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Abstract

* Buried oroﬂles in the Cypress Hills plateau and Waterton (Cloudy Ridge) areas of Alberta were
studied to determine the cause of their soil-fike features. |

The Cyprees"}-ttlle\ proﬂte, under Wisconsin loess and another drift (the hill's own till?), is in o

‘Tertiary fluvial gravels. Much of its plasma underwent prersconsin diagenesis /n situ to srhectite.

Disruption accompanied burial, so the gravels’ surface is not likely a preWisconsin landscape
’ o -
surface. That surface eroded as the mantle was deposited (glaciation, colluviation), or effectively
became new from periglacial aotiyity (cryoturbation) following burial. '

" The soll- Irke features (granularrty clay films, redness) are not pedogenrc They probably tormed

. during and/or tollowrng burral structure by phystcat processes in the high- smectrte system
~(ttoocu|atron, shrrnk-swetl); ‘day films® are merely the stress-onented surfaces of the clay-rich gratns, “

'_ redness is probably from recenitly precrprtated hematite. lron (eicess from diagenesis?) Iikely

occurred in moderately acidic groundwater. Carbonate infusing from the new mantle ratsed' the pH,
precipitating hematrte atthe top of the gravels |
The Cloudy Ridge profile is beneath Wrsconsm Cordrlleran ttll Its medium ’(‘otten called .

preWrsc0nsrn Cordrlleran till) likely orrgtnated as Tertrary or earty Plerstocene tan (tluvral mudﬂow)

‘gravels: Kennedy dnft as t'trst d.etrned It weathered thoroughly in'situ and contarns regularty,

mterstratrﬁed chlorrte-vermrculrte

Dtsruptron aocompamed burlat so the dntt’s surtace is not Irkely a preWrsconsm tandscape

" surface. That surtaoa probably eroded as the Wrsconsln ttll was deposrted The weathered gravels ‘

“were incompetent to stress from the Wrsconsm glacrer Dtsruptron and compaction aocentuated the

a|ready till- Irke aspect of the fan matenals Lenses of fluvial gravel among the mudﬂow survrved

.

.mdurated by carbonate Rotten rock tragments destroyed above survrved at depth where

-

‘ drsruptron was Iess tntense % . -

‘

- Soil- hke teatures (structure redneSs) are not drrectly ogenrc They robably formed durm .
{J 9

and/or followrng burial. Structure comes trom compactton Color may reflect the weathenng but
: the oxtdes are redlstrtbuted Hematrte may have predprtated wrth retntroductton ot carbonate into

the top Iayers espectally rf iron from the weathehng was present in mrldly acidic groundwater
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. | Chapter' 1
\
\ ' t

Definiti
The scope of paleopedology |s stnll being defined (Rusllan 1971), though Ruhe, (1965)

proposed that paleopedology is the study of paleosols. Itis generany accepted that paleosols are

'sous that formed in landscapes of the past (Ruhe 1965; 1975, Workmg Group 1971; Yaalon 1971a).

o

Pnnmples governmg the scope of paleopedology, and of paleopbdological case studies in
pamcu|ar have seldom lf ever, been dlscussed in depth Paleopedology is c|osely related to
pedology paleosols are analogs of present sotls However, the "general agreement that the same
methods as used in pedology must be used in the study of paleosols (Working Group 1971)
symptematac of an msufﬁcnently mcusrve approach common in paleopedo|ogy As the following:
shows, some methods commonly used in pedology are.not valid-when applled in pa|eopedology

In pedology. soll is ﬁrst dlstmgmshed from nonsoul This first step is paramount as will become

E evrdent Only then can sorl types be estabhshed

Sail types ere based on elther a) sonl genettc processes or b) proﬁle features. Each basis of

’ groupmg is radlcauy dtfferent To apprectate the difference, lt is essentlal to dlstmgunsh between -

~

conceptual and paramelnc def nmons

: Conceptual deﬂnmons create groups around central ideas (e.g. o{ genettc process) Parametric

| ,deﬂnmons create groups edge bounded by values of measurable propemes (e.g. of features)

J

The followmg example |Ilustrates the hmnattons of each in sciences like pedology (where

e
w_v

phenomena oocur with a oontmuum of ch cteristics that evolve over time).

- Many processes are thought to operate in soil genesxs For instance, "the geness of (cena:n)'

soils is thought to invotve .. ..downward movement of . suspended clay wrth the son solutlon and

deposmon of the translocated clay at depth " (CSSC 1978a). In concept soils s0 deveIOped :

>

-forma group that can be named and glven a definition based on the prooess Thus souls of the

Luvisohc order . have illuvial B honzons in which smcate .clay has accumulated" (QS.SC 1978a).-

‘The preoeedmg is a conoeptual defi nmon that groups Luvisols’ by the clay |lluwat|on prooess that

!

formed them.



i

A‘ common genests could be seen as the ideal basis for classilying soils. Thoogh thatjhay be‘ ¥
the underlymg atm, tt is not the operatnonal method in pedology Soils are usualty_studted ata stngle
pomt in time in which genesis processes are not observable lpstead, properttes inferred to retlect

| genesns dre all tha’t can be. seen So classuf cation creates groups bounded by spectﬂed values ot
observable propertses that are quantrﬁab!e To classify a soil as a Luvisol, @ horizon in ft must exhibit |
‘ a certam mtntmum percentage clay increase, trequency of clay skm occurrence, and thickness
(CSSC 1978a) However, not all soils with attnbutes in the deﬁned range are neoessarily Luvusols
There are other nteasurable features a Luvisol must not contain (e g. a Chernozemic A horizon)
o
classrt‘ catton lt is the soils that meet speclﬁc parametnc criteria that are Luwsols mdependent of the
processes in thelr format/on Thts contrasts with the conceptuat gonesis based defi nttton above.

A sqil profile's classrﬁcatnon does not necessar||y imply |ts genesrs Soil processas produce a’
continuum of charactenstlcs To break the continuum on bpundary crlterra of some meas‘ured
feature |nvar|ably excludes soils where the process is weakly or abnormally expressed stt as

. unacceptably soils that meet definition limits are included even if their features have arisen byv aﬂ
' _ditferent cause than the process.in question‘ “The soils. encompassed’by a classrtrcatron deﬂnmon
may be aimed -at, but can only approxrmate the set encompassed by a genesis detmmon In
summary, there are two dlsparate deﬁnmons fora Luvrsol the conceptual (genesrs) deﬁnitton that
groups by process, regardless ol propemes and the parametnc (classific catton) detmmon that
groups by propertles regardless of process There may be overiap in the ‘sets of sorts
encompassed by each defi nmon but the two sets are not congruent ‘.
infact, itis |mp055|b|e 1o group soils genetrcalty in practloe That is because profile propemes or
teatures are studred a factor that controts logic systems. Classrﬁcatron bases deﬁnmons drrectly on
the propertres and features observed, so itis syllogrstrc (the stmplest form of deductrve loglc) For
instance: Luvisols havé this range of measurable ;:roperues This soil has certain spec:ﬂc
-measured propemes Therefore this soil is (or isnot)ya Luwsol The oonclusnon is oertain trom the
premisses (logic form is‘ atissue here, not validity of the premisses). In class_rﬁcatton, where soils.are
~ grouped by:what is observed, whether or not a profilé#s a Luvtsol is a matter of deductive fact. In

contrast if the prof ile's genesrs must be determlned the Iogic changes radlcatly Genesis, the basls

of the det’ nttron has not been observed An interence retatmg it to propertres is needed The



rnstanoe becomes Luvisols are Iormed by this parucularprocess The process ryprcally produce;

" this range of effects in soil properties. Thrs soil has certain specific measured prope:u‘es Through
the' lnlerence,- data merely support speculatlon that possrbly the grven proeess is (or is nor) -
_ Involved But to oonclude with certainty that the soil is a genetrcally deﬁned Luvnsol cannot be
done. The conclusion goes beyond information ln the premrsses No account beyond speculahon_l

~ can be taken of Rosslble abnormalitles the procass may have actually produced nor alternate
causes that have produced gimilar eﬁects The loglc for such conclusrons is amplratrve induction,
Von anr (1973) stated 'lnductlon is called amplratrve {or lncomplete) rl its conclusion goesv
‘beyond its premisses in the sense that the 1ormer is not a logical consequence ol the latter.
'Ampllattve inductron is lhus an mconclusrve argumenl it proceeds from the known to the

unknown' .- Thus whether agrven profrle ls a conceptually defrned Luvrsol by study of its

propertres is lnherently mconclusrve Thls consequence is inevitable. wnh inductive Ioglc

The need to )ustlfy use ot the term paleosol in applred paleopedology has been acknowledged

only occasronally {e. g Westgale 1972) However lhe constramts on what constrtutes ]ustrﬁcatlon ,

must be, exammed ‘ | -
' lf paleoaols are souls that formed in, a Iandscape of the past (as dehned above) then

paleopedology studies conceptually defi ned phenomena The essence of a paleosol i that it must

have been subjected however Iong or brreﬂy. to paleopedogenesrs (a process drscussed more

- ully below) Just as pedologys umverse is not restricted to Luvrsols nelther is paleopedologys

y just paleosols Paleopedology is given what. may be called prorles, from whrch the paleopedologrst ‘

- must first drscnmmate those - that have undergone paleopedogenesls somethlng rnherently _—_—

-

unobservable '
| it has been recommended that recognmon couldbebased in the tangrble For mstance Ruhe o
(1965) stated, 'Paleosols are recogmzed by the same klnd arrangement and drstrrbotron of '
-leatures that oocur in solls on the present landscape Workmg Group (1971) concluded, “The -
fi eld recognltlon of more than one dlstmct pedogenlc 1eature 1orms the basis fouhe recogmtron of a-‘

paleosol " To deﬁne paleosols by procese but recogmze them by profi ile features requnres the"

.
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inductive inference that 1eature5'unequilvocall§ reflect unique .genetic brooessesr However, the
presence ot features cannot conﬁrrn'speculation about procesg as fact, but rather, rnerety supports
the sbecu’lation 1o various degrees. To defer recognition to ontf':oietinct pedogenic teatures; Just
‘presents the same problem in dtﬂerent terms. To call a profile. & paleoso| because it contains, for
mstanoe, a podzoltc B8 honzon then requtres justrﬁcatton ot pOdzoIrc B horizon* ln the genetic, |

| not parametnc s8NS$H. Further that approach excludes paleosots with teatures which are lndrsttnctty
paleopedogemc (a.g9. some former Regosols Brunisols Cryosols) The deterred task btased
toward rnstanoes where there is merely.less unoertamty, is no Iess rnductrve Paleopedogenesis

+ the L}ttmate basrs of the paleosol deﬁrutron is srmply not observable Theretore mductlve Iogrc is

fundamental to'all apphed paleopedology

But there is more-to, paleopedoge‘nesrs (and pedogenesrs) than mere process | Processae have
levels ot generaltzatron trom tundamental‘(eg oxidation, reduction, solutton prectpttatton) to
complex (6.g. |lluvtat|on gleyzatton podzohzatron melamzatron) The latter called pedogemc areve_
really groups of more tundamen&a&—prbcesses that oommonly operate together wuthm sorl (Yaalon'
19713) Processes are pedogenrc only because the pla:e’;i‘tere they operate has first been ’
identified as soil. Vrrwally anythrng that transforms translocates, adds, or removes is pedogen:c
(Srmonson 1959) but only tf the medrum IS first consrdered son A process is not pedogenlo in
rtself Its context of sotl versus nonsorl must be recogmzod For tnstance oxidation, though )
sometrmes pedogemc is by no Tlneans confined to the pedogenic mmeu It occurs through0ut : v

nature as nondmons are {avour ble. - Oxrdatron is pedogenrc only as it operates in a medrum

qualrﬁed to be called soil. Very tew of the processes oommon rn soxls are excluswety pedogentc .

{Buol et al. 1973). For a process to be pedogenrc requrres a sotl context. Paleopedogenests a?‘rd

pedogenesrs are really the same processes consrdered wnhm a dmerent sh'ttmg &
Paleopedogenests |s thus ap,ooass thatopefated w:thma prescnbed conrext )
The requirements for ma/ ena! 1o be mlled soil vary among the branches of pedology Soil has
been defi ned conceptually e.g. as the medrum for plant growth or as those tandscape materials
near the earth's surface vzere factors -of cllmate organisms. and rehef operate on parent matenal :
over tlme (Canadran goctety of Sorl Scrence 1976) COnversely, sori has been defmed o

—

mmetrrml|y for clz{ssrfrcatron, eg the control section- (C.S,SC 19783) The context 1or



paleopedogenesis has been conceptually defined to constst of comcident location and time: a
landscape of the past. (A control saction equivalent of the past has not yet been proposed.)

. Context introducee a second inductive pspect to paleopedological mterpretatrons For

" instance, prolile features may fi rst support Speculatlon that oxldation was their cause, a conclusnon

induct}ve In ltself, Oxldetlon though sometimes paleopedogenlc has frequently occurred in other
natural settings A second ‘condlusion s necessary that links this apparent oxldation to SpGCiﬁC
occurrence within soil in a Iandscape of the past The conclusnon about context again about the
unobsarved compounds the |nductwe nature ot paleopedologucal interpretatlons

The constralnts ot lnductrve loglc must be recogmzed in applied paleopedology. Von Wright

: (1973) described Induction as conjeﬂure about the unobserved called mductive arguments

i‘inconclusive and said that rnductlon in a sense has no rational |ustrr cation.” Whether a given

-~

. g )

profile ls (or is not) a paleosol cannot be known wuh cartainty. Any paleosol’ mterpretatlon is

"conjecture and supportmg arguments by nature, are mconclustve Tocalla proﬁie a palbosol in a

sense can have no ratronal Justlﬁcatron

lt has been recommended (cited above) that paleopedology should loilow the same methods as

pedology Pedelogys solutton to the drlemma of inductive loglc was 10 estabhsh a separate but

‘ alhed deductive system: classification. That option is not open to paleopedology. As in the

- genetlcallyhdef‘ ned Luvnsol example above setting parametric criteria for paleosols would include

some proflles that are not genetlcally paleosols and exclude some that are. Pr0perty-based
deiinltlons cannot bé set for paleosols because a mode of genesus and ns context are what

constltute every pe.leosol regardless of its propertles

‘

Logtc 1orm is mdependent of the correctness of an mterpretatlon Even unsupported

guesswork mught be correct. but itis qurte unrellable inducttve logic: inﬂuences both the analytical

'

strategy and how conclusions should be reported if there is to be mtegnty to any case study

: Peleopedological interpretations even |f in: realnty correct are mductive The constramts of -

w

inductlve logic should be acknowledged although the opposrte practlce is ubitrquous in ’

pa]eopedologtcal ||terature Conclusions sel torth as unqualified fact rather than as interpretatlon.' e

' lmply deduction and ln that sense are a mlsleading vnolation of logic. - Equally ubtthuous but more

: mlsleadlng, is the use. from the study outset of |nterpretat|on as a premrse (i.e. the proﬁle is’



aseunred 1o be a paleosol from the stant). Instead, interpretation should be presanted lollowlng
evaluation of oom&;gng theories and in light of all evidence as the inductive conclusion It s,
'Apolied pa ology's very integrity as a science depends on these correct responees 1o the
controlling Ioglc form. , \ B
Paleopedology cannot be just the study of paleosole. Proposing that restrlciion (cited above) .

misrepresents applieo paleopadology's inductive nature, since the paleopedologist's first and mos!
{undamental problemi is to reliably discriminate paleasols from proﬁles‘ that ere not. An essentlal but
elhereal lacel of inductive’ science is the generating of the hypotheses to be avaluated, 1he |

"guesses or leaps which .are out of the reach of method” (von Wright 1973) They spnng from -
intangibles, lncludlng observer expertise, mgenurty, and perseverance A continual conoem Is thal *
the actual answer might not e\'/en be among those conceived. Where the objective is to explam the ‘
origin of soil,-like profile features, numerous ideas shuold arise durlng a study. W is wrong, whether
by intention or oversighl, 1o limit these hypolheses to only paleopedo’genetio ones, a narrvowin'g' ‘
that would preclede' the p'oss‘ibilit;' of even envisioning the eorrect \sjolution if the pro’ﬁle is not in fact
a paleosol. Each sludy must lollow an iterative course delermined by the resulls of analysae as tﬁdy X
smerge, the theories lhey support and the new explana1 ns lhey conjure up ln the lmagmatron
The theory best supported at some arbitrary pornl when n\“s believed reasonable dpubt has been -
dispelled should be presented, bul as rnterpretatlon. Interpretation reliability depends on the rahge,_:w
of theones considered, the profrle characterrshcs chosen for study, and the amount of
documematron i.e. the information readers need to evaluale the rmerpretatlon Applred
paleopedology is perhaps the study of proﬁles that, to the observer, initially appear (by features

and/or comext) to be paleosols. Expertise for the paleopedologist, far beyond the domarn of sorls
| is knowledge of typical features produced by any earth science processes in any profile context.
“Thatis th_e open ended scope of applied paleopedology.

1 ical Pal iol

It is. 'L'mpliclitv'ivn' theoretical o_aleopedolog)r that paleosols,ra,!her tnan oroﬁles are under

consideration. Ruhe (1965) envisioned three kinds of paleosols: -



1. Burted soils - paleosofs buried and preserved by younger aedrment (atso called fossil soils).
2 Relict goils - soils that formed ina pre-existtng landscape but were never buried, so that
~some of thetr fonnatron dates trom the onginal landscape, and
3 Exhumed sotle soils formerly buried but re-exposed by erosion of the oovering mantte
Pedolith was added by Gerastmov (197‘1) to apply to the products of geological destruction of solls
that neverthelees preserve pedogentc properttes |

-

Perhaps no existing proﬁle should be thought of as a paleosol Profile features genurnely

formed ln a Iandscape ot the past usually undergo alteration following separatlon from that

Iandscape (Yaalon 1971 a) lf a paleosol is vrewed instead as the soil as it was within the former'
~ landscape, whlle what extsts now is- rnerely the present expression of that paleosol, many :
conoeptuaf problems that arise (see Gibbs 1971) oould be averted. Pedogemc features may be
subsequently altered any number of ways In case studies, the questron of whether a feature was .
paleopedogenrc In the first place is complrcated by interpretation (whether stated or not) abput_
subsequent alteration, addrng to the inductive constraint. |
The above uncertamtles serve as backdrop to considenng how the near hmrtless varlety of
features that are more or less drstmcttve of present solls apply to paleopedology Yaalon (1 971a)
.ttsted same of the more oommon eotl honzon features and related their relatrve perststence 1o
genests. Processes graded from reversible ones producrng features easily a_ltered, to |rreversrbte .
ones producing very persistent features. - Example features trom reVerslble prooesses include sotl
organic matter mottles, and honzons in earty stages of genesrs Indurated or strongly expressed
. mineral horizons were more persistent. However, hortzonatron is not the o,nty relevant leyel._ '
Pedogenic retattonships canbe infened from ‘characteristirs in a range of scales from the surface of

an individual mineral grain to an entire landscape situation. .

Paleosols are Of lnterest both for therr potentlal tnformatron content about past landscapes and
for their effect on present land prooesses and management_ They are relevant fo any discipline that

~ deals with natural phanomena at the earth’s present or past surface These rnclude for instance,

vpedology. geomorphology, geofogy, geography paleomology, paleontofogy, climatology,



engineering, and anthropology. The significance of paleo§ols 1o various fields is discussed by
Ruhe (1965), Turchenek (1971), and Buurman (1975).

In some cases, questions regarding paleopedogenesis are secondary, and do not immaediately
affect the inferpratation's importance, .g. Parso"ns (1979), Muckenhausen (1979). The presence
of a distinctive recurring layer is sufficient in some stratigraphic applications. in others, a distinctive

physical or chemical property of

|a‘iye( may be of importance, rather than its genesis.
Studies frlequently use th assurﬁp't,\i‘on that since soils develop in response to their
environmemt, the nature of a p‘ lsoso is'ihe key to the palecenvironment. Examples of this
. ' ‘_') Foscolos ot al. (1977), King et al. (1978), and Singer and

K %

didns or the proﬁles themselves is commaon (e g. Hogan and Beatty

Turc{\enak ot al. 1974; Yevseyev and llichev 1975 Mills and

¢ %éé’*\/alemme et al. 1980} - Profiles thought to be paleosols

8 been reported (Kalliokoski 1975).

‘Paleosols were first cons_idéred in the late nineteenth century, but 'pioneering work. in
paleopedology postdates the first QUaner of the' twentieth century (Joffe 1949). In the main,
paleopedological principles have only been outlined in rief preambles 1o case study reports. Many
case studies ongmate from the mldwast of lhe Umted States where ldess is a burymg agent {Ruhe
1965) Paleosols under volcanic ash are fraquently reported from New Zealahd (Glbbs 1971).
Dav»d (1966) Dormaar and Lutwick (19693 1969b, 1975), Pawluk (1969}, Dormaar (1973, 1983),
Turchenek et al..(1974), Fqscolos et al. (1977), King et a|. (1_978), Mills and Veldhuis '(1978),
Sanborn and Pawluk (1.980), ‘and Valentine et al. {1980) have prov{ded noteworthy studies from
‘westefn Canada.

The most concened aeffort on paleopedology to date springs from a Commission on
Paleopedology established in 1965 by the International Umon for Quaternary Resealch (INOUA) ‘
This. commnssnon in conjunctnon with the lmernatwnal Socuety of Sail Sc;ence in 1970 held a
symposium on paleopedology from which the collected papers were published (Yaalon 1971b). -

The same gréﬁb has also published a bibliography on paleopedology (Ruellan 1974). -



Chapter 2

CASE STUDY BEVIEWS

The Cypress Hills plateau in southeastern Alberta (Fig. 1) and Cloudy Ridge near Waterton
Lakes National Park in southwestern Abberta . both contain proﬁleé\with {eatures that, from a
cursory examination, appear to have been formed paleopedogenetically.

Genetic pr@sms, the contexts in which the processes occurred, and the nonpedogenic
alteration of supposedly pedogenic features have been identified (Chapter 1 above) as the major
concerns in a paleopedological study. Information pertinent 1o all three concerns has been

published in studies of the areas containing the profiles.

Cypress Hills Profile

The Cypress Hills straddle the Alberta - Saskatchewan boundary about 70 km north of the
Canada - U.S. border. The plateau expressed by the hill tops is a salient feature of the area (Williams
and Dyer 1930). Alberta's portion of the plateau spans 25 km east o wes! and stands mors than
500 m above the surrounding plains (Jungerius 1966), and most of it occurs within Cypress Hills
Provincial Park (Fig. 1).

Cypress Hills Landscapes of the Past

Within disagreement over the plateau’s origin (Broscoe 1965), there is accord. The plateau has
evoked images of an ancient landscape surface in all investigators.

McConnell (1885) implied the plateau was depositional. He saw it as the surface of a Miocene
fluvial conglommerat'e from the Ro&ky Mouméins that caps the hills. Cope (1891) gnd Lambe (1908)
reassigned an Oligocense ‘age to fossils in the conglomaerate. (Their conclusion, easily
overimerpreted. merely cor)st}ains the plaleau‘s maximum probablge age.)

Alden (1924, 1932) expanded the above to the Cypress Plain concept, an Oligogane-Miocene
’ surface now evidenced by erésional surfaces high in the mouméins and the many depositional

plateaus on the plains (e.g. the Cypress Hills).. Adherents gave the Cypress Plain different ages.
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Lawson (1925) called it Oligocena  Warren (1939) said the hills mark the “land surface . . . that
axisted just after the Rockies were elevated.” Horberg (1954) suggested “a possible Pliocane age*
for it. Broscoe (1965) balieved the “preserved" plateau was Cypress Plain that *was depositional
and that the upper surface represented a cessation of sad!mamalioni'

Russaell (1957) said the plateau was not part of a larger Cypress Plain because fossiis under the
many plateaus in Alberta and Saskatchewan were not coeval within the Tertlary. From his stated
depositional perspective, since the Cypress Hills fossils were Oligocene, so was the plateau.

Others said the Cypress Plain was a precursor. The plateau, if erosional, would be younger than
the conglomerate. Willlams (1929) statod that "erosion . . . reduced the land surface” and gave a
Miocene age for the plateau, which was “preserved in approximately pre-glacial condition.” Williams
and Dyer (1930) echoed both points. Alden (1932) said Williams' Miocenae age for the Cypress
Plain was possible, which overlooked the erosional thrust of Williams' view. -

Contrary to original usage, Cypress Plain recently has been attached to the erosional theory of
the plateau's origin (Gravenor and Bayrock 1961; Westgate 1965). Weslgate (1968) again called
the plateau both erosional and Cypress Plain, but conversely assigned it an Oligocene age from the
depositional pers}pective by citing Cope (1891)

Ignoring any wider context, Crickmay (1932) simply called the plateau erosional. He believed the
current surface “has not long been exposed to (further) erosion. It is not oid. It may antedate the
Plaistocense, but is probably not much older.”

Some have invoked additional preglacial deposition. Mackin (1937) saw "two distinct gravel
beds in the Cypress district - an older sequence, containing an Oligocene fauna . . . and an
overlying gravel sheet, containing no fossils, which is younger than the Oligocene gravels . . . and
older than the oldest drift of the Keewatin glacier.” The source of the upper gravels was believed to
be closer than the Rocky M:untains. Crickmay (1965) said that sands and gravels which *may well
be of Piiocene or Pleistocene age" overlie the conglomerate. Further, the plateau shows "an
almost intact survival of a part of a formerly broad plain . . . .7

Jungerius (1966) argued the plateau expression does not in itself evince a surface of the past.
But still, scattered about the plateau were physiographic lows of a previous irregular surface that was

i

*probably not much older than early-Pleistocene.”



-

Age of the gravels and physiography do indicate that anc:ent Iandm_ surfaces likely exrsted in

plateau per se a relic ignores stratlgraphy The implication is really that the top of the gravels
governing the plateau expression forms lhe ancnenl surface. Those gravels (usually called the
Cypress Hills Formation) are buried. Funher. it is doubtful the current upper gravel layer ever was

v

exposed. The top of the conglomerate is likely a Pleistocene erosional surface.
Russell and Landes (1940) noted the Cyprass Hills Formation varies with depth. Without
suggesting agent or time, they commented that ‘'since "the matrix of this upper part is more clayey

than sandy, there is some possibility that this much of the deposit has been reworked Dlsrupnon

“of the conglomerate's topito2m by periglacial irost was reported by Westgate (1964, 1965, 1968,

1972) Jungerius (1966, 1969) and Jungerius and Mucher (1972).

Jungerlus (1966) held that *late Pleistocene degradatlonal forces” had made the hllltops flat.
The older, lrregular surface "had not much coincidence" with the present surface. The plateau was
"an altiplanation surface probably dating from the Wisoonsm glagial stage” that was ' produced by
mass-wasling processes that were operative independent of base level control |

Opinion that the Cypress Hills were never glacnated (Williams and Dyer 1930; Allan 1941
Breitung 1954; Broscoe 1965; Stalker{1‘9165 Westgate 1965, 1968; Bird and Halliday 1967,
Bostock 1970; Prest 1970; Beaty 1975; E)ano 1983; Ruher 1985) is now pubhc lore. The belief

arose and persists solely because Laurentide erratics are absent from the hill tops (e.g. McConneli

1885: Johnston and Wickenden 1931; Westgate 1965, 1968). Those who suspected the plaleau

. h‘iad’ been glacilated'(e g. Jungerius and Mucher 1972) demurred, at a loss 1o explain the absehoe‘.

The evidence dbes indicate the plateau likely was never under Laurentide ice. That isnotto say

“itis unglacnated Stalker (1965) acknowledged that continental ice nunataks (mcludlng the Cypress .

- “Hills) could have been Tcovered by inactive ice from local accumulation. . . ." McCorquedale (1965).

raised "the possibility of the Cypress Hills plateau supporting its own small ice ca;." His suggestion

" has merit. Glaciation of the plateau by its own ice cap in-addition to (occasionally- instead of) the

published interpretations better accounts for the evidence in total from the plateau and vicinity.

LR
W
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"the Cypress Hills area. They fail to show tha; the hills now exhibﬁt any of those surfaces. Callmg the



First, the top 15w maetres of the Cypress Hills Forrnation Ilkely has been reworked (Russell and
Landes 1940) or perturbed (Westgate 1964, 1965 1968, 1972; Jungerlus 19686, 1967, 1969,

Jungerius and Mucher 1972) Frost was nof necessanly the exclusuve agent Jungenus and

.. Mucher conduded that lt is also possible that it is the result of direct pressure from glaciers™ and

mentloned the till- Ilke aspect of the disturbed conglomerate ‘Indeed, the drsturbed conglomerate

"-might teclytloallybe tlll ie: matenal transported (however minimally) and deposnted by a glacrer

Secondly, ill- like matenal overlies the Cypress Hills Formation. Heterogeneous drift resting on
the 9l|gowne gravels was ltfst reported by Mackin (1937). But a diamicton has not always been

recogmzed asa dlscrete unit within the conglomerate's mantle. Wesigate (1985 1968) saw the

mantle as one great whole. H _ illed it loess despite his 1968 caveat that the entlre sedlment was
'poorly sorted and in places coarse grained; which were 'atYpiCal characteristics for a loess." He
suggested frost had mlxed some.of the conglomerate up into the loess. Jungerius and Mucher
(1972) said coarseness in the 'loess like mantle” was "not typical for loess.” Westgate twice (1965,

f
1968 emphasis added) asserted the 'fabnc of the loess resemb/es that of till (thatis, unsorted)

[l

but balked claim.mg "no erratics® were present. (More incisively, no clasts_had Laurentide

ltthologles S0 |t is; unhkely the mantle is Laurentlde till.)

Sections show the mantle as two discrete units (Jungenus 1966; Westgate 197LCatto 1981).

A dlamrcton {tin? rests on the Cypress Hllls Formatlon The loess- l|ke veneer is above it Jungenus

described the diamicton t'n detall;'transport was evident by an eroswe effect . . . on the underlying »

conglomerate, its level surface,'.and its occurrence- over non-pebbly material,” observations

_ inconsistent with a"cryoturhated,loess otigir. Ju-ngerius, belieying th_at glaciation was not an option,

turned 1o colluviation 'to expl‘ain the diamicton. Westgate (1972) finally split the mantle, but stil

called both units eohan even though the lower one.was decidedly heterogerisous.

Catto (1981, 1983) recogmzed a dlscontmuous dlamlcton beneath the loess. Concumng wnth

Jungenus (1966) on |ts origin, he named it the ‘Cypress Hills Colluvium” (1981) Catto (1983) '

argued that Westgate s (1 968) view of it as loess waeuntenable but did not explaln why a coIluvtaI

s

origin was mdrcated _He even suggested a glacnal link, -saying the plateau’s- dlamrcton (n.b. above
the recogmzed Ilmlts of Laurentlde ice) mlght contain “glacially transported materlal from the

Ravensorag Formanon (whrch lies well below the plateau).

Y . .
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The dlamicton apparently is not restricted to the plateau proper. Catto (1 983) traced. it down the

plateaus northern escarpment Jungerlus (1 967) equated it \mth dnft on surroundmg scarps and
pedlmente that extends 1o the upper Iimtt ot Laurentlde deposits and beyond He recogmzed that - -

Cypress Hills Formatlon quartzites were erratlcs In the Iatter locations and lmplted the matenal was

like till, but dlsmissed the notion by listing the diamrctons differences from. Laurenttde ttll (none of

" which bore on whether the matenal was till per se) That oversight' led hrm (thenoe Catto) to-the. Iess

satrsfactory view that the dtamrcton was oolluvnum most slopes admmedty were of 1 degree or less

15

Explamlng the evidence with wrdespread colluviation- and attendant theones ot the plateaus B

“origin appears inferior to McCorquedale'’s (1965) suggestton that a Pleistocene ice cap onglnated
wnhm the Cypress Hills themselves if the ptateau has- been gtacrated all preglacra! Iandscape

features have possrbly been eﬂaced L
l

Suggestrons that preglacral blotrc relics mhablt the plateau have.depended on the idea that the\ '

plateau is ungladated whereas they should serve 10 confrrm it. The arguments are. back to front tor

the circumstancses. For example Brettung (1954) sald lt is not tmprobable that the plateau .

. ~ which was not glacrated(?) provrded a refuge tor the submontane forest and grassland flora to

_ survive” instéad of argurng that, smce there appear to be relics among the ﬂera rt is probable the

- -

plateau was not glaclated it remams to be shown that any specres Ikety endured the glacial period

there Other tce asrde Btrd (1962) beheved |t "very unlikely that any (Vegetatron) could have

survrved' on the Laurenttde nunatak McCorqueda|e (1965) and Bird and Halllday (1987) argued :

that all the Cypress Hills® ﬂora and fauna could have been estabhshed since glaciation. Blottc
evrdence |s eq.urvoml

.+ In summary,’ the Cypress Hills area had landscapes of- the past, but detail (e g. the age of the

. congiomerate‘s surface or the’ degres of correspondence between it and rnatenat exposed ina

. "‘former landscape) is far from certain.

RS ——

By definition, soils were part of any landscape of the past associated with the Cypress Hills =

plateau. i pedogenic features developed, they might persist. The buried top of the Cypre,ss Hills -

Formation has been the focus of paleopedological interest.

-



Paleopedogenesis has been the sr)gg‘ested cause of some teatures in Cyprass Hills Formation

’ prohles Jungenus (1966) descnbed a "well developed B honzon in a Cypress Htlls Formation-

paleosol" with an. rncrease in the percentage of clay” that was tnterpreted asa resutt of Illuviatlon '
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. froma former A horizon® (now absent). Related prooesses'were 'fthe liberation of iron un_der the :

_conditions of illtrvia'tion and‘exidatjo‘n' and "chemical weathering.”(that) was restricted and’ ot'limtted

duration...."

Jun_ge'rius’and Mucher (1972) referred to @n “interglaéial_ paleosol” on'the Formation with "a -

textural B2 horizon presurhably.termed under forest in a clirnate that may have been somewhal

warmer and moister than it has been in Hotooene times.” It was "not clear whether they (the cutans.

‘present ) result trom pressure or from illuvnatron

‘Waestgate: (1972) dlscussed a paleosot" with a "B honzon |n which clay dlstnbutnon with depth.

was 'suggestive of an alluvial (sic) origin;"' (Context suggests "alluvial was a-mlspnnt for tlluvtal,"
since ctay distribution was one point-used to justify use of the term paleosol.) Weathering that
decreased with depth was the only other process mentnoned

Catto (1981) proposed that buried protlles along the p|ateau s northern escarpment were the

Orthrc Humo ‘Farric Podzols of an Attonran or Yarmouth aged nodzolic- gleysolic catenary

assocratron |ron oxndatton and a ﬂuctuatmg water table operated in gr1esis of the Podzols The '

paleochmate was |nferred fo have been temperate possmly Irke eastern Ontario has now. A comter v

dommated vegetation was postulated based on the profiles' enwsmned genesis ‘and because

‘ neither organic forms nqr pla'nt opal were detected. Plentiful clay, skins in the profile were Iett

unexplained. .

g’g%aleopedolqgical case studies must focus first on profile feature genesis and_(perhape)
a'lteration (Chapter 1 above) The pitfall here is to presume the plateau represents a landscape of
the past, hence paleoso|s must be fashioned to fit the evidence (or lack of evrdenoe) an argument

as-backwards for the circumstances as the boitic relics one demonstrated above Itis neoessary to

argue trom evrdence toward interpretation, ie. profile features Irkely did (or did not) arise from

ateopedogenesrs thus the plateau probably does (or does not) represent an ancient |andscape



Catto (19881) implied that features in some pl'ateau proliles reﬂected paleopodzolization.‘ He'

advanced the idea lndlrectly (Ie by classltymg the prof iles as Podzols) and proceeded as if

paleopodzollzatlon Was proven Howaver, he Podzol classif catlon was unwarranted His data -

~ 4

showed even the "best developed prollle was not a Podzol. The Ile hortzon deslgnatlon for the

red conglomerate Iayer in it (and thus the classlllcatlon) was lncorrect on two. counts. Nelther the‘
organic carbon (0. 13%) nor the pyrophosphate extractable Fe + Al: clay ratio (0. 02) met the 0 5%
and O 05 mlnima respectrvely of a Bf (CSSC 1978a). Fe Al and orgamc carbon are the plvotal )
tactors ln Podzol classrﬂcatlon Low values mean the prof le was atypical of a Podzol. That is further

. evident by. comparing thev profile ~descnptlons (6.g. the lack of dark coatmgs or srlty'

c——

m;croaggregates amount of oriented clay) with teatures typlcal of Podzols (GSSC.1978a).

- But mcorrect classification is lnCtdentaI the real issue is feature genesis. Data are dlrectly

relevant in paleopedologlcal case studles as they address process, not classrf cation (Chapter 1). |
Catto s only justrﬂcatlon for calllng the proﬁ,les (paleo)Podzols rests in the unrealrzed argument that

the red Iayers 0.63% pyrophosphate-extractable Fe + Al was dlagnostlc not of a Podzol but ot |

paleopodzollzatlon. (Smoe blotlc features. wera essentlally absent, it also |s the sole basis tor the

e

subsequent Speculatlons on the paleoenvrronment) However two tactors lrwalldate the

lundamental assumptlon requlred tor Cattos argument the assumptlon that pOdZOllC complexes -

were among the souroes of the extracted Fe and AI Flrst the I\qw Fe + Al: clay ratio reﬂects the red

layer’s high (28%) clay content and in. clay-rich samples much Fe and Al'may be extracted by

pyrophosphate trom fi nely leded nonpodzollc sesqunoxades associated with clay mmeral surfaces

(Sonl Survey Staff 1975) Secondly Westgate (1972) and Catto both mdlcated there is secondary :
catbonate in the conglomerate Free ltme m the sample mlght have tended to neutralizé the »

extraction solutlon pH. Near neutral pH not only IS pyrophosphate extractlon from nonpodzohc
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sesquuoxldes lncreased (Soil Survey Staft 1975) but Fe and Al may also be’ extracted from the: '

latttce structure of clay minerals themselves (Kononova et al 1964). Under the prevailing
condttlons the Fe + Al and organic carbon values are not compellmg evndence that podzollc

complexes oocurred in the sample The data might indicate that podzohc complexes waere absent,

Since Catto's (1981) proflles are not currently classifiable as Podzols and the presence. -of

products of the podzolization process in them is doubttul, feature alteration becomes the issue. To



-features that were specillcally podﬁlic must be shown in them and the al_te'ratlorl pathway
elucidated, but that case was nof presented. ' Catto felt that pHs lndlcated the proflles had been
chemlmlly altered but at that stage his argument was proceedlng with a podzollc starting polnt
assumed rather than asa demonstratron that ‘a podzolic starting pomt was essentlal A change in pH
does not show the proﬁles must have been podzolrc Consrdenng the clay skms. former luvisolic

" expression (Jungerius 1966; Jungertus and Mucher 1972, Westgate 1972) is more Ilkely. which

could explain the perststenoe of unalt ed smectlte that Catto pondered The pauclty ol organics

and abserice of phytoltths do not neces Jtate a oonoorhttant oomlerous vegetatto;t, on the contrary‘

(consl'stent with the probability of Plerst ne dlsruptlon) that evtdenoe strongly indicates no

paleolandscape whatever was directly as‘socrated with the prof iles; From a broader perspectlve,

given the ehvldence why must the proﬁles haVe been palecsols at all? |

Other. questrons may be ralsed about prevrous lnterpretatlons First, the scam published

evidence equrvocally supports alternate views on the primary issue: the genesrs of proﬁle leaturest o

Deposttronal varratlons could account tor most leatures thCh have been clted as evrdence of

paleopedogenesis, other than the oolor and clay skms Thetr causes remain Iargely enlgmatlc

: Secondly, it is assumed loess like- matenal preserved the conglomerate S prebunal charactenstlcs '

1.8
justifiably argue thal the profiles were once podzolic, something unique from the alteration of -

{Jungerius and Mucher 1972 Westgate 1972) But as: shown above the conglomerate is olten ) :

E overlatn by~ a dramtcton not loess and its. upper layers are perturbed Dtsturbances (8.9
glacnatton”) may have altered or destroyed any surfaoe features reoorded in the conglomerate
The purpose of my Cypress Hills study was thus to determtne the most probable causes of the

soil- like: 1eatures in profiles on the Cypress Hllls plateau -

Cloudy Ridge Profi . .

. .Cloudy Rldge is a hlgh rugged bedrock ndge of the Rocky Mountams wnhtn Waterton Lakes
Nattonal Park (Harnson 1976 GS.C. map 1422A) However, the pledmont of Cloudy Ridge proper
that extends north northeast beyond the park’ between Yarrow and Dungarvm Creeks has alsa -

been called Cloudy Flldge The latter usage i followed here (Flg 2).
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Cloudy Rldge ls a gently slopmg. dlssected bench lormrng a step between the Flocky Mountams ‘

X and the-plains (Plates 'I 2 Natronal Arrphoto lerary A19979 199 200 Horberg 1934 Plate 5 Frg

1_; Wagner 1966 Flg 11 Harnson 1976) In expressnon and materials itis Iike (and has been
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correlated wrth) olher benches in the vrclnlty as drscussed /below Both Horberg and Wagner ,'

thought Cloudy Rldge was bedrock cored but neither of them recorded any outcrops Dnlt

v exposed on lt has been usod to interpret the post- orogemc hrstory ot southwestern Alberta and "

vrclnlty Some writers have |mpl|ed the dnft formed a surlaoe ina Iandscape of the past Various

» landscape histories for Cloudy Rldge have been proposed as follows
Horberg (1954) called one geologlcal matenal wrthm his _study area 'Early Wlsconsm mourtain
dnlt His area- -wide generallzatron descrlbed it as hard, stony, sandy matrix Aill -with commonly ‘

associated sand and gravel beds that ln places lorm cemented ledges ‘No. sectlons from Cloudy .

Ridge were descnbed though' the dnlt was identified there expressed in 'talnt traces ot knolls and

swales.” Wherever it cropped out, the drift showed sllghtly deeper weathering than 'Late'

Wiscondin mountain drift." Thrs younger material was also present on Cloudy Rldge Horberg {p.

1105) thus implied that the older matenals on Cloudy erge had been part of a Wisconsin .

interstadial landscape

Wagner (1966) said his own viéw of Cordllleran deposrts and chronology of the same area was ln

"shamp disagreement“ with Horberg's (1954). Disagreement oentred-on age and areal dlstnbutlon of

like materials. Wagner detarled seven pomts one dealing specifically wrth Cloudy Ftrdge to refute l
the supposed exrstence of Horberg s Early Wisconsin mountaln drift. The same- drsagreement'

extends to therr respectrve |andscapes of the pastm which Cloudy Rldge ﬁgures

Wagner (1966) called an old drift unit of the area "Mountain tifl ML it was commonly composed

(p 1) of till and gravel beds. It occurred exclUsrvely beneath younger Wrsconsrn mountarn dnft

| everywhere rtwas |dent|ﬁed Wagner described a section from Cloudy Ridge where these matenals

appeared to be thoroughly weathered He felt the drlft was "possibly as old as early Plerstocené

: (Nebraskan 7)." but assrgned it an “linoian (?)° age. In his vrew (p 94) the matenals had been part

ofa Sangamonian rnterglacral landscape‘



_Plate 1.  Cloudy Ridge

Plate 2. ' Cloudy Ridge

site,

[ 4
site,

view southwest,

view northeast.
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Stalker and Harrison (1977) presented a vereion of a landscape of the past involving Cloudy

‘ergo apparently frdm a hybrid of prevnoua Informatien and lnterpretatnon They quoted Horberg's

\

k (1954) area-wlde generallzatlon of Early Wrsoonsm mountatn drift that creps out (i.e. moderately

1]

: weathered stony, sandy matrix tlll with sand and gravel beds) to describe the speclﬁc deposuts of

Cloudy Ridge., At the same time, they emphamsed the deep weathering reported for Wagner‘s t

(1966) older, exclusively‘buried dnft. Thus.~they did not resolve (nor acknowledge) the dnft

expressmn issue. They simply gave a legal subdivision focation on Cloudy Rldge as the area in.

'_questton Their estimated deposmonal age was llhnoran and weathenng of matenals however they
| are expressad, therefora is related te a Sangamon interglacaal» fandscape. ”

Stalker and Harrisen (1_977 p 888); aeknow‘ledged that t;he eld drift on ‘Clou‘dy Bidge has
" received little study. Puttind that problem aside they, It’ke oth‘ersz correlated'turther afield in

reconstructlng the extent of their envusnohed deposntlonal event They stated "Though they have

no proof the authors constder that the deposnts on Mokowan (s:c elsewhere Makowan) Butte and"_ '

‘ Cloudy Rldge are ot similar age and that both were deposned by the Great Cordllleran Glacier.”

V'Wagner (1 966) hinted at a snmllar correspondenoe Thxs Cloudy Rldge Makowan Butte correlatnon

implied that C|oudy Rlng deposrts are another example ot Kennedy dnft -a name with precedence '

: for pre- Wlsc:Onsm drift on Makowan Butte and. numerous nearby benches and mesas s:mllar to both

itand Cloudy thge (Wullns 1902 Alden 1912 1914, 1924, 1932 Daly 1912 Alden and Steblnger

1913; Horberg 1954 1956 Rlchmond 1957 1960, 1965 Wagner 1966)
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_ tSome of the drift on Cloudy Ridge could indeed correspond with Kennedy drift. 'T‘he older units

of the Cloudy Ridge section that Wagner (1966) deseribed 'sharersimilarities (e.g. topographic '

setting on a hlgh dtssected mountaln border bench, .apparent degree of weathenng Ilthology,

textures, materlals vanatlon wrth depth tncludlng Iedges of mdurated drlft strattgraphlc,

\retationshnps) with Kennedy dnft in sections described by authors listed in the paragraph above ‘

_ Even if incorrect, the correletion is valuable. ‘Baecause of the similarities, the various mterpretatrons
-of Kenbedy dnft are optlons that should be at Ieast cons»dered for drift on ‘Cloudy Ridge.

Kennedy was a Fbrmatton name that thlts (1902) colned for dxssected tabular, gentty slopmg,
hrgh elevation grave!s bordenng the Rocky Mountams The type occurrence was a ‘mesa Just south

of the international boundary (Flg 2) beside Kennedy Creek’ in Montana and another of Wllhs

N
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examples (p. 329) was Makowan Butte. He bel\e’ved the gravels were the remnants of alluvial cones
from the Pliocene or early Pleistocene sta‘%e of mountain development. Daly (1912) examined
Kennedy drift and concurred with Willis on its deposition. Aiden (1912, 1914, 1924, 1832) and
Alden and Stebinger (1913) identified further examples of Kennedy Formation. They then
reinterpreted all of it (including drift on Makowan Butte) to be older Cordllleran glaclal drift (mantling
piedmont fluvial surfaces, sea Billings 1938). Slope processes suoposedly had by now planed any
morainal eipresslon to a,émooth, gentle incline. A.Iden‘(1932) said this “first'Cordilleran glaciation
was probably contemporaneous with the advance of the Keewatin\lce sheet of the Nebraskan
“stage” and saw it 'marking the beginning of Pleistocene time.” The glacial view of Kennedy-drift
was repeated, but with an array of other pre-Wisconsin ages (Billings 1938; Horberg 1854, 1956;
Ric‘h.mondv1957, 1960', 1965; Wagner 1966). However, Ross (1959) said that "in spite of Alden's
disoovery that some of the high-level gravel is of glacial origin, it seems clear that benches . .. which
arein pan still mantled by aliuvial gravel of suitable age (Miocene to early Pleistooane) remain on the
plauns close 10 the mountain border.
| A subtle oversught was made when Kennedy drift was remterpreted Alden (1932 p. 34),
Horberg (1954 p. 1102 195€ p 204), and Ross (1958 p. 105) assumed that WI"IS (1902) had said
, Kennedy dnft was deposnad from ﬂownng water. Although Willis referred to it as "water-washed"
‘and *water-worn materizl,* more- lmponamly, his chlef reference was 10 an alluvual cone.” Daly s

(1912) lone genetlc term for Kennedy drift was gravel fan." Alluvnal fans, despote the connotet:ons

of thelr name, are rither purely aliuvial, nor are thelr materials distinct from till. Landim and Frakes

,‘.‘
.t

‘ (1968) deﬁnmon |llummated both pomts
Alluv'al fan.-- A cone shaped deposit of sediment deposlred subaerially, mamly by sl -
' currems and mudfiow. The sediment of an alluvial fan is referred to . stmply as an alluwal
fan depos:t, and much of it closely | resembles till. '
This ﬂuwal and mudﬂow complexrty to fans, with mudﬂow often the major consmuem has been
) recognized (Nonon 1917 Blackwelder 1928 Sharpe 1938: Twenhofel 1939 Fryxell and
Horberg 1943; Sharp and Nobles 1953 Van Houten 1957, Wmder 1965 Hooke 1967; Landim
and Frakes 1968 Broscoe and Thomson 1969; Ryder 1971, 1981, Blan et al 1972 McPherson
and lest 1972; Owens 1972; Roed and Wasy!yk 1973 Clague 1974 Ruhe 1975; Pe and Ptper

1975; Jackson 1979; Nasmnh and ‘Mercer 1979; Rachodu 1981 Jackson etal 1982 Walker et
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al. 1982). The resemblance between fan material (especially }nudﬂow) and liil has also been
mentioned (Blackwelder 1928; Sharpe 1938; Twenhofe! 1939; Sharp and Nobles 1953; Crandell
and Waldron 1958, Van Houten 1957; Harland et al. 1966; Landim and Frakes 1968; Lindsay
1968; rHeeter and DuMontell 1971; Pe and Piper 1975; Ryder 1981). Dlscrimineting glacial from
fan materials Is even harder when onginal surface expression is masked by dissection (Van Houten
1957). Plate 3 shows the contnbutlon 1rom a recent, observed mudﬂow to fan oonstrucuon and the
till-like aspect of mudflow material. |

it was necessary for Alden and others to champion glaciation in order 1o legmmlze it as a theory
{Flint 1965}, but the promotion was perhaps overly successful. Van Houten (1957) described the
early part of this century as-"a time in the history of American Qeologywhen a newly aroused interest
in ancient glaciation tended to éxaggerate its geologic importance. As a coneequence “poorly.
sorted, heterogeneous oonglomerates commonly were considered to be tillites, and |mle anenluon
was given to other possvble mades of origin.” In 1953, Alden was more equwocal " He frequently
'nentloned fan as a credlble alternative for what he fell were. pre-Wisconsin Cordilleran giacnal

deposns In light of all thns the grounds on whlch he earlier reinterpreted Kennedy drift en masse .

warrant scrutiny. ‘ . . -
L wan y : T T

Beyond his opinion that Kennedy drift's appearance “was rather that ef gravelly glacial drift than
of sfream gravel (A|den 1932 on the type section, emphasis added), the only new grounds for .
‘reinten‘:retatlon were striations discovered exclusively on an admittedly restricted number of
argillites (Alden .19_12- '1914,‘ 1924, 1932; Alden and Stebinger 1913). However, striated
Yragmente occur in fan depoeits, especielly mudflow (Blackwelder 1930, Sharpe 1938; Twenhofel
1939; Sharp and Nobles 1953 Van Houten 1957; Curry 1966; Harland et al. 1966). Boulders in
Kennedy drift have been tited as evidence for its glacial origin (Horberg 1954, 1956), but baulders
can be carried by mudfiow for kilometers down fans, even on gentle grades (Plate 3; Blackwelder
1928; Twenhofel 1939; Sharp and Nobles 1953; Broscoe and Thomsen 1969)‘ Horberg (1954)
xnd Stalke\r and AHa»rrls{on (1977) noied that .Kenneey drift on Makowan Butte retains no surface
constructional forms typicel of till. 'HoWeve'r, the form is eonstmctiOnal for fan, as are the “traces of
knolls and swales” Hotberg (1954) s'aw4 en CIou_dy Ridge. Others have simply repeaied tnat

Kennedy drift is glacial, but disturbingly rich in outwash. Horberg's (1956) discussion of a drift

3
.
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Plate

Typical mudflow material with till-like atpect,
Washout Creek fan in the Rocky Mountain Trench
juct south of Golden, British Columbia.



soction is llustrative. It arguabty describes fan materials as readily as it does glacial.

(Kennedy) drift inciudes gravelly tll and coarse bouldery outwash gravel, which in many

piaces are difficult to differentiate . . . . There is consideraple variation in texture throughout

the profile . . . . From the mechanical analyses alone the deposit as a whole might be
considerad a silty, gravelly sand of glaciofluvial origin. However, the relatively high silt
content, the lack of stratification, and the occurrence of boulders up to 8 feet in diameter

_indicate that most of the deposlt, like mountain drift elsewhere in the reglon, is a till from
which much of the fines were removed during deposition. Sand, gravel, and silt layers and
lenses are present, bt the bulk of the deposit is considered a true till.

Regardless of what Kennedy drift might be, a Iitany of confusion exists between glacial ark
fluvial (read fan) origins for old drift bordering the Rocky Mountains (e.g. Hares 1926a, 1926b).
Reinterpretation has often gone the opposite way, /.e. drift called pre-Wisconsin till was later
recognized as Tertiary or early Pleistocene fan gravel instead (Ray 1940 pp. 1889.1891, Sharp
1948; Van Houten 1957; Mathur and Wengerd 1965; Hambrey 1981). Horberg (1954, 1956)
compared Kennedy drift to Blackwslder's (1915) Butfalo Till, drift thought at that time to reflect an
early Pleistocene Cordilleran glacial stage which has often been invokied for correlation. Despite
that precedent, Richmond (1965) dropped the Buffalo glacial stage, in part because “some

deposits called '‘Buffalo Till' . . . are now known to be bouldery fan gravels of Pliocene age.”

Richmond further revealed that “the type deposit of the (pre-Wisconsin) Prairie Divide Till . . . is

.. (now recognized as) a bouldery facies of the Miocene and Pliocene Ogallala Formation.” Ogallala

LR

ﬁormaﬁon denotes a dissected, high elevation Tertiary alluvial apron bordering the mountains near
Denver (Scott 1965). , A

At minimum then, both glacial and fan origins should be evaluated fgr older, high elevation
gravel in benches bordering the Rocky Mountains. Cloudy Ridge is that exact type of bench. But
drift on Claudy Ridge has received little study (Stalker and Harrison 1977). It has been called: till
with gravel be&s (Horberg 1954, Stalker and Harrison 1977);‘moraine that "includes much
assoclated outwash® (Stalker 1959); till with gravelly indurated layers (Wagner 1966); and till with
some glaciofluvial deposim (Harrisdn 1976). The quote from Stalker and Harrison (p. 21 above) also
reads that no proof exists that any glacier whatsoever was the source of the Cloudy Ridge drift.

From the scant published interpretations and descriptions, the older Cloudy Ridge deposits readily

may be of either glacial or fan ongin.
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In summary, both the extent and correlation of older drift on Cloudy Ridge are uncertain. T‘n,

material may be glacial or fan and of Miocene to Wisconsin age. T‘wo constant in previous
’
interpretations is that some drift there relates to a landscape that occurred prior to late Wisconsin. It

is not immediately evident how Cloudy Ridge's present axpression reflects any such landscape.

I?_nlnomdclmlmlﬁludiui;cioudxﬂldﬂﬁ

In theory, soils occurred in any of the landscapes of the past thopght to be associated with
Cloudy Ridge. Paleopedological interest has focused on the upper portion of the drift sheets
considered oider than late Wisconsin. Horberg (1954), Wagner (1966), and Stalker and Harrison
(1977) all described soil development that implied paleopedogenaesis on their respective versions
of the drift.

Horberg (1954) implied paleopedogenesis during a Wisconsin interstadial by diffarentiating the
dagree of soil development on Early Wisconsinm\(i! Late Wisconsin Mountain drifts, both of which
were identified on Cloudy Ridge. The Early Wisconsin drift was considered older because its soils
generally had taextural B horizons, deeper lsaching, and often, stronger colors than the incipient
soils typical of the Late Wisconsin drift. The extent of relict component in profile features was not
evaluated, as he stated, "The soils on Early Wisconsin mountain drift . . . clearly fall within the
category of modern soils studied by soil‘sciemists.' He classified one Cioudy Ridge surface profile
on the older drift as a Chernozem, giving data for horizon colors and depths only.

Wagner (1966) applied the term paleosol to a much different profile in his version of the older
drift on Cloudy Ridge. It was buried by Late Wisconsin till. The profile apparently contained a
weathered B horizon of unstated pedogenic character. His interpretation was based on qualitative
description and pebble counts,

Stalker and Harrison (1377) mentioned “soils developed on this ridge’ but presented neither
data nor further paleopedological interpretation of them. They recognized that “littte has been

published about them.”
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" The above interpretatlons Invite further paleopedologlcal study. First, the scant pubhshed data e

’
on each prof ile's features is equivocal, supporting other interpretatlons as readily as those grven

For lnstanoe variation in initial lime content in equal aged matenals could aocount for the' dlﬁerencas
in weathenng depth that Horberg (1954) obseved. Secondly, the extent of altaraﬂon of profnle
features during the late Wisconsin is uncertain.

The purpose of my Cloudy Ridge study was thus to determihe the most proba’ble cadses of fhe

soll-like features oocu‘rring in profiles on Cloudy Ridge.

4



Chapter 3
. STUDY QUTLINE . ‘ .
o) : .
To determlne the most probable causes ot features in Cypress Hills plateau prof les that appear
to be the remnants of paleosols, a profile from the Cypress Hills Formation buried by a seemlngly
unweathered marttle and oo‘ntammg soi--like features {Plate 4) was selected by literature search and

field observatton

i

s

Slmllarly, to determlne the most probable cau sol leatures in Cloudy Ridge profiles tha} appear

to be the remnanls of paleosols Wagpner's (1 Brofi le was selected for turther‘study because of
the soil-like leatures'there (Plate 5)
~ Each profile was lhen characterlzed by the analyses below. Results were evaluated to

. datermine the ‘probable ge_nesus and alteration of features, and the contexts implicated. -
N . B . . :' . ' .

2

- Methods were slrttl[ar for both the Cypress Hills and Cloudy Ridge studies except as speciﬁcally“;v:w s
noted. Symbol convehtior{'lo‘llows Si (System l,nt'._rnational) except in the reporting of X-ray . Q
_' dlffracnon and catuort exohange capacity results :

Fléld descnptlons were of three types Followmg descnptton of the site, the profile with the best . .
'expressmn of appare'nt paleopedologtcal features was selected from within the geologlc section.-
' Sample layers contalnlng relevant features were then identified 4t intermittent depth |ntervals in the
profile. Some features were also photographed Descnptlons generally follow the precepts of
C_S.S.C, {1 978b). with addttlortal termmology usage following Gary et al. (1972).

Thro type‘s of eerrtples were taken (where- possible) from each sarhple layer for faboratory
analyses briented clods with 5 to 10cm vertical axes, and bulk samples (les§ cobbles and la'rger
gravels) of 2t0 5 kg were obtamed and subsequently air dried at room temperature.

For mlcromorphologrcal sttﬁy, clods were used in the preparatlon of vertically oriented thin
sectlons (30 pm), as outllned by Brewer and Pawluk (1975). These conventlonally prepared glass
slides were photographed with a petrographic microscope. One thin sectton from the Cypress Hills

5t
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Plate 4. SGil-like features in the Cypress Hills
Formation, buried by two layers of
unweathered mantle.

[ 4
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Plate 5. Soil-like features in older Cordilleran
“material, buried by younger, unweathered
Cordilleran till on Cloudy Ridge. X



H1 sample layer was ground to approximately 100 pum, left without a cover slip, and photographed '

using a macro lens in piain transmitted light. ~Micrornorphological terminology fallows or was adapted
from Brewer and Pawluk (1975) as outlined by Fox (1979). Some terms are also after Brewer (1 976,
1979) and occasionally Gary et al. (1972). Stmtlar but smaller clods were used for bulk denstty

determinations of Cloudy erge samples only, by the saran coated method of CSSC (1 978c).

3

Bulk samples were hand ground (mortar and pestel) 10 p pass a 2 mm dry sieve. Fine earth -

- fractions were stored in glass jars for subsequent analyses Dark colored statnrng on the Cypress v

Hills coarse iragments and in the 100 u’m H1 thin section was |nvest|gated with 3% H202.

Structures identified in micromorphologtcai analysts were removed from both ciods and whole
fine earth by tweezers and binocular mlcrosoope in selected samples Slaking tests were observed

under this microscope The infrared absorptton spectrum of the pure mineral observed in Cypress

#;ltiis samples H1 to H4 was s obtained 1rom H1. This mtn'ierai and granular structures from H1 and H6 -

were carefully crushed to expose fresh faces and mounted on carbon stubs. Elemental analyses

on these weré determined by an energy dispersive unit attached to a Cambridge 5150 scanning -

elactron microscope. Similar sampies were sputter coated with 15 nm of gold for scanning electron
mtcroscopy (S.E. M. ), and photographed ustng the above machme
¢ Whole ﬁne earth samples were used for several analyses. The pH was measured in0.01 M

Ca012 (CSSC. 1978c)3 Calcium carbdnate equivalent followed Bundy and Bremner (1 972). Organtc

carbon was determined by the wet combustlon titration method (GSSC.1978c). Samples were

dtssoived by the HCI-HF method of Pawluk (1967) From this solution, total phosphorus by the

determination portion of the acid digestion procedure of CSSC (1978c) and totals of iron and.
aluminum by the atomic absorptiorr spectophotometry method of Pawluk (1967) were found :
Extractabie iron ‘and aiumtnum were determined by the sodrum pyrophosphate, acid ammomum |

oxalate and drthronate citrate- btcarbonate followed by atomic absorption spectrophotometry-

methiods of GSSC. (1 9780)

_ Fine earth separates were determined by dry oven weight ioiiowrng 3 minutes of uncooled
ultrasomc wet suspension dtspersron adapted from CSSC. (19780) Sand was obtatned by 270

mesh wet srevmg Sitt and clay passing the sieve were separated by gravrty sedtmentatton and

-
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decantatlon {Jackson 1956) Oven dry silt and sand valyes were used to determine clay by
drllerence from total Clay separates were divided into two portrons then one calclum and the other
’ potasslun saturated

Some ol each calcium saturated clay sample was lreeze dried. Total potasslum lron end
alummum in clays were determrned by HCI- HF dtssolutlon and atomlc absorptlon
' spectrophotometry lollowrng Pawluk (1967). After ‘removal ol carbonates by sodlum acetate
bull‘ered to pH 5. 5 (CSSC 1978c), clay surlace area (l».etlm?nn et a| 1965) and catron exchange‘
' capacity by ammonium acetate (CSSC.1978c¢) were determined. A
" Both the calcium and pOtassmm saturated clays were prepared for X -ray drllractton (X Fl D.)on

’ glass slides by the paste method of Thetsen and Harward (1962). letractograms were obtained

‘with a Philips X.R.D. unit equupped with a curved crystal monochronometer and the use ol Cu Kex

! radlatron under the lollowrng condrtlons
1) K- saturated clay, healed to 105°C and run at 0% relattve humrdrty,
2) K-saturated clay, heated to 105°C and run at 54% relatrve humrdrty
3) K-saturated clay, heated to 300°C and run at arnblen,trcondrtlon,s, o
4) K-satdrated clay,‘heated 'to 5§0°C and run at amb’re'nt conditions, |
- 5) Ca- saturated ciay run at 54% relatrve humidity, and ,

6) Ca-saturated clay, selvated wrth ethylene glycol and run at amblent oondmons

‘ Sands were 60 mesh wet sieved. From sand not passmg, in seleéted Cypress Hills samples '

~b|otlte and mUscovne ﬂakes were removed with' tweezers and mecular mlcroscope for S.E. M as

. above.. Frne and very fi ne sand passrng was treated tp remove carbonate as above then eeparated
at specific gravrty 2. 72 by 5 tetrabromoethane and bromobenzene (Jackson 1956). Oven dry
percentages Were determrned ‘ . ‘ '

On the ﬁghter mlneral subsample totals of sodrum calcrum and potassrum were determined by

8 the HCI-HE drssolutron and atomrc absorptron Spectrophotometry method of Pawluk (1967). These ‘

. values were recalculated to; percent albrte anorthite, and orthoclase Petrographlc thm sections (30.

. pm) were prepared ‘of the heavrer mlneral subsample in a manner simllar to the mtcromorphologlcal )

’samples above.

32



—

Chapter 4

wmww&m
The Cypress Hills Formation appears to have undergone change at thesrte since deposition.

Characteristics of the sampled prollle appear to reflect alteration and/cheorganlzatton of some

- components. Discussion is centered on the upper portion of the the Cy E{ Hills formatron that
exhibits the soil-like features (samples H6é to H1, Fig. 3). . . _ TN -
. ’ . . \ .
: , , )
Eleld Descriptions and Analyses

Present landscape setting of the Cypress Hills site (Fig. 1) is descnbed in Table 1 and shown in
Plate 6. ‘

" The geologtc and type sectlons are descnbed in Table 2, and some aspects are shown in Plates
7 to 9 A schemalrc ol the type sectron (Frg 3) rdentrﬁes the layers referred to in text The
outstandrng leatures are the “olor drstnbutron and the apparent disruption of ‘sedimentary
~ structures and stratrf catron in the Cypress Hrlls Formatron Jungenus (1 966) and Westgate {1968,
1972) discussed derangement in the topmost 110 2 m. Complete dlsruptron of the matnx near the
top aed partlal dlsmptlon going beyond depths of 4.4 m are reﬂected by the umlorrmty ol the ‘upper

\

layers and the rncreasrng heterogenetty with depth (T able ;3 Plates 10, 11)

DA

° , ‘
Speoulatrons about change Smoe deposrtron of the Cypress Hills Formation are supported by »
» mlcromorphologrcal analyses (T. able 4 Plates 12 t0 20). Changes appear o be of three kinds:
1) fabric and plasma reorganlzatron Granular structures wrth their related features constitute -
the upper layers (Plates 13,14, Jungerius and Mucher 1972 Fig 4) and finer lextured-' _
portlons of the lower layers (Plate 17). The. mtemal slmrlanty of the structures throughout :
_the profile is evrdent (Plates 21, 22) Jungerlus and Macher belreved the gralns were ;

“transported as stable aggregates and thus aritedate deposmon but that is unlrkely'

. because they slake instantly. They probably formed in situ ;
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Table 1.. Cypress’Hills site description.

Llocation: -

MapvReference:

Military Grid:

Elevation:
Végefafion:»
Léndf&rﬁ:
'Slqpe:\
Drainage:_
Seebage:-
SToninessz.
Rockinésé:

© Land Use:

Classitfication:

De;cribed:.

“Well . to rapid

Northwest edge of Cypress Hills plateau, near

fire observation tower above Elkwater, Cypress
Hills Provincial Park; Alberta (Figure 1)

Elkwater Lake, 150,000 (72 E/9, Edition | MCE,.
Series A 741) ' R .

.12 U WK483982

1440 m a.s.|.

Fescue prairie (Bird and Ha!laaay 1967)

Eolian blankeT/FluviaI‘ieYel (scale I:BQ,OOO)_

2 complex (0.5-2.5%), overall aspect east

1

Absent

* - Nonstony

Nonrocky

Natural graging

‘Orthic¢ Black Chernozenmic (present solum)

August, 1975
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Table .Z. Cypress Hills geologic and type section descriptions.

Nature of Ac;ively eroding slump scarp. Lateral variation was
exposure: wel |l exposed across the upper face of the geologic

section. At depth, lateral variation was obscured by
a colluvial veneer, and only the type section was
exposed. T

Scarp slope:  70% e
Aspect: Northwest

Stratigraphic Layers*®
Cover |l: Depth O-1.1 m. Characteristics uniform with
depth except as.indicated, and as modified by present
solum in the upper 70 cm. .
Light yellowish brown (10YR 6/4 m); no effervescence;
massive bedding; very weak coarse prismatic to
structureless; friable; heterogeneous mixture of clay
to gravel particle sizes, dominated by silt; silt
loam. ' : : : i
Coarse fragments - < 5% by volume, gravels; contedt
maximum in a band near the bottom of the layer’
(Plate - 8); subrounded and rounded, high sphericity;
quartz-sandstone lithology dominant, often pitted
surfaces or fractures superimposed on rounding;
quartzite tithology subdominant, smooth surfaces
octaslonally with thin, patchy manganese oxide
" coatings; elongated gxes generaliy highly inclined.
Lateral variation - The type section has the maximum .

" observed depth of Cover Il and It overlies Cover |.
Cover || may be as thin as .
50 -cm, and‘overlie the Cypress Hills formation directly
(Plate 9). ~In the latter case coarse fragment content
is higherand the present solum influences the entire
jayer. ' T : _
Lower boundary is gradual, wavy across the geologic
section. ' ’ ‘ ‘ :

- Grab sgmple taken.
Cover i:. Depth |.1-1.6 m. Characteristics uniform
with depth.. - : ; i

Yellowish brown (IOYR 5/4 m); strong effervescence;
,massivegbeddihg;?medium’pseudOplafy;lvery friable;
 heterogeneous mixture of clay to cobble particle
sizes, dominated by &ilf; silt loam.

i

*Names within the Cypress Hills Formation after Westgate (1972)



(cont.)

Table 2. Cypress Hills geologic .and type section descriptions.

Coarse fragments - 5% by volume, gravels > cobbles;
subrounded and rounded, high sphericity; quartz -
sandstone |ithology dominant, often pitted surfaces
or fractures superimposed on rounding; quartzite
lithology subdominant, smooth surfaces, occaslonally
with thin, patchy manganese oxide coatings; many have
elongated axes highly inclined. ‘
Lateral variation - Type section has maximum observed
depth of Cover 1I. : Deposit found lensing in
and out, each 2 to 3 m lateral dimension, across
geologic section, always bounded by Cover ]
above and Cypress Hills formation below. Material
was observed to fill frost wedges formed In the upper
metre of the underliying Cypress Hills Formation.
Lower boundary is clear, wavy except where material
is discontinuous, and in frost wedges.
"Sample H7 was taken to represent the entire
Cover |- layer (Figure 3).

‘Cypress Hills Formation 4, 3, 2: Depth 1.6 to = 8 m, lower 2 m
not &bserved. Characteristics change at nonuniform
rate with depth except as indicated. Changes
described occur with depth.-

Red (IOR 4/8 m), becomes dominantly brown (I0YR /3 m),
but reddish colours occur throughout (Table 3);
-moderate effervescence, becomes very weak efferves-
cence; massive bedding (solimixtion?), becomes
weakly stratified with strong Involutions;
strong (pseudoligranular, becomes variable; friable
to firm, becomes variable from firm to very friable;
heterogeneous mixture of clay to cobble sizes, with
depth remains similar but in sorted pockets depending
on involutions; gravelly clay loam, becomes heavy
clay to gravelly sandy loam in pockets depending on
involutions, ‘ oo
Coarse fragméents - 40 fo 55% by volume, gravels >
cobbles throughout; subrounded and. rounded, high
sphericity; quartz sandstone lithology, often with
pitted surfaces superimposed on roundihg, dominant
near upper layer boundary; with depth, -dominance of
quartz sandstone gives way to dominance of quartzite
lithology, with smooth %yrfaces, frequentiy with thin,
patchy manganese oxide ‘coatings; at top elongated
axes highly inclined, but with depth no preferred
imbrication. ST o .
Lateral variation - Type section has thickest, most
 red colourad upper layer of Cypress Hiils Formation

-
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(cont.)

Table 2. Cypress Hills geologic and type sectlon descriptions.
observed in the geological sectlon (Plates 4 and
g),
Samples H6, H5, H4, H3, H2, and HI were taken from
near upper to near lower unconsol idated Cypress Hills
Formation layer boundaries respectively (Figure 3).
Cypress Hills Formation |: Depth = 8-12+ m. Layer was not

examined in detail.

Light gray (10YR 7/1 m); strong effervescence;
indurated with carbonate cement; massive bedding to
weakly stratified; heterogeneous mixture of clay to
cobble particle sizes, probably low in silt and clay
prior to cementation. :

Coarse fragments - = 70% by volume, gravels >
cobbles; subrounded and rounded, high sphericity;
quartzite lithology dominant, frequently with thin,
patchy manganese oxide coatings.



34

Plate 6. Cypress Hills site.

Plate 7. Cypress Hills geologic section.

-



Plate 8.

Cover
]

10 cm
Cover
!
Contact of Cover || (above) and
Cover 1 (below) showing Cypress Hills

Formation gravels elevated completely
through the lower.
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Plate

9.

10 em

Section lateral variation, showing

absence of the Cover | layer and
~ subdued color in the Cypres:. Hills

Formation upper layer, and mixing at

the contact.
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SAMPLE : o ‘ '
~ SYMBOL Table 3. Cypress Hills sample de§cripfions._

M7 Depth |.3-1.6 m; yellowish brown (I10YR 5/4 m),
~ pale brown (I0YR 6/3 d); silf loam; medium
. pseudop laty; very friables; few, very fine
 COVER ] roots; Wighly porous; strong effervescence;
(mE" ) {;7+*7 . many, fine, medium, and coarse secondary
' : carbonates along many: pores and root channels;
:>*46 est. coarse frag. 5% gravels, 2% cobbles.
N v

x-cw_:mé

:>**5 —H6 Depth 1.7-1.9 m; red (I0R 4/8'm), red
(7.5YR 47/8 d); gravelly clay loam; maderate
CYPRESS to strong, fine, (pseu‘do)granular;"fri'ablle to.
HILLS o L, . firm; many, thin and moderately thick cutans
FM 432 :>*i4— on coarse fragments and forming outer Sqrfaée
ot graﬁular s-ructures; few, very fine roofs;
. slightiy poro.s; moderate ef fervescence in
:>*13( matrix; commor, fine, medium, and Coapse g
secondary cartonate accumulations’in pores
and under coa-se fragments; est. coarse. frag.
25% gravels, '5% cobbles. A,

:>*+2 H5 Depth 2.1-7.4 m; red (2.5YR 5/8 m), yellowish
5 L red (5YR 5/8 d); gravelly sandy clay loam;

’ moderate, fine, (pseudo)granular > patches of
structureless, single grain; friabte; many,
thin. cutans on coarse fragments and forming

outer surface of granular structires; very.
very fine roots; slightly pordus; modera
effervescente in matrix; few. secondary - "
carbonate accumulations in/pores,” commpn -
coating under coarse fragments; gst. coarse .
frag. 25% gravels, |5%:cobbles. ' S

4

few;

Depth 2.9-3.2 m; red (2.5YR 4/8 m), yelblowish =707 "o
red (5YR#5/8 d); gravelly sandy clay loam; L
areas‘ofvmédérafe, fine, (pseudo)granular,
and structureless, single grain; friable;
common, thin cutans forming outer shell of
.granular strucfiires; .and on some coarse © | . i
. fragments; very few, very fine roots; slightly
'$orous; weak effervescence; few secondary ' *

carbonates in pores and coating under ‘coarse

_fragments; est. coarse frag. 30% gravels,

15% cobbles. ~ .t i ;

.ngure 3.
Schematic of *h%;:

LT §ample»layer§.' <
/ *names after Westgate (1972).

-
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:Table,B.' Cypress Hills sample descriptions.

- Depth 3.7-4.0 m; nonuniform sample layer--
©  occasional

finer textured ehd member: red (2.5YR 4/8 m),

_yellowish red (5YR 5/8 d); occasional patchy

secondary colour brown (1OYR 5/3 m), very pale
brown (IQYR 7/3 d); gravelly clay; modeFaTe,
fine, (pseudo)granular; friable; few cutans
on granular structures; very few, very fine

‘roots; slightly porous; weak ef tervescence;

few secondary carbonaTes coafung under coarse
fragments.

Apove is intimately mixed with ;

'coarser Texfured end member: red (25YR 4/8 m),

yellowish red (SYR 5/8 d); gravelly sandy loam;

‘structureless, single grain; very friable; very

tew, very. fine roots; moderately porous, weak
effervescence; few secondary carbonates coating
under coarse fragments.

Est. coarse frag. 30% gravels, 15% cobbles,
uni form distribution ThroughouT fayer.

r,n .
D¢p+h>4.5—4.8 m; nonuniform sample Iayer-—

‘finer textured end member: red (2.5YR 4/8 m),

yellowish red- (5YR 5/8 d); patchy secondary

"colour brown (10YR 5/3 m), very pale brown

(10YR 7/3 d); gravelly 'clay; medium to coarse
(pseudo)subangular blocky, occasionally
moderate, fine (pseudo)granular; friable;

slightly porous; very weak eftfervescence;.
Above is intimately mixed with

coarser textured end member: red (2.5YR-4/8 m),
" yellowish red (5YR 5/8 d); patchy secondary

colour pale brown (10YR 6/3 m), very pale
brown (10YR 7/4 d); gravelly sandy loam,
structureless, single grain; very friable;

moderafely porous; very weak effervescence; fuw

secondary carbonates coaflng under coarse
fragmenfs R : i \

Est. coarse ‘rag \35% gravelst, 20% cobbles,

uniform dlsfrnbu+10n Throughcu? Iayer : .

1 .
. i"/qo . Lo VA'{ ©

A . L -
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(cont.).

Table 3. Cypréss Hills sample descripTionsl

Hi

HO

A)

B)

uniform distribution throughout la

" cementation; slightly porous; s

Depth 5.6-5.9 m; nonuniform sample layer--
: J

finer textured end member: brown (10YR 5/3 m),
very pale brown (10YR 7/3 d); patchy secondary .
colour red (2.5YR 4/8 m), yellowish red " '
(5YR 5/8 d); gravelly clay; medium to coarse -
(pseudo)subangular blocky; friable; slightly. |
porous, very weak eftervescence: occasional =
pockets reddish brown to red (2.5YR 4/5 m),

red (2.5YR 5/6 d); heavy clay.

Above is intimately mixed with

coarser textured end member: pale brown

(10YR 6/3 m), very pale brown (10YR 7/4 d);

patchy secondary colour red (2.5YR 4/8 m),
yel lowish red (5YR 5/8 d); grave!l'ly sandy -

_loamy structureless, single grain, very

friable; moderately porous; very weak effer--
vescence; few secondary carbonafes coating
under coarse fragmends. - ' SRR

Est. coarse frag. 25%’grave|$, 15% coy

Depfh 8.7-9.0 m; lighfbgray (1OYR
very gravelly loamy sand prioft

tion(?); continuous, indurated

effervescence; est. coarse frag.
20% cobbles. :
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Cover | H7
“H6
Cypress
Hills
Formation o
: : ‘H5
5 cm -

Plate 10. Contact of Cover | (above) and the
" Cypress Hills Formation (below) stowing
sample layers. ‘ B
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. Plate 11. Samplé layer HI showing material
’ yaﬁ;’_fabi‘lify 4 m down into_the Cypress
Hills Formation. , B

45,

5 cm



46
. i .

i'Iéple &, Micnomorpholdgiéé[:descrlb#ions of Cypress Hills samples.

H7 - 1.3-1.6 m.

 Fabric type: Matrifragmic - matrifragmoidic (mixed comp lex) .
~ Weak, local internal fragmoidic porphyroskelic fabric in some
‘granular structures. e o o
" Densely packed, except for very large (1-4 mm), occaslonal,
—horizontal and vertical joint plans. S ‘
" Frequent wughs (.5 mm), offen oval (channels?), and connected
by frequent skewplanes. _ . R
Plasmic fabric: Silasepic {skelsepic af higher magnification).
Phenoclasts: - Very few; smaller angular (fractured) agd larger
- subrounded -and rounded medium grained sandsfoneqikd quartzite.
Features: Roots occupy‘some_joinf planes. e L
Thin, discontinuous embedded grain argillans on phenoclasts.
Most matrix skeleton grains are encased in very thin embedded
grain argillans, producing skelsepic plasmic fabric.
Frequent, very small’, bright orange-brown papules.

. Common, medium, (up to. | mm)‘brighf orénge—brown nodules
encased in "argillans :(similar-to granular structures in HO);
variable ratio of skeleton grains to plasma:

Frequent, .thick (up To 3.mm) void neocalcitans. .

He  1.7-1.9 m.

Remarks: Layer béundary7befﬁeen H7 and H6 has mixed complex
‘characteristics of each. R - N .
fabric fype: Matrifragmoidic L matrifragmic (mixed complex).
, .. The matrix has coalesced irito well expressed, nodule-1ike’
— o granulér's%ruéTures(up to 2 mm) in matrifragmic areas;
matrifragmoidic areas appear-.similar but the voids terminate
and plasma separations defining granular structuresare less
well developed. ‘ ’ ‘
Plasmic fabric: Skelsepic and mosepic. : . v
Phenoclasts: Subrounded and r unded, medium grained sandstone .
anq'quarfzife; frequent sesqui- and manganese oxide inter-
stitial.staining in sandstone; occasional pitted and
fractured surfaces superimposed on round irg.
Features: Frequent, moderately well oriented argillans and
- ‘matri-argillans, offen with diffuse inner boundaries,
encasing gfanular structures and free grains; embedded
~grain matri=argilians produce skelsepic plasmic fabric;
discontinudus ‘on:phenoclasts, but as frequently present
. on fractured as rounded surfaces. : ,
Common, medium (up to | mm) void neocalcitans-
Common, opague, medium (up to, .5 mm) manganese oxide
nodujes. - §

-

WS 2.1-2.4.m. ' ’ .
.Fabric type: Matrifragmoidic - matrifragmic (mixéd'complex).
' The matrix has coalesced info nodule-like granular'sTrugﬁures



J(cont.)

Table 4. MicrOmorphologiéql descriptions of‘CYpress\Hillé samples.

“(up to 2 mm) in matrifragmic areas; mafrifragmoidIC'areas
appear similar but the voids termTnate and plasma separations
def ining gfanularsTrucTuresare.Iess well developed. '
Plasmic fabric: Skelsepic and mosepic. .
Phenoclasts: - Subrounded and- rounded, med ium grained sandstone and
quartzite; frequent sesqui— and.manganese oxide interstitial
staining in sandstone; occasional pitted and fractured '
surfaces superimposed-on rounding.’ ‘ : : o
Features:. Cutans. frequent, moderately well oriented arglllans
and matri-argillans encasing granular structures and free
. grains; discontinuous on phenoclasts, but as frequently
present on ‘fractured and pitted as rounded surfaces.
Occasional, medium (up to | mm) void neocalcitans. o
Common, opaque, medium (up fo ,5 mm) manganese oxide nodules.

HA  2.9-3.2 m.

Remarks: Complex micromorﬁﬁblogy because of involutions .in this o
)  sample layer. ~ : ' ,
Fabric type: . Plectic - plectic porphyroskelic (mixed complex).

' The less common plecti® areas are sand apd commonly sand
sized granular struciiees, with nearly qontinuous
very,fhiﬁ“and thin matri-argillans; mori'common'plecfic— T
porphyroskelic areas. are a heterogeneous mixture of sand
grains, occasional, small granular structures, and o
plasma,'wifh a tendency toward plasma separations defining

a weak matrifragmoidic fabric.: '
‘Plasmic fabric: Skelsepic and mosepic. AR
Phenoc lasts: Subrounded and rounded, medium grained sandstone
and quartzite; fréquehf sesqui- and manganese oxide inter-
stitial staining. in sandstone; few pitted and fractured
surfaces superimposed on -rounding.- :

Features: Papules. Common, ‘small, truncated tabular papules
"~ of a pure, bright orange-brown phyllosilicate mineral;
associsted with all fabrics. : 3
‘Cutans. ) Occasional bright orange-brown void argillans:
‘ f\roughouT; 2) Common thin matri-argillans throughout;
embedded grain matri-argiltlans produce skelsepic plasmic
fabric; discontinuous on phenoclasts, but as frequently
present on fractured as rounded surfaces. :
Granular structures often contain sandgraips, offten an
internal fragmoidic porphyroskelic fabric. S
Very few medium (up fo | mm) void neocalcitans.

Common, opaque, med ium (up. to .5 mm) manganese«oxidé nodules.’

"3 3.7-4.0 m.

Remarks: Complex micromorphoiogy related to involutions in fhis
sample layer. 'There are three distinct elements plus '
.intergrades. ST T
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(cont.)

Table 4. Micfomorphologica!-descripfions of Cypfess Hills samples.

‘Fabric type: 1) Partially accomodated matrifragmic / 2) plectic
porphyroskelic = 3) plectic (separated and mixed comp lexes) .
in the primary subdivision, the separated complex, each has
"strongly contrasting overall characteristics.

1), Partially accomodated matrifragmic. - This fabrig occurs
in occasional patches up to a few cm in'size in @ matrix of
the other fabrics; consists of granular structured

material with individuals up to 'l cm; frequent, strong,

48

intfernal fragmoidic porphyroskelic fabric defined by weak matri-

argillans within the granular structures; most granular

structures are low in sand; plasmic fabric silesepic,

skelsepic at higher magnification. This internal fabric

occurs in granular structures throughout the I

samp'ie.

2) Plecfjc,porphyrskelib. A heterogeneous mixture of sand,
variable sized (up to 5 mm) .granular structures,

e and plasma, with a tendency toward plasma separations in
the form of frequent matri-argillans defining a weak
matrifragmoidic fabric. ' ' :
3) Plectic.. .Sand and commonly sand sized granular. -

© structures, with nearly continuous very thin and thin
_ - matri-argillans.’ . o ' '
Plasmic fabric: Skelsepic / silasepic. .
Phenoclasts: Subrounded and rounded, medium grained sandstone
and quartzite; frequent inTefSTifial sesqui- and manganese
~oxide staining in sandstone; occasional pitted surtfaces
superimpoéed on rounding; discontinuous, thin matri-
argillans on bdth rounded and pitted surfaces.
Features: Papules. Common, medium (up to ! mm), truncated,

. tabular papules of a pure, bright orange-brown phyllosi- -

licate mineral; associated with all fabrics.
‘Cutans. |) Common bright orange-brown void argillans
fhroughout. 2) Common thin matri-argillans throughout;
embedded grain matri-argillians produce skelsepic plasmic
fabric. : o o o
Common, opaque, medium (up to .5 mm) manganese oxide nodules,

H2 - 4.5-4.8 m.’

Remarks: Complex micromorphology because of involutions in this
sample layer; there are three distinct elements plus
intergrades. . ‘ ' -

“.Fabric type:r |) Partfially accomodated matrifragmic / 2) plectic
porphyroskelic - 3) plectic (separated and mixed complexes).
in the primary subdivision, the separated complex, each has
strongly contrasting overall characteristics.

[) Partially accomodated matrifragmic. This fabric occurs
inon patches varying up fo several cm in size ina



(cont.)

Table 4. Micromofrphological descriptions of Cypress Hills samples.
< 3

HI

matrix of the other fabrics; consists of granular structured
material with individuals up to ! cm; frequent,

strong, infernal fragmoidic porphyroskelic fabric defined by
weak matri-argillans within the granular structures; most
granular strurtures are devoid of sand; plasmic fabric
oilasepic, skelsepic at higher magnification. This internal
fabric occurs in granular structures throughout the

sampl e. - ‘ ' ’

2) Plectic porphyroskelic. A heterogeneous mixture of sand,
yariable sized (up to 5 mm) granular structures,

and plasma; often with ¢ortinuous, thin matri-argiilans.

3) Plectic. The most common fabric element; sand and
occasional sand sized granular structures; nearly .
continuous, very thin matri-argillans.

Phenoclasts: Subrounded and rounded, med ium grained sandstonc

and quartzite; frequent interstitial sesqui- and manganese
oxide staining in sandstone, occasional pitted surfaces
superimposed on rounding; discontinuous, thin matri-
“argillans on both rounded and pitted surfaces. _
Features: Papules. .Occasional, medium C(up to | mm), truncated,

tabular pap0|es of a pure, bright orange-brown phyllosilicate

mineral; associated with all fabrics.,
Cutans. Common bright orange-brown void argiltans through-
out, as well -as the previously mentioped matri-argillans.’

o

Common, opaque, medium (up to .O mm) manganese oxide nodules.

5.6—5.9 m. ) _

Remarks: - Complex micromorphology because of involutions in This
sample Iayer;’fhere'aré four distinct etements plus inter-
grades. : o

Fabric type: .1) Plectic - 2) plectic porphyroskelic /
3a,b) partially accomodated matrifragmic.

In the primary fabric subdivision, the separated compl&x,

each has strongly contrasting overall characteristics.
Further subdivision is on a mixed complex fabric basis
(I and.2), and mineralogy (3a, 3b). -

1) Plectic. 'Sand and sand sized granular _ .
structures; most are coated with very thin matri-argilians.
~2) Plectic porphyrosketic. A heterogeneous mixture ot sand,

‘variable sized (up”fo 5 mm) granular structures,

and plasma; often with very thin fo fnin . matri-argillans.
3a) Partially accomodated matrifragmic. Pure, bright

brange-brown phyllosilicate mineral in structures up o

.4 cm;-varying from‘nearly isotropic, to simulfaneous

~extinction of stockade arranged crystals in fabular sheefts
up to | -mm thick; conforfed'crysTal_sheeTs most. frequent,
usually free but occasionally adhering to or mixed with
granular structures. S B
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(cont.)

Table 4. Micromorphological descriptions of Cypress Hills samples.

HO

3b) Partially accomodated matrifragmic. The most common
fabric element; occurs nearly continuously with other

_ fabrics interfingering; consists of granular structured
material with individuals up 1o | cm; frequent,
strong, internal fragmoidic porphyroskelic tabric defined by
weak matri-argillans within the granular structures; most
granular structures are devoid of sand; plasmic fabric
silasepic, skelsepic at higher magnification. This
internal fabric occurs in granular structures
throughout the sample. : ‘

Phenoc lasts: Subrounded and rounded medium grained sandstone
and quartzite; frequent interstitial sesqui- and manganese
oxide staining in sandstone; occasional pitted surfaces
superimposed on rounding; discontinuous thin matri-
argillans on both rounded and pitted surfaces.

‘Features: Occasional bright orange-brown void argillans

throughout, as well as the previously mentloned matri-
argillans. o
Common, opaque, medium (up fo
nodules. '

.5 mm) manganese oxide

8.7-9.0 m.

Fabric type: Orthoiunctic - porphyroskelic (mixed complex).
The sample is highly infused with secondary carbonate.
Considering the carbonate to be plasma, complete infusion
produces porphyroskelic areas, locally incomplete produces
gefuric areas with simple packing voids. R
Prior to cementation the sample is inferred to have been o
loosely packed gefurdc .- chalimydic.

-Plasmic fabric: Crystic. This fabric occurs where carbonate

is the only visible plasma. ,
Prior to cementation the plasmic fabric is inferred fo
have been silasepic. : ,
Phenoclasts: Subrounded and rounded, medium qrained sandsfone
and quartzife;'frequenf interstitial sesquioxide staining
~in sandstone. ' : ‘
Features: Crystallaria. Few, large (5 mm) intercalary crystal
groups, with 0.1 mm crystals. v '
The sample matrix is encased in frequent, large (5-10 mm)
carbonate nodules; diffuse outer boundaries; 0.1 mm-crystals.
Very few mica skeleton grains with secondary carbonate
crystals intercalated between exfoliated layers.



Plate 12.

Oriented thin section in plain
transmitted |ight from Cypress Hills
sample layer HI showing the effect of
involutions. .

Note: the black mineral is~a manganese
oxide. ODiscoloration at the slide center
is an artifact of the H,0, test.

2

1



Plate 13.

Plate 14.

Thin section of metamatr ifragmoidic
tabric in Cypress Hills sample H6.

4
Thin section of metamatrifragmic
granular structure in Cypress Hills
sample H6.

mm

0.4 mm



0.4 mm

Plate 15. Thin section showing mixing of
truncated papules of a pure phyllo-
silicate, granular structures, and

sand grains in Cypress Hills sample H4.

Qf4 mm

N 3 . IR

% 16.% Tﬂan@ecTigﬁ shOwihg“Void:argillans
1 ih Cypress Hills sampie H3.

¥
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Plate 17.

Plate 18.

Thin section of fragmoidic porphryskeli
tabric in Cypress Hills sample HZ.

Thin section of plectic fabric in
Cypress Hills sample HZ. Y

4

mrm

mm



i

4;3” - o S
| | 55
I mm
Plate 19. Thin section of a pure phy1I§sjliéa+e, &
: mineral both concentrated in and
dispersed through the matrix.of
Cypress Hills sample HIl.- '

Plate 20. Thin section of :a mica WI+h'iﬁtéfcéla+ed -f
.carbonate in the Cypress Hilis conglom—; -
erate sample HO, R

oo



56

-ioey14de ue SI

- }4@| LB 84NEONILS  18LON
“IH @|dwes S| ssatdAD
wo.dj} J4Oo1Jdotul 94Nn3oNnaiis
geynuedb e jo ydeabodoiw

. uodjoe1@ Bujuueds °ZZ 84eld.

cgH d|dwes s||IH ssa4dA]
WOJ} JO{JBfUl 94NEONI4S
“sejnuedb e jo ydedbousdiw
uoiyoa|a Bujuueds

12 #ield




-
[

2) physlcal disruption. Plate 12 shows the lnvolutuons at depth in the upper layers the
textural uniformity and absence ot both structures and stratification typical ot fluvial

4+ Sedimentation imply mlxlng there was complete; and
v 3)' 'mineral neogenesls The lower samples H1 to-H4 oontaln concentrations of a pure
‘ phylloeillcate mineral, some up to a few centimeters in size (Table 4; Plate 19). Thesé also
slake instantly, so were probably not inherited. ' The relationship between the larger
‘concentratlons and the matrix, and the -way the mineral - is dispersed in lower
concentrations throughout the matrix indicates it is. hkely neogenic rather than illuvial. The
mineral appears tobe a smectrte (Frg 4), probably berdelllte montmorrllonite (Borchardt
1977). F4gures 5 and 6 are the first of several pieces of evrdence to be presented

lndrcatlng there was mineral neogenesrs throughout the profi Ie Tha degree throughout

\_ . lsnotknown , S s

yr‘

\ The three suggested processes as well as burial ot the proﬁle can be arranged ina probable .

. chronosequence Mineral neogenesrs preceeded drsruptron because the pure ‘mineral was

affected (T. able 4; Plates 15, 19). Disruption preoeeded genesis of the granular structures because

“of the lntlmate mixing of partlcle sizes where mLxrng was complete (c t Plate 13 with Plateg 17,18)..

ar

That oonclusnon is also supported by the relationship between matri- argrllans and broken taces of
coarse fragments if, as presumed the fractunng occurred during disruption (T, able 4). Jungerius
and Mucher (1972) lelt that many features in proﬁles on the plateau were generated tollowrng

drsruptlon But at least some of the disruption must bé contgm raneous with or postdate bunal
: P po

ﬁ% there are ooarse fragments mcorporated into even the upper Iayer of silty mantle (Table 2, ‘

.Plate 8; Westgate 1972) Therefore itis probable that the present tabnc and leatures of the
, apparéntly thoroughly mixed top Iayers of the conglomerate (H5 and HG) were generated during or
followmg buriat. Itcthe precedmg conclusron is correct, there is no pedogenlc record held in the

: mtcromorphologlwl fabric or leatures at the top of the Cypress Hills Formatron at thls slte
Othkar prebunal agents capable of mixing and generatmg granular tabnc such as roots or soil
orgamsms have not been proposed by prey)tous workers and there is no record these agents were

.ever present, though smooth (meta) granular structures like those throughout the prof ile have

been assoclated with pedogenesrs Brewer and Pawluk (1975) rnterpreted some to be faecal

57
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pellets of soil—ingeetlng erganisms, and Dunianskl (1969) showed similar. structurea in a
Chernozemic A horizon. H.owever,‘ in the present case their degree of accomodation and .stru‘ctural
similarity regardiess of depth (Plates 13, 17, 21, 22), and the occurrence of Inciplent granular
structures in the similar but unweathered H7 sample (Table 4) argug.a physical genesis.

Freeze-thaw and shrink-swall in a system high in' smeclite could have gen\!raled the granular

60

strucrures and their related leatures such ds matri- -argillans. Frost wed%s (T‘dhle 2; Westgate -

1972) and involutions at depth (Plate 12) attest 10 the pronounced oocurrence ol these proc{efsee
The embedded grain cutans that relate to skelsepic and mosepic plasrf\lc fdbrics {Plate 14;
Jungerius and Nluch'er 1972) also often result from stress (Brewer 1976).

Thin sectlons reveal that the "clay sklns seen in hand specimen (Table 3 Jungerlus 1966;
' Cano 1981) and mlcromorphology study (Jungenus and Mucher 1972 Fig. 4) are not typical of
v argillans formed by clay illuviation. Instead, they are matri-argillans, simply the clay-rich exterior of the
© granular structures (Plate 14). Tney likely lormed at the._ same time and by the same physical
" precésses as the granular structures. The clays in them appear to have been mo,de_rately oriented
by stress. | | | |

‘The infrequently occurring void argillans (Plate 16) .probably did form by movement of the

neogenic clay, but following disruption. The calcitans arez also likely of recent origin. Any -

p_aleopedogenic record, if present, must be found by analyses other than field description or
micromorphology. |
Whole Soif Analyses

Calcium carbonate equivalent (Fig. 7) decreases with depth, suggesting it was eluviated from

the overlying calcareous material (H7) An infusion of carbonate could have allecled‘ -

mlcromorphologlcal fabric and structures by flocculatlng prevaously dispersed clay in a recently ‘

' dnsrupted system, a post bunal process. The pH of all layers was between 7.0 and 7. 5 values and

umformrty 1o ba expected wnh free lime (Buckman and Brady 1969)

’

- - Organic carbon (Fig. B) increases upwards but values overall are very low. Dlstnbutlon parallels

Fwn
and content probably reﬂects (he wrm;pondlng upward increase in root lncldence (T able 3). Catto

(1981) found there were no significant organlc forms In profiles in the upper Cypress Hllls_ ’



. . Determined

Sample ‘ : Value

H7 — - » off scale ;0.65 H

He | 2.9

Hs " - | .20

He | o . 0.%8

H3 P—— | ' 0.46

H2 . } | - - 0.0

HE o+ | L 0.04

HO — off scale  36.04

0.0 o 2.0 3.0

CaCo, equivalent (%)

Figure 7. Percent calcium carbonate equivalent of
© . Cypress Hills samples. ’
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FigufeVB. Percent organic carbon as C in Cypress Hills samples.'

~Sample

H7

H6 -
H5:
H4
H3'
H2 -
Hi

HO

© 0.0

I

"

0.02

—

+~—

-~ 0.04
Total P (%),

Ty

0.06

Determined
ValueA

0.

- 0.

0.

043 %
018

014

016
018
.023
.027

.027

Figure‘9. '>Perceh+ total phosphorus as P in Cypress Hills samples.



Forrnatlon No paleopedogenlc record readlly exists ln the organic component.

Total phosphorus content (Fig. 9) is very low (Buckman and Brady 19869) thronghout The
varlatlon in dletrlbutlon with depth is not significant. This contrasis with ﬁndings ln some modern
solle (Smeck 1973) and paleosols (Runge et al 1974; Leamy 1975). Their studles also rely on

organic P for lnterpretatlon. , _ S ' s g

The mlcromorphologrcal observatlons above prove that textural analyses on bulk samples are of

restricted slgnlﬁcanoe Textural varlabllrty wlthtn the IOWel’ sample layers is undoubtedly greater than
between them (Plate 12). Textures perhaps tndlcate longterm trends wrthln the deposrtlonal
envrronment. ‘Sand (Fig. 10). shcrws a negattve correlatton with clay (Fig. 12) whlle‘srlt remalns nearly
constant (Flg '1'1). This could support an alluvral rather than illuvial explanaugn for clay content in
the topmost sample layers ll llluvlal clay should increase at the expanse of both sand and silt,
assumlng lnmally umtorm material. -

Clay separate analyses are consnstent wrth a theory of uniform smecttte neogenesrs throughout
the prol'rle since. the elemental surlaoe area, cation exchange capaclty (C.E. C) and X ray

dlffractlon (X.R D.) analyses all show a general unllormrty in clay mineralogy with depth

63

Elemaental analyses of day s separates for potassmm (Frg 13) shows a uniform decrease upwards. :

Thts is: probably related to a decrease in mtca oontent a trend also observed subjectrvely in the
heavy mlneral thin secttons Thts decrease mrght altemately represent deposltronal dlagenettc or
weathering’ gradtents | 5
Elemental analyses for iron (Frg 13:%/ and. a.lun‘llnum (th 15) in clay demonstrate general clay
uniformity. There may be a sltght posttrve oorrelatton with sand co’ “ent, negatrve wrth clay. ‘
Clay surface arsa (Fig. 16) and C. E C (Fig 17) values are both unllorm and hlgh evrdence

consistent wrth a theory of unrformrty and predornmance ol smectite’ throughout

Clay mineral ldéﬁgﬁgatlon is: presented in Figures 18 to 24 and Table 5. The occurrence of -

) ,“f} ‘7\‘1
neogemc smecttte \thve presence of mica and the absence of vermiculite is not consistent with a

L
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HO No sample v‘
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Sand (%) )
Figure 10.  Percent sand in Cypress Hills samples.
S
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: Determined
Sample . Value
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Hé . | | ~ 2
H5 p— 20
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HY  p——— -] 17
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Figure ll. Percent silt in Cypress Hills samples.
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Sample : ' Value

H7 26 %

H6 - , ’ | 39
H5 - 3)

H3} pP—m™ ' . , 23

H2 p——— 22

HI | 4l

HO No .sample |

o 20 40 60
" Clay (B)

Figure 2. Percent clay in Cypress Hills samples.
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H3 '. | 0.7
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K in clay (%)

Figure 13. ’Percenf potassium as K in clay> separates from
- Cypress Hills samples. : :
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Percent aluminum as Al in clay separates from Cypress

Hills samples.
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samples.
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Figure 17. Cation exchange capacity of clay separates from -

Cypress Hills samples.
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Flgure 18.

Degrees 206

X-ray dlffractogram of clay separate from
Cypress Hllls sample HZQ@
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Figure 19, X-ray diffracfogranb of clay separafe from o
Cypress Hil'ls sample H6.
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X-ray diffractogram of clay geparste from

- Cypress Hills sample H3.
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Figure 22.-
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Figure 23.

X;ray dlffrécfogrémvoj tlay\separafe,from

. Cypress Hills sample HZ.
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Table 5.

Sample

)

15

anefal groups sfesent in'c|ay separates frcﬂ¥Cypress
Hills samples a% identified by X-ray djffr:gjion.

#
R v,
Mineral Grqupézﬁiﬁbs}enf ,
: : e s R,
1) quartz i) kaolin iii) mi;a'”iv@ﬁsmecfiTe

i) quartz ii) kaolin iii) mica iv) smectife

' uvsﬁa‘ﬁf.f; . .
R AT, 9
7 Figure 20

i) quartz ii) kaolin “iii) mica iv) smectite

i).quartz i) kaolin iii) mica iv)‘smectite

) .

{) quartz }(i) keolin 1ii) mica iv) smectite

i) quartz i) kaolin iii) mica iv) smectite

4]

i) .quartz 1) keolin iii) mica iv) smectite

o o \
noyiiﬁsle : : :

¥

Reference
ngure |18

Figure. |H%. " %
R

Figure 2!
Figure 22
Figure 23

Figure 24



soil or wealherlng emlironment, where vermiculite is the common Intermediate product (Borchardt -

1977).
a
Feldspar analyses are presenled in Flgures 25, 26, and 27 Distribution wllh depth of the
A plagloela‘m: may reflect mcreased weathenng upwards. HOWOVGI’«, a strong poslllve correlatlon

exr% between calculated. alblte and anorlhlle mdncatlng the plagroclase presem may be of

restricted composmon Drstrlbullon may then as readily indicate a decreasmg supply ln lhe \

sedument sourod Onhoclase conlenl is nearly constant wrlh depth. Assumrng lhls distribution ls
deposmonal prooesses afl‘eclmg orthoclase have been unllorm throughout.

Heavy mmeral conlent (Flg 28) showa a posmve correlation with sand (Fig. 10) negallve wllh

o 4

clay (Flg 12)." Thls dlstrrbutlon can relate to lluvral deposltlon a greater percemage ol heavy '

'mmerals oocurm‘rg ina rajuvlnated hlgher flow reglme that followed deposmon of thé H} saruplelr"l

)
»J
v\w\»

| ~layer lgower values near the surface rhay lndlcate a weathenng ormdragenellc gradlent. -

Micas from all samples observed by S. E M. exhibited al least major splmmg if not exfoliation
.(Table 6; Plates 23 to 26). This wealhered condition of the micas I|kely predates thelr deposition.or '
| owurred in an early post-deposmonal period, since the flakes even at great dgpth (sample HO) musl A ‘~

have been spllt or exfoliated to allow intercalation of the carbonate (Plate 20), somethlng that .
presu'mably. occurred as the edhglomeral\e vlas becomlne cemenled.' The postdepositional '

allerallon of micas has thus probably been generally unllorm throughout the sampled Cypress Hills .

76

"

Formatlbn Profi le lncludmg in the cemented conglomerate. |f so, relatrve mica distribution within. - .-

the profile is llkely depositional, altheugh absolute content may have decreased by weathering or
y .
iolher alteration, )
".-Plant epal was n..ot heterrnined because of expeeted low content in the presence of apparent
physical dismetlon and absence ,_‘" any suspected A or other surlac'e horizdn. The meaning of low

valyes would be confounded by recent contamination, as was the case with organic compounds.

Catto (1 981) found an absence of phytoliths in profiles on the conglomerate.
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Determined
Sample Value
H7 » . » off scale |.4,2 ;)
‘H6 p——— L7
H5 " ‘ 3.3
H4 ) o - 3.9
H3 4.9

H2 p 5.5
HI — 5.4 )" ;

HO . No sample

0.0 2.0 »o 6.0 |
_ Albite in fine and very fine sand lngh*s (%)

—

Figure 25. Percenf albite (calculated from Na) ln fine and very
fine sand tight (sp. gr. < 2 72) - g%par‘a’res from Cypress
Hills samples. e

. . Determined
Sample ' > ~ Value
Hj . —>» off scale 5.83 g
. H6 p———— ‘ 0.2
) w5 o . - 0.34 a
H4 ' 0.43
A :
H3 ‘ : 0.57
H2 _ ' : ‘ 0.69 .
HL ‘ ‘ £ 0.69
HO No sample. -
0.0 0.2 0.4 0.6

AnorThHe in fine and very fine sand llghfs (%)
Fi‘gur'e‘26. Percenf <anorthite (calculdfed trem Ca) ‘in fine. and very’ '
fine sand light (sp. gr. < 2.72) separates f"rom Cypress

Hills samples. .



Determined
Sample : Value
H7 ‘ — | 10.7 %
Hé ‘ - 6.8
HS , - 7.5
Hy - | ‘ e
H3 ‘ A ,. Er
H2 ' o e
Hi "‘ 8.0
-HO Ndh‘é‘amp! e
00 a0 8.0 -

Orthoclase in fine and very fine sand lighfsi(%)
Figure 27. Percent orthoclase (calculated from K) in fine and
very tine sand light (sp. gr. <§2”72)-separaTes from
Cypress Hills- sampies. B e

' 2
. | | ) , Determined
Sample, o , , . et
T | oy 5.3 4
H6 —-—-—_——— ‘ Ty . | 7 | 3.2 ‘ ,‘
D ’ C iﬁg o
Hj . o ) T : * . \ 0) : 4 . 3
H — | | -
v — 9.4
- o 9.6 .
- ].0
HO No ‘sample
\nz-O ’ 4 -O 8\"’.0

Heavy minerals in'fine'and'very tine sand (%)

‘Figure 28. Percent heavy minerals (sp. gr. > 2.72) in tine and .
o very fine sand separates frw Cypress Hills samples.
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Table 6. Classification of mica morphology by S.E.M. (after
Tarzi 1976)".

Infact: No apparent splitting or division of any kind in
the edge of mi%' particies.

Splittings SeparaTlon or division of layers of a mica particle
along cleavage |ines parallel to (00%) planes.
Divided as: minor and major.

¢ D Minor Splitting: Particle divided along 1-10
lines over a thickness of 100 pm. '

S

Particle .divided along more

ii) Major Splitting: i ¥ ,
' than 10 lines over a thickness of 100 um.

Exfoliation: Séparation of par? or, whole of a parTncle into
leaflets ne thicker than*3 um with a separating
d|sTance less than Mﬁ‘m.au‘ :



- )

Plate 23,

ﬁ um

Plate 25.

Scanning electron
micrograph of mica

from Cypress Hills

sample H6 showing
ma jor splitting.

‘

Scanning electron

micrograph of mica

- from Cypress Hilis

sample H6 showing
¥ foliation.

Explahafion of Plates. 23, 24,

»

.

“Plate 24.

4 um

Plate 26.

oy 4 UM e

Scanning electron

‘micregraph of mica

from Cypress Hills
sample Hl showing

‘major splitting.

Scanning electron
micrograph of mica

~from Cypress Hills

sample H! showing
exfoliation.

25, and 26.

Typical Cypﬁess Hllts Formation micas from

near surface (H6) and from depth. (HI). \
Exfoliation. ‘and Ma jor Spllfflng were the = *
on}y conditions ob§grve

varneﬁ as ‘much A

.,&Q&%
i%",

Mrneral fre%hngaégx
Jes Tl




t um_mn_AlumlnumAnnl!&n
The color in the top of the conglomerate (Plato 10) is probably most responsable for lhe view that
the remnants of paleoaols occur on the Cypress Hllla plateau.’ Color in the H8 sample (Table 3) is
redder than any reported in the profiles studied by pmvlous workers The iron and aluminum
ﬂ\e profile's color dlstribution

H

raljel clay content (FDg 12) When iron in clay

analysas (Figs. 29 to 36) revaal a likely cause

" Total iron and aluminum contents (Figs.

is subtracted from total iron, in all conglom os appfoxlmatety 1% woh is. unuformly Teft over.

Most of the iron Is therefore in the clay slz”i

Pyrophosphale exlractable iron (Hﬂ%) and aluminum (Eig. 32) contents are very low
-y

throughout, and decrease upwards, s_ ing the values simply reflect water soluble rather than

organic complaxed iron (C.S.S.C. 1976' (. |

Oxalate extractable iron (Fig. 33) is low, and subtracting its values from Dithionite extractable
(Fig. 35) reveals that finely divided hematite and/or goethite (Schwenmann and Taylor 1977;
C.S.S.C. 1978c) increases upwards until it is just under 1% in sample H6. Hematite frequently
causes a bright red color (Munsell 5R 10 2.5 YR) in soils and sediments, in conoemratic;ns of as little
as 0.1% (Blaﬁ etal. 1972; Schwerimann and Taylor 1977). Increased. hematite content upwards
likely gives the redder color to the top of the Cypress Hills conglomerate and could account for the

’thght decreasss upwards in clay surface area (Fig. 16) and C E.C. (Fig. 17).

Hematite forms in oxidizing oondmons at high pH (Buol et al. 1973; Schwertmann and Taylor

1877). 1t can be precipitated from soﬁmon by a rise in pH under OXIdIng conditions. The

diagenesis of smectites can leave excess iron in solution (Walker 1967, Blatt et al. 1972) and the

d
pre-Wisconsin Cypress Hills Formation was probably samewhat acidic m its upper layers. The

infusion of cartonate from the Wisconsin mantie into the gravels could have resulted in thg

formation of hematitb. This woufd have been most pronounced in the top of the gravels because

the rise in pH there would have been, most rapid.
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. Sample

H?

K H6

‘H>
i
T HY
¥,
H3

‘H2

HI

HO ———

v v v v v —r

0.0 1.0 2.0 3.0
Total Fe (%)

Figure 29. Percent total iron as fe in

ﬁ.

&
Sample

H7

Determined
Value

0.9

Cypress Hitls samplesn,

Hé

H5

H4

H3

H2

Hi

HO

0.0 - 2.0 4.0 6.0
Total Al ($)°

Figure 30. Fercent total élu@’num as Al ¥n Cypress Hills samples.

Determined
Value

S
o
*
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Sample

H?

Hé

H5 .

Hu
H3
H2
Hi

-HO

Figure 31.

Sample

H*
Hé
H5
Hu
H3
H2
HI

HO

Figure 32. Percent sodium pyrophosphate extractable aluminum

b &

N

\ .

0.0

0.02°, 0,04 0.06
Pyrophosphate Fe (%)

' Determined
Vaiue

0.006 %
0.009

0.014

- 0.02¢
0.027"

0.026

0.059

0.001

Percent sodium pyrophosphate extractable iron as .

Fe in Cypress Hills samples.

0.0

v -

'0.04 . 0.08 0.12 ~ 0.16
- Pyrophosphate Al (%)

as Al in Cypress Hills samples.

e

Determined
i .
Value

0.02 %

0.04
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Sémple

H7
Hé6

H5

H3

H2

Hl

HO

H4

0.0

0.04 ’ 0.08 - 0.12
Oxalate Fe (%)

-
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Determined. ..
Yalue

0.09 %

0.10

0.07

0.07 ¢
0.08

0.05

0.06

0.0l

Figure 33, Percent acid ammorrium oxalate extractable iron

Sample

H7
Hé
H5
Hy
H3
H2

Hl

HO—

~

~

as Fe in Cypress Hills samples..

0.0

M v T -

~0.10 0.20
. Oxalate Al (%)

Determined
Value

0.18
0.21

0.20

0.12
0.21

0.03

« _
Figure S%. Percent acid ammonium oxalate extractable aluminum ¢
~as. Al in Cypress Hills samples.
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, Determined
Sample, : Value
H7 | v 0.67 %
Hé . | - 1,05
H5 ‘ 0.66
He™ - ' y 0.58
H3 - . . \ : - 0.57
s L
H2 o | 0.44
H1 — 0.46
HO "No sample
0.0 0.4 0.8 1.2

Dithionite Fe (%)

Figure 35. Percent dithionite-ciftrate-bicarbonate extractable
iron as Fe in Cypress Hills samples.

Determined
Sample, . Value
. HZ = <‘ _ 0209 %
Hé : | R o.y%
H5 , . B . 0.10 .
H4 | ' ; ©0.09
H3 - 0.08
H2 _ : 0.07
HI1 \ : ' 0.11
HO No sample
0.0 0.04  0.08 0.12

y Dithionite Al (%)

o Figdre 36. Percent dithionite-citrate-bicarbonate extractable

aluminum as Al in Cypress Hills saniples.

N
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-~ No features Indicative of paleopedogenesis were found in the physical, chemical,

micromorphological, or ch;mkal components studied. The;—indicate that any paleopedological

record from this site @ld only be elucidated by more sophisticated techniques.
The 1ollowlﬁg events are interpreted to‘account for characteristics of the upper Cypress Hills

Formation at the profile site:

1) :ieposhion (Tertiary?) producing typical fluvial stratification and 'structures; {McConnell 1885;
Williams and Dyer 1930 ; Alden 1_:32; Russell and Landes 1940; papers compiled by Zell
1965); . S o

' 2) gradual g;aqchemical altération of some of the fine earth fraction qto produce smectits,
(mainly:?) throughout that portion of the formation now above the cemented conglomerate.
(Only coarﬁa textured samples of cemented conglomerate wére observed). The smectite
precipitated both in papule-like pure concentrations and diffusely throughout the matrix. A
small fraction of the neogenic clay was mc;bile in voids and proc;uced argilléns, a few of /3'
which are possibly still prgserved at depth. Also, there was a tebder}cy in the finer textured
layers towards plasma rearrangement that produced features resembling those now

present in the‘ lower sarﬁple layers. A weathering (o;idation?) or diagenetic gradient
increasing ‘upwards Is suggested By a few of the eherﬁiwl vanalyses;

3) disruption of sedimentary and geochemically produoed structures, either by glacial or
periglacial processes or both, with disruption greatest upwards. The number of
ydisrupﬁons Is unknown (1 or more), but the lower and at least part ofthe upper of the two
units that mantle the conglorherate were in place during a strong final stage; and

4) readjustment of the upper layers into the the present well defined granular structures with
their hete_rogeneous'panicle sizes, concurrent with the a_lddition of calcium carbonate from

the overlying mantle. The carbonate could have served to flocculate the clays and by

raising pH, to precipitate hematite, espéclally near the top of the conglomerate where the

chemical conditions changed relatively rapidly.
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’Cloudy Ridge - Resul i Di . | . .

The buried drift on Cloudy Ridge appears to have undergone change at the site since

depbsition. Characteristics of the safnpled prbﬁle reflect both alteration and reorganization of some

components. Discussion is centereq on Ur‘it C that contains the soil-like features (samples R2 to

Ré, Fig. 37). '
\

-

Present landscape setting of the Cloudy Ridgs site (Fig. 2) is described iﬁ Table 7 .and shown in

Plates 1 and 2. A N
The geologic and type sections are described in Table 8. Some aspects of these are shown in
Plate 27. A schematic of the type section (Fig. 37) shows the namaes of layers referred to in text.

One outstanding feature is the apparent degree of weathering expressed in the profile. It is

doubtful that either the rottenstone fragrhents or the "ghost" coarse fragments could have survived

transport and deposition in their present state, so most of the weathering was probably in situ.
These features, especially the "ghosts,” are most comrﬁon in the lower layers just above the
~ cemented layer R1. Clay films are rﬁost frequent at these greatprjjepths as wall.
The above and other features a;ré detailed in the sample layer das;:ripxior;'s (Table 9). ¥here, an
increasingly firm éonsistenoe upwards is also recorded. Plates 28 to 30 show some of the sample

layers.

° o

Mi hological Anal
Micromorphological analyses (Table 10) confirm the distribution of coarse fragments, clay films,
and physical characteristics observed-in the field. As recorded in Table 10 and Plates 31 to 38, they
support speculation on changes since deposition of Unit C. Chaﬁges appear to be of three distinct
kinds:
1) plasma reorganization of two types. Lower samples contain void argillans (Plate 36) while
upper on;s contain/embedded grain“seperations resembling sesqui-argillans (Plate 31);

2) weathering in situ. This is evidenced by the neosesquans, staining in phenoclasts, and

occurrence of "ghost” coarse fragments at depth (Plate 33), and;
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Table 7.

Location:

Map Reference:

Military Grid:
Elevation:

Vegetation:
Landforni:

Slopé:
Drainage:
Seepage:
Erosion:
SToniHess:
Rockiness:

Lénd Use:

Elassification:

Described:

" - 88

Cloudy Ridge gife description.

]

On Cloudy Ridge, 0.9 km north of most northern
boundary of Waterton Lakes National Park,
Alberta (Figure 2) '

Waterton Lakes, 1:50,000 (82 H/4, Editiom2 MCE,
Series A 741) ' g

12 U TK549853 \
1580 m a.s.|l.

Prairie grassland Habitat Type (extrapolated
from Kuchar 1973)

Morainal inclined and ridged, gullied (scale
1:50,000)

4-5 c;mplef (6-15%), overal | aspecT‘norTheésT
Wel |

Absent

Deep occasiéna[ guflies

Very:sfdny

Nonrocky

Natural grazing

Orthic Black Chernozemic (present solum)

August, 1975

"
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" Table 8. Cloudy Ridge geolqglc and type sectlion descriptions.

.
\

Nature of Gul ly erosion scarp incised by an I ntermi ttent stream.
exposure: The geologic section Is obscured by a vegetated
‘ col luvial veneer. Only the fype section was examined,
- ‘ thus lateral variation is unknown. ‘

&

Scarp Slope: 65%
Aspect: Southeast o
Stratigraphic Layers®

Surface: Coarse fragments only; very stony veneer; gravels
“to boulders; angular and subangular; shield and .
Cordilleran lithology.
No sample taken.

Unit D: . Depth 0.0-1.2 m. Characfeﬁisficé uniform with ‘depth
excgff as modified by present solum in the upper 25 cm.

Light brownish gray (10YR 6/2 m); strongly effer-
vescent; massive bedding; structureless; loose;
heterogeneous mixture of clay to boulder particle

~ sizes; gravelly sandy loom.
Coarse fragments - 65% by volume, gravels to boulders;
angular and subangular; fresh; Cordilteran lithology;
random oriemtation. ’ )
Lower boundary to Unit C clear, wavy.

Sample was R7 taken from near the lower boundary to

— represent the entire Unit D layer (Figure 3N,
Unit C:  Depth |.2-3.6 m. Characteristics change at nonuniform

rate with depth except as indicated. Changes described
occur from top tobottom of layer respectively.

Reddish brown (5YR 4/4 m), becomes yellowish brown
(10YR 5/6 m); moderate effervescence, becomes very
weak effervescence, except strong in small carbonate
cemented lenses near middle of unit; massive bedding
throughout; strong (pseudo)subangular blocky, becomes
weak (pseudo)subangular blocky; firm, becomes friable;
absence of cutans, becomes presence of cutans on
cocarse fragments and in pores; heterogeneous mixture
of clay to cobble particle sizes throughout; gravelly
clay loam, becomes gravelly loam.

*Names after Wagner (1966).



(cont.)

Table 8. Cloudy Ridge geologic and type section descriptions.

b

*

5

Unit B:

Coarse fragments - content increases from 35 to 60%
by volume with depth, mainly gravets and cobbles;
angular to subrounded throughout; fresh and
"weathering" rind and rottenstone,with depth becomes
fresh and "weathering" rind and rottenstone and

‘Mghost" coarse fragments with a noncoherent residue
gme

7"*$/»?h§%PlaTes 28 and 29 ); Cordilleran Iithology throughout;
7Y raridom orien‘at i

] ) roughout, but suggestion of weak
layering of coufg ponts lower in the Unit
(Plate 27. = ™%

Lower boundary to Unit B clear, wavy.

¢
wd

Samples R6, RS, R4, R3, and RZVQere taken from near
upper to near lower Unit C layer boundaries
respectively (Figure 37).

Depth 3.6-5.3+ m. Only the upper two metres were
exposed in this study, so entire variation with depth
is unknown. In the exposed portion, characteristics
are uniform with depth. <

Light yellowish brown (10YR 6/4 m); strong effer-
vescence: indurated with carbonate cemeht; massive
bedding; cutans on coarse fragments and in pores;
heterogeneous mixture of clay to cobble particle
sizes, but probably lowest in silt and clay content
prior to cementation.

Coarse fragments - 75% by volume, gravels and cobbles;
uniform content; angular to subrounded; fresh and
"weathering" rind; Cordilleran lithology; more
spherical coarse fragments have random orientation,
while more taMular coarse fragments have sfrong
imbrication with dipslope to the southwest (Plate 30).

Sampfe RI Qaé Takip~irom near the upper boundary to
represent the entire eXposed Unit B layer (Figure 37).



.

Plate 27. Cloudy Ridge'geologic section.
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SAMPLE
PRESENT
D SOLUM
° HHHHH .
P
T
H
- |
(m) ",
1 1 >R7
QHU..LLL;V"-' R6
R6
R5
2 R5
>R4 \
UMt -
Cx
R4
R3
3
R3

Figure 37.

Schematic of the
Cloudy Ridge type
section showing
sample layers.

v

0 rrrrrrrrr SYMBOL Table 9. Cloudy Ridge sample descriptions.

Depth 0.9-1.2'm; light brownish gray

(10YR 6/2 m), light gray (10YR 7/2 &);
gravelly sandy loam; structureless, weakly
massive to single grain; loose; plentiful,
very fine roots; highly porous; strong

ef fervescence; est. coarse frag. 45% gravels,
154 cobbles, 5% boulders.

Depth 1.2-1.5 m; reddish brown (5YR 4/4 m),
reddish brown (5YR S5/4 d); gravelly loam to
clay loam; moderate to strong, medium
(pseudo)subangular blocky; firm; few,

fine roots; slightly porous; maderate

ef fervescence; est. coarse frag. 25% gravels,
10% cobbles. :

Depth 1.5-1.8 m; reddish brown (5YR 5/4 m),
light reddish brown (5YR 6/4 d); gravelly loam;
moderate, medium (pseudo)subangular blocky;
firm; few, very fine roots; slightly porous;

weak to moderate effervescence; est. coarse -

frag. 30% gravels, 10% cobbles.

Depth 2.1-2.4 m; brown (7.5YR 5/4 m), light
brown (7.5YR 6/4 d); grave1|y Joam; weak to
moderate, medium (pseudo)subangular blocky;
friabte to firm; discontinuous, strong,
carbonate cementation; few, thin cutans on
coarse fragments; few, very fine roots;
slightly to moderately porous; weak matrix
effervescence, strong in gemented areas; est.
coarse frag. 35% gravels, 15% cobbles, very
few ""ghost" coarse fragments. ’

Depth 2.7-3.0 m; dark yellowish brown

(10YR 4/4 m), pink (7.5YR 7/4 d); gravelly loam;
weak, medium (pseudo)subanguiar blocky;
friable; few, thin cutans on coarse fragments;
few, very fine roots; moderately porous; weak
effervesc-ce; est. coarse frag. 40% gravels,
20% cobb'-s; occasional '"ghost' coarse
fragmentis (Plate 29). :

¥names after Wagner (1966),

- »"6 1

iy

#
v
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(cont.)

Table 9.  Cloudy Ridge sample descriptions,

-

R2

Rl

Depth 3.2-3.5 m; yellowish brown (I0YR 5/6 m),
very pale brown (10YR 7/4 d); gravelly loam;
weak, medium, (pseudo)subangular blocky;
friable; few thin cutans on cearse fragments
and in pores; few, very tine roots; moderately
porous; very weak effervescence; est, coarse
frag. 40% gravels, 20% cobbles; occasional
"ghost" coarse fragments. '

Depth 3.7-3.9 m; light yellowish brown
(10YR 6/4 m); very gravelly loamy sand prios
to cementation(?); continuous, indurated
carbonate cementation; few, thin cutans on
coarse fragments and in pores; moderately
porous; strong effervescence; est. coarse
trag. 50% gravels, 25% cobbles (Plate 30).-

R



Plate 28.

Cloudy Ridge sample layer R6.
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Piate 29. Cloudy Ridge sample layer R3 showing
rottenstone and ''ghost" coarse
fragments.
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Plate 30:"\gample tayer Rl in Unit B of the
loudy Ridge type section showing
cementation and imbrication of the
more tabular coarse fragment dipsicpes
. toward the lower left (southwest).

R4 N < 4 /




Table 10, Micromorphological descripfionsvof,C|oudy Ridge samples.
; ,

R7

R6

R5

Ra

7

No sample. ' e

1.2-1.5 m. - o

Fabric type: Matrifragmoidic - matfifragmic (mixed comp lex).
Densely packed; frequent skewplanes, occasional vughs.

Plasmic fabric: Silasepic. Skelsepic at hiqheh magnification.

Phenoclasts: ~25% coarse fragments in cross section, angular
to subrounded; dominantly/medium and fine graﬂned clastic;
subdominant medium and fine grained igneous with variable
degrees of alteration.

Sesquioxide staining lh some phenoclasts of all Ilfholoqy,

varying from thin and’ patchy adjacent fo outer surfaces
to complete interna} staining.
Features: Infrequent rcots disturb fabric locally.

Discontinuous andscontinuous (diffusion?) neosesquans around

some phenoclasts of all lithology.

Skeleton grains in the matrix are encased in very thin,
embedded grain cutans, producing skelsepic pldbmlk\fdbrlp
Occasional void calcitans.

-1.8 m.

Fabric type: /Matrifragmoidic - matrifragmic (mixed complex).
Densely’ packed; frequent skewplanes, occasional vughs.
Plasmic fabric: Silasepic. Skelsepic at higher magnificafion.
Phenoclasts: ~25% coarse fragments in cross section; angular
to subrounded; dominantly medium and fine grained clastic;
qudomlnénT medium and fine grained igneous with variable

degree qf alteration. %
Sesqunox1de sTa|n|ng in some phenoclasts of all llfhology,
/varying from thin and patchy adjacent To outer surfaces,

/ to complete infernal stainings" -

Features: Infrequent roots disturb fabric locally.,
Discontinuous and continuous (diffusion?) neosesquans
around some phenoclasts of all lithology-.

Skele¥on grains in the matrix are encased in very Thun
embedded grain cuTans producing skelse = plasmic
fabric. .

Very few void calcitans.

2.{—2.4 m.

Fabric type: Partially accomodated maTrifragmoidigi-maTrLfragmLc

(mixed complex). .

Well packed; frequent skewplanes, occasional vughs.
Plasmic fabric: Silasepic. Occasionally skelsepic at higher

magnification. _
Phenoclasts: ~30% coarse fragments in cross section; angular

to subrounded; dominantly medium and fine grained clastic;

subdominant medium and fine grained igneous with variable
degrees of alteration.

iG]
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Table 10.

Micromqrphologicai‘descripfions of Cloudy Ridge samples.

Sesqulioxide sTainlng in some phenoclasfs of ali lithology,
varying from thin and patchy adjacent to outer surfaces,
to complete internal staining,

Features: Infrequent roots disturb fabric tocally.

Discontinuous and continuous (diffusion?) neosesquans
around some phenoclasts -of all I|Thology

Very few, very small papules.

Few, nearly opaque butcontaining mineral gra|ns, irregular
sesquioxlidic nodules,

‘g'OccasIonal~paTches where all skeleton gralns in the matrix
" .are encased in very thin, embedded grain cufans»‘These

. . are.the areas with skelsepic plasmic fabric. v
'vCommon, small and very small Truncafed papules. o

R3 2 7- 3 0 m.

"Fabr|c Type Partial ly accomodated matrifragmoidic.
2 Well packed; frequenf interconnected  vughs. and
i skewplanes. - S
Plasmic fabric: Silasepic.
Pherclasfs . ~40% coarse iragments in cross’ sebflon, angular

+o subrounded; dominantly medium and- flne grained clastic;
subdominant medium and fine grained igneous wnTh variable

- degrees of alteration.

Sesquioxide staining in some phenoclasts of all Ilfhology,
varying from thin and patchy adjacent to outer surfaces,
to complete internal staining. S

features: Marked lighter matrix colour Than sample layer _

above (R4).

I nfrequent rf“Ts dlsTurb fabrlc locally.

Discontinuous” and continuous (diffusion?) neosesquans
around some phefoclasts of all Iithology.

. Occasional, very thin and thin void argillans.

Common, varlable sized (up to | mm) papules;. larger are

occasional ly subparallel fo void walls and f—members,'f
papules are occasionally concentrated local ly.

" Common, nearly opaque but containing mineral grains,

irregular, sesqunoxidlc nodules, occasnonally concenfrafed

locally.

Few "ghost" coarse. fragmenfs, portions nearly Spaque WITh -

sesgquioxid staining; very few void argililans in "ghosts.'

R2 3.2-3.5 m.

Fabric type: Partially accomodated maTrlfrang|d|c

Plasmic fabric: Silasepic.

Well packed; frequent large (1 mm) interconnected
vughs and skewplanes. :
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{cont.)

Table 10. Micromorphological descriptions of Cloudy Ridge samples.

Ri

v

Phenoclasts: ~40% coarse fragments in cross section; angular
to subrounded; dominantly medium and fine grained clastic;
subdominant medium and fine grained igneous with variable
degrees of alteration.

Sesquioxide staining in some phenoclasts of aII lithology
+ varying from thin and patchy adjacent to outer surfaces,
to complete internal staining.

Features: Infrequent roots disturb fabric locally, and some

, have associated calcitans.
'Dlsconflnuous and continuous (d|foS|on7) neosesquans
. around some phenoclasts of all |ithology.
. Occasional, very thin and thin void argillans.
Frequent, truncated papules, occasionally subparatlel to
void walls and f-members, but generally randomly mixed
through the matrix with slight local concentrations.
Common, nearly opaque but containing mineral grains,
" irregular, sesquioxidic nodules.
Few "ghost" coarse fragments, portions nearly opaque with
sesquioxidic staining; very few void argillans in "ghosts."

3.7-3.9 m,

Fabric type: Plectic - porphyroskelic (mixed complex).
The sample is highly infused with secondary carbonate.
- Considering the carbonate to be plasma, complete infusion
produces porphyroskelic areas, locally |ncomp|efe produce
‘plectic areas with irregular vughs, ‘
Prior to cementation a majority of the sample is inferred
to have been loosely packed gefuric - chalmydic with simple
packing voids. e
Plasmic fabric: Crystic. This fabric occurs where carbonate
dominates the plasma.
" Prior to cementation, the plasmic fabric is inferred to
have been silasepic. :
Phenoclasts: ~50% coarse fragments in cross section; angular
' to subrounded; dominantly medium and fine grained clastic;
subdominant medium and flne gra|ned igneoua wifh variable
degrees of alteration.
Sesquioxide staining in some phenoclasfs of all lithology
varying from thin and patchy adjacent to outer surfaces,
to complete internal staining.:

Features: Frequent free, embedded grain, and void calcitans in.

plectic areas.

Discontinuous and continuous (diffusion?) neosesquans &round
a few phenoclasts.

Occasional, discontinuous void argillans sandwiched between
matrix and void calcjtans.
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0.4 mm

Ptate 31. Thin secfion of an embedded graip.
cutan In Cloudy -Ridge sample R6.

Plate 32.  Thin sectiom of werltpaCked fabric
* and many small yellowish truncated
papules Tn Cloudy Ridge sample R3.
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—

Thin section of a '"ghost" coarse

Plate 33.
. fragment in Cloudy Ridge sample R3.

/7 }

Plate 34. Thin section of a truncated papule
in Cloudy Ridge sample R2, assumed

formerly an argillan.
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0.4 mm

Plate 35. Thin:secfion of void calcitans

in Cloudy Ridge sample RI. Such
large voids are not typical of till.

Y

0.4 mm

Plate 36.

Thin section of a void argillan
between a phenoclast and complete

carbonate infusion in Cloudy Ridge
sample Rl.
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3) physical disruption. The disruption became more severe upwards as evidenced by the
effect on argillans (Plates 32_. 34) and distribution of "ghosts.” Although it is possible that
neither of these features were ever present in the topmost sample layers_, their absence
there is ihtérprated to mean the disruption there was complete. ’
The proposed processes can be arranged’ in a probable chronosequenée.l Plas;’na
reorganization and weathering were contemporaneous, since clay films are e.ncased by p(ecipitated
weathering produ;ts (Plate 36) but also boculr in voids in "ghosts” (Table 10). Both preceeded
disruption, és inferred from the present state of both ‘the argillans and weathered fragrments.
The trend of increased disruption upwards is paralled by increasingly dense fabwic upwards
(Table 10) and more firm consistence upwards (Table é), Aboth of which are consistent with
. compaction of the surface layers. The o;:currence of emﬁedded grain cutans near the top proba{bly
indicateS‘stresvs (Brewer 1876). ' A source of iboth stress and compaction could have been the
glacier that apparently overrode the site, depo;\mng the overlying 'ﬁll. Unii D (Wagner 1966). ltis
then probable that the fabric and features of the completeiy mixed la;er?'hs"" and R6 were
generated during or {ollowing this burial.

| If the above polygenetic htstory is correct, itis unhkely there is a pedogemc record ha)d in the
mlcromorphologlcal fabric or features at the top of Unit C which contains the reported paleosol.
Previous characteristics might have survived if the topmost portion was frozen, but there.is no
evidence of such a shear in the profile, and fabric density, physical character, and absence of
ghosts argues the top was thoroughly affected. The calcitans, neosesquans, and embedded
grain argillans are probably recent. Any specific pedogenic record, if present, must be determined

by other analyses.

Whole Soil Analyses
Bulk density (Fig. 38) increases slightly upwards. This trend is opposite from modern soils and
values are well above those common in pedogenic horizons (Buckman and Brady 1969). High
" values that increase upwards could have resulted from increasing compaction upwards by weight of

the glacier that deposited the overlying till, Unit D (Wagner 1966). That theory is consistent with the

increase in fabric density and disruption upwards noted in the micromorphological analyses.

14
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/§ample Value
R7 No sample ‘

R6 ‘ +- [
R5 1.9
R4 1.9
R3 i.8
R2 . 17
R1 No sample i

0.0 1.0 2.0
Bulk density (g/cm®)

Figure 38. Bulk density of Cloudy Ridge samples.

Sample . Value
R7 * off scale 22.17 %
R6 0.88

" R5 - 0.
R4 .10
R3 0.51
R2 . p=— 0.20

Ri > off scale  24.24

Determined

Determined

-t T Y M

A S

0.0 0.50 .00 1.50 2.00 2.50
CaCO; equivalent (%)

.-

Figure 39. Percent calcium carbonate equivalent of Cloudy

Ridge samples.

.9 g/cm?

68 -

104



- " 105

v

Calcuum carbonate equivalent (Fig. 33) generally increases upwards which could indicate it was
illuviated from giw overiymg drift. Remnants of more ancient cementing occur in R4 (Table 9)

t
explaining the d!{ggenoe from the trend. The pH of ali Iayers was between 7.0 and 7.5, values and

uniformity to ed from the carbonate content (Buckman and Brady 1969).

Organic ¥ content {Fig. 40) increases upwards, but all values are low. Distribution parallels

and thus prob?b \
‘ 5

\ reflects the upward increase in the incidence of roots (Table 8). No
A

] fdﬁmay readily be educed from the organic component.

$ flg 41) decreases uniformly upward. The distribution may reflect

‘ ~weathering, but contrasts with results from some modern soils (Smeck 1973) and paleosols (Runge

et al. 1974; Leaty 1975).

Textural Analyses

Micromorphological analyses above show that the significarice of bulk texture is restricted.
Since deposition, values have probably baen altered by disruption of weathered constituents.
However, it is probable that the clay increase in upper layers (Fig. 44) is not illuvial because the

increase is at the eiypense of sand (Fig. 42) while silt (Fig. 43) remains constant.

Slay S . -

Elemental analyses of the clay separales for potassium (Fig. 45), iron (Fig. 46), and aluminum
(Fig. 47)demonstrate no significant relative change, consistent with a uniform clay mineraldgy with
depth. 4

Clay surface area (Fig. 48) and C. E. C. (Fig. 49) both increase slightly upwards. This may reflect
the increased physical disruption upwards to which the weathered samples have probably been

o

subjected. _

The clay mineral assemblage (Figs. S0 - 55 & Table 11) is uniform in the older drift; but unusual
for Alberta. The distinctive element is regularly interstratified chlorite-v‘ermiculite.

Origin of the chlorite-vermiculite is not clear. It may be inherited. Elsewhere the mineral's

genesis has been related to aggradation from 2:1 layer silicates either by diagenesis or
’

. metasomatism in magnesium rich environments, or degradation from chlorites under moderae acid
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Determined

Sample Value

R7 p——— 0.25 %

R6 ' 0.30

RS p— 0.25

R4 e 0.15

R3 , v 0.20

R2 p——— 0.15

R1 No sample

S — —

o

0.0 0.2 0.4 _=70.6
Organic C (%)

Figure 40. Percent organic carbon as C in Cloudy Ridge samples.

~Determined
Sample } Value
R7 » 0.051 %
R6 p———— 0.028
R5 0.041
R#4 .  0.060
R3 , 0.066
R2 0.08|
RI ' ' 0.072
;0.0 " 004  0.08 '
; Total P (%)

Figure 41. Percent total phosphorus as P in Cloudy Ridge samples.
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i Determined
Sample Vaiue

R7 60 %

R6 37

RS . s

R4 44

R3 46

R2 4 ~ 48

R1 No sample

0 20 40 60
Sand (%)
Figure 42. Percent sand in Cloudy Ridge samples.
. Determined

Sample ' Value

R7 - 32 %

R6 — 36

RS ) 39

R4 . 39

R3 39

R2 ' 38

R1 No samplé

0 20 40 60
Sitt (%)

Figure 43. Percent silt in Cloudy Ridge samples.



Sample

R7
R6
RS
" RY4
R3
R2

R1

No sample

‘e

— v - ——— r

20 40
Cray ()

Figure 44. Percent clay in Cloudy Ridge samples.
Sample
R7 No sample
R6
R5
R4
R3
R2 R
R1 No sample
0.0 2.0 V ; 4:0 - €;.O
K in clay\(%)
FIgLre 45. Percent potassium as K in clay separates from

Cloudy Ridge samples.

Determined
Value

8 9

Determined
Value

3.38 %

Ly

.28
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Sample

R7

No samplo

R6

RS

Ru

R3

R2

R1

No sample

¥ 0.0

Figure 46,

Sample
R7

R6

v v e v

4.0 8.0

Fo in Clay (5
Percent iron aq Fe
Lamples.

noClay

No sampie

R5

R4

R3

R2

Rl

No sample

0.0

Figure 47.

—v— v

8.0
Al in clay (%)

4.0 12.0

Percent aluminum as Al
Ridge samples.

"»6.‘,{"()1'13?"\

Determined
Yalue

6.40 %

trom Cloudy Kidge

Determined
Value

in clay separates from Cloudy
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,Sampm'\

R7

Ré

R5

R4

R3

R2

R1

No sample ’ ®

Figure 48.

. Sample
_/ Pe

100 200 ‘300

“Surface area of clay (mz/g)

110

Determined

i78

<246

239
239

241

' Value

m?/g

201

Surface area of clay separates from Cloudy Ridge

samples. A
t.
Y

R7

R6

b R5

R3

R2 -

Rl

No sample

0

+Figure 49.

v

10 20 30
.C.E.C. of clay (me/100 g)

Caflon exchange capacity of clay’ separafes from

Cloudy Ridge samples.

Determined
Value

23
3|
28.

217.

- 27.

24,

.6 me/l00 g

.3

0
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Ca Eth Gly

—_— 333k
' 5%
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T

-

05°C 54 % RH )

K 105°C

ko) a8 s 34 kL] 20 L

Degrees 2©

Figure 50. 'X-ray diffractogram of clay separate from .

Cloudy Ridge sample R7.
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Figure 51. X-ray diffractogram of clay separate from A

R6
-
’ T ]
l l
| ‘ ‘
! | 1
| o
l- )} Ca EthGl .
c054%Rh |
[H ‘ 1 ’
| | 1‘
| |
l mot.vc 549 RH
|
K105°C
k1] ) k29 a1 30 l 1) 17} : 12 £7-] ] [} . [} 4

| Degrees 20

Cloudy Ridge sample R6.
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R5

K105°C| 54%RH

K105°C

Degrees 26

‘”Figu‘re’ 52. X-ray diffractogram of clay separate from
‘ : Cloudy Ridge sample R5.

——
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X-ray diffracfogram#of'clay separate from

Cloudy Ridge sample R4..

‘Figure S3.
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KI0S'C 54%RH

. Figure'54.

X-ray diffractogram of élay‘separafe*from

Cloudy Ridge sampie R3.
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Degrees 2 0

X-ray diffractogram of clay separate from

Cloudy Ridge sample R2.

Figure 55.



Table |I. Mineral groups present in clay separates from Cloudy
Ridge samples as identified by X-ray diffraction.

Sample Mineral Groups Present
R7 i) quartz i) mica iii) chlorite
R6 i) quartz i) kaolin' iii) mica

iv) chiorite-vermiculite®

RS i) quartz i) kaolin' iii)
iv) chlorite-vermicul ite?

R4 : i) quartz i) kaolin' {ii)
iv) chlorite-vermiculite?

R3 i) quartz i) kaolin' iii)
iv) chlorite-vermiculite?

R2 i) quartz i) kaolin' Qi)
‘ iv) chlorite-vermicul ite?

RI no sample

Ytrace amounts s
Zreqularly interstratifie

mica
mica
mica

mica

Reference

Figure

Figure
Figure
ngure
Figure

Figure

50

54



leaching con&itions (Weaver and Pollard 1973; Sawhney 1977, April 1980). Despite the
occurrence of Igﬁeous rocks in the section (Wagner 1966) and the probable source (Harrison
1976), the first explanation above is doubtful here because of the limited extent and mineralogical
variability of chlorite-vermiculite so produced (April 1980). if inherited, its production by weathering
prior 1o deposition is more probable. Chlorite-vermiculite is relatively stable in sedimenits (Weaver
and Pollard 1973).

Alternately, the mineral may have been formed entitely within the profile. Weathering

throughdut it has been indicated by field and micromorphological examinations. Chlorite is present

tut chiorite-vermiculite absent in the overlying drift (Table 11). Assuming a similar corditieran source ;

for the two materials, conversion of chlorite to chlorite-vermiculite in situ Is suggested for the clay

mineralogy of the lower, older drift.
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In either case, pedogenesis is not implicated. Processas acting on clay minerals appear to have
. oy

had a nearly uniform effect throughout the section. Even assuming mineral genesis in situ,
moderate acid leaching occurs more within the province of the geological weatherihg profile (Rutter

1969) than of the solum of soils (Canadian Society of Soil Science 1976).

Feldspar. analyses results are presented in Figures 56 to 58. Plagioclase values decrease
. upwards, which could indicate a greate‘r degree of weathering upwards (assuming a uniform initial
' céntent). Orthoclase content is neyariy uniform with depth. The distribution sﬁggests a slgght
inhomogeneity of the original sediment. |t is probable that processes actihg’on orthoclase Have had
ia uniform 'eﬁéci thkoughout the profile.

Heavy mineral content (Fig. 59) is umform with depth, even mcreasmg shghtiy in RS the topmost
| sample of Unit C. The increase could reflect an addmon to the size fracuon studied by grinding of
- rottenstone and coarse fragment "ghosts” in the upper Iayers by ovemdmg ice. Alternately, it could
indicate a nonunlform original sediment. / '

Opal was not détermined because of 'expected low content in the présence of p’hysic?al
disruption andgbsenoa of any potential A horiion. lntérpretatién of low values wc;uld also be

confounded by recent contamination, as was the case with organic compounds.



Determined

Sample Value
R7 . 4.8 %
R6 ; » - 6.2
RS | 7.9
R4 ' - 7.8
R} |— | 8.8
R2 ' ‘ 8.9

, Rl No sample

0.0, ' 4.6 - B )

Albite in tine and very fine sand lights (%)

Figure 56. Percent albite (calculated from Na) in fine and very

fine sand light (sp. gr. < 2.72) separates from Cloudy
Ridge samples.

, _ : Déte&%ined

Sample o Value

R7 —— off scale 5.27 %

R¢ F—— o 0.42

RS p——— . ‘ , T 0.54

R4 fmeme——r | E 0.63

rR3 pP———— f ' ) -_v 0.82

R2 0.9

R1 No sample

0.0 ) I:O ' 2.6

Anorthite -in fine and very fine sand lights (%)

Figure 57. Percent anorthite (calculated from Ca) in fine and very

fine sand light (sp. gr. <2.72) separates from Cioudy
Ridge samples. '
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Sample
R7
R6
R5
R4
R3
R2

R1

Figure 58.

Sample

R7

No sample

0

10
Orthoclase

fine and very fine sand lights (

Percent orthoclase (calculated from K)
fine sand light (sp. gr.
Ridge samples.

Ré6

R5

R4

R3

R2

Rl

No sample

Figure 59.

Y

10

Determined
Value

17.6 %

)

in fine and very
< 2.72) separates from Cloudy

Determined
Value

36 %
24
21
20
20

21

Heavy minorals in fine and very fine sand (%)

Percent heavy minerals (sp. gr. > 2.72) in fine and very

tine sand separates from Cloudy Ridge samples.



Iron and Aluminum Analyses
It is likely that the reddish colour was the factor most responsible fur the pravldus paleosol
N

interpretations at the site. Results from the iron and aluminum analyses (Figs. 60-67) indicate the

probable cause of the colour distribution.

Total iron (Fig. 60) is uniform throughout, while aluminum (Fig. 61) suggests slight enrlchmeﬁt in
the upper layers or depositional varation.

Pyrophosphate iron (Fig. 62) and aluminum (Fig. 63) are very low, indicaling very little is
complexed with organics (C.S.S.C. 1978c). The values probably are similar to water soluble levels.

Oxalate (Fig. 64) and dithionite (Fig. 66) extractable iron indicate that colour correlates with finely
divided hematite and goethite (C.S.S.C. 1978c). As with the Cypress Hills case, geochemical

gradients probably have controlled the production of iron oxides.

No features indicative of paleopedogenesis were found in the physical, chemical, organic,
micromorphological, or mineralogical components studied. Any paleopedological record at the
Cloudy Ridge site could (;nly be elucidatea by more sophistocated techniques, if indeed any record
exists at all.

The following polygensetic history is proposed to acﬁount for the layer (Unit C) that contains the
soil-like features:

_ 1) Deposition of Unit C. The process requires careful evaluation because it is likely
subsequent disruption is responsible for many of the unit's current characteristics. It may
be pre-Wisconsin till, but more of the features appear to be consistent with a late Tertiary or
early Pleistocense fan origin; |

2) A long period of physical stability during which mild geochemical processes were uniformly

active throughout. Some rearrangement of clays occurred, while carbonate gradually
accumulated in and cemented the coarser tectured layers. Some of the carbonate that
now appears as cement probably was originally in the less resistant rocks that became
"ghosts" and rottenstone. It is also possible that during this time chlorite weathered to

regularly intersratified chlorite-vermiculite;
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; Determined

Sample Value

R7 2.1 X\

R6 4.6 \

RS> 4.y

R4 4.1

R3 4.4

R2 4.6

RI 5.8

0.0 v 2:0, ) 4.YO ) GTO
Total Fe ()
Figure 60. Percent total iron as fe in Cloudy Ridge samples.
Determined

Sample Value

R7 5.0 %

R6 7.9

R5 - 7.5

R 7.6

R3 6.2

R2 6.1

RI » 6. | /

\
0.0 ' 2'.0 ) 4'.0 ) , 6.f0 ) 8:0 ) I—E)N.O

. Total Al (%)
ngure 6l. Percent tota! aluminum as Al in Cloudy Ridge samples.



Sample

rR7 P

R6

RS

R4

R3

R2

Rl

Figure 07.

Sample

0.010
Pyrophosphate Fe (§)

Percent sodium pyrophosphate extr oy
Y

ire Cloudy Ridge samples.

R7 —

R6

RS

R4

R3

R2

Rl

s 28

0.070 0.0

0.0

Figure 63.

0.02
Pyrophosphate Al (%)

0.04 0.06

Determined
Yalue

0.008 %

0.019

Determined
Value

0.0 1

0.020

Y’

Percent sodium pyrophosphate extractable aluminum

as Al in Cloudy Ridge samples.
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Determined

)
Sample Value
R7 £ ' 0.25 %
o' ‘ i
" R6 0.49.
R5 0.50
R4 .0.36
" R3 < 0.28
R2 0.28
R1 0.2l
0.0 0.2 0.4 0.6 ‘ %
Oxalate Fe (%) =
Figure 64. Percent acid ammonium oxalate exTraéTable iron as Fe
in Cloudy Ridge samplies.
——_"Determined
‘Sample , Value
. .
R7 p——— o o.t %
R6' — 0.26
R5 0.25
R4 ~ 0.22
R3 0.20
R2 0.19
Rl g 0.17
0.0 0.10  0.20  0.30
Oxalate Al (%)
Figure 65. Percent acid ammonium oxalate extractable aluminum as

Al in Cloudy Ridge samples.
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| --Sanﬁple'
R7 .

R6

RS-

R4

"R3

R2 .+

No sample

0.0

1.0 ¢ .
Dithionite Fe (%)

2

.0

125
Determined

Value

.41 %

.45

Figure 66. Percent dithionite-citrate-bicarbonate extractable

‘Sample,

iron as. Fe in Cloudy Ridge sampies.

R7 b——

R6.

R5

R4

R3

R2

R1

N

No sample

0.0

Figure 67.

0.10
Dithionite Al

(%)

0.20

S

Determined
Valqe

0.04 %

0.16

Percent dithionite-citrate-bicarbonate extractable

aluminum as Al in Cloudy Ridge samples
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3) Deformation of the (by then) incompetent material (Unit C) by overriding ice. This - ’
generated most of‘the current ﬁbric and physical propenips, and disrupted previous
features such as clay skins and rottenstone (moresoneafest the top). An unknown
thickness of surface layer could have been eroded away or mixed with lower layers, while
the overlying till (Unit D) was added; - . |

4) Addition of carbonate to Unit C by illuviation from the overlying calcareous drift, énd minor
rearrangement of >consmuems, especially nearest the top where disruption had been
greatest. Small amounts of her;Iatite produced at the time enhanced the reddish colour

development. "



Chapter 5
Summary and Conclusions
Cypress Hills Profile
'Tﬁe Cypress Hills plateau is undoubtedty somehbw related to a Iaﬁdscape of the past. Hmm, .
if the profile of the present stud)‘/ is typical, there seems to be little meaning (to the polni of being
misleading) in referring to the profiles éurrently on the platea‘u as paleosols (moré correctly, the
remnants of pgleosols). The features that at first glance seem paleopedogenic (e.g.v color, “clay
skins") do not appear on detailed examination to have been formed by paleope,dﬂogenic agents.. No
features readily explainable on a paleopedogenic basis were identified, and no inﬂuelr}te of the
former landscape's surface is evident in the current featur.es. | |

Many of the features in the Cypress Hills Formation have probably analned"their current -

ex‘pression recently, but reflect the cumulative effects of processes that began shortly following

: depoéition of the gravels during the Tertiary. One of these proposed early (pre- Pleistocene)‘

proce as likely the weathermg of carbonates from the upper gravels, with redePosvt|on of

/

some of it as the cement at depth in what is now the conglomerate

\ -

Another early event probably was the the geochemical alteration of much of the fine qanh
fraction in the upper gravels to smectite. This pro;::ess likely raised the ciay oomént,of the deposif
and was acf‘ompanled by the genesns of a considerably ditferent fabrlc and set of features (e. g
papules of pure smecme) in the fine earth fraction than had.been Ieﬂ by deposmon it is supposed
that the neogenic clay was somewhat mobife and minor features Iike afew votdéargullans and some
granular structures developed. . : -

The Wisconsin stage of the Pleistocene seems to have brought major changes to the Cypress
Hills Formation gravels in the vicinity of the profile studied. Some physical agent, proﬁably )
cryoturbation or the plateau's own ice cap, or both, apbears to have s{rongly disrupted and churned
what is currently the uppermost several ‘metres of the formation, effectively effacing its preglacial
surface and creating the new :l'purrent one. A mantle of unweathered drift (Wisconsin aged?) was

undoubtedly in place or was emplaced over the Cypress Hills Formation during the envisioned

disruption.
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' The‘teat’ure‘sthat appear 1o be soil-like /in Cypress Hills Formation‘protiles probably were
generated dunng or tollowlng the Wtsoonsrn " The smectite clay content of the gravels matrix ls
assumed to have been responsive to the stresses lmposed during and tollowlng any epnsodes of
dlsruptlon Shrink swell and/or treeze thaw probably produced the granular structures the
stress-onented surtaces of which are the features that (in hand specimen) look like "clay fi lms |

An intuslon of carbonate from the plateau’s calcareous mantle(s) is beheved to have contnbuted
to the current soll- Ike aspect of the Cypress Hills gravels It is assumed that the upper gravel layers’

were somewhat acidic prior to the Wlsconsm An mtusnon of bases could have had two éffects.’

Flrst lt mtght have contnbuted to tlocculatlon of the clays if, as is llkely, they were prewously ,

dispersed That could have slgnrf cantly alded in genesrs ot the granular structures Secondly, if

there was lron in solutlon in the gravels (e g- an excess remalmng from genests of the smectite), a -

rise in pH could have precipitated hematite, the mmeral probably responsrble for the.stnklng red

color (Munsell 10R) sporadlcally svident about the plateau At is suggested that hematlte would

have been produced most raptdly, most’ unrtormly, and in greatest abundance where addition of

carbonate was most rapld and uniform,-ie. nearthe top ot the Cypress Hills Formatton |mmed|ately

»

- beneath a recently added calcareous mantle, and partncularty in spots where the i iron was for some-

reason concentrated “Inhomogeneity in the tactors affeoting precipitation of hematite could ‘explain :

the varlegated redness now seen at the top of some prof iles (e.g. Plate 9).and at greater depths

throughout the entlre geologic section.

Gaudy Ridge is undoubtedly somehow-related to a landscape of the past. Because of the

extent to which thei,deposit apparently has been weathered and altered, there is some indication

that the materi’als might have been part of a paleosol, but only,in some former, considevrably'difterent

expression.

Previous studies on comparable profiles may help to lndicate what the degree ot apparent'

weathenng on Cloudy thge represents. Hunt and Sokoloff (1950) tdentrf ed sevenieen areas that
' seem compara.ble 1o Cloudy Ridge, ie. areas m the Rocky Mountams wrth hrgh elevatron deeply

weathered pre-Wtsconsm drift. The weathered medlum was called till at only. one location. A few

‘-
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were tabelled as residuum, while a majority of the media were identified as Tertiary or early

Pleistocene fanglomerates. Comparable weathering to that ‘eeen en‘CIoudy Ridge was also’

' reported by Clague (1974) on a Tertiary (Miocene) fan. Clague's study is of paramount slgnlﬂr:anee.

]

"Of the few deep|y weathered profiles which have been studied in the Rocky Moun’talns Clague's

- apparently is the only one in which deposition has been dated by a fossil assemblage rather than by

more cursaory strattgraphtc methods.

. The Cloudy erge deposits are Ilkely onguna!ly to have been fan depostts 1rorn the Tertlary or

early Plelstocene i.e. Kennedy drift as envisioned by Willis (1902) and Daly (1912) The surface
form (Plate 1), fauantratltlcatuon (Plate 27), gravel ledges and Ienses (Plate 27, Tables 8, 9),
imbrication in the cémented gravels (Plate 30, Table 8) voids‘ in the gravels Plate 35, Table 10), and
advanoed degree of weathering are less consistent with a till ongln than wrth a 1an origin when the
predommanoe of mudflow in fans is considered.

Many of the\features in the Cloudy Ridge drift have probably attained their eurrent expression

‘ recently, but reflect the cumulative effects of pracesses that began shortly 1o|lowmg deposition of -

the gravels One process was likely the weathering of carbonate from the | upper pan ot ‘the profile,

" with redeposition of some of it as the cement in co_arser textured ﬂuwal beds at depth. Some

. o . s} X .
reorganization of the fabric and features (e.g. the development of clay films) also seems to have

accurred during this period. -

Another early event was likely the conversion of chlorlte to regularly mterstratlfied

chlorite- vermrcullte throughout the section.

The Wisconsin stage of the Pleistocene probably brought major changes to the Cloudy. Ridge drift. -

+The drift apparently had become so weathered that it was incompetent to the stresses generated

when Wisconsin ice overrode it. The glacier seems to have strangly disrupted, churned, and

compacted the older unit, especially in the current upper layers. Direct evidence of the location et

the former surfaee_ was probably completely e'ﬁac':ed, and there is every poeeibility that former

surface layers were scraped away.

The features that now appear to be soil-like (structure, color) were likely generated following the

supposed disruption and burial during the Wisconsin. Carbonate appears to have been -

reintroduced into the drift, possibly flocculating previously dispersed clays and thus contributine to



'structure development that had been initiated by compaction. The deposh was probably already
reddish because of the extent of weathenng Arise in pH, strongest}n the upper layers, may have
contributed to the precipitation of hematite, the mineral bellexéed 10 be responsible for the color
dlstribuuon in the profile. ' BN |
| The ﬁndings of this Cloudy Ridge study are relevant to other studk; of the Tamary and early
Pleistocene hlstory of southwestern Alberta and vncmlty They fnghhght the' dnﬂlculty of
':dlscnmmatlng till and fan materials in weathered dissected settings close to the mountains.
Mudﬂow deposns separated by bands of fluvial gravel in fans and aprons strongly resemble il from
- different glacial advances separated by outwash. Itis suggested that on the basis of the evudence
currénlly available. the existence of the older, weathered drift on Cloudy Ridge should not be cited
as evidence for the existence of an early Cordiller‘an glacial stage. A reapparisal of similar deposits in
the vicin'ity' (e.g. Kennedy drift) in Iight‘.of the possibility that some (or éll?) are fan rathér than till

could assist in correlating a truer geologxcal history (glactal and otherwise) of southwestern Alberta

130

" and vvcnmty than currently exists.
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