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ABSTRACT

The Swa¡ River Formation T¡r l1anttoba

by

E. R. Venour

this thesls comprises a study of the Swa¡r River fornation

ln trdanitoba. The fomatfon is composed predoninantly of quartzose

sandstone a¡d ls of Lower cretaceous age. Tt¡e nineralogical and

terbr:ra1 characterístics of thls formatlon are described in detall.
Struetural and stratigraphic features are cliscussed and are illustrated

þ neans of structr¡¡e contour aad lsopach naps a¡rd structural cross-

sections.

Ttre characteristic lithologies of the Svan Riveand its
underlying a¡d overlying fortations, its deposltional envlronnrent, and

its possible source areas are treated in detail.

Results of this study suggest that the Swa¡ Rlver formation

in l4anitoba ca¡¡ be areally ctivlded lato a Næth Swan River and South

Sva¡ River. The tr¿o are stratlgraphic equlvalents but dlffer nlneral-

ogically and texturally, in their t¡pe of deposltional environment, end

fn their source areas.
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TNTRODUCTION

üENERAI STATE4ENT

The presence of Cretaceous sands now known as the Sr,¡an River

(see lab1e 1, p. 5), was noted by ínvestigators as early as 1892" How;

ever, descriptíons of these sands were bnlef and little lnfor¡natlon has

been available coneernÍng thelr pbysfcal ancl nlneraloglcal cbaracter-

lstics.

the Swan Rlver sands of the north are kr¡or'¡n from r.¡ell

semples and coresr and from outcrop sectlons along tbe Swan and Boarlng

rivers, I¡ the central a¡d southern parts of the provincer however,

strata referred to the Sr¡e¡r Rfver are lrrown only in the subsurfece, from

well sarnples and coreso the sa¡ds of these areas w111 be treated

separately (page 7).

PI]RPæE OF TNITF^STIGAIIO}I

At the tine ttris study was begunr l1ttle was knorrn about

the Sr¡an River" The purpose of this dissertation j.s to describe and

discuss eonpositlonal, terbural, and structrrral featuees of the Swan

River formstfon fn Manitoba" Concluslons are reached as to probable

correlations and source areasc

The study may have economlc appllcations 1n that:

(1) tbe fornatlon alnost always contains fresh water and

possesses excellent porosity and thus may prove useful

as an aqulfer;

(Z) oÍ1 bas been formd in sands 1n Saskatchewa¡ r¡hich are

s1:nila'r to¡ and nay be correlatlve to the Swan fLlver;
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endr (¡) in the northen: ouùcrop area, some sand beds are suitable

for the ma¡rufacture of varlous t¡pes of glass, includÍng

plate g1ass.
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PRE\/TOUS GEOTOGICAL !{ORK

Tho Swan River in l¡ranitoba has been al¡rost entírely

neglected by investigators, and any references to be found 1n the

llterature are necessarÍly sbort a¡rd lacking in deta1l.

Table 1 (p.!), surunarizes the sequence of Mesozofc

formatlons in tr4anitoba, showing the stratigraphic position of the

Swa¡ RLver.

J, B. 1þreJ1 (1892, pp.78-?J5) descrlbed glauconitlc

quartz sands, ferruginous sandstones, s11ts, sa:rdy shales, and

ca¡bonaceous shales lying belor^¡ tbe Benton (¿snvitle) foruation,

ln the Swa¡r Rlver Valley, He assumed theur to be of Da.koùa age

because their stratigraphic posltlon and lÍthoIory appeared sLnilar

to the type Dakota of Meek and Hayden.

tr{. Mclnnes (fqf¡) described 0betaceoue sands e:posed along

the south shore of llapawekka take 1n Saskatchewa¡ as being very

pure, white quartz sands. The grains are faÍ-:rJ.y uniforn ln size,

and are t¡elI romded and frosted. He states that nthe erq)osures

seem to be best eorrelated lrith slmilar sands t¿hich occur over a wide

area further west, vhere tbey are knounr as the tar sands (Dakota)rt.

ÏI" A. Johnston (t9tZ, pp"3749) described the refractory

characteristlcs of the fine grained sands and silty clays ¡ùich

tyrrell bad found ln exposr.:res along the banks of the Stra:r R:[ver"

J. S. Delury (Lg?J*) described Cretaeeous sands at !üapaveleka

and Deschambault le.kes in Saskatchewan as beÍng composed al¡nost

entÍrely of ffne to coarse r¡ell rouncled quartz gralns. He suggested.



TABIII l. iESOZOIC IÐnì'mTIOllS n'l l''iAi'lflÐRA

Roissevain

a)
ÉÉL)

Êr

çi
CJ

äicling iíountain

Ì'Et'ßm TTI)ICr\L LITIÐIDGY

greenish gre;,2 sandstone and sand

i'lorden

greenish greY claY
siliceous shale

cìark grey io blacìt,
shale with ba.nds of

JUIìA.SSIC

TRT¡,S5IC

calcareous shale wi bh a fer"¡ bed-s

of bentoni'be, ancl some da:'lr Erelp
non-calcareous sìrale

;\shvil-le

ancl light greY

Sr'¡an lìiver

d.a:"Ìc grey, non-calcareous shal-es
and clays

Ämaran-bil

r10n-calcareous
bentonite

grey shale specltled wj-th l'rhi+'e
calcareous maNerial, afso sone
U:nestone bands

Snearfish

darlc grey No black shale t'riLh
some silt and sarrd bed.s

sanclstone ltith inl,erbedcled shal-e

anhydritee gypsume

red Lo bror.rn shale tritìr some
j-nterbedded anhYdrite

and recl shale
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that the rounding of the gralns¡ as well as the r:nusual purity of

the sandstone, nay bave been due to the reworkÍng by waves a¡¡d other

erosional agents of an 0rdoqician basal sand which nay have covered.

tbe area at one time"

R. C. !üallace (tgZ5, p.zt*) correlated the sa¡rdstone

e:rposed along the banks of tbe Red Deer, .Annitt, Kanatchr Swan

a.nd Carot rivers and at Ket,tle Hill on Sr,¡an Lske, with the De.kota

of the south.

So R" Klrk (1929, p.115) termed beds exposed along the

Swan River as ilbasal beds of the Upper Cretaeeousrt and descrfbed then

as approxlnate tine equlvalents of the Dakota sandstone.

I{n A. Johnston (I93t+t p"12) íntroduced the term trsr¿an Rlverrr

and described ilSua¡r Rlverrt beds (Dakota sa¡rdstone) as belng composed

of quartz sandstoner fine to coarse Fgndr clay, and shale"

F. H. Mclearn (lrgt+4t p.4) stated that the Sr¡an ltlver contains

marine fossils and coal¡ and concluded that it 1s partly marine end

partly non-marine.

Ro T. D. ïiickenAen (t945, p.12) desfgnated the Swan ltivor

as the trSwan l*lver Grouptt and described 1t as being composed of shales,

sands, and sa^ndstoaes of Lower Cretaceons agee He stated that the

tfSouthernrr part of the Swan River was partially of narine orÍgin, where-

as the rrNorthernu part was entirely of non-maríne origln.

L. Hlood (fg¡f) noted a rnarked slnilarity between beds out-

cropping along the Swan R:lver, and Lower Cretaceous beds penetrated

by wells in Saskatche!¡¡n. He suggested that tbe Swa¡r Iliver beds were

of non-marine origin.
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.åREÅS DTSCUSSED

Irühen this study was begun fu¡ 1951, onry a fer*r r¡el1s from

vhLch reliabLe sa.nples and uel1 logs were avallable had been drllle¿

ln that area of t'fa¡¡ltoba underlefn by Swan R:lver beds. The li.thologies

of beds tentatlveþ described as Siran River encountered. in these wells

varied. fn the dlfferent r'¡ells and fbom the outcrop sectlons of St'an

Rfver" Beeause of thls llthologtcal varlatlon and ttæ lack of control

wells, correlations lrere uncertalno For this reason it was deelded

to divide the regfon of study lnto tåree areas. Each erea lneluded

several wells and./ov outcrop sections l¡hich contalned. Sr¡an Riyer beds

of similar llthologfc cheracter" These tlree areas, all of which are

bounded, on the west by the second MerÍdia¡ (}lest) and on the east by

the l4anitoba escarpment, are sho'¡n in ff.gr:re 1, (p.8) and are¡

1) Northern are& - flon the northern edge of the Manitoba escar¡rment,

south to the Ridlng l"fountainEo Thls area lncludes

the Swen Rlver and Boaring River valleys whLch contain

tbe outcrop sections of tle Nortbern Swan Rlver,

usually called nDakotart sends by early lnvestigators"

2) Central å.rêa - south of the Ncnthern srea, a¡d lncludes the Truperial

Fox¡arren No" 1¡ Cal.lfornla Standard Elkhorn ?-84,

and Royalite Triad Eü À1 1!o Creeks No. I r¡ells.

the cent'ral area terminates to the south at a l1ae

extending east-rrest fron the Paleozole erosional

hfgh at tlæ Daly oí1 fteld where the Swan lüver is

eíther absent or very thin.
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3) Southern area - south of the Daly fÍeld to the Ïnternational

Boundary. l.fells in this area include California

Standard Er"¡art Province L'U+c Souris Va11ey Robert

lr{oore No" le a.rrd Royalite Tþiad Et A1 Lulu Lake No. 1"

These thnee areas r¡ere studied indiviciually throughout the

investigation and are treated individually throughout this report.

Hor^rever, for descriptive purposes, the sands of the northern ancl central

areas r,¡il1 be designated North Sr,¡an River and the sands of the southern

area r,¡111 be designated South Swan River"

At the tirne of conmencement of this study, a limited nurnber

of samples of Swan River sedjments was available. A few outcrop specimens

cornprised the available naterial for Swan R:iver sands of the northern

ereae

Sr¡an River sa¡ds of tho central and southern a-Teas ïIere represented

by core and ditch samples from the rel-atively few we1ls which had been

drltled a.t that time.

The sedimen'bary petrography sections of this thesis thus r+ere

based on a relatively sniall number of samples ancl consequently the

validity of conclusions based on the composltional and textural <ieter-

rninations should be considered relative to the limited amount of avafl-

able material"
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METITOD OF STUDY

GEITERAL STATMENT

Hald specirnørs, thin sections, heaqy mfneral slides, and

photogrephs used in this study are on pernanent fÍle at the Unlversity

of i'{anitoba.

samples studled consisted of hand specimens colrected by

Ðr' Sn R. Iflrk (1929) from enposures along the Swan and Boaring Rivers¡

and core and catch samples from we1ls drflled ln different parts of the

provlnce.

gamples of sr¿an River naterlal were lnvestigøted in the

laboratory uslng varlous qualftatlve and quantttatÍve nethods, as

detailed below.

rHÏN SECTIONS

Almost fifty thin sections were prepared, secti-ons betng

cut both paralle1 and perpendicular to beddlng.

An impregnatlng solution was enployed for specimens too

loosely consolldated to make thln sections in the ædinary way. A

slice of materlale usually under I/1, ,rronülck, was placed in a

solution of bakelÍte (phenollc resLn) for twenty-for¡r hours ar¡d then

heated at S5ocentigrade for tvelve hours. The rock r,¡as then hard

enough to aJ-low a thln seetion to be made. The desired result night

have been achieveil qrith less i'npregnating and heating tine but the

above procedr:re was found to be quite satlsfactory.
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DTSÅGGNEGATTON OF SA}4PI,ES

Dlfficulty was encountered in disaggregating the najorÍty

sf sandstone speeimens. Sanples with siltceous and pyrltlferous cements

r,¡ere the nost dlfflcult" Dlsaggregatlon lras aceonpllshed by placing

specfmens on a soft wooden block and por:nding with a second, wooden block.

Completeness of disaggregation was checked by nlcroscope"

The Sr¿an RÍver sandstones from the northern outcrop areas

were almost completely disaggregated by placing then in dilute hydro-

chloric acid. The more arglllaceous t¡rpes found j.n the southern pa^rt

of the prouince, houever, wero a l1ttle more difficult to work. The

arglllaceous constltuents could generally be rrashed out but as they

were considered as part of the sample, they had to be retained, drled,

dlsaggregated, and sleved allong wlth the more arenaceous eonstituents.

Ilpon drylngr th clay materi.al tended to form small consollda.ted nasses

vhicb had to be crushed in eder to avoid erroneous sieving data"

I¡asoluble residues were prepared as foll-or¡s:

100-150 ccs" of corunereial hydrochloric acfd (Zi2O: 1 IICL) were slowly

added to thirty g"ans of nateri.al ground. to -/o mesh size (þler Sta¡rdard)

ln a 250 m1" bealcer. Heat was ap;ol1ed if required. After four hours,

the 11quid vas dece¡ted. end retained to keep any fines" trbesh acid r,ras

then added a¡d when all dissoluable naterial had gone lnto solu.tion

the mixture rras filtered and ühe solid naterial retained and welghed.

HISTOCTPLAI"ÍS AIID CUMUIATIITE CIßUES

Iþom d.ata obtained by sieving twenty-eight samples, eaeh
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rreighlng about forty grains (faUle 6¡ Þ.51), Uistogrâms arrcl eumulatlve

curves krere constructed using the nethod descrlbed by l{rr.¡mbeln (]g3o,

pp.84-90) and. Pettljohn (19/18, pp,19-45).

HEAJTY MTNERAT, SEPARATTONS

Heavy nineral separatlons were accomplished uslng about seven

grsrls of the 200/ nesh sieve size" Tetrabromoethane and b,romoforur of

speclfic gravity 2.89, were used in the standard nethod.

l,üelghts and percentages of ltght and heavy mineral fractions

are recorded 1n Table 6, (p.51).

Pe:ro'lanent slides were prepared by nountiag heaqy mlnerals

in Canada balsam between a glass slide and cover sU.p"

Folloulng lbyninets (194.6r pp,"65-8?) method, an attempt at

eorrelation was nade by plotting the physical and optical properties of

tourualine gralns" However, better results were obtained þ plotting all
heary minerals fotind to be present.

ROUIIDNESS, SPHEBICITÍ, FROSTilÌG, and PIffifNG

Degree of rounding lias estimated visually usi-ng l(rr.mbelnls

table, (194¡)" All sleved portions of Swan Rlver sa¡dstones lrere exanined.

Degrees of sphericity were detennined for each sieved fraction

using Tyets (l9l+3, pp.28-3t*) nethod on tbe proJected Ímages of grains.

Fbosting and. pltüing were estirnated visually for eaeh sLeved

fraction with allollances made for grain size, as rrill be detalled later.

Sa:nples r.rith considerable argillaceous material usually had
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the large gtains coated r^¡ith dust, thus concealing frosting a¡d pttting

effeets" These samples r,rere tuashed Ín alcohol" The alcohol removed

the dust, was decanted, and the remalnlng llquid qulckly evaporated to

leave the quartz gralns clean a:ld ready for study.

STB,TICTURAT FEATURES

Structural features are illustrated by neans of structure

contour maps (Plates lX and X1, Í-n pocket), m isopaeh map (Plate X,

in pocket) and structural cross-sections (PLates X11, X111 and )CLVr in

pocket).

Correlations lrere based on electric and radio-actlve logs¡

as uel1 as sarnple descrfptions.



GrnilERAl, sTArE¡,{EI\iT

The Swan Rlver fo¡matlon ls conposed of glaueonitlc quartz

sands, ferrugJ.nous sa¡rdstones, sirts, sandy shales, and earbonaceous

shales.

The conposition of the Swan Rj.ver forr¡atlon j.s dealt Lrith in
detail ln the follo,rfng sectfons, The natr:re of the outcrop sections

and the mineralogical assemblages of the northern, centraln and southem

areas are discussedn

-Ll+-

I{ATURE OF OUTCROP SECTTONS

North of the swan Rlver townsfte, sevæal good outerops

expose the upper 30 feet of tte Sr+an River formatlon and include the

contact with the overlylng ashville (plates 1, and 11, pp. 16¡ 1z). A

few isolated erçosures of Sr"¡a¡ River beds are found. south of Swa¡¡ Rlver

Valley but these occur withla the section and ca¡not be correlated.o

I{owhere fn the Sl¡an Biver Valley ls the contact of the Swen Rlver beds

r.¡ith the underlylng Paleozoic exposed.

the followlng is a com¡rosÍ.te section described. by Elood (fg¡f )

whieh he observed along the Sr^ran River fkon wE'f, of Sectloa 6, Tor+nshtp jf,
Range 26 vIL to i\tt+f of sectfon 6, Tourship 3?r Bange 26 I{r.

Ashvllle FormatLon Feet

shaler carbonaceous to warsr, silty, dark grey to black, indurated;

few sandy stringers at base; coarse quartz sand at base

contalns chert a¡rd fish teeth z
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Swan ftlrcr Forrnatlon

Sandstone, quartzose, glauconitic, flne grained, w5.th partings

of grey, papery shale; secondary gresutr crystals

throughout; uany rounded ironstone concretions ln

lower 0.5 feet

Shale, dark grey to black¡ nany partings of fine grairred sand-

stone throughout,

Sandsùone, hlghly glauoonltic, fÍne grained, bedded

Sandstone, quartzose, fine gz'alned;-thln baads of ferri.ginous,

flne gralned, poorly consolidated sandstone in

centre.

Shale, s1lty, earbonaeeous, black, interbedded vlth elay,

sandy, ETaT¡ plasùic; plant remains and lignftic
coal fragnents throughout.

Total

MÏNERAt STUDY

LiehL l,üaerals

Areal Dlstributlon

ûuartz grains are the most cornnon constituents of sands in

all three areaso

Llght ninenals identLfied ln sanples of Swa¡r River sand from

the northern area are qr:artz, nuscovlte, and g1au.conf.te. Carbonaceous

rnaterialr apparently snall pilant fragments, vas noted 1n some glauconltic

sandstone.

Feet

5

2

10

11

"5_



E"' 

A. Location: SE 1/4 of sec. 8, twp. 37, rge. 26, W 1. 
Outcrop of white, fine grained, glauconitic Swan River sand 
with minor thin black shaly partings. Dashed l ine represents 
the Ashville - Swan River contact. 

.?.* . 
L.. 6. 

B. Location: NE 1/4 of sec. 6, twp. 37, rge. 26, W 1. 
Smal l  shear i n  Swan River formation. 



A. Loeations EIE 1/4 of Bet. 6, twp. 37, rge. 26, W 1. 
Bashed line follows bahville - Swan River contact. Photograph 
waa tuken a* a distance of 20 feet. 

B. Location: Same as above. 
Close-up o f  contact shown i n  A. Photograph was taken a t  e 
distance of 8 feet. s 
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ThLn sections of Swan River sand fbom the central area show

nuscovite a¡d carbonaceous material, apparently plant fbagnents, to be

present among quartz grains"

Ïn the southern arear samples of Srnran River sa:rdg, obtained

fro¡l the Souris Valley Robert Moore #1, and Sour{.s Valley Dow:ey #1

wells, contain traces of microcllne and plagioclase.

Conclusions

Light gravlty nrÍnerals for.¡nd in samples of Swan River sa¡ld

taken fbom the northern, central aad southern areas suggest that such

factors as t¡4pe of environment a¡rd rate of depositÍon r,¡ere not tbe same

in all three ETêâs¡

The presence of glauconite, lndLcates that sa¡ds in the

northern area probably formed, for the most part, durtng slow deposition

in a nsrine environment under shallow water condltlons (Twenhofel, 1950¡

pp,t+37-4Áf), The oecr:rence of carbonaceous material Ín some of the

glauconitlc sandstone ûay be due to a-lternatlon of marine and non-marine

condltions durfng cleposltfon or to tnflLr¡< of contlnental organic rnaterlal.

Carbonaceous naterial is more cormon fn the central area and

glauconite ls absent, uhieh suggests at least partlally non-narine con-

ditions to have prevailed during deposition of sa¡ds in this are&.

The presence of nicroelLne and plagfoelase, both relatlvely
unstable mlnerals, in sands of the southenr area is indicatlve of a short

distance of transportr little æ no re-uorkingr and rapid deposf-tion"

This latter üay explaln the a'bsence of glauoonite tf the rocks are marlne

1n origin" Tbe presence of strained and re-crystallized quartz grains
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l¡ ssmFles fron the CallfornÍa Standard Hartney 16-18 and Souris Valley

Dor,mey #1 r.¡ells is indieative that source rocks r^¡ere in part quartzitic.

Heaw lvlinerals

Introduction

Heaqy mínerals identified, and their relative frequencies

of occurrence are shourn in Table 2 (p.20)" Locations of sanrples from

r¡hich they r.rere obtained are shown 1n Table 3 (p"21)"

Three methods were employed 1n the interpretation of heavy

mineral data:

(1) direct comparison of the total number of different heaqy

m:inerals found in each of the three areas,

(Z) couparlson of al-l hearry minerals common ùo any two areasu

æd, (3) comparison of heavy minerals conmon to any two areas r^rhieh

are not conmon to the third areao

Method One

The total number of differenù hea'l6r minerals in each of the

three areas Ís shor¡n below in TabLe 4.

TABLE 4 - AREAL DISTRIBUTION OF riEAVy MINEA"A,LS

AREÁ,

Northern

Central

Southern

These minerals are those Ídentifiod and reeorded in ?able 2

(p.20)" There are fifteen clifferent heawy minerals found, in samples of

NU]'{BTA, OF DTF}-ERNNT HEAVY lVìTNERAIS

L5

T4

7
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'Sr,ra,n River sands from the northern area, fourteetr ti-íffe:.ent heavy

minerals Ín sa¡ds of the central a:.ea.. and seven djfferent heavy

mineraLs fourd ín samples of South Sl¡an River s&.nd.s.

Method T\¡o

Using Table 2 (p"20), heavy iníner¿ls comnon to the northern

and, eentral areas, those eommon to the northern ancl southern aïeas, and

those conmon to the eentral and southern ar.eas ldere eompared"

Ït was for:nd that the northern and central areas have thirteen

different minerals in commona e"pido:be, garnet, ílmenÍ.te, limonite,

kyanite, leucoxene, nagnetÍte, py:rite, sillima:ríte, staurolite, topaz,

tor.rrmal-ine and- zlrean (ptate 111, p"2J)"

The central and southern areas have seven heavy minerals in

eommonå leu.coxene, nagnetite, pyrite, stauroJ-ite, t,oËa,2, torirmal-ine,

and- zireon" These are the same seven mÍnerals r+hich s.re conmon to the

northern and eentral- areas" fn other words, leucoxene, magnetite, pyrite,

staurolite, topaz, tourmaline, and zircon are found in all- three area$ and

so can not be used to illustrate any clifferences in the m-ineral assemblage

of the &reas (Pte.te lV, p.Zd).

lvlethod Ttrree

ïn, this method, only those minerals are recorded l¡hich are

comnìon to any tr'¡o areas but are not found in the third areao

J\gai.n, using Table 2 (p"20), it r^¡as found that the northern

and cen"L'ral areas have six heavy mínerals ín conmon whieh are not found

Ín the southern areaô They are epidote, garnet, ilmenÍte, limonite,

kyanite a¡d sil-limanite.



PLATE 111 

A. Photomicrograph of  heavy minerals found i n  Swan River 
sandstone from outcrop along the Roaring River, showing 
the relative abuniiance of  lryanite (ky). 

- 'C 

B. Photomicrograph of hemy minerals found i n  Swan River 
sand of Imperial Madeline No. 1, shoving the presence o f  
sillimanite (si), staurolite (st), and tourmaline ( to) .  



PLATE 1v 

* 
Photomicrograph of heavy minera ls  found in Swan River sand 
from Roaring River outcrop, showing presence of tourmaline 
(to), staurolite (st), and zircon (ei). 
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There arë no heavy minerals corm.on to the central and southern

areas that are not found 1n the northern area, nor are there any heavy

minerals for:nd ln the northern and southern areas r¡hlch are not for:nd in

the centreJ area.

The only dlfferences 1n the heaqy minenal-assenblages in

sands of the northern and central areas are that the sands of the

northern area contalo hornblende a¡¡d rutile whlch are not found in

sands of the central area, h¡t do not contajn chloritold t¿hlch 1s found

1n sands of the central areao

Conclusi.ons

The heavy mlneral assenblages of the North Swan River sands

of the northerre and central areas appear quite similar both ln the nrnber

of different heaqy mÍnerals found ln each area and also 1n tbe tlpe of

heaqy mineral present in each area.

Heaqy minerals 1n the South Swan lllver sands are less 1n

number and in variety thaa those of the North Sr¡an tLlven,

The lesser nuiaber of heaqy, nlnerals ln the South Suan

River sands is not due to a greater distance of transpcrt of these

sands in comparison to North Sr¿a¡r RLver sands. This fs lndicated by

the presence of such relatively unstable minerals as mlcrocline and

plagloclase 1n the light nineral suites of South Swan Rlver sarids 1n-

dicating a relatively close source çith little or no ?e-workfng"

the difference between the Nortb and South Swan River sands

nay be due to a difference Ín source axeas of the two sends.
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?ourin¿Ìine Investieatíon

All tourn¿1ine grains observed in healy mineral studies

were csrefully deseribed a¡d lncluded 1n Table 5 (p,27). By using

i{ryninets (tgln6, pp.65-8?) classiflcatlon, an attonpt was nade to in-

terpret the petrology of the source areas or area of the Swan River

sa"¡rds in the three areal divisions,

fntroduction

Ihynine (tglr6¡ pp"65-87) lists five main toumallne groupsô

The classlficatlon of grains is based on síze, shape, colour, and presence

a¡d nature of inclusions,

The five groups ares

r) granitic tourmaline

b) pegmatitic tournaline

c) tourmallne from pegmatized lnjeeted metanorpbic

terranes

d) sedinenta:ry authigenic tou:maline

e) reworked. tourn'rallne

For a detailed descrlption of these groups a¡rd a fev practieal

appllcations of this t¡rpe of study, the reader is referred to l(r¡mine I s

publication"

Ncnthe::n Area

The most conmon t¡pes of tourinaline found j¡l the Swan River

sands of the northern area are those of the yellot'l to brown and pink to

green color classes a¡rd containlng fei,¡ or no inclusions" Most of the

tounnaline grains in these g?oups are ldiomorphic although there are a

nr:nber of ror:nded grains.
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Tourmallne grains of the yellow to brown and pink to gteen

color gnoups but containing cavities (enpty vacuoles or bubbles) are much

less common" The majority of these tou:cmaüne grains are anguJ-sr or

ldiomorphic,

Tourmaline grains vith blue to uauve color end fe!¡ or no

ínclusions a.re also present. Ângr:J.ar grains of this t¡rpe are slightly

more co¡nmon than rounded grains.

Grains with carbonaceous lnclusions are rarec Both idio-

morphie a¡rd rounded variet:les are oì¡served.

Central Area

The most comlnon tSrpes of tourmaline found ln Sl,ra¡ R:Lver

sands of the central æea are those of the yellor^i to brot¡n and pinic

to green groups with few or no Ínclusions. fdiomorphic grains pre-

d.ominate over rorrnded varieties"

TournalÍne grains of the yel1ow to brown and pink to green

eolor groups, but containing non-carbonaceous j-nclusions are also

present. They are a.nguJ-ar, idiomorphic, and rounded.

Idíomorphic tournaline grains with carbonaceous inclu-slcns

are next in ord-er of relative abundance.

ToururalÍne grains of blue coLor and angular and idiomorphic

shape a-re rare.

Southern -Area

By far the most corilmon tSpes of tourmaline found in South

Su'e¡ P.iver sands are those of the yellow to brown and pink to green

color groups and contai::íng feqi or no lnclusions" Idlomorphic gralns
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å"re slightly more common than rouncled varieties"

Tourmaline grains containing inclusions and belonging to the

yellor"r to brown and pink to green color groups are a-l-so present, Grains

containing carbonacecus inchrsions are slightly ¡nore common than those con-

taining enpi:y vacuol-es" fdiomorphic grains are more conmon than roi:nded

varieties.

Ðiseussíon

This study of the types of to-urma.lirre grains found in sands

of the liorth and South Sr'ra¡ River formations shoi,¡s that tlre sarte t¡pes

of tourmalines are the most coruron in all three areas. They are the

yellow to broçn and pink to qreen color classes, containinE feinr or tlo

inclusions,

According to lfuynine, these types of iourmaljmes are derived

frcn pepprøtized injected metamorlphic terranes. ihe rocirs forming these

terranes r^iorùd be rnainly quartzose in character and voul-ci include peg-

matized sandstones, metao,uartzites, quartz-sehists, and cluartz-n¡-i-ca-schists.

The nerb most common Q¡pes of tor:.rmalines found i-n lüorth Si^ran

River sand,s fron both the northern arrd central areas, vere of the yellow

to brol+n and pinir to gpeen color groups but conùainin6r cavities(enp.by

vacuol-es or bubbles)"

These tourinalines are helieved to have been clerivecl froin lar,qe

plutoni.c iqn.eous bodies"

In South $r+an River sands, to'rrrne-l-ines of the yellor^r to

browr and. pinlc 'bo green grou-ps eontainj-ng carbcnaceou.s incl-usions aÍe

slightly rnore cormtron than those of the same color groups but r,¡hich
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contain eavi'Lies. This relationship is reversed Ín Sr,¡an Ri.ver sands

of the central areao Carbonaceous inclusion - bearing tourmal-ines are

rare i.n sands of the northern area.

Oarbonaceous inelusion - bearlng tourmalines are sugglested

by Ï{rynine to have been derived from a pegmatized injected metamorphic

temane vhereín the injected phyllite was originally a dark or black

shale.

Bl-ue to nauve tourmalines are pesenù in North Sl¡an Rfr¡er

sands frorn the northern and central areaso but, are absent j.n south

Sr^¡an RÍver sands,

ifuynine believes that this type of toi:rmaline is character-

istic of peEnatítes and veín roeks"

Shapes of the tourmaline gra-1ns are aLso shor¡n in Table 5

(p"2?)" rdiomorphi-c and anglrlar graì:rs are slightly tc considerably

more common tha¡r rorrnded grains in all Fgotlpse

One inference l¡hich can be placed on this fact is that all
the grains have not undergone the same amount of abrasion" The reason

for this coul-d be that the angufar and idi.onorphic graíns have under-

g;one less dístance and time of transport and less reruorkíng than rounded

gralns" The rounded grains may have gone throush:nor.e tha:r one eycle

of sedi¡tentati-on and become part of the Si.¡an River sand,s after derívation

from sedfuients l,'hose source r^ras the sffne or símilar to that r,lhich

supplied Ùhe fresher, less abrairi.ed tourmal-ines found in the North and

South Sr.ran River formations.
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ïn su¡mnary it, may be saicr that the type of source coinmol to
both North and South St¡an Rj-ver fcrrnations r^ias a pegrîat,ized injected
netamorphic terra-ne. llhis terrane probabl¡r i11g1rded pegmatizect sand-

stones, metaquartzites, mica schj-sts, quartz-rníca-schists, slates, non-

quartzose r:rica schists, and phyllites, some of l¡hich r+ere origínally black

siral-es. Large plutoníc igneou-s bod.ies, pegrnati'bes, and- vein roeks ïie¡e

also present"

The main differences in type of source of Sr¡a¡ lìi.¿er sands

found irrbhe nort,hern, central, a.ncj souther:n ares,s as determined b-1, ¿

stucly of iou"rmalines, are'Lhat'bhe source of sands in the northern area

eontaj"nec a small-er colume of phyllitic yoel',s tiran t;he sources of sarrdsi

in the ceniral ancl eorlbhet'rr areas¡ and Lhat ihe sotrt ce of tÌre ,_coutLl Sr.¡an

iìÍver cc¡ntaj-ned a sme-ller volune of pegnatitic roclcs bhan t,l-ra.t of the

Itlorth Sr+an River. These dífferenees are nob sÍenifj.ea¡t,.

Concl-usions

The tounraÌj-ne stucly incticates 'that the NorÛr and- Sou,ilr Sr,,a::

Eiver sands had sou-rces of simiLar l-i.thoLoç:ic e.ha.racter,

Comple te Ji¡Lçr_qL 4SS, e¡b,le_ge

Discurssion

The complete Ìreav;r nineral suites of ,Sr,.¡an Rj-ver sar.ids fronl
"Lhe northern, central, ancl southern areas, ÍlJe eiven in Tabl_e A (p"AO).

These complete mineral suj-tes Lrelre cornpared in ord.er to de'bermine r¡hethel

or not ì;hey r,rere ind-ice-,'bive of any particular types of source areas.

Pettijohn (rg4,st p"g8) lists cretritar nineral suítes
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characteristic of different t¡pes of source rocksn He classifies

these minerals as lndlcative of derlvation from six types of source"

They are:

1) re-worked sedimentary source

2) low rank meta.norphic source

3) hlgh rank metamorphi.c source

l) aeid igneous solrrce

5) basic lgneous source

6) pegmatite souree

Areal Characteristics

The three areas, northern, eentral, and southern, contain

one or more ninerals from each t¡4pe of source. HcRo¡ever, four of the

six uinerals connon to the northern and central areas, and not present

in the southe¡n area, i.ê.r epidoter garneù, kyanite, and silljmanite,

are characterlstic of a high ra¡lk metamorphic source.

The mi.neral suite found 1n Swan Rlver sands of the southern

erea appears to be more characteristic of an acid igneoì.ls source.

Concluslons

Results of the conplete mi-r¡eral assenblage study indieate

that Swan River se¡ds in the nortlærn, central, and southern areas l¡Iere

derived from sources containtng several types of rocks.

The sor:ree or soì.Irces of the Sro¡an lÈiver sa¡ds ln the

northern and central areas appear to have contained a greater proportlon

of rocks of the high rank metamorplr:ic type then did the sor¡ree or sources

of sands of the southern area.
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Ðiscusslon of Results of Mj.nera] Studv

Before any definlte eoncluslons based on the study of light
and heavy ¡rlnerals are rnader the factors effecting the distribution of

these minerals will be dlscussed"

fn natural

a)

The factors tbat control the distribution of hearry ninerals

sandstones are said by Rubey (1933, pp"3-Zg) to be:

differences in the origlnal size of the various grains

tn the source rock"

the amount of abrasion that all gralns have r::rdergone

during transportation.

the dÍfferent settling velocltÍes of the various grains

at the site of deposition"

the degree of sortÍng to rùich al-l grains were subjected

there.

b)

e)

Rubey frz'ther states that rra1l these factors seem competent

to cause lerge variations in the relative abundance. of various mlne'rals

in different samples of deposits that have been derived from exactly the

same source and a-Lso in dlfferent size fractions of each of the sarplesn.

Rubey believes that all variatl-ons except those due to

differenees in the anount of abrasion are elin:inated if comparisons

are restrlcted to the hearry minerals taken from ncomparable porti-ons

of sandstones that have essentially the same graln size and the same

deg¡ree of sortlngr. .A,lnost all samples used in thls work could be

classified as fine grained sands and rnost appear to have been moderately

wel]- sorted.

d)
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ûogen (1935, pp.3-$) states that I'for qu.antitative

comparison of heavy m:inera1s, naterÍals of the same grade-size

should be utilizedtt. In this study, only the 20Of grad,e sizes rn¡ere

usedo The 2OA/ size r,,¡as the most suitable as, according to Rubey¡

the processes of sedimentation tend. to concentrate the heavy minerals

withln the finer grained port,ions of sand.stoneso Minerals of graln

size s¡naller than 2OO/ were founcl bo be too small for identification

except by X-ray nethods and J.arge screen slzes would have fewer hearry

ml-nerals.

In thís work, r'¿herein the hear4y mineral assernblages of

different sandstones are compared, the possible effeets of all factors

controlllng distribution of minerals uras borne in nind, and if possible,

compensation rnade for them.

Because all possible precautions r¡ere tal<en, the resu-lts

of this heavy rnineral stu.dy are as accr¡eate as was thought possible.

Ilor+ever, the preceeding discussion r"¡ill help to eqplain vari-ations in the

healy mineral eomposition of indlvldual or sinllar salçles v¡krich mlght

otherwise appear íncongruous and tend to nulIÍfy or reduee the value of

the r,¡ork d.one"

Theprecedingstud'mminera1s,btreheavyminera1s,

the tourmallne suites, end the complete mineral assemblages lndicates

that the sources of the North a¡d South Swan Rlver sa¡ds r,¡ere different

geographicall;r and mi.neralogiceJly.
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A eornmon source of the North a¡¡d South Sr,ran River sands to

the north of the outcrop area is contradlcted b¡r several facts as follows¡

1) There 1s no uniform gradient in the number of different heary

mlnerals fron the northern area to the southern area. th:is gradlent

could be erçected if the sands r.¡ere a single stratigraphlc unit as a

greater distance of transport r¡ould tend- to eljminate more of the less

stable minerals.

2) The presence of microcline and plagioclase ln South Swan

River sands 1s jndlcative of a relatively short distance of transport,

little or no re-r¿orklng and rapid deposition.

The souree of the South Swa¡ River sands was simílar 1n gross

lithology but less complex nineralogically than that of the North Swa¡

Rlver sandso Both source areas contained meta.rrorphie and lgneous masses,

and sediments derlved from them. Howeven, the source of the North $r¡an

River sands r¿as mainly of the high-rank metamorphic type rchereas that

of the southern area was of the low-rank metamorphlc and aeid ig:reous

t¡pe.

The source of the North Swan River sands ln tbe northern and

central areas uas probably the sarne.

CEþMùTS

The natrne axd anount of the cementing medÍum in most

samples t,la,s cìetermined by means of insoluble resldue methods and thín

section studies"



from the

a)

-36-

Using these tr¡o methods, it u,a.s observed that sarnples

three areas ha,cì t,he follor.lirrg cements:

Ìrlorthern area - mostly calca.reous cement (SS% - LO,fr),

also soine pyritic eement,

Centraf area - mostly argiíllaceous ceìtent, also some

caleareous cement"

Soutl:ern area - mostly argiJ-laceous eement, also some

calcareous and pyritie cement"

b)

c)

F0s,5IL$

The only fossils tdentifíed by'the author during this
stu.cly rvere founcl in beds of the sr,¡an Rj-ver in the rmperial Birtle
l{o. 1 r¡ell at a depth of 1319 feet, r,¡hich is about fifty feet belor¡ the

top of th.e Sr^ran Ríver ín this ve1l. These fossils are ill-us-trated in
Plates V and Vl (pp.38-39)"

They inclu.de:

Aqte{!.ç- !r+p:e zqide.le p- stanton

Dentêllum pp

$nçti_eê egçåqç;ilelg.Ë (titriteaves )

"Aqçopc.Eellq &@g.*{q.g Meek

0T+-s e*a.Lpf f åtiê oblqseale iule elc

Sslllsta (¿pnrod¡-na) tEnu.re (r) itarr e.nd l.feetc

ltiuçqla peeqrêssa Conrad

Åst#e eêæAs;¡f;slçs Stanton a.nd årc-t*j-ca ectådçstales*

(ir'hiteaves) are described by Slrimer and Shroek as beirglor¿er Cretaceous

inclex fossi]-s.
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Tþrell (r8çe p,ll3), I,ialt_ace (tgz5o p"29), Kirk (1929, p"ri.6),

and l,IiekenAen (1945, p.1/,.) identífied several fossils for:nc1 in fjr-¡an

River outcrop j-n the nortÌ,rern areaq These genera Ínclude:

liëg¿}e SgþÐgqti¿å Hall- and þíeek

Oglgge ç_o.ågqÞta Conrad

lrpdlola (¡Sggþ-+gqrrþe" ) te$¿ipg4pta Dai,¡son

i,e$.l¿A .U#}.Lþþe*ååg tJhi t,e ave s

te-rgilLie ? qp

Nger;å+ ? "p
None of these apllear to be index fossils,



A, Assemblage of pelecypods found in the Swan River of Imperial 
Birtle No. 1, 

B. Nucula D- found in tKe Swan River of Imperial Birtle 
No. 1. 



A. Species of  Dentaliurn found in the Swan River of Imperial Birtle 
NO. 1. 

B. Scolecodont found in the Swan River of Imperial Birtle No, 1. 
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TÐ(TÛRAT, THARACTER üT $}üAN RTTæN, FCIA¡,IÀTTON

HISTOGRAIvIS A}JÐ CUMULATTI/E CUR\TES

Histograms of a-11 sa:np1es used ln this study were drar,lr a¡rd

are included in Plate \[Ll (p./.1). Cunulative cu!"ves of these same

samples are shourn in figures 2-10 (pp,t+z-So). The hlstograms and

eunulative curves !¡ere constructed usfng srynple weights listed on the

individu.al cumulatfve curve diagrams and fn Table 6 (p.51). Signiffcant

values and" quartil-e measures derived from the cunulative curves are in-
cluded ln Table 7 (p"52) 

"

C¡rain size. SætinE, Skerrness" and l(r.¡rtosis

Northern area

The average grain slze of Sr"ran Rj.ver sands from the northern

area, as determined frr¡r h'istogra.ns¡ (plate wlr p.41) is o.oz* - o.r47

nmso ln dianeter. The average itned.ianrt as determi.ned from cr:mulative

cuÌves ls 0.129 ¡run, 1n dlameter (fatte 7s p¡52). Thus¡ the Sr,¡an Ri.ver

sands of the norbhern area would, according to kientr¡orthrs scale, (fetti¡onn,

rglnåt p"16) be classed as rfvery fine s&ndsrt. (see prate v111 A, p"5/).

Hlstograns of Sr¡an River sands fro¡¡ thls northern area show

them to be well sorted" (rtate wl, p./*r). The everage ncoefficient

of sortingtt as d-etermined fron crroulative curves 1s 1.4 r¡hich also in-
dicates a fairly r.iell sorted sedjment (rettíjolrn 19/¡8, p"zl+).

The average sker'nress of cr:rnufative cìfves representing samples

of swan River sands from thls erea is o"9g (Table ?¡ p.5z) whlch accord.-

ing to Pettijohn, would lndicate that the average curve for these sands
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vët';r y16s¡1y approar:ìres Þerfeet symletry. I{o-.',,ever, this curr¡e voul-rl

lrave a, slightl¡r ne,gative sker.rness ind-ícatjng that f.Ìne admåxtures

elightly exceed eoarse adrnixtures j-n the alrerage sa:lÌ:l-e,

The hi.stogrÐfls reflect i,lr.e sane relationship betueen fine

and coarse ad¡nj-xtures &s cìo the cr:iauletive curves, but, because of

tlieir non-continuous varíation i¡r síze, not a.lu,a¡rg a.s sensi'bi.re1y"

Icr example, tbe histogra:n of sia.rtirle \i'dB I (pta.te Vl-]-, ¡';.{J,)

suggests s.l.cewness torva::'ds tlie fine si.zcs" llsf"ng the ctr::ula'Live c1,rr'1re

forbhe so:ne saa4)J-e, the 1o8tO of the slcer¡ness is nega-tive a-Tld there*

foi'e fine admixtures exceed eoarse, Thus, these tt¿o deter'.rr¡ina'Lj-o¡ls

agï'ee.

lhe kurbosis of rrpeakednesslf of the ar¡era,qe cu:nu.la'Liv'e curve

is 0.2? (fabte 7, p"52)" Ilone of the curves represerrting samples of

Srn'an Rirrer sa"nds from the northern area. depe.rt, very much f'ro¡r this r¡a-l-ue.

The i.ndÍvíd".,¡al ralues {table ?) deriveci from the crmu-lati.rre crirves,

F:igs, 2 and 3) ha.ve a direct relationship to the shape of the eorrespond--

ing histoqra.rrs o

Central .Area

Sa:nples of Si',re,n lìíver sa-nds from rihe eentral area exhíl:iL

scm.e variety f3 grain size, SarnpJ-es SRB 3, 5¡B 4r ancl ËRB ? from the

fmpe::ia]- BÍrtle \io. 1r"¡ell are e-LassifieC a.s fíne g:'a.ineC sand-s t¡hevea.s

saniples ,SPß I ancl SP,3 11 from the sane ueli are c-'l-assifiecl as very fín-e

grainecl sa.nds (retti¡otrn, 19/r.8r p.16), An average grøì.rr size val-ue for

sands from Imperj.al Mad.eline No" l is O"tl*Z nms" i-n d,Ía-¡neter (fa¡te Z)

r^'hi-ch wou1d, acco::c1ing 'Lo 1¡Ientr.¡orthts gracle sea-Le (fetti¡ofrn l]48c p"t7)
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.å.. Thln section of Swan River
the Roaring River, showing
and angular nature of thls

PTATE V111

sandstone from outerop along
the flLne grained, ve11 sorted,
calcareous sandstone.

x2O

B" Thin section of South St¡an River sandstone from Sourís Valley
Dor^naey No. 1, shor^ring the medir:rr to coerse gralnedn poorly
sorted, and well rounded to zubangular nature of this sandstone.

x20
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fall i-nto the rrfine grained sanCrr classu

.{s seen in histoq'a¡rs (phi:e v.Ll) and cunluletive ru.ïves

(Figs" 6, 9 and. 10) sancls frorn this aîe.? &re fa.ir:J-¡, r,¡e11. sort,erl"

Tlistoqrams representing sarnples sRF 1, sRlvl 1r and sÏLlvl 5 for r,¡hich

media¡ values from cumulative curves could not be ob'baÍned., exhihi.b

very flood sorting"

Sar.çles SRI'I Z, SRIui l, an¿1 SFtvi 6 (Table ?) have nega.bive

.ek'Jl.¡lless values (rr,..ring logrosK rathe:: tha:: $K j-tself) índica.ting

'Lhat fine adnixtrires exeeed coarse in these sanrples.

Sl¡an River sa-'nples fron this area l¡Ìrose cumuLatÍrre eurves

are ext,ensive enough to qÍve sisníficant valu"es, lrave lçurtosis r¡a-lt-res

ranrling frorn 23 to 30. Their eorrespondÍne llist,oÊ:rams exhibit some-

l¡hat the setrre ccnsisteney in their configurations.

Southern Area

The aver"aEe grain size of ,su,an River sa'ds of the southern

area i'¡ould ap'l..ear, fron histograns of sands fron 1,irai; area, to fall

fn the group "I/+7 
't'o .295 mm. ln diameter. The average median cleter-

mined from cunul.atíve curves is .252 whichu accordíng to I¡¡entr¿orthrs

seale, r+orild classify the sancls as medíum grafned" (,see Plate 11111 ts,

p"5/) 
"

Sands of the southern area sre representect by histog;ranrs

(fta.te V11, p,4l-) indicative of poorly sorted sedinents" Thís is

also indicated by the relatfvel;r high avera.ge eoeffíej.enb of sor:tlng

,¡f f"5 as deterrnin"ed from eumul-ative crlrve data (Table 7, p.g2).

Skel¡ness values (ta:nte ?) of cunrulative eurves representing
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sands fron thls area (Figs. 6 ancl ?), va¡y consJ.derably. Both positive

and negative values are presento Histogrens exhfblt tåe same relatlon-

ships betureen co&rse and fine admlrbrnes as do the corresponding cumr¡lat-

íve curves.

Kurtosis values derived fror¡ cumulatlve eurve data shsr^rn in

Table 7r bear the same relationships to eaeh other as do the ltpeaked-

nessn characterlstics of the corresponding hiqtograms.

Ðiscussíon

In this study err¡r¡lative curves uere drar+n as r*elI as

histograns a.s Ít appears that the former are more sultable for contlnuoÌls

distrlbutlons because they enphasfze the continuous varlation in slze,

whereas a histogrsm :lmFlles a dlscreüe serfes in the sharp break between

the classes. also¡ the proportion of neteriar fn any size rar:,ge may be

deter¡iÍned from the frequency curve, whereas, 1n histograns, the area

relations are eonfined to the partisular class intenral chosen.

I(nmbeln (].?3g, pp.g4-90) believes that cum:lative curves

åre more reliable for interpreting the nature of sedlments than are

h{Etograms"

There is a grad"o""ffi, ze ofNorth sr^,a¡¡ River sa¡ds

from very fine sands ín the northern area to sflts 1n the centralgÍEa,

This gradation could be the resurt of greater tlne a¡d distance of

transport and amount of re-r¡orking of sa¡ds of the same source in

the central area as coüpared to the northern ajrea,
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,gouth Sr¡an River sälLds a.re essentially med-íum greined in

S|zeu Thrrs, there Ís no n.orth.ern 'bo eentral to southern areal

graciiati-on. Therefore, the South Si¿e.n iìiver sands cl.o not appear t,o

have been derir¡ed frorn the ÌtTorth Sl¡an Rir¡er sand,s nor to have been

transported frorn the sane direction as those sa.nds'

I\orth sr,,ran Rir¡er sancs e.re r,rell sortede 1.dheT'eâs soli.th svan

Ri.r¡er sa.ncls a.re not" Thi-s might he indica.tive of a sbcrter time and

cii-ctaree of transport and less rer.¡crking of South 'Sr'¡an 
River sands as

co¡iÞared to l'{orth Sr¡a.n River sands.

ROUNDTIE,S,S

Visual rounciness valu,es for all sieved fractions of *9r^'an

Ríver ssmj:les are shor'tr in Table B (p"5S)" A detailed clescription

of the d,eq.?ee of roturdness of ats.aytz grains in sotnples from St.an River'

sand,s of the northern, ceniral and sorrbhern. alles"s j,s given bel-or.¡"

Areel "çbetreskriç.liqs"

Northern llrea

fn samples of Sr"an River sa.rrd from the northern alreår the

qreatest numbe:: of graÍns of sizes large enoush tn be effected b:r

rounding factors are dominantly angular' (tabte 8, p"58)"

Grains Larrr-er tha-n "295 ntn, are rnoderatel¡r :round"ed." Iìouever,

ín some samÞles, the number of g::ains of this size is negli ible.

Central Avea

RouncJ.ness values of Sl"an iliver sa:rds of the central area as

r"eeorcled- in Table I indicate that,rnost of tlre qua¡tz.qrains r.;hich are
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large enough to have been effected by factors tending to change their

shape are moderately rou¡ded. Angular or slíghtly rounded grains are

more cormon than well rrounded grains.

Southern .Area

fn salryles of Swa¡ River sands of tbe southern arear most

quartz graíns over .1 mi. in diameter are moderately rounded" Angular

and well rounded grains appeaî to be a.bout equally coltnon"

Discussion

Although rou¡dness va}¡es were dete¡mined for all sizes of

quartz gralns for¡rd in saryles of S'wan River sands during thls study¡

it was rea^l-lzed that not all grain sizes would e¡ck¡ibit tbe same degree

of roundness, that 1s, there is a definite relatíonshlp between grain

síze and degree of roundness"

Tr¡enhofel (t950, p.306) states that 1t is his trconsldered

oplnlon that roundlng of sand gralns, partleularly of the dimension of

0.5 tm, or 1ess, i.nvolves extremely long traetional transportationrf and

further that nfew quartz partlcles belov¡ about 0"1 nm. are much rounded

1n ao;reous transportatlonsn.

Thw, rounding will be nost noticeable in the 100/ and larger

sieve size fractions.

In this study 1t was found that sands maller than 0"1/17 nn.

Ín dianeter !¡ere almost alvays ærgular, which wor¿ld: substantiate T\¡enhofolrs

theory" Roundlng was most notlceable in the 100/ and larger sieve slze

fractlons. Roundness values of grains smaller than this were not

consldered as accurate representatives of the sanrple as a ¡¡hole"
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Tn ,Sr,¡an River sa¡ds of the norbhern a.rea the moderate round-

ness of grains larger than 0,295 nr.ir" eontrasts r"'i1,h the angularíty of

rnost of the remaining grains capable of being rounded" The ang:larity
; ,,ot' most ot- Ene qrains suggests that re-r¡orltÍ.ng after depositlon l,ras

not the cause of the moderate rounclness of the larger grains. A more

accurate e4planation may be that the larger grains r¡ere derived from

pr:e-existing sand.s eontaining moderately rounded gralns"

9osþc¿-qps

North Sl¡an River sand-s of the eentral ares. are more rounded

than sa¡ds of the northern ar"eao

South Svran River sands are slightly more round-ed tha¡ Sr+an

Rir¡er sands of the centraf area and considerably more rounded than

those of the northern are&n

As both angular and moderately rounded grains are present

fn. appreciable smounts in Sl¡an River sands of tLre northern area, it

is possible that there r.vere tv¡o maín sourees of t,he sands in the.t

area6 One source couJ-d he"ve been a quartzitie body capable of providi-ng
a

angular quartz grains during erosion" The other eould have beefpre-

existing sedi¡rentar¡r ma.ss composed, in part at least, of mode::a.tely

rouncì,ed quartz 6{rains "

FROST]NG

Degrees of frosting Lrere establísbed visrrallJ¡ for all-

síeved samples and are recorded in Table E (p.58). Degrees of

frosting for the smaller grain sizes r+ere ctifficult to deternúne.
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Detailed d.escriptions eoneerning the degrees of frosùing of

sand grains in semples of *9r*an River sand,s fron the northern, central,

and southern areas are given below"

.Areal Cha*rjtc tggåqÈic s

Northern Area

Qua.rtz gra.ins rna.king up Srn'an Rir¡er sands in the northern

area. are domina¡tly elear or very sIi.ghtly frostecl. A mueh smaller

nunber of grains are moderately frosted, and a few are intensely frosted.

Central Area

Quaxtz grøins in Sruan River sands of the central area. are

domina¡tly moderately frosted" clear or very sliehtly frosted grains

are generall¡r abund-a¡t and intensely frosted grains are present.

Soubhern Aree.

The deg'ree of frosting of quertz grains fn different samples

of Sva.n River sands from the southern area is very uniform,

Moderately frosted graíns are dominant, i.ntensely frosted grains are

eommon, and clear or very slightly frosted grains are generally ra;re"

Lis_qups¿gg

Pettijohnts (t949, p"55) classification of surface textures

r+as u-sed as the basís for this work. In lable B (p"58) tne a.uthor has

substituted the term nclee"rrt for Pett,iJohi:rs npollshedrr"
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gpælÆåqns

The Swan River sands of the central area. are slightly more

frosted than the Svan River sands of the northem area but eonsiderably

less frosted than the sanCs of the sorrthern areao

Thusu the southern sands do not appear to bear the same

relationship to the sands of the central are& as the latter se.nds do

to the norther¡. sandso

the presence of both clear and frosted o,ua.rtz grains could

sugeest tr,¡o different types of sand.s. Clear grains are most li.kely to

have been dorived from relatively nearby quartzose bedrock" trbosted

gr"ains were probably derived from pre-existing sedinents.

PITTII{G

The degrees of pítting of all si.eveC sizes of grains frorn

samples of Sr+an River sands are recorded in Teble B (p"58).

Pitting on grains smaller than the IQO/ sir"e l¡as diffieul-t

to observe and estirnate" It r+oul-d seem likely that the smaller grains

r¡ould be too small. to be pit,ted during transportation. For this

reason, only sizes larger than "Ilv7 mms, in diemeter vere considered

to be of mueh value.
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.årea]. Characteristics

Northern Area

.Althougb tbe factors affecting shape and surface textures

of gralns during erosion, trensportatÍon, and deposÍtion, had Iittle
effect on degrees of roundness and frosting of grains 1n this area,

tbey dld cause the gralns to become pitted"

Quartz gains from sam¡rles of Sr"¡a¡ River sands fron the

northern area appear to be doninantly lntensely pitted. Moderately

pitted grains sre general-ly abundant to cormon arhereas slightly or

non-pitted gralns are eonmon to rare.

Central Area

fuartø gralns uraking up sarnples of Svan R:lver sand from the

central area are dominantly intensely pitted" Moderately pltted grains

are present, whereas s1lghtly or non-pitted quartz graJns are predoninaat-

ly rare.

Southerrr Area

Sands from the southern area are composed of quartz grains

r,rhich are don:i¡antly noderately pitted" Intensely pÍtted. grains are

slightly less numerous. Slfghtly or non-pitted grains are generally

present.

Ðiscussion

The slightly greater degree of pltting of Swarr lliver sa¡rd

graÍns of the central area as compared to the northem aree coul-d Ín-

dicate that the central sands are the southward extension of the

northern sands a¡d as the dlstance from the souree lncreases, the
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dogree of píttinE inereaseso

As the sends of the southern area a-ì'e pÍtted to a lesser

deqree than Sr^'a¡ River sands of the other trnro areas, it r,rould- appear

I1ke1y that the southern sanCs t¡ere not derived from sa¡c1s of the

northern or centra^l areas"

Hor+ever, deppee of pitting as an acerirate Índex of relative

dj-stanee of transport r¡ould be "uerlr doubtful as other factors such as

anount of authlgenie overgrowths could ha.ve much rnore slgniflcant

effeets.

lpg'lssi--anå

North Swan River sancls of the eentral area appear to be

slightly more intensely pitted than those of the northern area,

South Srran River sands exhlblt a lesser degree of pitting

than Sr"ran River sa.ncls from the northern and eentral areas" ïntensely

pitted grains are less eofirnon and moderatel.y and sl,ightly pittecl gra:i-ns

are more conrrnon in the southern area than in the other ttnro areas.

SPFIERÏCITY

Spherieity values were obtained by usí.ng Pyets (L91+3, pp"28-34)

method on the projeeted lmages of grains" These val-ues are recorded in

Table 6 (p.51).

The spÌ:.erícit,ies of quartz grains in samples frorn the

northern, central, and southern areas are detailed below.



_6?_

Sreal tharac-Þeri sticg

Itlorthern Area

The average sph.erici-ty value for quartz grains in samples

of Swan River sands fron the northern area ru'as found t¿ be "80"

Central Area

Quartz grains in sarnples of St¡an Rir.zer sancls from the

central- area were found" to h.ave an average.sphericity of "85"

Southern .Area

The avere.ge sphericity value for quartz gains in sand

sa-mples from the southern area l¡a-o fot¡:d to be .80.

Diseussion

As there is a definite rel-ationship beti^¡een size anci-

spherieÍty, (netti¡ofrn I9/n8, p.lrl) only grains of diameters "074

tro "l/+7 Inm" lrere userL.

Accorcling to Krumbeín, (I9/+I, p"/+92) sphericlty of grains

increases with their ciistance of trensport. Degree of sphericity, like

other textural- characteristics of sedinents, su-ch as grain sizeo degree

of sortÍn€¡ roundness, frosting, pitting, etc, ¡ which have been discussed

on the preceding pages, is not by itself an aecurate gride of reLative

dista.nces of transport, degree of re-voriringr or distance from source"

À study of a1l- these 'Lexti;ra1 features of the Srnian Rirrer¡ considered

with physical properties of the forr¡ation, might be used to forr¡ one

explanation for the particufar properties of the sand, and for this reason,

a study of these textural characteristies was me.de"
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lwJue¿qn.e

There is a:: inerease ín sphericlty of grains of North

Srvan River sand from the northern to central Lreaso

The average spherieity of g,rains from the southern area

ís less than that of grains from the central area but the same as

that of grains frorn the northern area6

CONCLIJSÏOIVS

The folloi^rÍng eonclusions, based on the preeeeding textriral

determinations, are suggested as beíng the best, assumpt,Íons to be made,

eonsÍderi-ng the limi'bed amount of material and control data avaÍlable.

North St',¡an River sands as found in the northern and eent::al

areas were derfved from a sourcê or sources north of the norLhern out-

crop åre&.

The Sva¡ Rfver sands of the central area are the southern

oxtension of -bhe Swan River sa¡rds of the northern area. As the sands

vere transported south to their final site of deposition in the central

areae they became finer eraíned, better sorted, more rouncled, more

frosted-, more intensely pitt,ed, a¡d more spherical"

The South Sr^ran River sands found in the southern area are

not the southr¡ard extension of l{orth Swan River sands of 'bhe northern

or eentral areas" They were not formed from re-urorking and re-cleposition

of North Sr,¡an River san<ls. They aïe coarser.qrained, nor; as wel-l sorted,

more rounded, eonsiderably rnore frosted, less intensely pitted, a:rd less

spherícal than gra.ins found in sançles of Swan River sands fron the

northern and central areasn
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STRUCTURAI, ÏEAÏURES OF Sl^IA¡l lJ\rER FORI'IATION

REGÏONAT

Introduction

Ilaps and cross-sections used in this study are included ln

the envelope at the bacic of this thesis.

Structural features of the Swan River forniation 1n Manitoba

are lllustrated 1n this study by the use of naps shor.ring:

a) contours on top of the pre-tbetaceous unconfo¡nity (PJ-ate X1).

b) isopachs of the Swan R:lver formation (p]ate X),

c) structrre contours on top of the Swan River fo::nation

(Plate tx).

Also, three structural cross-sections, using sea level as

datun¡ were constructed, and consisted of¡

a) a north-south. sect:-on (Pla.te X11) starting from the extreme

southr*est corner of lria¡itoba where reLatively thick South Swan Rlver

sands are present, næth through the Daly area t¡here $r.¡an RÍver sands are

thln or absent, lnto the central area descrlbed in this report,rand tern-

fnating 1n the northern area where the Swan River sands onlap the Paleozoic

erosion surface"

b) a north-east south-west section (plete X111) again startlng

in the ertrene southwest corner of Manitoba in the area of thiek South

Swan River sands a¡rd drar¡n northeast across the structurally hLgh Spruce

I.troods area where no Swa¡ River beds vere deposited, then southeast r.¡here

Sr¡an R:i-ver beds onlap the southern edge of this high, and finally across

the depositional edge of the Suan Rlver where the beds are not presentn
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Ê) an east*'west section (Plate XlV) startins in the Elkhoyn area

(T\.p" 11, Rse. 29 ldl) r,¡Ìiere North anit South Sr,'an iìiver beds appear to

merge, dra.l+n east a.cross the Sca.llion field area r"rhere North Sinra¡ River

berJ-s are present in Jurassic structrrral and erosional lows, ancl finally

south-east and east across the depositional edge of the Sr+an River

ep".used" by the pre-Cretaceous structuralJ-y high area extending uest from

the Spruce tr'ioods areao

These maps ancì. cross-Bections were drar"r"n using rnany wells

r^rhieh hp,d not been dril]ed at the time this thesls was begun and bhe

s.emple study completecl, Electric ]-ogs, ra<lÍo-aetive logs, and iu'el1.

samples r"¡ere used for u'el-ls drilled in the central and, southern areas

and part of the northern areal a¡cl outerop measurenents and samples were

used for control points in the remainder of the northern ares."

Struqlure 0qtLqur and -Jçqpe.cþ T[apç

The stru-etr:::e eontour and f sopach maÞs are l_ocated ín the

envelope at the baeic of this thesis, The three maps are diseussecl

individually belor+:

a) Contours on Top of the Pre-Cretaeeous lJnconformity (Plate ü).

This map shows the present nature o-f the po*st-Jure.ssie

erosion surfaee upon which beds of the Sr.ran River forrnatioñ ftrêrê deposited,

lire Swan Rir¡er Ísopach map (plate X) r+as used in conjunetion

't¿íth this structure contour map to deterrnÍne topographic and structural

features which existed on the erosion surface Í¡nmed.iately príor to

Sr'¡an River deposition,
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Regional strike over most of the areå. represented is northuest-

southe,ast, Regional dip is generally to the ,southkrest" Ðegree of regÍonal

díp íncreases from the northeast to the southrnrest i.e., in the clirecti-on

of the centre of the I¡Jilli-ston basin r'¡hich is the depositional basin of

the Sl,+an River.

Â structural-Ly high area extendínE from the southuest encl

of Lalce Manitoba through the Spruce !,loods-Brandon area is represented

by southwesterly flen¡res of the contour lines and of the outcrop edges

of the Ju.rassic sanclstone-shale units. A regionally high area is also

suggestecl in the Ða1¡r-virden-Roselea. and Scallion fieLd arease

Local areas r"¡hich are structuralty high are located in

Township 10, Range 27 \:tL, Tor,¡n.qhip 1, Range 27 W]", and one in Toi"¡n-

ships 5e 6 and 7, Ranges 22 and 23 lil\"

A reqionally lor,r area in the vieiníty of the Duck l'{ountaín

Forest Reserve suqgçests an emba¡rment in the edge of the major cieposit-

ional basin.

Lorn¡ areas of srnaller extent are also present. Clne such area

is centered in Tor.rnship 13, Ranges 25 and 26 \lJ , north of Scallion field,

another is eenterecl in the Hartney area in Tol¡nship 8, Range 26 Wl, another

in lor'mshJ-ps l and 2, Range 25 I'11, a¡d another in Torarship 4.¡ lÌange Z/*t¡t.

These regíonal and loca.l highs and lor,¡s r,rere probably modifieci

to some extent by Pre-Crata.ceous erosion but, are probably structurally

controlled 
"

l.'lajor str"uetwal featr¡res were probably initiated by movements

in the Precambrian basement" Solution of Micidle Devoni,an salt beds

eausing collapse of overlying strata is also belíeved to have influenced

deposition of most younser beds, including the Swan Rj-ver.
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-\b) Tsopachs of the Swan Hiver ,Eornation (Plate X)"

This map illustrates the rnanner in uhich the Swan River

thickens and. thins as ít is influenced by the topography of the pre-

tret,aeeous erosion surface and by basining effects,

Three major areas of regionally tLr:in and thick Swan River beds

are present" They are:

1" an area of thin Sv¡an River beds extenclÍng fron the Saskatcher.¡an-

Manitoba Boundary, south eastr,¡ard from the Ða1y-Virden area to the

fnternational Boundary and merging to the east with the eastern area of

Sv¡an River non-depositlon"

2" an area at the extreme southr^rest corner of lrfa¡itoba vherein

the Swa¡ River beds thicken greatly to the southv¡est in a short lateral

distance.

3. an area of thick Sr^¡an River sands in the vlcinÍty of the Duck

Mountain Forest Reserve.

The first area (1" above) fomis t,he barrier between the North

Sr¡an River sa:rds and the South "$wan River sar¡ds i-n I'ianltoba" This barrÍer

is formed by the draping of Jurassic sediments over the esearpraent edge

of the lulississíppian which trends in a general northwest-southeast direction

across the province, and the joining of this resul-tant high trend r,¡ith the

Jurassj.c erosional híeh in the Sp::uce i'ioods arean

/lt the inrestern end of this barrier in the Elkhorn area,

(Tbrp, 11, Rge" 29 1¡:[I) tne North anc] South Swan River sands appear to

coalesce. Between Daly and Virden-Rosefea fields a synclinal area j.s

filled. r^¡ith a }ocalIy thicker Su¡an RÍver section" Areas of non-

deposition of Su¡an River sancls are l-ocated i+est of Scallion field and

over Vlrclen-Roselea and Routlerige fíe1ds r^rhich are structurally high"
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The Brandon-Spruee Ï'loods encl of the ba"rrier is part cf the

large reqj-onal hígh seen in the contour map of the Pre-Cretaceous un-

confornity and deseribed previously" This high area is also the

resul'b of differential erosion as the top of the Jurassic in this area

is composed of calcareous sa:rdstones a¡d siltstones r¡hich r'roul-d have re-

sistecl erosion more effectively than the soft Jr:rassic shai-es loeated at

the top of the Jura.ssic seetion in areas to the south a¡cl southwest"

The second area, (2. above) ttrat of the extreme southwest

corner of the province, is locatecl ín the deepest part of the Sr,¡a-ir River

depositional basin ín lt{anitoba and the abrupt thickenÍng of $outh Swan

River sands in this area is the result of the abrupt steepening of sloue

of the underlying Jurassic beds in the direction of the eentre of the

ba.sin a¡d to some extent by basining effects, lÏre existance of this relatíve-

1y steep slope of the Jurassie surface príor to -Sr¡a¡ River deposi'bion is

indicated by the mernner in ',,hích the u::íformly thick basal Sr+an lìiver

Lreds abut the Jurassie sì-ope ancl disappear in a short up-dip dÍstance" Thi.s

truncation of the basal sa¡d unit can be traced for considerable dístances

northwesterly into Sasl<atcher.'an and southeaste:rl-y into North Dakota.

lrlortheasi: (updip) of this southr.rest corner, the South Srran

River sa.uds become thinner and onlap the east,-i¡est barrier* Small structr:ral

or erosional lor¿s on the top of the Jurassíc are filled with rela.tively

ùhick sections of "Sr.¡an River sand and local- areas of higher elevation are

overlaj-n by relatively thinner sec'bions of sancl."

The third me-jor area, (3. above) iir the Duclç þíountain l'o:'est

Reserve ís one of thick North Sr^:an River sands fiJ-ling in the emba¡mnent

nentíoned 1n the d.iseussion regarding the contour map of the Pre-Cretaceous

unconforrnity. Thj-s area cor:re.sponcls to tl're lrnorthern areart of this thesis"
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Lack of control r'rells Ín the centre of thís enbaynent prevents contonrinq

froin beine corçleted"

South of the Dr-rek li4ou.ni,ai-n area to the Dal¡r-gp¡pce l,,ioods b,errier

is th.e ileentral- area.rtof this bhesis" Tn it are selreral l-ocal-ities und.er^

la.i-n by thinner or bhiclcer than nor¡ral sections of .Sl¡an Rj-ver" Oi're of
'bhese locali-ties, in lhis cåÉie, one of thick Sr.¡an lìiver sancls, is cen'berecl

Ín Tor,mshi-p 13, Range 25 \il" This loca.r ayea is underlain by a structural

lou as seen on the contour InaÌl of the Pre-0retaceoìts unco:rfornity" Thís

depression infilting, characteristj-c of t,he Swan River Ís ai-so illustrateci

in a. structural eross sectioir d::ar+n through this area (plate x1v) 
"

c) StrueLure Contou:'s on Top of the Srran River Forrration (pfete Xf),

Regional strike of the top of the ,gr¡a:r Rir.rsä as cleter¡níned from

this map is northwes'b-sor:theastu Reeional clip ís to the southr,¡es't, a.l¡,ii in*

creases slithtly ín the djreetion of the centre of the basin" This slight
increase in dÍp to tvienty "lleet per rnil.e in t,he e::treme soutl-'u¡est eorner of
'Lhe provínee from a regionai- clip of abou.t eígh-b feet per" mile in tiie re-

:laincler of ihe nap a::ea. sr:gqests that the ab::upt steepening of +.he sicle of

the ba.sin in the southr¡est, corrler prio:: to s'¡a;r River depcsitioll 1.ras e::eatly

reduced. bv i;he thick deposits of b¿_rsal sr^¡an Riveï sa.nd,

Devia'bions frotn regional stril;e in local iìreas are clue tc'r

¡Ji:fferenti-al colrpaction fea'Lures a:rd- t,¡ reneved- vertl'-eal move¡,reirt c.riEin-

ating at depth" An exanple of eaeh follor+se

a) A regiona-l- -l-oi"r trendír:p; nortlreast,-;:ou'Lllvest aeross tire centre

of Tounship ó, Range 28 i'il is locatecl i-n a smaj-l area. j-n r+liich the ,9r+sfi

Rive:: fo::ina,tion is unusuall;r thin (ff,rte f ). Jtn a.djacent stn;.ctr.lra1 higli

also i:rendíng northeast-sou,thr,;est €.eross'tÌle cent"re of Tor"¡nship 5: Ra.n;,;e 2B lil

is sii;ua"ted Ítr a snr.a]-l area in vhi.clr the ,Sl'¡an J:ii.r¡er is u¡.usualh¡ t,hi.cir"
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As the base of tire Ët¡*n Iìí.r¡er is::erlíona.l i.n tl:ose-L,r^ro erle¿ls (ftat,e tll),

it r,rorilfl aprJear: tlia.i [,1:e al:er¡- of t-,l:in S'.+a-n R:ì"ver sa:nC r:lepcsitiûä ues

also lhe sit.e of cor:s:i..c-ieraïl-l e Si¡al iìir¡er shale dep'osí-'L.i-cn" Thås s¡r:il-

g'ì:one*shal.e seciion ç¡ou-l-rl cornpact to a greater" de.s-T'r,:e thp-,n ',.,cll;ld the

tl:ríck sandstone sectlon ¡Jrd :;c¡ ¡,¡oul-d become e- loca,l. st::ric'turprll;' ¡-otn

ar"e*- in üonLparisc,n r.ri-bh Ì;he e.Cjaceni; hÍ,gh areä6

b) A sLna.l-l loce,lizecl e"::ea. centreC in Tounship -l-1, Ran.ge 26 -,'r1

ue.r-r s1,t'i;cLr,iral-.1 )r lor^r irrrlecìia'be1¡r prj-or Lo Sr¡¿r-n llir¡er C.eposi.l,i.on, as

i.nd"ica.ted. Ì-.¡¡ al u-nusualll. Liriclç Sr+an lU-rrer sec-i,iorr. (Flate;), ald, i,s

represented ì:y a cl-oseei- -Lov on i,he top of the Sr.;an.Rive:: contour i:rap.

Jis'"1i11 be shor¿n i.n a s-bructr:raf cross sectiori itrrough thi-s area, (ptate

XIV)r'i:he top of bl:ie Far¡ei. ín1,fris loca1í1,;. is a-lo"o structr-iral-ì-¡r 1cir,.

fi, ís e.pïra,:lent tJrat doi¡nr.¡a.r'd. noveme:r'r, has occut'::ed in thi.s area in post

St,'an iliver Lime, arr.d in fact, in post Fa,r¡e--1. L,ir;eu

-!-n some areas, such a.s ín Tor¡nsh.ip 1, .TÌanqe ?-5 fi:l., a-nd

To,.+nships -l- and 2, Range 2J t;lle 1or.¡ areas l:a.ue been infitl ecl b)' thi-ck

see'L.j-c)tìF-i n-i Sva.n 1ìirre¡, hiq:h aree-s l.ìa-ve hacl-1,!iin sectj-ons cf ,Sro¡an iìír¡er

sa.rrds deposited orrer then, no differentiel- corapaciion h.as -baken place,

a:rci as of Ure end. of S'¡an iìi.¡er tirne, tire topoq::apiri* ano¡rali-es have

dísappeared.

S-Hir qlurel Çsg.F s-åe*c-þ:çæ

Three sl;rucir;ral cross sections usi-ng el-ectrice.-i- a:rd radio-

act:Lve J-ogs.',;ere const:licteil for inchisj.on in th,:Ls thesis¡ (PlateE Xli-,

X-l-11- and- XlV)" Thev are incluried in the enveJ-ope a-t the bai:k of bhis
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thesis, and- are discussed ind-ívidu¿ll¡r belor,.r:

a) the first structtu'al cross section (ptate Ð1) is drawn

frorn the Cl ear,v Souris Va-J-l.ey l,jhite 5-3/+ velJ- in the extreme southr'rest

corner of the province, north across the rrsouthern arearl of this report,

aeross the Dalw portion of the east-i,¡est barrier, continuinq north through

thertcentra.L. arearr a¡c1 terminating at the Shell Srn¡an lî.iver i$o, 2lrell in

the ilnc¡rthern areatt" The Sr.ra¡ River interval ean be traced along the

entire ì-ength of thís sectÍon, al-thoueh in the area of the DaJ.y field

and" the sou-thern end, of the eentra.Iæea, correlation becomes difficult"

At the southern end of th.is section, in the Cleary-Souris

Valley T,'ihite 5-34 and California" Stand-a.rd Pi-erson 2-29 i"rells, the South

Sr.¡an River is seen to be at its thíckest, and is composed of a coerse

grained. basal sand-, a med.ian shale irnit, and an upper fine to co&rsre

gra:Lned sa.nd,stone and- shale unit. The basal sand- and rnedian shale units

onla-p tl're relatively' steep dipping slope of the Pre-Cretaceous basi.n a-nd

pinch out betl¡een the Pierson and Tmperia.l California Standard Eunola

l+-28 wel-l-u Fron the Er:nola welJ-, t hrough Galifornia Standard Tilston

Province 5-32 and California. Sta¡dard Linklater Province 7-2O well, the

Sl¡an River contj-nues to thin. A medían shal-e unit present wi-thin the

upper sandstone and shal-e unit of the ioihi'i;e, Pierson, Er:nola, ancì Tilston

i+e1l-s has pinehed. ouj; before the area of the Linkla"ter r'rell is reaehed"

From the a-rea of the Cal.ifornia Standard Er.rart Provinee 4:74 t¡el'I, north

to the Royalite Triacl T\¡o Creeks No" 1 uel1, the Sr.¡an Rir¡er is very thin

a¡cl not easily discernable. Tn the Er^rart ancl Sehmel-z wells the Swan River

interval is occupied by poor]-y defined beds of fi"ne grained. sandstone.



*n-
Ïn the Ðaly 10-1Ä r"ell and T^iest Hargrave 7-16 r"rell the presence of Sr¡an

Ríver in each welf is indícated by ten foot thlck beds of loose eoårse

q'rained sand. Sr¡an River beds in the T\¿o Creeks Ì"'Ê11 are conìposed of

medium grained qua.rtzose sand-stone overlying the typical- caleareor¡s silt-

stone of the subcroppinq Jurassic rrArr unit" Thick North Suan River satcls

of the central area as typified in the Cal.iforni-a Stanclard- Trea"t Province

15-29 and Imperial Ma.del-ine itlo" 1r,'e11, onlap the escarpment formed bv the

suberopping of the Jwassic trArt and itBrr units"

The Sr^ran Ríver sands of the Trea.t r¡ell are fíne to mecl.íum ,g'ained

and" in port unconsoliclated. Thus t'heir litholopSr contrasts rnarkecily r"'ith

the 'thínly Ínterbedded ea,lcareous sil-tstones, shales, arrcl limestone-q of the

Jurassie rt/ilr and rtCrr uníts and the variega-Led. calcareous shales of th.e

Jura.ssic nBtr t:rlit in the adjacent T\¡o Creelcs rorel-l"

As the line of section is traced in a northr+arcl di-reetion, it

is seen that the Jurassic thins ancl finally pinches ou-t betrueen the Imperial

Bluer,ring Lake 73-/ç well- ancl the Great Sr+eet Grass Duck Micuntain i{o. J vrel-t"

Nortir of thj.s Jurassic nínchout the ,Swan River rests dÍreetly upon the

Paleozoíe erosion surface.

The Ju.ressic rrArr, lrBrl , a¡d ll0rl units siroun on thÍs ancl the

other trnro cross sections are respectively, an upper unit eomposed of

thin bed-ded limesùones, ealcareous siltsto.nes a:rc1 -fine grained cafcareous

sandstones, a niedian argÍl1-aceous unit, and a. b,asal unÍt, si¡nilar to the

upper unit, conposed of thin bedded l-i¡nestones, caleareous siltstones, a-nd

ealeareous fíne to mecli.rmr g:ra.ined sa-ndstones" These subdivisfons 1'iere

made i.n order to faeilitate distinzuishing betvieen Srvan llíver sa¡ds and

Jrrassie sa-nds, especially i.n the area of the oa.st-i,rest (Daly-sprrice

-\-I{oods) bar::ier r'¡here tfie Jurassie sand.s becone ûrore mas, ive and the Sr,ian
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Rir¡el' sands are poorly defined. The neeC for this Jurassic correlatíon

r'¡i-11 be even more apparent in the third cross section (plate xlv)"

b) The second erlos,s section (rtate xlll) ís eonfined. to the

southern area of this thesís. It is drar.¡n in a. general ee.st-l¡est

dj-rec'bion, from the Clee-ry Souris Valley l,Jhite 5-3A- ,¡eIL in .bhe exri,reme

southuest eorner of L'ianitoba, ancl extends across the sor,rthern area,

aeross the Spruce triioods structurally hieh reqion, off the southern flanþ

of this high, and finallJr aeross the d.epositional edge of the Sourth Swa¡

River sands,

The South. Sr¿a¡. Rir¡er sa.nds thin fron i,¡est to ea-st, from theír

thickest seetion ai Cleary Souris Val.ley l¡ihite 5-3h Lo their pincholt be-
-br+een the i'ic0arty Coleman Sands 2-L3 t¡eIl anci- the California Stand.ard

Ilïat'ia,nesa 3-1 r+el-l* In the l,Jhite r+e11, the three major unit,s of the Swan

Rirrer as detaÍled. in the preceding discl-r.ssion of the first cross seetionu

are present. The median shale unit and the basal saxcl ha.ve pinehecl out

betr.reen the kihite r¿elL a¡d. the Anglo et al souris vatley sharpe 2-18

uell-" The upper sandstone and- shaJ-e unit of the Si¿an River is present

in the sharpe r^¡ell and i-n the or,ren JVorth cou"lter 5-32 verr, but only the

uppermost sandstone seetion is present in Anglo et al lulcKee 15-1 ancl

Dakota Çassa:r 5-23"

The South Suan River beds are rel_atirrely thin and poorly

defined in the rmperial ca.nadian superior Argue I5-L3, united states

Srnelting 3'3o Dra,per, and l'íccarty coleman sands 2-13 werl-s" The sr+an

River onlaps the regional high cs-used by draping of Jurassic beds over

the underlying Ml-issíssippi.an escarpment as shoun by the tog of Oalj.fornj.a

Stancj"ard- lia.r'¡anesa 3-I in t¡hich the Swan Rir¡er is absent, having pi-nched

out dorvn-dip from the location of this r,¡e11" The Dome St" Alphonse 13-16
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well is loeated off the southern flank of the Spru.ee i,íoods structure

and- penetrated over fifty feet of r.:nconsolÍdated fíne to coarse grainecl

South -(r.lan Rirrer sand,s"

The Sl¡eet Gra.ss Altamont No" 1 r,¡e1.1 is located ea"st of the

depositíonal edge of the Sr,,'an River Bnd so no Swan Rirrer beds are present.

c) Th.e thjrct cross section (ftate XlV) is dra-r^rn in a general east-

r'test d,irection beginrring in the v¡est at California Standarcl Elkhorn 7-84

in the area of possible merg:'"ng of ltlorth and South Sr,¡a:r River sarcls, ex-

tend.ing across the Daly and. Scallion portions of the Ðaly-Spruce lJoods

barrier, into the long r.resterly extensíon of the area of non-deposition

of the Swan River, easterl;r across the Spruce \doods area., and terr¿inating

at the Canadian Prospect lreherne l-3-7 veIL"

The Swa.n River at CalifornÍa Sta¡clard Elkhorn 7-84 is a fine

graÍned quartzose sandstone¡ ffid, from ühe electric 1og of this ruell,

appear*s to be typícal of the South Swan River sancl at the northerly end

of the southern area, especÍally in its position relative to the r.inder-

I)'ing Ji:ra-ssíc |tArr rulitô

A thin (ten feet) interval of Sr+an River beds is present

in the llallis ïJest Harp'rave 7-16 r,rell¡ and in Canadian Superior Dome

Carruthers 8-13 r,¡Ìrieh is upclip fro¡i the liargrave i'rellu no ,9wan River

beds are present. The Cane.dian Prospect Scallion 8-5 r+ell has a very

thin (ttrree feet) section of Sr.¡an River beds present" This section is

eomposeC of loose coarse quartz erains, marki-ng the Jurassic-Cretaceous

rmeonforroity" The Ashvil-le sand is very promlnent in this viel-l, The

Ju-ra.ssic rrArr urlit is composed of cef-careous siltstones and very fine

gpaÍned sand.stones r¡hich is the typícal lithology of the r:nit. The

top of the Jurassie rrArr unit is separated from the Jurassic-Cretaceous
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uneonformity by a fjfty foot section of sl1ty shales"

.Àt California Standard Har':msworth 6-U1., the Jurassic rrArt

unft Is at the top of tbe Jurasslc section, directly r:nderlying the un-

eonformlty. The presence of loose quartz grains at 1225 feet indicates

a thin lnterval of Svan River to be present. In thls r.reII, and ühe tr¡o

urells to the east of 1t, i"e., Sapphire lüest Blossom l'6-2A e¡16- TnFerial

Blossom 3-17, the difficulty of coruectly dividing the Swan Rlver fron

the Jurassic is very apparent" Sanples of this part of the section from

we1ls 1n the erea are generally poor, naklng correlations doubly diffleult.

The interpretatlon shor¡n 1n the above three r"relLs Ís believed by the

author to be the most probable as based on present hrou'ledge and control"

fn Harmsr¡atl',ln 6-2¿+A, the Jurassic trAtr r.rnit appears to be composed of ty-

pical calcareous siltstones, shales, and veny fine grained calcareous

sa¡rdstones as determÍned fron samples, but sa¡dstone beds within it

appear to be thÍcker bedded. a¡d better defined than normal as detemiined

from the electrolog.

The Sapphire trnfest Blossom J:6-2:0 well is located in a struct-

urally low area into r^'hich Swan R:Lver beds have been d-eposited, whereas

the v¡ell to the east, Imperial Blossom 3-I7, is comparatively highr and

has IíttIe or no 5ç6¡ River present, The Califor:ria Standerd Herusworth

6-2tn A and Imperfat Blossom 3-I7 wells are good examples of wells in r¡hlch

the Jurassie rrArr unit, or part of itr could easily be nistaken for the

Sr,lan R:lver wl:ren electríc logs alone are considered.

The trlestern Oak RÍver 10-15 rreI1 ís on regional strike hllth

tanadian Frospect Sca11lon 8-5, and its Jurassle and Cretaceous sections
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are very sí¡rilar to those of the Sea.l-lion ue1l" The Ashville Sand j-s

especially r"rell cleveloped in both i+ell.s. Also, ther.e is a section of

thirty to fifty feet of sili;y shale r+hich direcùly overlies the Jurassj-c

nAn r:nit and '.vhose upper boundary is the Jurassie-Cretaeeous unconformity.

The Jurassls rr.Art unit is composed- mainly of thÍn bedded ealcareous sili:-
stones and sh.ales with. no r+ell defined ¡rassi.ve sanclstone and siltstone

beds included, and the Jurassie rtBtr unit a'ppears to be devoid of any

arenaeeous material, ín J:otÌ: r+ells.

r'bon Peaeock Kemney itIo. 1, through Dome Brandon 16-27 and

Arnerada Croun þJ-E 13-11, all- of l¡hich are influeneecl by the lvíississinpian

esearpment and Spruee lnioc,ds hÍghs, the Sr+a.n River is absent, In the

Kernney and. Brandon r.rells, the Jurassie îrArr unit is seen to contain thiek

bedded sa.ncistones l.;ibh highel than normal spontaneous potential val-ues

on the electrolog" This facíes change in the Jurassic r-A.il u-rli,t is
eharacteristie of this loeallty and of the area to the north and north-

ea.s't, of -bhis locality" It j-s in this area that the Jurassie ilÁn unít has

been often mistaken for Sr+an iìi.ver.

fn the ¡lmerada Crovrn lvE 13-tl- r+ell the Jurassíc ttArt unit i"s

eomposed of the t'hin bedded cal-eareous siltstones and shales ehar:acteristie

of this unit in the southern area"

Tn Great Northern Ca.rbon and Chemical Spruce Woocl,s l-¡t the

&;rassie rrArl unit appears to have thickened at the expense of the rrncler-

lying Jurassic trBrf unÍ-t, or else, the Juraseic. rrgrr unit has undergone a

facÍes ehange to irecome more a.renaeeous i¡r i-ts upper portion. tsoth this

spruce lrtoods r'¡ell and canadian Prospect 'rreherne f3-? have urusually

thick arenaeeous beds within their Jura-ssÍe itAtr and Jurassic rrBrt units
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and the Treherne l¡el1 and nearby r'rells ha.ve inclu-rled i.n their seetions

loose fine to coarse grained sand.stones r+hích resenble, and have been

tenaed, Sr,¡an River. Tvro e>çlanations are possÍble:

1) The subcrop area of the Jurassic trArt ulit ís located west

of the Treherne area ald erosi-on into the softer Jurassic rrBtr beds has

creat,ecl a 1or+ area into r¡hích Srvan R'ìver beds r+ere depositecl as in the

Treherne r,rell, or

2) The Treherne vell is located near the shore line of the

Jurassic sea a¡-d the sands al'e co&rser qraj.ned because of their posí'bion

relative -bo the shore line, This interpre-Lation is the one ind.icated-

in the cross section and explaíns the p.radational nature of 'bhe Jurassic

-"ection in the Amerada Gror,¡n I"m 13-11-, Spruce ïJoods 1-4, and Treherne

13-7 i'¡ells better than does the first interpretati-on"

LOCi.L

Mås
Graded beddÍng r¡as noted in tl¡o samples from the northern

suqcest
outerop areau Graded bedcling cou::d/si'oli aeposition and/or rerrorking.

. The possibilit)t of slow d-eposition was con:flirrned by bhe

presence of glauconite in the same tr^lo sa"ltples"

Ripple -MarlSA

þrrell (t¿92, p"113) mentioned ripple narks on sr¡rfaces

of tfDakotarr sandstone otttcropping alonq the iloa.ring Ììiver.

I'iiekeirclen (l9lr5, p.16) described índurated layers of red

rnreathering sandstone rdth ripple-ma.rked surfa,ces as beíng comnon in

outcrops along the Red Deer River.
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Riople marited. surfaees of a sedi:nentar"y roek are inclicatj,ve

of a shallou d.eposÍtional enrriroirment,

COI\ICIUSIONS

Results of the foregoíng study of the structural features

of the Swan River fo:mation sugeest the follor+ing conelusíonsg

1) An east-r,.rest batrier exiencling ea.st of the Spruce lloods

area to the lianitoba-Saskatchewa:: boundary separates the lrtorih $r¡a¡

River and Sotrth Swan River sa.nri-s i,n iujanÍtoba-. This harrier is struetur-

ally eontrol-l-ed but rsas probably accentuatecl in parb by F¡e-Cretaceou,s

erosion,

2) Deposition of 'bhe ,Sr+a:r River Lras infl,ueneed. by ihe na.ture

of the FYe-Cretaceous erosion srrface. Cornparativel]¡ trhick sections

of the Sv¡a¡ River sands r+ere cl"eposíted i"n areas of 1ol,¡ eleva'bion a¡d

conpara-i;ively thín seetions of sand"s, or no sand-s, hiere deposited in

äJrea"s o.f relativeJ-y hie¡h elevation"

3) Strr,.ctr:ral ano¡ral-ies d-efined by elevations on the top of

the $ir"ia¡ River forrnation are the reslrl-t of differential comÞaci;ion

t.¡ithin the S,r'¡att lìiver, arrd of renel¡al of vertical move¡rent criginati-ng

i-n bed,*q rurderl-J¡ing the Sr.¡an River.

/-) Local struc'bulal featirres of ripol-e ¡mrks a:rd possibl¡r gra.ded

beddíng, observed. in beds of the lVorth Sr:a¡ iärrers su.gaest t]:a-t these

beds r¿ere deposited a-'b aleJ-atively slor'i rate in a shallorur r¿ater en-

vironment a:rd that re-r"rorking of the sands oceurred..
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STÌ1A!ïCRAPUIq_AND pArEOGEOqqA.FHrc TEATUREq pF îHE_

s-þtAN_nil/EF EORMÄTIQN

STRATÏGRAPHTC POSTTTON AT-D CHARACT}IRTSTIC LTTHOLOGY OF

T;IE SWAN RIVER AND OUERLYTNG A].[D IINDERLYING BEDS

The stratigraphy and lithology of the ,svan River and its
overlying and underlying beds j.s best illustrated in the north-south

eross section (plate x11) r¡hieh erbends from the northern to the

southern sreau The North St¡an River r^riIl be dfscussed and tracecl

from the northern area, through the central area to lts terinination

at or near the Daly porti-on of the east-west barrier" The South Swan

River will be discu-ssed from its northern termination at the east-west

bamier, south to the extreme southwest corner of the province"

North Swan River Sand

The sr¡an lìiver throughout Manltoba is overlain by the

åshville formation" lhe Ashville in the northern and central areas

Ís composed of dark grey to black shales r,¡ith occasional siltstone and

sandstone beds, The 1cruer part of the Ashville near the contact v¡Lth

the swan River contains glauconite. Tn some outerop sections this
contact appears to be transltional. The ashville Íncludes beds of

both Upper and Lou'er Cretaceous age (Wickendene J)/+5g p"Z3),

The top of the North sr¡a¡r River is placed at the first
appearance of quartz sands belor^r the dark grey Ashville shales" The

North sr"¡an Rlver of the northern area as soen in outcrops and as

illustratecl in the Swan Rirzer No" 2u Duck Mountain ¡1e" 3r and Bluewing

Lake I3-4. weIls (rIate xn), is generally conposed of fine to coarse grained
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quartzose sÐsdstone¡ often unconsolidated, glaueonitic, argillaceous,

ligniticr and eontaining nÌtmerous interbed.s of shale and sllty shaf.e.

The North Sr¡an Rlver sands of the central area are flner grained than

the sa¡ds of the northern area but the lithology of the North swan

River is very siniler j_n tìre tÞ¡o areas,

The basal beds of the Swan River in the northern area ar.e

cotnposed of loose eoarse grained quartz sands" They overlap the erosion-
al edges of the Jr¡rassic and l{fsstsslppian beds and so overl1e beds of
Jurassic, Mississippian, and Devonian age. I¡lhere Jurassic beds are

presentr as in Tmperlal Bluewing Lake 13-4 (plate xll)r the base of the

sr'¡an Rtver is plaeed at tle base of the loose eoarse grained sands.

üihere no Jr:rassic beds are present the Suran Rlver base ls placed above

the first apÐearance of paleozoic carbonates.

Directly uaderlying the swan River in parts of the central

srea &re beds of soft calcareous c1ay. Calcareous clay beds rnarking

the Jurassic-Cretaceou-s unconformfty are also present in scrne wel1s in
the southern area (u.g. cal. stan. Tírston province j-32), as vell as

in røe1ls in the viclnity of tbe Daly portion of the east-west barrier
(e.g. cal. stan. Hargrave province 15-16 and cal" sban, Elkhorn ?-gA)"

At the southern ternl-nus of the central area the \Iorth Sr+an

Ríver onlaps the escarpment forrned by the subcropplng Jwasslc IrAil

and lrBrr iurits and is composed of roose medirm to coarse grained

quartzose sa¡d,stone.

rn the ¡n'esten: half of the emtral a.nea, with the exception

of its soutLern terninus, the Ju.assic j.nterval is represented by beds
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of the Jurassic tr0rr unit (ptate Xll.)" These becls hr.ave the'Lypical

lithologr of the unit, bei.ng composecl of fi.ne q::air:ecl calcareous

sil-ts',,ones and calcareous shales. ïn the eastern half of the central-

ãrea, the Jurassic ilAll , rr¡11 , aJrd-ll0rl uníts are i:fesen'b" North of the

Spruce i.Joods area the Jrirassie rrArt unit becones more prortinent anci is

often mistakenly terrnecl $i,;an River"

Thu.s, in nost of the cent::al aïea: the .iurascfç rr{tr, ttBrr, and

rrCrr units, r.;here present, possess their chara.cterÍs'bie litho1.og:les" The

nÄü ancr' lt0tr uni1,s &re colnposed of thin-ì-y interbeddecl ealcareous sii-tstones

and ealcareous shales, and the ttfin s¡Ìt is ccxtposed. nai-n]¡r of eafcareous

shales" These Jurassic beds are of marine orÍgin. The consistent

character of 1,hese Jurassic becls makes it possible to establfsh tl'ie

presence of the Jurassic esearpment, betv¡een i;he T\"o treeks a¡d lreat r"re.ll-s

(ftate fll) as the parti-al1y eo:rtinental- unconsol-Ícla1,eci fine to rned.j-unt

greined Si+en River sand.s of ihe lbeat r.¡e1.1 iiiffer markedly frorn the marine

Jurassic -beds in the T\.'ro Oreelcs r'rell,

Hor,;ever, in the northern areae i.t is possible Ì;ha.t the Jurassj-c

tr0îr uÌlit r,¡hich corresponds rouqhly to the,$ha.rrnavon fornla.tior-: encì the

uppeï part of 'Lhe Gravelbourg' fo::ma'bíon, coulci under'¡1o a facíes cha.nge

'Lo mo::e ma.ssíve sandstones, a:::d become continental ín ne.ture as i;he iurassic

sho:reline is reach.ed" Tn t,hi-s case, the se¡la::a.tíon of Cret,acecus heds

fi:orn Jurassic beds would be an a'btempt i,o discrÍniinate J:etr¡een tr¡o sand-

stone section.s of ver-ri sirrúlar, if not i-de:rtical, cÌtaracter, ancl ttculcl

p::oba.bly be j-rçossible. Thus, ít is; prrs*si-bì.e thai; ín t,he nortÌrern area

scme of the sancls r^rhich i;h.e aut-,i:o:r Ìras pla.ced i:r the Si^;an R.íve:: forma'l,ion

nay be Jrira.ssic in age" -[ir the absence of reli.able i.nderc fossi.l-sthis may

'be ne:Lther proved nor disprovec'l .



Tn this thesi.s,'blie arthor has pì.aeed tiie fi.ne to toarse q.i'ained

gen*ral--L5r uneonsolicia.teri. c¡uartz sands, as 'bSpifi-ed i.n the jlhiet+i-ng Lak+,

ï)rrclc l,ior¡rta-Í.n, ancl S'.ran Ri.¡er r¡ells (ptate XL1), in the $vra"n lìi"¿er fovni*

atio;r as the-tr ¿-re sinila:: to tìre J[orth ,$t.¡an ,ìiver sands; of th"e ce;:¡.tr:a.-ì- a.:rea

i¡here the Jura-sçíc-Çr.'etareou,s 
-borr-rrclar:;r is mo::e oJlv.lous" Thj.s was l¡clievecJ

to l¡e the l:esì, eoli.rtion ava.ile*ble as based on present cor:l-.ro1" Iiol'rever, a

Ju:rassj-c age for ai: l-east the ì:asa-l becls of {,lre äor''Ll: Sr¡an P,i.r¡er in ì,hç

:r.o;r'i,her"n aipea cannot be 'Lísni:ovcel aù this 'i;í¡re"

S.esüÉues-¡]¡,seL**sr-{

The South ,Sr+am Riwer sa¡d is o'yerlein b'y beds oi the l!.shví]-le

for¡lati-on a-r:iC underla.in b"y becls of the Ju-rsrscJ'Lc ItAfi uri-b.

Tb.e ;tshvil-Le :lorrna'r,i-on :i.ir i;Lre s;out,hern area. is composed of

tf-a.rk gre¡r bo black ç:cca.síonall¡r si1"t¡r sha-Le, r'.ls j".n l,he ncir:'bhelrn a::eaj

the l-<tr+e:i: ps,r1: of t,ire Ashvi'l le t:lear i:tre ti:ir-Le.q:t, ''.¡j'i;ir f,he S'¡aü ili-ver

¿pn{;¿r-:i.Ls glauconi.ì:e. The Sou"th S',¡al rìive:'*.fishvi11e cotriact is no1;

r-ira-d,a.'Lional-" It is placed aì; fír'st appearânce of qrr-a.r'L:¿ sa.:rds-i,oner l-¡e.J..ot:

'i;ho da:r:k grey Ashv:i.,l-le sha-l-t:s.

Tile Slo¡th .Sr,;a¡ il.ir,'er is ûurni:oseC r:f ijne ic cÐår-::so poor'1;r

Í¡+ltr-rd qene::a.-l ì-y unccn¡-rol--icìa.'i;ed qu.rr:1,zose sa:lds'l,ones e;rd interl:cús of

lr€J' ¡i,sl ç.-. The top of iho Sorith llt¡e-n lìi-r'er "ì-s ,qe:ret'ai11";' nilri';.eä by

thç i:.r'esence of *o1orless fine ,q::ai'ned cal-ea::ecu,s and pyt"ir-t:lc sar.Ld-s'cone.

.A su.bclivision o-f the,9oi,rih $;*an iìi-ver: i.n1,c.r tnree utri,ts i-s i.ncluded, i-n

the iLj-scu-ss:Lon c¡f F-l-afe X].1"

I:r lnny area.s 'blle

ove:r'-'l,ie a. sect,ion abou"t ter:

genera.ll ;y rran'ietr'ated sha.l-e 
"

,qi:e,.,' a-nC h¿-Ls; been inch:deC

lor,¡ermost beri.s oíl ther ;lorúh ,!r+a::r l-ìivey

iee'c Lhi,ck c:ortpostld of non-ca'ì ca.l:'eoug

fn scirre -local-j-tj-es i;ir-Ls. shal-e is liqnt

in the Sr¡an iì:i.r"re:' ìj;r sc)¡ls 
".íorlierr,;, 

iìotJever,
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these shal-es are more prop*ly placed in the top of the Jurassic trAn

r¡nit as they are correlated vith typically Jurassic variegated shale-.

elselvhere in the area., and as the sr,ran R:Lver ls typical transgressive

basal sanclstone, and consequently i.rculd be unlikely to possess argill-
aceous basal beds" These she-l-es overlle the t¡rplcal r,¡hlte fine grained

calcareous sandstones of the Jwassic.

In the Calífornla Stand-ard. Hartney 16-33 well, the Jurassic-

Cretaceous unconformity is markeC by a well defined brecci.a" Photo-

mÍcrographs of tbis breccie and ,the contact r¡ith the underlying Jurassj.e

limestone are shown in Plate XV (p.88).

Ïn the southem a-rea, the Jurassic is composed of fine grained

ca.lcareous sandstone, calcareous sj-ltstones, vari-egated waxy shales, and

argillaceous and silty limestones" The Jwa.ssic rrAtr, rrBtr, and nCtt unit

classifica.tion diser.issed in regard to Plates )(11 and XlV are piresent

throughout the southern areao .An ttOstracod.al limestonerr near the top of

the Jr:rassic nAn unit can be correrated over a large part of the area

(plate X111)" It ls probably this rf0stracoda.l U¡estonett wh.ich merks

the top of the Jr¡eassic trAn unit in the Spruce tr{oods area, a¡rd whfch is

responsible for the erosionally accentuated high in this area.

ÐEPOSÏTIONAI, EN VTRONMEÀI.T

The depositdonal'enúiron¡ents of the North and. South Swan

R:lver sands are diseussed individualJ-¡r ¡s1.w.

North S¡¡an River

Several authors have noted the presenee of carbonaceous



A. Polished section of breccia marking Swan River - Jurassic 
unconformity at  Calstan Hartney 16-33. 

8. Polished section of contact of above breccia with limestone 
of the underlying Jurassic. 



anr-Í li-qr:j-tíc meteria.l :i.n 'becls of tT:e ì'1,¡i"th .Sti¿rn Rj-'rrer arlti rel¿tteC

Fål'ÌCF," l{cTrrnes i:L9i.3, 1:"66) desc::ibeci tretaceous sa.:rcis e:çosed a.1.o:rg

the sou.bl: shoreof ìtapa.r'reicka La-ke as eortaining aÏ.ru:rcta.nt, cn.vl:onacecriË

nateriril,. Ðelr-rry (fçe¡n) aJso r:eporl,ed- the presence of lignibj-c ¿'urä

Caï¡gnaceons matel.ia-ì- j,n C::e.haceiius Íj¿1lds cli 1,)j,,] ',da.Fauei;1.4 and.

ÐescJrar¡rbarr-l-t. take åreas" iÌa-l-lae e (l-925, n"29) no'beC 'Lhe Presence of

p:leces of r¡ood ald iläpressíons of fear.'es in Nhe t¡-Ual"o'ba. satidsLonerr,

t¡L:i.ch i-S lriortir,sr,ran Eiver serld-stone, anr! ci'1.'eS tJ:en aS lrevide¡.ce,:f

col:i:ferous forests i-n the near r¡i-cir:rity o.î "c,b.e a.dva:rcin¡1 sea" i-n i;hich

the s¿rrrclstrnes vere bejng O-eposi-tecl1t" llj-t:kenden (l-g¡r5, p.l-12) sta-Les

.i,¡a'¡, rrcoa---l oceurs at, severa-1 p1a-ces anc'l ínOj.ea-tions are tl:a.hthe ($t"'an

rli''rer) groilp is entirely of nnn*na"r'ine ori-gin in ihe norLhern pÐ.rt of

the arealt. I-le C.c¡es not roerù;'l,he bound.ar;' betr.¡een l,ire ttaline and- l:ron-

rnari.ne a.reas "

Samples u-"ed i-:r thrl-s s1,uil.,r r¿ere fal<en frorir or-.Ltcrop sec-bio::ls

and f::6n cores from the TrnirerÍ.al Fr::rç¡arren I'io' -l- and Tmperial- l"íadeline

IJo" 1r.rel.]-s ancl cgnta-i-necl apprecj-a.ble arol¿rrts oll carbonaceolrs a-nd f.iqnitic

uaterie-] , As r+ell- a-s contai.n-ing carì:ona.ceolrs fragnents, sanples of

,$r,¡a-n iì:Lver sands frorn tìre outcrop area al-so containecl an a.bur.d.a-nce o:ll

g;J-arrconíte "

The va']u-es of average rourdness and- sphericitlr of grains of

t{or:th,$va-r:lìi,ver sand.s a.re cotillere-bl"e to th.ose of lcnotrn beach sa.nds

(Krumbein and- Sl-oss, 1;95As p,83)" ThÍ-s i.s especíaìly true for sanc-l.s j-n

"L,ire central area.

TÌ1e p:.esence oÍ oarT.rcnaceous and- lÌ-g:ii'bi,c fra-gnenLs ín S"¡a.n

Bj-ver sand-s in the out,crop area a¡cl ín rela.ted Creta.ceous sanils j-n
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northeastern Saskatchel¡an indicate that part of these beds were deposlted

1n a non-narlne or brackish water environnent. Lignite beds of appreciable

thichress such as are present in the Trnperial Fo¡cu¡anen No" I well r¡ere

forned. elose to the shcrelíne of the transgresslng Gretaceous sear and

r,¡ouLd be covered þ merine sedfments as the sea advanced on the lar¡d,

ïhe eo-exlstence of lf.gnitlc beds and glauoonfte suggests

that tbe shore line of the Lot¡er Gretaceous sea fluctuated considerably.

The prresence of glauconite, rípp1e marks, and graded bedding in sectlons

in the outcrop area of Ncrth sr¿an River indicates that the sea was

shallow ln that area and that deposition r¡as relatj.vely slowu Slight

rfses in sea leve1 r,nu.Ld cause the fuocorporation of nearby lignltlc
beds into the marLne beach sands. Carbonaceous fragments r+ere probably

derlved from nearby coniferous forests and dqposited in the glauconitic

sands being deposited s1ow1y off-shore.

South Slfeil_Biv er

Ilnllke the North Swan ILlver, the South Sr¡a¡r Rlver sand does

not contai.n carbonaeeous end llgnitÍc materlal. Suartz graÍns nqle up

over ninety-eigbt percent of its mineral composition by weight" p¡rrite

is connon, especially 1n the uppemrost beds of the fomration. Glauconlte

fs absent' Plagloclase and nÍcrocline, both rela.tively non-resista¡t

mineral-s are present although 1n very lfmited. anounts.

the South S'r"¡an R;lver sand is generally poorly sorted (plate

V111, B, p,54).

The values of average rroundness and spherlcity of quartz grains
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frorrl Sor:,tir ,5'¡an Iìiver sa,nd.s are cluite ".:i-nrila.r tc tbose given b¡' lir"urob*an

and Sloss {t95Oo p"83) as belonsins to lffio.,,m bçaeh sancj"s"

The South Sr,¡a-n Rir¡er is a typícal- tra.nsgressive raarizre

basa.l- sanC, The absence of o;le"uconite indj-cates tha.i: the sarld-s ïrere

rleposited at a rela-bi-vely fast rate p:robably at Ereater depths than

that a+. rrhieh ¡¡laucon:lte i-s forrned." This relativel;' fast ra.te of d-e-

pclsition is aJ-so i¡:clicateci b]'the poorl¡r sortecl nature of l,he sand. and"

b1r tlie presence of rurs'bable mínerals sucl: as p}agiocla-se and mie::ocl-ine.

The p:resenee of p¡n:íte inthe uppeïmost South $r,¡an 8ír'e:: becis

sugqests that tire C::etaceous sea ín bhe sc,uthern area at the end of ,Sr+an

Ë.ive:: deposition beea-me pa.rtíally restricted"

Pre-Cre-ba.ceo1:]s erosíon formed. l-oeal depressions in -i;he

Jurassie land surfa-ee. As tl::e0reta.ce¡ous seas edvaneed over thís land-

surface, Srura:r Ríver sands r.+ere dunpecl fi:'st in tlLose depressions and

j.n the Lor.iei: porbíons of the d.eposi-bional basin and tl:en r¿ere l-ai,d dom'i

¡lcross 'l,he entire southezr areaô Tn'berrnit'bent deepening of the seas

into r.lhieh the samcls r,¡ere being Ceposited carised the cleposition of thin

Treds of shale. The end of Suan RÍver deposition l.ro-e iriarked bl.'a. sudd"en

increase in the d"epth of the seas r,¡hich endecl the p¿r::tj.alJ-y :'estricted

basÍnal- envj.ronment of the uppermost St"¡an River sands, and eai"rsed cie-

position of shales of t,he Ashvill.e fornation"

SOTACAS

Results of tbe coripositíonal, textural-, and, st-,r'u,ctma]

stu"d.i.es diseussed previousl¡z sliggest that the respeetive sou.rces of
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the l,lorth ayld Sou'l,h Sl¡an lìiver differed in their geographical- loca.tions

and, to a l-irnitecl deqree, in thej,r lithol-oeic cha-ra-eters. For this

rea.son, the l$orth and South Sr¡an River sands ar:e diseussecl sepa"ratel;"

Iiq tll ü1^¡an iiii¡e.å

The heavy nineral investigatj-on indica,ted that the l¡lort'h

$ua¡ River sands had been derived mainly fron a- pegmatized injected

terrane wL.j.ch had unCergone high-rank metamorphistn, a qranÍ-tic massl,

and sedinents derived from these t¡rpes of sor:rc:es'

The most oT:viou.s area. or this d-escriptíon is that of the

P::ecambrie.n Shield r,rirích 1s loca.ted alonq the nc¡rthea-*t rim of the de-

positional basin of the Sr,ran River in irfanitoha.' Although the Swan

Rir¡er in þianítoba does not directly overlie the Precambrian, Cretaceous

sanris correla.tive i,'ith the ,Sr,ian Ríver, and loca'beC. in the idapai,leldca [,a]<e

area of northeastern Saslratcher^ran, do overlap the Pal.eozoie and :'est

directl¡r r-rpon the rocks of the Preeambrian oomplexu This r¡oul-d i.ndÍcate

that príor to deposition of tretaceous sedíments, the ncn'theastern

reEion of Saskatchewar, and probably the northern anC eastern areas of

i'lanitoba r,rere eroCed rloi,'rr so as to expose the Frecambrian" fur a.lternative,

but rather r;nlikel). conclusion ru'ould be tha.t the Preca:lbria.n in ilhis

region l,ras never covered by Paleozoic or early Mesozoíe sediraent,sr" Ïn

ej-ther ease, the Preeembrian beclrock v¡as in a. position to act as a source

for Cretaceous seCimen'bs, inelud,íng the ,Sr+a.n River" Iticlnrles descrii:ed

a -"a-nds-tone at ldapar"¡ekka Lake as being rrver¡r soft and qriartzose" Ïn

p1aces t,lie sa-nd-stone beeoflles a fine conglornerate, in certain layers t+ith

pebbles of qneiss and.other t'ocles, and, in pleces Ít, mntaius carT-¡ona.ceous
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material resembling the cor¡ninuted renains of plantsfl. He termed these

sands flDakotan. the presence of pebbles of gneS-ss indÍcates that the

sandstone has been derived from tJle adjaeent Precambria¡r rocks. Even

these sands which are described generally as bei.ng very pure and greatly

reworked, could form a sandstone wlth tbe variety of heavy mfnerals seen

in the Sr¡an lLtvar sandso

A possible sedÍnentary source of Cretaceous sands, including

the Swan Rlvern in Saskatcher'¡an and Manitoba is the 4,thabasca sand.stone

of presmed Preca¡nbrian age. Both the Cretaceous sandstone at lJapar.iekka

Lake and the Athabasca sa¡dstone are described as belng r,rell rounded

pìr€ quartz sands. In places they are very loosely cemented and in other

places are indurated to fora hard særdstone and quartzite, Ore thin

seetlon of a rock sample taken from the northeast end of Lake .Atha'basca

t"ras found to be composed of a sa:rdstone with quartz grains poorly sorted,

very flne to medir¡r gralned, moderately roundedr and extrlbit,j¡g some

authlgenic growth of quartz.

ït would seem that the sand at Ì{apawekka Lake could have

been derlved from the Athabasca sandstoneo TLre fornation of quartzites

fron the origlnally noderately to well rounded grains would, þ recrystall-

ization of the quartz grains, destroy their original textural features

such as ror¡ndness¡ frosting, pitting¡ and rpþerfcity" Erosion of the

quartzites and loose sands would produce qtsartz gralns of varíable

ror:ndness valueso Ttris varlety in degree of ror¡ndness of grains is

evident in North Swan River sands l¡hich are dominant¿y moderately rounded

but have abunda¡t anguJar types as well as appreciable anounts of well
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rounded sfainsê

If, as rnany authors be1j.eve, the Faleozoie sed.iments of the

ruest side of iìudson Bay r^rere conneeted r"ith the sedirnents of -bhe same

age frirther west, there urould have been a great 'bhj-ckness of sedime:rts

i^rhich r,¡a.s eroded and- could have coubributed to the fornation of the

North Sua¡ River. The l*îínnipeg sandstone of Ordovician aP;e, for example,

eould have furnished a sand- of the natru'e of the Sr,¡an River'

lulelnnes states that llThere seems to be a great probability

that roclc of about the a.ge of the Athabasca. sandst¡rre or of Anjmikie

a¡1d Keweenawan aqe occur under the Pal-eozoie sedíments nea.r the shores

of Huclson Bayrr,

This would suggest a continuous seetion of Preeembrian

material, with or r¡ithout overlying Paleozoie sediments, to have

exteirde<i. fyom Lake .Athabasca to Hudson Bay" Tire erosion of most of

this section could have contributed to the form.a,tion of Cretaeeous

secljment,s, includíng the North Sr+en River, in the northern areas of

þiaritoba end Saskatchel.ran"

Erosion and, re*deposition of becls of the J-urassie lrAlt and ll0rr

units coul-d have resulted in the forrnation of Swan River tredsr especially

in area.s adjacent to .Turassíc topographie highs, including esearpment

edges of the îrArr and rrClr unÍts.

Soulh SviaLRj¡{S:J:

The heavy mj-neral s-budy of the south sr,¡an Rir¡er sands

ind.icated that the main soul"ces of the sands hrere e pegnatized ín-

jeeterl rnetamorphie terrane, a grani'c,j-e massr md rela"ted sedjments"

The east-r^¡est bamier r+hich extencls frorn the Saskatchelian-
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lrianitoba bouncLe.ry to the southr¡est shore of Lake FianÍtoba prev'ented

sånd-s derivecl frorn Sorrrces in northern Sa-skatcher,ran ancl r:orthern

ManitoL.a from being íncluded in South ,Swan Rir¡er beds in Ma:iitoba"

Tt r,rould appear that the main sources of the South Sr'¡a-n

River sa.nd-s r+ere the adjacent Freeanbrian Shield and sedinents d-erivecl

from i-t, situatecl to the east of the |tsouthern arearf of this thesis"

This relatir¡e nearness of source is also suggestecì hy the

lrr.rge grain size, poor sorting, and presenee of sueh unstable, non-

resistant nj-nerals as microcline ancì plarioclase in South Sr"'an River

sands "

cOi'ilcLUsro}üs

The North Srran River sands and. the South Swa¡ Rír¡er sands

occlrpy the same stra.tigra"phie inte::val.

The North Si,ra¡ River- sa.nds tiere deposi-ted sloltly in a

partially marine ancl pa-rtia11y non-rnarine o:: brackish r'¡ater enr¡iron-

ment, r^rhereas the ,South Si.ran River sa¡ds uere deposited relatively

rapidl¡¡ in a. marj-ne environment"

The sor:rces c¡f the I'lorth Sl¡an Ríver sancl"s were the

Preeambrian complex and derived secliments siti;a"tecl in norbhr,rest, north

and northea-ot direetíons from the depositional basin of the ltlorth 'Sr,¡a-n

Ììírrer" The sources of the ,South Srran River sands uere thePrecambrian

cornplex and der1veC. sediments loeatecl easü of the depositional basin

of the South Sr.ran River '
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CONCIJ]SIONS

Results of this study of the Slran River beds ln }{anitoba

have suggested the following conclusionso

Those beds underlying the Ashvílle formation and overlyÍng

beds of Jurassle, and 1n certaln areas, of Misslssipplan and Devonian

age, previously terned nDakotan andrtSwan River C'ror¡ptt, comprlse a

mappable unit and so nay be properly termed the rrSwan River Fomrationrt.

fn l4a¡itoba the Swa¡ Rivor fornation is arealJ-y divided by

a¡ east-r'¡est barrier extending fron the Spruce l.ioods area to the

Saskatehewan-Manitoba boundaryo into a North Swa¡ Rl-ver and South Sr.ran

River.

The North and South Swan River are stratigraphic equiva-Lents

but differ in their respective mineralog'ical contento textural

characteristics, soì.trces, and depositional environment.
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