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1. Introduot,,"on.

In view 0:(',' the faot tJaat the study of sedlinen~a.ry -
. .

. petrography .bas. proved. to be of considerable aid inso~ving

oerta.in c6rrelation-problems~itwas decid~d to begin an inves Q

•. .
t.1gation into the ohar~o'teris11os of _a. number"of well samples

from' the.- Turn:~r V~~ley. 01L a.nd Gas Field of Alberta-' The
'. ..... .. ." ~ p -

me·thod ,of a.tta'Olti~. the, P'~obl~m has .been by the': examInation'
... I ". . .

ot" the heavy miner~l oontetl:t o~ the sediment·s, one whioh 1s

rapidly being reoognized alii lmportant and valuaqle,

.'4meri~a., a~d' various ·~.:t~~r· parts or' the ";rld.









ltho~gh the abov:e sum.mary is by no

serves to .show in $i general V(ay

Just~tled by' petrog~ap~lQ ~tudy •.













Results of Investigations.

Diagrams illustrating the average relative abundance

of the heavy minerals found in each formation are shown in

figures l,and 2,.
,

The following is a list of-~ne'mlnerals identified,

'with a description of so,me of the principle· .characteristios

'each mineral.

colorless, rounded prismatic. grains, low blrefringence
,

wnioh along with the refractive. index helps to. distin'"

guish it, trom zircon·. Traoes of ba$al ,seotfons' to.nnd,

co'nfirmed by' R. 1. t.es't.



, apparent diagnostic value.

opaque graln~ with metallic lustre and.character­

~stic brass yellow col~r in reflected:llgh~. The

mineral occurs in many forms· f~om irregula~'massiye~

,to euhadral types such as cubes and pyrit.ohedrons., ,
. '-.

found in variety of forms from fresh to highly

altered grains. Pleochroism stronger ,in freshe~

prismatic forms., Shades of green to brown are

c,ommon oolors while bleached torms due to q.ecomp-

" position are also met with.

blaok, opaque grains, usually or irregulartorm.
, '

,

Diffieult ~Q distingu~sh from magnetite unless
, . '

by magnetism, or by ident.ifioation of"orystal

form, $,nd ,'for this reason both a:re recorded togetaer,

'as magnetite, a ilmenite.,

irregular opaque g~alns of earthy appearan~e

showing yellowish ,brown or cinnamon color'.in

, ret'le.cted' .11ght.~· ,
. '. . ..

, black "', opaque .g~ains ,v'ith metaiU,~ lus~t~~ ~ irregular,.. . . - ~ , . ;

,:" ~o~de'd: "to W~'ll o~y~t~illze~' t9~ms' '~~>o'ur,'; "hioh' . " ,
• j .• I.:" . \ . .

;p~lseirs"strong ,magne't~0. propEn~'t'i~s~ The m'~~er$;1(
_ . ~~ , .<.,. .~: ~. _'~.' -.:::,.t. ~. . OJ ;. ".;;; ''! ...' ...", ' •

,"qften, eXhi:pit~ a. 'bl~i~h ·.l~st'r~;'·':iii' reilecte9-,~11ght~ - :'
.- : • P ... l ~\: - ...";>; '-. "', 4 • ' • -'ut- .'_

~' £'1brous to,;'.rad:J'a.ti'ng· g~a it:l~ ol:Uierved "which' are
-·-i.i.. l'> 'J., ~ : ...1 " .:' _.- •." t'· .. : .. l ,' .... ,...,. ,: - -f .....

. alassed as 'pyr1t'es. ".;,.
• ...: • ..~ • '. ,I _' ..

c01,?r~ess, rounde_d to trregular cleavage ~ ?lake,s '.

~sually, exhibiting good biax~al Interre~ence

figure.' This ,mineral' ,is. very persistent and of no
: .~. ~

Hornblende







mo~t common forms are colorless, eunedral to well

rounded varieties of prismat'ic forma with a high
"refractive index and high birefringence. The

'mineral~ is stra1ght extinguishing, uniaxial positive-
-,

Grains are often well forme~ prismatic types with

pyramidal terminations. Anothe'r type of zircGn

frequently !het with i4 1Jhe rO,se to purple variety

while brownish colored typ~s are rare. The shapes

11.

, .
'of zi~cori ZKJ va~y a~d to some extent ~re charaet~

erie tic· of ce~ta~n fo~mations. In 'c&nnection with

, .
occasiona~ cr~stalline forms occurringi and that

it 'is, qften definitely, thoug~

.~~·l . l' J

the .:r:osecolored zircons ,it seeme 'noteworthy that
~ ~ - ",'

-they;- 'gene~a;lly oeo.~t:' in more r.ounded. r,?r~s than the'
.. '...:- . . ."'.. . - ...·:f-

. assoe,iated colorless variety., In a paper on purple:", .
. • 1', • ." '. _ . '"'-
. • • • ~ ~. ~ '". - '.' I:

.or ro,se- :.". pink z +r.QO~ "Bp's!18 11 (6) ~:s iate ii'" tha~ . tll~'s
• ~...I -.', - . '''\ " ' ., _ .. -: ',~ ~ ... , ; . "". -~ . \ '.. " ....t • ~ _',

var+ety ~~ zirc'~n is ~,sp:eclally:obaraat,e~ist+c of,
.. r' ..... ~. . :;._ '' .: ":'.~.. I ;.,. • -'

those Eritish $edlments in 1wnlch minerals derived.
• .. • - - ~., >' - t .

" " :," ':rr~m reglnnll;L;: ~"'m~ta'm~rPho'sed'r.ooks are- a~l1~~ant' ~
. '.... .j ,,' . . ~'. ......,...>t4" . '. _ '''',-. ,

':'. and, or, . 't:r:-esn' appearance. 'They 'prov:1de add.1ttiozi-,l .
• • . ~ t

..., - "'.' - ,. ~ , I •

-··· ..ev~denc~ ',that tl1~ depos1ts. we.re formed by denuaat-io~'
~~ ., - ... . ,

. :.:01' ,land 'masses ,iompose;td' ~f o.rys'tall'ine metamorphic

~OCkS.u; '. ~~kiestate~ t~t ,this ~arjiety:of zircon
• • '. ' .. "_ .' -: " - • I

fs usual~y present as rounded ovoid' grains with
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Description. of' Formations.

In a problem of this kind it is .necessary to

'"

'more ,repr~sentative samples,' than are available a;'t preaent. In tbis
- ~ ....

p~p~r' no attempt 'has been. made to show 'any lateral correlation,

but rather to note the' c·hara.ot~ris,ti~s at t.he heavy residues fro'm

the:" ~irferent f~rmatl~n~·., Thel1le~h~~"'Of at~ac~ 'h8.s been, to' sta-rt
. , ~ , ". , ~ . - . -

-w,lth the lowes't ,horizdh of the 61dest forma.t1on"a~~lIable, and
. . ~. -

.
"patrographio stUdy of the various hori.zona in order of their

, "

g'eClhogica1', S'equenee, and, then attempt to oorrelat,e these' horizons
, -. . - - .

in adjaoentsed:i,ments. The completiona 01 such a.. '"ask is one that

will take con~i4erable time, and the examination of" So ,great many



medium grained, light grey, cong~omeratic sandstone, with a

,yellowish colored cementing material. The horlzbn is ,not. a true

conglomerate ,but contains, sC,atter-ad pebbles p.p to orie half 1nah

or,more in diameter. It shows evidence of poorer sorting of

materj,al tnan JIlos,t of, the other '.J3,~n<istone, beds within this

to;r-IDatio,n.

The ·'Fern1.e" is the oldest formation ,from. whieh' ma~enla.l
> -

~ ", ,

cOAlected; s~ it was decided to make a 'stUdy of the lowest

ahd;t?, work up1fard~ through



most' frequently me,t 'W1 th are clear, c'olorle'as ovoid to' aUb~ourided

.
specles, and ls, ,of' no' apparent 1.ndex., 'Value .be~ause 1. t. is liable

, . .

'Common ------­

Preaent ------ tourma'line, rutile, magnetite - ,llme~lte.

hornblende', biotite, musoovi te, hae~ti,te.

Traee ....... ----.-- garne,t. ,.' ,

O··f these ,'minerals' Ptrit~s' is 1?J far the most abundamt

" ., .
was necessary to decompose 1t w~th hot

,identify,. theoth~'r '~ine:ra}-'s'
. ~ .. ,~ c:

:to occur ·alm9st"anywhere. As previou.sl! state~ it' is, 'believe~

to'nave formed malnly'in place,·a.nd' therrore to, be secondary.
. ;'. \ ~:- '.. .

.. 4. .. _

. 'The mineral was usually so abun([ant in thfs forma.,t1-on, the.t· 1t

. ~.

e'uhedral; .grains • ,The .g:raln.~ ,are c,hal'licterlzed by their dark

borde'r's and ~1gh ~bire~r~~gence~ '~~ae', a,olor,~~' grains', are so~et~irMa~~m' at
• f. • • " ", 4 • " <,.:, , ", • ~. - ~. ~ • I '.. " •• 1

with while brownish: and turbi~, va:t:'leties are rare. ~.. '" '~I'" '~,: .~:. ".'

: ..r". .: .:.. :~.. ."". ..••.'O..~, • '" •• _~ '-

The abun~ance'9f'zi~con oecU~~l~g in ~h~s

the Charac'te,r' of' the grains is' shown in, 'Pl~te "l~: ,:
" .. , .



conspicuous!' '

-
Rutile 'although not ·so abundant as tourmaline 1s never~

. .

theles~ p~rslstent. It occurs most commonly as sUbangular grains
,', .

of reddish' broWn' to yellow. 6o'lor. N~e4le.shaped and prismatic

varl~ties,,:'cthe la).,ter some-t1;-me.s ~h~wtng. gO'Od' 'cle.avages·o~ th~ ..,.'
• .'... /'~. ~~ _.~ .'. I" .~'. :~-, ...~ • 0 " . '.. ~ :,'!J. . '. :r.·:· f .' ~;

prl$.m faces 'at,> an ~!1gle 9.f abo~t 6Q .t~ the' prl\tloip,.le "axis" ·a.re:. '
,~. '.. .~.. '. ", .'~ .~. ", \ .' " • \: • I _ :. ~"'~'" _, • \'- • • ...

do~onJ.y: e}1?-o~~ere~:,.:while g~nidn~late" twl~s'occ'S;.~_ionally
" " ~"... ',' .. ~'" ~ ~ .- " l' ':'. . t ," '. " ••-.'. . ' .' •

RStt1le ",i,S -most" consp~cu'ous bet/ween the depths_ 402.5 ~..;. '31 ft,.·
'~~d' 4'13; .... '52, -ft.>" .' '. ,

.' .', ~

,.. '.'

-To.urmallne occurs in many colors and 'forms in the

fo~mation, the 'most common varieti~s being.rounded and prismatic'

grai~s of a brown or brownish yellow ~olor. Angular S~P~d' grains

are also common and may partly be ·due tp crushing in the mortar.

'Green blue and pink varieties also. occur with the bluish types

Next in order of persistence and prominence are

. tourmaline and rutile w~th the ~ormer mineral being rather more

:Ma:gnetite -and. -ilmenite altboug~ somewha,t ·persiste·nt are.

, gener~11yr~re ~nd are recorded toget~er. The heavy residues

, ~show :a~gu1ar', erystall~ne. and '~roUn~ed gr~c~BII. T'h~roccurrence is

- most: conspiouous, 'between the depths 4086 "'"'4101-, ft. 'which 1's the
. .

eonglomer~tic sands40ne previoUsly mentioned.

Other minerala present are rare, and. of sporadi~ occurrence.

is rather persist~nt especially in coarse grades, but

of no'. apparent correlative value unless by its "~rked

..
e,xhibiting ver;oy faint 'pleochroism· in. comparision" to the othe'r

. . . l'

... colors. TourJila,line is extra abundant between the depths" 413'7. l;f
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, "

Only ·one'grain' ,1g.e~t1fied a.s, staurolite has been seen and its
··"r •

abundance '1n certain brown colored sands of the lower

whioh are, ~ot available at present. Other minerals of rare

,qoeurrence 9-.:r;-e hornblende, garnet", biotite and possiblr staur~lite'.

occtl'rrence 'is' doubtful. It is significant that none' of these last,

four. ~inerals have been noted. in the it-Fernie" above 'the ,qonglom,w

sand$tone between'4086 - 4101 ft.

, The cha~acter~stic feature of'the "Pernie" samples is

'the· relat"ive &oundanee a.nd perfi5istence, of thre'e Inineral's J namely

'zircon, tourmalIne and rutile. Thes~ minerals ~ogether ~lth
:l -.~ t .. •

magnet-ita and 11menite'Jilake 'up by' far the ,greate'r pa,'rt of the

heav~ :_~esidue~ studled~"'a.nd in "~he -tnajor+ty of, (lases

:-~h:e' :onlY,'~zilj,~e~~l~ ide~l'tl£1~4'.:' - ..
• T . ' ~ I: I .. ....
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to be due to dffferent stage.s of deoompositton. The' material

is .suggestive,of a hornb,lende type of mineral that has undergone
. .

alter.atio~ to.suoh an extent tha~ a ahloritio type of material
. .

is. now oommonly met with. ~he specific gravity evidently varies.

for- sometimes part, of <the ma~er1ai rema1nstin the light ·res1~ue.

It is ev1d~ntly the pre~ence ~f th1s m1ne~ai that,'gives the

'greenrsh~oolo:rat1ori to many. of the' Kootenay.sands. 'J;he ma..~erla.l

i~ :nd~1c.eabl;Y: af.fected by treatment with HOl a~d if treated







The minerals identified and their average

amphibole(altered hornblen~e)

,Flood

Abundant

Garnet has been found to be commoner and more per~istent

in the Blairmore, oocurring in'the usual ang*lar, isotropic,

pink to colorl~ss forms with high refractive lndexx.

2,1.

abundance are as tallows :~

, ,

little danger o~ their oausing confusion in samples

drilled wit~inthe valley~ ,

", Magnetite and 11me,nite occur ~s 'in the Kootenay

'py~ltes i~ more' conspicuous ln the samples examined from the

Blairmqre.

, ,

Common>·---~-- bIotite, pyr.ites.

Prese.nt -----':" garnet, z1:reod, magnetite ...
t # I

Rare __ w_:- __ -:'" tourmaline, muscovite. '.

Traoe ---~---- apatite, rutile, epidote.

Th~ amphibole and bioti6e ocour,much the Same in the

Blalrmore as in the KootenaY',and are d~stlnetlve for lde~tifying

t,hese two formations from others so far s,tudied. Sandstones of

siin~lat' greenish' grey appearanoe to "those of the Koo~enay and

Blal~more ~ccur in the ~elly River, Edmonton and ppsslbly the
. , ,

• ~ " #'

;?asq.poo f.ormat10ns and their he.~vy residues may yet reveal
• • .) I

'~~,ml1ar type's or. 'ampllL"lbo'les. Ho~ever the aniph1"b~'les of, th~ l·, .

.. "t " , I 1"., ,.... •. '. "". •

, Koot;enay. anQ. aia.irmo~e, Si,re:< not;; round in the "Fe;rnietf'"no:r in the

Bento~, 'and" since 'thet~t'~er 1e the.. YOWlge~t ·format:~on exposed"
, I", , '"} \ {' ~ • t' '.

wl~hin the Turner Va~ley ( 'with the pOssible &~ception of the
,,'

north end of the fj"e~d aO'out 'Wh~Ch l+.ttle 'Is kno,wn),. 'th~re4: l~



.' "
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in the Blairmore stud~ed so far

Tourmaline is inconspicuous but persistent, occurring

same as in 'the Kootenay.

Zi~con occurs main~y as colorless euhedral grains

the· Koo tenay • ­

Apatite :has been noted 1n rounded,pri~matic grains of "
. .,'. ,;

low ''birefringence,., Trace's of isotropt'c, 'g%ia'lns of )lexagofia.l
-(.. ~ , '. I •

outline have been'found whose refraotive Ind~x was ,determined
, r'. r.. 't

'With rose colo.red varieties also pre8ent~, The, 'rose zi,reons
, ,

r~Unding~~ro the ~ssociated'6o.10riess types.
~ • I '

,

"usuall~' show more. . \ .
, '

~Xrcon is more promtnent



, .

sandstone-s'~are- v.ery" ,:'. ...

, The oldest of these ,formations is the Benton, which

found near the' 'top ar~ be lieved to be of Mont,'M age (19)'.
, • '. ' \ I • •

'overli:es the B1airmore. The Benton, is a marine formation

belonging mostly to the Colorado, series, while

The Benton Formation.

Of the formations overlying the Blairmore, no complete

sections of suitable ,well samples were available for'study, due.

to the tact that yery litt~e drilling has been done in any of

.these deposits with the exception of the Benton. HQwever a few

separations were made from each formation with a view to

noting whether or not their heavy residues held any appreciable

differences from those which'have already been ,described.
,
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i. "' .. -.

,
is significant in that it is the only occ~rrence of thi.s

mineral noted to date.

Present ------ garnet, rutile, tourmaline

Rare_--------- hornblende, muscovite, magnetite - ilmenite •.

Tra~ ------~- monazite.

Theabove.represents a study of two horizons, the

conspiouous. 1n"' tne u.ppe·r 01'\e.
, ~ :" ':'\I

andrutileare rather oonsPi~UOus .+n both sanas w~lle .

. hornblende is. r.are. Garnet is more notice,able in the Upper, . .

horizon. Traces. of monazite occur 1n ·the lower sample which

..
being'a "Lower .. Belly.Rivertl sand from the Foothills 1. at .

depths of 240 ai1d 360 :ft. 'while the other is a field specimen

taken from an outcrop occurring on the north branoh of Sheep

Rive'r,·.390 ft~ from the top of the formation. This latter

specimen was partially saturajed, with bitumen whic'h gave ~t, ,
a browni/Jh' appearance. .The bituminous material was re,moved

,. .
by diss0lving'in benzol and washing the sample. The san! was

I I ~ . . \

the'n treated' w . hot'dilute Hel for one .1?-0ur' and ·washed •.
:' ~ , \: ,4 .::. •

. .' then:'"-a;ppe.f3.red cl~,an·· a:!;ld o~ a I light "grey oo,ior~ .
I . ~' to' t • ~ _ "

'The b;eavy residu.es from theabdve ,h"ori,zons



."

",

.'l' rOo,'. .
The min~rals note

."

The_Edmon~~~_~9rmation.

The Edmonton is a brackish water>deposit of Upper

Cretaceous age' o¥erlying the Belly River. It 1s desc~ibed in

field reports(19 & 20) as being composed of dark green clays

and hard greenish sandstones with a carbonaceous horizon

occurring at the base. Recebt driunimg has indicated the

pnesence of several coal horizons within ,the formation. The

Edmonton although not occurring in the Turner Valley is

,just beyohd' ,the eastern flank (Bel},y River) ot' ~he str:qc:t.ure it. , ,

thtolmess of the. Edmonton is-estimated at '1300 ft.

Examination was made of. one hori~on in this formation.
I

The, heavy, residue is 'trom a me,dium grained whitish, 'pepper'an<'l>.
. • ;. .~,' '~ f· j , •

"salt' ··'sap.Cistone, cont~lning 'trac'es "Of' ca.rbona.ce~us material,"
,r'l , .. .,' ~ - .

The sa,mpie was, taken from New'
'f

abundanc~ is,as follows ';-
~~ " ".' ~ to., '~.. • J

•'FloOd' ~ ...~_ ... __ ..:

.' 'Vfh~,ch:ov'erl,les ,a 'coal seam.
\ ~...~;;; " ,

.. f '; I

Valley'l. at, a,' ',depth of .780 ~'790
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with a obaracteristiv lemon yellow color in reflected light.

Pleoc~oism.is quite marked in many of the grains and
"gence 'and re,fract+ve i,naex are high. The, grains ,are mostly

irregular but ~ few prismatic forms show papallel ~xtinction.
, , .

Garnet and magnetite w ilmenite are next'in prominenoe

while zirGon and hornblende are inconspicuous. This variety

of hornblende is much less altered than the $mphiboles described

,in ,the Kootenay ... Blairmore formations- It occurs in green'
. '

pleochroic, prismatic grains with low extinction angles.

Tourmaline is very inconspiouous while no ruti,le has been'
. ,

observed in the, horizons ratudied. ,S:t.aurolit~ oomirs but is
, " . , .

•. r,

rare. 'The graihsare a decided bro~ish'yello~:to browm and
. . .", '.,' , '

differ from,ep'idote,in'b1refringence and in that they do not
, ',., . .' ,

'I' ~ • • • • " .

'~1?-0i1!, ,th~ 'lemon' yellow color ,of,' t~e l~,tt.er,ln reflecteq. ,li,gpt.
•• ,. )I



,.'

Conol,!!!lons.

The results.of the work done on the Turner Valley

sanda indioate that the study of heavy minerals is'a useful

metho4 to assist in tbe sUb-su~fac~, oorrelation or the area.

SWIlIll9.ry.
t,

A summary showing the heavy mineral

of the various formations will serve to justify the above

·statement. The ip1portanlt't .. charaote.ristics may be briefly

sta~ed as follows ,;-

(1) "Fernie"





\ ~ t

$uggestive 'of immediate derivation from an igneQ~s rock type,
" Jl ...

unless the pa,ren.t rock J..?,as been ·subjected. ,~o, a ~ong-c'oiltinued
. ,,' ;' ~. ," ','

dis~ntegratlon'by traBsport or ',other<e;osl,oi:l~l influe,nees~
, "

rence of auah minerals as garnet and epidote. Although one

W?uld- n~tu~all~ expec.t to find kyanite, ~taurolite and poss~bly

- .~

t'he "Fernie"- while the small number of mineral spec,;~s, ,is, not

exclusion of others suggests the possibility of a derivation
- ,

from pre "existing, 'sed'i~ents(1). ~oswell( 3) states tba t sediments

derived from 19n~ous·or metamorphic rocks show,s, greater.

var~ety of minerals 'and more variable ehar~c~~ristics than do

thos~ der~ved fromolder sedimentary' deposits. Minerals

oharacteristic of metamoJ'phic rO,?ks are practically absent in

, ..
.~ndalus~te 1n such a sedime,nt these minerals, have not yet

'been tdentified.

t

such a$ zircon, tourmaline and' rutile to the almost complete
\ ' ~ >-t

with the roun~ing of the heavy res1dues in comparision to the

overlying deposits suggests a long period of transport, or

erosion, while the predominance of the more stable minerals

"

The sl~i~arit~ of tne ~ands '~f'~he '~oote~y - Blai~more,
• • " .." " • • \ ~ ~ ; 'J ~ I 't -\" ;., '. ~. • • 1

, "'1:Juggests simil!i~ t.r~n~po:r:t and der.1vatlon, in 'the' maJ.n. ',The', '
'. tf' , t' .' " '\. .: JI N' I. ,.... .I .":,, '.. ~ ~t N • t"

""heavy mlherals snow'tel;!s rounding. and \,;oorar Etr~dlngtha.,n: e1:'o,
, . i~ ~. t '~.,'. :'J ,'" ... l' , ' l,·r1. , 1 I ;. I • '/. '';'

or t~e!, "'~e'rnle"" ,thus lnd~catinE(.'sho.rte!,'tJ;'ans~or:,t'.
" • ; '...' '1'-, I .t} ~... '. '.,~ .

The,abul}da~c.l~ .of' amphlb'Qle in the Koot$~a:y .... Bla:irmor'e is'
, • '~~'•.'; ~ - ~~ i ,:' 4 ~ • ';. • '. ~ ,

,suggestive o,t:' der,"vatlon from an a.ltered amphibole ,rock souroe.

Rurthe7:? eVide~ce in ,~U:pport of, thi~ suggestion is 'tJ:;1e occur~
i ,,t '. • ~ ". ",
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vaFiety of ~iner~ls thin do those of the Benton,

"

"

~ I •

..
id~nti~1ed, suggest simllar c<!>nditions,-
to those of. the ~\Fe:rmfe':

"

of garnet an.d rth~ 'occ~rreno~ of sta.~:r6,1j;te·a.re '

(2) T'he Belly River and Ed,monton sands show a
I, ,

indicating a poorer sort~ng of mate~ial.

(3) The variety of 'minerals in the'Pas~poo and their

relative,roundness is not suggestive of good sorting
M • .:: I '. t\ • ;. , •J. ;., ,

or of great dist~nee',o;f t-ravei., whil~ the relative',
, • t' ~... ,

ab~ndange o,r ep'ido'te, ,~o~ether'~'1th the pr~mln~nce'

I, ~. ,

indicative of sou:roe fl'o.m a,,' metamorphic rook ,type '<,

r ••• '.' :" .. , fl' t. '. ," I . "

fer th~ portion pf' the'Paska.poo:· forma:tioo' .studied.
... .' '.' i l. •

" ,

Too little is known of the heavy residuals oocurring

in the formations overlying the Blairmore to advance more than

the following concluding suggestions ;-

(I) That the fineness of gr~in and uniformity of

gr.ade ot'the Benton sands, together ,with the minerals
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