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l, mlneraloglcal and mlcromorphological analyse :T~:

'3ﬁef‘hypothesizlnq the‘orlgln &

i was obtained.;: Tgﬁture,
,9‘_

values were 51m11ar for¢the two 50115

Caco3 equlvalenti.

“ovalues of the Del Bonlta soil were COnsistently;greater%

"

than the Beazer 5011,h Simllarly-the calcxte and dolomlte]i;

x-ray dlffractxon peaks o;\ the twof

N

;soils dlfferedifﬁ

indlcating different Weatherlng reglmes or geomorphic“f”f" s

,*lgf clay mxnerals k(saécti;é;, mlca and kaolinite) ézefef'v'
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~coated with matrians. (plaln llght o

'dmagnlflcatlon 10x)

Y

'WEll developed ca1c1tan at’ the base *

'of the skeleton grain,. from the Del’
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The Del Bonita Plaﬁeau 1s a unlque area*within3the“w

'Milk Rrver Ridge Upland in #the south ‘west corner 6f

bff”:Alberta.'f Surf1c1al geologists Calhoun 1(1906), Stalker i

(1962),'_ Westgane (1958),.,.fga; Shetsen | (1980) have

“:”?erecognized. the Plateau. as being unglaciated during the a

_— f‘south east corner Of Alberta. yq&r;.;.‘ﬂ

1~;WLscon51n Ice Age._ As a nunatak the Del Bonita Plateau

-'has many s1milar1t1es W1th a more fully researched
1*3funglaciated‘ area,» the Cypress Hills,f which lie ir the B

RS

In 1982 Agriculture Canada 5011 survey personnel ‘

L

| ;1n1tiated a so:.l survey of the M D.: of Cardston Which

.3l'1ncluded the Del Bonita Plateau. l'fTh Plateau was

'"fadistinctive from the iyrrounding area on the Milk River f

i,Ridge in that 1t .‘s l'vela_ ck - horizons on the Plateau i

"'contained noticeably more carbonates than 'neighboring

(Tvsoils- on_ typically hummocky morainal landscapes butby

'?t otherw1se the 8011 morphologies were very similar.‘ibot‘ 3
”lsol;:\are c13581f1ed as Orthic Black chernozemics.gi”?iyf”rg

| l The loam textured parent material of the Del Bonitai;
.soil has been described by Stalker (1962) and the U s D A.;j

(1980) as alluvimm.n”Whether the ori”in,of thaceslluviuml{

‘agf‘has from the Rocky Mountains or ffiom Laurentide. tilla“:

St with the Cypross Hll:

‘f'remafned unanswered., Al"'hﬁthe 81milarities of this areafﬁ

suggested that the material couldf{

L. POV

... ‘v P



'?;be loess (Westgate 1968 Catto l§81)

*'%*1ﬁv During the routlne 5011 survey procedures when the

;*7d1stribution of different SOils in the area was mappedpy‘

.

'iffthese queries regarding the origin of the parent mé!erialsfl

\ ¥ N

;of the Del Bonita Plateau remained unanswered Thereforeiﬁ

' in 1983 this project was initiated in~ an attempt to;?
'f'prov1de some answers regarding the origin of the Delf

.’;; Bonfta surfic1al mater1als.iiSamples from the soils and73

'_"parent materials on the level landscapes positions of thel,
' Plateau wereé compared with somls developed on‘Laurentide}:,t_

'”till in the neighboring area of the Milk‘River Ridge.t The}-,'ﬂ

L N

:'fsamples were analyzed using detailed mineralogical andp

'Tphysical analytical procedures and their\similarities andlfiﬁf

"differences compared in order to determine thi’drigin;of,":

.-the Der'Bonita surface mate§ials.:; f:lv,‘at' ?3v“$\\g-

°



"fALBERTA SETTING o

viL ' Ve

~

- f’%‘ 'rhe ‘ Del Bonita Plateau and the associated area
| studied within this project are situated within the
'-_}_.Municmal\ District of Cardston in the southwest corner of

S the province of Alberta (Figure 1) The plateau is

ER approxixfately 20 000 hectares in size with the majority :"’;
o ‘:_L_}'occurring on the Canadian side of the International
Berder. | The remainder of the plateau extends south into
‘ ':the state of Montana._ 'I‘he area lies between 48°90" and
rf]49°1o'ﬁ north latitude ,and 112°2o' and 113500" west
: '_."_longitude..', The study area, on the Canadian side ot the
b»':border“ 1s in Township 1, _Ranges 21 and 22, west ot the k

4th meridian. S

T e L ) T - BTN A

'rhe plateau (where the hamlet of Del Bonita resides)
_ is approximately 80 km south of Lethbridge, 45 km southi"of

N
"Magrath and 40 km southeast from the .«_»own ot Cardston. :

L \..; -

| 'I'he cYpress Hills, B an area which wilI be referred to(

__-',“féeque ¢ ly, is approximately 200 km east-northeast ot Del

B f’~features R The ne westem ngﬁ'
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fplateaus in Montana. j;jj f;{;&auifol;a=”' R

forks '_' of the Milk River drain into the Hissouri-rf.""; :

X

to the south which dissects a series of unglaciated

'-'54' NI . TR . R AR
The study area‘ also includes the adjacent areaze

roughly wit\hin a2 Xm radiﬁs north‘-: and northwest ot the
'Del Bonita margin.- This is part of the nilk xiver Ridge

;where the elevation is greater than 1270 m abova sea level

(asl) Most of the Plateau is at 1300 masl with some S

‘outlying unglaciated areas at 1390 masl. f,{ijf;‘ e

RS

The Milk River Ridge forms part of the ccntinental
. .‘ n».‘
Divide separating south and eastwflowing riversl: The two S

;‘t‘KTMississippi river system which ultimatelY tlows into th‘

'iiifsulf of Mexico.: Just to the west ot the study area, the

d"o”riVers of " the Rpcky Mountain foothills, principally the

}‘t-the Hudson's Bay drainage network.,;.rg:d[i;,éng;;gfh»Lf“' '

L N TR

: ah;st. Mary,‘Belly and Waterton row northeastward and join,f}F

S gt

zvqtucumt snwa u EEE

~ ol

The study area occurs in'the Pescue G ass Ecoreqion:t




e

vegetation of the Fescue Grass Ecoregion, synonymous with
) the Festuca scabella Association recdgnized by Moss and
"'_';-_Campbell ( 19r47) ' ‘is _ dominated by rough fescue (Festuca

scabella) in the well drained landscape positions. : Under

Sy

,ideal conditions this lush grass forms large bunches or

/--;1_-_jtqsocks from 25 50 cm 54n diameter and 30-90 cm 1n height

forb species appear. On mOJ.ster north aspects, sh':"

o8 textpred parent materials fescue loses dominance‘ to Parry L

o temperatures such that t ;;.__.;_

_areas.

>

fMoss and Campbell 1947) Parry oatgrass (Danthogza parryi)

' is found in secondary amounts Within this ecosystem.

. \)

——

. Bl.ack soil zone (Brierley et al.v-. 1986) The native

As env1ronmental conditions change other grass a 'd

6

willow (Eldeagnus commutata) occur (Strong and I..eggat 1981)

Conversely on drier south aspect slopes , or coarser'

‘. ¥

e

k ; ‘oatgrass and speargrass (Stipa spp ) (Hoss and Campbell

.‘ i '\

o, ‘

V-

The ' climate is strongly influenced by the Rocky

= 1Mountain8 to the west.‘ Chinook winds moderate the winter

winters : are significantly

;EIte.bruary temperatu,res ﬁor th$8 ecch;eqion are the warme; t’ Q"

'_ such as buckbrush (Symphorlcarpos occident:alis) and ;.wolf , ‘

_’»1947) _ When overgrazed rough fescue is replaced with ;
i increaser species such as lupine (Lupinus argenteus), sage

l(Art:mesla spp ),' and sedges (Carex spp ) in depressional ﬁ

) ."milder than a true continental climate. 'I'he DecemUer to



'-TjLeggat 1981)

in the province because of?these“chinook winds,istrong andj

i:In.factl the wind blows incessantly in Ehisf

””nfarea with an average of only ftfteen ”calm" non-windy tlaya;*’i

tEﬂcgtper year recorded at the Lethbridge airport weatherm-:v

7"a”station (Environment Canada 1982)

The study area is w1thin the 2A(H) zonef”éh“ftﬁéﬁg~§

"V;nggroclimatic Map of Alberta (Bowser 1967). This zone isfjff

i‘ﬁhazard (Bowser 1967) This broad definition is supportedf

' v;i*by the climatic data availab}e for the area.,- AnnualiQf;

‘”Tf;c(Table I) The moisture~deficit balance,_f

'vftthe Alberta Agrometeorology Adviéory Conmi

b':;characterized by precipitation 1imiting crop growthj;ff

Al

'j;froughly 508 of the time and frost damage for wheat being &

l_'
o

:'prrecipitation is approximatelx;4oo mm on average and theforf

olfrost-free period is around 90-100 days (U swb.A. 1980)?fj5

._defined by*if{

.ne“(1986) forf

7;V{this portirn of the province is. apPrOngff"*”

»?;evapotzanspiration)

fthodology on thﬁf,ﬁ3

S S ' . S
.available climatic data n minus potential;};ﬂ
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_ The Del Bonita Plateau is in the Black Soil zone,.'b;_'r""‘
W.*'_'with Orthic Black Chernozemic bemg the typical soil._"."f”' |

Dark Brown soils are dominant immediately to the east and

to the north of the study area. 'l‘he surface Ah layer is

- generally 10 cm thick. under native vegetation and thei’

proceeds est of the Plateau concomitant with increased'] s

.gdepth to\ 1ime is between 30-40 cm. - The depth of Ah

organid’matter content and depth to 1ine increases as one{_'i; X

. t\

4'.,:'-“ precipitation. By contrast, Dark Brown soils are found in

the Lethbridge area despite receiving more precipietation"';: :'

RS I
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cu];tivated- - Wheat and barley are the dominant grainf,

and gxsazing of sheep and cattle on improved pastures.

‘ evaporation and a smaller moisture deficit and Bl.ack

w

'ﬁféf}

The majority of the Del Bonita Plateau is or has been;_l o
crops, while other areas are used for forage production"-

Areas adjacent to the Plateau that are hummocky and Bteep{:«,:--“"' :

are dominated by native range and are extensively grazedf.; "

PO

by cattle. e e

-;.:,-;~;-~~s5;_-¢n_-rf,aa,.u,-q;(‘>aps;»g,‘w

LaB;*PhYsiégrathféfiihéﬁsfﬁdz;afeiffffﬁ;fi{gﬂitf{*




-hf5,fextent of continenxal ice sheets (Dawson 1895flﬂl

'7;:Plateaua within the study area,.has been ident1

geologists (Calhoun 1906* Alden and Stebinger 1913, Alden.jﬂ:5

AR

1932-” ?rbérg 1954, Stalker 1962, Westgate 1968. Shetsen153”°

1980; Prest 1984)

The principal evide;\e indicatlng\ that the area:ffée

\

'thsurface material coarse fragment content and the overall
‘7Ajgranitic stones or fragments transported from the Canadian

r°°k fragme"ts 18 a key characterlst\/used to' trace the

/

’:;hf11965' Beaty 1975, Stalker 1977).{ !The surffcial material

on the m\lk River Ridge directly to the n"‘_ hofthe

':7itill of Laurentide origin, based on the presence of such

‘”,.granitic fragments (Alden 1913 and 1932, St lker 1962)

/ .
L

plateau is approx1mately 0 4%., It slopes down from the

‘T‘_ southwest to the northeast ;; away./from the Rbcky

Mountains,‘ Also present on the plateau are a series of

\

distinct asymmetrical valleys which run 1n approximately

the same direction as the overall plateau sIOpe.f Ehese¢

Lo "

Y o e
. CUe [ TR
. VS

‘&

J'is the surface form.. The area appears level (flat as a ;;*’

v‘ifefescaped glaciation 1s baseg upon ‘the, cohposition bf the_f”
ffna Surface fokm The surficial materials of the Platéau lack i[ff
14,Shield by Laurentide ice sheetst; The presence of these-.=~

"'"e'd r'_-ae'f S

’fhe other striking feature of the Del Bonita Plateau'z o

table top) to the naked eye.- 'rl}e overall slope °f the



In compar 189!'[‘,';

north, east and west of the Plateau',;are typical morainal_v:"

landscapes.

o'., g

from 5-20% characterize ~this area. ; o R &

‘.":, N South of the International Border, the Del Bonita./": o

| Pl fteau extends for approximately 3 kmo before a series o

preglacial erosione‘l Nvalleys terminate this remnant;_'j

pediment surface\ (Calhoun 1906. Alden 1913) Within';"-

Montana the unglaciated region ;extends e.a.st to Cutbank,;

Longitude 112°10' to 113,211' .‘"'_v'the west and south tojl

1at}tude 48°20' Till of cOrdilleran oriqin surrounds

s this recognized unglaciated erea to the west‘ and 'south"'o‘_ ’

L.

e _ g _
the International boundary. - East of 1ongitude 112°10' on_,;

both sides of the border, and west and ‘northv of the Dol{

_the surface form of :the region, to the-_,__ -

J,_jgummocky landforms with the elopes rangin‘!_}f{ -
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angular fragments._ This formation is restricted to the

eastern portion of the study area

Directly to the west,__ adjacent to and overlying the_
Bearpaw formation 1s the slightly yOunger aged Blood-s-""
_f-Reserve formation. Green (1972) recognized a: thin, north-

'*"»south orientated band of this dominantly sandstone’;_'._'_, :

-.11

| "_vcomposed formation in the study area. . The sandstone is:"-

: __medium grained light grey to buff grey :I.n color of marine:_:,__:_'-'_'}"_

"and non—marine origin. - .' . . - o(, '_ - oo
e The youngest and most extensive o'f the three bedrock-_-.j:‘j._-
types is the st. Mary formation, occurring on ‘the western__"
B -part of the-‘ study 'area. It is distinguished by
i bl'_"alternating 1ayers of sandstone and shales (Russel and".‘,'-.-.-'»'
" Landes 1940, Irish :1968; Green . 1972) . The sandstoneﬁ
: ."_layers are Prominent 35 they ar%sharder and more resistant}'?-j%'f-,"v}"i.v.
o to. weather:mg then thenon-marine greenish grey shales”“j’ .

B which are poorly bedded and friable

The Laurentide till north of the Del Bonita Plateau“';"»i":‘ ‘

zfis of early Wisconsin age (Alden 1913.‘ Horberg 1954',
| ,: -_ Westgate 1968 Stalker 1962 and 1977, Shetsen 1980) Thi’s"'-v"'_f','.v'_
'»material is of variable thickness usually greater tha'\ 5 m |

o where the’ surface form is undulating and hummocky, | butf__ N
i,;thinner on prominent bedrock ridges. | In certa'in lscations‘i.;'-- s

-f":' gravels of unknown origin are exposed beneath the till_

ol . o N »,._._‘.. ST .‘:__.‘“
3 e - B .
’.‘ . { S
g
LA




L f:‘overlying-""the‘ 'b‘e‘drocltv' These gravels are referred to as

RN v_saskatchewan gravels (Stalker 1962)

1,'1980)

A different sequence of surf1c1al materials 1s found;’._“""
- on the Del Bqnita Plateau.,f Directly above the bedrock isv'.:f'__'-;'
,approximately 6 xn of pink quart21t1c gravels, but» 'the',. :

of these‘gravels varies from 1 5 15 m (Shetsen»_i_

thickne s
These-?- gravels a,re of late Tertiary to early -

Y and are referred to as Flaxv:.lle gravels

"

< Pleistocene 2

( Calhoun 190

!

i Alden 1913, Horberg 195!4 stalker (1962) .

They are definitely of pre—W1sconsz.n .“origin (shetsen'_”.."
g'.1980) The source of these graVels has been traced toiﬂ.
'x:i quart21tic bedrock outcrops in the Rocky Mountains, in th\eb_‘,: |
.:':vstate of Montana (Collier and ThOm 1917, Dr A. Stalker :
'pers. comm 1982)l . ‘1‘.’_ ' lf\\ PR ‘. v
© 0ver1ying ti;ese "F;l'axVi'll'e gravels is ‘ar deposit
..of material of - unknown origin. The " average depth of thlS"‘>_"
: -i:material is. 2 m, but 1t ranges from 0 6 m across the'
'Plateau (Shetsen 1980,IBr1erley et al.. 1986) Surfic:.al“
-geologists have differe’d‘“ in opinion as to its origin. ‘An
alluvial origin has been suggested by se\eral (Wyatt et'.v"
‘al. 1939; Stalker 1962,‘ U.S.D.A. 1980) i Since otherf’

- _porti-ons “of the ‘ Flaxville; gravel plains -have been |

ovbrridden by glaciers a morainal origin has also been, -

‘:suggested (Alden 1913, Horberg 1954) More recently' the

o

‘ "' Dr.. A. Stalker, , GéOlogical- _S'u"rvey.o’f' Canada, Ottawa,



e .a_‘ Dr. I. %etsen, Alberta Resear%f' _

. A .

'. ‘material has been referred to as cryoturbated !.'l.\rvial--iT

"L{”eolian (Dr. I Shetsen pers. comm 1982)2 ,i,p%f//;ﬂf':':'h

This material OVerlying the Flaxville g

ERRSSSIRLNS —

. JDel Bonita Plateau has received little//;ttention tromW;pl
_Y‘The maJority of the literatpré is concerned with the-.;» g
_~._.'loccurrence of remnant erosxonal plains and the °rigin of»"'”'

"__.Lthe Flaxv111e gravels.' However, the surficial material. S

',_-'extensively studied by Westgate (1968) and Catto (1981 and e

els on the ' .

_'l;fsurficial geoloqists (Dr. .vStalker pers. comm 1983)3 ROFUE

f.capping the gravels on’ the Cypress | Hills has been‘

v1983). From their research they have postulated that the*‘_f.

»"material on the Cypress Hills is loess. Since there are»‘
landform .and surficial material similarities between thef'
"- Del Bonita Plateau and the Cypress Hills, it would appearg'-“'f' S

at the material overlying the Flaxville gravels on the-i

o Plateau is laess, as well.,ﬁ

glberta o -

Lok

o [N L
AR

‘, Bdmonton, - -‘
» B 'f%lker. Gﬂological Surveyﬂ’ot Canada, Ottawa, b



- CCHAPTER IiI. LITERATURE REVIEW
U R R -
L Al ;G’ecmo_fph'ic*" Hlstory v"
l;iiﬁtroduCtiOn.ﬁ;_v_ ilxsf e fffg,;ifﬁ"yft;“gﬂd o

The Del Bonita Plateau is a’ remnant er051onal surface‘?gf

B ’which has been preserved since the pre-Wisconsin period
o

because of several coinc1dental factors.~7 The principal;_yg

fa°t°r is. its geographic location.:f§ The Btudy areajmff

straddles the east-west cdntinental Divide 'of North;fau

America._ This has preserved the whole of the Milk Riverf?fi

Ry

Ridge from extensive fluv1a1 er051on..A1den and Stebinger@fff

(1913) also noted that because the Milk River drainageidpf

system drains the Milk River Ridge and associated Del

Bonita Plateau, this uplaﬁddarea has remained relatively;f_,

”;i:‘unaffected ' by fluvial erosive ' proqgsses f_slnce?"'

'::vdeglaciation; E'j"g

‘ i 2..Blackfoot Peneplain and associated benches

'_ The sequence of events leading to the present form of~f‘:

1 the Del Bonita Plateau begins with the formation of the?f»p

Blackfoot“peneplain, originally described by Willis (1902) R

T “reported in Alden and Stebinggr (1913) | Willis' originalg:i

- — —

_concept of the Blacl(foot peneplain was a plane surface

_formed-of flat-lying Cretaceous and Tertiary beds of rockgfﬁ*

lﬁ_in the zone of folding and faulting bordering the mountain[ f

‘ffront in Montana. This plane surface was thought to have o

16



o f:wformed in the early Tertiary 'soﬁ
””Jjantecedent to the Lewis«overthrust.J ;Q“»f”“ o SR
HITTQhA1&Zn and stebinger (1913) considered the Bleckfoot

i[ihpen;glain surfece almost non-existent in southern Alberta.fﬁﬂi

‘7:7f_They-confined the use of the term “Blackfoot peneplain" to

’vd:the highest benches ekisting in Glacier Pamk in Montana.qﬁu,i;

*f‘surfaces (Collier and Thom 1917)f’f}ighfﬁf“fmf"

“ff'HThe No. 0 bench which is alsfl

"ffThis age was determined from tossils tound bY 099‘ ($891).,
'fursported in collier and Thomf(1917) and "G'tgatfiif.ﬂ )

‘lower levels, Alden « 1932) developed e widely accepted'

'TCCOllier and Thom (1917) findings., These are still widely’
‘i;accepted Horberq (1954) summarized and correlated theseg}fj
i"associated benches to geographic locations in southernff}i
" ‘Alberta. . Four' benches and Athe;r approximate ages areiﬁf@

*Erecognized and collectively ref:ired to as the Flaxvdllefﬁ-i

: {

eBlackfoot peneplain term to such elevated:,plateaus atff?;

T'chronological sequence of benches or plateaus based uponfff:

No. 3 bench ffl? 4'o*5f;f;fi5fé- Pleistocenﬂiﬁff
| N°° 2 bench al?;“rlﬂﬂéilﬂ;;Early Pleistoceneff‘Q
lf-irf“ N°-;1 bench (Flaxvillel }Pliocene fflﬁﬂlnv“xﬁ'j

' ffi},_ No. 0 bench (Cypress Plain) Oligocene

reterred to au the Cypre"'”'c

%




flowed from the Rocky Hountains out onto the plains.

Examples of this oldest bench are the cypress Hills of o
o southeastern Alberta and Flattop Mountgun near the St.‘:».._,.
o Mary Lakes in Montana., The elevation of the Cypress Rillsi'

is between 1441 n (4800 ft) and 1111 m (3700 ft) above seafﬂff

'#

1s closer to the Rocky Mbuntains is at an elevation of;jf;

2492 m- (8300 ft) above sea level lHorberg 1954)

,‘7j- level sloping from west to east.. Flattop Mountain whichii;n

The next oldest plain is the Flaxville Plain qr No..l‘

bench, believedltofbe of Miocene or early Pliocene age.55k*

The age is based;upon vertebrate remains recovered from'e;'m

(1968) places the Flaxville Plain 210 300 m (700 1000 ft)?:'

below the Cypress Plain in northeastern uontana, but up tog ‘qf

in southwestern Alberté*this second bench is thought to beff:”

represented by the flat surface on Makowan Butte which isvf:fl

[

level (Horberg 1954) In northwestern Montana remnants off,f;“
the Flaxville plain are on Lee Ridge and other areas with,cnfe
7‘ corresponding elevations.,_ The flattish summit areas*

within the Milk River Ridge at elevations above 1381 .o

s the gravels (Collier and whom 1917 Alden 1932)’: westgate7”'
- 450 m (1500 ft) ‘lower near the Rocky Mountains.” Therefore G

- at an elevation of 1711-1801 m (5700-5-6000 ) above sea

(4600 ft) are believed to be a portion of the Flaxvilleﬂ

Plain (Horberg 1954) However;, this area has beenhlff{

complicates the correlation (Brierley et al. 1986)

\ intermittently covered with morainal drift material whichi::f.



: extensively preserved. It occurs atf‘ elevat.ions between'f_*‘

| ”*9_31652 1251 n (5500-4200 ft) and lies apprcximatelYflso mi

_1954) Near the Rocky Mountains the No. . 2 bench*' 'is/

Th No.v.-;. ,.'2 bench B o:

early Pleistocene

,.(500 ft) above the present drainage systems : (Horberq
S : .

':iroughly 9o n (300_£t) below the Flaxville ffain.but to*the_A

L ";east the difference between the two peneplains increaseﬂi’%{.é’.‘?i

“':i7to between 150-180 o (soo-soo ft) (Westqate f968).fa

In southwestern Q;Alberta the No, : 2 ben ¢h may.‘-l." AN

rva}ley floor remnants at :1500 m (5000

e ’ft) on the west side of Waterton Lake, and on CIoudy Ridge-,f.":'_f'_.‘

5‘"{ ‘_at an elovation of between 1562-1652 m (5200 5500 tt)f',_;vv

e-above sea level. These areas are covered with drift which':"_ - :
makes jtermination | of bedrock elevﬁtiOn uncertain.

; on the Milk River Ridge the unglaciated area betweenrv;

(Horberg 1954) . .. . o s

lthe North and South forks of the Milkgiver, called the:"'

Del Bonita Plateau, is equivalent to the No.'ﬂ"

masking the recthizable features‘ principally-_;;_ h, lev e1' o

E bench.:-j’l .

'_"'.,=(A1den 1932) Further to the east correspondiﬂg P°rt1°n’h.-:"l‘{.”

«‘f“of this remnant surface are overlain with drit}: i aqain{{.i;




".“, Lo e’ oe

Th last ‘ set 9.1.' v";b‘e!i@hes Br 1t¢ 8%

&

‘ol _”.' "anothe; stage ,of downcuttinq %y': the streams goliowe

1t i'epresents broad valley bottoms : of :str’eams which;
Adissected the No.“ 2 bench (Westgate 1968) . The deposition_'; \
of quartzitic gravels on this bench ceased when the rivers B
.' ’were blocked by advancing Laurentide ice shee‘ts (Westgate'j a

: '1968) Horberg (1954) recognized the same discrete ﬁo.

-"vbench remnant as’ Alden (1932).»-:_ This bench occurs along: —'
Lf"the North and Mi le (now called the South) forks of the:*»"'
| "Milk Rive;:, south of the Internatio\nal border in luontana.'-_: '
: ' North of the border, in. southwestern Alberta the only - "f.i:
o -,Iemains of the No. 3 bench are beneath till. These areas .
T are distinguished by the presence of quartzitic gravelsf
underi‘ying till. L The gravels in such/ situaticns are:ill.

T referred to as Saskatchewan gravels (Horberg 1952' Stalker;'v '
1968 Westgate 1968) P

\ The term "Saskatchewan sands and gravels" has been e

g used to describe the deposits which wore 1aid down by the

last series of preglacial rivers, prior to'the Quaternary .
glaciation.»‘_-'_ 'rhe gravels deposited on. the upper, older' v -

benches (ie. No. '- 0 1 2) may not be referred to as.j-'-' i

Saskatchewan gravels (Stalker 1968) Wever confusion in Ty

e
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| % £

'-"a Early Visconlin )
L S o f'..»”Sangamon

applying the term does} :_exist.v;'v

the majority of gravels which underlie_ Laurentide(morai .'al ;

material and overlie bedrock

and correlation to the Blackfoot peneplain sequénce of'-"- b

benches. 5 ’f'.f.? "- '

3 Glacial History of the Study Area ‘ -

R

Generally it ftis apglied_ o]

irrespective of ei.evation'b_'".f"_"

"4,

B 'I'h,e landscapes ', ot l‘ southwestern Alberta and

northwestern Montana have been modified by a sequence ot’f"- i

'glacial advances during the Pleistocene epoch. _ These

7

| _.'_vglaci_ers were of cOrdilleran and Laurentide origin. C:Fov.xr-'}-v-f-

¢
g

e

' clacial ~ -.'Interglscial
P _Recent

mdd'ia Wisconsin .

Iuinoian R
xpnun ,. oe 8

Nebraskan

America. The terminology and approximate ages or thege;
8 events are.given in 'rable 11.:, i ’; R SRR

Yarnouthian -

'~ (from ﬁfa'r#'ison?1_9,7‘51;'14::)': S T

" ;major advances with associated warmer interglacial periods-.,‘}v,ff

during the Pleistocene have heen recognized tor 'North»

LT T ‘._‘

’ :_?Ljal_)_le II. -P1eistocene .Giaciations_in'-ﬁorth- ijie,_zji‘(:#” RO

Age (thouundo of yrc)
.‘-'pteunt R

A8 235.~ Sl
e 375:.)-.,,1
L ‘, )

‘& v




Laurentide or cOrdilleran glaciers did not OVerride J‘

thé Del Bonita Plateau prior to the wisconsin ice age.;-. g

-..:gPre-w&.sconsin aged Cordilleran ice sheets have been traced","’

'i'Vj on to‘the plains up to 80 km (50 miles) east of the Rocky,_f};« i

o .‘nountains, on the Canadian side of the border (Stalker Ea

1962, Harrison 1976) vThis " oldest Cordilleranw till':‘_'_'

deposir: found in southern Al&rta is referred to as’_"
& "Albertan till" and was originally described by Dawson' .'
| (1895) ' Exposures of this till are evident where\ burial.'_

cr erosion by successive mountain ice sheets was not too- ;

: GXtel'XSive. the marginal areas of later glac&tionsf. g

: (Stﬁlker 1963) ;' on - the plains the Albertan till is.*-'

overlain by a Laurentide till which is of Kansan (Harrison_f‘ o

-1976’) oQ»Il/i)noian (Rut&er 1984) age. _The continen;al ice"""».

._;sheet responsible for this Labuma till a_gvanced into the

Rocky Mountain foothills to elevations of 1500-1652 mf'. '

. (5000~ 5500 ft) (Harrison 1976) | On the Hilk River Ridge.,-' v

' "'-along the south fork of the Milk River, (Twp l Rge 19),

S : outcrops of Labuma till have been recognize'd beneath more; -

"“-""»r“""t 9e°1°gi° deposits (Dr. A. stalker -and Dr. R

‘.-.Barendregt bers. comm 1983)4 : 9‘“’

Alden and Stebinger (1913) traced pte-Wisconsin aged.b

, extensions of mountain glaciers as far9 east as the St._;'."'

' Mary Ridge in Montana. 'rhe till here described by Aldeni >

T Dr. A, stalker, Geological Survey of Canada, ottawa,
“Ontario.’ "Dr.; R. Barendredt, Dept. of Geography,”

. University of Lethbridge, Bethbridge, Alberta.,-.

N . "‘ * "



Calhoun (1906) depicted the maximum ice sheet position'.‘

(pers . comm

from the | descriptions i the

the study area...,, "

'I'he position of %e maximum Laurentide ice margin - 'l
during the wisconsin glac ation is well agrped upon by the

many surgicial geologists who have worked in the. area.t .

(Figure 2) Alden s (1932),-Stalker'h (1962) or Prest'
”'(1984) demarcation does not differ significantly from
Calhoaun's original map. During the course ot the 1

Agriculture Canada soil survey in the H.D. ot Cardston,

‘ numerous inquctions of;,, materials were reoorded in the s

: . J - .’ L P
o while the surrounding area (except., dire_ f-ly tof-the north)

occurrence of soils developed on Laurentide ’till closely \\

correspond with Calhoun 8 1906 representation (Brierley et

al. 1986) The Del Bonita Plateau stood out as a nunatak/\

was beneath the wisconsin aged Laure. tide j:j,c, ,h‘ .t_j_ \
(Westgate 1968. Shetsen 1980) 4 '_-:'-il' ., _ :

an. . Kerlstrom, Dept. oflceogh'ephy,
University, Arizone.--_‘; S




R surficial-w---

example, stalker (1977) and ReevesE ' (1973) place the"}"-'"

southern limit 40 km north '.'~para11e1 to Etzikom Coulee-’--"_”

_-':'near Lethbridge.‘__._-; Howeve'j_

other research.ers, Westgate =

_(1068), She;sen (1980), and Hickelson et al (1983), opposef},‘t”?’

"',"-j'placing CIassical Wisconsin ice margin so far north since"

"there is -no. firm chronologic or stratigraphic evidence forf}_

Stalker's ice margin - position. . Also there are no';,-.,

""'iff'morphelc’qical dlfferences in the appearance of hummocky' o

moraines or river va;leys South of Stalker s ice margin to.

"",g:-indicate a difference in landscape maturity (Shetsen 1980, -

“';»“_'and concurred by G.. Richmond pers comm reported by Rutter_‘{_' '. :

1984) Catto s (1981) research around the Cypress Hills, )

"",-dates the southern limit of glaciation as "pre-late"'-_"_"' :

L ;_-wisconsin Dr more than 39,000 years B P. ‘ Discrepancies in‘ o

N
'eologist's Opinions exist with respect to what

_-how, and Qhen glaciers moved in ’southern Allierta,_'_f

'.especially relative to the vicmity of the Milk River

e

"Ridge and the ,Del Bonita Plateau. S

F°1' ﬂle Purnose ot this px;dject the actual ?osition'. - .

':, -v.of the classical Wisconsin ice sheet is not crucial, ‘- The"_’

‘southern limit of the Laurentide glacier relative to the‘_ |

| ,Del Bonita Plateau is of more importance..l 'rhe fact that‘-" iR

.. the Del Bonita Plateau was not glaciated is agreed upon,_'

ant this is of pa@mou‘t importance, 'I‘here is o xtens 1ve.7" R

’ :.agreement amongst the numerous surficial geologists who:‘_‘

-

have worked in southern Alberta and neighbori?ig areas, B

R

o



i ._-:regarding:vithi conclusion. »» 'sO whether glacierﬁ retreated

/(Pye 1984) U

':"lthroughout the world,.‘ with}‘i'_ 1arge areal extents"": in‘ Chin

B "-'.F'Central Asia, Nort.hern Europe, . and\ North America.', o
t~‘ ':"'.:.'North Amarica the 1argest loessial plains ar associaé'dii}'
o flf'with the Missouri River drainage system :Ln/ the south.-._
: j'central States (Chorley et al. 1984) ' f -

o ‘:deposits are currently bei])g mapped by Dr."' i

ftﬁers. comm 1984)6 Presentiy, reccgnized loess deposits

g ‘-_ f"area, some of which have heen described 'previout:[y,

| »‘tf“g Dr. I. Snalley, Dapt. of Barth Sciences, U
Waterloo,{Ontario.c R e




origin, characteristics, and 1dent1f1cation techniques for
lo!bs material will be con51dered.. .

'uléfTheories'of~Loess.origin: ;

The definition of" loess often 1ncludes 1ts origin

bFor example,- the Glossary of Geology (1972) describes

ijzloess as "w1ndblown dust of Pleistocene age, carried from H_g;

e

ldesert surfaces, alluv1al valleys and outwash plains lying

j south of _the limits ?off the 'ice sheets, or from'ﬁ

o unconsolidated glac1aL&or glac10fluv1al deposits uncovereé

by successxve glac1a1 recessions but prior to invaSion byfv E

\. . . . N . : N LI

a,vegrﬁation mat" (Gary et al 1972 416)
R 4

The- association oleoess deposits w1th the presencet
lof_iPleistocene ;ice sheets has been long recognized J;7>
. Hardcastle“(IBQG), as reported by Smalley (1983), statesii:'
'h"no other agent than ‘ice could have produced so great a}r‘i

‘?iquantity of such fine material" (Smalley 1983 482) he,"

fine~fater1al referred to lS glac1ally produced r0ck mealp SRR

h

GO

‘present w1thin mora}hal deposxts.p; ThlS material ishb

\ M]ufurther' concentrated by fluv1a1 #é’ioh aSSOCIated ‘w1th.'

}‘

ﬁ'f1°°dplalns.- Upon desiccation, thl
easily carried by wind currents (%falley 1983) Similarly’[ﬁi7
-chamberlain (1897), quoted by Sf;th (1942), expands upon; fﬁh

"}Hardcastle 8 original ide by oﬂ,cribing "the developmenty

§

»dugt like materia! is.rf'*:

, of ekten51ve flats over whi»t glacial 51lts were spread'ﬁlﬂf

B

"y- during ‘the qreat. periodi,m--



caused by periods of .warm weather in the melting"....""'
o 'season...i". (Smith 1942 141) ; He continues to state that
'-after waters had retreated the extensive silt-covered'." -
: jplates would becoma exposed to the sweeping influence of
‘.:‘_the w1nd and when they had dried the, silt would be- borne"

in great quantities over the adjoining uplands (Smith~

'.1942) : The' derivation of loess deposits involving.,:

_\katabatic Winds from retreating ice sheets blowing over

_'vextensive glac1of1uvia1 outwash plains during tlu

: Pleistocene, is a wide].y accepted scenario (Bryan 1943°

Hobbs 1947, Wascher et al 194”“7:'_,Franzme_ier -3.97_0_., Chorl_ey

et 7a1 1984)

In North America v examination : ’cf loess deposits-i

..support this hypothe81s . 'rhe majority of ethe loess’,{--i"’.

| _depos:Lts ‘in. the eastern part of the Great Plains and.j-'”;“

.‘_"_MJ.SS].SSippl Valley are between 25 000-13 000 years old, as 3

: determined 'by.? '. c“ radiocarbon dating This ge ﬁ'

' -‘corresponds with the retreat of the Wisconsin ice sheets__f'..

(Pye 1984) | Also there is a high correlation betweenaf_' -
.. ‘loess depos:.ts and rivers which carried glacial meltwater..““f_

‘;For example, the Peorian loess deposits of the eastern

- Great Plains and Mississippi Valley originated from the“.'f*';-“‘-

reworking of coarse textured river 7oodp1ain sediments byf'j’.
northwesterly winds (Wascher et al. 1947.‘., Pye 1984) i. '
_Similarly, the loess deposits on the Cypress Hille have f-g;ﬂ;":'f-"_'--

"been correlated with the retreat oi' the Wisconsin ice";‘-?‘.f;_'-_.j‘.‘




-

i”sheet from south eastern Alberta (Westgate 1968 Jungeriusﬁj~'

.-1969, Catto 1981) - There 1s some dispute that glacialhg
“"'grinding may not be the sole contributor to producing silt' ' .

“‘nvsized quartz grains, an important component of loeSSs Pye'

o (1984) reports that processes ‘such as wetting and drying,f

.salt weathering and eolian abras1on all produce 511t 81zed‘

7

;grains.' However, 51nce the majority of the world's loess

4

1.'deposits are associated with ‘the margins of ice sheets and

'bflood plains ’of g1a01al meltwater -channels,. glacial-vl,;

fgrinding is widely accepted as the chief agent producing' iTI

»‘s11t (Smalley 1966; Chorley et al 1984)

-

: Therefore an origin for loess that involves glac1ers,

| 7ﬂglaéiofluv1al activity and. wind is the widely accepted_

e theory for explaining the occurrence of the world's loess'

vdeposits (Smlth 1942, Smailey 1966, Pye 1984).

Y

L é;qharaCteristics‘offLoess"

. Loess is typically a well sorted non *stratified

"Abuff colored non indurated material (Lewis et al.,1975, L

',Pye 1984) The word loess comes from the German words

l ©w

‘1oss or. losch meaning loose (Gary et al. 1972) mnetl_

’material is stable (able ‘to stand as vertical sections)ﬁ

C e

'f.when dry, put quickly loses 1ts internal shear strength:~

Lwhen moistened. Classically, loess consists o;{ 50-80%‘v

. silt 51zed particles and contains less thah 10% clay sized.uf Eh



a8

f“particles.{ The median grain size is in the range o! 20-40

"f;nm (or ‘5. 75 -4 60 phi) and the distribution is positively’Lf- "

o "skewed (Chorley et al. 1984, Pye 1984) Typical loess has ;if

1 : . N

) a ‘bulk density of 1. 5 -2.0: g cm pye 19a4) ’} : e

other txges of loess have been characterized on thef

- ;basis of texture and deposition, If there is: more than

;20% sand sized. grains then loess ,is defined‘ as "sandy ;;'”

filoess"f” COnversely Loess with nore than 20% clay in thef o

-imaterial,.is described as x"clayey loess"-J; The term,‘[f~'

"reworked loess" is applied to 1oess that has been eroded;gf‘

; and redeposited through fluvial and colluvial prooessesQ¢I
4“then lacustrine and Tluvial material have-been mixed with*“

. e . !
; ,loessial material -'sediﬁents may be neterred to"

'sf‘vloessoid deposits“ (Pye 1984) Deposits ofeloess alteredf

f‘by weathering or pedoqenic Processes are called “weatheredhf'

_loess" ' In these deposits, the homogeneity<of the loesscp

. ‘-'!'

’_.ma‘iteria], may “be \m“ked” bY thé , presence \of clay"-' S

‘_aCCumulations (Rutledge et al 1975a.¢'”\

: . v sl g : B e

Another feature of loess deposits noted by numerous,_ii

AN

”‘researchers is the change of particle size and thicknesst"fr

;

*.with increasing distance from the source area (Smith 1942;i>“3’3

3§

c,:swineford et a1. 1943, Frazee et ai 1970; Rutledge et al'f"'iﬁf

e : o
: 1975a, Lewis et al. 1975, Souster gt ai 1977: cattok v

1981) The mean particle size or loess nateriai deoreades

‘c, with the log of the distance from the qource. 42)




;actions. ,t Fine and medium silt:"

»,.~f' al 197o,~Rut1edqe et‘al 1975a, Lewis et al “1975; SOuster
. et al 1977) The coarse silt sized fraction generally’_

decreases with distance in accordance with very fine sand_'

'1975) however, Souster et al (1977) found that the amount:'

'?of coarse silt did not alter 51gnif1cant1y with distancei“'

from the source..V o U e __[, S

: The thickness of the loessial deposits decreasesh

‘

f'according ‘to the log of the increasing distance from the‘
1source (Smith 1942; Frazee et al. 1970,.Souster et a1.-"
A1977) Therefore the rate of decrease 1s not constant

Near the' source area the loess dep051t decreases in

..trend 'is established with increa81ng distance (Frazee et

»f.et al, 4977)

'(Frazee et al.—1970°nRut1edge et al. 1975a. Lewis et al.T';in

'fthickness at a rapid rate until a steady state thinning',;-7

; a1.,197o, ‘Souster et al. 1977; Catto 1983) " Research dnl

, southern~ Saskatchewan indicated that the loess depositénh3f
decreased in thickness from 80 to 45 cm. over a distance ofﬁ‘;yﬁ
'50 km (These values are based upon: the regression equationd:;:;

Y-so 3 20 Zlogx with an r value equal to -0 85) (Souster; j‘i



fhe interrelationship between thickness and sortinq

e O
of loessial deposits is a function of wind velocity.-”l»;fn_%}
wind velocity dissipates with disq?nce, coarse particles |

: T¥§§ drop out resulting in a decrease in median grain size but

f an 1ncrease in the degree of sorting within the depogit._,.,

v’.~o‘.

Also, as the—distance fron the source area increases the

f:"purer" fractionated loess deposits become thinner (Frazee

et al. 1970, Catt§%l9837
3. -I’aent.m;.ca.t-i‘on... chnis

l_ Identification of~r _'s.is based upon the assessment
of physical and mineralogical properties of the material

Zvin addition to recorded field characteristics (Price et

( al. 1975) Particle size analysis is the most important
- and widely acoepted procedure (Smith 1942. Lewis et al.
1904) . other diagnostic procedures invoive determlnation
':.of the mineralogical composition of the sand :silt,vand

- 'f,clay fractions hy heavy Iliquid separations and x-ray

. diffraction (Westghte 1968.-Rut1edge et al. 1975b).~ Ths

,Escanninq ‘eiectron microscope has also been employed 50

"characterize the surface morphology of sand and silt sized
o particles (Krinsley and Doornkamp 1973) The results from :
-yfthese ﬂrocedures are compared with similar values obtainsd‘ﬁfﬁ;
V:for other parent “ﬂgterials ot ditterent depositional

i modes.: Therefore, loess is identitied by means of

. - . . : B B N . . . e L e LRI "A‘ v R -




"“"_,"v.-eliminating the alternatives. 2 RS "," B

" particles. - From th ‘ _e, median grain sizes,»_ skewness, and

‘ .

- "order to remove pedogenic influences (Rutledge et al.'-

AY .

’['._,.'deduction/‘induction, piecing together the evidence and L

i'_"'/’,Th' results of particle o "‘s'ize" analysz.s may be

RIS

curves, and histograms'are more commonly used to indicate i

.b sorting indices for the deposit are determined (Smith

1942, , Folk and Ward 1957. Catto 1983; Pye 1984)

-

Different transformation techniques are also employed in

v“1974a) For example, in situations where the formation of ’
fa Bt horizon has masked the homogeneity of the material

v 'particle size distributions are represented on a, dlay free

| ‘.fexpreséed in various ways._,.‘Graphs, cumulative frequency :

’ "the percent distrib' ion of sand silt and clay—siaed

LA

ibasis (sand and’ silt added tOgether éhuals 100%)%' This,(."

.(Barnhisel et al. 1971. Rutledge et al 1975a)

S fractions is another tool used for deducing the origin of .

o

The identification of components within certain. i

. Cypress Hills is loess. Sixﬁi&rly the ratio of quartz -to

'transformation allows for testing the uniformity\of parent S

materials when pedogenesis has complicated the situation:;.i‘

a deposit ’ Westgate (1968) used the presence /absence_‘i“_i"- . b_
» u'.relationship of specific minerals within the heavy mineral_v. |

o fraction to conclusively state that the material on thev- K

.feldspar within the light mineral fraction is a useful.;‘-"'.:



parameter for distinguishing paI-ent materials (Price Qt:_.‘;j_'...v-v,-:'?;t

-,'.',‘_-__'_q]_, 1975) x-ray diffractio

analysis ot the leg

““fraction may be used in a simil fashion (Rutledge et al. S

":",.'_'_v;'1975b) although weatherinq due to pedogenic processes may, A

.".‘complicate the interpretation. S

- ” ' The description Of quartz sand and silt sized grain.‘__’:;"“ |

surfaces using the scanning electron microscope (SEH) hag s

_proven useful in determining the mode of depositional

- ';history Numerous researchers (Smalley and Cabrefra 1970, IR

- Brown 1973,_ Krinsley and Doornkamp 1973,‘ Whalley and”l’-\'."':pi,"

' Krinsley 1?'“: Bull 1981 —Hill and Nadeau 1984) have{ g

; ,'ffapplied this procedure. .. The description et surface':.7:_‘-'5':‘-4;",

o : ;textures is based upon the fact that transportation ‘a”d; :

depos? on . processes _ result in characteristic surface

- ‘-,textures (Brown 1973) ' since no single fsature may be‘iﬂ;“

'diagnostic of a depositionql environment, a series of

‘vfeatures must be used to'] dexelop xa CI“B)iﬁcation_f;‘-'

| / LRSI :..
_(Krinsley and Doornkamp 19‘73° Bull 1981. Hill and Nadeau._"-- R

G

\ ')'

} 1984-). . For example, surface sand grain features sucp a,

. ..oonchoidal fractures, arc shaped steps, and high relief : :.':

are considered glacial in origin. . On the other hand,.’"-z :

;‘A_aeolian grains '; have upturned plates, i dish shap‘d,ﬁj._‘._‘,:.-"._—,:_:

- 'concavities, low relief and are Q‘enerally more rounded in .

';_".appearanbe (Krinsley and Doornkamp 1973; Bull 1981) By o

B 'recording the presence or absence of characteristic

.‘.‘_‘“
-



'.‘surface features for a number of grains per sa}nple,

different parent materials may b recognized

S 'rhls sEM met'hod of ana' ysis is. subjective sincei

) vis‘ual interpretation and ind1v1dual bias is involved. :
,; A2

However, when Culver , al. (1983 136) compared eight

’ sgmples analyzed by five scanning electro& mivcroscopists, o
they found that " SEM analys:Ls of quartz grain surface o
(3” textures appears to bec- a reliable and statistically valid
g '_A means of discriminating between samples from different B

environments" St

A : The identification of loessial material from other*_
ﬁrent material using present procedures is not a cleanﬂ._(
. cut }process. | ‘_ The," } ev1dence gathered from _, field.-v‘ ,
obséx\rations must be combined\ w1th laboratory analysis in’
order to build a tight case when an . unknown material may‘
’ K \

be l’oess (Price et ‘al.‘~ 1975) -'»:No' °ne mode : 'of’f"i L

?

‘idenltification solves _the mystery when such a puzzle'

Cextsts, o
c Vpériéiac':ia_li_.Features o ,
e ey
vlll,_..ffI'_ntroduction'» Ly - \
. Péwé "(I969) stated that a. precise definition of& the L
Yo iy

f".term "periglacial" has yet to be universally accepted.,‘ B
Originally, Lozinski 1909 (as reported by Washburn 1973) |

.i&troduced the term to deQignat‘e "the climate and the



| climatically : controlled features o adjacent | the'dbl%”

Pleistocene 'Ticeﬁ sheets" (Washburn 1973 1) ‘*”théf;fff?

,."

> definition is too confining since periglaciai environments“ﬁff@.

_'exist today, irrespective of age or proximity t° glaciergj;-7:”

(Washburn 1973) In 1942 Sharpe (as reported by Schaefer’” :
1949) characterized a periglacial environment as one wit;:,
“1ow temperatures, strong winds and nany fluctuations7 e
across the freezin point at certain seasono" (Schaefer;*‘
1949 155) ' Nowadays,_the tdrm»"periglaeial“ is applied to‘5;
environments where- frost action is the doninant procesa,j

(Gary et al. 1972) v At first this appears ambiguous until,_i
the,definitiOn of frost action is considered.;

o

Frost action is "the mechanical weathering process

@ i

:5 caused by alternate or. repeated freezing and thawinq of}“ﬁfi
g;_'water in pores, cracks and other openings usually at the‘f.éfﬂ

4 surface" (Gary et al 1972 280) Frost action encompasses3-:4a

frost heaving, frost wedging and frost sorting which arefﬁfﬂf

the result of freezing and thawing cycles._ The intensity tqui

g of frost action processes are a’ function of the amplitude"?ygf.

__i of the temperature range and duration (Berg 1969; wa'thrniy{_;ﬁ

within periglacial environments, is a reflection offf

’ -t climate which in turn may be controlled by nunerousﬂi~ﬁif

' factors such.as latitude, altitude and qlobal Ice Agos.,-,




»

of periglacial acti 1ty and the sL

‘ Montana. Me rs (1981) found fossil wedges 650 km south ot;i';_

casts, involutions and associate

The Del Bonita Plateau was a‘g nunatak during the:.i

Wisconsin Ice Age (Westgate 1968) v therefore the area must»"""

have been sub;ected : to: Perlglacial environmental, e
| . ' S | N
conditions. a Relict v features within the ' surfic1aL. :

materials ‘on the ‘Riateau are present They are a product'
< .

sequent amelioration of o
the climate._ Of principal i;:tgr st are the ice wedgew‘i. |
| ¢ cam:ium %arbonate_ o
concentrations, _' ;the distribution . 'o gravel sized ‘.;
quartzitic coarse fragments throughout the upper surface
material as well as the asymmetric valleys. Thef theories o
of their formation are considered in this section
2.;;'Ice V'Wedge,Casts - SRR my“p

’ Ice wedge casts or fossil ice wedges are reliable

indicators of relict periglacial environments in present- o

day temperate 1atitudes (Péwé 1973) In North America'j"

‘many' fossi wedges have been described in the area'f";'-..:""

bordering t e southern limit of Wisconsin ice sheets._-,,'jg‘_-'

Schaefer (1 49) described periglacial features in central j.".'é'_

the Laurentfl.de ice sheet margins in the Rocky Hountains :a;_
Wyoming. f[ce wedge casts hawe also been discovered ‘r o
.o’:) ) :

glaciated areas. Westgate and Bayrock (1964) and Berg;'v;"‘: 5
. (1969) . deEcribed fossil wedges f found within - theﬁsf -

Saskatchewdn ‘ gravel_’ | underneath Laurentide | til,l ot



: i Origin of Ice Wedges

'.

R northern hemisphere°' Péwé (1969)

wisconsin age near Bdmonton, Alberta\ mmercus ice wedge

casts have been dee\cribed by geol ‘

e ey e il

(1959) and French (197‘5) in nor'thern

U : . R ./__ : A

' Ice wedge casts are "filled in'* ice wedges. “rc

understand their férmatiqn the develop ent ‘of- ice wedges; o

¥

must be a understggd as well. _3_‘ mectlanism and .

e

. ists all ‘over the.;l
n Alaska, | Johnseon;,-,
B r‘?Pa.r-_-'andi_Kq_s_tyaey- T
(1969) for example. SR -f, R \ R S ‘

: significance of the hubsequent fossilization of the ice

wedge then beccmea apparent o '9

(g}* ‘- . W P ,V : . . . R

x4

5

Ice@},wedges are wedge-shaped accmnulations of ground‘_' SR

A

ice which are vertical].y orientated, _t'_e apices downward.‘ :

"ive ice wedgee are present-day feat i res restricted to' :

I.eftingwal (1915) e

in the snow cover,'_.



..:-

layer., The cracks were usually several millimeters wide;fﬂﬂ;

'rhe "contraction theory" is based upon the linear

'Qdifferent materials."Ice has a value ‘of 50x10'5/°c whiie'

8.

of 10 °c, a 10 m long blocx of ice would shrink in 1ength;'akv

_*by 5 mm ) Under the same conditions a similar sized rock

e

rd

would contract by 1 mm. In a soil material the amount off

’k saturated fine grained sediments, a, temperature change of :

3

'~i’4-8 °c can induce the formation of a crack (Black 1976)

| (1960 and 1962)

'_contraction crack to develop into an active iqe wedge, thep

RN S
P s

" 3 Lo . ') 4 . i‘vr Lo . . . . :
. 'l,‘Initially'a'crack develops{during.thejwinter,i v

Qassﬁgf

f;'and up to a metergin depth.;ﬂi v"‘a‘i.fjl‘ighk{»'j f;[_ g*f‘ i

"coefficient f thermal expansion :which 'varies 'for-f
'::quartz has. a- Value of roughly 1Ox10'6/°c (Lachenbruch i

o 1960: MacKay 1972' BlﬂCk 19‘83) The Bignificance Qf this o

is best shown with an example.‘ with a/drop in temperature’"tiff

"

L contraction\\nd depth of the crack is therefore a functioni o
RI'Of scil moisture which in turn is depd\dent upon thef_.tl

ftexture of the ‘soil material. To 1nitiate a crack in ice.}-“
‘fncemented frozen gravel requires a; 10°c drop in temperature;k

_‘iover the period of a day (Black 1983) Alternatively, ini:}J

"jPéwé (1965) stated that a mean annual temperature of.-5°Cv

“~ was required for surface 7crack initiation.¢'r For a

1‘following sequence of events was proposed by Lachenbruchpﬁj.'



ce

: 'rhe following spring, runoff fl‘om the ,melting enow_‘ ,
Adrains into the crack. , When the permafrost layer is e

encountered this meltwater is refrozen. A Verti cal ice'.- SR

S e

vein ,withln the permafrost develops.

-
B . : . . ‘_ . . | . ; ,\. .
~ S .

The subsequent winter, thermal tension reopens the

'.vcrack.' The ice vein is a zone of weakneks since thef«,ﬁ':

g a:seasonally.-,-. e 1 S

11near coetficient of thermal expansion of the ice in the-"j’ -
vein ie different than the)frOZen material around it.

The next spring more runoff water freezea w:l.thin ;hg;_'.'".'.’.f .

'cras:k 'so the ice vein or wedge grows annually or

- . RETE
s

5. In each‘ freeze-thaw cycle ‘an ~j.ce wedge growg in \ddﬁh;'f‘_j‘

Ed

by 5«:-20 mm, at the top of the feature 'I'he rate of Width

Teto ground'surface and also downWard 1nto the Bubjacent 1°‘¥2f?;&

jilwedge ice. Therefore, 1ce wedqaﬂ nay grow 1n tWQf,f"

* airections from the vermafros”_ 1ayer-;,

wiigwqrigin and_Chi.

ey

iu rwmg owien

-

'rhe replacement of. the ioe witnin actj,vg wedge: wj.th-'fl



“active”~icel"wedgeLEF{ The 'resulting relict periglacial
feature is called an ice wedge cast -or fossil 1ce wedge._pmff
B e Ice wedge casts lare d1v1ded 1nto two pr1nc1pal

: .pz:,‘_r—

Y

: groups, based on the nature of the 1nf1111ng material.

vbGroup :l 1ncludes fossil wedges where 1therlmater1a1~“'

finfilling the wedge A“s_ primary,f'while 7Group- 2 has'

~"_'.secondai-:y 1nf111 material. IThese two broad groups are

Ty

ﬁ_
associated Wlth d1fferent paleoenv1ronments (Jahn 1975) %;

Group 1 primary wedge casts,'are best exemplified by ’

1

"sand wedges. These features are characteristic of arld

,7w1ndyJ per1glac1a1 environments. - Frost cracks are not

I

einitially filled by runoff water due to 1ts absence, but

‘_Shlftlng sand 6r ‘Sllt- & -thls desert llke f5

.'envrronmeﬁt the comblnation'of : de51ccat1ng w1nds and

‘_little snowfall keep the groun& _surface snow free._'”

¢

M‘However d to _ thes excessrvely lowu temperature
;'}contractlon cracks still form _l The 1ntefna1 fabric of

these wedge casts are typlcally characterized by ta _;4

- vertical foliation pattern and containing very well sorted

4

'iﬁ that these features grow-de a pattern analogous to true

\,ﬁjfrost wedges (Washburn 1973 Mears 1981. Carter 1983)

R

| - Secondary iie_ wedges,. Group : are! ubiquitous
periglacial features indicative of moist periglacial

environments (glacka1976) | The formation of these wedge

I . . . o

-jmaterial with a grain size less than 2. mm. Z-This shows ;ﬁ



: "[f{ii;

I _casts is a E two step process :mVOlvmg the %nitial e

"‘-"'deve1°pment °f a true ice'weclge and the subse _en':"” :

L replacement w1th another material upon the disintegr, ion

: "'of periglaCJ.al conditions.,; SO B

_A the mean annual : temperat*re increases, the
V‘,, "'..permafrost layer in the periglacial area melts from the B
- surface down o Ice within ‘the: frost wedge will melt faster

T than the surrounding ,?naterial due to the pur;,ty of the

1ce.; Preferential melting of ice occurs along the ice-

g gwedge ground material interface, and voids‘ appear in this

L '-zone.- (This process is analogous to the »e hg';.of an ice

b'cube in its container f-éinitial melting occurs at the_.___(_
_IAfedges) These voids are ' subseguently filled in with
-",..'sediments from run,off water derived from melting snow and
.’ surface ‘ permafrost deterioration. _-f'-‘ }f 'I'hi preferential
'...;"/.'.‘im elt'lng along the 1nterface extends to substantial depthﬁ
w1th1n the intact underlying permafrost. -‘ Ultimately as

}‘Vthe thawing prodess continues, ice of the original frost

K T e
L wedge. is compietely replaced by sediments derived from

:. sl ff and "slumplng" processes (Péwé 1969, WashBurn 19%3;\7

‘.

f-’_'Jahn 1975 Walters 1978) During the ’_'Iat‘.

er'stages of cast
v'_”'formation, the su'rface mine’i'al Farial
_ﬂfsupersaturated since there is more ice '

N ‘. space within the underlying material, Therefor ..:a', perched

_water table is developed. 'rhe "soupy" vsurfade;‘ material

Logie
e *




';dlﬁjmaterial which occurred

& Y i \

‘Uifthen flows or slnmps into the ice wedge depression (Black

o 1976)

Due to their origin and development secondary filled-}?ﬂﬂ

".wedge casts‘ ",are lar‘er and more variable in appearance‘

/

"fﬁdistinctly vertical and there is a wader range Of particle -

.emdistributions.pi"lgajﬁiﬂ‘m'”

Dl LS vaiuln .
o . _/.‘

There are two distinct zones within ice wedge casts,

r.ffthe lining*and~the middlé The "lining' portion of the?f;

tﬁh.ficast is recognized along the eﬂges Of the Wedge CaSt where o

sand wedges.,; The fabric of these casts are less.of5r

']the initial melting and replacement of ice occurred. Thisﬁf»fff

.';Tflining is characterized by orientated fabric parallel to”il?i
-'.-f.‘the edge of g:he fossil wedqe (Jahn 1975) The middle"‘_} s

'77fgfportion offthe cast represanﬁﬁ the "slumped in" secondary'ffffo

i
0

during permafrost degradation.f}ﬁ_ﬁ_

fL;The fabric of thls' oﬁ?ion of the wedge is often concave”ffff
. . ;F RN

An orientation,iﬁresf fling,stacked dishes" (Mears 1981)

, f’This in&ernal féhric is often altered by freezL-thawlf* )

,',._ 7 ap e
processes afterﬁiﬁitial deposition (Walter 1978)
, O ~:j\ p‘p .d‘J o : . . R

Featureg similar to "true“ ice wedge casts may be thelfif{:

;g;resﬁlttof; 1acia1 thrusting, solidification, disturbancesff;]:

fii.through landslide% and soil tonguing due to deSiccationff,;ﬁ

;(Yehlecal954,w Johnsson 1959) To eliminate possible”"

!

‘Vi{x;gpnfusion Johnsson (1959) listed five criteria for trueilffr

}~'wed9e cast identificationig.;v"“



$ 1;2. The lines of the sldes of true ice wedges usually dip

'e_?]point;ng downWard._ ;jrg,;f'

- 1. ,T'pez;_ffﬁﬁﬁg"i ‘:ﬁ&tei-ifai. a_;agc;% se@ ft,o ‘Bave, commm;.bm

' w-doﬁnwards-q#‘ fﬂf*ﬁaﬁjvﬁ' B R

.fﬁ3, Stones should be verﬂﬁeélly al;gned in the wedge, while P

:-filn the adjacent Side laYers they are mainly horizontal._gx.a%f@‘

f
£

The top of the we;dge must be wideet, with the apex

':‘.ﬁerg (1969) .noted a sizei criteria as an additionall

4hfdiagnostic feature of\true qusil ice wédges, The ratiog}&?ff

“}?,of wldth to height must be less than 1z 3.,-vﬁff7“*

A AT

If these criterxa are satisfied then a feature may beif;}fi

'?;reliably recognized as an - ice vedge cast Subsequent1Yff5;3

g‘fpaleoclimatic ; characteristicgp f the area gahhffb‘[;fe;

}

l.-h

LN

i°hﬁdiameter haye been descnibed

Patterned ground is generally associated with active;}?;?u

fand §93s11 ice wedgeg Symmetrical or regular patterngff;jg

| ﬁ are’ formeg by the intersection of ice wedges.hg}h;.ﬂﬂstv‘

by Washburn (1956);;;

K

gl
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in conjunction with fossil ice wedges,l as a. relicg§

periglacial feature (Macxay 1972 Washburn 1973)

5:}3:.Involutions_"_Vf_'iﬁi‘dhffifff. _Y"-f.,' e tl

r
e o_.

Involutions are another per1g1ac1a1 feature which may

be associated. with ice wedge casts. 'i Sharpe (1942) as=~'

“ reported hy Washburn( (1973) described involutions as f;5‘~

ﬂfj "aimless deformation, distribution and interpenetration of

beds produced by frost action (Washburn 1973 147) /Erench
(1976) states that these structures may be the result of
pressures induced by f,reezing in the active 1ayer of a

permafrost env1ronment.> Also SChaefer (1949) felt that

‘_i‘cryostatic pressure exerted on surficial materials during

\ R

ice wedge and patterned ground formation at depth could jc3

-

form involutionsa

Involution-like's structures \ may ’B produced :'byfrf;;j

‘v

processes other than frost action.g Some of these include' .

ice shoving or glac1a1 thrusting, volume change due to the

presence ‘ of; bentonite, differential loading, 3;mass_

Fovement 'and~‘tectonic deformation (Schaefer .1949)

. \\?owever, when these structures are found in association:;*‘ﬁ

with other periglacial features, these structures are f

o termed "periglacial involutions" (French 1976) In this;;d pe

- review since intensive frost aCtion is assumed to be the‘fﬁd

dominant process for the (production of involutions sin this

) . "~



;study &rea i
5*lidiscussed.y *lﬁfif
_g'@,;i The most Widely accepted theory for the origin offﬁ”fd
v .,periglaCial mvolutions is differential freezing (French:li K

:ggi§76) During cooling in the autumn, or due to a change@f[f

‘only periglacial: frost action forces will be =

L oo el : - SR — ; S 8

"-ff,in climatic regime the freezing front descends unevenly,-df;"'

;afsqueezing unfrozen saturated sediments. The cryostatichliry

._T}pressure is created due to the presence of the perenninlly{ 5

L gfrozen zone beneath the unfrozen materials (Schaefer 1949,f~'”'d

'Washburn 1956 French 1976) The freezing front descends?fﬁiﬁ
'iﬁpffunevenly since the amount of interstitial water presentifffﬂ

fdepends on the material texture, which may be variable.fffff

-""This results in contortions of bedding plains or P°°k°t fi@f

””;;fnot. necessarily solely*”?a product f

icforﬂ:tion.

fj.‘-:rate of fj;_

5 action processes have been shown to duplicate involutiQn;f

ntideformations, under lahoratory condition& (French 1976);;“

»fDifferential vegetatide cover also affects thehf@if}

_ _ing front penetration.:<;fiff§7f??Ffffaf-*h}Aifffff

.

The PIESence of the permafrost layer is crucial tg;jgzﬂ

flfinhibit drainagé of the meltwater from the active 1ayer;f5
ﬁ;A high degree of saturation favors expansion as ice formsfﬂii};

~zfduring freeze-up.» These are the circumstances needed for"fﬁwg

-f;frost \heaving of cryoturbation processes. : Such frost~;i' 4

since involution formaticn is controlled by moisture

periqlacialf:




N

: conditions. Therefore ‘Ssi“ﬁa%hburn ( 1973) suggests, the.;,; :

identification of past periglacial environments based °nv"'.'

. the presence of involutions must be used w1th~ extreme -

. oi-f‘iriéf-d‘t:é‘ to Fr_‘<,'>stffAct.ib,r=“

:‘_‘ra.-' ’ ‘n.'v o

The movement of stones and the sorting of differentf*;'- s

,"numerous researchers (as reported by Washburn 1973) These_-;

N processes have been re,lated to the existegce of freeze- o

o particle sizes due to freeze-thaw cycles has been noted by('-"? L

- .‘thaw cygles since they ve been experimentally reproduced'v L

o 1n the laboratory (Corte 1963,-_ Manikowska 1982, Reigerlﬁ e

"-'1983) '

,_‘

Two methods have been proposed to explain the upward»

.movement of stones in a medium They are the frost pull‘-::'_

' :i‘_"‘_‘and frost push theories.

The frost push theory is based on the premise that'ﬁ,

stones ,have greater thermal difquity than the‘ .

":}:'surrounding medium As a freezing front approaches the_:,_-

stone, ice forms around it and at j.ts base._ Pore water is"f-"
’;drawn towar(fs the cold zone and segregation ice or an ice
._"_t.lense develops at the base of the stope sooner than in the;-'_‘}.j_'
,_ -surrounding material.. 'rhe expanding ice then heaves the *_f»

3 stone upwards.._ Upon melting, fine-sized particles seep in

“j'from the sides, thus preventing the stone returning to its

) . . R ._"A .
BEETRA AN -



;,5 ,the hydraulic conductivity of the medium (Taber 1943;jfftui

.-fisupwards during the périod of frost.penetration from the,satﬁ

'lt,fstones forms due to frost heaving._ As the front continuesf*f f

initig} position (Washburn,' 1973) The controlling“'.

factors of this process are the initial soil moisture andﬂfflfg

French 197&)

The frost pull hypotheSis depicts stones being moved
L3S

-»downward the cavity at the base of the stone is filled“

'H

-'Ldsurface.u As the freezing front descends, 3 V°1d ab°Vdﬁ;Vﬁ;

:iiﬁto penetrate and the materiaaqsf the sides ot the stone7?ffi
'_'fbecomES frozen, while th9, 8011 beneath the stone is“,f@?}
ii‘fitunfrozen.z. Thus' the stone becomes detached from the’iif{a
.i'{isubs°il as heaving occurs and it is 1iftsd towards _the hiig

,.n'surface._. since thawing progresses from the surfacevu.;

'1f{,"w1th slumped-in material from the sides.g,yiscosity ande;'

'.Q;-other tensile parameters of the unfrozen material are somefu] O

..%?€1965, Washburn 1973,, French 1975) Kaplar (1970 as3i
?‘~freported by Washburn 1973) used the following‘relationshipf

',~ifthaw cycle by the frost pull method.--

:tcontrolling parameters of this method in addition to thefi?i:

fprevious factors mentioned for the previous method (Kaplarofi;;:

’.;'dtgto approximate the rate of upward movement in one freeze-{ii"‘;




t

al: distance . '_
_ on(mm/day)

<.

'..during one ' freeze-thaw _ cyo’;]f 1s proportional to the_
| }:ve’ffective height of the .object":' Thls is. similar to the,"
relaffionship depicted by Kaplar's equation. However:_;' |

the long | axis is vertical]:y aligned this fact was

"values ‘.‘mcrease with successive freeze-thaw cycles

, Of the two hypotheses, the frost pull theory is most"f‘“‘

degree of particle/ size sorting and soil micro fapric‘

B}

._-_zarrangements depends upon soil moisture, soil temperature,;,..;,»
P ._" rate of freezing and orientation of freezing plane, just _.

" as does stone movement (Corte 1963) These facto%s all".-':_; :j“*.’-
affect the degree of cryoturbation (Reiger 1983) Corte,""v :
(1963) from laboratory experiments has reported that fine‘_ﬂ' e

particles (< : 74 pm) in laboratory experiments migrate’f;_fg}

| particles will move upwards in the sane way as stones.

‘-

-~ '

’bﬁfnfnikowska (1982 112) indicates that Lﬁtne-ﬁsiimum?heave~*iﬁia

e _' - Manikowska continues to say that since stones rotate so'..

- substantiated by her research Ain Poland) the heaving'f2_'1'_']_:5“

'_widely accepted (Kaplar 1965.' Washburn 1973. Manikowska__"
ee): Taddition to stone up-freezing materialsfj]?.f
. _subj ected to frost ; a&tion show unique particle size' R

fdistribution variags}ns 'and fabric arrangements. "_.v‘,b’I"he'.'v b

R downwards before anoadvancing frost plane while coarserﬁ"f»;,._"--.';'



u?_lfTherefore, vertical and lateral sortinq are dqpendent “P°n
the Qri,entati"!‘ of the freezing front relative to the

,."'-vfparticles of the unfro&n medium

% e s . . - . K G'.

to freeze-thaw cycles the micro fabric of the soil must |
:f\ :'A"‘also undergo rearrangement. o Koniscev et al. (1973)
subjected loam textured soils to numerous freeze-thaw
s cycles and then observed orientated thin sections with a
.polarizing microsco% Fabric arrangemehts in the form ot"':':z E

-Iirregular, oval or elongated shapes developed in the,_-=

~ _'vhave noted similar rounded aggregations of

':_f‘;'stones and particle and fabric redistribution is still

- :»widely accepted for stone up-freezing (Washburn"" 1973:
*ﬁ;uanikowskaz1982), but wetting and. drying cycles h”ve_been

fjvnoted to cause stone movement as well. ’

'"'.I;":_;:,:-,:.micrOpolygonization of soil fabric
7?fv1986)._wugri’f"

't .

with evidence that stones and soil particles move due

°

‘4

'z._soils. They termed this frost action process

-‘f-"micropolygonization“ (Koniscev et al.. 19'73) other

-‘researchers, Bunting and Fedoroff (1973),. Fox and Protz .

f7(1981), Pawluk (1983), and Hellor (1986) to name a few,,;yij

.present day "cold" 'soils. f, ‘ PRI ) T

ST

'I‘he process of deséribing the -'upward movement of

' J_'?_subject to controversy. 5 '.l‘he frost pull theory is most

";':.;j-"f-"-':vand drying can not be eliminated as“'}a posgj,b],. agent of

'Jim‘

(Pawluk 19837



3fifsteeperl than the other" (Gary' et al‘ 1972 44) These;:f;“f

"ﬂf valleys often exist -iing,fan* intimate relationship‘;,‘i'

i u}(Grimbérieux 1982)

'L'?_ilﬁ@;nsyunetric_valleySf”'fl;_fiig;iffx;’lfufus;;Liffdi:ﬁfi”‘” .

SN S R R T TN

s

§ fivalleys usually occur in parallel sets vith reQU1artlliv
4l,spacing Petween them (French 1972, Washburn L973) “Due: t°fi%i;;
f.;their origin these valleys are better developed in regi°“‘ifsjai
i‘;formerly subject to periglacxal environments at 1owerfﬂff»?
'\zlatitudes than in the polar req1ons (Washburn 1973) ;1‘i{i
'5y0ften associated with asymmetric !alleys are features.;'ﬁ"%

”f,oalled asymme;ric dells. These are smaller valleys which ip7ﬁ

1

.gdiagnostic shape is maintained (Washburn 1973)@2 Within afﬁiiif

i

'”wfossil drainage pattern system, asymmetricdrdells':andgf';

:7yi In describing asymmetric valleys, orientation andf.;iii
fi-degree Of asymmetry are the key cbmponents used. f;:ine flf[fﬁ
Lalignment of the valley with flow direction and the aspect;f5” i
}'?of the' steeper slope are factors considered in greati¥fjfi

o detail . an asymmetry index is calculated using the Ly

f:following-','

angle of gentle slope in ;

- ’i_jy

_fdegreesff%gf

_4“? >

?langle of steep slope in

-'fdegrees

An asymmetric valley is ,“ak\valley w1th one idé;fﬁi}-




R g,

values (Grimbérieux 1982) v

i censequences in a pernafrost environment

insolation, which is a. function v,ot ' _aspect.

8ymmetr1cal valleys have an AI value of 0 .‘because ;both

slopes az:e .equal.__. As the discrepancy in slope_‘:.increases”::
.the AI value increases. sIn addition, _ direct'.:c.‘n‘ v_.ot thg
f‘ *stZep 81,}>pe may be indicated bY positive and n.eIQative‘.':‘#i :
_..-j-_.signs. East facing steep slopes which are referrsd to as

'having "inverted asymmetry" are indicatad by negative AI"'?*:]

.’..

The generally accepted scenario for th

asymmetric vala.eys .--Ti-s related t di -!earences '-j_n

L

- variabies cause difterential thawimg wt;iph‘? crgates furth‘rf,":

’-’~E" s" ._

..».'fN%rthern hemisphere. | a

g\ r"“v’

since in '.polar "‘lat

‘origin ot"

. Valley Blopes .



Washburn 1973) %- M

Recognition of " periglacs.al env:.ronments by then'_"-_-_-‘_,

"._;presence of asymmetric vallexs needs to be Judiciohslyf;f_;,}.‘."’.f‘:-

S ”" assessed because non periglacial proc}sses can cause'_'f" o
’ i . . L =’ . - § Sl
asymmetry. : Micro climate variation, stream evolution asf

'-'_well as bedrock structural control may be responSible for“ o
. the occurrence of asymmetric valleys irrespective syof» _.‘ '_,,-;.

3 __periglacial activity... Therefore the existence ot %hese~—-——

provides | evidence that sbould be " used in

~"'ith .other fe,ptures delimit former

Ce



A:FieldProcedures

e Intensity Ievey (SILS) specifications as defined by’the;f

.

L

ey dﬁﬁﬁ_lp,;ﬁ‘ﬁ t.”“:- }'-u'i\m”’w;-"+ﬁﬂ.ﬂg‘ IR T e
s c0l;1e¢t1_9n. . "0€ - the, Baﬁp,lj‘ejs:‘; and - #ﬁe%:l"v, ?’“b.ssque!lt. “analyses.

‘ are briefly described._g_. In addition, the approach" 5 and

course of the soil survey of the u D._ of cardsten (an

,‘-ytﬁéf accompanying report.i” The 8011 maptkunit' #T
recognized on the basis ‘of the dominant 'and significantff

o soil @ names present iigh;'z'"

:t'?‘SOil classification (cssc 197Ba),vare nodi:iers:added”toi

‘ﬂiselected on the basis of the soil survey.g

HETH"DS N |

In this ehapter the procedures used tor the7fiel

-.‘:-v

rationale for some specific analyses:are justifiedu

The soile of the study area were napped dnring theﬂ;?;

Agriculture Canada,-_ Land Resource i Reséarch

initiated sbilusurvey project).l The survey net'

Mapping SYStems Working;croﬁp (1931) : mhe distribution Oﬁ“.
soils for the area is represented on 1 50 000 scale photo:Z?*gL

m°8ai° base maps with soil an& map unit descriptions in

he fdelineated pelygons.$
Topoqraphic classes,'as defined in the Canadian system ot;

the soil map unit._:;;-ﬁiif?i

Sites within the study-area for this projectf.ml

The'Beazer soili



f@fﬁiﬁﬁréntide:till.r §911 map units where Del Bonita (DLB)

B J _—

',tivegetative cover fgrough fescue) and representatlve 5011f'f

>

»

>

~ﬂcategories outlined 1n the CanSIS manual for d%écribingf«

'iifor each field—recognized horizon., Orientated samples forh

Je

'nflmicromorphological descriptions Were taken for BZR soil'

”"dand;Beazer (BZR) 5011 series were the respectlve dominantu, -
fhfsoils:twere the areas :selected.p ﬁ Criterla _for 51te;?”'

'Ff“'selection w1th1n these potential areas 1ncluded nativeﬂqu

'fprofile characterlstlcs for these Orthic Black Chernozem1C'g,'xi
y,soils.'\The 51tes were distributed across and around them‘

'__Plateau,within the designated study area (Figure 1) ';Jif

A total of 51x profiles (; DLB and 3 BZR profiles)t;fJ:
ia3jwere c1a591f1ed according to-the Canadian System of Soil‘ff-

'W;'c1a551f1cation .(CSSC 1978a) and described u51ng theﬂfﬁ‘ti

if501ls in the field (ECSS 1983) Bulk samples were tq%en o

o fprofile #1 and DLB 5011 profiles #1 and #3.ff From thejf.zﬁ

':”i‘gravel pits' assocmated with DLB 51tes #l[.and '#3;1

B. [Labqfé‘tary : Analysi;s -

-~

.;1phytolith extrémtion from all six locations.e_‘:

*

5.iground and passed~fthrough a; 2 mm_‘s1eve. 5 The coarse

”fragment content (fragments greater than 2 mm 1n size) was

AR

"additional samples were taken from depths below the-_fkﬁ'
~_7control section (i e. 120 cm) Surface samples, including%;“

e the t°p 5 cm °f s°11 and Vegetatlon, were collected forv

i ij The bulk samples were air dried at room temperature,-*iﬂff



N . Sa T, . e N . . A ot . EE - N et Y e

estimated in the field._ The subsequent analy""" s

1f“yperformed on the fraction less than 2 mm
;, The, routine chemical and physfcal analyses WerE;f 3

'?:finitially conducted by the Alberta Research Council

“ilegﬁﬁculture Canada soils lab personneli. These analysesip;f;i

;ffcharacterlzed the,general similaritiesrand differences ofﬁi:yuu

f?the two 5011 series. ;~ These routine proce'ures -arej?_j*h

"“,;documented in the Manual of Soil Sampling and Methods of;f'”u

»'.,

;ifAnalysis (CSSC 1978b), except where otherwide indicated.

'“'*hﬂ__1 Soil reaction was determined using bOth 0 01 H

!

"3ZCac12 and water in a’ 2 1 ratio of solution to soil

'fvil[3 11 and 3 13 respectively]1 ‘”'frf'“"

,f; Calcium carb nate equivalent was determined by the
” 5.}manometric method (Bascombe 1961) B L "““

w3 °rgam° carb°“ was detemined by dry combustion R

"};using an induﬁtion furnace with gasometric detection t‘VT

IIZL4.<Exchange capacity was calculated by displacement iff

ot ammonium with sodium chloride [3 321]

5f;‘]5 Exchangeable cations were measured following nﬁfffi~f¢

f,;displacement with ammonium acetate at pH7., The=;~v"f '
e displaced K, Na, Ng and ca were determined by

:1fflinductive1y coupled plasma spaat oscopY%EB 32113f1fffia?




.icé Specific>AnalyticaI;PrOCEduresii;”;

o .jlfarticle size ;-:éé“pqrat‘;dn S

“f'hs._Particle size analysis was,f*‘erm;ned using the
”-_organic matter fzom Ah horizons or Caco3 from c

‘ﬂihorizons [2 121]

'fi-fal Numbers in square\\ﬁ?ckets 1ndicate method in cssc

"(197sb)

: A e

A different particle s1ze analysis methodology wasffff"
- necessary for the nineteen samples selected for detailed"

faymineralogical analysis. Samples from the A, B and lower c

‘7.the same representative depths w1thin the profiles.:fThé:

v

m:hmatter -and calcium carbonate kwere removed from thet:
t;appropriate samples using 30% Hzo2 and concentrated HCl}g’

/ R
resPectively All samples were then dispersed using anﬂfﬁﬁf’

/

::stokes Law ‘&Jackson 1975) f The :separated clay wasff'

f?fjhydrometer method w1th no pretreatments, to remove f_f

- ”{(after 80 -cm) horizons for each site ‘were - used for*7"

v‘ifgravels was the additional sample analyzed._:;MOrganicﬁ.[L?

.;.‘ \._‘ .
B ganaIysis. The analyzed samples thus all come from roughly:mjgyﬁﬂ

- fine earth ﬁraction obtained by siev1ng the Flaxv111ef:i5l'

LN L
: - - & -, N

ultrasonic unit.;,_ Sand silt and‘ clay fracti@s were»_/.‘*f:‘»'--f-‘

"separatea by wet sieving and grav1ty separation based on_;ﬁ'faf

f’flocculated iP another container with 1 N CaClz-. The siltfggf~”*



.;_“r

and sand were f@pai‘ated by wet sieving usinq a 270 mesh

sieve.'ff;f't R AR DI S e
' The sand and silt fractiqns were‘further subdivided.;,‘ C

Sands were dry sieved using a ' nest of sieves (sieve_v-;,-._-

numbers 270, 140 60 35 18) on sonic sifter for seven'_‘:'-"' L

minutes. Silts were subdivided into tine.., medium and'-

‘ j coarse fractions by gravity sedimentation.» Percentages ofj —

the ind1v1dua1 sand and silt fractions vith the total sandj_f’f[.f ST

\

axis. , Th‘b resulting graph:bcal ref)resentations ot particle;-._
size vgre then analyzed by statistical equations to}.:?f’: e
~comﬁare, sorting,' ske\messt ',and kurtosis (Folk and Ward':_}f‘:.‘_'

1957,) Values for the_ equations were obtained l'rom,' _‘j {_"{f_ o

package) since it is difficult to obtain values trop»

' "‘i;:hand drawn representa%ions of S curves between data points’

because of inconsistency or draftsmen v"artistry" (Haaony_'f:: L

o '-'.».'_f--"were used.__-..;; e T

o ;,and Fqlk 1958. Folk 1966) ; .these standardized point curves




'-f;lfor convq i._

":'than the 'value 14

‘:i The partﬂﬂ!% size diameter values were expressed in a

b4

'-;these stal~

,iSwan et al 1978)

5;f-=> ¢ (log of the diameter) / -logz

‘”Thetflower diameter for each class~ was usedﬂrfor theg;fff’
,Calculation of each representation ¢ value s1nce clay by"x‘;;
. _definition ;is everything less than 2 Pm.ﬁl The same-m5f

'arbitrary breaks were used for other fractions. ”y1F6?5;¢ff{

~example.§f--g*”

‘corresponded to 100% on the Y-axis The necessary values_syﬁ'-

Qfor the statistical parameter equations were read from thefiq*"

| *fextrapolated curve from 9 ¢ to 14 ¢ (FOlk and Ward 1957)

a i
Particular values were calculated ' from these

" '-;_'5'._.' 53 g

u-°5ftransformed écale ¢ This scale is a log transformationﬁyﬂit
| '1nt“7(Folk and Ward 1957) which simplifies the computation off}f{f

ica& parameters and may be justifiably usedff;ff

- v_':’

3= Jlégz}(diameter in mm) v«g]fi'»flfff7)!;;;.ffr~5' |

Therefore 14 ¢ on "the x-axisf:'i'

"°ﬂ”cumu1ative curves and were then used to compare materials.v‘” B

4Such calculated values were'h f:“

- 1) Hedidfj- the phi value when Y—axis is 50

ii) Mz = mean size ‘¢16 + ¢5o + ¢s4 o y:
e e mTEe 'j-uux;lfjfvff'"




g ”?oiii) SOrting --obtained from equation called Inclusive 'f

N

““ffGraphic Standard DevilHion :ffx:;F'

(¢84 means the diameter value at 84%) S
.’,'iv)fSkewness - this value refers to the symmetry of Qf“""
. 5the distriblrtion ‘ e E )

.f‘-'s'.-"ia" ¢16 + ¢a4 - 2¢so + ¢5 + ¢95 - 2(4.50)

: --t - e o o o e o o o '—--

o L 2484 < 418) \ IR
FUT e s Ty . :

' Jav)!Kurtosis--_"measuzés the normality of a. o
:fv dlstribution by comparing the sorting in the ' .
oscentralapart of the curve with the sorting in the

“ixtails" (Mason and Folk 1958 218) '
oxgm s e
L 2. 44 (¢7s-¢25),;;

-”Folkf'and*Wﬁa'd- (1957) listed categories ofigvalues Withcif ;f{

v
s T

'?¢on systemv This sys?;m allowed for the f_}if

Foa A .

3. Heavy and Light M neral Separation and Dissolution ;“zvf

The comparison of the mineralogy ot the fine earthiv |
fraction ot the Del Bonita and Beazer 3011’ was based upon &;;{3
the fine sand fraqtion.‘ A 1 gram subsample ot the fine

sand from each sample Was analyzed.g

Each tine sand‘sanple




) spectrometry.» These Values were used

""'."'v”Particle | Size Analysis a anaJZyzed usmg x-ray

."" \ .

e e -'~~'u LRA
The quartz and feldspar percentageé* oﬁ ;%h ig?lt_'

" _‘mineral | fraction were‘f’" determined usihﬁ thg““'%HF-H@. _ ? N
L dissolution technique (Pawluk 19 67) oncentration,s df & v‘.

Na_, K and Ca , were determined us:.ng ]atomic adsorth.on”"'a

to calculate the ';JI: :

",content of Na- K- and Ca- feldspar. ,f'-;,-'rhe pr&portion of

et em o e 0
V,_...h o L8 ..’,' o o R : P .
g L. 3 . ;v-~ . S R “ T
. B L EESN

4._X-ray Diffraction Analys:.s L U
‘ The , whole clay sample collecteﬁ" in part )of

a"l

- diffraction. Slides were made from the Ca and K satura‘ted

9
‘v-clay-s - using the paste method of Theisen and Harward
{1( 1962) "f:'The remainder of the unused Ca saturated clay was /

"‘_freeze-dried for preservation.v The slides were subjected
. % .

L lto the follow:mg treatments before being placed in the

' f“il'v. K-saturated clay, heated to 105°C and run O%

- ',relative humidity

'2 K-saturated clay, heated to 105°c" equilibrated to ,

f54% relative hum:Ldity, and run at 54% relative

" humidiéy



AR
Se

Cw

relat.i‘\ze - propof._“""',

"”if minerals.f

vt'iif3' K—saturated clay, heated to 300°C and run at 0%

- ".".::"-_'relative humidity

’”‘1; 4. . K-saturated.clay, heated to 550°c and run at 0*-‘

ZﬁJrelative humidlty

“fﬂ. Ca-saturated clay, equilibrated:to 54% relative
“7humidity and run at 54% relative humidity o
dt?s. Ca-saturated clay, equilibrated with ethylene
*ﬁ;”rglycol and run at ambient conditions _' ,_,l L
ff?{? Ca-saturated clay,_equilibrated with glycerol and

’fo run at ambient conditions

x-ray diffraction analysis was performed using a Phillips<.f7fr{

RS &
PW}730 x-ray generator, a PW1710 diffractometer, and usingg,““,'
COL radiation.; The step scanning speed was 2 sec for each;},x”i

: vfi{step of 0 05 zelyﬁfffjfuvy“f-vff

ground go: a V‘rY fine POWder and packed in an aluminumjif“"

)

approximated from the peak intensities ot the carbonate*

T RS

specimenj;older.? The step scanning speed was 10 sec forz'

each step of 0, oz 29, tgr a’ region 6t 30-4o° " The -

ii?flfi.» Fov degermination of calcite and*dolomite values, theft"”*i
*i»*’whole untreated fine earth samples from representative cf?;'ay

horizons were analyzed with the x R D.‘ Samples were#fjﬁj?f

: :gcalcite and dolomite werei”iﬂﬂa




- fsubsample was taken from the fine sénd;"

"f{fbeing/f

face micromorphological features present on L,quart:z'u_""
i

o sand-- grains were examined with a Cambridge Stereoscan

‘.v:,.xzs.

scanning electron microscopeﬂ

"'Size fraction was used for ..this analysis, as
. : U' /,

| by Krinsley and Doornkamp ;(1973) 5and 'Darmody (1/9’85)

’ l

: The fi“e sand (100-275 ym)t:

¥ ecommended »,._',- RN

raction and L

':sprinkled on to stubs coated with adhesive/ .v.hE-kote No.

',3040) These stubs were then sbatter coated with gold to_‘:,'-f

- .’prevent c_ﬁarging of the sample.';

'}

| ',f_'»stub wer‘ chosen at random. Each grain was identified as

I

e

e x—vay analyzer. v Up to ten grains ﬁgr each stu!b (no more"":“ L

;jto avoid biasing (Darmody 1985)) .ki'were described in terms’_fi,.-',_"'».___

;‘I*he quartz grains' on each

artz by means of a Kevex 7000, Energy Dispersive"-

;"'_-jof Presence or absence 5of 13 surface morPhOlogi call,-:i.f,;;' e

""features.f_. Features used for characterization, were onesi_

bl"'"ffdescribed by Krinsley and Doornkamp (1973), Whalley and':_g"

"."‘Krinsley (19‘74) and Bull (1981) Por geach ;xorizon per;ff

L soil series between 25-—30 fine sand sized quartz grains"'_'_""-,-j775""'

o ‘
’ -'were described, thus attaining the minimum requirements-:

;--‘_reCOmmended by Baker (1976) for sample analysis.,_‘f‘.”ﬂ

. _' K?.

J(

Phy‘@oliths ' were extracted from the | surface soil."--.» L

v__,__,'samples following the modified procedures as outlined by:g:ﬁ"j'f"

"'J'ones and Beavers (1964) and ‘I‘wiss et al. (1969) he“

';phytoliths _ were ewtracted from the silt fraction by U B

centrifuging a susPension of the silt and a mixture ofr e

. ibromoform and tetrabromoethane adjusted to a specific;*;_t

.i, . :
. ’!



"ilfi;fffand 'the ph _}xths were cleaned and dried in aoetone-'f::( 4

=-j;_PhytoIiths were extracted from the plant material by means;ﬁﬁﬁc'

'Tiof dissolving the .organic material with nzoz.:géﬁmﬁei*?jfgﬁ
”xiremaining residue was analyzed and the phytolithsg;jf”f

' .°fnﬂdescribed

- TR
i T
x’-:r

The.phytoliths from these two sources were mounted onffﬁiff

""snu stubs._ The black TV tube Koat glue vas. tound to bea

“'Tf:f suitable adhesive, and the phytoliths were blown on to theirl?gt

'ﬂ'fistubs using a small beaker and\compressed air.

3;;f5random phytoliths per stub were catel?’

-. ized using Twiss dt‘
a. - A total of forty | 7
]atfiVe phytoliths per soil series were ”haracterized in th181f337ﬂ

?fcal.-(1969) four main shape critmi

,"'gﬁa’fasnion., Phytoliths from the plant materials obtained at@f};;}

”"fafwere then cut and mounted on -11dé:fﬂ
f”wﬁﬁiorientation was represented-; Grinding a"d.P°1;’hing;°:-
'.Laiithe thin sections to: a- 30 ou thickness "" gccomplished

.','v",j.-:_;':,.‘.';:.:using a semi-automated 1':1'<><=9‘1“1’-'e 1’“"’1"1"‘9 ] th‘}:. mgitech

,rehone DLB and one BZR location were similarly mounted onﬂﬁfﬁg
" ‘Stubs. a O S i 4

B

,:'{;f‘ihff orientated samples .ifdrfl nicromorphologicalff@ff?
| ?idescriptions were prepared by impregnating th'

*fsoil with&ff

’f_Scotchcast epoxy resin #3 under vacuumfnThe sample blocks

80" a vertical =«




"*ﬂf comm 1988)7 7'L;?§ fLiTj?e_ f;5vf"

“rﬂthin section prec1sion pollshing system (Mrff 

(e

ﬂliﬁni micromorphology 'fwasr described
vterminology of Brewer (1976), Brewer et al (1983), Breyer
{“:and Pawluk (1975), as well as, Fox and Protz (1981) '

o M. Abléy, Deptartment of Soil Sc1ence, Unive ity of Qb
Alberta.-; R . R . 3

N
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o *jmconsists of analySis of the field observations and fieldf&

ThlS chapter 1s divided into two sections._ The first%iA\,.j

"m727data., Several aspects warrant consideration,}includingfa_evﬂ

:7grthe soil morphology and associated landscapes.v Then thef?l;

":{ varied relict periglacial features which are unique to the‘f”

".rDel Bonita Platean are elaborated upon._ﬁ;:fﬁf*#“

In the second section of the chapter, data obtained;

" f;gffrom physicay, mineralogical 1chemica1 and morphologicalfp}f&ﬁ

v 'Qianalyses are presented.ip

ffThe results are examined forsiﬁ?fs;
:f;trends and comparisons within this data set as yell as;?ifﬁi
.;fwith other published; data- ff Pr°°ed“ral differ‘"ces ‘re: ;ﬁigf
'ﬁfialso discussed The section is subdivided on the basis Offgi;ét

”different analyses.HVTﬂj“ f&fﬁfff]jfrfjffgg

iA;:fieid;osservationéyanaJpata- =
e :g““; -~ - . . . ‘- e

The Del Bonita (DLB) and Beazer (BZR) soils are:t;g»*

’ ~?:d1fferentiated in the field principally on the basis ofi}i*ﬁf

'fr,flandscape form and topography, coarse fragment lithologyjyjftﬁ

”“fffand carbonate content.;, Photo interpretation provsd a;*'[“g“
3}reliable tool"for differentiating DLB and BZR areasvf‘
?gf*during the Cardston soil survey?ﬂonce the relationship'of

_hfﬁsoil types to landscape was established for this portionéi
“oﬂﬁfof the Milk River Upland..v“: e L




'.:""‘»vldocumented in Appendix 1.‘ B TS AL N P DS

\ .

(U S.DA. 1980) T SR RE. S

A representative profil .of t 'ese so:.ls has a,, surfaceg'
- layer which is black, loam textur d and 10 cm or more in
'.-,_thickness.-, The B horizon is dark brown, generally clay;*

:"v'."‘loam with visible clay skins on some of the subangular:‘-__"'5-._1{}

"ﬂ-.'calcareous c horizon varies from loam to clay loam andf

occurs at depths between 30-60 cm below the surface.__ The". L

.”‘.v"‘_throughout the profile. More detailed site and soil‘
| descriptions as well as physicﬂl and chemical analyses "ﬂfo:.’:_.‘;_»_v‘.'f

' -.the DLB and BZR soil profiles used in this project are“f'_“\"

s P [ I

Some 'o.f' the- soils in this study area are e

'_"borderline" Chernozemic soils., The depth of the Ah

‘horizon is : variable and often these horizons barely

" .:fij'~'order. However, d'ue to the presence of "Ah tonguing" 'the

1 o .

| _The soils of this study area are a11 classified as‘t;'f" ®
‘.-:ﬁu‘..‘,fOrthic Black Chernozemics accord:mg to the Canadian SY%“-‘-em
-'.‘A“-;.fof Soil CIassification (CSSC 1978a) In the adjacent area-?‘,.ii "
'i“.:‘within Montana, the equivalent to the DLB soil name is the B
"vr-"v:'._juichelson series.. These are Argic Cryoborolls developed;.;-:.
on alluviums : The BZR soil ‘name. equivalent 1s the Leavitt”:f :

'""""'ff',_-,iseries,_ also an Argic Cryoboroll but developed on tillf-'_"

".i“‘structured pe& surfaces, and is 20-"40 cm thick. he

'__coarse fragment cbntent by volume is between 5 10%:_1’}

~C

satisfy the 10 cm depth requirement of the Chernozemic '_‘;'5_5- L



',1’and BZR soils.} The DLB soile contain less thaq#lot ooareeﬁ:;,zg

L ;fragments,; and aIl of the gravel-sized fragments are%g:jff

"ﬂfthese DLB
'§5lffragments of

u’“;.fgenerally gravel-sized but the occasional etone andfif
'h:i*fragments occurring: as well as some quartzites.;, ;The_f?
o therefore the parent }material of the Bzﬁ;gsoilﬁ

s ’_Laurentide till (Calhoun 1906. _, Stalker “2963- ‘and 1977:;"‘5
t ‘Shetsen 1980) The quartzitic rocks within th3¢till weree

"nquartzites.,fff

‘ijlaxville gre

J}¢bou1der is present. The litholégy is varied wlth granitICQp

i:fgranitic rocks ioriginated from the canadrann'shield'yh{

‘;”Vderived from areas north of the Plateau where the
.o e .
”Flaxville[ plain once ‘extended as evidencedj

':' existence of-Saskatchewan gravels (Stalker 1968).“

T et

,\ underlie the control section at,_

,/R soils contain up to 10% coarse:fﬂ
4), .

f*sizes and lithology They areff

N
“hy the

C
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the very poorly sorted Categorm For tho pther horizons_.‘

no dlst nct pattern exists, fhowever the ran '""f

sortinq values fdr the DLB 'ser'ies iﬁs_leﬁs th

K

series for each horizon groupiri’g. . Generally’; di_‘:‘e‘rencss .

‘ \

negligible. ST
. Col e

Catto (1981 and 1983) sing the same Folk and Ward's
-,sortmg index reported that the m'aterial atop the Cypress
- ,:_'.Hills is well to very Well sprted.» He states that

"depoSits on the plateau are composed largely of coarse

o ."'.”jsnt w1th the concentration of fine sand approximating

'20%" (Catto 1981 183) From analyzing the sensitivity of

e the Folk end Ward sorting index it was determined that 90%

- f_,,-of a sample needs to be in the same size fraction (i e.,_. ‘.

P ;'}..‘coarse silt or fine ,sand) before the very we11 sorted

:'.:_'f-‘well sorted index values for Cypress Hills 1 ss. & |

'fl°°"°e'htra€'ed m the tail. If the aistributton

L e >
- category _-i‘_s attained. o Using Westgate s (19%%-57)

- :'cum\qlative curves of his loess samples from the(/ 0ypress

- 3Hills, : the aalculated sorting index values trom these
"'distributions are similar to those ilisted in 'rable V.
,Therefore, it is unclear how C‘atto (1981) obtained his‘

5 The skewness values indicate the deqree ot sorting in
o the’ tails of the distributiﬁ/n.‘, It a distrfbution is
.__Positively skewed then the finer particle;"": sizes are
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9

positive skewness in the wg

that the fines are dominant,

' °°“°e“trated Within the ta.il of the distribution. The

coarse grains were left behind at the source area °of the_.‘",f_u-;:

-
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Figure 9. Example hfstogram of grain size discribution :
fbr.the Del Bonita Ck2- horizou.,(sample TZO) '; ;a’g
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e conprse g coours, Tor s 93‘ orison’

wsan,gitive test of nqrm,lity, distinc:t dirz dre ok

eolﬂic format:lon - are
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- ‘.'v‘recorded in other areas .'\”_’.6 the: “’°r1d “'hiCh have

=

e experienced periglacial act,ivity (Korstaj et al. 1982) =X
| 'This sceriami.o can explain the textural variability of the:

‘ surface material on’the Del Bonita Plateau.,: i In this

i

ituation, the underlying Plaxv111e gravels prov!ded the‘-"_.-‘v.

e | ; |
- coarse material "‘hich alters the / particle ’size’.,»_;

T distribution frequency curves of the Del Bonita materlal-' .
B ..':-Laurentide till is naturally P°°$1Y sorted due t° 1t' s
R ﬁ T e T T R
e 3 {_Heav'y_ andjLi,ght Mine_ra_l';‘Frap$i~onation e
3o The percentage of heavy and light minerals within the -

?.'i'able «vx .

) analysis.

'rhe DLB soils contain less heavy minerals than the

'jBZR soils.v 'rhe hea. '.f mineral percentage values for the

DLB soils varies fr
LT

‘1.8 - 3. o% T

\,_,-“-.‘ o . -v.'v"_,

. .0’.5”.2;.‘0. The BZR samples range from

N

" In ) comparison to the heavy mineral péxg,:entages-f_‘

,‘-_:.}documented in the 1iterature, ‘ these results are POSSibly-ﬁff -

inflated.__ Smith A« 1979) reported heavy m.neral percen@agesh.

- ;of less than one percsnt within the fine sand fraction of

:’Cordilleran till samples,, Whiﬁh he reports as bEingzws..‘.

fine sand fraction of the BZR and DLB soils are listed in
'I'he quartz and feldspar composition of the.;:f_}_
l‘ fraction is also summarized.._ Some otrends

:.'.distinguishing the two soils are | apparent fr%m this",_"- .



L,

. trnﬂ,uo:u..uo ,—

. .H.dhnﬁ.< Y : :
uoT3IowI3 YwIeuTH IYFTT joRoTatebdi

’

Toazgazduyy

i

0y

g2

"HO1IONIZ TRISUIN IWTIT 843 §o uojatsoducy pus “uoja

1 . b
1] .

9

ERROE 1 3¢ ACIR e
L Kayawag <dg ]

L. |/
@
.
. -




j,fmateria‘ls in the Rocky Hountains.;
":“"_i‘,ianalysis of Laurentide till materials around Edmonton,".:f

L ".,‘Alberta, ' faund the heavy mineral fraction to range from

| LT g o RArE )
";comparable to other researc_er 8. values for sim_r

TfTwardy (1959), from hi';ﬁ

.“.‘
0.7-1. 5%., on the other hand; Catto (1981) found the till

-,Qi,-:mand loess materials in the vicinity of the Cypress Hills

. ‘;contains up to 1;2% more quartz than the fine sand

.’fuj_"—.to contain more heavy minerals than the materials in this

.vf:study area. ‘ .' /L

The larger light mineral fraction of the DLB soils

fraction from the BZR series. CODVersely the light

Eh ’-:'J;'.mineral fra tion of the BZR~ ,soil contains up to 12% more

: ',"'.-;‘5‘5fe1dspars, 'pr‘marily albite and orthoclase, than samples

~DEB kseries.__ The low amounts of anorthiter Ca
" :"v'feldspar, in both SOils reflects the susceptibility of
Tthis mineral t° weathermg .« rthite is. the least stable

.-:r»ffeldspar whereas albite and o hoclase are the most stable

feldspars based on Goldrich's (1938)-, stability series 5
V'waHuang 1977).f_;;.ﬁf '\_:}_"“"' o N

_ 'I‘he difference in quartz feldspar ratiom the DLB
';'and BZR. soils is comsistent and markedly striking Catto
(1981 and 1983) noticed a similar relationship between the

| "_"';-_:"'jrloess on the Cypress Hills and associated tills in tke

"varea. The proportion of feldspar was consistently less

v'v'-'within the loessial material than the till.. He accounted

) -.'..:v}'.for these mineralogical differences ;on the basis of two

P .—'—— . N 2 .ﬂ» R \"




'\

. quartz.; These weathered teldspars, pulverized by glacialﬁﬁ

;JeE;A, x-Ray Diffraction Analysis

;7ftaé_i.‘c1ay Mineralogy




o shown

lih,Selected x-rayudiffraction patterns of the clay fractfbn

‘.from the DLB and BZR soils, as well as sleved gravels are

7 Figures 10 to 14,:gh};;*p;{fgljf?’ff}fw;?;,ﬁ;ﬁc*ff}f
repreggnted ini thqse g

The suite of clay mineralff

. ’7”fdiffraction patterns are essentiafly identical, throughout

'7.“fthe dominant clay minerals, with trace an

and quartZ-

R B

”9ﬁfail profile samples-land even the sieved gravels. 8

'ijiSmectite, mica and kaolinite are consistently present as‘

Tounts of chlorite %

The smectite component of the‘clay fraction consi

;‘;g:xprimarily of montmorilionite. This 1s indicated by Jqﬁ f

‘t»;?glycerolrtreatment._ The slight broadening of thiﬁ*r"

g ::Q-with eincreaeing 2 a angle in some samples (eg,_“"“:»i}‘

“-fifg#z1b) indicates thét some beidellite is present (Borchardt

- z;**ﬁ' v

‘5

Hica in the form of muscovite ocFurs in a11 samples.fd

This clay mineral ie identified by'the consistent presence;ﬁ

‘l‘of the 10 A peak._ The existence of the 5 A peak for. the

Ca 54% RH treatment and K 0% RH treatmep{s shows that the'?

Soa e PR PR D T e S 2
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o l - Kéranidas 19'27) | ’_ - _ '_',\' = ':,.‘-".::" '-»L,:: u e

'V_ffluctuates slightly between samples,'with "som

P )

iy

',.,‘mica is the diotahedral form, muscovite(Fanning a ’},‘,’

.. -

R ;.,._..

Kaolinite is identified by the presence of the 7 A

;?peak which disappears with the K 550°c treatment., The-low':39"“”

amount of chlorite within these samples"h eliminated the

i"possible confusion with second 5order chlorite peaRSf\f5'f%

~j(pettapiece 1970) T Therefore kaolinite identification was yffiiﬁ

‘h straight forward..»‘g_ : o
- ,; Chlorite exists in véry minor amounts as indicatéd by e
.theilow intensity peaks at 14 A. The peak at this angle,is}fii
'iyfor the K 550°c treated clay samples is tws diagnostic';1‘
J7fpeak for the mineral. The chlorite peak is more apparent | B
‘“with the collapse of smectite and\assoc1ated intergrades _7'::5

S

(Barnhisel 1977) 4Th intenSity o chlorite. peaks

appearing

/ .

L quite prominent especiafly ih the C horizon sampleS\\ As _fpzif

the second order peaks are insignificant the amount of
chlorite is considered minimal.; Similarly, the chloritic

nintergrades‘ ane assumed to be of minor significance ::fﬁiif

:because the diffraction peaks occurring as shoulders fjfi‘fl
“?between 10~14 A for the K 550°C treated clays are non_j:ig_i

( As ‘observed from\ Figures 10 to 14, ;th x-ray ;f,‘
'fdiffraction patterns and\associated suite of clay minerals'f'“
- gare consist.nt for all samples.r Because of this fact it’}' ﬁ



i"‘.‘" mineralogy of continental till froxn the Calgary vicinity{-»" .

,j':-kaoliﬂite and chlorite in order of decreasing abundance.f.‘.'j,bf:

""":zsome beidellite,- and muscovite was the dopinant mica._'}'

montmorillonite, illite and intergrades of these clayl_j,j 5

: S

T Present in minor amounts. Spiers (1982) similarly foundj_ "

| churray area (Spiers 1982) 'i‘he sane hypothesia nay be..

] 8. "Kodama (1979) ' ;ln his eummary ot}_

clay miner&logical data of Canada,_ states that smectite_j

and mica characterize the sqils found on the Interior

,,,,,

Plains.».,. Dudas and Pawluk (1982) rﬁport that the clayif"’.;hl.":‘

and southeastern \Alberta consists ‘ of : smectite, ; mica,'-,jf:';_’f-.

'rhe smectite component wa‘e dominantly montmorillonlte with;:_:l'g'-'

constituent. Twardy (1969) from his analysis of. till_-:ﬁ:.;_

samples around Edmonton, Alberta reports that e

mine‘rals are. dominant, while chlorite and kaolinite are'-i_i_n

that smec ite and mica were the doninant clax ninerals ot*;’fj_f

Laurentide tills around Fort Mcxurray, Alberta.

,_';:However, o~
he aiso rep orted abn°’:"“‘11Y high levels ot":chloritt
kaolinite than previously described"};;forkl;._:f'f‘."’ : :
materials in Alberta. L These higher levels ot chlorit‘ _and',:_f‘,l‘

kaolinite were attributed :to the incorporation of ”local‘._ .
bedrock lithology within the glacial till in the Fort-' P




-'!, . M

. 'l

For the purpose of comparison, Cordilleran tillsi‘_,

-"'_contain a different suite : of clay minerals. f. Tills_":fi_.j

"ﬂ"-,lack smectite.p Mica, chlorite, vermiculite and quartz are':,"-,-f'-f
"the prinCipal clay%minez:als with some kaolinite present in

T, g
: '.»minor amounts (Smith 1979 Pettapiece 1970)

._!

'rhe BZR soil parent materia”l is therefore definitely:_',."'

) ‘: (based on x“k D ) the DLB parent material must be deriveLd'_--

{"7A_;_‘southern";.:v{}Alberta ‘(Green 1972) provides source ofi-'-:Qf
'.;‘-::‘»V.kaolinite 'for the Laurentide till on the Hilk River Ridge.‘;:ij..',,’F‘:-

b originating from the Rocky Mountains characteristically

"_"";v_,iLaurentide till due to the presence of smectite and_f'_‘"
“‘absence of chlorite and vermiculite. Since the clay:l_-'-v

- :“'y_i' mineralogies of the DLB and BZR samples are identical*;""

f"’"';clay mineral in fhe BZR samples. » The shale bedrock of:__i_'

'it:he Bearpaw v'formation which is :. really extensive : in‘g:t'f'-.--

“"_from Laurentide till : Because e : know that the DLB parent

material is not till due to the absence of granitic coarsefj"-"f;'l. e

fragments, the material on the Del Bonita Plateau must V;_‘.f: S

have been deposited by fluvial or eolian processes.

.—-’v'_ B Ll e T ro g Y

o \\.‘?‘;

The coincidence that the sieved gravel clay fraction*- R

"-5mineralogy is identical to the BZR and DLB soils j_s

_‘ ‘because of leaching and cryoturbation processes. ’_ The

| .'intermixing of the upper and 1ower deposits by these o
v \ .

* : A . .

‘.'processes has occurred since deposition of the upper;{:!,r.,';_”ﬁ; "



o soils were greater than the BZR spil values. . _'rhis ,further_._i,"' g

ialﬁ soil samples (St.:Arnaud and.Herbillion i}vs)

ev1dent as originally expected

o n;. : ;ca,;ici;te' -Dolomite r‘ana-wsisu | -

BZR soils was determined from analysis of the x-ray-f{-'i :

analysis sought to determine whether f carbonate-'_'--"ff

result is that the clay materials\ extracted t‘rom the‘

gravels reflects the mineralogy of the overlyinq material.;_

The suite of clay mineral’l~ f ‘t‘:ordilleran origin is not

-

'rhe approximate proportions of calcite and dolomitef,;
minerals present within the cx horizone frém the DI..B and-

diffraction patterns. .Prior to tnis analysil it was known:';_i‘.v

that the calcium carbonate equivalent values fcr the DLB

mineralogical differences correspond with the different
CaCO3 equivalent values.""““ RN A Lo

"o _'_I,n carbonate .' studies using x-ray diffraction’f-}‘_.
patterns, the important d-spacings are 3 036 A tor calcite
and 2 89 A for dolomite (Goldsmitﬁ'ét al. 1955, Doner and&fi

~a.__,.._‘ .....

Lynn 1977) The presence of broader asymmetricaliy shaped}f

calcite peaks, at larger angles of 2 o are. fttributed to_f__:j;
the presence of secondary magnesium calcites (St. Arnaudlz &

and Herbillion 1973) x-ray met’nods of ,,analysis areg"f"}v-’ S

adequate in identifying the presence an .'_proportion of"
calcite, dolomite and maqnesium calcite - intergrades in{' "




. 103

reacts most like calcite, hut due to the presence of
wmagnesium within the calcite structure, these secondary
'-'[intergrades have different properties. As the proportion

‘-."’:of Mg inc):eases, th d-spacing decreases : and the

R f'_.;solubility increases (Goldsmith et al. 1955, st. Arnaud v
e and Herbilfion 1973) T B | r ;__- _k :'a-_»'- e o @ s

The( Proportion of calcite to dolomite minerals as

"'A‘.termined from analysis . of the ‘ x-ray patterns are. s : | i

?nmari:ted as follows- x ~~~/J

o an lecalcite >= &6’1dmité vl
' “ '. : Ckz ':'dolomite > Ij__calc\ite k _. _i | R
DLB Ckl 'ca1c1te >> : _’_'dolomite % i
e ‘v;";;-c_kz".’,.;-calcite ” 'j,‘l?"'.“z;dolomite | R & AN
—Figures , 15 to 18 -' show ‘the - diagnostic peak Tr:tensity
\\ - differences between the carbonate sam@les obtained -f_romA
o _“_..’the BZR and DLB soils. e oo | "
The relative proportion of calc:.te to dolomite in the o
; ”';.BZR CR2 horizon indicates that this material, at the solum
’ :“}”:f*_depth of 80 cm, is possibly less modified by weathering
”:.-processes than the other Ck horizon samples. The presence 7. —--
‘, - _’of secondary magnesmm calcite is indicated by the broad S
"_"',etric peak at 3. 037 A (Figure 16) Secondary Mg-

cal vtes are more soluble that other secondary carbonates

‘,'g-“which in turn are more soluble that \calc'ite and dolomite

Arnaud and Herbillion 1973)

L

R T
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, ‘{ other samples, where the proportion o,f. /ealcite is nmchj.'

proportion of calcite exceeds dolomite therefore <gedogenic:-?f;:' '

The L_lpresence of more dolomite than calcite in conjunction
w1th the soluble 1egondary Mg-calcite in this BZR Ckz

hofizon is easny distinguishable in this sample’ ‘f--_ ﬁecause--,f

the calcite peak of tnis CR2 horizon is so small the'-

proportion‘ ofa Hg-calcite skews the 3 037 A peak.. In the:._i'

larger, the presence of Mg—calcite 1s harder to detect e

Within the: | BZR Ckl horizons-" (Figure 1)the

.processes __T',are assumed active. ~ The calcite X'”‘Y,":f‘“ "

diffraction peak at 3 032 A is symnetri-cal so the calcitef? : ”

“is- assumed to be relatively pur,e (little Mg substitution)

.',This accumulation 'f calcite j_ the k b horizon-j’-"""

corresponds with the relative increase in caco3 equivalent:"‘:? :

L T_proportions of~ primary and secondary calcite within theso;,
' : "“fpeaks are_ unknown.

. . ﬁoriginally present in the DLB sou nteﬁu than i_i."f'the‘

L - ﬁf"fk"_.in comparison to the Ckz horizon (15% in the Ckl, 12%
: t’ﬁe cxz) : o o e

from the DIfB soils consistently indicate that more calcitef:i;

:.'corresponding Caco3 equivalent values of 31% and 17& forf

,

The x-ray diffraction patterns of the Ck horizons'"»

.w_'_than dolomite is present (Figures 17 and 18) The -

S

5‘-these DLB Ckl and Ckz horizons correlate wellJ to T
fvisible differences of the calcite peak intensfties.._ 'I'he':

.-'rhere may have L'»een nore calcite_;

: e"r» .




"'ﬂd;;f‘;;;ii._'"y,}~f7 e ‘”~-13ff.jQ3-gyfgjj;_’}:,'51§9,f'

?..$ZR parent 'material. ff Thisv. possibility ‘warrants ffﬂ

T

- .7

- .

1 evolutionary stage

:'i'..’, San’ Grain V-An,alysis o

consideraé&on because the inten51ty of the ca1c1te peakii”

: for the DLB Ck2 (Figure 18) horizon ‘is equal to or greaterfwl.

than the BZR CRl horizon peak (Figure 15) This latteri_

peak Bas been secondarily enriched by pedOgenic processesgifﬁ
bias prewiously described Therefore, the presence of moreiil

calcite in the DLB CRZ h,rizon must be e to preVious ,fa

Qr a ionger weathering cycle .of thisbj

Del Bonita Plateau ma erial.n

;ﬁ.‘Scanningvﬁlectron HicroscOpyy.'f

-

»

Cre—n

The surface characteristics Observed ngquartz sand

grains by means of the scanning electron microscope are e

summarized in Table VII., A total of 106 grains from the B[

and c horizons of the DLB and BZR s011s were described

The. qpartz sand grains from the B and c horizons ofav:g

the BZR soil exhibit characteristics of glac1al materials.l"”

COnchoidal fractures, brea} blocks,. arc shaped steps,'
parallel steps,' subangular 'and dominantly medium tou
highrfnief ‘are the crucial characteristfcs =(Bull 1981,?5

Krinsley and Doornkamp 1973, Whalley and Rrinsley 1974)

since the parent material of the BZR soil is;_till,thesebi.:

findings are. not sirprising. [ f'



""" Table VII. Surface Characterist

- Surfack Feature’
- ''Chapacteristic: '

# . B horizon 'C horizon . .

. totali26.grains 25 grains | total:

quizty $ana Grain

RIURIETH - - S
.- B hérizon C horlzen .
30 grains’

L
e

25 grains - e

cgnébpidalfttééturoig‘.f'

" breakage block;

'vm.égp»pﬁhpod‘leopq:'

mpct;téhop’ﬂnd.grq§001f o

, 3::V}}h;p;d_ﬁ4£*;"f&zl
‘éiggiio;'.t,p.‘!
o ‘;*;4&f¥§h¢;v1£*¢;
“upturned plates

.fA'fouh¢noinE rédndcd]'

 ~I _____ - ‘lubrounaqd;-f
o ’ subangular
. angular ,'j .

f@arapaco;

ailtea pp:1:.;i
4£1u=1§;’g;;;],L,‘

relief: low . L

AR 'y medium
e | bigh

N

o
65%
‘58%_,5

238

Ny

508 ..

o

423

Ve

;g5§:1'

. 42%
7 50%

s "
os0%

778

. 8.%¢
69’
23% -

4

64%
S 36y
T2y
0%,
56%
128
Cosav . .
LT
2%
16%"
208
7T

T2y

6087 .

v‘ 77§:

308

678

Can

‘soy

‘ 15‘35' R

T24%

- :-“zaﬁ-

©s2%

80%
s
. 28%.

8%
o%.

T

e2v L

‘80%

. 52%
48% .
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.ffsolution pits ‘on the sand. grains from the BZR 5011?f_m
_'deposits: within moraines.. Whalley and Kr

. noted apprec1ab1e amounts of Slllca precipitation as well;lbﬁ

.~as carapace on sample grains c%llected from a lateral_'i

’.contacts.;

"_aparticle;.

.,;Krinsley 1974) Whalley and Krinsley (1974) document thisi,f.

sur}

The high occurrence of silica precipitation andg_fh‘

E"?'samples,; is - also not_ believed. to» be unusual for basal,gf-'

ey '(1974)

,,/

lnbraine. They 'ccount for the precipitation on- the grains'_--

' :
high pH solution is obtained if mafic mineral=

14

;ffof the solution is greater than,9 then amorphous Slllca
'goes into solution. Even at pHs less than 9 dissolutionfbf‘

uwill occur but at a much slower rate (Whalley and Krinsley‘v

1974 Manker and Ponder 1978) o .
0 : » o : TN R
The occurrence of carapace or commﬁnution debris on_;

! ,vglac1al sand atalns is: also a common occurrence (SmalleY.v"

' -and Cabrera 1970 Krinsley and Doornkamp 1973 Whalley and»

‘! feature as being more freguent on subglacial grains._"

:_Other researchers have 51mpLy depicted comminution debris;‘"“

" as. being a product of glacial grinding, and this feature[

FATE

"v

’may persist on other deposits such as. 1oess (Smalley and;f'

Cabrera 1970) Pye (1983) feels that this debris is heldﬁ”

by electrostatic charqe._ - "_ ' ’_~_f _;if

_es be "'g due to the high stress o:f 1nterpart1cle"_“:"v,'

qround in. the presence of wate : f the pH;*vf



"‘material exhibit some trends which are different than the.‘;'*f'}!'-".f:»-

' "The'p sand grains from the Del Bonita : Platgau'J:.—;; -

| 'vassociated with the DLB &oil developed on unknown parentf}_'»_'i:'ff:

BZR examples.. The DLﬁJand grains exhibit significant e
:differences in relief and roundness (Table VIII) (silkﬁ"’:‘"'lf

7'1979, 'steele and Torrie 1980) Also,, significant;_'u-'ii_,,."

R ‘difference’ occur with respect to dish-shaped concavities,

‘ -_:__-'features.»»vThe remaining features such as V-shaped narks o

D

“from the BZR soil., -

%,
>

coxzchoidal fractures, breakage blocks and carapace surface

- upturned plates,’ silica precipitation,' arc shaped steps"vlbﬂ,- '_
and’ parallel features show no significant differenc.e in
v"'.'vtheir presence on the grains of these soil samples.'*:- :
: Generally the quartz sand grains from the DLB. soil are’_

-more rounded and have lower relief relative to the grains.;"'"”

:

' The importance : of these observations on- the sand-_-;-"_'_:;"',_'

fgrains from the DLB soil remains ambiguous.-. Eolian or.‘:_"v"-
: 7loess pgarticles‘ are classically characterized by the'-
*presence 'o_f dish ,' shaped depressions, jvl'o\“v vrolling,. .

v 'topography, meandering ridges, upturned plates and rounded -.

These features are

ﬂ;”believed to b"Te a result of particle interaction during
i_".saltation., The DLB grains indicate some tendency of being ‘
'.loess due tq the presence -of* dish shaped depressions, B in |
| conjunotion with low relief androundedness (Hill and -
if Nadeau 1984) Another feature indi tivo of loess is the

LN, :'»‘;."'-.‘v Lt s .
A Y N NI : S ‘1,.



Table VIII:”"‘Statistical Parameters for Evaluation of the °
; Chx-squared test by Surface Cha‘racteristics and Horizons S

. T ‘chthu-xodchllquuod R S .
Su.tzuco feature . L. eritical  caleulated " R S » EREN
‘ -chunctotuuc _;'_'-borizqn" ._vi'd,uo‘.' . value.. “‘decisfon e e

; . R . . P A PR TR

<

- conghoidal fracture Ba . . 3.886 - 7.76" - rejact BO, atcept HL - )
Ceee e e 386 . 14.36 .- v-nJoée '!0,_: iccopt_. BY e F

L breskage blocks - P : 3 86 . 1.35" loeopt. BO - R _
S ex 3 88 sz zocht. no lccopt. 81 T P

© e B C o e e

" arc shaped steps Ba . 388 19 vnccopt. !0 T o o
SRR Gk 388 . 0 0.3 accept. Bo” e
O icx"ncib; and ;rb&yory : S 5.88' ' , 0&5 'icqut"llo,
e oL Lo eE T 3,88 - 1,08 accept BO
. ‘ R - TR R . 0.32  accept HO . o
~ parallel steps . Ba 888 - . 033 | accept BO o SUEEEI U S : o
: e Gk 3,88 . 2,02 accept BO . . U

© dish-shaped ' - Ba . 3.86 -, 3.88 " reject HO, accept Bl . .
concavities ek’ 73,86 1083 | ' reject B0, accept BL . .
388 -t 241 accept BO
308 1.8 ‘-g_a,-'.;it:ao a (
7". . 8,6 'rojoet !0. uccpt. lli"'
‘7.8 Tataee - :um. mo, -ceopt. 8-

_upturned plates. !

RE. R

roundness -

. cnrnp’ce_‘_ 308 A78 rojoct no uem ll

388 027 ‘.ec.pt. ao :

AR

388 0.5 __.eoop_e a’o

.silica pépctﬁlt-pc
’ ~3:86 . .. 3.38 . _l‘c'copt, HO

L)

»

IIE

~ 3.8 R TR : nccopt BO
T T S0 -cctpt. uo
Ba ~7.81 J7.90 - .:oJogt BO., ncéqit. ") '
€k - . 7.8 . . &3 - rejeck BO, accept Hi

.iolut.la’n pits ’

Y

.:olﬁt ’

Y

Lo . P

.

_no d'hon is no -nu.ue.u; -lmuicmc du!ouneo in eho dht.ribuuou of )
pxoporuonn ot a surface lnt.un chnueuruuc between DLB md BIR. -on boruom

ll ‘l'ho:o is I -t.-u-uuuy ﬂ;nlttccnt dlt!ounco 1n t.ho dht.rlbuuon of .
- px‘oporttonl ot a lurtaco tnt.uro cbu-cu:huc bomm DLB ‘and m soll bortzom

V_Lwol”o! _ul;nl.t_lcmop--: 51_

o4



| agent The prdpdrtion of silica precipitation described'f""'.‘-; ".

. :-ggescriptions. :‘_.'».‘ -'.- :-, L

presence of a "dirty" surfac’ (PYQ 1983) in
both the DLB and BZR soil samples exhibit_-s-_,."j "

surfaces, where 51lica prec:.pitation was the dominant

on the grains from the c ‘horizons is consistent],y greater'_?’ o

,,,,,‘.._

,ggcause some Caco3 encrustations were

‘probably -included : within theée surface feature::. I

CN >

o Pye (1983) has shown that some carapace may be,-_:'
removed »by sonic vibration..._ Since these samples were"_».j_;:
initially exposed to sonification as well as a milk shakev_{}‘i::—wi
mixer during initial fractionation of the samples the

proportiqn of communition."f"debris may be nnderpstimated".,_;

however this is consistent between samples.

0

'I‘he presence of V-shaped mar‘kings are featurgg of R

(fv"__'-_..sg,lbaqueous or fluvial origin (;(rinsley and Donahue 1958.

v 'f"-_/;Krinsley and Doornkamp 1973 Ha,nker and Ponder 1978, Hill,f;_‘f_

= ~and Nadeaua 1984). --_.~Krinsley and Doornkamp (1973) also_u.'&.v‘gv:‘w

B ?v_i."_',state that upturned plates occur in conjunction with v

- :.vf‘,':'f '_ 'samples exhihiting V markings are primarily H:he sano,;

‘due to mechanical action -*when unorientated, and ot ‘a'
:-__vchemical origin when oi-" ent ed in 1ineai' patterns (Bull
-Qi7<.1981). The number of 'grains from the DI.B'-;.;and BZR soil's

_;markings however this combination has not been extensivoluy‘fi"}-f

" ; noted by other researchersx Both these teatures aro due_,.'_‘

to abrasion. 3 'rhese features are: genergl__-'_;,-,_' eli eved to

s

: ,4’“ '



:'Even though these' malfkings were present they rarely were

. '}"“'-'-found at densities as high as"~2';'pm2 Whic'h is a criteria

B for high energy beach env1ronments (Hlll and Nadeau 1984.)

: Manker and Ponaer ( 1978) question whether impact pits and

-.'-'..-."meandering ridges are truly eolian q,.features since they

RO K

"recognized similar features ‘,on:'? fluvial deposit sand

Do .

'J-grains.-‘19;;;;a3¢:‘.w
The presence of upturned plates and V markings on the.
sand grains from the DLB soil 1s camouflaged by siIica

prec1pitation.‘ The amount of prec1pitation dominantly

‘_."consisting f E aluminp silicates,' with !ome 'Caco3 a

PR

crustrations as determined by using the Kevex analyzer,

c f;.-'-may camouflage the existence of v markings and upturned

0 e e

R plates. Therefore the presence of these features on the

sandograins from the DLB soil may have been underestimated

- in this analysis.,-:-.:-ﬁ_"- e 3 o f L “ , B
| L The following conclusipns ma‘y be drawn from the SEM
-';analysis. The sand grains from the BZR soil exhibited the
vrecognized surface texture features ' characteristic ' of
- .,v'-glacially derived materials (Figure 19) In comparison,
'j'the DLB soil sand grains t;'ccasionally exhibited the

¥

T .typical rounded shape, low relief surface and abundant

. : "-'silica precipitation associated with gra,in surfaces of

: eolian origin (Figure 20) These "classic type" - sand
*grains are the exception with the maj ority of the sand

‘grains from both soil exhibiting intermediate surface



g ?AFigure 19.‘Classic glac1al quartz sand grain from the Beazer

”irfanguiar shape and medium to bigh surface reli f

t:tjcovered with siiica precipitate.;

'*soil ‘Note the conchoidal fractures, ‘are shap steps,j-rean

iffigure'ZO Classic eolian qdartz sand grains from the Del
‘Bonita soil, “Note the spherical shape and smooth surface/j

f?Figure 21 Iypical "in@ﬁr@édiate quartz sand grain from S e
_”{the Beazer 'soil. Kote' twe conchoidal fracture, bottom right, S

Cibut the. associated medium relief ‘and" subangular to sub-. RO
'rounded shape.j‘yg C L e L '_,“ﬁf"‘"'“

Te

_'“,- R -..“

5y~;FiéureL22. TYpicai "intermediate quartz sand grain from

'fwthe Del- Bonita soil ~Note" the dish shaQed—concavity, upper

‘,.right, conch dal fracture, lower left,-pittedRSurface. Lo

';'g,;medium reli and subangular to subrounded shape.rgﬁ.'ef:;&¢,3~f? o

o
S T







: 1 paleoecological regimes existed in a particular area

S

e .'-. surface soil samples is to determine whethe.r differen

S ; Milk River Ridge (the s@k soil st

features (Figures 21 and zz) These latter gra ins have

( surface features which are a product of glacial fluvial_

: o and eolian processés, andthere is an overlap of featurés-_;_,:‘:5-_'_7'
. between the two soil materials.. The BZR soil ;and grains_,:;‘?.'v ,.
“are’ generally more "glaciaI" in origin, evidenced by tha;fjff
greater percentage of conchoidal fractures and subangularf, '.
shaped grains. The sand grains from the DLB soil are
gene,rally more subrounded and have a lower overall sur,face.f -
'_ relief. “on the basis of these observations the Del Bonita'
material may have originated from glaci'_).\ deposits but it
has been reworked 'by fluvial and/or eolian processes.‘-""
‘FOMore conclusive statements concerning the or:iginC of the B

sand grains from the DLB and BZR soils, on the basis of«'.i;

th!s analysis, are not possible.
BT mntphytouth Assemmages S f e
'rhe purpose of investigating Phytolith assemblaqes Of f 3

?r.r S

tne |
premise of this procedure is that plan‘t phytoliths ‘ rovide
fossil record of past ecological syﬁems that may have

o existed at a particular site (Lutwick 1969) Surface soilJ

L]
N

samples were collected from the Del Bonita rlateau (thef'_:,-".:‘f -

';_ “’DLB 3°11 Sample ”ites) and the surrounding area pn ' the

p e }ites) to see if the

PhytOIith assemblages do vary be'




'7;5parent material theoretically heing older, .a unique:“v~

- *f;anticipated-_’ﬁ'f.f’“'ﬁf =--3.:-- - f?iv

‘]f;qualitative } and/or i quantitative {; assemblage ;uwas"'

B : RO J
Plant opal 1s hydrated amorphous silica of biogenicnafg

4';tr;origin (Wilding et al.. 1977-.} Plants 1ncorporate s1licaz"“

'VEfinto thé epidermal cells_of heir leaves resulting in thejfi“

'fdeVelopment of‘ opaline’“silica bodies, reﬁerred to a'°j2;

:phytoliths (Jones and Handreck 1967. Twiss et al. 1969)

L The ‘rate - of silica uptake vggies between plant species.l-~'

uFor example, grasses contain 10-20 time the concentration'~il

- of silica found in legumes and other dicotyledons (Russel “

—

_"1961 536 as. reported by Jones' and nandreclé 1957). )
;f”~Therefore, since plant phytoliths "assume the shape ofvthe-~.'
g —‘,

: cells in which they are deposited"“some plant opals;are

-sdiagnostic of certain plant species (Lutwick.l969 77)",1;}4ff

The classification-lof phytoliths is based;;onfri*

‘".,morphology.g The diStinction between forest opal and grass:”*f*

e opal is wen established.f' Wilding et al._ (1977 487)

: describe deciduous forest 4'opa1 ,as consisting :;offjj:f

f"incrustations of cellular components with numerous thin.7,‘

1sheet structures while grass opal consists mostly of 5°1idf;3
'polyhedral structures resulting”%rom silicification of the'jﬁﬁ

. Hentire cell" . Norgrenf (1973) extracted plant opal:i

‘directly from conifer needles. He noted that there wasjjtfi

some similarity of features with phytoliths from grass



L -_;;.species. However he telt tha,t he was able to ditferentiate

j_‘difference between the DLB and BZR sample lites i:n termsjf‘-_-:
e of phytolith assemblages. :

",‘ :into four groups based cn shape. _
’:two reservations in using this classification. First, v;as
""»_':-:' _"“_that the three , subfamilies Festucoid Paniccid and
.j'_?i‘.:"Chloridoid contain many grass species. Second point was
;'jlj”b;that the last grf’ '_ v ‘

E £ _’encompass inq since

__class:.fication scheme was employed in this st,udy '’ and .}t',:‘-__‘..

' 2.".class, although none ','lere present. j\' o

‘.-.

L ffconiferous forest opals from grass opal. :

Twiss et al.' g1969) subdivided the Graminaceae family/__?.;:'

'_,Norgren (1973) expressed »

the Elongate class, 'was too 311

.‘.

‘4 t is characterized by rod shaped

,.thtoliths, ' and tlti& phytolith is %:he most common.
v : :vnoWever, more recently it hag been shown that these fOur
-_groups are" taxonomically significant and environmentallyf}li

Ly _”sensitive (Johnson '”_'.51 al._: 1984) Theref.ore, this

‘\'

W

V".‘forest opaline bodies were to be observed as a separate S

The results of '

he phytolith assemblage analysis ane

o -summarized in 'rabl —Ix Quite simply thez‘e—is no-

;,.‘j}'he d""_'inant proportion ofif’v,-' 1'_
phytoliths were classizied as Elo "gate with ?sstucoidjj,;"-"-'
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{ or to the conta@t between

associated

R obtained from the fhree profiles
’°7f“f, profiles) revealed some distinct and‘ uniqueluteature

surrounding area on the Milk River Ridge have experienced_“;f

the same ecological regime.:_gZ;QL;T“Q{Fvaflfff”{vﬁ“

-0

difference in PhytOlithi

e

F_ vegetation

paleoenvironments 'of' the Del

neighboring Milk River Ridge erea. may have, then ‘been?
distinguishable. , Upon visuel inspectidn‘ of. xthe “gravel,‘f
pits on the Plateau ‘no- paleosols were noticed o thie
sampling procedure yas% not persued,5; Cryoturbation?

disturbances may account tor the viégel absence ot relictA

horizone from P31e°3°18oyi;f'7o:ﬂ‘-

§-1 szn and z om j'"”oil




" :x-"

_the Bm horizons are

This analysis indicates that the parent materials of the - _'

DLB and BZR soils have experienced different climatic and‘ '

e‘morphic regimes.'.» , ~The' v'-_D"LB"' soﬂs have fa,brm'

(Roniscev et al. 1973 ;- Bunting and Fedoroff 1974..Fox and

Protz 1981) while these are absent in the BZR soils. ."_:1‘_he :

a

micromo.rphological._ descriptions are summarized in Table

: arrangements characteristic of cryogenic processes :

The Ah and Bm horizons of the BZR and DLB sous are

similar' in terms ~."of," f fabric : 'and' plasma fabrio

;

KUY

i granic to 1unctic porphyric. These fabrics are s:.milar
: memb}i*s being the only difference (Brewer et al.' 1983)

| masepic._ ’rhe Ah- of the DLB soil #1 profile has more s11t‘

i, s

?G % ;
s1ca11y simiL

from granoidic to porphyric and /i‘,he?Ej plasma fabri& is,

LM

identical ‘ 'rhe fabric descript}ons of theSe Ah and Bm»

N

-~ *

" with: ?rain content of the plasma and accommodation of f )

| . grains, voids and asjslands within the matrix. La.kewise,, .

""I'he plasma of the Ah horizons is _ described as : skel-’.-'

- ;and the plasma 1acks domains of clay orientation. The

-

'plasma fabric is described as snasepic-inundulicf 'I'h‘e.;- .

’ other Ah horizons have less silt sized grains, and the

The L fabrics varyj "

horizons are. comparable to micr“ rphqlogical descriptions_

-'descriptions._ ‘The fabric of the Ahs vary from orthoh

o zones of orientated clay are assbciated with skeleton -
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- -Pawluk 1983) ‘

and '§ZR 'soils are yi

,: Syt

. 'of other Black Chernozemic soils in h—l-berta (Sanbor‘n and'

The micromorphalogical differences betgn the DLB Lo

Usnﬁ o the @rwer (1976) . Brewer and Pawlukb--

.?ti'(1975‘), ‘and Btewe? et" "al._ (1983) terminology the actual s
_ '_difference is not apparent. . The description of the BZR’

: ,soil CR f fabric is fragmoidic ~ porphyric and this is not
-;immensely differenf frpm the DLB soil Ck horizons "
.(granoidic, fragmoidic and vughy porphyric) However thisf;'_‘_.': :

" v, latter fabric is not as dense or massive as the f fabric
"'of the BZR soil ck horizon (Figures 23 and 24) From the-v‘-._A
'.micromorphological descriptions the discrepancy between,ii}_‘_-‘-
.-_the CK horizons of these - two soils is only apparent in the:f'”
'additional features column : Here the- feature termed
l'“"concentric glaebules" occurs with regularity for both DLB_'

.'..soil descriptions but not in the BZR soil description.','

-;-'-J'These circular shaped f members are unique and warrant_'_

- 'further discussion. G _ | _’ e | ‘

" _. The £ fabric of the DLB soil Ck horizons have zones""‘;_'i"

*‘-_containing, . "bubble - like" - matrans, and exhibit‘,".--.v_\ﬁ_-

‘. "micropolfgonization"' a term used by Koniscev et al.'

[)

-(137'3) and Fox and P.rotz (1981) ‘ The fabric is

.Characterized by the presence of circular features which.‘ﬂf-.

%

".maybe are suspended or incorporated within the matrix

(Figure 24) : These circular shaped features (concentric"_

e

Sual y evident Wlthln the Ckl and CJ::2






S aze

”?‘ﬂglaebules) consist of matrix material which may or may notff‘&’

-be centered around a skeleton grain.' In either case theyfﬁff;

'exhibit concentric development 1< Their internal fabriclfﬁ'

icomposition varies considerably from silt to sand sizedf.:“

‘,grains sometimes intermixed with orientated clay In therf

:best examples the clay _as well as sand grains are'

A Y

vorientated le ‘a concentric pattern (Figure 25) These‘,f'

i*features are well developed in ‘the Ck1 horizons from bothvfi?”

DLB soil profiles (#1 and #3) at depths of 30-35 cm below>

_the surface.,' In the 1ower horizons these features are~312'

"less common, but they are still present.: With depth they j,*-

LY

K appear less 5 circular ;.and less "1solated : from the'a'

'isurrounding matrix material It is as if they are still

i'in the embryonic stages with increasing' depths.;f”vhtfla"fi

jp-:depth of 159’ cm,, th@, occurrence vof_-these @ieaturesf:

"-',decreases to rare.-p‘;

M

Numerous researchers (Koniscev et al. 1973, Bunting~”

.fand Fedoroff 1974, Fox and Protz 1981, Mellor 1986) havefy”-“

'described similar features in soils from pres nt day )

.permafrostvaffected ’soils 'in the Northern hem sphere.g_.

"7-,Koniscev et al. (1973 215) noted "aggregations of mineral rfgf}

[ I -
components ;of an irregular, oval _or _elongate

'micropolygons ﬁhe form_ of rings’ constit ted by:“

\7fragments ot the primary minerals" ‘of the s nd ‘slze i

p"fraction.; These concentric fabric aggregations w_re notedjy:°f

Tf to disappear with depth, however the best examples_;’i




A
A e




B 1

ggubécurred at depths of 1 2+ 1.7 m (Koniscev et a1 1973);“‘
. 'irLSimilar ' features ‘a'd, their':acorresponding l depth:ﬁiei
iitgstieff 'flrelationship haVe also/ been 'reported by Bunting and"'
o . Fedoroff (1973) and Fox and Protz (193}1 in their studres:,

_ o :
‘“of the surface, close to the present day frost table (Fox'

R

%1983)

i) -
quthat Brewer's (1964) and Brewer' and Pawluk' (1975)~-”

"Q
? Fox. and Protz (1981) in their analysis of Cryosolic5
.gQ :“» 01ls from ‘the MacKenzie Valley in Northern Canada showedi'
;?-‘ bthat £ members rearrange themselves w1thin the plasma andlf
_; ?}fgﬁ matrix. o Because fjof. this.f’rearrangement Cee
:h’:'t ﬁ)l. micromorphological components within the soil they feely
|

)

f?. .-terminology requires modification.. They state that "theil

”dﬂstinct fabric ‘patterns\ cannot be characterized wlth.

FRNaN

A

/R
L remain relatively immobile" (Fox and Protz 1981 32) They

1 ‘.s"does not account for "the- distinct rearrangement of ff

: _"_'members within the £ matrixnv (Fox ‘and P rotz 1931 32) |
”if-cmherefore due to these deficiencies of previous systems in'fﬂ
. fddescribing the unique fabric and features found in present?,ﬂ :
,,_ﬁljg}hgriand relict permafrost soils, ‘Fox and Protz (1981) pr°P08edf.

'jthe creation of three new fabric.types°ﬁ

i ; .

. e B . Co L .4" e - : , O . . .

- ”jr: of soxls from the Canadian Arctic. In these .latter‘.rmm-

' examples, the best developed features occur within 1 meter'3"l

\ Brewer's 41964) terminology for related distributions T

since it 1s based on the concept that skeleton grains

also indicate that Brewer and Pawluk's (1975) terminologyg“i |



.”ii;'orbiculic p- Fabric where skeleton grains or f )

lir;g members are distributed in a circular or ellipsoidal/

ﬁ.arrangement.,fkisﬁ7- ,puvﬂ"f{f: L,;.f;;*’" ‘34459w‘fb

2. suscitic‘97- Skeleton qraigs are orientated.k\
vertically or nearly vertically. Occasionally

'skeleton grains ?r f membgrs have accumulation of

fine material at thelr base. ”","“fvf’~¥?5>; ';jlfi?; SuE

4

3. conglomeric- A compound fabric arrangement in Co
which the primary units ‘are . discrete f members o
(coarser units, usually derived from granic fabric f‘

':'1 distributioﬁs) that are randomly set into a ground

l*mass of finer b4 matrix material (usually but not A
necessarily less than: 10 om. size) about which the_

B associated voids delineate a’ seoondary tabric ot
. ellip cal to rounded framework members such as L

] fragm{i or granoidic. “:“j‘ifxl;;f' T

(Fox and Protz 1981 32)

4_‘5""v

l_-On ,the thin sections ot the DLB soils, examples otff

;forbiculic fabric arrangements are not present., Howeverhfl,f

[

examples of suscitic and conglomeric fabrics are presentﬁlrﬁn
o on thin sections from the gLB CK horizons. Using this
i‘Vlterminology' to modify ‘the original descriptions, the tﬁ{ﬁjfﬂ
3afabric of the DLB soil ckl thin section (0103) could beﬁi::f
B described as orthosuscitic // matri-oonglomeric //-j;;?;
"7?granoidic metafragmoidic. { The suscitic component is_ .

‘ffpresent in minor amounts, however this term does accountfﬂfﬂ}

.




. ‘for""?‘th'e‘ vertically orientated . skeleton grains wzth
",T_‘"accumulations of matrix material oplastered on them in y
| different places, (Figures 2;6"" and .:)'_. | Where the
(- ; concentric aggregates of fabric are clustered tqgether,
“conglomeric fabric is- best exemplifded with depth as
ithe concentric features become enclosed w1th1n the matri;c‘
»vmaterial, the terms conglomeric porphyric and conglomeric '.
vporphyskelic are applicabl,e (Fox and Protz 1981, FOXv“
‘11983) T O @ e -
The genesis of conglomeric fabric has been theorized. ,
', Koniscev et al (1973) showed that micropolygonization of
- fabric may be duplicated by repeated freeze-thaw cyc-les. v-

'Therefore these features are a. product of frost action. |

'within permafrost soils the development of lenticular

vfeatures is a product of diff' ial sorting. Corte

. (1963) has shown th‘t particles less than 74 microns move .

” .‘.';downwards from a freezing front while coarser particlesv

-y "l

move upwards. . It has also been proposed that these sorted |
'features are the result ‘of partial infilling of melting
“ice 1enses (Harris and Ellis 1980). These lenses of
"sogted | materials have been reported by numerous

»researchers- in cold environment soils (Reiger 1983)

vl '~ o

‘m';uo"rf '(193,5_;) theoriaed., that ,thes'e l_entvicular'fe’atures}.. e

G
4

2

_'be partially disintegrated and rounded by subsequpg;:t }ﬁ';;i

'..cryoturbation : processes, : producing micropolygonihed
a fabric.- 'rhis hypothesis is similar ‘to the "snow ba'll



RERE PRI ,Figure 27. Well deVeloped calcitan at the base of ‘a skeleton.fg.ﬁﬁ
w7, 2+ . grain, from.the Del. ‘Bonita Gkl" horizon.(slide D103) Note thenﬂ_};.
el ."1ayered" appearance of this feature. S v R

(plain light, mag.;lox) NERSCAT «:{7"w' fj'Qﬁ::j

e AT e e
’
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theory" .which has been mentioned as a possible waytthat

- il.,;these features and associated fabric may deveIop (Dr. C A.

-the su-rface downward and upward from frost table does not
| _-happen in a regular fashion - parallel to the surfaces.
: Therefore pockets of unfrozen soil may be moved “or
b-'.vsqueezed because of heav1ng -as the surrounding material
freezes. . Turbulence or c:.rcular movement within these

unfrozen pockets may result in the formation of these

| vFox pers. comm 1987)8 - 'rhe premise of this theory is ; ’

‘ "'that dur: ng "freeze-up" the advancing freezing f‘ront fr-'om C

concentric glaebules.,l Credence to this hypothesis is i

v

e
are present in association with dynamic frost tables

and- Murphy 1979) o | V K

_evident from present day examples because these features L
.i €. the \ac_tive layer of permafrost env:.ronments (Fox and o
. Protz 1981) . Also this corresponds w1t.h Koniscev et al 's

'7»(1973) previously mentioned 1aboratory findings and the

-zone at a depth of 50-90 cm in s01ls in England (Bullock

Features associated with suscitic fabric have been

Y

: -‘1\“-:,.

fragments within the soil matrix has b.een described in

- "\

,'1981. Reiger 1983) ‘I‘he geﬁesis of vertically orientated

detail by Corte ( 1963) ' and this theory is widely accepted

. wDr. C.AL Foii Land Resouroe Research Centre , Agriculture, .
 Canada, ottawa, Ontario. ey o e e o

development of cryoturbated papules in the paleoargillic

oy widely dogumented (Washburn 1973° French 1976. Harris .



(Reiger 1983) { The development of fine matrix cappings

ﬁfj';uff : and pendants on coarse fragments is more nebulous.,f:“

."1 '.-

Pendant formation on the sides and bottom of coarsegfﬁfﬂ

o

e

fragments appears analogous ‘to' “small scale" ice wedge}f{fxﬂ

formation. o Withinf the matran, distinct zone, ,re_. R

recognizable (Figure »27). | Each fﬁa ' "Iining" fﬂéfrfiﬁf

7! concentration of material represents “a melting sequenco.ﬁfi*

Developuent of segregation ‘ice under and around coarse.}__::;"v"" W

fragments in fine textured sg}ls of cold environmen;s has_;;}ﬁ

been noticed by numerous researchers,; as reported byffiiﬁ

Harris and Ellis (1980).‘ Upon melting of this ice lense,fl”lg

,fﬁ; ffner matrix material seeps in around thexbottom of the{f_mj

f‘;gf' stone. This process appears to be repeatable as Visible}ij;j

: PR .'<§f *ﬁ o
tfe 'occurrence'-and development of fine grainsd;

pendant This cryogenic based theory is identical to the?f;ti

”fPQSh hypothesis for stone movement propcsed bi Corteiﬁﬁv.

cappings ‘of' co;rse . fragments i;is disputed i the?zih§7

Lo literature.‘ Although cappings are common features of coldfﬁi””

J; 'f;'f;ito5;environment soils, as notéd by Hellor (1986), ilmilar;éAff

'5j_entities have b'

rg ; ﬂappears agents o‘ sr than frost action nay be 1mwolv.ai?
a'ﬁ(Brewer and Pawluk 1975).~ The most accepted uethod og cap;ﬁ
ffidsvelopment consists ofsinfilling of fino matoria1 “Ponk




"'3disintegratio?~e£ the ice sheath around coarse fragments

'(Harris 1981)

1pe:;glacial kactivity

RN .-Q/’.” L : S ST f'

(Harris and' Ellis 1980, Mellor' 1986) Reiger (1983)

YA

“r}(proposes that as: stones aie uplifted within the sozl fiﬁb*
'»particles of the matrlx are "plastered“ion to the upper
vih'surface of the stone, thus creatlng surface cap.‘ There isﬁ
' lso a possibility that wetting and drying processes mayi 8
("result An these featdk\s,‘however this procedure appearsfl:.
‘to be less significant, using the recorded occurrences asfﬂ

h’[ a- criteria.‘ Whichever process is involved surface cap:

features ‘on coarse fragments are primarily confined tg’/‘

'relict and present day cold env1ronment fine textured -

”'t501ls where segregation iice‘ development is ,favouredi7°

BN R 4

A"From'i'the" analysis of thei micromorphologicalfﬁ37]

.ﬂdescriptions, the following conclu51ons may be obtained'

L The BZR s01ls _do ot containl"

=51milar features,- Second the frost table on the Plateau"

- lvaried in depth most frequently between 30- 150 cm. if"‘i'

e

2P

'a501ls on the Del Bonita Plateau exhibitn*fﬁ

11n the CK horizons which are a: product of.;f;



— CHAPTER : _V_l: .}1';concms Il'ons s
T ooy _ : :.:\v. v‘v’,_‘ R

This study/ﬁomparedvan Orthic Black Chernoze!?c soilﬁgi

'ffxdeveloped on, parent material of unknown origin, the Delfﬁi’ﬂ

‘-

'?7deon1ta (DLB) 8011 With a 151milar soil developed onﬁffffﬂ

’5f5Laurentide . tlll 'uthgg Beazer (BZR) ; soil.pfhf;ffhe;'f‘7i

‘,characteristics of these 50115 were compared and assessedfw}7”

S R .»;
','to deduce the origin of the DLB parent material Dl U

The Del Bonitas SOll parent material is loess,f?ifef
”r‘jalthough 1t mUSt be recognized that this material hae been';"“

”1substantia11y ' affected by cryogenic f,“ periglacial_f“F'ﬂ

‘ :_processes.; The crucial facts in coming 0. this conclusionii_%;]

are:

'.filnghef:clay mineralogy of both soil materials sfﬁii?
.":identical as indicated by the x-ray diﬁfraction patterns.i;;;‘7

.;;This finding eliminated the possibility that the surficialfff

1-Qmater1al, on' the Plateau originated from the: ROCkY;ti?f

'.lMountains.jl,?,h | pOssibility that the material wasifﬁiﬁ
'ifluvially deriggd from the Laurentide drift %as eliminatedfii}fj

G Since the overall Plateau, slope reflects the mountainirj;:i

' 'utz.. The Caco3 equivalent valuess of ’the .DLB 8

"'f“:con51stent1Y greater _than the BZR 80&18'-if

n

g';origin ‘of the underlying Flaxville quartzitic gr.velsfﬁf"ﬁt

lf~(0 4% slope down to the North east) gf~”'

ludiffraction patterns indicated that tﬂ; Proportion ofiitﬁQL




difterent from the BZR 50115. Dolomite exceeded calcite

j"“,fj'-_'_?‘,in the BZR CK2 horizons.{ Because the ca1c1te peaks of the R

X

'i;fDLB cKz horizons were con51stent1y greater than dolomite,‘ 57#

1t 1nd1cated¥:that *the loess source material had been

Since the DDB

'surface mater1a1 contains large- amounts of . Caco3, vthe

A‘modern day analogy explains the existence of such a;

",Qcarbonate rich source area.. In the Crowsnest Pass area

l'501ls developed”on the re11ct floodplains of the Oldman:l:c
:fff{?"f_ff};fand Crowsnest rivers are extremely calcareous (Caco3
i ..am;equivalent values greater than 30%) Alternatively the

'~,fsoils developed in till on the valley side slope positions"

"_hj*fﬁﬁf’;‘have conslderably lower cacqglequivalent values.g'”"

%\1,;fiﬂﬂﬂfi§_ﬁf, This analogy 1nd1cate$gihatha carbOnaté rich area may B
i;ka?fffﬁiéf%fhave been present gu_Q é; g1ac1of1uvia1 activity. 5'3_l5°
cftgif¥{i‘{h;i?fluvial source ar;g;¢§s0c1ated with a: laurentlde ‘ice. sheet\ il;
would be a richl;sfurce ot calcuim carbonate -dperals.__‘"vf"-.
,"v.lf:Therefore,. t%;;? carhonate concentrations, o especially\fy;f

‘icalcite, mayéhydgreater within the Del Bonita surficial;ﬁ'

7tmaterial

,'an the Laurentide till ’if the loess originated
ll . - .

7_from ang"aciofluvia1 source area. ce

B
’ S -',fi'- ’

o

'3f3 The llght mineral fractionv of the DLB soils was"rfés

["consistently greater than the BZR 80115.'f-,Alsc“«the




'ff”Catto 1981)

- The fact that thjgr g’Plateau ' experienced periglacial’
AR 3'.f Bl
e ERRE D conditions as evidehced by the presence of 'ice wedge casts_‘f,i{e-

fetc. was confirmed from the micromor:phology of the q!({
’ S o
"]honzons of the DLB soils._ The BZR and \DLB soils arei

i v_';':;"similar with respect to profid.e characteristics «gxch as}

: depth of solum' and texture.; However,, the existeni,e of.’,'-_‘j."“"_;.”.’f

Aconglomerlc and suscitic fabric only witﬂi@h the DLB soil'v.
= CK. horiZOns means that the Plateau has experienced"{
" .periglacial conditions._. 'l‘he: effect of cryogenic processes:._f."5:"-'}'-

o Vhas not been altered by pedogenesis. This confirms the'-

fact already deduced from the field observations, that theif;:“ S

S 1°ess overlyinq the Flaxvill; 91‘&"318 ":‘_..'88 present at somev‘i'ii_i{-;l:
_{.__ltime | when , the Plateau Wa§ subjected to periglacial.ﬁf_-j“-'-;._' 8,
condi.tions._ ;:ﬁ i ’ ‘ RS '

s
R

The other analyses did not greatly contribute to th:ls '
: g deduction process for a variety of reasons"‘":“'" PR

_ 'I'he particle _ size analyses were not conclusive:w

: ‘-"i.,:_.;.'_'?because‘ the —cumulative curves of the DLB samples rstlectsdf
'. the effects of cryoturhation._lj__ff‘f_""_l'v .
,are well sorted . Due to cryogenic‘?processes sands and»




-E,differences between the sand grains from the BZR and Di

o _'Smalley (1983) S Ay

R .

'7itigravels from the Flaxvi%}e gravels were incorporated}?ii”l

ii?triwithin the overlying surface material.. Poorly sortedf'P'w

'A'i'loess deposits ft_: the product this procesékan;’ﬁ
"?fVTherefore, the parent materials of the DLB and BZh soilsh:ifié

- are- both poorly sorted according t° the 5°rti"g index'}_v-’f.”-:":* :f ;‘
v"?“classification proposed by FoIk and Ward (1957) | B

The scanning electron microscopic surface morphologyﬂ'tf:-

3

'lfiof 'quartz grains was not diagnostic of 1oess deposits;iifhi
tbecause the material on the Plateau was relatively closeﬂfjw'
3fto the source area.; Typical loess quartz grains are thea;fi:
bresult of saltation over thousands of kilometers in desertifg
.isituations (Krinsley and Doornkamp 1973) The loessf_f
"’:fnhterial of the DLB soil is derived from Laurentide drift_1;;5
b';which may be as close a 10 km away.i Because of the source;;fdf'

‘"material proximity, typical surface morphological features

\.

'associated with loess quartz grains are not present in 'he53:f]

'”DLB material in Significant amounts. Only broad geneﬂflif~”“

%material were identifiable and these,were not conclusive.vrcv"

'T‘~3Theh following 'scenario is‘ﬂaf.simplified modelff'-‘
‘-:accounting for the deposition of the 1oess on the Delf‘
i'Bonita Plateau. _ This is- based ‘on Hardcastle s (1890){ﬁi;“

;'hypothesis regarding glaciers and loess as_ described by”tjfgf




inuni&r&@ glacial advances and retreats of continental ice g
_sheets across southwestern Alberta. ‘ After each advance,

L f as the climat“ ameliorated glaciers retreated exposing

g ‘j-"‘:‘.';-»c'limate, glacial meltwater containing dissolved minerals' 'f"«"".‘
‘v".-‘=':"'.‘_rwould have been abundant. i This rﬁnoff water would flow_‘
e i-'."away from the glacier on to the exposed norain'e creating ai-_'.l‘f.--"."

flobdplain of sludge" cOntaining "rock meal" - (Hardcastle ‘

‘ : -depositea.,, 'Jr

Durin’g the wisconsin glacial period there were

4fresh1y ground glacial detritusr with the improvingv"'“ o

1890 reported by Smalley 1983) and preci;itated
carbonates._- The materials on the floodplain dried and"'...'_:'"l ‘:
",'.v'fwere exposed to katabatic winds blowing from the nearby'l_f
e glaciers._, 'nhese northerly winds selectively Picked up
"”f*'.jmaterials of particular grain sizes and carried it to the

south. At 5 eaks in elevation, ‘ changes in surfacei-

. roughness '-and as wind speed .decreased the material was“‘_-‘..j‘_ o

;-'loess. EE After many htmdreds ot ¥ears the,} BT

'L‘:.?"."_resulting Joess deposits were significant up to 2 n'f';ﬁi
thick on’ the Del Bonita Plateau. e L

With a readvancing ice g sheet | the Plateau was _‘

subje"ted t° enVironment siominated by cryoqenic-ﬁ“ o
".‘processes. The examples °f the Periglacial vfeatures sucllﬂvf"

j-*.’ff.fas ice wedge casts, up-freez_ing of stones andvinVOI\hOn




moist perig1a01a1.environmeg§ Upon the onse 70f anotherf:fﬂ5

%\4 >

minor altlthermal periqgrn }‘i Plateau surficzal materlals}arl;f
P S

rf'were modlfled by processes associated w1th the meltlng ofi“fg

the permafrost._ SOIifluction and altiplandtion are twof??fﬁ

processes that resulted in the present day dgstributlon offp::?

'loess Qf the Plateau.kﬂft this -reaj the ;term;f ii

cryoturbated fluvial eollan, propos a by Dr.f .;;;7;

Shetsen (pers. comm 1982?9 does not appear incorrect 1nﬂ{f"
1

descrlbing the upper surfic1a1 materlal of the Del Bonltafgdgf

. Plateau.

e

R Dr. I.. Shetsen, Aiberta: esearchﬂcouﬂéil;}Edmontoﬁ;i‘fﬂzs:
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