerals a:rd Clay }4ineral I'ormation
in Sc¿urdina-'¡j-a: Reports of tlie Non+egian Forest Research
Inst'itu.[,e, ]itr Bl, Bind 21, ]lef b it: p. JO4-irlI¡.

Grim, R, E. , L968. C1a;' Ili-nere.lory, 2nc1 ed. l"fcGrar,¡-Hj-11- Book
Comparry, i'Jer.r York, 579 p"

Hansen, E. E., md FrüÌl1€, J. , Lg]O. Geolog¡ and Groundr.¡ater Resources
of Gra-rrd !-orhs Cou:iiy: I'lorth Da_kota: North Dakota Geol.
Slrrv. lìr11. Jj, parL L, 76 p"

Flarris, K. I(., ÞIoran, S. R", md Clayton, L., in press. Stra-bigraphic
Subdi-v-ision of the Coleharbor Fomation (Qua.'bernary) in the
Grand Forlcs Area, No:'th Dako'ba and Minneso'ba: North Dako-ba
Geol . Srrrv"

Ilari.rard, M. E. and Theisen, A" A", L962. Problems in Clay l4lneral
Identifica-blon by X-Ray Dj-ffr¿Lction: Proc. Soil Sci. Soc.
lrrner. , v. 26, p. 33r-34L.

Hari+irrd, M" E., Theisen, Â. 4., and Evens, D. D., L962. Effect
of Iron Rcmoval- anrl Dispersion l4ethods on Clay l.finerat
Identificatiori by X-Ray Diffra.ction: Proc. Soil Sci. Soc.
Aner., v. 26, p. 515-5trt.

I'laslrimoto, 1., and Jackson, 1"1. t", 1960. Rapid Dissolution of
Allophlure a:rd Kao-l-inite-Hall-oysite af ber Dellyclration: proc.
Ith Conf" Clays and Clay Minerals, Pergamon Press, p. 102-113.

", Clay lfi-neral- l'Íor-rnting '¡sçþ¡iques for X-Ray Diffraction

r09



lla-tha-'.¡ay: J. C., a.nd Carroll, 0., 19511. Distribution of Clay
I'tlneral-s and lon iùichange Capaci-by in Sone Seclimentary
Materi¡-ls: ín Si.rineford , A. , a:lC Plrr¡uter, }'l . , eds. ,
Clays indl C1.a;'r I'lineraJ-s. ],lation¿1l Acad. Sci. Natio¡al
Res. Coulcit PubU,c¿rì;ion jZ|, p. Zdt-46.

I{esse, P. R. , L97I. h iextbook of Soil Chenical Analy'sis. John
I'furray Ltd", London, 520 p

Jackson, Ì,f. L., 196\. Soil Clay Mineralogicaf- Änalysis, il
Rich C. I. , a,.;nd Kunze, G" W. , eds " Soj I Cl ay l"lineralog¡',
lInir,'. of I'iorbh C¡rolj.aa P::ess, Chapel 11i11, 320 p,

Jackson, Ì,1. L., Tyler, S.4., 1,,1i11is, A. L., Boureau, G. A. a:rd.

l'enning-t,on, R. 0., l9)rB. i'leathesing Sequence in Clay Sized
l4inerals i n Soil.s and Sed.inen't,s - I lìrnctamen-bals Generalizations:
Jou-r. Pi¡ys. and Colloid Chem., v" 52, p. :.237-l..262.

Jacobs, l'{. B., L97O " Clay }4lneral fnrrss-bi*.tions of Cretaceous and
Qua'bernary Deep Sea Sedinents of ì;he Nor'uh A-bl¿urtic Basin:
Jour. Secl" Pe.tr., v. \0, p, 864-868"

Jacobs, Ìt{. 8., a-rrd Ha;.s, J. D", L972. Pa^l"eo{hma'r,ic Events
Indícated by l,Llneralogì-cal Cha:rges in Deep Sea Sediments:
Jorir. Sec1. Petr., v" )+2, p" EBg-8g8.

Jacobs, Il. S., Reed, F,. 1"1., Thien, S" J", and lrliihee, L. W., eds.,
L9lI. Soil- Laboratory Exercise Source Book. ,Arner. Soc. of
Agronomy, lvladisonr Wi-sc. , l-26 p.

Jarvis, N. L., Dragsd-orf, Iì.. 0., and El-lis, R. J., L957.
Qrrantitati.¡e Deterrrina'i,ion of Cl-ay Mineral Mirbr.rres by
X-Ray Dií:f¡¿."¡1otrt Proc" Soil Sci. Soc. j¡rero, v. 2L,

^e- ^a^p. ¿>l-¿ou.

Johns, 1^1. D", Grim, R" E", a¡d Bradley, hl. I'., L95Lf. Quantitative
Esbirna'bions of Cl-ay l,linerals by Diffrac'r,ion }4ethods: Jour.
Sed. Petr., v. 2\, p" 2\2-252.

Johnston, 1,I. 4., l-915. Rainy River Ðistrict¡ Onia::io, S\-rrficial
Geo-logr ¿rnd. Soils: Geol. Srirv" Can., ì4en. 82.

., 1916" The Genesis of Lake Agassiz: A Confirmaiion:
Jour, Geol., v. 2\, p, 625-618"

110

a¡d Adjacen'b Parts of Ontario,
v" 28, p. :-45-148.

,, L9I7 " Records cf Lake

Ma-nitoba; Fleis'bocene and
Can. I,len. -128.

, t I9Z_. l,,,lirinipegosis

Agassiz j-n Southeastern Maniboba
Canada: Geol. Soc. 3mer. BrìJ_l.,

and Upper ]¡J'rr-itenouth Rivers Area
Recent Deposi-ts: Geol. Snrv.



., L93Lr. S;rface Deirosits a¡rd Grouncl'r¡rber fupply of bhe

Wit-i¡;eg l4ap Area, Ma¡ritoba: GeoI. Surv. Can. Mem. 114.

t4ode oil Deformati-on of the Beaches: Geol . Surv. Can. BLlll' 7.

ll,i.nter, E. 8., ancl Diamond, 5., 1956. A new Met,lrod for Preparation
a:rd Tr'ea.tments of Oriented-Aggregate Spe,r.ìrnens of Soil Clays
for X-lìay Diffraction Ánalysi-s: flcil Sc-i.¡ v. 81, p. 111-120.

I0assen, R. 1,1., lrfyder, J. E., and Ba¡naty'ne, B. D.t 1970. Bedrock
Topog:'a.phy a¡d Geolory of Southern Manitob'r: Geo1. Surv.
Can., l)aper 7O-5L.

I{lausing, R. I.,. , 1968. Geolory arrd Groundwater lìiì)sources of Cass
Count¡, ìlorth Dakota: North Dakota Geo1. i:urv. Br111. 47,
part 1, J9 p.

I(lug, ll. P., amcl Alexanderrl. E. , I95\. .X-Ray Di,.t'eraction
Procedures. John Wiley & Sons, Intl., ¡sç lrtrk¡ '116 p.

Kodama, H., ancl Brydon, J. E. , 1965. Interstratil:,-ed Montmorillonite-
Mica CJ-rys from STbsoils of the Pr¿ririe Pro''.inces, l,rlestern
Canada: Proc. lJth Conf. Clays and Clay Mileral.s, Pergamon Presl;.

Krone, R. B., 1962" Flume Studies of the Transport, of Sediments in
Estuarial Shoaling Processes: Univ. of Ca1-i-:lornia Hydraulic
and. San:ltruy Engineering iìeport, 110 p.

Kushnir, D. l,I. , I97I. Sedlments of the South Basin of Lake l,tinnipeg:
Unpub" l4sc. Thesis, Earth Sci. Dept. Univ. of Ma¡ritobat )2 p.

Laird, 1^1. M. , T96\. The Problem of Lake .Agassiz: North Dal<ota
Aca.d. Sci., v. 18, p. 114-U4.

Leverette, F., T9I2. Glacial- Investi-gations in Minnc;sota in 1p11:
Geol. Soc. .Aner. Bu-11, v. 2J, p, 732435,

MacEwan, D. M. C.,1949. Some Notes on the Recording't and fnterpretation
of X-Ray Diagrams of Soil Clays: Jour. Soil Sci.¡ v. 1r p. 90-1C-j.

., L95I. X-Ray ldentification a:rd Stzucturr¡ of Clay l4inerals.
Lonclon, ?+Z p.

Marel, H. 1,ü. van der, L966. Quantitative Analysis of Clay Minerals
a¡d Their l.dmi>rtures: Cont. Mineralory and. Pebro1ory, v. 12,
p. 96-t38.

.llayer-Oa-hes, lni. J., 196'1. Life, Lanci and llater: Univ. Manitoba Press,
Occ. Papers, Dept. Anthropolo6ry, Uni.v. Ma¡-itoba, Wiruripeg, 414 p.

)icA-uee, J. L. , 1916. Modified Sample Holder for the I'lorelco Rotating
Speciuren Device: Áner. Miner., v. l+1, p. 942-944.

., 19l+6. Glacial La1"e Agassiz with S¡'r:ciaJ. Reference to the

111



McPhersorì, F.. 4., 1968. Pleistocene Str¿il,igraph)- of the l.Iinnipe;r1
Ilivr:r: jn 'bhe Pine Falls-,S()ven Sist:rs Fal-l;r Area, Manitobir.:
Lhri:ub. ìvlsc. Thesis, Dept. of Earth Sci., Ih iv. of Manitob:r,/ôu p.
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ROUTTNE PIìOCEDÌTi)ü FOR TIIE PP'OCESSIÌ']G /U'TD IDENTIFICÄTIO}I OF CLAY
lÍIÌ'iEiìir],S Ii',T LAIü AGASSIZ O.iî]TSIIORE SBDII4ENTS

corrnurric¿r'tion. ) '

The grain size distribu-b:ion rvas de'cerrni-necl for materiaf of the

fj-nerbhan sencl size fractiou for 216 sarrrples of offshore Lalce Agassiz

seci.inent from southern ivlanitoba. Samp'ìes lrere mainl-y derived fron

a.uger a:rd rotary dril1 holes, bui several shallolrr near-surface

sa:nples r¿ere also analyzed" In the ca.se of arlger a.rrd surface

sa-mples, a-br.ien1,y gram portion'i;o be anal-yzed r,ras taken d.irectl-y

fron 'i,he field sanple. Bes-L resi-rlts f.iere ob'rlained if the fiel-d

samples hacl noi, been allor,red- to clry.

Chip sanples from rotary drilling reqr-r-ired nor:e ca.reful pretreat-

ment" If possible, a chi-ip approximately tr.¡o inches square Lras sel-ected

fron the fielcl sanpl-e. This piece, usually d.ry, was thorou.ghly r.¡ashed

and rrtrimmedrt to eli¡'dnate contanination from dril.lers nrud and.

surface accumul-aij-ons. Trinming consis'l,ed of cu-b-bing or scraping ar.lay

an approxlmately one-half inch layer from the surface of the chip. The

resuJ-ting piece r,¡as then used for further processirrg as follows:

1. Air ch'y a 20 I por'ti on of the field sa:nple. Generally

this poriion is cub in'bo numerous sma-Ìl pieces and placed in a

clust free cabine-,,. Drying is completecl in \B to J2 hours.

2. Place a r+eighed a¡ioun.b(12--17 S) of 'bhc sample into a lOO nú

bea.l'rer or fl-asl< a-nd ¿rcld aborr-'I, 20 nl Calgon solu-bj-on (for this study the

cal-gorr solu1,ion r.¡as made up of J g calgon pelî l liter distilled water)"

Slight clisaggregation r,rith rnorbar ¿Lnd pestil greatly aicls in the dispersion

rr6
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process;hot+ever,caremtrstbeta]cennottobreak-d.or"nrarrycoa.Iselûa-te]Îial

in the sunplc. .Al-1or¡ the sample to set overniglrt.

3, Wet siei¡e the sl-rrry-bhrough a A)2,(+,o þ) sieve using less

t,hal l liter of Calgon solution. Retain both por:tions of the salrple.

Transfer aJ-l coa-rser th¿rn l+.0 Q material (sand) into an eva.porating

cìish, dry ancl l"iei-gh.

I1.. Transfer the finer"than 4.0 f raa.teria-L in't,o a I-OOO nù graclua.bed

cyli¡cler, add Calgon solu1;i on to bring the volume to exacily I liter,

s'bir, ancl lei; s i:and for ai; least 12 hours to see if any flocculation

occlrl.s" Tf flocculabion cloes occur var'-y the amount of Calgon in the

cylincier. fn 'bhis stuciy fess -bhan one percent of the samples analyzed

shor¡ed. any flocculation.

5. Sti:: the soli,r'uion and i¡itlrclrar¡ r^rj-th a pipette

follor+ing -bimes and cLep-r,Ìrs (Fol-lc, 1968):

tirnes of wi'bhdrar+al de¡'th (crn)

20 seconcls 20
I rninu-be, )+5 s"". 20
I rn-inu'be, Il'5 sec. (-thrs 10
and each successive time

117

is af't er ¿I second
stirring. )
3 nin., 28 sec. l-O 5..5
6 n-in., 58 sec. 10 6.0
eB ruin. 10 -l-O

I hor.r", )l nLin" 10 B.O
^ì? hr", 2)+ rc-in" 10 9.O

1\ hr", !O lún" 5 10.0

To give a bet'bez' approximation of ihe cnnulative cur"ve 11 phi and 12

phi iniervals i^¡ere tahen for sixteen samples. The tines and depths

are as follor¡s: 1l phi - )! hours, 20 mj-nutes at I cm; J-2 ph;i -

l-18 hours, 2l minutes at 2.! cn'r.

6. Place'r,he tr+enty rnJ- sample into er pre-iveighed. )0 ml- bealcer.

Wash the pipet t e once t,'ith distil-led water adding the liquid to the

20 il-l ai -r,he

phi value

)rn
4.5
5.o



!O nü- bccJ.,cr" Eva.porate 'bo dryrress in an oven at less than

9OoC, r;cigh a.ntl obtaj.n the ne1, r.reighi; of the sample.

7. CaJ-culate thc total r^reight of the secliment in the cylinder,

the r.'eight of each size fracti on: and the cu¡núative percent accord.i.ng

to the fol] oi.¡ing:

F ='r,oLa*L 1..ei-gÌiL of' sediltcn'b in cyl-inder

= (i+eight oí' \.0 Q fraction - O"O6)X 50

Curnula'tive /" coarser for a pa.rticular Size fraction * IOO (S -r- F - P)
S+ !'

r,rhere S=r,¡eigh't of sand;

P=',(weight of parii-cula¡'size interval - 0"06) X 50

B. Plot a cumulati-¡¡e currve" Folk (1968) con'tencls that if

there is stj-l-l a la-L:ge amount of sedirnent fiuer tha:r the last

pí"-ette inierr¡al: as is the case r^ri'bh nost of the La-ke Agassiz

sed.imen-bs,'r,he cu¡ttl-ati.¡e cu.Tve past 10 phi carr be approrinated by

ex'cencling a sbrai-gir-u line from'bhc curve to 14 phi ab LOO%. Th-is

v¡as substa¡tiabed by e:çerirnen'u (Fig. A-I).

9" Compute the graphic nean, startdard deviation, skeurress and

kultosir-s.

l4i-neraloeri cal- Anal--,.si s
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10. At the sa,me time tha'¿the 20 nl of 9 and 10 ptr-i size fractions

are being taken, rvithclrar^r a 6O nt sample and. pl¿Lce in a 12) ml (four

ou:Ìce ) poi-yethelene r¡ater bottle for storage .

ll-. l4a-l<e an orj-entecl clay mount by one of the follor.ríng mebhods:

Pipette-on-glass slide (aqueous media.) techniçre

(") Thoror-rgirl-y agitate bottl-e conia-in-ing sarnple. Be

sure a'11 clay materj-al is corlpletely disaggregated.

and. in suspension. Best resu-l--bs r¡ere obbained using



z

d

ù
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Fig. A-1. Cumulatlve Cur"I.¡e of Samtpl-e ÌlA-1.
Sirbeen saJtlples l,Iere anal-yzed for the additional 11 phi
arrd 12 phi sizes to subste.n.t,iate Folkts (f-g68) suggestion
for crunula-bi ve cu::ve apÞrorinta.bi-on. All samples fell
within four percent of the approxination line up to 12 plr.i.
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a nechanical test tube shaker.

Using an eyedropper place 12 'Lo 2l d.rops (approxina'Lely

one to tr.¡o ro1) on a -frosted. petrograph,-ic slide.

Air d.ry the slides in a dust free cabinet, mal<i-ng

sure they are rcs-bing horizontally. Drying is

cornpleted in B to 1.2 hours. Erperiments shor¡ed

-bhat the sli-cle ca¡ be pfaced on a wa.r:m (less than

)¡5oc) hot plate or oven to speecl the evaporation

process '"ri-bh no apparent effect on the resulting

diffrac'l,ogra^rn.

b)

(")

Pipette-on-glass sl-ide (ace't,one nedia) tech-nique.

(a) Proceecl a.s in (a) above.

(b) Concentrate the solution by pla-cing approximately

jJ rú- in a 'l,en cm centrifu-ge test tube and centrifuge

for JO to It5 nr-inutes. Decant off all of the clear

superna.te liqtdd. Add 5 to 1.0 ml of acetone to the

resid.ue in bhe test 'bube, agitate, and, using an eye-

dropper, place 12 -bo 24 drops of solution on a frosted

petrograph-ic slicle. Although it is conceivable

tha.t -bh-is centrifr:ging aad concentrat-ì on step could

be a source of possible error through selective settling,

e:uperiments shor.¡ed there rlas very l-ittle difference,

betr+een a concentrated solution diffractogram and a

non-centrifuged one. .L1so experiments shot¿ed that

placing the slides on a '"rarm (greater than 4OoC) su¡face

caused cracking a.nd cnrling of the cla.y film.
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Pipdt'Ue-on-glass-s-l i.de (al-cohol rnedia) teclrniquc.
I

I

| Ì'roceecl as a-bo¡¡e (acetone rnecli-a) except ¿rdd five to

I ten dL alcoliol instead of acetone.

i

-LSnear-on-glass sl-ide tecluric,ue (Cilbs, 1965),
i

i t") Thoroughl.y agita'Le bol,tle contairúng sa:nple as
I

j-n the pipe't,-i:,e ne'i;hcds.
i

i (¡) Concen.brate the solution by placing thirty-five

rnl of soluii on in a cen-t,rifuge test 1,ube and

ì

i centrifuge )-10 mi-rrubes. Decant all bu-t i;cn ml-
I

i of the solu-tíon a¡C agitate.

. (c) Pl-ace 1he ten ml in a smaJ-J rvatch glass and
i

:

i "taporate 
u:riil -bhe solution f'orns a thick paste.

T2T

Th-is usr.r-a.lly bakes eighteen to tr.lenty-fot'-r hours.

Erperinen-l,s shor,¡ed thal; i,Ïrere liâs no effect on -bhe

i ""su1bing 
cliffractogram if the watch glass was

i ntaced in a r./aïïr oven (1ess i:harr 5ooc) to speecl

i ane ev¿rpolîa.'bj-on proceös. However, care musi be talcen

l

I Lo preven-b the paste fron beco:n-ing completely
I

i de\ydrated.
I

(d) Using a small plastic spatula (or knife) spread the
i

i "tay pas-be across a frosted. slide in a thin, even

l -rr¡^r¿urt vr ô
I

I

i

I (") Drying is completed in seven to fowteen hours.
I

I

i

Suc-.j-on-on-ceranuic-i,il-e teclrrrique (Kinter and Di¿rmond,, I)J6) "

Fcllov (a) and. (b) as in the pipette - aqueouír media

procedure, except irr this nethod a porous cera¡Lic tile



should be used in place of a petrographic slide. For

this siudy the prescri-bed ceraruic tile was not readily

av¿il-able so a ser'li-porous r-mglazed piece of pot-bery

(ttflol.rer potrr cera-riic) r,ras used. The pieces had to be

cu-t, ancl grou::d to i;he appropriate size a:rd thickness of

a pe'uz'ographic sl ide. Álso, a larger a:ilor-.m.t of clay

sol-u-iion (three to fi¡¡e mJ-) is needecl to develop an

adeqr,rate sl-ide. The solution is placed on the porous

cera¡nic slide and suctj-on is apolied to the u:rdersid.e of

it using a rubber tube connec'bed -ro a vacuum system. The

process is cotpleted. l+ithin fifteen to ttventy núnubes

depending on the degree of porosi'r,y and th-iclcress of

the slide.

ilz. Irlace one of 'che prepared sl1c1es in 'a clesicca1,or or

o-ther large sealed container r,,rith about 100 nJ. of ethylene glycol

(Bru:rton, A955). By constructirrg several carcLboard sta.ges, the

des:Lcca.tor is capable of holding up l,o 100 slid.es. Al-l-or+ the slide

to remain in the satura.ted. enrrironment for ai least 48 hou.rs.

13, l'{alce a d.iffrac'r,ogra"rn of each glycol-atecl sample. Ì(eep

sh-des in the clesiccator until required. Begin interpretation of

ttie diffractogram by labeling and. rneasuring trtajor peaks (See terb).

14. llea-i another slicle in a ¡iuffle furnac e aI' J'/JOC for one

hour' (CarrolJ-, 1970). Thc sba:id¿Lrcl rnuffle fi-rrnace can accomodate

up -bo thirty slides at once. Diffractograms should. be obi;ained

flon sl1des r.riihin tr+ont.v-four hcnrs after Lreating becau.se of

possible re-?¡:d¡¿l,ioir (r¡s1 der Þlarel t L966).
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labeling

15. Bcgin interpretation

-bhe rna j cr pe alr s .

of 1he diffractograrns by measr"rring and

J.23



APPEI{DTX B

PROCEDUIìB FOR DETE}ì],ÍII.IING CI,ICITE A]'{D DOLO}IITE CONTET\JT BY EVOLUTION

O¡' CO2 (Dreinrards, L)62; nodified by Teller')

(Sce Fig" B-r)

1. Grj-ncl a-nd sieve sarnple through 200 mesh sieve"

2. To fl-ask I ad-d exactly 1 gram of sample that has passed through
sieve "

3. Add exactly 20 rnl 2:l- HCl to fr-lrrnel- C.

4. Insert stopper F, ancl -,,hermomeier B, malcing s¿re aJ-l joinS
are llressuÍe 'r,ighb (clo nob r-rse stop-cock grease on rubber
stoppers). i',iahe sure that valve E is in open position.

5 " Equal-ize l¡ater level-s using flask II ancl record an initial
read.ing on buret D"

6 " Recorcl iniiial temperature rea.cling anC the room barometric
prcssr],re

1. Turn on magneti-c stirrer A, open stop-cock on funnel c a¡d,

sta::t tirLer"

B" Take reaciings of r'rater ler¡el in buret D after leveling r'rith
tþe r¿a'ber in !1, every ! seconds for bhe first rn-inute a¡d er¡ery
lO soconcls for the secoriC, rn-inu'r,c. After 45 ninutes -talce a final
tempora,;ure r.ea-cl-ing and a final- ba.rometer reading" Note: do
no.i, replace l_er¡eling fl ask to i-bs original eleva'i,ed position
aftcr experineni has sta¡tec1.

g. plo'¿ the nl values reail from the graduatecl buret D versus
the t;ine ai i,¡hich they r^rere read.

10. Detennine the aärount of C02 gas derived from cai-cite and the
atnoun-ì, fron clolorn-L-be by e:<ÏrapolaÌ,ing from the break in^the
cuï.ve (s"e tiel B:ãj,-"Cãr.o""t t"rp"rro1ure rea.clings to oK.

11. Calcr,rla'ce ì,he percen'b calcite in sanrple r-ising:
fr Calci'be = volufle of C02 gas derived. frorn cal-cite X

27v?K X LnI--lia]-prssËyr-e. X nol-ecu-l-a'r r're-rqht of cirlçit
%0"- @e 

-- cc gas frorn 1 nrole calcite

x loo = (catiiol) x (o .3192 H) t (0.00447) x (l-00)
-La

:= (Calvol) l( (o.16o6) X lp, \\:J /
m
-t_
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12. Calculat,e the pe::cent cÌolom-ite in sample using:
/" Dolorri'Le = (volu;ite of C02 derived f'ron dolomite) X

nf\ x lþg.r-!re¡,.g!,åç- x
760rr¡r I'inal 'i;enperaiure

X 100 = (lo:.vot-) x (0.3592) X

:= (lotvot) ì{ (0.116) x ll¡'
Tg

Note: for bot,h calcul¿..i;ions iemperature reaclings should be
in d.egrees l(elvin, balonetric pre$sure readings in lm of
mel:c ]ry 

"

l'{o.l-ecul¿r r.¡ci¡iirt of dol c.rn-ibc

cc gas fron I rrlole of dolonite

lr
'I

x (0.00412) x (r-oo)

L27



APPEI']DIX C

SOIL ],iEClUrl'lICS PFOCEDURÍS
(modified from Foth anC Jacobs, L959: and Jacobs, et al, J_97l-)

P]astic lini'c -- a rneasure of ihe bound.a-l')' be-i;i"¡een the pla.stic
solid staie a.nd -bhe friable solici state.

1. Place 150 to 200 g c1riecl sarnlrle in beaher ancl mix
thoroughly r,.ritli d.isl,illeil l;¿r-rüer to the consistency of
a verJ bldck pes'üe,

2. Roll a porbion of the sample appro:cimately the size of a
$ i-nch ãube oir a sheet of- g1.asã-plat,e to recluce the 'ç¡ater
conient. Rol-l the p:Lece into a -threacl 1/B inch in d.iameter,
then folcl into a tldcker thread and roll again. Repeat
tir-ls process u-n'i;il the threads start to cn;mble dr.ring the
rolling opeL:a-Lion.

3. Irrrnecliatel-y place the cru¡rbJ-ed sample in a small dish a.''d
r^reigh to 0.0C.1 g.

4" Dry the sample in a lO)oC oven for at least 4 hours"

5" lìernove from oven, al1.or+ to cool and r,leigh to 0.001 g.

6, Ca] cul-a,r,e the r+a'ber content in percen't, dry weight from
the ratio of 'r¿he çeight of 'uhe rn/ater remor¡ed by cì.rying
to the \,ieight of the dry sanrple. .

Natura-l- r.¡ater con'bent

1. l'la.ce 20 to )0 g of alr dried and weighed semçle i.n
eva.porating d-ish.

Hea'u sample at lojoC for at feast 12 horrrs.

Remove from oven, all-orv to cool zurd rveigh to 0.001 g"

Cal-ci-r-laLe the r+ater content in percent dry l^leigh',, from the
ratio of the r.reight of the rrater removed by drying to the
r,leight of the clry sample.

)
-7

l-r
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APPtr}IDIX D

QLTANTTTATTVE VALIIES rOR I,nTF,ODOLOGY C0I"'PA-RIS0N

Sampl-e Hìì-2
IIl l'{ont Kt C

Sa:rrple i{B-)+
I11 l4ont Kr C

Thickness vaz'iation
7mg'lE mo*/ "'ó

20 ng'
J0 ¡rg

mea-n
a)

Mounì;ing varia-ti on
Aqueous media-nipette
Acetcne nedia-pipette
Smear
Suct,ion
lnean

Computing varia-tion
dìrect comp. - height
direct comp. - area
r"reighted - height
r,reighted - area
mean

)a ILcl 7a
t,/ jv

rO
JO )¿ ¿-)
)a ),Lo 71

t ,/ r/L

?)_ 52 29
20 50 30
-/ t./

"JD .¿iO .21

)1 )rn ZoJ)

^A 
),a =11V -t¿ JU
l.¡¿L +¿ )t

20 Ir4 36ì.^)tl Lt-) \/

t 6, LtA cìqo rv c,/)

ZN
aO
¿(-)
aô

¿ö
¿l
¿l)

.to

aô 
-/ -/¿o )o )o

3L 3L 38
)u )¿ )t

-^)L )t tÕ
30 32 37
Lr f^R ol. r: ../L

20 \z 3618 60 2L
z1 LC )1
J*to 3L 29
29 \6 27

2.9 3.5 2.L

¿-+

3o
Jb
)o

2,9

2r1 77
)l ))-/ -/)o )o-/)) )cz'7 ¡LJI J I

2-7 ZF
JI J)
oo IL)-Lo././

-/ -/jo to)+6 22
),- -a'TI ¿)
2 /\ 7.1)1 )r-
)-Lr )a4rt

2.! L.9

20 Ir2 3624 37 372r \6 3t_\¿9 Jo J+
t7 )rn 7q

1,1 t.6 r,2

Se.u,ple HB-6
il-l Mont i{'j C

rO -^ ^^JO )1 ¿>
)a z)r zÁ1,/ )t jv
.lal )rr îE<7 ''f ) c:)
)c Lr ?n1,/ Jv
¡/ l, -,)11 L-'\ 1l IIJ JV

ll.\lLLl/, L.J

lR q) ro
/e L,/¡ôIO

7- 7^ 7^)l )v )¿
-Õ 

a/ 
-/i)o ¿Õ Jo

29 44 32
3.3 6.0 1.1

I11 - percent Illite group
Moni = percent lvionimori l-lonite group
KtC : pêrcen'u Kaolinite plus Chlorite group ts

l'\)\o



APPBIiIDIX B

VARIATIOI'J OF Ì\JON_CLÀY I4I}TEfuii,S T}I S¡]D].I'IEÌITS
TRO}4 1'TM CEÌ'{TR-{L LAJ{II ÀGASSI Z B"iISTi.iI

Quar-bz e.nd. felcLsl,.ar conten1, r.+a.s er¡alua.teC by interpretation of
X-ray diffraciion.

Calciie and clolonúte coni,ent r^¡as evalua.tecl using a modified. CÌú'i;bich
apparatu-s (Anpeirdi:': B). Valucs irith an a.sterisk (;t) indicate
labora'i,oz1'I'¡orh äone by Dr. J. Tel-ler"

The lebiers VS, S, Ì4, ld repr:esent Very Sirong, S'brong, l'{odera-i;e
¿urcl t,Ieek a-nc1 r'eÍler to bhe rel-ative sireng'ch of the parti-cula::
pea-l: on the X-rer.y diffractogrem. Noie hor¡ever thal due in part
to 'bhe differences in cliffraciing pouer of the varj-ous minerals,
'r,he streirgths do not represent the relal,ive abundance of each
rrr-ineral .

A d¿Lsh (-) indicates no pealc present. A blanlç indj.ca-r,es no
i nte.r:pre-bation r+a.s a'bternp'uecl.
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APPN{DIX F

RESLiLTS OF TEXTUR/iL ÁÌ'{D CLAY I,trI{T]RÀT,OGICAL A}.IÁIYSES

An as'berisk (;t) indicaies almost al-l- of the ¡¡a-lue j.s due to kaolinite.

Tho amou:rt of illite, monimorillonite and kaolini'¿e and chlorite
is gi.re ir in 1;crcentages"

ly't inaicatesthe nontmorillorúte :il-lite ratio.

Crystallinity of nontmoril-l-onite - 0 : very poorl_y crys-t atline
1 : very highl-y crystalline

unit designa-b-i ons are based on the au-thorl s ínterpretation of all
criteri-a studled.

A qu-estion malk (?) refers to doubifuf- val-ue or unit designa.tion.

Loca-t-i ons a:rd lithologic descrip-bions are given in Appendix G
(See also Fj.g. j)"

A bladr space indica't es 'r,hat bhe dat,a r+as not available"
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L3
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7
B
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Sarnple I11

t^lTì-29-1. il-C

459
r r )'
)La
-aElé)
910

10 22
11 3L
12 2L

tfF.-J0*1 3l-
z .tlt) é-'r

7 1-7

10 Lg
13 4g

l'lont K & C

3o
I6
c)o

¿)
6c
b1
af¿t)
)+,

Ir6
5c)

59/Õoo
3L

3C:t
1)

¿v^
50;r
_)u"-
r /,'
LC-)i

zJr-;r

ljtt

!l

^ì..,l-f "
I 'lìi

¿u,.

rf/r

,7
.¿

L"tr. t

I
5
)'7

2.1

1,i1ì-11-l
3
2
l

10
13

IJR*12-r
3
7

10
14

1,,tR-33-r

Crys Sand Sitt Clay Unit
Mont

.4 TR
amn

. J- 1r¡.
Omn

"(_) 1r[
7mD

" ) I lL

) tt

.7 TR

.1 Iô^.O ¿

MD
-1ft
1
t-rt
0
TR

1
rì
I

TR
1
TR

1
0
mñ1.n
MD1rì"

TR

7
_)

¿.4
12Ll

20
)¿
-¡ÕJo

¿c
n
¿l)
7.-\

a/-

>¿ ¿O'i
72 11*
6g 11)i
I c) hq;i

¡1..,
) ( ¿Lli:

7^ z)-r.;i
JV JI

68 3I;t
59 2L)!
38 3c;t

4g J4;+

2
1tr-. )zl,).'r
t.o

.o

2.'
I'z

J.)

"o
o

29 7r
52 4820 Bo
2Lr 764z 5il\96
o orì
./ )v

989
16 84
2L 7918 BE

7 0'7J ./tB9r

140

Lt

3
3
¿-

¿
ôI
I
)2

3
¿
2
2
I

o.O

7Z

to
r"2

lol

B

L3
l-l_
20

9

^at¿Õ

T2
17

c)

13

3L

9r
Bt
Bg
Bo
9o

7r
BB
oJ
9L
ö(

66

¿
I-
¿
l
I

3
ca

¿
¿
I



The follor.drig
Dr. J. lel-lcr. Thc
firs-b ccr-.'r'c sÌ:ondi ng
is loca.tecL J-n, ihe
on i;hat, slieet,

llole ltio.

APPFITD]X G

DRILL }IOLE I,OGS

are l-ogs of holes dril-l-ec1 and cLescribecl by
holes are ic'lentifjed bi'tt.¡o l-e-L;tcrs: tlie
bo l,ire lc'i;ter of the 1.:2JO,000 map the hol-e

second referríng to the specific l-oca'¿i-on

u@l&-")
0-4

HA

\-6

o-¿r

Loca'uioq: LSDìt-5-l-Ji.,J
4 ini-1es east of
IJirrliler, Manitoba

Litholollr

Silty sand, -ban, caleareous,
pebbly near base, lor.ier bor.indary
distinct.

SanC, yellor+ bror.rn, calcareous.

Slightl;' sif i,y cLey, no'btled
)'ellor¿ish broiv-n and blue gray¡
oxidized-unox'ì di zed boundary
grad.ational fron tL5 - J.21 fi;.

Silty clay, blue-gral' cLayt light
gray siliy.blebs (nore cal-careous
tha.n clay), loi,rer 10 ft" tou-gher,
l-a¡rinations v:'Lsible, very plastic
so ttrat ca:rrrot be broken

Total clepi;h of hole

Sa¡iples used in this Study

141

21-101

Depth (ft-).

12

¿o

j7

4S

55

7o

BO

oc)

HA-1

HA_2

ITÂ_Z

HA-4

HA-5

¡IA-6

HA-7

HA-B



IÌole llo-.

Depth (ft. )

0-15

Hts

L5-90

L_oSatipn : L,SDI-! -11-2-11,,J
4 miles noriheast of
Al-tona, Manitoba

Lithol-orr¡

Clayey silt, gradine doi.mruard into
silty cla-y, rnottled yellorv bror^rn
er:rd gray, r.¡jrite calcareous nodules
aird coarse p¡rains of sand in lor+er pffit,
matrix r.reakly calc., lower boundary
gra,dationa] .

Slightly sil-uy clay t blr-re gray r,rith
occ. white non-calc. nochil-es gradually
d.ecre¿lsing cloi+nr+ards, calc, silty
blebs (and 2 dolonite pebbles) scattered
throughout lol.¡er 50 ft ., ver-jt plasi;i c
sc th¿r-b cannot be broken, no lan-inations
visible.

Total depth of hole

S¿:,no]çs used in ì;iris Study

HB-1

HB-2

lI. 7
!tD- -)

HB-4

TfD Er]r-J')

HB-6

HB-7

rrn O
l1õ-(_)

'Hiì_o
ttu ¿/

HB-l0

Dep.th (:.t " )

l1

B

14

¿o

)o

+>

55

l)

Bo

Bg

1!2



Hole ì.1o.

Depth (ft. I

n-q

c_l t
./ L1

HC

I2-rl

Location : LSD3-26-L-38
6 rLiles northeast of
Ernerson, Manitoba

L:itholoq\¡

Sandy and siJ-ty clay, occ. nodules of
CaCO3t ETay: lor+er bou:rdary indistinct.

Sti, silty clay, occ. CaCOo nodules,
trottled ;rellor.rish b¡or.rn and glay,
la¡rinated irith clayey silt.

Sli. silty cla¡', mottled yello¡¡ish
bror.rnish grail¡ no lam_inations wisible,
or:c. noduJ-es and blebs of CaC03.

Sli" silty c)-ay, gray occ. blebs of
CaCO-it '¿i+o dol-ornite pebblcs at
60-65 ft., very plast'ìc in natr:re so
cannot be broken, no laminae visible.

Total depih of hole

åeJqp-@

HC-1

HC-2

flrt7
1I\J -J

HC-4

lt^ rlrv-)

HC-6

HC-7

HC.B

lln -otLv /

17-100

Der;i;h (:.tJ

4

oU

rOIO

¿o

tLr3

7Í))
l_t\

trtr

6¡

9B



llole ltlo.

D"p!b-lftJ

0-2

¡O¿-<)

B-re

HD T,ocation: LSD4-22-ljlE
12 núles northeast of
frnerson, l4a-nitoba.

Lj-tholosy

S¿^nd, boulders on surface.

Silty till, somewhat sandy j-n lor+er
foot, mottled yellor+ broi.rn ancl gra¡r.

Sand -v¡ith pebbles increasing tolrards
b¿rse of unit, mottled yellow bror,rn
and tan.

Clayey til1, gtay.

Silty sand, dark gray, possibly ti-ith fine
dissern-inated orgari-ic material-, calcareous,
bedding visible.

Slightly silty cLay, tough, blu-Lsh BraX.'
calcareou-s, laminae of sil-ty clay
throughout,

Silty sancl, calcareous, ETW t no bed.ding
noted.

Silty cLay, gra^y, r^reakly calc., laminae
not visible.

Total- depth of hole.

Samples used irrthis Stud.v

Hl-1

IÐ_2

k-satiag.: LSD14-1-2€E
l-B nriles east of Tolstoi,
Manitoba.

Li-bholow

Sand grading dor,in into silty sand., bedded.

Snall pebble and grarruJ-e gravel.

Silty sand grading clol.mward into
pebbly sil-ty sa:rd (ti-11?).

1 .-\ 27Lí-JJ

23-21+

2\46

36-\l

\7-\9

t)Èr

Depth (ft.)

30

!B

Hole llo. HG

Depth (ibJ
0-B

B-g

o_1 t
JL1

no



I2-L3

11-20

20-30

Depbh_ (ft. ),

1aL1

Hole_No.

Silty clay (medium darlc gray), larnina-bed
with clayey si1t, (light gray) calcareous,
uppe{ and lor+er boundary clisti-nct.

Til-l, upper 'tr+o ft. silty clay, grading
dor.¡nr.¡arcl into a si-lty, sandy till, no
noticeable breah in this tra-nsiiion,
cal.careous gray.

Cobbles or boulders (not seen).

Tctal clepth of hol-e 
"

Saqrples used in this Study

ljn atlu-J

L.ocation: LSDIIr-6-2-10E
24 rn:-tes easi of Tols-boi,
Manitoba.

Litho].osiy

Silty sand, granules and pebbles
scattered i;hrorighcu-b, no bedding notecl,
lor,ler boundary ci.--i-s'uinct.

Sil-by fine to necliurn grained sand,
calca.reous, bluish-ETay : no bedding
obse:"ved, becorúng sandy sil-r, dor,¡nward
with mrmerolts coarse grai-ns and granules,
lower bor-rndary clistinct.

Silty sancl (near top) to slightly
sandy silt i.rith occ. coarse grains and
snall granules, tl.¡o mollusk shells.

Silty clay (da.rk gray), r,rith clayey
sil'b (lighi; gray) laruinae, lower
boundary distinct.

S3-ightly silty clay, clark gray .bo gray,
occ. pebbles j-n loi+e:. foot, lor^¡er
bourdary gradational.

Slightly silty and sandy clay r^iíth
pebbles (tj-11?), gracling doi^rnr.¡ard into
clayey till (pebbly silty sandy clay).

Total- depth of hole

Ðeplh-l:t.I
o-,

HH

>-¿o

t45

26-28

z,-t lr=JI-1)

43-\j



f 
^t 

\r)çlllqn lr L.,L

JO

7^
).4-

Ilole l'lo. HP

n-'.--r1, l --L \rr.jPr,J! \, r,._/

0-1

1:r')

7ç

q-q

o-rA
./ cv

¿0-o.L

/¡
oJ-- ()

Samples- used in tlris SLuc-[y

}IH_1

ru-2

Location: LSDj-21-it-10E
J niles north of
Wooclridge, l"fani boba.

Li-L&Lsrs.

S,:ncl, very cfeyey in lor¡er half, l-eached.

S.::rdy silty gravel, calc.

Sand, silty.

Gravelly sand at top grading dor,rni,"ra.rd
into sandy, silty gravel.

Ti.11, silty in upper pa.rt grading
dor.¡:rr^rard i-nto clayey ti-11.

Clayey silt irj-th granules.

GraveJ-ly sarid., grad-ing dol^¡nr¿ard into
very- sandy fin.e grained. gravel (predom.
granr,rl-es and coarse sa-nd).

S.llt a-ncl ver)r fine sa:rd, lower bor:¡cìary
gradational over one foot.

Sand, fine to nedium grained.

Total depth of hol-e.

SCIÈes qsecl i¡r lhis Sirudy

HP-1

I.rocatisn: LSDI]-4-9-6E
Dufresne, Ma:ritoba.

i,,u!nql-çs

i46

75_8J

Bl-roo

Ðepth (ft. )

-tÍ E^
J)-)v

LTa-ì ^ lf^

Deplh ({'i;J

0-28

ui¡t1J

Cl-ay, rreakly caJ-c., dark
gramrles and calc. silty
la:rúnae near base.

gray, occ.
blebs, silty



¿o-) [

37-\o

4o-44

\t-6j

!epltr (f,-b. ).

o
O

)l

Tj-11, silty, tan (ttpinlcishtt in
contrast to overl¡z-ing clay).

Till, clayey, gray.

CIay, calc., d.ark bror^¡nish gïay.

Tj.11, gray, hard, stoney belor¡ 50 ft.

Total- depth of hole.

Sa.nol-es used in tlús Studv

.l t:1)

4o

liole l{o.

ñ..-^-r-1- lî-t \.[Jepul! L! iJ,.,1.

0*1\.

LLr-26

26-60

lis-1

HS_2

HS-.]

IISJT.

Lqcation: LSDl9-12-l-5i^I
5 miles eas-b of Morden,
Ma¡-ltoba"

l_únofogr

Silty sand and sandy silty clay, la¡rinatecl.

S-l-i. clayey si-lt, occ. grains and granu-les,
lanrinated, d.ark ETaJ: lower boundary dis'r,j-nc'¿"

Silty clay grading d-or.nr to sli. silty cJ-ay
clay, no lanr-inations visible, bluish gra;\¡,
occ. liglr.t colonred blebs of caJ-careous
silt, lorver bound.ary indistinct, plasti-c.

Sli. silty sandy eLay, occ. pebbles, dark
graÍt no la¡ninati.ons visibler lower
borurda:y gradational 

"

Sti. silty c1ay, occ. grains and pebbles,
l-a¡rinations not visible, dark gray,
scattered light gray blebs.

Sa:rdy silty ctay r+ith granules (tj-11?),
very dark gray t dry, lor+er boundary
distinct.

Silty clay, very dark grayr cky, calcareous,
appears shal-e-like but includes occ.
white graj-ns.

147

uå

6o-7:

tt-ö3

BsÅl

87-9o



90-95

Depth (f i;. )

TI:
-L)

t9
¡ì.
¿+

¿o

39

)-r-¡l

EF))
(,¡-(,8.

ó>-b9

(u- ()

''7-tt

9o

Hol-e No 
"

Ca-l-c. dry clay (shale?) cru.cle oil
s¡rel-l.

Tota.l depth of hole.

S+tnples used in this Stucly

GA-1

GA-2

GA-]

GA-4

^^ 
cLTå-,

GA_6

G/I-7

^^ OLTII-()

GA-9

GA-]0

GA-l1

GA_l2

Loca.tion: LSD16-19-1-llE
I lúles r¡/est of Sprague,
l4anitoba"

Lítholoqv

Sand, some granules, calcareousr bedded.

Silb, no larrÉna.bions visible.

Till, sancly, calc. , tan,

S¿¡d to siliy sand, poorly bedded.

Sardy silt, la¡rinations visible in
upper 2 ft", tan.

Silt to sli. sandy silt, grades into
clayey silt at about 60 ft., no
la¡rina-bions visible, gt.ay, cal-c.

Total dep.bh of hole.

ITB

Dep-th (f',,J

0-10

10-11

11-11

17_)'7

27 j,8

-ô 

F'^

_)0- /u

EA



/ôL \
I./tjj.) lll \ I U. i

4r

ctr))

6\

6g

Hol._c i''io.

ñ,--.L1- l4L \
J.Jrì IJI¿11 I J._t L¿

0-5

>JJ

64

B-ao

Samples useÀ in this Sbud,¡

TIA-1

EA-2

EA-]

uÂJ+

Location: tSlll6-8€-12E
I miles sou'lrhr+est of
Prar.rda, Manitoba.

L_itholoq¡-

Sand, calc.

Sa-ndy gravel.

Silt grading dor,rn into clayey silt,
calc. t ETay.

Sli. silty clay (dark gray) la-rdnated
r¡ith silt (light Cray) in upper fer,r
fee-b, non-calc., pebbles, till balls
and sil--b balls scaitered. through
lor,¡er 5 f-i; "

Sil'r,y, sancly till, gray.

Total depth of hole.

Samples u-sed i-n this Studv

EB

149

2a-45

Depi,h. (f 1,. )

B

:t-0

L6

EB-1

EB-2

EB-]



The follor^ring are logs of holes drilled and described
l^/ater Rcsources Branch priorlo 1913. They are iclen"biÍ'ied
let-bers l¡,tì fol-]or.recl by a numbe:: less tha:r 20.

Ìlo.l.e ìlo 
"

f -,t \lJePlII \rr," L

o-2

2-2+

,¡l' r1¿-1'-)¿-

52-55

55-7r

ru-80

I¡J'rì.-1 þç_atioll: ils24-9-JW
Bryson Dr. Ea.st

LLtlolosy_

F;ì1I'l-LJ- o.

CLay; bror,.rn, p'Jre"

Clay; graXr l.r¡únated, pÌre.

Gravel, sand.

Ti.11; ¡ledium gray to medíun brotrvn.

Gravel; fi-ne 
"

Total- d.epth of hole.

Samp-l es rised in thj-s S'tudr¡Depth Gt,. )-

L5-1.6

20-?f

cc-cA1) Lv

30-3r

4U-4I

Hole No. 1¡Ll-2

Depbh (rt. )_

0-4

4_lB

lB-46

by the
by the

r50

!JR-l-t

I'lTì-1-2

]"rR-1 _Z
trtç L J

I^lR-]-4

r^fF,,-l _q
ttlr L ¿/

L-ocatj.oq: NE2l-9-4Li
lìryson Dr. East

Li'bhol-oav_

Ei11; clay, gray.

Clay; broi.rn, medium, pur,e.

Clay; gray.

Total- depth of hole.



Depth (fb. )

10-:1.1

a- ¡/
,h--/^

-,r -,/))-)o

)rcilá,
tt/

llole Jq. lfR-4

DepLb_ (f'ú.1

À_)'7

,?_c,n4t )v

tr^ fr)u-) )

Sg{Lrples Lrsecl i4 this ,S-

l"JTt-2-1

1,lR-2-2

\,tn-)_7u\Lt ç J

!m-2-4

L@ioq: ra-6-\irt
Bunnl s Creek

Litholor+

Clay; bror,¡n.

Clay; gray.

Gravel, silt, sancl.

Total depth of hole"

Seæ@
I,'fiì-4-1

l¡A-4-2

,n I' z|ivfl--t -J

i^iR-4-h

Locatj-o_n: 2\-t1-3t¡
Assin-iboine River

Lithol-og¡

Fill.

Sand., gravel, bedd.ed coarse, fine.

Sand.

Clay; bror,rn-lsh gray.

Clay; graït dark, plastic.

Ti1l; bror^¡nish buff .

Total depth of hole.

Ðç!.Lrb-G!-.I

20^n
¡r r,/¿)-¿o

30-1.

-È -/)>-'30

llol-e itlo " 1,IR.-5

Depth (ft,. )

o-2

2-L2

12;I5

Ir-2|-

'1 -IO1L J./

iq-55

151



Depth (ft" )

tc -tL

20-?f

)E:_)A

io-3L

35-36

llole l{o-. 1¡l1l-7

Ilepth (fi," )

o-3

3-L6

¡1 nnJU-I 1

17 -90

I^lTi-5-1

I,IR-5-2

wR-'-l

1,'J1ì-5-4

}IR-l-5

Lsselion: l-B-4w
PTII 21, PL

Litholoml

Fill,
CIay; brol.rnish gray.

Clay; €TTI: pllr'e.

Till.

Total depth of hol-e.

Samples usecl in this Studr¿

l*eptIr-G}-.I

10-11

20-2f

7^ 21
JV JL

4o-4r

6o4t

o)-bb

n¡ o/

I)_ íO

jþfg No.. wR-9

lep th (f i. )

0-2

2-18

r R-zILt,

r12

193, R.M. I¡Joodr+orth

åa+pfçç LiseA :n ttrL ç St

l.rR _'7 
-"1vtr! ¡ r

\,f!t J -)vs¡L I

\[R.-7-3

wR-7-4

\rR{-5

hIR-7-6

I¡ß-7-7

Location: B-j*jl,¡
R.M. Rhinelald.

LlLholoq'¡

Fill.

Clay; brol,'n, streaked.

CIa;r; Erayt dark, plastic.

Tc¡tal depth of hole.



Depth (ft" )

10-11

15-r6-/ --
.'tc .'tÉ,r)--v

30-3'

,o-55

6S-66

70-7L

Ilole No. 1^iq-10

Depth (f',,J

0-21

21 -\7

Sarip-Les psed in thj-s Study

1,rR-o-'l
vltt / L

:yün-9-2

\t$'g-3

I^IR-g-4

'!'JR-9-5

lnß-9-6

.'rR-9-7

Locatj-on: NE5-\ -28
Lafond Dr.

Litholocy

CLay; bro-',m.

Clay; gray.

Total depth of ho1e.

Samgk:s used in_þhis Study

I^lR-10-l

!ll-10-2

llR-l0-J

ll"À-10-4

Lecatj.on: NE1.9-9-llf
Bryson Dr" East

Litholory

Fi1l; gravel, cLay.

Clay; brown.

Cl.ay; gray"

Clay; bro'',nr, slightly silty.

Clay; ETa{t pure.

Til1; bror.rn.

Total- cleptir of hole.

Ðepth (f:tJ
L5-t-6

¡r ¡/)\-26çJ le

>e ->/))-)o

\5-t+6

Eal-Q Na.. lriì-l-2

Depth (ft. )

U-C)

b-tb

l.6-20

20-21_

¡/,t-\h1-L )v

56-60

Lr3



Depth (f't" )

10-l_1

tr -tL
I?)--LU

¡e ¡/¿)-¿o

7,(\_71
JV JL

llole No. \ß-L3

/ it \

LJell-tll_l_:_!*-L

o-2

a2(--)

3-L7

1 ?-CL¿l ,/ t

I/JTI-I2-1

1¡,ÍR-L2-2

l^Il.ì--12-l

I^/Iì-12-4

LocaLjqa: E2L-9-2\il
kyson Dr. kanch

l,i-bholoq'¡

Fill.

Gravel.

Clay; brolrnish ETay ¡ pure.

Clay; grdlt pu-re, slightly silty
in lor,'¡er.

Total- d.epth oí hole.

Ss.r,ples u,.;ed in th-is Stucly

wR-11-1

I¡[R-L3-2

\.{R-r3-3

l'lR-lJ-i¡

la_l1_5

Sa¡rro-les nsed in thi-s Stuclr¡

Tlon-l l-, ( .''l ì

þ46
20-2L

¡- a/
)t\-)^ç/ .-e

7c,-7Á
J) JV

\5tr6

15)r

The foll-o'øing are general li-bhologic descriptlons of holes
drilled ancl clescri-bed- by the l./ater Resources Branch. These holes
r+ere used for their soil mechanics ilata only. llo samples were provicled.

IIoLe lio,

Depth_(íli;J

n-] q
v L./

F¡_Z I,oca'bj-on: SEl5-l-fA
I nile easi of St. Jean
Berp'l"iste, Manitoba..

LitholoEw

Clay, bror^nrish gray: highly plastic, hard.



15-50

IIo-le ltlo 
"

llqpth--( j i; "-L

o-6

6-tj

'l q_rq
L-/ ç)

ar 7^1)')w

30-35

35-50

Llol-e iLo-. ED-2

BD-1

C1ay, broi^nr, highly plastic r^rith light
arcl darlc silb pockets, very s-t,j-ff.

Location: l,IEJ24-38
6 nil-es southeast of
Sb. Agathe, Manitoba.

Li'bho].op-¿

Fill.

Clay, light, broi.rn, highl;r plastic,
slightly sili,y.

As aboverbror,rn.

As above, gray.

As above, bro'^ro"

Clay, slightly silty, plasiic, ligh-u gray.

I:-o_ca.!:ç¡: NEl5-j-18
I n:le east of St. Je¿rn
Baptiste, Manitoba.

Lithol_op{

CLay, gray-Lsh bror..Ê1¡ highly plastic, stiff 
"

Clay, gra.y t highly plastic.

I,oca.tioq: StJ2-5-2E
4 ¡riles no¡'theast of l,forris,

Dcp bh (f't. )

0-10

30-ro

Ilole N_o_" ED-5

Ir5

Deqbh (ft.l

0-20

20-40

4o-60

liol-.e No. ED-6

Manl-boba.

L!'bhol-op:¡

Cla¡., highly plastic,

CLay, h-ighly plastic,

Clay, slight,ly silty,

Location: S'L\rI-5-28
4 m-lles northeast of }4orris,
I'fan-itoba.

very sti-ff, bronn.

gray.

very stiff, gray.



Ledh-(r!*I
0-20

20-3.¡

-^ /^
4\-hf ì

6o-7o

704o

llole I'io.

).56

Lithol.ocs¡

Clay, Ìrighly plastic, very stiff,
brovrn, some sa:rd.

Clay, more sand, highl-y plastic, .rsry
stiff', gray.

CLay, some sarrdr graX"

C1ay, stiff to hard, gray.

Til_l.

Location: NE2-7-]E
1 nile east of St. Agathe,
l¡ranitoba.

Li.thol_oey

Fi.ll.

Clay, stiff, slightly silty"

Clay, stiff , p'l astic, bror^rn to gray.

Depth (f b. )

0-10

'l n_?q

atr ),tr1)-'f )

ED-7

The follo'¿lng are logs of holes drilled by the T¡later Resources
Branch durirrg L)'IJ and loggecl bi' J. Litt_l_e" The holes are i_clentified.
by the letters l¡i1ì follor+ed by a nunber greater than 20.

tI^'l ^ nT^TIU}C I\U É

ñ-..-^f.r- f 3-L \UelJ UI.t t -L lu. .l

0Jr

)r .r1'é)

)tr,_'7)ta

tc-9)1
f a v I

B4-gB

gB-1oB

l¡/il,-21- Location: SEJ644t¡
14 nriles nor-bheast of
Carman, Manitoba.

Litholorry

Fi1l.

Clay, brornrn, slightly silty at 4-10.

Clay, gra)-: pure.

Till, medium gra)'¡ slightly stoney.

Till, graJ'¡ hard"

CIay, gray firm, hard; 1O)-l1O:
pebbley cIay.



108-1.2C

120-1j0

r3o"rJ:

r33-r37

117-1)+4

1\4-17l

Qenth (f t" )

10-20

20--3O

Jo-!o

4o-50

5040

60-:lo

70-l2

Eqle No."

Tillr bror¿rrish grayt very clayey.

Till, brornúsh gray: stoney.

Gravel, fine.

Till, brovrn.

Till.

Bed.r'ock, iimestone ald shale.

å

!IR-21-t-

wR-21-2

l^TR-r1 -Ztrtþ 4 J

\^JR-21J1

rdR-21-5

hrR-21-6

I^ß-21-7

L_oçelipn: N/f€-11Í
4 rú-les soi-i-l,h of Sanford,
l4¿ni'l,oba"

Lithol.or¡v

Fill.

Clay, broi,..rn, pure.

CLay, grayt pure.

Till, creato bror.rn, sandy"

Bedrock, limestone, shale.

Ëg!p-19s. used in 'th-.s S'b

rdlì-22-1

\:[R-22-2

1¡:lB,-22-j

tIR-22-It

r17

Depi.h (ft. ).

0-2

2-18

tB-49

\9-59

59-1Bo

Denth (it")

5-10

L5-2o

35'L¡o

)rc )'n1)*r7

1,üR-22



]lol.e lJo. lllì-21

Dgpth (f'f , )

u-o

/¡¡Ò-¿¿

))-tr,)

ra 10
)¿4Jt)

1C) nzoo-/r

7r-go

Dcp'bh (ft" )

10-15

-Ì q_tn
L/Çv

)n_)8.

2r-30

)u-))

35-Lto

),n ),r-r\-/ --f /)

L.c-cn
t./ -/v

Igl-e--Ne.. l,lR-2lr

Locatior.r: I\W6€-lE
2 rniles west of GJ-enlea,
Mani-toba.

Lithol-oelt

Fill,

Clay, bror.rn, darl<"

Clay mediuin gray, soft, plastic.

Till, dark grayish brorør.

Till, light cream brorrn.

Bedrock, limes-bone.

Sa-mples l:-secl ip_þhis Stud..¡

l/R-2:i-1

\lt;L-23-2

\[R-23-3

l,rR-rz-)-Lvlt | çJ

\rR-23-5

' 1¡ÍR-23-6

l^p'-)7-"7
I

!rR-21€

Lqcarion: SE1-6-1lI
1 nrile r+est of Rosenort,
l'{anitoba.

Litholog¡'

Fil-l-, gray clay.

Clay, dark bror.¡n, at 10 ft. softer.

CIay, gray: soft, plastic.

Till, light gra-f,: nrlxed stoney mud.

Till, darlc gray, more clayey, 90-95
grades to a bror,rnish gray.

158

llepth_ (ftJ

o*,

5^2"

^a 
nO,.t-l\)

-^ õ/
/()-Õo

óo-9>



95-fo7

107-r11

Depth (f b" )-

10-15

20-2'

25-10

30-35

7tr I'rì
J )--tw

4o-45

,o-55

6o4j

70-7',)

75-80

Ilol_e i\o " !fR-25

Till, medium ETayt clayey.

Bedrock, limesbone.

Samples used in t_his S'uucly

lfR-24-1

ha-2)r--2

1¡lFI-2\-3

wR-2)r-4

1¡A-24-5

t'lÙ-Z)+4

I^A-24-7

t[ì-2lt-B

t,ll.r-i>h-our.rr 1 t /

wR-24-10

Lqcq.l,iog: SE6-6-21'J
l-2 miles soutlrr¿est of
CarnLan, Manitoba"

LitholoEf

Fi]l.

Cl:W t mediurn bror,¡n¡ pu-re.

Clay, gra.¡ pure.

Till, light grayc

Clay?

Till, dark bror.¡nish gray, sandy.

Ti1l, dark gray

Til-l, bouldery.

Gravel, coarse, r+ell rorrnded.

Total depth of hole"

lepth (f'b. )

nOU..O

OnO()-¿o

28-102

ro2-L32

174 1'2ÊJ,)1'-L) )

r35-Ll2

u2-186

l.86-L9z

192-2OO

r59



Depth ift" )

10-15

)^_Jr\

30-3'

Iro-l¡5

f^ rr
)w-) -'

6o4i

70-7i
On Or()u-<J)

90-9,

100-102

tlqle No..

r.rR_tq-'l

!JR-25-2

\¡lR,-2r-3

r,lp-rqJ.

\,fr1-25-.5

rrB-2_5-6

1¡tR-25-7

1^iR-25-B

1.IR-rr-_Ort'ú ç/ /

la-25-10

Lepa-Lj-on: SE6-6+lJ
4 núles soui,h of Carman,
Mranitoba,

Li'bholo¡,;y

-t, J-IJ.

Clay, bror.rn, pure.

Clay, dark gray and broi.rn, layerecl, prlre.

Clay, silty, broi+n.

CIay, grrl, pure.

Total- depth of hole.

Sqlnples used in -bhr_is Studv

Sa¡rples used i-n 'this Strid¡¡

Dep'th (Í!. )

o-3

Z-] O
J L./

L9-36

3640

!o-60

r60

1/R-26A

Depth fÍt. ).

5-10

1n-]qlv L)

20-2'

10-35

)¡n ),r-rw *t )

crì rr)w-) )

55-60

la-26A-1

wû.-26A-2

I,lrl,-26A-l

14[ì-264-4

I,JTì-26A-5

wR-261\-6

vtrL-26A-7



llqle--Ne-.

Depth (f',,. L

0-1.

'l _-t c
L J.)

-l o-27L/ JJ

33-31

37f\
B4*roJ

10j-105

105-107

roT-r_oB

ro8-rr9

rL9-L2r

Dgpt,h (f',,r-I

5*10

10-15

20-25

30-3'
lrn ),r'l\-/ -'t,

50-r5

bu--b)

70-7'

BO-84

I,'A-26 Loca.tion: St,Elo-)ll,¡
J nriles souih of Carrnan,
Man-i-l,oba.

LitholoET¿

Topsoil.

Clay, brol'rn, sof-b.

C1-a¡', gray ¡ sof1,,

Clay, gray-browr ivith sil'by 1.ayers.

Clay, graït sofb.

Till, darlc gray, bould.ers.

Gravel.

Till, dark gray.

Sand and gravel.

Till, gray l.ritb. layers of sand and gravel"

Sand and gravel.

Samples used in ttds_Study

wR-26-1

1¡lR-26-2

.^ ^/ -!!tt-¿o-J

\'ÍR-26-\

wR-26-'

I¡Ij"-264

¡n a1 ouJrL-¿o- I

,¡¡/õl/Jt1,-¿o-{

riÙ-26_g

161



llole No.

nepth Gt. ).

0-4

lr-1 Q

1a-Ð)1/ ¿+

))_)a114'/

29-IO/c

106-110

110-l1]

7I3:I27

L27-L6r

r.6:--:-7\

rTLr-t76

L76-L7B

I-lB-21',3

Lepthlrt,l-

5-10

10..15

20-25

)w-J)

4o-45

ETì E T)w-) )

6oÁj

70-75
o^ ô-Õu-Õ)

90-95

100-r05

\.n-27 Location.: SE2-4-18
I mile r,rest of St. Jean
Bapti ste, It{a¡-itoba.

Li bhol-ogv

Clay, bJack.

CIay, brol¡n.

CLay, gray.

CLay, brom'1.

C1ay, gray.

Till, light gray.

Gravel, medi-r:m.

Till, gray medirm.

Til-l, lighb gray: sancly.

Till, graX: claye;'.

Till, reddish brornrrr.

Till, gray: sandy.

Bedrock, lj-mest,one, shale.

Salnples used in lhis Str-idy

wR-27-1

\lR-27-2

r¡ft7-27-3

luR-27-4

I¡ß"-27-5

\tR-27-6

1¡1R-274

I'lll-27€

\n-4 -9

tIR-27-10

r¡J1ì-27-1]

L62



11919--No..

Depth Ét . )

0-6

I .¡-¡u-¿1

))-a)
!! /¿

cr¡-oL
./L ,/ |

9Lr-tz3

t23-L37

w7 -L76

176-195

L95-202

2A2-25O

Pe*,n-tf".l-
10-15

)l t-)\

7a\ 2F)w-J)

J rn-)rqt)

r^ Êl:/- //

6o-65

-^ -cIv-t)
ôa ô-Õu-o)

cìn-ct
-/v ./1

!n-28 Locatlon: I'TE)-4-11,I
l0 nil-es r+est of St. Jean
Baptiste, lufanitoba.

LitholosE

Di.ke fill.

C1ay, bror.rn.

Clzty t gray.

Sancl and gravel 
"

Ti]l-, light bror¿nish Brayr sandy
with boulders.

Till, dark gray, c1ay.

Tillr bror^rnish gray.

Till, light ETaSt sandyr soft"

Gravel and i;i11"

Bedrock, sha.le a:rd Limestone"

Sarnples u-sed in this Si;r-rc1v

L63

r,iR-28-1

LJR-28-2

I,JR.2B_]

I¡11ì.-28-4

w!--28-5

WR_28-6

LA-28-7

WR-28€

Lß-28-9



Ilol-e lio.

'nan.t-h (?+ \lvPUrr \r u. /

0-16

IÓ-ITJ

).r3-126

126-I:jz

1'?- 'l Í^LJ¿.--J.)1

1 qt_-t trz
L)4 L2J

I53-Ié5

Depth (ftJ
1o-r-5

4o-45

EA TE)w'') )

70-75

90-95

100-1c5

110-115

r20-L2'

lLol"e ltTo.

1.lTì-29 Location: ll\^D1-j-l\¡l
B rail-es northeast of
I'Iinlcler, l,fe¡dtoba 

"

l,itholor¡*'

CIay, brorrn, dark-nedirm.

CLay, gralr"

CLay, lighi; gray 
"

Till, bror,rnish gray"

Till-, clark- gray.

Gravel.

Ti-1-l, ttgri'btytt at t6e-t65 ft.

Sanples used- in thr-is Stud.,¡

t6ll

lrR-29-r

I,n-29+

1¡tÈ-29-5

1ÑR-29:7

r^rR-to-o
vrJL Ç/ )

rfR-29-10

1^IR-29-1f

\,r]"-29:L2

i^f.l-10 l:qçe.!ipn: SEJ-2-1E
B miles east
lul:uritoba.

Litholoq\r

Topsoil.

C1ay, grayish bror,rn.

C1ay, grey: soft.

Till-, gray.

Dep Lh (rt 
" )

0-1

r-tb
t A-t:r't

r21-L3r

of AJ-'bona,



L3L-b2

rJ?_^L6r

161-t-78

178-1Bo

Dep'ch (ft. )

'l n_] tr
Lv L)

l0-\0

70.-Bo

100-110

1,20-l-4

Hole IJo.

Gravel.

Till-, gray.

Till, gravelly,

Gravel, coarse.

i,JR-f0-1

IÁlR-j0-l

wa-30-7

l,a-j0-10

la-10-12

Location: LSDS-1-2-2!,f
-l miles r.¡est of Altona,
Mani'boba.

Li bholop"¡

Clay, bror,¡n.

CLW, gray.

Till, ligtr1 gray: silty"

Till, dark gray, hard.

Gravel, fine.

Till, da.rk gray, hard.

Till-, bror^nrish gral-: silty.

Bedrock, limes-bone.

Sa-rnples risecl in tl-ris Study

Ln-1l-1

I¡[11-3L-3

1^iR-11-7

ürR-31-10

hlll-11-1J

Depth _ (f'b. )

0-.r4

r-4-r42

142-147

r)17-r54

:-5\-L55

L55465

t65-L72

177*183

Del?'L,h (f!.I
10-r.5

Jo-40

7o-Bo

100-11(l

uo-140

light gray.

ßj

tlR-Jl



Hole I'lo.

Depi.h (Ít" )

0_11

'l1-IrO

4o-r66

t6b-L'i,

175-L82

rB2-2LJ

2I3-2_vL

23r-23\
n-1. 

^-/)'iIL-) -61J t lrv

266-2er

281'.28It

)rf r.,-/

Dçpth (.í''t," )

10-1t

jo-40

7o-Bo

100-110

uo-140

IIoJ-e No 
"

r fr, ?at¡l tL-)é l,ççab-ion: LSD3-2-2-3VI
l-0 niles west of A1-bona,
Ma:ritoba.

Li bholosv

CLaJ, brown.

CLay, gray.

T'i11, lighi; gray.

Clay, silty, da.rk gray.

Clay, darh gray, harcl, pebbly.

Till, dark gray: yer¡y clayey.

Till, medj-um STay: very silty.

Till? silty, clayey, g.rray.

Till, shaley"

Till, very shaley.

Bedroch, shale, broi,rn.

Tobal depth of hole.

Sampl es used in th-is StuC.¡

166

I^IR-12-1

\,'lB.-32-3

\rR-32:l

l¡iR-12-10

rro z^l r l,vrt\-)t-L+

l:[R-33 Location: LSD'-1-2-5W
20 m-iles -r¿es'b

I.{anitoba.

Li-Qslg-qy.

Topsoil.

Serrd., brornr, fine.

Sand, grayr fine.

Depth (ft. )

0-l-

l-a

o-r Â
/Lv

of Altona,



1B-29

9O-ILa1,/

\zÀ6

Lr6-Lo7

ro7-2\2

ll4r

Du.,rth ,lfi;" )

t'\^ 7-^tw-)w

Clay, grayr soft.

Till, dark gray, sarrdy.

Grar¡gf .

Til-l, dark gray, very silty, bouldery.

Bedroclc, shale.

TotaJ- deptli of hole.

Samples used in this Stud.-¡

The follor,ring are logs of hol-es clrilled and describec'l by
tr'enton (1970). The holes are iclen.tified by the letter p
follor¡ed by a number.

tlsJ s-_lþ..

ñ^-^!r- i rJ, \
t-"!j lJ trll !.1- u ! /

o-5

r67

v[R-33-I

P4

5-10

Locatioir: S\¡22-J3-7\l
10 rúles northi,¡est of Portage,
Manitoba.

I:_ithol-oqy

Inte::beclded. sand and clay; sand.
roed.ium to fine-grai nedr grayish-brown
(2.5Yr/2 r,rei,), clay olive-gr.ay
(rY5/2 r,+et), soft, calcareoris.-

Clay; si.lty, occasional graLnu-les
and dark specks, olive-gray (5Y5/2
wet), calcareous, occa.sional iron
sta-ining.

Clay; sí'lty, dark grayish-brol¿n (2. 5y\/2
r^ret), aburrdani; pebbles ancl light
gray-ish-bror.m silt clasts, thin colour
ba:rcling, calcareous.

CIay; .¡ery silty, dark grayisir-bror.rn
Q-.5fu /2 r,ret), aùrmcla-nt-petbles a:rc1
s:Llt anci titl clasts ( f/Z in. ),
massive, cal-ca.reous.

Ti11; sandy, stoney, silty, clayey,
grayish-browr (2. 5Y4/2 r.re b) , cal-caleous.

10*20

20--2-l

¿(^)Ò



r:(^JIL

,t), ,tc
t"t'-t)

75-Lzo

12Ci-1?O

nôn-i- 1. ( +.+ \
!UI/U]l \I Uê 

'

5

10

Till, sand;'.r, silty, stoney, clayey,
calca.reous.

Clay, silty, calcareous.

Till; silty, sandy, clayey, stoney,
calcareous.

Bedrock, g¡rpsum and ilofomi-Le.

Se¡npl es usecl in this Stuär.

15

an

I'Io-l e }i.o.

ñ-.--l-r- f îL \
lJef.J r,-li. ( I rJ. l

0-5

P-4-r

P-4-2

pir.-z
IIJ

P-4-4

Locatisg: Sl^/22-.11€llJ
14 nj-les northi¡est of Portage,
Manitoba"

i¿!þors.g.

Silt; cJ-ayey, .olive-gray to grayish-
b:'or,rn (3"75Y5/2 rvet), occ. iron staining,
thin colour barrding, soft, calc.

Cla¡'; silty, in'berbeddecl dark gray
(ry\/L r,+et), organ-lc rich and. olive-
gray (!Y)/2 we'u) layers, occ. granules
a.rrd shell fragments, sofi, calc.

Cl-.ay; silty, gra¡-ish-brorør (2. 5Y5/2 t^¡et),
occ. stone and brrff clay clasts and
gypsum crystals.

CIay; silty, gz'a-yish-broirn (2. 5y5/2- r,+et),
occ. s-t,ones and buff cl-ay clasts colour
banded; each bancl lar,rinatecl, the sili;,
s'tones a:rd clasts concentrated in the
lighÌ;er bands.

Ti1l; clayey, silty, stoney, sandy,
grayish-bror.rn (2. ,:i5/2 r,.iet) , calc.

Til1; sandy, silty, stoney, clayey,
ilarlc grayish-bror,nr (2.5y\/2 r,iet), calc.

168

LJL
!)

5-10

10-15

15-28

28:¡,o

3040



6ol>6

oo- /)
-- õ a
/)-Õo

õ/ ^1'C)o-yÕ

gB-LL'

115-1i0

n^n+lì (.t-+ \

10

Clay?

Gravel- 
"

Ti11-; sandy, sil'oy, stoney, clayey,
calc.

Till; as above r^ribh sand"

Ti}l; very sandy, caJ-c.

Bedrock¡ clay, limestone.

Sampl-es used in_this Stuçl¡¡

p_q--l
t-/L

Þ_q_,t./L

Î)tr7
L -)-)

Lo,cqLt ion : S\l26-L3-9\,1
18 ¡dles northl.rest of
Portage, I'fani't c¡ba.

LitholoÐ4

Clay; sitty, grayish-bror.rn (2. 5y5/Z ue b),
occ. (i) stones, (ii) fignt grayish-br-o,,.o
silt ancl ¡11] slastse arrd (iii) bu_if ¡.ncl
pink clay clas't,s, col-our banded, b¿urcls
la¡rina-bed l¡i'¡h stones, etc., concen-bra-i;t:d
in the lighter ba:rds, occ. gypsrini crystals,
calc.

Til1; sandy, silty, stone¡', clayey,
grayish-brown to dark grayish-broi.rr
(Z"5rtr/Z) , caLc.

Total d.epth of hol-e.

Sanpl-es rr_sed in this Stu_di¡

P-6-1

P-6-2

^/-p.s-4
'vJ

.P-b-4

lq

20

Iþlç--Ne"

Dep.t,h (ft. )

^_)7v1J

r69

P6

2J45

Depih (ft*I

(

10

-lEr)

20



&JS. tlo..

nepth (if. L

0-5

PB

E .\4,

Lgcation: SE16-12€hi
6 niles norihr,¡est of
PorLage, l4anitoba.

Litho.l_oar¡

Silt to very fine-grai-ned sand;
gra;{s¡-6rowrr to oli¡¡e-gray (3.75Y5/2
r+et ) , la¡rinated, cal.c .

Clay; sil--t;,., da.rh grayj-sh-bror,rn
(2,5Y\/Z r+et) , colour ba-nded,
ba:rcls I a¡nina'i;ed, occ. Ðæsrìtn crys'l,als,
light gray a,nd pink clay, clasts and
pebb1.es, calc.

Clay; silty, dar.k olive-gray (>yS/Z r,iet),
la¡rinated, lcc. silt rj.ch laminae, buÍf
and ligh',, gray clay clasts arrd pebbles,
lcroinae in some cases appeari;o be
r¡¡bhlú'r,e couplets, calc.

-from )0 feet, rotarl' chips.

CLay, as abo¡¡e, silt content j-ncreetsing
with depth, calc.

Si-lt; clay-ey, dark gray (|YLF/L i*e-i;),
leffLnated, occ" sil-r, and till clasts,
stones al "lLç i1., calc.

Gravel, sandy, light grayish-brorrn
(2.5Y5/2 r^re'b), calc"

Till; sa:rdy, silty', stoney, calc.

CLa:y, silty, laminated, calc.

Clay; silty, calc.

Til1; sarr.d-y, silty, stoney, calc.

I'lo sample.

Bedrock, dolomite.

Samples useil in t.his Stu4¿

nOr_r-<J-r

nOaÍ1.)-¿

P-BL

ar\ rn<w')w

50-65

o)- /o

r70

ryO On
1(J_()U

On Orou-<J /

87-tlo

L30-L31

'1 -Z'- 1 Ea-L) t'!))

7r3-L93

L93-2O)

Dcpth (ft .)

10-15

tn_tqLv L)

25"3o



lo+o

40Jr5

\5-jo

6o-6j

llolc No.

ÐeÉa-g!..I
o-6

p4lr
¡QcL n-)

P-B-6

P-B-7

Isça!!-93.: Sl'n.5-12-7lI
, miJ es northr.¡es'b of
Portage, I4aniiol¡a.

i¿thofoe.y.

Silt; c7-ayey, dcrh grayish-bror,rn
(Z.5Ytr/Z wet), iron stained spois,
soft, calc.

Slrnd; medium 'bo coarse grai necì., r+e11-
sorted, da.rk grayish-bror^¡n (2.5Y\/2 i.ie b) ,
occ. nollusl< arrd r,+ood fragments, black
organic and clay ri-clt 2J-27 fí.r c?rf¿.

Clay; s1lty, olive-gra.y to grayi-sh-bror,rn
(i.l¡y>/Z r,.re b ) , colour ba:rcling, band,s
laminated, Iec. stones and buíf ancl J-iglrt
grery clay cla.s-l,s, cal-c.

Clay; silty, clark ol-ive gray (5Y3/2 iue'b),
laninated. , occ. buff clay anci silt clasts.

Tofal depth of hole.

S¡:lples i-rsed i-n i;his Studv

ÞOt¿/

o-) I

37-\'

+>->,

r71

Deplh $t,)
--, 1.-.) (-'lu

L+(¡-5o

r'r\ ff
)w-),l

I'lg.le IIo. P10

ñ ,r-1 f ñI \lJcqull \r r,e-/

o-3

j--lo

Þ-o-1
L./L

p-o-,
L./1

p-q-3

Lqceli.on: i'll,Il0-12-6]I
) niles north of Por'r,age,
Manitoba.

Lit-holog¡

Disturbed material-.

Silt; clayey, grayish-bror^nr (2. ry5/2
soft, la¡dnated, iron siained areas,

ruet ) ,



10-11

't 7. 2r!J'J )

35-50

50å6

Send, medi-um-grained, grayi sh-bror.rn
(2.5'ir/2 wet), cal-c.

CLay; sil'by, gray-ish-broi"rn (2. 5yj/2 r.ret),
co.l-our bandecl, colour darken_ing 'Lo grayish-
brol,rn i-n 1ol¡er part, l-ar¿inated, occ.
gJ?sunÌ crystals, calc.

CLay; silty, cl.:Lrk gray (¡y\/f r.ret), occ.
silt lao-inae, soine interna.lly bedd-eC. occ.
light gray and buff clay clasts, sticþ, calc.

-Írorn )0 fee-r,, rotary chips.

CIay; srlty, clarir gray (>y\/t i^ret),
interbeCded r^¡ith light and dark laninated
silt, occ. light greLy and buff sil-t cla.stsr
increasi ng lvith depth, calc.

Gravel-; sandy, calc.

Til1; sandy, silty, stoney, calc, and-
sard. ancl c1:ry.

Bedroclc; clay, anll'rdrite a:rd dolonite 
"

P-10-1

P-l0-2

p-'ì n-zL1v)

P-r0-4

p--ì n_qLLv)

¡> tn LI -JVru

Locati.olr: SE17-12-5tI
6 ¡riles northeas¡t of
Portage, l'{arútoba.

Lithol-opl¡

Clay; silty, sandy, grayish-brorør to
olive-gray (3"ljyj/2 t¡et), larn_inated, calc.

Sir-ncl, fine to necliu-rn-grainccl grayish-
bror.nrbo darh grayish-bror+n (2..;yLt "r/2l.let), occ. pebble, calc.

86-9r

gr-1.26

t cÁ-t )tz¿4v ¡rf

Desth" Jft,-)
12'1 ÍJ.J'J.)

20-2'

7r )'^) )-1.v

)rF r^"t)')w

>>-cu

o>- (t)

þ!e-l:lo.

r-12

Dept,h (ft. )-

0-5

c-r Á,
./ Le

P11



L6-25

25)rc'

\o-65

6j-tz

Clay, si1-ty, .¡er?- dark grayish*brot.rr
(Z"Sy:/Z rvet), colour bancled, ler:ninated,
occ. bu,ff a.nd J-ight gray clay clasts
and g7-psr-rm crystaas, caJ-c.

Cl¿y; silty, da.rlc gray (5YI+/L r.re'b),
la¡rinatecl-, calc.

Clay; very silty, clar'lc o1-ive gray
$Y\/2 lret), la-minal,ccl, occ. pebbles
and buÍÍ silt and sanä clas'bs, cal-c.

CIay; si l-iy, grayi sh-bror.nr (2" 5y5/2 rve b) ,
occ. pebbles and silt and till cla.sts.

T'o'bal- depth of hole.

S¿Lmpl--es used in this ,Study

P-11-1

P-l_t-2

Þ-1 1 -ZL¿LJ

P-r-1-4

p--ì 1 -5

Locaiign: SE2B-11-B!'r
B n-iles r,'est of Portage,
Manitoba.

I'iUrsleÆ.

Silt; clayey, olive (5Y5/3 r.ret),
laminatecl, occ. buJf pockeis and
iz'on stained spo',,s, calc.

Silt; cl-ayey, darli grayish-brol.nr to
grayish-bro-*m (2. 5:(\,i/2 r,vet), colour
banded., calc "

Interl¡edclecl silt ancl very fine sand,
very clarlc Bra¡r ¿o light gral: calc.

Silt; clayey, veï)r dark gray (lYlft vet),
col-our bandecl, occ. grarnr-le and light
gray or bro'..rnish-yellol¡ sil-t clasts, calc.

Depih (f't. )

L6-20

25-3i

)r0-50

5o-6c

65:7e

llok_ Ng.. PL2

r73

ÐsdlLG!..I
0-10

10-20

2i-ro



cn_ol',

úcpth (ft" )

,o-6c'

7o-Bo

Bo-9c

Hol.e I'ic. P14

Clay; silty, very d.ark gray (JY3/L wet),
colour bancled, lamj-na-'bed, occ. granules
and browiish-yellor^l clasts, calc.

Total depth of hole.

Sarnples usgd in this Sbudt¡

r-12-l-

P-I2-2

Þ-1 )-7LL1 J

Location: XIEg-l-441,J
14 rnll-es northr¡esi of Portage,
Manitol¡a"

Litholoey.

Silt; sandy clayey, gray to olive-gray
$y5/L"! r,reb), lamina.ted iron stained, calc"

CLay; sil-Ly, gray (JYJ/Ll¡eí), calc.

Clay; silty, dark gray +t,o gra]-ish-bror,¡n
3"75Y >/t,¡ i.¡et)r colour barrdecl, occ.
pebbles a-nd buff clay clasts, stiff, calc.

Clay; silty, grayish*bror^nr (2.>:t>/p- r,re'b),
colour banded, occ. pebbles and bLff
clasts, calc., becomes .¡ery sandy and.
stoney 25-29 îL.

Ti1l; silty, sandy, stoney, clayey,
light grayish-brown (2.5y6/2 wet), cal-c.

CLay; silty, dark grayish bror,¡n, colonr
banded, la¡ainated, occ. till clasb and.
pebble, ca.Lc.

Til1; silty, sandy, stoney, clayey, calc"

Till; as above interbedded r,¡ith sand
and silt.

Till; very sandy, silty, stoney.

Bedroclc; linestone, clolour-ite.

f .tt \ljeprri! 1r.-ür_

n_Ã

C 1'l
)-'J-r-

-a ¡ôrz-l-o

17\

LB-29

294o

)¡ñ )¡c

\5-70

70-7'

()-<) (

87-to,



Depth (ft. ).

T2

15

aat-

¡þle.-iþ.

lepth (-ft"" )

AE

Sampl-es used ín this Stucly

P-l-4-1

o l)r ¡I -JT-á

P-14-l

LocqLioq: \1W15-11-6W
13 miles north of Pori,a-ge,
l.{anitoba."

L!i,ho=Loslr

S,and; very fine-grai ned, sílty, olive-
gray (5fJ/2 we'i;), J-arúnated, occ. moll-usk
fra.gments a.nd nedium-grained. sand lenses,
soft, calc.

Silt; clayey, olive gray (!Y)/2wet),
la¡únated, occ" pla:rt fragmeni, soft, calc.

Clay; silty, olive io olive gray: Ta:n_inateclr
abu-ndarrt specks of plant rnaierial, soft,
cal-c.

CIayS silty, olir¡e gray ()Y! /2 wet) ,
con-bains apnroximately JO/. fragmen-r,s of
dark olive cJ-ay, calc.

C1ay; silty, dark ol-ive gray to grayish-
bz"own (3.75Y4/2 r+et), colour bancling,
occ" g¡æsi;m crystals and. iron streaks,
caJ-c.

Silt; clayey, olive gray ()y)/Z wet),
laininated, calc

CIay; sil'l,y, da¡k olir¡e gray (5y3/2 rvet),
occ " fragments of oU-¡¡e gray clay, occ.
light gray silt clasis, calc.

Clay; s11ty, dark olive gray (>yS/Z wet),
occ. granu-le arrd light gray or pinh clay
or silt clasts, calc.

C1.ay; silty¡ gray (2.5YNj/ wet), laninatecl,

Clay; silty, clark oli-r¡e gïay (ry3/A r^ieb),
colour bancling, lanlnated ?, occ. pebbles
and light gray and bu_ff sitt to clay
clas'bs, calc.

PlB

5-10

'l n-'l z

12 1rJJ-I)

r7|.

-lE aa-L)-¿>

29"3a

30-35

35-50

50-55

55-65



6j-7o

70€o

ne¡tú*J
)a_)tr,çv L)

35-Lro

\>->o

\5-60

6>-lo

To€o

IIol-c-IÞ. PzB

Clay as above except occ. lenses or
streaks of grayish-broinr til-l, massive.

CIay; very silty, dark olive gray
$Y3/2 r.ret), buÍf a:rd light gray silt
-l,o clay clasts, cal-c.

To'l,aJ- depth of hole.

S¿.¡rpl-gs_:¿r:ecl in tþis. åtudE

¡ rQ rf -JU_I

P-18-2

- -ô --t,-ro-J

P-18-4

p-r R-ni
LLv)

P-18-6

Læallon: SE1-11-6}J
J n-i-les northeas-b of Por-r,age,
lvlanitoba.

Li.bholo-.q'¡

Clay; sil-l,y, oli¡¡e-gray (>y>/Z rve'b), calc.

Clay; s-i lty: olive-b::or,.;"n to grayish-br:or,rur
(2.5Y \.>/S wet), occ. stones and silt
clasts, la¡únated, ca1 co

CIay; silty, dark grayish-bror.rn (2.5y\/2
'\r+et), occ. pebbles, la:n-inateci.

TotaJ- depth of hole.

Sa{npl-"eÊ usecl in*.bþjs- êtudE
..nô¡f-¿o"L

¡¡Q¡
.r -tv-¿-

-aô-P 
-)^- ^LlvJ

D.epth.(ft.)

o1

7-r5

r76

I)-ZLt

Depth (fi,. )

5

1n_]ÂLv Ll

20-ZIt



The fol-lor,ring iLre 1o¡;s of holes ciril.lecl
ì,Icl'herson (1970)" The holes are iclenbified
folloi+ccl by a. ulurbcr.

llqle i".tq.

Ðcpth Éb..)

n_(

E'tc/ */

1 t:,-72
L./ JJ

l',ß L_ocat_-Lqn: SI,,n-4-f 5-1011
J railes norLhr+est of Lac
du llomct, l4anitoba"

Lj-Ì;holoíf;¿

Pale ye}l-or.rish brorør(lOY R 6/2 weL),
--i -l +.¡ sand.UJJ UJ

l"loderate olive bror,,'n (5:i \/\ r,rc't),
lake clay silty Jenses.

Light olive gray ()Y J/?- wef,) ,
larninatecl lalce cl.y, nuJûerous
silty lenses and. carbona.te rock fr"agments.

Light olive gray ()Y 6/I rreL), clayey,
silty till, nore silty r,rith clepth.

Total clepth of hole.

Sa¡rples usecl in -this Study

2-7 rf

and described by
by the letter 1"1

k!!b-_G-b-)

,
10

/ì/.ì ÕEtw-a/

llole IIo.

r77

Depth G:t,. )

o-5

ci-afr
)1-

20-48

'. ô ¡lvl-o-r

r.{-B-2

t¡O.z-!'l-.\)-)

Loca.bion: IIllI2-11-7E
2 ndles north
Manitoba.

Lithol oq.¡

lvloderate yell-or+ish bror.rn
sandy sili.

Olive gz'ay (!Y 4/7- ,rel),
nrunerous silt pocket,s.

Liglr't olive gray (JY 6h
si.lty 'ui-11, grarr-itic and
fragnen'bs.

To1:al- depth of hole.

Lvlrl I

of Beausejou:',

(lOY R 5/Lr weL),

lalce clay,

nei;) , cal.c. ,
carbonate rock



Ilepl,h (f*'l--L

10

1q

Ilol e llo. \122

Depbh jfb" )

0-10

M-21-1

vÍ-2]--2

Loçation: SE20-I4-BE
12 r¿il-es north of Beausejour,
lulenitoba.

l,-+!!t.Lpg¿

Pale yellorvj-sh bror,rn
(lOY R 6/2 weL), sandy sil'b to
claYe¡' silt.
Medium dark gray (N5 r,¡et) fate clay"

Light olive gray (5Y 6ft weL) calc",
silty till, carbonate and granitic
rock fragments.

To-bal depth of hole.

Samnles tr-sed in this Stud.v

30-72

72-93

Sa¡ioles usecl in this StucLv

qepl4:lfÌr J.
E)

l-0

30-35

4o-60

Hole ìtro" MlO

I7B

¡epth (f!" L

0-20

20-2+

r)r-¡lìÈt Jv

r'4-22-I

ltrôa ÒII-ta-1

M-22-3

li'I-zz;q'

L"qcÆigq: NE9-l-148
12 miles east of t/innipeg,
l4anitoba.

Lj-tholoptl

Light olive g::ay (!Y 6/t wet) take
cIaJt silty lenses, n-inor rock fra-gments"

Pa1-e yellowish orarrge (lOY R 8/6 we'ï,)
cal-careous quarbz sand.

PaJ-e yellor+ish orange (lOY R 8/6 weL)
calc, siJ-',,y iill-, numerous carbonate
lock fragments.

To ba.l dep bh of hole .



Ðppth (f t." )

10

15

llole- tþ.

n^-+1" ( ?-'- \IIUVU¿I \l Uô /

0Jr

+-L2

r a O-
L¿<J)

S¿mples used in thi_s Studll

M_?n_-ì
'L JV L

M-3O-2

Location: NEU-12-11E
B m:iles sou-LÌr of Seven Sisters
Falls, l4anitoba.

LJ+-Þbg-l-qÆ,

PaJ.e yellor+ísh bror,rn (10Y R 6/2 ,tef)
silty lake clay.

Mediu:n dark gray (U4 wet) massive,
luke c1ay,

Light oh-ve gray (5V 6/L weL) calc.,
silty til-l, rninor carbonate rocl<
fragments.

Total depth of hole.

Sampl-es used in -ihls Study

t4-39-L

IvI-39-2

Locat_i-on: NE]O-17-11E
2 miles northvest of Great
Falls, Manitoba.

Lith.ol-oqv-

Light olive gray (!y 6/I weL) la¡rinatecl
sandy silt, minor clay.

Light olive gray (5y 6/t weL) lanúnated
silty clay.

Tota.l- depth of hole.

Ssmpl es used in t¡is Stucly

M-41-r

t4-IL?-ttJ 1

tryg

Dep.bh _(f 
.1. ),

5

10

llole. lig. i'f4j

r79

Depth ift" )

0-20

an rtrcw-) )

D.eB_th, (ft" I

10-15

'z^ 2Í]U-JI



I

l

I
1

1

l

1

ì
¡

tlol.e liô.

LB_J1
I

I

)J-)U

M56 Locatioq: N![0-17-7]l
Beaconia, Ma¡itoba.

Litholoqy'

PaJ-e yellor¡ish bror,¡n (loy R 6/2 veL)
sandy bo claycy silt.

Light olir¡e gra)' (!y 6/I wet) ta:re
clay, nlrJûerous sil by pockeis.

Ligh.ir oli¡¡e gray ()Y 6/t vei") calc.
silty till, numerou-s carbonate and
grarritic rock fragments.

TotaJ- dep-bh of hol_e "

Sgnples usccl j-n 'bhi,,s Studl'

M-56-]-

14-56-2

Dep th í!t. )

5-10

tn-zqav JJ

Ho-l-e ltrq.

Dçp L,h if', " )

0-10

10-60

6o*Io

180

M59 Location: i{r¡J5-17-98
j-0 rriles south of Powerview,
Ifanitoba.

Lithoþey

Light olive gray (5V 6/L ,,teL) sandy sitt.

Mediu-m dark gray (lil rvet) lake ct ay.

Light olive gray (!V 6ft wet) caf-c.
silt, carbonaie, grani'l,e a¡d volcanic
roclc fragments.

Total- depth of hole.

M-qo--t
IL )/' L

M-qo-tLL lt/t 1

M-r9-3

Depth (ft "l-
q-t ô2 *"

lto-45

,o{,0



Nr57 L_g!!qg.: Sl^19-1:l--5E

I miles east of l^linnipeg,
Meni-toba.

Li tholosv

Road fill-.

Olive gray (!Y )r/t rvet) silty io
sand¡r claY'

Olive gray (5V Lt/L ve¿) lake clay
rn-1nor si-lt lenses.

Roi.inded sa.rd a¡d gravel composeC of
uialnly carbona'be ancl minor granitic ancl
vol-canic roclc fragmen-bs.

Til-l, yellor,rish STayt calc., silty"

Total depth of hole.

S¿mples U-secl in i;hi.s- Stud;,a

14-67:L

-. /- ^yÞo (-¿

!eplh-.gL)

t-10

l-5-2O

rBI

The fol-lor,ring are logs of
The na'terial r,¡a.s coll-ected and

IIok: lTo.

Aep !.lr-rft",)

0-1

1-4

B-1

cuts and/or shallow si.rrface holes.
described 'óy the author.

Lg!igg.: Sii;e of nelr sel¡age trea'uír.ent
plant, approxii:rately J"6 miles
noriheast of St. Ilorbert, l,fanitoba.

Litholggy

Soil and fill.

Slightly clayey, sandy si1t, nedium
Yel-lor,rish brorm (10Y R )/4), very
finely laminated, lor,rer boundary sharp
a:rd broadly undulati-ng.

Clay; lanrinated, dark 'bo medium bror,,rn
(5Y R \/L), some soft mcclirm to large
sil-t bl ebsr cl¿rsts and pockets present,
lor^ler borinclary sharp and flat.

4:l



lr
I

I

i

ì

l
l

I
I

^ltJ-22
I

i

I
I

I

Dep3,h l(rt".)
I

I

tr

'7
I

Cì

73

.) z)
tt

Sil'b, slightl;' clayey, sa:rdy, very
finely l¿titj-na'ued r,ri-th crossbeddi-ng in
the upper 2 in., ligh+. io med.i-run
yel1oi+.ish bror.rn (lOY n. j/\), several
interbcds of darj<er, finer material.

Clay; sligh'bly sllty, lalr-ina-l,ed, medium
i;c darlc bror,rnisir grary ()Y R i/f), r.ri.i;ir
sil'u pocke*¡s and. occ. grani'bic pe1;b'le,
su.broi-mded carbonate pebbles collec-bed
from an u:llinor.m depth belol.i 22 il.
The uni b a.,opa.rently ex'bencls a.'o leas L 10
f b. bel-or¡ the 22 ii." depth bu1: close
exardnation of this lor¿er interval r.¡as
irrrposs-ible due to construction.

S¿¡-ntples used in ihis Studr¡

B-2 to B-6 are samples f'orn shallor.i pits dug i-n various areas
south and. southeast of l.linnipeg. A1l cuts expose siíghtly silby
cray, la¡únated, rnediurn bror.rn -bo meclium gray ()y B/L) " AJ.l ezcept,
B-2 i+ere'r,aken at a depth of approximately J feet. B-2 was taken
a'c a depth of 12 feet. The loca.bj-ons are as follot+s:

B-2 pharmacy Bu_ilding, University of
Mani-toba"

B-3 si,û4-g-lw

n-Ir Si.I25-9-1t,/

B-, sEr4-9-1u

B-6 NIltr-T-2rÍ

182

B-1-1

B-1-2

B-L-3

B-1-4A

B-l--48

B-1Jrc

P.'l-Lr 4 3, it and T*3, 4ArB, 5 were colrected from the powervier,¡
site a-; Pine iralls, l"faniioba (11-jo-.lE-roE). The sar,rples are all
l:urina.ecì c1ay, nediur,r gray to g::ayish-bror"rn (5 nì 3/r) øtn numeroussilt blebs prcsori];.



the A

Manit
gray

T¡I-Assin. River-l-l through 9 r,¡ere col-lected at a cut along
s,Lnlboine River approrima't,ely B niles nor-t,h of Glenboro,
ba (2-2j-flt€',¡), The cr-rb eiposes over 50 ft. of clayey si1t, dark
Nl), sliglrtll' 1a¡ri-na'r,ec1 l,'i-bh indefinite crossbedding.

lBl
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