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CJ*IPTER T

]NTRCDI]CT]OT{ åJ'{D ]I{ETTIOD Oi¡ STUDY

I. INTNODUC'IION

cEINE&iq! -sr4[E&IEi{T This tiresís is based on field and

laboratory stud.les of se'¡eral preistocene gravel deposÍts
in southeastern Manitoba" The deposit near Birds Hilr
receives special attention.

North .Å¡nerl-can topogrqphy has been greatJ-y infhi-
enced by the widespread glaciation of the pleistoeene

e*rloeh' ree-sheets of this epoch extended over the north-
ern part of i{orth amerlca 1n four suecessive ad,vances,

narqed in order the rlebraskan, Kansan, rllinoian and ldis-
consin glacial ages" with eaeh recession of ihe ice-
sheets a mantle of glacial tlll renained, to be overridden
and modified by ihe next age of glaciation" The drift
deposited by the wiseonsln iee-sheet remains today virtu-
alry unaltered over large areas of canada and northern
united states. rn ir{anitoba the drift is found. as uruaodl-

fied t111, moraines, outrcash deposits and l-ake clay d.e-

posits of glacial r,ake ,agassj,z, v¡hlch developed agalnst
the faee of the retreating iee-sheet" åLso renainlng are

the elevated beacires of glacial Lake Agassiz.

The Blrds ï{i1l- gravel deposti near -dinnipeg is a

feature unusual to the surrounding eountryside. rt is of
interest acad.emically as to origfn, anci also commercially
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as a source a-| sànd and gravel, The origin of Birds HirL

aroused the euriousl-ty of r¿farren uþlran, first in ISBZ

r¡hile he was engaged in a study of gl-aeial- Lalce ågassiz

for the Geologlcar and Natural Hlstory survey of canad.a,

and Later in 1909 rarhen he revisited the vieinity as a mem-

ber of rhe British l{ssociation for the .Á\dvaneement of
sclence' üphamrs diseussion of the nature and origin of
the Birds Hill- deposit, i'rhich was presented to the GeoL-

ogical society of ¿merica in 1910, 1s the only knoi¡¡l re-
port on the deposlt"

fn discussions with Professor E, fu teith of the

university of hÍanltoba lt r¿as agreed.'that a study of soue

of Manitoba Pleistocene gravels, partlcularly the Birds
Hlll deposit, would be of academic and possibl-e coru¡"lercial

value 
"

A fietd study of the areas eoncerned was made by the

i,rrriter in late september and early 0ctober of Lg1o" Lab-

oratory study r*as condueied at the Geology Departrnent of
the Unlversity of iúqnf¡ebr in 1950 and L95l-"

Four different locations representing deposi-ts of di-
verse origins were examlnede and these deposits w1lL be

dealt with as separate units" Discussion and conclusions

relating one deirosit to another will be presented, in the

final chapter"

GEQG4aPHTC-LOçðT-IO{ rhe locatities in Manitoba where



gravel deposits iqrere examined

are noted 1n Figure 3r page +"

aecessible by road.

3

and sample eollec,¡;ions made

Á11 loeations are readily

PBqvrg-lts w0RK The first record.ed observations upon the
glaelal and postglaclal geology of southern ffianitobau
western 0ntario and adjaeent parts of the unlted states
were made bv Keating (r8a3), 

'wen 
(rgr+g), parrlser (ts571 ,

Hind (1858), and. Dawson (1873¡1, They recognized the
abundant evid.enee of glaciation, and also the for¡ner ex_
istence of a great gracial lake in the Red. River varrey"
This lake was rater named Lake agassfz in memory of prof_
essor Louj.s llgassi.z"

fn the area under study glacial Lake Agassiz is the
largest single factor defining post-glaciar modification
of original graeial deposits" A^y study of glaeial depos*
1ts in thre ÞJinnipeg area must, therefore, be preceded by a

knowled,ge of the history of this ancient lake,
The position of the southern outlet of tÏre rake, now

oecupled 1n pgrü by Traverse and Bi.g stone takes, was
poi.nted out by G" Ko ifarren (1868) " N. H" Winchell ee721
suggested that the glaclal lake developed in consequ€nee
of an lee barrler remainfng to the north"

rn the years rBTg to l8gg rqrarren upham lt].ggil carried

I Figo"us j-n bracjrets refer to Bibliography
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out â detailed. exaraination of glaeial and related deposits

existlng Ín Iúlanltoba, North Dakota and Llinnesota. He

deserlbed that as the great continental iee-sheet reeeded

from North ¿[merica, the meltwaters were not inrnediately

sarried a1.{ay, but remained to forn a glaeial lake in
front of the face of the retreating ice. In lts warly

stages the lake occupi.ed only the southern end of the Red.

River Va11e3r, and drained southv¡ard into the lr'lississippi

bas1n" Upham belfeved. that as the ice reeeded northward

the lake grei¡r in tLris di-recti.on, and gradually råxpanded

over large portions of North Dakota, Ï,{innesota and south-

ern Manitoba, A.t times the lake attqined a depth of over

5OA lee+"" 01d beaehes now found throughout the are.as

mentioned represent suecessi.ve. levels of the lake. The

upper beaehes, Upham stated, represent successlve lake

levels as the southern outlet of the lake was erod.ed

downward" ,9. lo'*rer serles of beaches record. later outlets

to the north and east as reeesslon of the i.ce-sheet allowed

drainage in this direcblon" The lor¡rest beaches are the

result of final drainage through the Nelson River cirannel

to the present level of Lake Winnipeg"

Uphan believed that recession of the ice-sheet was

followed by regional uplift of the previously covered

areas. ïhe results of tlris general uplifi are most pro-

nounced. in the northern parts cf bhe area, giving rise to
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an íncreasing elevation northr¿ard of the old lake beaches,

The uppe:: or Herman beaches exhibit the greatest degree of
deforrnation, with the l-ower Grand Rapids beaches sloping

but gently southward, Upham placed the tirne of beach

deformation largely r^rithin the period. of ice vrithdrawal"

:4, later aecount of the raised beaches of glaeial- Lake

i5gassiz has been made by W. 4," Johnston (19+6)"

',tlhile Upham was engaged in the explorations cortc€rrr-

ing Lake Âgassiz he noted the unusual nature of the Birds

Hill gravel deposit" He later examj-ned the hill in detall
and in 19tO presented a paper describing the d.eposit to

the Geological Society of Ameriea"

Upham suggested that a glacial streann, existing at

the time røhen the front of the eontinental 1ce-sheet

paused 1n the Winnlpeg vicinity, deposi-ted the gravels

which nor¡ form Birds Hill, He considered, the hill an

esker-l1ke deposit, the result of a stream flowing east-

ward from a large fissure in the ice-front. This would

be previous to the opening of the northr^¡ard cìrannels of

the glacial lake, and therefore lake levels at the tirne

woulrl be defined by the upper Herman beaches, These

beaches in southern Manttoba are approximately 4OO feet

above the highest altitude of Birds liill" If the uplift
which followed retreat of the continental ice-sheet uras

regional and uniform over the entj.re areå, then it wouLd
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appear that the Birds Hilt gravels were laid do'øn beneath

at least 400 feet of water* upham did. noi belleve such

depositÍon would be possible, and thought rather that ilre
deposit wås first laicl d.or,rn upon the upper ice surface,
then graduatly sank to tlre present positlon as the under*
lying iee melted. away. IÍe (1910r Þate 4zz) stated.¡

rt (the Birds Hill deposit) iøas not deposited in thestilL wqters -of a deep lake, betr,,reen cirannels rising
from the land surfaceJ for then the esker gravel unã
sand and the frontal lower plain adjolning-the east
end of the esker could not have been spreád out asthey are now found, Fluvial- eurrentsr-such as couldonly exist above the surface of the adjoining Lake
.Agassiz, brought and laid d.or+n the modified drift ofthe ridge and its terminal plain. d,fterruard, by the
ccmpletion of the melting and retreat of the'1ci;
border here: oh each side and beneath the esker and..
pJ.aln 9gpo"its, they i{ere alLowe,C to sink gradualty
about 5OO feet, until they rested, on the tãndo -

No other scientifie discussions of the deposit are

known to the writer. T,l. Å,

Birds Hil-l gravel deposit as

and gravel,

Ernst *.ntevs (IgZg), in an interesting diseussion of
'i-ce reeession in rúanitoba, suggested that the ice-sheets
r¡¡hi-ch extended over Manltoba were the result of growth

outward from centres 1n the Dlstricts of Keewatin and.

Patricia. the probable line of eontact of these ice-
sheets was northeast fron the Lake of the '¡¿troods to the

lower part of Lake itlinnipege and hence along the axis of
this lake northv¡ard" .antevs believed that during the

Joirnston (193+) mentioned the

a souree of commerelal_ sand



wanint stages of glaciation this junction existeri_ as a

zone of v¡eekness, aiong r.¡hich deca¡r took place mosi

readilyl ârrd into i¡rrich glaciar Lake ågassiz extended

northr,'¿ard, fce recession continuecl eastr,¿ard and i,¡est-

ward. fro¡r the margins of this northern extensi.on,

f ï. I!,IETHOD Oir STUDY

sån'ÍPL¿N-G samplíng was earrj.ed out in accord.a.nce with a

proeedure outllned by Krunbein and pettijohn (1938) " The

method entail s cutting a ehannel of uniforrn v¡idth in the
pit luall, l+ to 6 inches wlde and to a d.epth the clianeter

of the largest cobble or ;cebble" The length oí this
channel sample is d.etermined by sedimentary ehanges l,¡ithln
the deposit" The sand or gravel, loosened. with a shovel

or adzer is allorved to fall on a tarpaulj-n spread belor,.'

the seetion to be sampled" rêIt each change of sedimentation,
materlal colleeted. on the tarpaulin is bagged and tabelled.
The normal weight of a sample i-s five to ten pounds.

Difficulty in samnling r,.ias encountered. r,¡ith the

eoarser gravels, in that cutting to the diameter of the

largest eohb'le resulted in an extremery bulky sample.

There is also a tendencg to incr-ude a greater amount of
finer rnateriaL than the natural propori j.on, so that a true
sanple is not obtained"

PETROI.OQI.$- cHjLRsq-TqR The iarger pebbles and cobi:les over
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0"046 inches diameter were separated fron the smaller by

shaking through a Tyler Standa.rd screen of the abor¡e size

mesh" Ïhese larger gravel particles were again separated

by visual inspection into tv¡o groups, the limestonel ârrd

the igneous and neta.rnorphic yoek types, The percentage

of lfmestone preserit rdas estimated by r+eight" The snal'ter

size ranges, those passing through the 0.046 incTr screen,

l¡ere examinec r,¡ith the aid. of a binoei-rl-a.r rnicroscope, The

mineral and rock type present, approxirnate shape charac-

teristies e âfld other features possibj_y peculÍar to the

partieular sample were noted" AlL samples \,\rere i,¡ashed

clear of adhering rock flour and silt previous to examlna-

tíon ô

]1EAYL]ILITERAI _C!NÏ_EI{_T $eparation of the heavy minerals

wqs accomplished by selective flotation 1n bromoform"

Freliminarli examination revealed that the heavy ninerals
occur only below the 0,0232 inch screen, therefore study

was restricted to the material from belor,¡ this screen

size " The percentage of heavy minerals ¡ âs conpared. with
the llght fraction fron rtrhich they were separatecl, was

calculated by weight. In order to make positive the ioen-
tifieation of ninerals present, a prelirninary stlrdy was

mad-e of 1o samples mounted in canada Balsam, Later samples

were rnounted temporaril¡r in a mixture of one part of gly*
cerine to two parts of l¡a.tern '
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MECiI4r{I-qÅi,.*1J'ljålYS-æ The weight of samp}e employeC for
mechanical analysis varied proportionally with the r+eight

oÍ the original sanple and hence also i,¡ith the eoarseness

of the material_ ¿n¿l.ysed, i\s often as possible one_quar_

ter of ihe ori.ginal was used, cut from the original rvith
the aid of a Jones sample sp11tter, '¿{hrere the síze of
the gravel particles exceecled the half ineh width of the

splitter trougLrs, hand quartering was enployed, to reduce

the coarser fra.etion to a proportion equivalent to that
cut fron the finer materiars i¿ith the sanple spJ-itter.
;å.fter trea.tment 1n this manner the weight of the samplbe

ranged fron 300 to 1500 grams. These representative frae-
tions of the original samples were shaken for ten ¡ainutes

through ryler standard screens" The resul-ts of the analy-
sis were recorded as eumulative logarithruic diagrams e ând

from the resulting eurves the med-ian, the 25 and, T5 pey^

eent quartlles were obtained" þJith these flguros the
itrrithmetle Quartile Deviation, the Geonetric Quartile
Ðeviation (Sorting Coefficient) and tlre Logarithmie Quar-
tile Deviation were calculatecì"

sH,r|PE ÅN"{!Y$IS con"sidering the great nurnber of parti_cles

to be anal;rzed a rapid method was essential for comnaring

values of shrape and rounding. Round.ness values were ob-

f,aLned by eornparing the pebble r or the pro jecteci inage

tracing of the pebble, to a seriee of vlsual standardso



11

Ten drawings grading in degree of round_ness froni l to 0,
by W" C" Krumbein (1g4le pates 64-ZZ) weïe used" Spheri_
city values irere calculateci by a method. d.evised by ir.=. D,

and i{, H. Pye (1g\3e pages 2E*34). This method, for the
larger partÍ.cles above the 0.321 inch screen, entails
measurement of the shortest, the intermediate and the
longest partÍ.ele diameter" Thls wq s done v¡ith the aid of
a sliding bloek mierometer. The three axís len¡þs Ìrere

then referred to the prepared chart r,.rhich accorupanied the
artlcle menti-oned immediately above. sphericity values
trere read directly from this chart. particles belorir the
0.371 inch screen were analyzed ivith the ald of a lantern
slioe projector. parti-cres were placed on a glass sllde
and the image projected. do-v¡nr,¡ard on paper, to be traced
directly". The longest and the shortest diameters were

then ¡neasured and the results applied to a prepared chart,
similar to thre one mentioned previously and also acconpany-
ing the articre by w, D. and M. H. pye. sphericity values
were then read directly. Ten grains frcm each sereen and

the pan were analysed in this manner, the average of these
values was taken as the value for the ind.ividual screen
size,

À¡ieasurement of sphericíty by the method.s outl_ined

above fails to take into eonsid.eration irregrilaritles of
partiele surfaces, with the result that values obtained by
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this method tend- to be somev¡hat higher than those obtained

by conventlonal rneans* rn addition a break in continuity
røiIl be noted where the method changes from the use of
three dimensional to tv¡o di"nensional measurements" Two

dimensional measurements¡ of necessity ress accurate

than three dtmensional measurements, have been found to
resu.lt in slightly higher values. .As the metlrods are

used eonsistently throughout the study, however, results
remain relative and error is eriminated. for practical
purposes 

"

acrD sOtuBLE gONrEN! a study was mad.e of the aeid soluble
content of the fine material from a series of samples

taken along the length of the Birds Hill deposit" Mater-
ial was that wirich had passed through ilre 0"0232 ineh

screen. Thls was trea.ted with a eold"o d.llute soLution of
hydrochloric aeid. The content of acid solubLe naterial
'r¡/as then caLculated" An attempt was rnad.e to establish a

possible gradlent of acio sol-uble content among the finer
materials r,¡ith linear d.istance along the deposit"



CHAPTER ]T

GRAVEL DEPO'SITS NEAIì IOCKPORT' BERGEN AiüD DUFRESNE

1. LOCKPORT

ïNTRODJCTTOIL Æ'[D _L0C4TJ0N The Dominion Government Locks

at the village of Lockport are roeated. on the F.ed River

approxiroately 17 miles to the north of winnipeg. Three

sanples of sand and graver were colleeted from a pit on

the western side of the ri.ver about one half mile north
of the Loeks and 200 yards west of the road whlch paral-
lel-s the river on the western side. The loeation is
noted Ín Figure 3.

FIELD S-TIIDY Gravel at this point is nedium coarse ancl

fairly r'¡ell rounded, grad.lng dovrnward in the section to
fine sand" The entire deposit is overlain by a thick
mantle of clay" The predominant roek type among the

gravel pebbles is lieht buff, fine gralned, hard, dense

dolomltic l-imestone. ivlinor amounts of granitic and. dior-
ltie materiars are also present" The stratification is
poorly defined and the bedding v¡hlch could. be detected

dips 20 degrees torn¡ard the easto

LABOR"Ê'TORY sruDY Dolomitic limestone pebbles eoapose

about pl percent of the coarser gravers. The remalning
pebbles are of granitie and. diorltic materials. The finer
sjze ranges are composed d,ominantly of carbonate powd.er
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with lesser o.uantiti,es of fragmental clear and mi@ quartz,

qua.rtzose and dioritic fragments, and- hornblende"

The sand present j-s composed chiefly of limestone

particles v¡ith abundant cl-ear quartz among the finer size

ranges" Carbonate powder is an inrlrortant eonstituent of

tkle finer fractions, v¡Íth rnlnor amourrts of fresh feldspar¡

magnetite and the pyriboles.l

I{eavy minerals present in the gravel samples e ârê in
order of deereasing abund-ance, broun hornblende, pyrox-

enes, magnetite and biotite. Al-1 these mj"nerals are frag-

mental and have freshly broken appearances" Rare quan-

tities of subrounded plnk garnet and yellowish, rounded

monazite are also present, Sand samples eontain the seme

heavy minerals, with additional sniall amounts of rou.nded

broi'¡nlsh-green tourmaline and few broken øj.rcon crystals"

From the meehanieal analysis of the two gravel samples

sorling coefficient val-ues of 2"31 and 1,73 r¡ere obtaÍned"

These values, above the 2,J margin of normal softing de-

flned by Pettljohn (1949¡ page 24) ind-icate a good degree

of sorting, Sands are i+el-l sortedr ås lndieated by a

sorting coefficient value of 1.22" The logarlthmic

frequeney eurves representing the rnechanical analysis of

the sands and gravols are 1l-lustreted in- Figure 4,

fn this thesis the word Trpyrlbolesrs refers to uniden*
tified amphÍbole and pyroxene minerals*
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Shape analyses show no ehange in sphericity ,¡ith de-
creasing grain size for either bhe sand or the gravel"
There is e decrease in the degree of round.ing for both
the sand and the graver with d.ecreasing grain size" For

the gravel sample a decrease of fro¡n o.55 on the 1,050
inch screen to o"3T on the 0"0058 inch screen !¡as noted.

Drscussrql'( 
"Ojt REsuLTs rraces of stra.tificationo good.

sorting and a fair degree of rounding suggest either
stream or beach deposition. Geographieal position on the
banks of the Red River, røhich occuples the lowest topo-
graphie levels in the Red River valley, eliminate the

latter possibility. Deposition by the Red Ri_vero which
has wandered little from its present course sirree pLeisto*
cene tine, and carries only material of silt size, wor-rld.

seem unJ-ikely" rt is suggested then that d.eposition of
the deposit v¡as by streams of mel-trr¡aters direcil",r ai the
ret::eating front of the r-ast pleistoeene ice-sheet, The

abundance of unstable heai/y minerals s.:.ch as pyroxene and

amphibol e 1s in accordance wiilr sirch a glacial:related
origin,

TNT I-roq,

2. BERGEI\T

The r"oad

of

way

Ston;z iiìountain trends north from

ïrlo, 7 a1:proximately three mí1es

leadlng to the Village
the junction wlth Hå.€lr*

northwest of :.¡finnipeg*
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several samples of sand and graveJ- were obtalned fron a

pit 1f0 yards to the west of this roa,f and one i:rile nortir
of the above-inentioned junctlon, The location is noted in
Figure 3, ancl is approxinately one and one half miles
northe;:st of the village of Bergen"

FIE Ð åTU*DJ a 12 foot vertieat- seeiion at the location
reveal-s coarse, subrounded gravel overlain by a 4 foot
thiekness of lacustrine clay. The predominant rock type

composing the gravel is a buff- colored. dolornitie liilestone"
pebbles of granite a¡e 1n minor quantities, stratj.fica-
tfon is generall;ü poor" at the base of the section, how-

everr a 1 foot layer of sand exhlbits raarked torreatial
cross bedding which dins to'¡¡ard the east" The countryside
srrrrounding the deposit is flat prairieland"

ru3q&&T_pSy_$TUÐY .Â,pproxíuately B[ pereeni of the gravel
is composed of light yellow to buff , harü, dense d.olonitic
limestone pebbles, The renainder of the pebbles are

granite and granitoid gneiss. Quartz and quartzose mater-
ial comprise about Jl percent of fine material_ and earbon-

ate powd-er makes up the greater part of 'bhe relaai-nder,

Fresh feldslrar, pyribores and nagnetite are notlceable
in the flner fractions,

The heavy mineral eontent of the sands and gravels

are recorded in Table Ir, pyroxene and arophibole ninerals
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ar:e the dorninant heavy nlinerals present.

Ì,,{echanical analysis of the gravel reveared. a nornal
degree of sorting with sorting eoefÍicient val_ges within
the p"J to 4.f range" The lower rayer of coarse cross
bed.d.ed sand shov¡s a sorting coefficÍent value of 2"0"

Figure 5 il-tustrates the logariiltnic frequency eurves of
a typicar gravel sample Íroin the deposit and. the eross

beccec sand. The statistieal characteristics of these and.

other curves obtalned by the nechanlcar anarysis of the

gravels are surfflarizerl by .Table V.

Sphericit¡r values obtained eirange little e.itirer from

sample to sanpl s or with the graln diameter" The normal

varue is aboi.lt o"85. Roundness values decrease from o,5z
to 0"35 wibh decreasing grain size, in this respect simi-
lar in magnituce of variation v¡lth the Lockport gravels"

Drscu-Ss-IQIV.-Q-F-EESUITS The glaciat nature of rhe deposit
is suggesied by the presenee in the heavy minera_t_ analysis
of such unstable mineral- types as pyroxene, and the thiek
overlying cover of lacustrine cray points to an undis-
turbed condition since deposition of the clay in glacial
Lake AgassÍz' Mechanical analysls of the sands and

gravels shor¡¡ sorting eoeffieient values normal- for mater-

ials of å fluvial origin, and the presence of cross bedded

sands confirns this suggestion, considering the above,

the gravels lrrere probably transporteri to the present loca*
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tion by fluvial currents at the front of the rececing ice*
sheet in much the sarûe nanner as those previously descrÍlred

ht Lockport,

3. DUFRtrSi{E

rNT8a-DuÇT.r{N 4.1\Ð La-ç The village of Dufresne is
located 25 miles south and east of winnipeg on irTo" 12

Highr*ay. 'Tl{o saraples }rere obtained frorn a gravel ridge
eight and one half milgs east of the village" The posi*
tion of the ridge is noted on }-Ígure 3"

FrFtD ËlgÐY The rid.ge fron wirich the sanples hrere taken
rises about 5o feet above the counirysice to the west" ft
slo!:es appreciably to ti:e west but not to the east, and.

has the appearance of a i,{est-facing beach terrace" The

western slope of the rid.ge is strerorn i¡¡ith large gneissic
boulders 

"

Gravels are eoarse and poorl¡r rounded, Th: predorni-

nant roeie type among the pebbles is a ligrrt buff dolo-
mitic limestorre" Granite pebbres, chiefly a muscovlte-
blotite variety, are a minor constltuent" irleathering of
ühe gravel has been extensive" The limestone pebbles are

rnuch pitterl with solution cavi-ties and often ceiaented to
form a loose congloraei:ate, One sample of this naterial
was collected.

A road cut adjacent to the pit and rcughly paralle]
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iuith the trend of the ridge has exposed a sand Lens l,¡ithin
the gravel* ,{ sample of this sand was obtei-ned"

IA3_QIL&LOSI STU-DY Coarser paz.ts of ihe gravel average BV

percent light buff , dense dol-omitic limestone pebbles, jl
muscovite-biotite granite is predominant anong the renain-
der. l,feathering has attacked the latter to an extent that
it is now a loosely friable mass, which is easlly crumbred

in the hand" subrounded quartz, quartzose material, fresh
felds;oare muscovite, biotlte and the pyrlboles are present

in the finer screen sizes " Clear quartz makes up 4O per-

cent of the pan rnaterial, and the remaind.er is flne car-
bonate powder with rninor amounts of the ,orer¡iously men-

tioned minerals.

The sample of sancl studied is of a simil ar composition,

with subrounded elear quartz the rnost abundant mlneral

among the finer size fanges.

I{eavy mineral-s identified fron the gravel sample are

hornblende, pyroxene.s, dolomÍte, biotite, magnetite, and

a few snall rounded particles of black tourmal_ine. the

sand contained, in addition, several_ small pink garnetsu

a few snalj- crystals of zircon and one or tr,uo very small
rrell rounded particles of monazite.

I,,{eehanical analyses of the sa¡nples indicate a normal

degree of sorting for the gravel (sorting coefficient 3"Bl-,)

and a i¡rel1 sorted degree for the sanel (Sortins coeífj-cient
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l"+1) " The cumur-ative logaritÌuic curves reÞresenting
the mechanical analyses are srrov¡n in !'igure 6,

shape analyse.s give spire::ieity values for ihe gravel
r'¡hich remain constant at approxinatery o.85, The varues
lor the gravel d.ee:'ease slightly uith dec::easing graln
dlameter' The roundness of gravel partlcles is constant
near the 0"50 value, for sand. the values decrease moder-
ately with d.ecreasing particle diameter.

DISCUSSIOII 0F RESUT?$ Shape analysis of the Dufresne
gravels indieate a lesser degree of sediment maturlty
than the Lockport or Bergen gravels, Ás rarger particres
are known to be abrad.ed more rapidry than smarrer, changes

1n shape characteristies for a girren sample u¡ith decreasing
partlele diarneter express to some extent the degree of
abrasion to r+hieh sedinent,s have been exposed, For this
deposit values are largely constant, reflecting r_ack of
extensive abrasiori." such a ci:ange of values hras noied,
however, in the Lockport and Bergen gravers. Extensive
weathering of the Dufresne gravel suggests that rnateri.al_s

susceptible to decomposition !¡ere not relnoved preirious to
deposition. These charaeteristics o ln ad.dition to topo-
graphic shaoe, suggest a beactr origin for the deposÍt.
Johnston (1946) placed the ossar^¡a beach of glaeiar Lake
a,gassiz in the vicinity, and it is likely that this gravel
deposit forins part of the Ossawa beaeir. Bor.llders on the
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C}I.IåFTER ]II
TTíE BIH,DS HTT]: GRJ¿VI]I DEPOSTT

1. IT{TP.ODUCT IOi\i AI'JD TOT,OGRAPF..]C,II DESOR]PTTON

INTE_Q!!ÇIIQI$_A]!I_D LQC,ËfO_N The Blrds äir t_ gravel d.eposit

is located in'.ned.iately acì.jacent to the viilage of Bird-s

Hil-le B miles northeast of winnipeg" The deposit eonûnences

ím¡nediately to the east of the Birds i{ill- railiuay station
and extencls continuously 4 miles eastward. ri\t several

places along the hilJ. deep excavations have exposed. excel-

lent seetions of sand and gravel, Roads constructed- Ín
connecti.on withi exeavation operations provid-e routes of
easy access " Å field study was made of ihe deposit and

samples were taken at numerous loea.lities" Locations from

whlch sanples rrere taken are given in Figu.re 3, ancl also

noted on Fi.gure 2, the topographic map of the Birds Hil_1

vicinity.

TOPOÊRJ,PI1Y Bj-rds Hill (Topographic mâþr Figure Z) begins

as a gentle slope imrned-iately to the east of the vlllage,
rising to a height of about 50 feet above the surrounding

countr;rsid-e and extendÍng, viith an average width of 1200

feet ? approxirrately a rnj-'ì e in a southeasterly direction.
The height of the hitl- ihen dirninishes to about ll feet,
an altitud.e maintained- for only a short d.istanee, after
wlrich the hill ri ses again l0 to 6o feet above the plain
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ând continues for tr,,ro miles in an easterly d.irection, i.t
this point the elevation again drops tr¡ about ZO feet.
I{idth of the hill throughout this 2 nlile d.istance ranges

fron 1000 feet in the western part to 1500 in the central,
the hill beeoning increasingly loi,¡ and broad tolr'ard the

east" after a distance of 2000 feet at the lower eleva-
tiori, iLre hill appears again to the northeast trending in
a northeast direction" Here the altitude is about 5o feet
above the sr-rrrounding plain* The hill then flattens and

widens to become an elevated sandy plain coverirrg approxi-
mately 16 square miles of area northeast of the maj-n hil},

One and one-half miles south of the terrilination of
the niain body of Birds Hill- a seeond prominence occurs,

knoi'¡n locall¡r as the }[oose Nose äi11, Thls prominence is
two tirirds of a mile in width and a mile in length, and.

consists of a rounded, gently sloping hill rlstng about

7a feet above the sürrounding countryside, The axi-s of
elongation of the hil-l is in a north-south direction"
The northern end of the hill fl-attens into a lorn'ç cray

covered area, Two thirds of a mil.e in a direct line to
the north another prominence rises to 60 feet above the

level of the surrounding prain. This hirle one and one-

half roiles long and one-half mil-e i+id-e, is elcngate in a

northeasterly direction and merges into the sandy plain
mentioned previ-ously.
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These tr+o nai-n features are shor,¡n in Figure ze the one hål-l-

passing continuously southeast and. eastward fror: jlirds Hill
statj.on lnto the sandy plain, and the other passing north-
¡^¡ard through the axis of üioose lilose Hil_l al_so into the plain"
These tr¡o systems of h1ll-s r^¡ill be designated. respectively
the west and south arms of Birds Hill,

2" FIELD STL'IDY

ïæsr aRiir O_ry B.JRUi_-Hïtt rhroughout the fÍrst rnite of its
western end this arn of the ceposlt is composed of sand

and gravel, i,rith an overlying cover of boulder cl-ay and

surface gravel. The bulk of the gravel is exteemely coarse

with cobbles as much as B inches in dianeter. Ilere and

throughou-t the d.eposit dolcmitic rimestone makes up T5-85

¡rercent of tÌ:e gravel" cobbles and pehbles are norrnally
rrrel-l- rounded to sub-angular, ancì the spaces between the

larger particles are filled lrrith sand and rock flour"
stratiflcation is conspieuous and horizontal, wlth s€cofi-

dary eross bedding wlthin the horizontal member" cross

bedding slopes tor,¡ard, the east dipping at angles from 15

to 30 degrees" Bedding is massive, the thick beds of
homogeneous horizontall;r stratified coarse gravel present

at Location 1 are illustrated. in Flate lÅo page 35. Ihe

lower parts of the sections are composed of sontewhat finer
material- than the upper parts.

an interesting feature of this western end^ is âT1 ov€r*
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lying blanket of boulder clayu 10 feet in average thick*
nes-qe consisting of extremely fine yellorrrish clay v¡ith

abund-ant angular boulders " These bould-ers, dominantly of

Paleozoic lj-mestone, range in size from a few inches to

eight or more feet in diameter. They shov¡ little or no

wear by r,rater aetion" Upham (1910) noted this overlying

till-sheet and traced it, through several- breaks in con-

tinu-ity¡ 3700 feet eastward- along the western end and

northern slde of the hill.
The surface of the deposit is covered by a thin

mantle of stratified gravel, tr,,¡o feet in average thickness,

Torrard.s the eastern encl. of the first mile, the gravel

becomes i-ncreasingly fine l-n character, iøith interbedded

sand in layers arrd l-enses. Cross beddlng, dipplng toward.

the east? is conspicuous? espeeially with the finer
materials " At the end of the nile the sand is replaced

by glacial till""
Withín a fer,r hundred feet the ti1l is again replaced

by stratified sand and gravel," rr¡hich forms a flattened

rid-ge 1200 feet ivide and 60 to 70 feet above the surround-

lng colthtr¡rside. This ridge extends slightly over two

miles to the east, The v¡estern end- of the ridge is com-

posed of stratified. sand and. gravel, the stratifieation is
horizontal: v¡ith some cross beddinÉi dipping to the east"

The gravel is medi.um coarse, r,ri-th some colrbles 4 to 6



32

inches in diarneter, and sand is abundarrt as lenses and.

layers 
"

con'rmencing Zaaa fee t fror¡ the l+estern end- of the

area described above, an und.erlying nass of iill appears

as a central core to the deposit, (Location Z), This

til1 consists of rounded limestone and granite.boulders,
eobbles r pebbles and. c1ay, in an unsorted. and unstratified
mass. The till, undesireable for commereial purpo$es,

remains as a central spine in the generat exeavation of
the surrounding gravel. The top of the till mass is 25

to 30 feet above the l-evel of the surrounding countryside"
To the north of the till mass an excavation has uïr.-

covered a thickness of 30 to [o feet of unstratifled sand

with lenses of coarse gravel (Location 6)" The sand 1s

overlain by a 4 foot layer of stratified coarse gravel,
the stratification dipping 10-20 degrees toward the north"

continuing northeasterlyr at Location B, sand mueh

the same as at Location 6 is overla.in and lnterstratified
with coarser gravels. Throughout the remainder of the z

mile interval the pits are sltrmped and overgrown i.¡ith
vegetati-on, IVo exÐosures could be found and. no samples

l^rere taken" Át the end of the j-nterval the rid.ge passes

into lor+er ground"

Three-quarters of a mil-e tc the northeast of the ter-
mlnation of the previous ridge excavations in a proninent
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eJ-evati-on again reveal well stratífled sand and grarrel,

I{ere cyclie alternation of eoarse and f ine rnaterial occurse

wlth much cfoss bedding and lensing (Location 9, Flate IB,

page 37). The stratification shou¡s dlps L5^2O degrees to

the north. The gravels are medlum to fine in size and

well rounded, é,pproxinately 75 to 85 percent of tl'ie grav-

el pebbles are dolomitic U-mestones, the remainder are

granite and granitoici. gneiss"

Thre above Tlronrinence passes into a 1olr, gently rolling
sandy plain stretching to the north and east" 0n1y surface

samples v;ere available. These consisted Ín the areas near

the previous ridge of grey-buff coarse sand, composed

ehiefly of limestone fragrnents, i'.rith l-esser amounts of

granite and diorite " Arnong the smaller grains rounded

quartx, fresh feld.spar and hornbl-ende are present. i'ti¿t1y

large boulders are scattered about the surface near

Locatlon 25 
"

Three-quarters of a mile further to the nor-uheast

(Location 26) the sand. 1s finer than the above mentionedu

but still" sonsists largely of dolo¡titie lirnestone içith

conspicuous quartz and íeld-spar"

One and one-quarter rniles beyond tLris point (Location

27 and. 28> the sand is also grey-buff , very fine, irrith

qua.rtz and feldspar quite conspieuous. ¡tere the topo-

graphy is gently rolling,
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åt the Fine Ridge School corner (Location 29) a north*

faeing slope is ccmposeCL <intirely of very fine grey-bu-ff

sand i+ith soae includ.ed angu.lar dolomltic liniestone parti-
cles up to three-eighths of an inch in diameter" Quartz,

fresh feld-spar, and- some hornblende are noticeable.

SOUTII ARIvi 0F BIF.DS i-iltt The hill to the south of Bfrds

Hill, knoi,rn as the lúoose Nose Hll-l, is the beginning of tle

south a¡m of the Birds l{ill deposit, The hil1, previously

described. on page 2), is about a mile in length and trn¡o-

thirds of a r:rile in v¡idth, and rj.ses some 70 feet above

the surrounding countrysi-de. The hitl has been extensively

exeavated over the greater part of the v¡estern half and- a

amall-er part of the eastern. Dred"ging now removes gravel

from 30 feet belo,n¡ the surface of a pond in the western

p1t" The level- of the r+ater here is at least 5O feet be*

low the crest of the hil-l, therefore the gnavel deposit

must extend well below the legel of t he su.rrounding plain,

-qt the southern end the hill consists of sand and

gravel, well stratified and dipping approximately 20 de-

grees toward the north" Gravel pebbles are chiefly Paleo*

zoic l-imestone, ,øe11 rounded to subrounded, with the inter-
stices betr,,'een the particles filled r+ith carl¡ona'be sand and

¿porvder. Thu sand and gravel are overlain by 2 to 3 feet of

sandy cla¡' and 2 feei of poorly stratífied su.rface gravel,

.About 9AO feet nortir of the southern end of -r,he hill
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a recent excavä.tion has une.overed a thick d.eposit of fine
gravel- and satrd, rrrith well Cefined st¡:atification dipping
northeast" The stratificati-on i_s ,iefined by the orienta_
tion of the coarser pebbles in bands one-harf incir to two
inches i.¡ide, Á reinarkablu- feature in this pit is a f al-se

bedding ef-lect on the eastern -,,.¡a]1. I1elre ground v¡aters
have pereolated. do.¡n through the gravels, along channels
of easier access, d.ei:ositing quantities of fine carbonate
material' The result is dense masses of gra.,rel and. fine
material in braicled bands up to a foot in thicknessr alr
dipping sharpl;r southeast aer:oss the true bedding, The

true bedd-ing is preserved within ilre ,Lense band.s, but is
largel-;ir obscured by the fine mate::ial- and -bhe overalL ap-
parent di:p to the southeast. This feature is wel_l- ilrus_
trated in Plate III on page 39"

åt Locatlon 1f, approximately 1OOO feet further to the
northeast, stratifieation is horizontar wiûh s econclary

cross bdddlng dipping to tite nor.th" LaSrsï,5 of very fine
l:i.ght grey*buff carbonate sand are abund.ant, with lirne-
stone fraginents anrl crciar quartz the noticea¡le eonstitu*
ents ' Gravel particl-es are ciriefly limestone, med.ium in
sizç and r¿el} rounrled.

The i'loose Nose hill flattens at the northern end. into
1ovr, clay covered. terrain. á, rnir e to the north, excavations
i-n a prominent height of land again reveal thick accuríu*
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lations of stratified sand and grave]-" The western side

of this hill- (Location lg) consists of stratifiecl gravel

and interbedded sand, dipplng 10 degrees to the northeåst,
I{ere the þebbles and cobbl-es aïe a.s nuch as three inches

in dia¡neter, well rouncled, anci. are co¡rinantly paleozaLe

limestone" lire sand is fiae, composed chiefry of l-imestone

and cTuartz particles, with abunclani fre,sh feldspar and

basic minerals. Grain si-ze of the sarrd is coarsei, than

that at Location t5 and tjrere is les.s fine po,,*der" 0n the

eastern side of the hill (Location 20) excavations have

exposed an accunulation of i,¡el-], stratified sand anil fine
grqvel" The stratlfication is define,c by layer"s of well
rounded. pebbles and. cobbles, the layers usually only one

cob'ble in thickness. The sand- betl,¡een bands of bobbles
j"s coarse and conposed of f ragnents, precroninantl¡r l-irne-

s|oner i,iith lesser granite. The dip of ihe stratification
is woutheasi at 2l degrees " Location zo 1s illustraied in
FlatÈ fIA, page 38 "

rrn¡:rediateiy to the north of the above height of land
ti:e sandy ;olain mentionecl in the discussion of the r,¡est

arn of Birds ilill extends in a di_reci continuation with
this south arn of the C-ei:osit"
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PLATJ1 ÏT

rìA$ Lscation 20, Birds Iiil-L
illternating ì:ands of fine aird coarse material-

dip;,:ing st:"ongl;r to ihe northeast.

nBre

Current bedding
Location 19, tsirds }litl
of merlium sized gravel and fine

sand."
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PL$,TE rïï

el.::

Locailon 1/, i3irds ì{i11

f'alse bedding ef.fect produced by percolation of
grounrl water, True bedciing dips tol¡ard the
northeast (1eft of photograph); false bedding

dips to the southeast"
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3" LÅ30Ì{.åT0RY STUDY

FElll,gLQGY _ÆD ill]llElìÅ!0çJ Throu.gkrou.t the extent of the

r¡estern arm of the deposit al-l gaavels average /1 percent

dolomitic limestor:e. The limestones present are gener-

all;z light buff in color, d.ense, hard and pppear to be

derived frorn Ordovician and silurian fo::mations. cobbles

r¡¡ith salt hopper inpressions which are quite corlaon in the

Silurian rocks outcropping 1n r'.anitolra., v¡ere noted at
Location l-" The rernainlng coarse graver pebbles are gran-

ite, granodiorite, granitoid gneiss and fine grained dlo-
rlte " *. dark quartzose granÍte doüiinated the non-sedfunen*

taty rock types present"
-tilith decreasing grain si-ze the amount of clear qu_artz

and quartzose material becomes greater" Åbove the 0,0116

ineh sereen the corlposition is 65-zo 'oercent rimestone,

the rernainder Ígneous and metainorphie roek types. Belor-¡

the 0.0116 inch screen limestones continue to persist as

individual particles, r'iith incr"easi-ng quantities of clear
quartz, fresi: feldspar and hornblende. 0n the extz"emely

fj-ne sereens, and on the paflr lirnestone rock flour conposes

the greater bulk of ihe naieríal- present, with abundant

cl-ear quartz, minor feldspar and basic minerals,

The::e is little lateraL change in com::ositicn along

the western arm, excelrt for an inereasing dominance of
cl-ear quaxtz on the O"AO29 incir screen and the pan" The
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increase of the cl-ear quartz conteni 1s estinaied as fror¿

2l percent at Location I to \5 percent at Location 9, lrJo

marked vertical changes in petrologii composition were

noied" The surfaee gravelsu however, are aknost entirely
compesed of limestone" .Lt Location 1, this rock type com-

prises 93 percent of the surface two foot thielcness.

The sheet of boul-der clay which oi¡erlies rnuch of the

r'¡estern end and northern side of the r'¡estern ara, is coill-

posed mainly of l-imestone partlcles qnd rock flour. The

fine rnaterial below the 0.011ó inch sereen has a 6t per-

cent content of cerbonate. ir[inor amr:unts of clear quartz

and basie minerals are present among the very fine maier-

ial. The numeïous large angular boulders i^¡ithin the clay

are dolomitic limestone, with a ferr¡ small-er rouirded

boulders of granite.

Peirologically the gravels eoi"rposing the ivioose Nose

Hill are similar to ihose of Birds liill" Doloi:iitic lime-

stone malres up ll pereeni of the partieles alrove the O,37L

lnch sereen, the remainder is granite " Clear quartz is

aore abundant with decreasing size of the particles, 5O

percent of the total on the 0.0058 inch screen and 7O per-

cent on the pan " L{lnor feldspar and basic mineral-s k¡ere

noied throughout" ûlagnetite is quite abundant,

Sand layers and lenses are conspieuous ln the Jvloose

Nose Hill" ïhe larger partieles of this sand, aìrove í.nu.,.,...

.1 
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4.a232 inch mesh, consist of freshly fraeiured grains of
li-mestone and qaaxf,z, v¡ith limestone sligÌrtl.v dominant_

Dark particles in tiris range are fragments of fine grained.

basie rocics and quartzose materÍal eontaining hornblende
and biotite, Quartz is inc::easingly abundant on the
finer sereens, inereasing to lJ percent of the total mat-
erial on the pan, Quartz is noticeaÌ¡ly inore well round.ed.

than the limestone, soae grains approaching nearly spheri-
cal shapes" Felds¡larr magnetite and hornblende are minor
constÍtuents. The remainlng raaterial is a very fine câï-
bonate powder.

At Locations 19 and zo, on the hil_l to the north of
J','loose Noseo llnestones make up fJ percent of the coarser
clasties " Approximately Bo percent of tire f iner rnaterial
is well rounded quartz. Ångular partieles of hornblende
are comrnone and ferdspar is a minor eonsiituent, carbon-
ate powder is ress abundant than 1n sampre,s from previous
locations.

The sarnples taken from the outv¡ash plain to the north
and east of Birds flill are nornalry fine sand, yellow*grey
1n color and consisting of smaLl, angular r-imestone frag-
raents with small amounts of fresh ferdspar, basle mineral_s

sueÌr as hornblend.e, magnetite, and abundant round,ed clear
quartz in finer sj'ze ranges. Quartz norriral-ly rnalces up 5o

of nofd percent of the materiaL belor,¡ the 0"0L16 Ínch
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ul-screen, and i:ragnetiie is a very noticeable consti_tuent

these finer rnaterials"

.fit the Fine Ridge School cornei' (Location Zg) the

sand is very flne with some larger fragrnents of lÍmestone,

granite and diorite. Limestone is pred.ominant on the 0.0232

and 0.011-6 screens, uith clear quartz increasing to dom-

inance below the latter scre€n size. Feld.spar and horn*

bl-ende are noticeable and magnetite is onry a ninor eorl*

stituent,
The gravel samples obtained frorn Pine Ridge (locatÍon

33) are jJ percent limestone aaong the coarser clasties,
The rer.aaining coarse particles are granites " clear quartz

increases to B0 per:cent of, the totar materiar on the o"oo58

screen. Feldslcar, hornblende and. magnetite are notice-
abl-e among the finer materials. There are also a few

small rounded grains of monazite" The sands at this local-
J-ty are sirnilar in composition, but with a greater quartz

and inagnetite content " carbonate powcler is not an impor-

tant constituent,

In sunmarys

1" The gravels throughout the Birtls l{ilt deposit

are petrologically sj_milar j-n character"

2, Approximately /! percent of the gravel pebbles

are ccmposed of Faleozoic lj_mestones" Linestones

also constitute a large proportion of the finer
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materials of both the sands and the gz"avels,

subrounde,t clear qrr.artz is increasingly abundant

with decreasing particle diameter.

The relative amount of clear quartz in the finer
material- is prclgressively greater eastr,¡ard. along

the deposit.

Unstable minerals such as felrlspar and pyriboles

are ecmmon throughout the gravels

Lfagnetite is most abund.ant in the eastern end of
the deposit and in the outwash plaj-n,

I{EÁ-fY i:iINE_Bat -¡b.SsElr,illt;åGE The heavy minerats lndentified
consist of the assemblage listed in Table vrr, I,Iagnetite,
green hornblende and dolomite per"sist in all samï:res r gaï*
net in all exeept 18. i,{agnetite differs only in abundance,

appear"ing in greater quantities tcward.s the eastern end of
Birds Hil] and in the outr,çash plain" Greea hornblende

âppears in al-l samples in dlffering amounts v¡ith no grada-

tion along the deposit. Dcromite oecurs in all samples as

rounded opaque fragments" Fink garnet is eoi-ûmon, well
rounded and occurring in sparse yet persistent quantj_ties"

Bioti'Le and broi¿n hornblende occìrr seattered thr"oughout

the d.eposit. rleagre quantities of reddisir-br"ororn, sub-

roundeÊ rutile fragments occur in the greater prorrortion

oÍ the sanplesc appearing most frequentry in ilre eastern
pari of the d"eposit and in the outr,,'ash plain. pyroxene

3,

I

6"
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rninerals, chiefl¡¡ urliclentif ied varieties, are found in al_l

sarq¡les" jLugite l¡as pooitively identified in many sanples,
hypersthene in tv¡o, anci enstatite only in the r-ine p.ic).ge

sampres, Riebeckite was f ounc- at Loeat:i_on 9 anct at Fine

Ridge. Monazite appears in rare quantities as srnall,
yellor'rish-green, r,rel} rou,ncLed. grains in many of the sam-

ples, ancl notably in those sa::iples Írom the outwash plain.
TourrnalÍne 1s also f ouncl in many samples, and occurs most

abunaantli in tÌrose sampfres located_ tol,¡ards the eastern
end of the deposÍt. The tourmalj-ne particles in the sarïr*

ples froil the v¡estern arm of the cìeposit are small, black,
opâque and are in r+el-l- roun.,l.ed, aknost sphe::ical graÍns"
.At Locatíon L5 t]ne tournarine particles are simirar, but
are greenish-grey in eo10r and are strongly pleochrolc.
Both types appear in the outi+ash plain " Zireon r,/as iden*
tified 1n all but four samples, and appeers as elonga{e,
prisnatic crystars, which are often brolien and abraded"

rhe relative percentage by weight'of hear"y mineral
content tends to increase progressively- eastl¡ard- along
the deposi-t. Unusuall)¡ high heavy minerat percentages

ldere obtained' at l,ocá".dion 3l ancl frorr the pine Ridge,

ïn surn:lary I

1" The heavy minerar assemblage is lirnited. and con-

tains many unstable rnineral types"

2" High specific gravity mineral varieties, such as
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ffiagnetite and rutii e 
' 

are aore abund-ant in east-

ern narts of the C.eposit anci the outv¡ash plaj-n,

Two Ciffererrt types of tou.rrnaline occlll. in the

deposit, one type from the west arri ancl the other

from the scuth arn" i3oth types appear in outwab.h

plain samples.

There is a progressive increase by weight of
hreavy nineral- content eastr^¡ard along the deposi-t"

I,,{ECl{.ÂfiICét'å}lALY-srs seventy-five sarnples r,¡ere anaJ-yzed

fronr ttrenty-nine locations along tire length of Eirds iiill,
the l'{oose I'Tose }1i11 a.nd- the outr"¡ash irlain. sanple loca-
iions are noted. in Figur-^ 2 and 3"

The gravels throughou^t the western arrn of the d.eposit

are normally sorted. as values of the sorting coefficients
are largely "¡ithin the 2"J to 4,1 range (Pettijohn, L9\9t

pate 24). lfell- sortecL sand.s are plentiful within the

gravels " The sands of the outv¡ash plain are extrenely well-

sorted, with the exceþtion of the samples taken fron pine

Riage,

Gravåls of the south arm are somer,¡hat nore r,.¡ell

sorted than those of the west anl, the average sorting eo*

efficient along the south arn is j:eti¡een 2.5 an,i" 3"0"

Hor+ever: at Location 19 ancl 20 the g::avels exhibit exti'eme-

ly poor sorting. The resi-ilts here may be anonalous, for
field obserr,'ations indicate that the gravels aTe fairl-v

I
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