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l, Introductione.

In view of the fact that the study of gedimentary
petrography has proved to be of econsiderable gid in golving
certain correlation problems, it was decided to begin an invege
tigation into the charscteristics of‘g number of well sampies
from the Turnér Valley Oll and Gas Field of Alberta. The
method of attécking the problem has been by the examlingtion
of the heavy mineral content of the gedlments, one which is
rapldly being recognized as important and valuable, in Europe,

Americs, and various other parts of the world.

2. Historicgl.

_The application of the microscope to the study of
'sedimentary rocks waé begun in 1851 by H. C. Sorbyy, a British
- geologist. In his work he uged thé thin gection and the nicol
_ prism, and in the f0110w1ng years the study was confined chlefly
to 1gneous rocks whlle gedimentary petrography remained praétically
unstudied. In recent years however interest in this work has
been~great1yrrev1ved, duc'largely to the regearches of certain
Briﬁish’petrographers.Heavy minerals in gediments have and are
playing an impoftant part in this study, and sweh work is being
carrled out in America, chiefly in connection with the sub -
surface correlatlions of certaln oil fields of the United States.
An example of the posslbilities of such study 1is the statement
by Balley (15) that twenty nine bore holes of an oll field in
Callfornla have been suohessfully correlated by the use of

: heavy mineral research.




L SOme ?rincinles Goncerning the Problem. :

v In the apnlication of ths study of sedimentary
.petrogarphy to eorrelation problems it 1s necessary to bear in
mind the following Drlncinles. :

(1) Petrographic oorrelation makes no attempt to replace
palaeontological evidence (2) but 1s rsther another weapon of

:f~attsck when the lstter ig obscure or lacking. '

(2) The study involves a comprehengive microseopie exsmination

of the component minerals in sedimentary rocks with attention

= being pald chiefly -to the o heavy actessorles (2) o Reed deflnes

-a heavy mineral as one that will sink in bromoform i.e, whose
speciflc gravlty ls‘greater than 2.88 :

3(3) ln cdrreletien there sre twb epplications'df-the method' _

(e) The studles of successive horizons in a vertical secttnn <

feﬁfollowed by () an attempt to make a lateral correlation of |
the various horizons. | B | e
'(4) Sediments often change rapidly in both a lateral and vertival5:¢‘
fdirection, more especlally in continental than in marlne deposit&,ﬂ'
:and for this reason correlations must.be confined to relatively ‘_

small areas. Milner (1) states. that for an area of about 400 8q.

_lmiles 8 givenmineral assemblage frequently assumes marked consis~,

”Jency in physlcal crystsllogzaphic, and ootical prooerties go

'as to render its differentiation possible from super incuMbent

or subjacent suites. ' : ‘ _

(5) Certain mineral“ assemblages are suggestive of certsln types

oL rocks, and their recognition is of value in’ traeing sediments

'mto their source or parent rocks.
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Although the above summary is by no means complete
1t serves to show in a general way to what extent correlation 1is

Justifiled by petrographic study.

Description of the Area.

OOOgrgghic Locatlon.

The area 1ls located on the extrédme eastern edge of the
foothills of Alberta, about 30 miles southwest of Calgary. The
nearest rallway station 1s Okotoks, 17 mliles distant on the
C. P. R. line between Calgary and Lethbridge.

Geologi. v

The structure of the Turner Valley fileld is an anti=
¢linal fold ( 19 & 20) indicated by Turner Valley and 1ts con=-
'tlnuation southWard-‘The strike of the fold‘is northweSt'by
southeast a8 shown on the accompanying map. The crest has been

eroded to form a valley up to two miles in width in whlch the :

vf’Benton shale is exposed. The overlying Belly River formation

'forms two parallel ridges on the flanks. Outcrops on the flanks
of the structure vary both in dip and strike, the former varying ;
from 30 to 80 degrees.
That the geology of the area 1s mére complicated than
indicated by the surface outerops is being continually demon«
strated by information obtained from the study of well gamples.
A table of formations occurring in the area , as glven

by Hume (19) 1is ghven on oppogite page s




Oblect of Investigation.

The obJect of this investigation is to make a pet-
rogeaphiec study of the heavy mineral content of a collection
of well samples from each formation, and to note the charact=
eristics of each deposit, with a view to correl@tion.

Collection of Material.

The material used in this work was collected during
the summer of‘1927, and the wfiter is indebted to the offige
of the Department of the Interior at Calgary and to the geologianl
staff of the Imperial Oil Company at Calgary for assistance
rendered in the collection of samplesg.

In a study of samples from deep»borings it 18 necw=
essary 10 use considerable caution in the recording of results.
The reason for this 13 that samples from standard gcable, and
rotary outfits are nearly always contaminated with varying.
'quantities of material that hasg fallen from hlgher elevations.' 
In the cage of rotary samples this occurs to such an extent ag

: to render them practically valuelesgs for correlation purposes.
Falrly representatlve samples may be obtained from standard |
cable rige, if all cavlngs are promptly caged off, and &f the
driller xzz is a_carefql sampler. However the mogt useful
material congists of cores from diamond drill holes or from
rdtary core barrels, for such samples are truly.representativé
of definite horizons, besldes often showing the inclination at
which the underground strata is dipping.
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In the collection of the materlal it was not possible to
obtaln a complete vertlcal section of the geologlcal column
from any one well. The reggon for thls is that, to date no drill
has yet passed through all the formations occurring in the
locallity. However partisl sections were obtalned from geversl
of the older deposits while g few odd sampies were collected
from the younger formations.

All of the materlial studied has consisted of sandstone
samples from wells drilled by standard cable or by diamond
drilling outfits. The reason for confining the study to sand=
stones 1s that thls type of deposit glves better results and 1is
more easily handled than are shaleg or limegtones.

Treatment of Material.

Treatment of materlal, prior to thelidentification

of the heavy minerals, varies with‘the different kinds of samples.
For instanee,;in the digmond drill cores.examined; a preliminary
erushing to about the glze of a peg 18 necessary, before crushing
into éepargte,gralns 1ﬁ s deep steel or agate mortar. The érushéd
material ig then screened through standard graded gcreens, If
quantitative data 1s desirable the pefcentage by weight of each
grade and its heavy mineral content can be determined. After
screening the sand 1t ie freed from cement ooatings on the grainms
and from rock dust by treating with hot dilute HCl. In many cases
the éement coatling 1g not removed from the grains by the use of
acid and in such cages the identification of thé heavy minerals
1s rendered more diffilcult. Agaln pyrites may oceur to such an

extent as to obscure the other minerals present, thus necessitaling




its removal with hot dilute HNO3. In mgny of the gamples examined
pyrites has had to be removed in this way. The chief drawback
~ to such treatment however is that it tends to decompOSé certaln
other heavy minerals such as apatite, so that they are unident-
ified though possibly present. If quantitative results are
desired the sand ig cleaned by repeated wﬁshing with cold water,
dried and welghed. If quantitative data 1s not required the
cleaned gand may be panned down to three or four gramsvby water
panning, and the remginder of the heavy material ean then be
separated from the light residue by‘means of bromoform. About
twanty five grams of a sample is ususlly required to start with,
in order to assure a representative assemblage of minerals.
v The type of apparatus used consisted of a donical
funnel, equipped with a gtop=-cock, simllar to xhkk that described
by Holmes(8) and Miinér(l)a After separatioﬁ the heavy residue
is washed with alecohol, drled,'and is then ready for mouhting
and microsgcopical eXamihation. Me thod s of‘mounting detfitél‘
material gre outlined in various texts. | :
’ : Thé method of recording the miherals ldentifled and

showing their respective abundance‘is as follows :-

Flood -y over 50% ‘

Abundant === 25% to 50%}

Common = === 10% to 25%

Present --- 57 to 10%

RaPe - ein 1% Bo 5%

Trace e less than 1%
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Regultes of Investlgations.

Diagrams 1llustrating the average relative abundance
of the heavy minerals found in each formatlon are shown in
figures 1 and 2.

The following 1s a list of the minerals identified,

with a description of some of the princlple charescterlistlcs of

~each mineral.

Apatite colorless, rounded prismatic gralns, low blrefringence
which along wlth the refractive 1lndex helps to dlstin-
guish it from zircon. Traces of basal sectlons found,
confirmed by R. I. test. .

Biotite usually brown cleavage flakes gometimes showlng
alteratlion and inclusiohs.

Calcite colorless grains with good unlaxlal figures, rhombo-

any hedral cleavage and high birefringence.

Egiddte~ 'pale lemon yellow to colorless gralins, usually irregular

’ -‘:outllne, éomatimes‘showing decompoéition. Pleochrolism
 usua11y'good with birefringence high, Some grains give
good bilaxlal flgure. Grains often*ekhiblt lemon

yellow color in reflected kight.

_Felgpar gfains confined to.light resldue, not studled ih detall.

Garnet colorlegs, pale pink and pinkish yellowvforms ogcur. The
minergl has a high refractive index, is 1stropic; and 1is
nearly always in theyform of irregular or angular grains‘

.Glauconite Dbelleved present in certain sands of the Benton

formgtlon but not definitely ldentified in the heavy

i . residusls.
..}Haeggtipe usually rounded opague grains of earthy appearance with

'reddish color in reflected iight. Sometimes occurs as

cementing med ium.




Hornblende

Ilmenite

Limonite

Magnetite

Marcasite

Mugcovite

Pyrites

8.

found 1in varlety of formg from fresh to highly

altered graing. Pleochroism stronger in freshep

prismatic formsg. Shades of green to brown are
common colors while bleached forms due to decompe=
poslitlion are also met with.

black, opaque greins, usually of irregular form.

Diffleult td distlingulsh from magnetite unless

by maghetlism or by identification of crystal

form, and for this reason both are recorded together,
a8 mggnetite = llmenite.

irregular opadque grains of earthy appearance
showlng yellowlgh brown or cinnamon color in
reflected light.

black, opaque grains with metallic lustre, irregular,
rounded to well crystallized forms occur, which

possess strong magnetic properties. The miheral’

often exhibits a bluish lustre in reflected light.

fibrous to fadiating grains obgerved which are
classed as pyrites.

colorless, rounded to irregular cleavage. Flakes.

Weually exhibiting good biaiial Interference

flgure. This mineral is very persistent and of no

apparent diagnostic value.

opaque graing with metallic lustre and charascter-
lgtlc brass yellow color in reflected light. The

minergl occurs in many forms froé irregular massive

to euhadral types such ag cubes and pyritohedrons,



e

Pyr#ites ig a very abundant and perelstent mineral
in most of the Turner Valley samples studiedAtb |
date, and 1t 1s often necessary to-remové 1t with
nitric acid. It is often foundvepncentratedvin‘

‘ fractures, cavities, shear planesvand.in the pore
.épaceé between the sand gréins. For this reason
together with the fact that it 1s often found in
veuhadral aggregates while the other associated

minerils are well rounded, pyrites lg belleved td

be of‘secohdary oecurrence'due>to;precipitation.
Monazite ~ well rounded, eitron jellow coloredrgrains-with 7
high refractive index and rough, frosted or pitted
surface. Biaxial interference figure. Polarisation"
colors mainly greyiah yellows. The mineral ig
' ,extremely rare and nonupersistent in residuea
L 80 far studied. -_ >7 o =
"Vf'guafté'] .'gfﬁioecurs in many forms and sizes which are confined D'ii
o .‘ﬂ to the light residues and therefore not studied in;;°
detail. e
Rutile . L occurs in irregular, subangular and needle like
; }forms to prismatic grains which are aometimesr
partly rounded. The color varies from yellow, .
"féxy‘red" to reddish brown. in prismétié grains
the prism faces commomly ghow cleavages at an angle
of about 60°. Geniculaye twing are occasionally

met. Roundins of gralns 1s Variable, but is : 1”-'~




Sphene

Staurolite

Tourmaline

10.

usually slighb in compariéion to ‘tourmaline
provided the latter is assoclated with rutile in
a residue. A characteristlic of rutile is 1its red~

dish brown appearance in reflected light.

- diamond shaped graing occaslonally found in assgo=

elatlion with rutile. On account of the usual
smgllness of the heavy minerals so far examined

and the similarity between sgphene and rutile it

~1g not always easy t¢ diffefentiate between the

7 two minerasls.

sharp angular fragmente of yellow to brownish

- color with high refrasctive index. This minerai

appears to be rare and non=pergistent. Pleochroilsm
often strong with maximum‘colOfation in the opposk e
direction to that uauéily noticed in tourmaline.

commonly yellow to brownish cgiored_grains. Other

colors met with are blue, blulsh green, grey,

pink to almost colorless. Pleochrolsm ig usuglly
gtrong in yellbw, brown ahd pink varities while

it is weak in blue coloredvgfains.'Birefrihgence

1s usvally highest In yellow to brownilsh forms.

The characteristic sﬁapes of tourmaline afe r ounded
graing, prlsmatic(dften well rounded) to irregular
shaped angular forms. Rounded basal sections are}

commonly met'wlth,‘Tourmaline graing are usuglly

- compargtively fresh and undecomposed glthough

inclugions may occur.




Zircon

11,

mogt common forms are colorless, euhedral to well
rounded varleties of prismatic formm with a high
refractive index and high birefringence. The

mineral lg straight extinguishing, uniaxial positives
Grains are often well formed prismatic types with
pyramidal terminations. Another type of zireon
frequently met with i@ the rose to purple variety
while brownlish colored types are rare. The shapes
of zircon max vary and to some extent are characte«
erigtic of certain formations. In cdnnection with
the rosecolored zircons 1t seems noteworthy that
they generslly occur in more rounded forms than the
agsoclated colorlesgs variety. In a paper on purple-
or rogse = pink zircon Bdsweil(é) states "that this
variety of zlrcon 1s especislly characterigtic of
those British sediments in whiéh ninerals derived.
from reginnglly - metamorphosed rocks are abundant
and of 'fresh' appearance. They provide addlttlonal
evidence that the deposits were forméd by denudation

of land masges composed of erystalline metamorphic

rocks.” Macklestates that this variety of zircon

1s ugually present as rounded ovoid grains with

occgslonal crystalline forms occurring, and that

-1t 18 often definltely, though 8lightly, pleochroic.
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Description of Formations.

In a problem of this kind it 18 necedsary to make g
petrographic study of the various horizong in order of their
geological sequence, and then attempt to correlgte these horizong
in adjaéent éediments. The completion: of such a #ask is one that
will take conglderable time, and the examination of a great many
more representative samples than are available at present., In thils
paper no attempt has been made to show any lateral ecorrelation,
but rather to note the characteristics of the heavy regidues from
the different formations. The method of attack has been to gtart
with the lowest horizon of the oldest formation avallable, and
from this'horlzon to work up the geological column.

The "Fernie" Formation.

Before continuing with a description of this formation
it might be well to explain why the name "Fbrnie" is written in
parentheses. The "Fernie" was believed to be of Jurassic age and
'is described as sueh in Hume 8 report of 1926 (19) However, gince
that time, diamond drill cores have been recovered from this
formation which ‘are reported to contain fossils suggestive of
Carboniferous age. The results of smch a discovery have not yet
been made public, and for this reason the age of the "Fernie"
cannot be definitely stated.

The "Fernie" formatioyg ig 3 marine deposlt conslgting
mainly of black shaleg with numerous sandstone horizons. Brown
1mpure limestone bands occur in the upper part of the formation.
.The sandstones are shades of grey to brown and are mostly fine

grained. Diamond drill cores hsve revealed the presencezof g
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medium grained, light grey, conglomeratic sandstone, wlth a
yellowlsh colored cementing material. The horizon 1s not a true
conglomerate but contains gcattered pebbles wp to one half inch
or more in digmeter. It shows evidence of poorer sorting of
material than most of the other gandstone beds within this
formation.

The "Fernie" 1s the oldest formation from which matenial
was collected, sd 1t ﬁaa decided to make a study of the lowest
horizon availgble from the deposlt, and to wérk upwards through
the younger mammkmmn horizonsg from this depth. The sampleg
examined from the "Fernie" consist of diamond drill cofes fpom
the well Dalhousie 1. They were taken between deptha of 4178 ft. .
and 3855ft. This 323 £t represents roughly about one. half the
total thlckness of the deposit the bottom of which was reached
:at a depth of about 4400 £t. while the exact depth of the top o’
the formatlon 1s unknown, due to the fact that the section above
the 3855 ft. level was drilled some-years ago when samples were
not recorded properly. » »

The "Fernie" sandatones so faf examined, although
differing considerably in general appearance, bear a marked
similarity in thelr heavy regidues. A characterlstic of the ;
material 1s that only a small‘number of minerals occur, while &
of these only a few are persistent. ‘

The minerals ldentifiied and their aVerage_relétive

abundasnce are as follows ;-
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Pregent =----- tourmgline, rutile, magnetite - ilmenite.
Rare =-»=w--- = hornblende, blotite, muscovite, haemetite.
Trace =«==---= garnet.

O £ these minerals pyrites is by far the most abundant
spécies, and 1s of no apparent index value because it is liable
to occur almogt anywhere. As previously stated it 1s believed
to have formed mainly in place, and thérfore to be secondary.

The mineral was ususlly so abundant in this formation, that 1t
was necegsary to decompose 1t with hot dilute HNOz in order to
‘identlfy the other minerals preseht. When such treatment is
necessaryvthe heavy resldue must be.reséparated by means of
bromoform, 80 a8 to get rid of quartz or other light matprial
which has previously been cemented to pyrltes and thus brought
down 1nto the heavy residue. : :

Apart fronm pyrttes,_zircon 13‘£hé mogt abundanﬁ'and'

-pergistent mineral. It occurs to a greater extent in the "Pernie"

. than in any other formation yet studied, with the posslble
exceptlon of the Benton from which insufficient information 1s

yet known to make a definite comparision. The zlpcon grains are
nearly always very'small 80 that they are‘mostly concentrated in‘
the finer grades; l.e. under 150 meshes to the inech. The forma
most frequently met with are clear colorless ovoid to subrounded
euhedral graling. The grains are charactorized by their dark
borders and high‘bir=fringence. Rose colored gralns are sometimusrnet
‘with while brownish and turbid varietles are rare.

: The abundance of zlrcon occurrlng 1n this formation.am.d

the character of the grains 1s shown in Plate 1.
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Next in order of persistence and prominence are
tourmgline and rutlle wlth the former mineral belng rather more
congpicuous.

Tourmalline occurs in many colors and forms in the
formation, the mogt common varleties belng rounded and prismatic
grains of a brown or brownlsh yellow color. Angular shaped grains
are also common and mgy partly be due to crushiing in the mortar.
Green blue and pink varletles also occur with the bluish types
exhlblting very faint pleochrolsm in comparision to the other
colorg. Tourpaline is extra abundant between the depths 4137 = 52 ft.

Rutilé although not so abundant as tourmaline 1s never=
theless persistent. It occurs most commonly as subangular grains
of reddish brown to yellow color. Needle shaped and prismatic
varieties, the latter gsometimes showing good cleavages on the
prism féces at an angle of about 60° to the principle axls, are
commonly encountered, while genlculate twiné occaslonally occur.
Rutile 1ia moét congpicuous between the deptha 4025 = 31 ft.
and 4133 - 52 rt.

Magnetite and llmenite although somewhat persistent are
generally rare and are recorded together. The heavy residues
gshow angular, erystalline and rounded grains. Théw occurrence ig
most consplcuous between the depths 4086 = 4101 £t. which is the
conglomeratic sandstone previougly mentioned.

Other minerals present are rare and of gporadiec oeceurrence.
Muscovite 1g rather persistent especlally in coarse grades, but

it 1s of now apparent correlative value unless by ite marked
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abundance in certain brown colored sands of the lower "Fernle'
which are not avallable at present. Other minerals of fare
oceurrence are hornblende, garnet, blotite and posslibly staurolite.
Only one graln ldentifiled as staurolite has been seen and its
occurrence lsg doubtful. It 1s gignificant that none of these last
four minerals have been noted in the "Fernle" above the conglom-
eratlc sandstone between 4086 - 4101 ft.

The characteristlic feature of the "Fernie" samples is
the relative abundance and persistence of three minerals, namely
zircon, tourmaline and rutile. Thege minerals together with
ﬁagnetite and ilmenite male up by far the greater part of the
heavy resldues studled, and in the majority of cases are about

the only minerals 1dentifiea.
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The Kootenax Formation.

The Kootenay formation which overlies the "Fernie" is a
oontinental depoglit of lower Cretaceous age. The ton of the

Kootenay 1is mar&ed by a coal seam wnile a geyish white sandstone

LoPp quartzlte occurl at the base. The beds which go to make up

! the formation are mainly grey to blaclk, green grey and maroon
oolored shales wlth light grey and green grey 'pepper ané salt"
sandstones.

Samples studiedfrom the Kootenay are of the standard
cable type collected from the Dalhousie 6. and the Vulean 2,
wells. ' :

The minerals nOued and their average relative abundance
‘ﬁlare as follows F T ;

e L e amphib51¢(altefed,hdrnblehde)”'.b7
. Abundant e e - o

’f;PfesénL‘%QFé-a blotite,7@agneﬁite §:ilmen1£e,
. 'ﬁggg -h~-e——?fﬂmﬁécovlte,'zlrcon,itourmgline, pyrites.
}'Trace ~~-—-¥~¥ garneﬁ, rutile, epldote.
The heavy residues of the Kootenay are distinctlJ
different from those of the "Fernie"
Pyrites although still present has not been noted ln
" guen large quantities as in the "Fernile". The most abundant
,mineral in the Kootenay 1s an amphihole type which shows oonsiderable
: alteration. The mineral océursi?rregular flakes in. shades of green

:to brown. Ocoasional prismatic structures are discerndble. The

vappearance of the ﬂineral varles greatly and this is believed
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to be due to different gtages of decompogition. The mgaterial
ls.suggestive of a hornblende type of minefal that has undergone
alteration to such an extent that a chloritic type of materlal
is now commonly met with..The speclfic gravity evidently varies,
for sometimes part of the material remainsg tin the light regidue.
It is evidently the presence &f thls mineral that gives the
greenish coloration to many of the Kootenay sands. The material
is notlceably affected by treatment with HC1l and 1f treated
with the hot acid for a period of perhaps four or five hours
the greenlsh coloration willipractically disappear from the
'mineral thus masking 1its 1dentity. According to Iddings(l7) the
monocliniec gmphiboles of simple chemical composition such as
tremolite and actinolite are less subject to decomposition by
HC1 than thoge tof a more complex composition such as certain oft
the hornblendes. He‘aléb states thét certain minerals belonging
to the chlorite group are totally decomposed by treatment with
hydrochloric acid.

Commonly oécurring with the above type of amphibole 1is
a brown variety of mice which is also somewhat altered. It occurs
in brown colored flakes of irregular outline while traces of
gralns showing pseudo- hexagonal outlines have been hoted.

Mugecovite occurs in colorlesg irregular flakes which
y1leld good bilaxial interference flgures.

Zircon 1s now greatly decreased and occurs mainly in
fresh euhedral grgins to subrounded forms. The minersl ig

generally noticeably less rounded than in the "Fernie".
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Magnetite and ilmenite are more conspicuous tﬁanqﬁost
of the "Fernie", especially in hiis part of the latter section:
studled above the conglomerafic sahdstone between 4086 = 4081 ft.

- Tourmaline is notieeably.less conspicuous than in the
"Pernie", although it 1s faldy persistent. It usually ogcurs in
prismatic or angular forms while rounded forms are rare.

Other minersls ildentified were only found as traces
and wefe non perglistent. Such.typés were rutile, garnet and epidote.

In samples containing the altered amphibole described
Ain this formatlon care mugt be taken in treatlng with acid to
digsolve cementing masterial withaut altering the minersl 1itself.
A method which has been found successful is ﬁo use: g very‘dilute
IBOlution of HCL, - say 10%,; and boil the heavy resldue in- this

: solution for 8 period of not more than flfteen minutes.
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The Blairmore Formation.

Overlying the Kootenay 1s the Blalrmore formation. It
1g a land and fresh water deposit and is desdrlbed by Hume(19)
as belng partly upper Cretaoeoue and partly lower Cretaceous in
age . The combined thickness of the Kootenéy and Blglrmore
form@tions hag been estimated to be about 1000 ft. The beds of
the Blalrmore conslst of varlegated shales and sandstones which
are very simllar in lithology to those of the Kootenay. If the
coal seam which marks the top of the Kootenay 1s not recognized
- in well samples 1t s very difflcult to tell when the Blafrmore
1s passed thromgh by the drill. At the top of the Blairmore there
occufé a hard coarse sandstone or grit which serves as a contact
marker between the Blairmofevand the overlying Benton formatidn;
This hdrizon was dlscogered by Hume in the fileld and has since
been recognized in the majority of the Turner'Valley well samnles.
_yIt occurs at the lhnmhﬂgnnghmn same stratigraphic horizon ag. the »
 Growsnest Voleanicg in the vicinity of Blairmore, Alberta, and ‘
from its appearaneehas been considered to representuﬂ a rewashed
volcanic ash. It 13 a hard, coarse, angular grit of ununlform
texture, and of darx color, contalning a few small well-rounded
pebbles. The thickness of the horizon 1s about one foot.
: The heavy residues of the Blairmore*are very similgr
to those of the Kootenay and from the material studled it is
difficult to differentlate between them. However an attempt will
be made to noint out any dlfferences noted in the following

description of the minerals 1dent1f1ed from the Blalrmore formations.

ﬂfﬁézpnaﬂuz.‘up%74yékaa44,%,4‘wn, 4,g;a‘//7§
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The mlnerals ldentified and thelr average relative

abundance are gs follows :=

Flood

---- amphibole(gltered hornblende)
Abundant
Common =---=-- blotite, pyrites.
Present -=---- garnet, zlrcon, magnetite = ilmenite.
Rare =-=-----= tourmaline, muscovite.
Trace =-=-==-== apatite, rutile, epidote.

The amphibole and bioti#e occur much the same in the
Blasirmore as in the Kootenay, and are distinctive for ldentifying
these two formations from others go far studied. Sandstones of
slmilar greenigh grey appearance to those of the Kootenay and
Blairmore occur in the Belly River, Edmonton and posslbly the
Paskapoo formations and their heavy residues may yet reveal
gimilar types of ampﬁiboles. However the amphiboles of the
Kootenay end Blalrmore are not found in the "Fernie" nor in the
Benton, and since the latter i1s the youngest formation exposed
within the Turner Valley ( with the possible exceptlon of the
north end of the fleld about which little 1isg known), there 1g
little danger of their causing confusgion in gamples from wells
drlilled within the valley.

Magnetite and ilmenite occur as in the Kootenay while
pyrites 1s more consplicuous in the sampleg examined from the
Blairmore.,

Garnet has been found to be commoner and more persistent
in the Blairmore, occurring in the usual angllar, isotropic,

pink to colorless forms with high refractive indexx.
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Tourmaline 1s inconsplcuous but persistent, occurring

much the same as in the Kootenay.

Zircon oc¢curs malnly as colorless euhedral grains
with rose colored varileties also present. The rose zircons
usually show more roundlngﬁﬁ% the assocliated colorless types.
Zircon is more prominent in the Blagirmore studied sgo far than
in the Kootenay.

Apatite has been noted in rounded prismatic grainsg of
low blrefringence. Traces of isotroplc grailns 6f hexagonal
outline have been found whose refractive lndex was determined
as approximately 1.635. Such grains are bélieved to be basal
gectlions of apatite. Apatite has been found 1in several horlzons
of the Blalrmore, but not in conspiouous‘quantities.

Twoseparations, one from g fiéld specimen and one
from a‘well gample, were made.of‘the,grlt bed occufring at ﬁhe
tép’of the Blairmore. Both gave a large percentage of heavy
~resldue, that of the well sample of Okalta 1. giving 11.23 %.
The heavy regldues were almdst identical in that they contained
a flood of massive pyrites of a dull brassy color. Hume(19)
deseribes this horlzon as belng extremely porous and this may
account for the large quantity of pyrltes which 1s evidently

of secondary origin.
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The Benton Formatlon.

Of the formationg overlying the Blalrmore, no comple te

gections of sultable well samples were available for gatudy, due .
to the faect that very little drilling has been done 1n any of
these deposits with the exceptlon of the Benton. However a few
gseparatlions were made from each formation with a view to
noting whether of not their heavy resldues hekld any appreciable
differences from those which have already been described.

The oldest of these formatlons 1s the Benton, which
overlieg the Blairmore. The Benton 1s a marine formatlon
belonging mostly to the Colorado series, while certain fauna
found near the top are believed to be of Montana age(l9)-
Lithologically the deposit consists of grey black shales with
many thin sandstone horlzons. These sandstones are very
uniform in appearance, conslsting of fine to very fine grained
types, grey to dark greylin colbr. The thicknessg of the
formation has not yet been accurately determined in Turnef
Valley. ‘Estimates have been made which vary from 2000 ft.
to 3000 f4., with 2500ft. being a congervative estlmate.

Samples were examined, for heavy mineral content,
from two horizonsg in the Benton. Of thege one was from the
Vulean 2. at 2280 ft., repregenting s Lower Benton gand,
while the other was from New McDougall=-Segur at 820-30 ft,

repregenting an Upper Benton sand.



The most characteristic feature of the regidues 1s
that they are very similar to those of the "Fernie'
The minerals noted and their average relatlve abun-

dance 1is aa follows ;-

Plogd —=es==cmt pyrites

Abundgnt ----+ zircon

CONMEON ==

Pregent =----- tourmasline, rutile.
Rare ----=-=-- magnetite - llmenite.
Trace Uit

Pyrites masked the presence of the other minersls
’and wag removéd by dilute hot HNO3{

Zircon occufs in clear colorless gubrounded to
euhedral gfains,»while traces of roge to brownish types‘are
present also. |

Tourmgline occufs mainly as yellowlsh brown, rounded
and ‘prismatic graing which are strongly pleochrolc.

Rutile occurs asg yellowish to reddish brown, irregular
to prismatic graing, gome of which show good cleavages on the
prism faces.

NMagnetlite = ilmenlte are present as black opaque

graing of irregular outline.
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The Belly Rilver Formation;

The Belly River 1s a bracklsh water deposit of Montana

age, which 1g part of the Upper Crataceous system. 1t 1sg
described (19 & 20) ag consisting of light green clays and
-ghales, and light grey and greenish massive and thin bedded
gandgtones with a coal seam occurring at the base of the
formation. It 1a the Belly Rlver that forms the parallel
ridges which flank Turner Valley. The crest of the structure
has been eroded into the Benton formatlon which forms the
valley floor. '

Until very recently the Belly River was not belleved
to occur within ﬁhe valley, but well gamples taken from the
Poothilie 1 have revealed over 300 ft. of sandstone before
penetrating the Benton ghaleg. No gandstone of gso great a
thickness is known to oceur in,the Benton and'the horizon
is believed by some; to be Belly River in age. The Foothills 1.
well whilch struck this horizon 1s locaﬁed in ‘about the centre
of the valley, just north of the c¢rogsg fault shown on the
accompanying field map.

The thlckness of the Belly Rlver 1s estimated to
be between 1850 gnd 1900 ft.

The mlnerals noted in the Belly River, and their

average relatlve abundance ls ag follows ;=

Abundant ===-«

- Common =====r~ = zlrcon, pyrites.



Pregent -----= garnet, rutile, tourmaline
Rare: ~recc-wen hornblende, mugcovite, magnetite = 1ilmenite.
Trage ===-==-== monazlte.

The above represents g study of two horizons, the one
being a "Lower Belly River" sand from the Foothillsg 1. at
depths of 240 and 360 ft. while the other 18 a fleld speclimen
taken from gn outcrop oceurring on the north branch of Sheep
River, 390 ft. from the top of the formation. This latter
speclmen was partially saturaged with bitumen which gave 1t
s brownigh appearance. The bltuminous material was removed
by dlgsolving %p benzol and washlng the sample. The sand was
then treated w?%ﬁ hot ‘dilute HC1 for one hour and washed. It
‘then appeared clean and of a light grey color.

v The heavy residues from the above horizong differed
inagmuch that the lower one contalned a "flood" of zircon
while thig mineral 1s much less conspicuoué in the upper one.
Tourmaline and rutileare rather conspicuous in both sands while
hornblende 18 rare. Garnet is more noticeable in the upper
horizon. Traces of monazite occur in the lower sample which
ls glignificant in that 1t is the only occurrence of this

mineral noted to date.
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The Edmonton Formatlon.

The Edmonton 1s g brackish water-deposit df Upper
Cretaceous age' overlylng the Belly River. It ls degerlbed in
field reports(1l9 & 20) ag belng compoged of dark green clays
and hard greenish gandstones with a carbonaceous horlizon
oceurring at the base.vReceht dridding haé indlcated the
pbegence of several coal horizons within the formatlon. The
Edmonton although not occurrlng in the Turner Valley is present
Just beyond the eastern flank (Belly River) of the structure.
The ' thilckness of the Edmonton lg-estimated at 1300 ft.

Examinatlon wag made of one horizon in this formation .
The heavy residuelis from a medium grained whitish 'pepper and
salt' sandstone, conﬁéining traces of carbonaceous material,
which overlies a coal gseam. The gample was taken from New
Valley l. at a depth of 780 = 790 ft.

' The minerals note d and their average felatiye

-

abundance'is as followg ;-

Flood ====r=~-

Abundant -~-=-

Sommon: sec~swa garnet

Pregent «----- magnetite - ilmenite.

RAYe. r-mobw-so hornblende (bleached variety), zirecon, muscovite,
pyrites.

Irace ---==-== tourmaline, rutile.

Thig residue 1g gimilar to the Upper Belly River
sand degeribed, but garnet 1s more prominent while zircon,rutile
and tourmaline are 1éss consplcuous. Garnet occurs as pink to

- yellowigh isotropic grains of lrregmlap outline.
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The Pasgkapoo Formation.

The Paskapoo 1s a frash water deposglt of Tertlary
age, overlying the Edmonton formation. It consists(19) mainly
of light ash colored sandstones ~with greenlsh clays and shales.
Itg thickness 1s estimated at 4000 ft.

The Paskapoo doeg not outerop in Turner Valley but
overlles the EdmontonM%otber"c ael e%%rt Sopf‘u ec %,%stii% Sin%f./\ %%ri%ard
gsamples from Ranchmgn 1. Led. 16, 8 13, T 20, R 29, W 4. This
well is logcated about twenty flve miles south eagt of Turner
Valley.

Heavy resgldues were gtudled from depths of 290 and
315 ft. respectively.

The minerals noted and theilr average relatlive

abundance are as follows;=

Abundant, =<-===

Common =-=---=-= epidote, garnet, magnetite - ilmenite.
Pregent --=--- pyrites

RAPS -y oo hornblende, zlrcon, muscovite, staurolite.
PR 0e iHEeac-vaeh tourmaline, limonite, haemetite, blotlte.

This portion of the Paskapoo l1ls characterlzed by the
relatlve abundance of epidote, part of whichis decompogsed. The
prominence of this mineral serves to distinguigh the horizon
from any other yet studied. The mineral occurs mainly as pale

yellow to glmost colorless graing(many showing decomposition)
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with a characteristie lemon yellow color in reflected light.

Pleochroism ig quite marked in many of the grains and birefrin-
gence and refractive index are high. The grains are mogtly
irregular but a few prismatic forms show parallel extinction.
Garnet and magnetite - ilmenlte ‘are next ln prominenee
while zircon and hornblende are inconsplcuous. This variéty
of hornblende 1g much less altered than the amphiboles descrilbed
in the Kootenay -~ Blairmore formations. It occurs in green
pleochroic, prismatic graing with low extinctlon anglesg.
Tourmgline 1s very inconsplcuous while no rutlle has been
obgserved in the horizonsg gtudied. Staurolite occurs but ls very
rare. The grains are a declded brownlsh yellow to brownm and
differ from epldote 1in birefringence and in that they do not

show the lemon yellow color of the latter in reflected light.
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Conclusions.

The results of the work done on the Turner Valley
sandd indicate that the sgtudy of heavy minerals is.a useful
method to assist in the sub-surface correlation of the area.
Summary.

A summary showling the hegvy mineral characterlistics
of the various formatlons will serve to Justify the above
gtatement. The limportsnti characteristica may be briefly
stated as follows ;-

(1) "Fernie"

(é) Prominence and persistence of zircon followed

by tourmaline, rutile and to some extent magnetite -

~llmenite.

(b) Zircons are generally more rounded than those of

~t.he overlylng Kootenay = Blairmore..

% (e) Heavy residues generally contain only the most
gtable and resistant minerals.
(2) Kootehay 4
(a) Abundance of amphibolés4showing alteration.
(b) Zircons mostly fresh euhedral types.
(3) Blairmore :

(a) Similarity of amphiboles and zircons to those of

the Kootenay.

(b) Occurrencd g of apatite. in several horizons.

(¢) Rather peraistent occurrence of garnet.
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(4) Benton
(a) Prominence of zirecon, tourmaline and rutile.
(b) Regemblance of heavy resldues to those of "Fernie'

(5) Belly River

(a) Prominence of garnet, zircon, tourmaline and rutile.
(b) Occurrence of monazite.

(6) Edmonton
(a) Prominence of garnet and magnetlte = ilmenite
whlile tourmaline and rutile are very scarce.

(7) Paskapoo
(a) Relative abundance of epidote with magnetite -
llmenite, andl garnet being conspicuous.
(b) Occurrence of stamrolite significant in that it
has not yet been deflnitely ldentified 1in the other
formationg. »

Genéral Conelugiong.

Although the problem of tracing the above depositas
to thelr sources, and of determining their main parent rocx
types 1ls one requiring a great deal more work, both in the field
and in the laboratory, it lg felt that the results shown are
suggestlve of certailn types of source rocks for several of the
formations occurring in Turner Valley.

For ingtance, the slgnificant feature of the "Fernile"
1s the abundance of zircon followed by tourmaline, rutile
and magnetite - ilmenite in persistent quantities. The

uniformity of grade of most of the "Fernie" sands together



with the rounding of the heavy resldues in comparislon to the
overlying deposits suggests a long period of transport or
erogsion, while the predominahce of the more stable minerals
guch as zircon, tourmaline and rutile to the_almost comple te
exclusion of others suggests the possibllity of a derlvatlon
from ﬁreeexlsting gediments(l). Boswell(3) states that sediments
derived from igneous or metamorphic rocks show a'greater,
variety of minergls and more warilable characteristics than do
those derived fromolder sedimentary deposlits. Minerals
characteristic of metamorphic rocks are practically absent in
the "Fernie" while the small number of mineral species 1s not
suggestive 6f immediate derivation from an igheous rock type,
unlegs the parent rock hgs been subjected to a long continued
disintegration by tramsport or other erosional influences.

The similarity of the sands of the Kootenay - Biairmore
suggests similar trangport and derivation in the main. The'}
heavy minerals show less rounding and poorer gradling than do
those of the "Fernle", thus indicating shorter transport.

The abundance.of amphlbole in the Kootenay = Blairmore ls
guggestlve of derivation from an altered amphibole rock source.
Further evidence in gupport of this suggestlon 1s the occur=
rence of guch minerals as garnet and epidote. Although one
would nsturally expect to find kyanite, staurolite and possibly
andalusite in such a gediment these minerals have not yet

been identified.




. Too llttle is known of the heavy resildualg occurring
in the formations overlying the Blalrmore to advance more than
the following concluding suggestions ;-
(1) That the finenesgs of grain and uniformity of
grade of the Benton sands, together with the minerals
ldentifled, suggest similar conditions of erosion
£6 those of the "Fernie! .
(2) The Belly River and Edmonton sands show a greater
varlety of minerals than do thoge of the Benton,
indlcating a poorer gorting of material.
(3) The variety of minersls in the Paskapoo and thelr
relative roundness ls not suggestive of good gorting
or of great dlstance of travel, while the relative
abundance of epldote, together with the prominence
of garnet and the occurrence of staurolite are

indlcative of source from a metamorphic roeck type

for the portlon of the Paskapoo formation studied.

Photographs of geveral charscteristic horlzong are shown

in Plates 1. to g.
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P Plate 1. "Fernie"formation, Dalhousie Nos 1, Depth 4137
Showing abundance of zircon with subordinate tourmaline

and rutile. Sosne : .
' y i |

4

4%

.

Plate 2. Kootenay formstion, Dalhousie 6, Depth 4060
Showing flood of altered amphibole.




Plate 3. Blalrmore formatlon, Vulcan No., 2, Depth 2940
Showlng abundance of altered amphibole similar to Kootenay-
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Plate 4. Benton formation, New McDougall-Segur No. 2

Depth 820, .
Showlng zircon, tourmallne, and rutile.
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