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“Dinosaur Provincial Park represents the most
important remaining fragment of the dinosaurian
world known to mankind”

Dr. Dale A. Russell, chief of the paleobiology division of the Canadian
National Museum of Natural Sciences, Ottawa, in a written statement on
the scientific significance of Dinosaur Provincial Park in southern
Alberta. '



A staff member of the Tyrrell Musem of Palaeontology

and a volunteer doing excavation work in a dinosaur
quarry.
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The first dinosaur footprint found' in the Park
(Quarry No. 155), belonging to the Ichnogenus
Amblydactylus. The print is about 60 cm in length
and was left by a hadrosaur. Paleontologists consider
that the rarity of footprints in the Judith River
Formation is related to the unconsolidated nature of

paleochannel sequences which tend to erode  in
vertical sections.
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1.0 PREFACE

The late Jurassic to Paleogene stratigraphic record of foreland molasse
wedges intercalated with epeiric marine episodes, along the western interior
of North America, has been the subject of an enormous amount of geologic
attention over the last hundred years. Perhaps no other geologic province
in the world has stimulated such a massive volume of interdisciplinary
literature that 1is so well communicated across international borders
(Caldwell, 1975).

An intensive search for hydrocarbons and regional surface/subsurface
stratigraphic work occurred in the wake of early geologic mapping. This
pre—=1950 body of 1literature was followed by a growing series of site-
specific studies. Sedimentological interest accelerated during the 1970's
and particularly in the present decade, due partly to a rejuvenated interest
in coal resources and further recovery of hydrocarbons. In turn, process-
orientated field excursions have occurred with increasing frequency, and the
associated research papers have reaped considerable benefits for the overall
advance in knowledge of interdisciplinary sedimentology.

The Alberta segment of the Western Interior Seaway has certainly shared
in the above-mentioned trends. However, one could argue that the field
excursions run in conjunction with the AAPG/SEPM 1982 Calgary meeting, the
1982 1AS Congress in Hamilton, this CSPG Mesozoic Conference, as well as
several other regional meetings over recent years, have all contributed to
an enhanced profile for the current variety of detailed sedimentological and
paleontological research being conducted in the plains and disturbed belt.
Additionally, the field areas increasingly serve to integrate the interests
of the Calgary resource industry with the work of universities and
federal/provincial research agencies.

In actual fact, this recent body of work has been primarily concerned
with transitional sequences between marine and coastal margin paleo-
environments within the foothills (Fernie/Kootenay, Wapiabi/Belly River,
Bearpaw/St. Mary River). Alluvial processes apparently predominated during
the accumulation of molasse wedges during regressive phases of the Seaway
(Walker, 1982; Fig. 1). However, as Walker and Cant (1979; p. 31) pointed
out:

"....There is an astonishing absence in the Canadian literature of

detailed interpretations of ancient sandy fluvial depositional

environments ...... There are, of course, many examples described

as fluvial, with some petrographic and paleocurrent information.

However, none contains the necessary data on sedimentary struc-

tures and their sequence, integrated with paleoflow data in such a

way that they contribute to sandy fluvial facies models....!
Notable initial steps to remedy this situation have been by Walker (1982) on
the lowermost Belly River Formation at Ghost Dam, and by Waheed (1983) on the
higher parts of the Horseshoe Canyon Formation exposed around Drumheller.
Also, a good understanding of the anastomosed channel type has emerged in
recent years using several modern and ancient Canadian examples (Smith and
Putnam, 1980).

Rahmani's work (Walker, 1982; p. 31-60) on the lowermost Horseshoe Canyon
Formation at Drumheller has triggered an awareness of tides as an Interior
Seaway process. Given the extensive, gently-sloping nature of bordering
coastal plains, his conclusions serve to remind researchers working on the
main 'internal' parts of clastic wedges in the plains of the likelihood that
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2.0 DINOSAUR PROVINCIAL PARK

2.1 Introduction

The term 'badlands' was first used in North America by early French
trappers who described the semi—-arid, rocky terrain along the White River in
what is now South Dakota as the 'mauvaises terres' (Beaty, 1975a). Tradi-
tionally, the Drumheller area is Alberta's best known area of badlands because
the town is a popular tourist stop on the major route linking Saskatoon on the
Yellowhead Trail with Calgary and the TransCanada Highway. As the Red Deer
River flows south-eastward from Drumheller perpendicular to the strike of the
Alberta syncline, it descends stratigraphically from the Horseshoe Canyon
Formation through the Bearpaw Formation into the Judith River Formation of
Campanian age. Along the Red Deer River, L0 km northeast of Brooks, an oil
and agricultural supply town on the TransCanada Highway 186 km east from
Calgary, lies Dinosaur Provincial Park (Fig. 1). Located in the heart of the
largest and most impressive expanse of badlands, exposures in the Park are
distributed along a 23 km reach of the river, locally extsnding up to 5 km
away from the banks, for a total area of approximately 96 km~ (Fig. 2).

The extensive, and often three~dimensional exposures of upper Judith River
(Campanian) strata in the Park are unsurpassed in terms of quantity and good
preservation of a diverse vertebrate fossil assemblage. In recognition of its
outstanding scientific value, the United Nations'! Educational, Scientific and
Cultural Organization (UNESCO) declared these badlands as a World Heritage
Site in 1979. With this new status, the Park boundary underwent slight
changes to exclude privately owned lands. Alberta Recreation and Parks is
responsible for the management, protection and interpretation of resources
within the Park (originally established as a Provincial Park in 1956), but
works cooperatively with staff at the Tyrrell Museum of Palaeontology at
Drumheller (formerly part of the Provincial Museum in Edmonton) who excavate
and study the dinosaurian and other fossil remains.

In recent years, taphonomy (by P. Dodson of University of Pennsylvania)
has become an important new aspect of paleontological research in the Park
(coordinated by P.J. Currie). That is, to deduce the sedimentological and
ecological conditions surrounding animal death and preservation has become an .
addition to the taxonomic work, anatomical studies and display mounting that
characterised the endeavour of previous decades. It was in the context of
this new thrust of paleontological research that the Alberta Geological Survey
was invited by the Provincial Museum in December 1980 to examine the
stratigraphy and sedimentology of the Upper Cretaceous sequence in the Park.
Since this kind of study would complement the ongoing research program of the
Alberta Geological Survey to identify and interpret Alberta's shallow coal
resources in the Plains' region (under contract from the Department of Energy
and Natural Resources), the invitation was accepted. The most logical place
to start investigation of this coal-bearing formation within the study area,
which extends from the U.S. border north to Township 25, and the Saskatchewan
border west to Range 25, west of the A4th meridan, was the extensive fine
outcrop in Dinosaur Provincial Park (Figs. 1 and 2).
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which bedrock surfaces dry to allow sufficient traction depends largely on
precipitation being followed by windy, sunny weather. Colour contrasts in
stratigraphic sections are inverted in wet weather, and trenching and
sampling operations are impractical on damp slopes. Suitable conditions for
fieldwork are when successive lithofacies are outlined by sharp colour
contrasts. However, heavy rain has two desirable repercussions from the
sedimentological standpoint. Firstly, sandstone slopes are commonly
stripped of their thin weathering rind to reveal faint signs of sedimentary
Sstructures, that otherwise are discernible only in differentially-weathered
concretionary horizons. Secondly, pediments become veneered with new
sediment and thus provide potential new collecting ground for vertebrate
fossil fragments.

Annual precipitation averages 32.5 cm, and almost 4 cm typically falls
in July amidst the wetter period which lasts from May until September. July
is also, on average, the hottest month. Although the monthly average is
19°C, daytime maximum shade temperatures commonly exceed 30°C . Since
commonly there is no shade available, working temperatures may approach
50°C.

Given the weather conditions, the following precautions are advised:

1. Enter the badlands only under conditions of dry ground when there is
no forecast or sign of imminent rain.

2. Wear sturdy boots with 'vibrasole'-type tread.

3. Wear light-colored, loose clothing and carry water.

L. At the first sign of approaching rain, leave the badlands and get your
vehicle onto blacktop roads.

Fieldwork can then be safely conducted providing you:

1. Inform Park officials or other colleagues of your intended work area
to minimise search delays in the event of a disabling accident.
Hiking alone in the more remote areas is not advised.

2. Mind your step on the steeper slopes for the deep vertical 'pipes!

that mark the beginning of local underground conduits for storm runoff.
3. Watch out for rattlesnakes and scorpions, although relatively few are

seen.

k., Beware of sudden movements by wildlife such as deer, antelope, hares,
rabbits and predatory birds when you are otherwise occupied on steep
slopes.
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stratigraphic nomenclature
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Figure 4. Regional correlation chart for the late Cretaceous showing

in northern Montana and south—-central

Alberta. Based on information presented by McLean (1971), McGookey
(1972) and Lerand (1982).
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connection) via already-established structural re-entrants in the Front
Ranges. Accordingly, they considered that the western Alberta plains' area
was undergoing fan—shaped fluvial activity that radiated from these mountain
passes. Beyond the distal limits of these giant coalescing fans, the coastal
plain was occupied by eastward and south-eastward flowing larger rivers.
This scenario was subsequently confirmed for mid—Campanian time by Rahmani
and Lerbekmo (1976) who analysed the distribution of heavy mineral suites
across Alberta and southeast Saskatchewan. It will be seen in Section 4.4
that these conclusions are firmly supported by paleocurrent distributions in
Dinosaur Provincial Park.

Transgressive shorelines of the preceding Pakowki/Nomad and ensuring
Bearpaw phases of the ever-fluctuating Western Interior Seaway both reached
close to the B,C. border in southwestern Alberta (Williams and Burk, 1966;
Figs. 12-17 and 12-21). Figure 6 applies to the maximum regressive phase of
Judith River deposition and incorporates the paleogeographic evidence of the
above-noted work, as well as the cross-sectional data of MclLean (1971) and
McGookey (1972). The prevailing continent-wide paleogeography for mid-
Campanian time is shown in Text-figure 7 of Williams and Stelck (1975).
During the Cretaceous Period, North America lay further east and was twisted
clockwise in comparison to 1its present configuration, because of the
progressive northward advance of sea-floor spreading in the North Atlantic.
During the late Cretaceous, southern Alberta had an approximate paleolatitude
of 57°N (Marsaglia and Klein, 1983), 6-7° further north than at present.

3.3 Paleoclimate

The main climatic variables are temperature (mean annual, seasonal
variation) and precipitation (mean annual, seasonal variation and its ratio
with evapotranspiration). Specific combinations characterise different
climatic types.

Sedimentologists infer past climates, typically in a piecemeal fashion,
by an uniformitarian approach to such features as paleosols, floral/faunal
paleoecology, paleohydrology, coastal evidence of storms, mineralogy of
sandstones and mudrocks. However, the climatic type of a particular (paleo-)
region is basically the collective result of three geologically-controlled
factors - namely, latitude, proximity to an ocean and to high relief (parti-
cularly in the source direction of prevailing winds). Superimposed on these
factors Is variation in the average latitudinal temperature gradient caused
by the heat balance effects of the changing extent of marine areas and as-
sociated land distribution (Barron et al., 1980). An apparently more equable
poleward temperature gradient with a concomitant latitudinal compression of
high—latitude climatic belts during the Cretaceous is generally ascribed to
the lower percentage of land within the subtropical belt (Thompson and
Barron, 1981). To an increasing extent, these variables have been semi-
quantified for Cretaceous time (e.g. Lloyd, 1982), thereby allowing an
independent check on local outcrop-based evidence.

For the Upper Cretaceous, the following paleoclimatic evidence derives
from previous work as cited.

Seasonality:

- annual rings in petrified wood (Dodson, 1971; p. 35);

- growth rings in vertebrae of Champsosaurus (ibid.);

- periodic stage variation in paleochannels (see Section 4.h).

13



+3x23 9yl Ul PO3IEDIPU! SJB UOIIBWIOJU} JO SBOUNOS J9Ylo $(9/61)

oup42qJo7 pue luewyey wodsj SJe s3sA|eue [eJdujw Aneay i(y/6L) °*1®

19 Jayoeqsiy o3 bu

pue|aa3uly 3yl

1p4oooe s32|3Ino abeujelp 23ed1pu

*a aanbiy

,Suie|d 2y3 jo Aydeabosboojed uejuedwe)-piy

*uoi1baa

woJ4l SmoJay

> >
> > S

NOILYWHO 45,

m
1)
1

':ICIN!‘!G.NHOH

N A 3)00143

EI.LI.I.V;V
-g3INIAOHd 1VHBNI'N"AAV3‘H

N3
311S10Z
13NY




Moderate-high precipitation:

- Taxodioxylon wood, metasequoian foliage and Sequoites cones
indicating mean annual rainfall of at least 1200 mm (Beland and
Russell, 1978; p. 1019);

- inferred herbivore biomasses of at least 20t/km on alluvial soils
enriched by volcanic ashfalls require mean annual rainfall of at
least 1000 mm (ibid.);

- perennial flow in deep paleochannels (see Section k.4).

High precipitation/evapotranspiration ratio:

- frequent, widespread paralic conditions with preservation of
carbonaceous mudrocks and coal;

- rich flora required for abundant herbivorous fauna preserved in
Dinosaur Provincial Park (Dodson, 1971; Beland and Russell, 1978);

- absence of reports of any evaporitic paleosol types.

Winter storm activity:

- interpretation of hummocky and swaley cross-~stratification along the
coast of the Western Interior Seaway (Walker, 1982; p. 22-30) by
Marsaglia and Klein (1983); -

- floods in paleorivers (see Section 4.4).

Moderate-high temperature:

- 17-27°C paleotemperatures of water in the ad jacent Bearpaw Sea
(Forester et al., 1977).

These numerous, independent lines of evidence collectively indicate a
warm, moist paleoclimate, with rather pronounced seasonality and occasional
winter cyclonic disturbances. Prevailing winds were westerly (Lloyd, 1982)
with the proportion of orographic to leeside (i.e. foreland) precipitation
presumably increasing in proportion to the growing scale of mountainous
relief along the Pacific rim. Foreland drainage was undoubtedly perennial
and with relatively high density: it also seems plausible that the main
fluvial systems emerging from the front ranges received tributary input from
within the foreland. The rather immature mineralogy of Belly River sandstones
in the foothills (Lerbekmo, 1963) is attributed to short transport distance
and their probable first cycle nature, rather than a specific climate.

3.4 Structure and Outcrop

The Judith River Formation, across southeastern Alberta, qgrectly under-
lies Pleistocene drift in a broad arcuate tract, 29,500 km“~ in size and
typically about 150 km in east-west width, that has the Sweetgrass Arch
structure as a medial line (Fig. 7). The bedrock surface is traversed by a
dendritic network of preglacial valleys (Stalker, 1961).

With the Red Deer River valley forming a northern limit, the strata of
interest are occasionally overlain by outliers of Bearpaw and younger
formations along the Saskatchewan border (principally the Cypress Hills). In
a north/northeast line linking the Milk River Ridge, Lethbridge, Bow City and
Brooks, the Judith River Formation becomes concealed in the east limb of the
main Alberta Syncline. Along the U.S. border, older formations are exposed
along the Milk River area between Ranges 6 and 16. Between these contacts,
éxposures are sporadically distributed as badlands along the Red Deer, Bow,
Oldman and Milk- Rivers and the network of coulees between Taber and
Manyberries.

McLean (1971) gave a thorough review of various workers' definitions for
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the base and top of the Judith River Formation. Concerning the basal transi-
tion from the Pakowki Formation, the upper 1imit of a series of coarsening-
upward, progradational cycles beneath the McKay coal zone seems to be the
most Tlogical one. The Judith River/Bearpaw contact is typically abrupt
(Habib, 1981) and has caused relatively little debate. Defined in the above
manner, the Judith River Formation in the study area thins eastwards and
north—eastwards from ca.450 m in the extreme southwest to ca.280 m beneath
the Cypress Hills and ca.325 m in Township 23, Range 16, east of which oil
and gas wells are spudded below the Bearpaw base.

The north-northeastward plunging Sweetgrass Arch is clearly the predo-
minant structure in the region (Williams and Burk, 1966). According to
Tovell (1958), it is a composite feature linking the neighbouring Kevin-
Sunburst dome in Montana with the Bow Island arch north of the point of
confluence of the Bow and Oldman Rivers. Down—-plunge, its axis crosses the
Red Deer River immediately east of Dinosaur Provincial Park. Axial plunge
decreases northward from 3.4 to 0.8 m/km south and north of Township 12,
respectively. Regional dips vary from a maximum of 4 m/km east of the
Sweetgrass Arch, west along Township 12, to more than 16 m/km where the main
synclinal axis is nearby (Fig. 7). Minor near-surface flexures in the
southwestern corner of the study area were noted by Irish on his 1:500,000
map of the southern plains (see Section 8.1).

Active since the Paleozoic, it is a conspicuous feature on structure
contour maps of the top of the Milk River Formation where it has the form of
a mild anticlinoriun (Meyboom, 1960; Fig. 7). Its influence on late
Cretaceous sedimentation is uncertain partly because of the depth of erosion
over its axial region: the report by Wells (1957) concluded that movement
continued into the early Tertiary. The regional subsurface study of the
Judith River Formation by the present author, presently underway, is
attempting to discern the time-space distribution of any intra-Campanian
influences. Meanwhile, outcrop data will be used to check Beland and
Russell's (1978) suggestion that paleorivers in the Dinosaur Provincial Park
area had steepened gradients over the Arch. As Mclean (1971) notes, the
term Sweetgrass or Bow Island 'Arch' may be a misnomer in that it appears to
have separated two more rapidly subsiding areas on its flanks - namely the
Alberta and Williston Basins.

3.5 Important Previous Sedimentological Work

Figure 8 indicates the geographic 1location of major post-1960
contributions to a sedimentological understanding of the Belly/Judith River
Formations across southern Alberta. However because of 1location or the
specific stratigraphic interval of interest, little of this previous work
bears directly on the upper part of the Formation exposed in Dinosaur
Provincial Park. The regional stratigraphic investigation of McLean (1971)
therefore remains a prime reference article. As pointed out by Walker and
Haywick (1982; p. 151), "there is no summary article on the general
depositional facies and paleocurrent trends of the Belly River Formation!.

Studies in the foothills' belt, typically on steeply—dipping gorge
exposures, have been generally concerned with the transition zone between the
Wapiabi and Belly River Formations. There appears to be a growing concensus
that the regressive phase of the Wapiabi sea accumulated upward—-coarsening
cycles of burrowed mudrocks below wave-base, and storm—emplaced sands (see

17



*S9|JepUnoq UO|JRWJIO4 JDALY YIIpNQr/AL|ag

ayy 03 303dsas ylim SO1pn3s 3SaYl Jo beIDA0D
oljydeabiyeays smoys 3I9su) ayj °suoibad o1ydeaboisiuyd
03} 309dsaJ4 yim youessaa |eojbojojusw)pas 96| -3sod

juejsodw| jo suoijedsol Bujimoys elusqly udayinos jo dey *g 24nb1y
T T T T T
Mo011 olli otll o]l ofll
— Nobp—f o= T — 'Ll
. N~ aea > N Wy
o S ‘ S T
b YOO
INOANVD HIAIH NIIN \H 3AIY MTIN / \ & 0
[ \ E
: ~— \/ '\
| \ 15Z61) HIAIIO % ANVHE3I]
L - 93¥8ANM
k<
SRR @ \Roprm
$834d AO/ ‘331N02 NIHO i { \ :SIWHNG
| o \
\ ©H » \ n \ z 5
| aulaipapy & - ) P (‘
| c0s— ° Y / A 4 G
b "'\ r \
i 7 =\ %
v 4 \ =\ 2\
; | f O O
312 12861) STTIH B YMOVNMI o) {
I (£961) 1101S \ z
z|2 1$310N1$ TYNOIDIY $111HLO0d "
He | \
£ 1.5 I | m
I | | £61) HILSIVID B NOST3N ]
L :N3THD dvHL
S| w [}
2| F 12861) NIZBVT \ \ K
= = b -,
z 3 ¥4Vd WIDRIAGH UNwSONIG \ v ~.
< | z + —
‘! 21 3 \ o ¢
o - .
£ l g (5L61) NOSNIAS B S1VIH ¢ .
(2£61) INHOHL1YMY \
| e o) GuvAwH 12865] YOIMAVH % HINTVM
370H3HOD SHONMLVHLS AYVOT @ ‘Wva LSOHDI
0L 68 ¢ ssvezi \
SNIVd S1HL00 \




Walker, 1982). Marsaglia and Klein (1983) in a recent global synthesis of
occurrences of swaley and hummocky cross-stratification conclude that the
southwest Alberta area was affected by winter storm weather at 57°N paleo—
latitude.

The Wapiabi/Belly River boundary is sharply defined by the abrupt onset
of fluvial paleoenvironments. At Ghost Dam, Walker and Haywick (1982)
recognised eleven fining-upward paleochannel sequences in the basal 122 m of
the Belly River Formation. With some direct evidence of lateral accretion,
these units average 2.9 m thick (maximum 4.2 m) and have vertical sequences
from trough cross—-bedding to ripple cross-lamination. Flow directions are
clustered between northeast and southeast, and the rate of channel to
overbank sediments is approximately 3:1. In conclusion, Walker and Haywick
were uncertain how this Ghost Dam sequence sits with respect to the overall
scale of contemporaneous fluvial activity.

In the plains region, Ogunyomi and Hill's (1977) study in the Milk River
area on the correlative Pakowki-Foremost transition recognised a cyclic
sequence of lagoonal and barrier-bar sediments. No fluvial sequences were
found, so that their vector mean of 040° possibly represents the direction of
longshore sand transport - a process which they envisaged. Their comparison
of this transport direction with Dodson's (1971) 085° vector mean from
channel-related cross—-beds in Dinosaur Provincial Park therefore seems
inappropriate. At Chin Coulee where a middle portion of the Judith River is
exposed, Shawa and Lee (1975) deduced a southerly vector mean from freshwater
cross~-beds. The large volume of interdisciplinary work on the Strathmore
corehole (Tp. 25, R. 25 Wh), which penetrated the upper ca. 20 m of the
Judith River Formation, revealed an abrupt basal contact with the overlying
Bearpaw Formation. The Alberta Research Council's 1983 corehole in Tp 20 R.
12 W4 down to the Pakowki contact south of Dinosaur Provincial Park (see
Fig. 12) will add considerably to our subsurface sedimentologic knowledge of
the Judith River Formation.

As far as the Park is concerned, the work of Dodson (1970, 71) remains a
useful summary account, although some intrepretations are judged erroneous by
this author (e.g. lateral-accretion bedding as a result of progradation into
standing water bodies). His ongoing major contributions in the field of
dinosaur taphonomy (e.g. Dodson, 1983) will shortly be integrated with this
author's sedimentological work. Recent research progress by the Provincial
Government's paleontologists is summarised by Currie et al. (1981) and Currie
(1982a). Useful manuals for the identification of fossil plants/
invertebrates and vertebrates are Stanton and Hatcher (1905) and Johnson and
Storer (1974), respectively. Bibliographic information on vertebrate fossils
is provided by Davis (1980) and Russell (1976). Some palynological work has
been done by Jarzen (1982) using matrix sediment from excavated turtle
carapaces. Lastly, one of the more recent publications arising from ongoing
geomorphological research in the Park is that by Bryan and Campbell (1980).

3.6 Resources

3.6.1 Coal

The first coal production in Alberta was from upper Judith River strata
near Lethbridge in 1872 to supply customers in Montana, and later in Medicine

19



J0 sa|nsaa ay3l bujjeabajul 03 maIA e yiim pue ‘suo3loey asayl Jo uo|3euapisuod
uj| *Aaisnpul sisAjoshd/aomod pajew e 404 2315 d|qissod e se S1SSa|d
np pue ||9qdweg Aq pasodouad sue pue ‘(1 @1gel) S224n0S2.4 43A1Y Y2lpnr aoejuns
3yl Jo %6/ ulejuod Sp|aly ,S300J4g 3ISBI/SR00.4g DY) *(zgbL ‘sissa|d np pue
L19qdwe)) A31014303|2 JO uojlesdusb AqJesu 40 UOISJIDAUOD 931S-UO 404 S2AUISDU
dlgeddji3s uo s) 3juswdo|dA9p |BOD BAj3doadsoud u)]  s)seydws Us44n)
*awbas 2160 |04pAy J4O/pue SOUSPISQNS /SO1UODIY leuobal
JO sajes uy abueyds e Jo 3|nsas syl usaq sAey 03 pa3e|ndads S| 2uoz Jaqe]
3yl ‘ussmiaq uj cuoissasbsueay medieag pideus A|sAjje|aa By3 Aq aouabuaswgns
jusujuwy  dy3l s3I0V 494 suoz 3b6praqyle] pesudsapim  3sowsaddn Sy3 seaaaym
(1861 *43Ay *30) uojjenyis doi-eliap e uy pado|aasp Suess Aeyou (eseq ayy
*A31A130e |Buueyd woul Ij0wld A|o3enbape buiaq 4o spojsad buoy ALluald)iins
404 paujeisns J4ayla buisq jo A3i|1qeqoad mo| e pey 3404845Y3 SIUBWUO L | AU
lepnied *aoeds pue Swiy Ul paINqlaISIp AL9Sudp uaIsq Buiaey sisuueys
30 uojssnosadas e 3q 03 sseadde sauoz |e0d jo 3Judswdo|dAap o) peaodg
*43uUueW 3A[IRIUD] € Ul P3RS U3y S| AJewumns
lejusuuodjAusoa|ed |euoibss e “ssoaboud uj [|13S D4 SDIpPNIS aoejinsgns
O13ews]SAS Jeyl USAI9  *NJ4Bd |BIDUJAOJLd JNBSOUIQ U] YD.4easad teo) bo|ojual) pos
9yl 40 9A1303[qo paje|a4 Jofew e S| UOIIEN|BAS 43| |4€D SIy3I Butujyay
*suje|d uasayinos
9yl sso.de sauoz |e0d om] Jaddn 3y3z JO 4nNO3UOD 24n3ONJIS W 009 @3jeuw;xoadde
pue doud3Ino 3yl sadeuly (ezgbl) pseog uolieAsasuo) saounosay Abusuz ayy Jo eh
aunbi4 *(4/61) L1oqdwe)y Aq s||IH SS24dAg 3yl Bujsojous eaue ay3z 40y 2| qissod
SeM yYons *.SAIMOH *S9JRW[ISD DAJLSSSJL MO||B O3} SOSEQq BIBP USID)JINS pey
(8/61) nyy pue ia3|of Jo (961) ojany Aq satpnis ay3z 40 ady3I3N °su0Z leod
ISSMO| SYy] Suiod9q O3 J9qe] BY) SISNED 3ISeq JSALY YIIPNL SY3 U] wsjuoayde|p
1eyl pajou ny) pue U404 ‘sease usIISEI U| ‘weas 3(eg ay3y Aq pajeujuop
(3oe3uUcO meduaeag/43A1Y Y3IIPNL Syl Mo[3q Alare|paww) ) 26p1iaquyis pue ‘usqe)
‘(uol3lisuedy J4BALY UIIPNL/INMONEd Byl SAOQe Alojeipawwy ) Aeyoy si (861
‘ny) pue J493|OH) sule|d uad3ISOM 3BYy3 03 I|qedj|dde Sun3e|OUSWOU LOWWOD aya
‘49pa0 ojydeabizeuas uj *eleUIS UDJJEq JO SD43AMU Q0| |e49A9S Aq poje.edas
yoea2 ¢saucz 394yl U] SJNOD0 [EOD S,UO|JRWIO4 JYI JO (e A|[en3alp
*9 snoujumylq
alL13eloa-ybiy 03 9 snoujunlig-qns wouy dues uj abues au0sa43y3 S|e0d asay]
*(siseq 834j-yse ‘3Isjow) anjea ofyjsoled uy [¥3/6% 94£‘6z-#0L ‘0T Pue %6°L
aJ4n3isiow unfiqiinba ‘yse %9°9| ‘uny|ns %99°0 ob6eudAe SWEDS DALY yaipne
*(€861) DismoqinN AQ pasisayjuAs usaq sey wesboud Buriyi4p |euoibas 9/6)
S, 34y buyunp paainboe w pgz-1G wosy yiadap uy buibuea sajdwes |4 wouy ezeq
*Ad| |04 udwWdO|DADg [BO) SI] JO UOIS1A24 Buipuad ‘(9/61)
JUSWUIBA0Y B349qLY SY3 AQ LUOII|SOAS|P WOLY UMBIPYIIM SHOO[GPUB| UIYIIM pauiey
~uod> A|3bse| ase asayl ang ‘(L1 *Bb14) eadse Apnas ay3 uy seses| ploy A|3uas
—24d s3juedwod |BOD USAD|3 °*BIJDG|Y ISESYINOS SSO4E 1S|IXD S3D04NOS34 MO| |eys
SAljeudalle Jaylo ou eyl 3oey syl Aq pajdeuajunod s§ uojjsodoad mo| Siy3l 3Ing
‘S9AJ9S34 S0 |d-U| jo |B303 ,Sujeld 3y3l JO %9°Q 40j JunoOde A3yl Ald9A13109| |09
(L 219eL ‘0L °Bij) uojjewsog J4SAIY YIIPRF By UIYIiM SpPl313j|e0d 3A|am]
sas|ubooaus Apjus44nd (ezgbl) Ppd4eOg UOIIRALIDSUO) S324n0S3Y AbBudug ayy
*#/61 u) dAL13I0E [[13S sem sulw xely saqe)
Syl e uojljeaado 3uadoa jsow 3y *abpiaqyia] Jo yjaou ‘Assauybneys pue ddiy
18 S$304n0S3ad ) snoujunyiq di}Ie|oA-ybi1y uj saujw punosbuspun o64e| 404 sue|d
padueape aaey (ueder) uesoy nsijuep|/(eo) Buipi4o4 pue epeue) 04134 ‘Aemsapun
Aljussaad sue suojjesado Bujuiw ou ybnoyayy *(q6 °6t4) o1y w | 3noqge
AlUOUMIOD 2.43M SWEIS pPIYIOM t(e6 *B14) s,0Z61 At4ed ay3 ui dead s3| payoead
uoijeljojdxa [LOD J4IALY YILIPNP 3By sojedlpuj sujeid ay3z ur sadujw pausaiysibau
dleds—uabse| jo snboyezes (4961) s,||>qdwe) wo.ay elep Bbujssayiuig *3ey

0¢



21

200

(o] 25 4 6 8 feet
I [ [ l | ol
(o) -5 1 I5 2 2-5 metres

Figure 9. (a) The volume of coal-mining activity across southern
Alberta earlier this century in the Judith River
Formation, expressed as the number of mining permits
issued per year. (b) Frequency distribution of coal
seam thicknesses encountered in these early mines.
Both sets of data are processed from Campbell (1964).
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TABLE 1.
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RESOURCES (megatonnes) OF JUDITH RIVER COALF IELDS ACCORDING

TO THE ENERGY RESOURCES CONSERVATION BOARD (1982a).

FIELD

BOW ISLAND
BROOKS
COMREY

EAST BROOKS
GRASSY LAKE
LETHBRIDGE
LUCKY STRIKE
MEDICINE HAT
NORTH BROOKS
POTHOLE

ROLLING HILLS

TABER

SUB-TOTAL

PLAINS' TOTAL

3

IN-PLACE RECOVERY'

RATIO
300 0.06
340 0.34

38 0.10
190 0.39
100 0.15
490 0.34

29 0.18
560 0.26

26 0.00

16 0.00
380 0.24

35 0.14

2504

37760

6.6

SURFACE UNDERGROUND RANK

11
67

15

SFOO0OO0OO0OWUVO

182
6990
2.6

130
0
120
0
0

94
0

384
6000
6.4

Subbituminous B/C
Subbituminous A/B
Subbituminous B/C
Subbituminous B/C
Subbituminous B

High vol. bituminous B
Subbituminous A
Subbituminous B/C
Subbituminous B

High vol. bituminous B
Subbituminous B
Subbituminous A

Considers parts of field that are non—-recoverable due to other
land use, old mine workings, and local resources discontinuous
with main body.
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fieldwork in the Park to the overall regional subsurface study across south-—
east Alberta, the area between the Red Deer and Bow Rivers through Brooks has
been selected for ARC's 1983 coal drilling and coring program (Fig. 12). The
strategy of hole locations is to elucidate the depositional framework
responsible for the typically patchy time-space distribution of Judith River
coal resources. With the exception of the most northeasterly corehole which
will penetrate the entire Formation to approximately 400 m depth, all holes
will be less than 80 m to characterise the near-surface Lethbridge Coal Zone
(Fig. 13).

3.6.2. Hydrocarbons

The intent of this section is to briefly review published data on
hydrocarbon reservoirs in Judith River strata (Fig. 14), as background to
sedimentological research in the Park.

It would however be remiss not to firstly mention the Mjlk River gas pool
across southeastern Alberta (see Fig. L), because it dominates the petroleum
geology of Upper Cretaceous strata. Possibly, the largest single gas field
in aerial extent across western Canada (Herbaly, 187&5, the Energy Resources
Conservation Board (1982b) estimates 253,300 x 10° m’ of marketable gas of
which a quarter has been exploited since 1970. Myhr and Meijer-Drees (1976)
provide a sedimentological account of the Milk River Sandstone reservoir,

The Judith River Formation is generally the youngest hydrocarbon pro-
ducing formation in Alberta. Shouldice (1979) recognised an eastward
increase in porosity across the plains' 1limb of Alberta syncline, and con-
cluded that traps occur as 1) updip marine pinchouts into marine shale, 2)
gentle structures involving widespread sands, and 3) fluvial paleochannel
sands. The first two types predominate (cf. the Pembina field described by
lwuagwu and Lerbekmo (1981)) and characterise the basal part of the unit
above the Pakowki Formation. Of relevance to work in the Park are the
limited gas accumualations in paleochannel sandstones higher in the
Formation, but Shouldice also detected a few east-west trending sandbodies of
much greater extent. An example of early exploitation of Judith River
hydrocarbons on the western limits of Dinosaur Provincial Park ijs provided by
Stewart (1941),
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The Lethbridge coal
overlies a 31 m thick sequence of variegated, bentonitic floodplain

zone just below the prairie surface here

sediments interrupted by three low-sinuosity paleochannel units,
although the middle one appears to be partially amalgamated with
one containing vague lateral accretion. Several crevasse-splay
units, less than 1.5 m thick are present in the upper portion.
[5626740mNs 455160mE / basal elevation 679 m a.s.1.]
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4.0 LOCAL GEOLOGY

4.1 Sedimentological Background

A1l previous sedimentological work on the Judith River Formation away from
its boundary transitional zones into marine settings have concluded a fluvial
paleoenvironment (Section 3.5). This also applies to the outcrop of the upper
('Oldman') part in Dinosaur Provincial Park (Dodson, 1971, 1983; Beland and
Russell, 1978). There are, however, several emerging lines of evidence that
suggest close proximity of the encroaching Bearpaw Sea, and perhaps even a
tidal influence in some paleochannels (see Section 1.0). The former receives
support from the following (Dodson, 1983):

- disarticulated remains of euryhaline fish such as gars (Lepisosteus),

sturgeons (Acipenses) and batoid (Myledaphus)

- remains, including a partial skeleton, of plesiosaurs.

Although plesiosaurs are generally considered to have had a marine habitat,
Dodson (ibid, p. 91) suggests that 'just as certain whales and sharks do today,
plesiosaurs occasionally entered estuarines and came upstream in search of
novel food or perhaps to shed infestations of marine ectoparasites!.

A tidal influence is suggested by two independent properties:

-~ Dinoflagellates and acritarchs are occasionally present in sediment
samples taken from turtle carapaces (Jarzen, 1982) and ‘'overbank!'
mudstones (C. Singh, written communication, 1983). Singh strongly
favours reworking from earlier formations, but the author contends than
the 'protected' preservational environment of a carapace opens up the
possibility of contemporaneous plankton drift up channels, and
destruction in parts of the sequence more exposed to diagenesis.

— The style of lateral—-accretion bedding in high-sinuosity paleochannels
bears a strong resemblance to that observed in certain Recent intertidal
meander ing channels (e.g. de Mowbray, 1980) and the basal parts of the
Horseshoe Canyon Formation at Drumheller (Rahmani, 1982). This
sedimentological aspect is addressed further in Section 4.4.2.
Unfortunately, it is difficult to independently assess the distance to

the prevailing shoreline. The overlying Bearpaw Formation overlies the
highest exposures in the western end of the Park within ten or so metres and
although the transgression is known to have been very rapid with respect to
ammonite zonation (Caldwell et al., 1978), the absence of isochronous marker
features within the Judith River Formation precludes a detailed time-space
plot of its shoreward pinchout to the east. It is hoped that further 1light
will be shed on this important problem as the regional subsurface study and
Park fieldwork are expanded eastwards, and the cores from the Brook/Bow City
1983 drilling program (Section 3.6.1) become analysed.

Meanwhile, it is important to keep in mind that while the high-tide
limit up an estuary is an easily defined point, the downstream change from
fluvial to tidal dominance is transitional. Both in terms of paleo-
hydrology, fossil assemblages and the character of point bar and overbank
sequences, seaward trends will be especially gradual under conditions of
very low coastal plain slope. As one calculated example, the perhaps
extreme combination of a 6 m tidal range and a coastal plain slope of 0.0001
would cause the tidal limit to be located approximately 60 km inland; this
assumes no local augmentation of tidal range due to narrowing embayments.

As mentioned in the preface to this guidebook, fluvial sedimentology is
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- position and extent of levee deposits, and
- paleocurrent pattern.

The increasingly-detailed studies since the early 1970's have inevitably

evolved a more comprehensive, hierarchical approach to the problem, viz. -
- a facies assemblage defined mainly on the basis of lithology, and
structures (Walker, 1979), integrated with paleocurrent data (Miall,

1976)3

- vertical, and where possible lateral, facies relationships (Stewart,

1981);

- the scale of paleocurrent structures with respect to their position in
the fluvial system (Miall, 197h4);
- overall coarse-member geometry (Friend et al., 1979) and paleohydrology

(Ethridge and Schumm, 1978); and

- coarse-member density and 'interconnectedness' (Leeder, 1978).

Of the above criteria, the significance of lateral-accretion bedding is
presently rather controversial. Because it is so abundant in one category
of Judith River Formation paleochannels, the main elements of the
controversy are briefly reviewed here for convenience.

Jackson (1978) and others have cautioned that the mere presence or
absence of lateral-accretion bedding in fluvial deposits is an unreliable
indicator of channel form. It is, for example, a common structure in low—
sinuosity systems due to progradation of large-scale bedforms (e.g. Allen,
1983). In contrast, point—bar migration in meander belts (which generates
the epsilon cross-stratification (ECS) in Allen's (1963) classification)
involves lateral accretion that combines greater horizontal extent and
vertical dominance within the paleochannel body. Apart from these aspects
which Allen {1983) discusses, the facies assemblage and azimuths of lateral
accretion should be regarded as additional vital criteria in attempts to
discriminate paleochannel form at outcrop. Absolutely unequivocal interpre—
tations are perhaps only possible where exposures are sufficiently extensive
and three-dimensional (e.g. Nami, 1976; Friend et al., 1979) to allow integ~
ration of the above data with mapped paleochannel margins. Correct assign—
ment of lateral-accretion bedding to a high— or low-sinuosity channel form
has obvious major repercussions for deductions of paleoflow regime and
alluvial architecture.

Point bars themselves are not diagnostic of fluvial meandering channels.
They also typify the lower estuarine reaches of meandering hinterland rivers
(Rahmani, 1982) and intertidal mudflat channels (Bridges and Leeder, 1976).
in subsiding coastal plains that border foreland molasse environments, the
point at which undirectional flow in fluvial channels becomes increasingly
influenced by bi—directional tidal influences is highly significant sedimen—
tologically. Tidal ranges and coastal plain slope collectively determine how
far inland the tidal limit penetrates. According to S.G. Pemberton (oral
communication, 1983), the intermediate zone of brackish water is usually
represented by a peak in trace fossil occurrence. The ratio of spores and
pollen versus marine microfauna is often used as a relative indicator of
shoreline position (e.g. Wall et al., 1971), but the lack of an exact
reciprocal relationship suggests that this parameter's ability to locate a
tidal limit is questionable.

In fluvial point bars, lateral-accretion bedding develops upon initial
waning in stage from competent flood discharge. Flow is perennial and the
minimum recurrence interval of such events is typically annual. Hydraulic
geometry is such that bankfull depth is accompanied by maximum velocity. In
contrast, the diurnal ebb-flood cycles of tidally-influenced channels
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Babcock's (1973) study. Ozoray's second set was described as meridional and
latitudinal, and thus appears to relate to S.,T..

Three of Babcock's sample sites were located in badlands along the Red
Deer River valley enclosing the Park (Fig. 16b). In downstream order, the
mean orientations parallel 1) 51,T » 2) S_,T, and 3) S1,T1/S ,T. hybrid and
T.. One joint orientation was %ound o predominate at éac% site, and
inter-site variability in joint patterns is evidently typical (Babcock,
1974; Fig. 4). The question arises, are these bedrock joint sets replicated
by the network of coulees?

Using a 10° sector scale, the rose Qiagram of the raw frequency data
(Fig. 17a) is clearly polymodal but Xx°-test reveals that the observed
pattern does not depart significantly from a random distribution. However,
weighting of the orientation data according to segment length (Fig. 17b)
accentuates the modes and produces a statistically-significant degree of
preferred orientation at the 95% probability level. Comparing the principal
alignments of drainage in Figure 17b with Babcock'!s local joint orientation
modes indicates a pronounced parallelism for T1. S, and S1/S . Thus, the
direction of minimum compressive stress within the E1berta syﬁ%line and the
strike of the Sweetgrass Arch structure emerge as the probable principal
orientations on badland drainage patterns. Inspection of Figure 17 reveals
that the mode at 075° comprises a relatively high number of short segments.
Since none of the reported joint sets have this specific orientation, this
mode may relate to the action of prevailing winds (cf. Beaty, 1975b).

Partitioning of the bulk drainage data according to stream order reveals
marked differences in preferred orientation (Fig. 18). The precursor
spillway, now Deadlodge Canyon, was clearly quided in its course by the
regionally predominant set S,,T.. Subsequently evolution of tributaries,
which the author envisages to have occurred at an exponentially declining
rate during the Holocene, has been guided mainly as follows: 1st order -
S., 2nd order - S_., 3rd order - S /S3 and S., 4th order - T_. Undoubtedly,
tﬁis differentiation partly reflects spatia?/stratigraphic ariation in the
prevalence of joint sets, but it also may indicate a chronologic progression
in the geomorphic influence of different joint systems during postglacial
isostatic rebound. The data suggests that the alignments of minimum com—
pressive stress and the Sweetgrass Arch probably exerted a strong influence
on early drainage development, followed by the enigmatic system developed
northeast of Medicine Hat. A minor influence by the orthogonal orientations
in each of these joint sets for all stream orders is also suggested.

To conclude, stratigraphic section and correlation work in coulees
should recognize the control by regional joint sets on preferred orientation
of continuous outcrops. First order tributaries have the highest proba-
bility of best exposing the true dip of lateral accretion surfaces of high-
sinuosity paleochannels (see Section 4.4.2). On the other hand, profiles
across the average direction of low-sinuosity paleochannels (Section 4.4.3)
are comparatively uncommon. The exposures within the heavily dissected
tracts of badlands at Steveville, and around the Park headquarters, are
sufficiently three-dimensional that these problems are alleviated. These
findings have influenced the methodology of fieldwork reported in this
guidebook.
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Figure 18, Rose diagrams of the data in Figure 15 partitioned
according to the scale of their associated drainage
elements. The one for Deadlodge Canyon shows the
distance of individual reach orientations: the four
for tributaries show raw data. These should be
compared with the orientation of joint sets displayed

in Figure 16a.
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Figure 19.

Traversing of the badlands in South Sandhill Creek
coulee. The assistant is using a Jacob's staff to
measure a 3.8 m thick mudstone which underlies a
butte-forming, low-sinuosity paleochannel sequence.
[5621980mN; 460020mE / elevation of contact

682 m a.s.1.]
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Figure 20.

An excellent exposure immediately beneath prairie level that
demonstrates an alternating sequence of ‘coarse and fine members!,
typical of the Judith River Formation in the Park. The 'coarse
members' comprise both laterally-accreted and vertically-aggraded
paleochannel sequences. [5628920mN; 456020mE / basal elevation of
view approx. 676 m a.s.l.]
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Figure 22.

Examples of (a) upward-fining, (b)
upward—coarsening and (c) sharply segregated
sand-mud couplets in laterally-accreted
paleochannel sequences (overleaf). (a) is 9.3 m
thick and dips at 11° towards 207° [5629500mN;
456000mE / 678 m a.s.1.]. (b) is 3.9 m thick,
with maximum dip of 12° towards 155° [5621220mN;
460080mE / 704 m a.s.1.]. (c) is 7.5 m thick and
dips at 11° towards 192° [5626570mN; 455000mE /
702 m a.s.1.]
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horizons (or rarely climbing-ripple) units -~ but these are often not
discernible. Most bedding planes are smothered with carbonised plant debris
that may, because of their bentonitic non-concretionary nature, display strong
preferred orientation. The intervening 'mudstone' units are bentonitic, rich
in well-preserved palynomoEphs, and invariably dark grey and carbonaceous.
Couplets lack trace fossils®, (apart from rare signs of small-scale burrowing)
and evidence of dessication. Lithologically, they are either massive mudstone
but more commonly, finely interlaminated mud-sand intervals. lron-cemented
siltstones, on the other hand, commonly contain vertical rootlet markings that
are occasionally made obvious by small-scale differential weathering around
stem positions, thickness of such units seldom exceeds 15 cm.

Lateral-accretion bedding occupies the full depth of nearly all units. The
basal part of thicker ones may be, alternatively, sand-dominated in which case
there is an up-slope intercalation of sand-mud couplets (Fig. 23). In the
latter case, concretionary cosets of planar cross—beds up to 70 cm and trough—
shaped sets several metres wide are common. Vector means of such structures
(available sample size rarely exceeding 10) deviate from the dip direction of
accretion bedding above by between 68° and 141°, but the average is 94°.
Isolated vertebrate bone fragments and pebble-sized mudstone intraclasts are
invariably aligned perpendicular to adjacent cross-bed azimuths.

Irrespective of the downward extent of lateral-accretion bedding, accretion
surfaces are planar or mildly concave-upward. However, the inclination of
sand-mud couplets is occasionally interrupted by steeper reactivation surfaces
and/or by local chaotic masses of slumped sediment. Basal surfaces are sharp
and planar over observed distances of at least 120 m; gradational upper
boundaries are ubiquitous, and they are commonly underlain by ball-and-pillow
structures.

In the 65 laterally-accreted units thus far encountered, data on thickness
and inclination are log-normally distributed. The average sequence is 3.8 m
thick and dips almost at 7°, but units approaching 20 m have been sighted off
traverses (Fig. 24). Vectors of lateral-accretion bedding are distributed with
modes between 330-060° and 120°-240° (Fig. 25a), and there is no obvious
tendency towards a different spatial configuration for the thicker units
(Fig. 25b). The vector mean of 63 contained cross-beds is 084° with a
magnitude of 51%. Although the lateral extent of accretion bedding commonly
exceeds 200-300 m, several localities at which the structure ultimately pinches
out are known (Fig. 26).

b) Interpretation and paleohydraulic reconstruction:

The geometry and 1laterally-accreted nature of this coarse member type
attests to accumulation as point bars in single-channel, meandering systems.
The term ‘'epsilon cross-stratification' abbreviated ECS, is therefore
appropriately applied (Jackson, 1978). The structures in certain sand-mud
couplets and the overall style of the ECS resemble those of meandering tidal
channels (Terwindt and Breusers, 1972; Visser, 1980; de Mowbrey, 1980). Also,
the complete repetitious coverage of fine-grained sediment drapes on point bar
surfaces is not easily resolved with fluvial velocity-stage relationships.
Slack water conditions with bankfull flood tidal stages can more simply explain

1term used synonymously with montmorillonitic to refer to disseminated
olcanic ash-fall sediments.

based on the observations of the author, and those by S.G. Pemberton,
Alberta Geological Survey, in a segment of a eastern traverse.
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Figure 24.
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View of approx. 18 m thick point-bar sequence that
apparently correlates with Figure 22a. The unit dips
westwards and displays good upward-fining from a sand-
dominated basal part, through sloping ironstones and
sand-mud couplets to the overlying mudstone.
[5629500mNs L455600mE / prairie elevation 698 m a.s.1.]
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Figure 26.
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up~dip pinchout of lateral-accretion bedding with
Unit thickens

The
a ca. 40 cm scale to sand-mud couplets.

to 6.1 m and dips at 17° towards 231°.
[5630040mN; 456000mE / 669 m a.s.1.]
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Figure 28. Histograms of thickness and maximum dip angle for
measured point—bar sequences. Because of their log-
normal distributions, mean and standard deviations
were calculated using log to the base 10 transforms of

the data.



*paridde sy (4/6L ‘IL!1l) uoissaibas syxe sofew paonpoy
—*SJ43A14 Ajisonuts—ybiy uispow 4oy diysuoize|ad S, J9pa9a7
O3 Uojje|34 Ul uMOYS S| BIBRP J43AIY Yy3Ipnr ‘(€61 *aspooT

*30) s|eAaajul 4 e sadols seq jujod 4oy sae sauf |
bujdols jo 33s |a||eased oy} *3yb) a4 uaddn sy3 up usalb
uoiienbs ay3 Aq ejep p|aj4 woiy paje|ndied ‘Yapim [ Inueq

Pue yidsp ||njjueq paasdjul usamlaq diysuoile|ad ay 67 auanb 4

(w) HLd3a 11INAdINVE Ha
0oL 0S oL S

I LI L] T ] L T L] ‘ LI T ¥ ] T L

160 =14
vg.l}qc] 89 = ¥m ——
viva (eL6L) S, H3a3an

280 =4
GZ'l.4qG 106 = 3N ——— //
viva H3AIH HLi1anr .

T

T v 7 ¢

o0¢

] g’ o9L’

ocl

oL

(w) HLAIM TTININVE 49m

11]8

00s

0001



F, BANKFULL WIDTH/DEPTH RATIO

Figure 30.

5° 10° 15
ANGLE OF POINT BAR ACCRETION

Relationship between bankfull width—depth ratio and
angle of point bar accretion in relation to Schumm's
classification of channel types. The histogram of
point bar dip data is repeated to show that 70% of
the ECS sequences apparently developed in 'mixed-
load' channels with bankfull width/depth ratios
hetween 10 and 40.
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near the confluence of the Red Deer River and the Little
Sandhill Creek. Note: Camping in the park is limited to the
formal camping area.
- Fishing

The Red Deer River offers seasonally good fishing for
walleyes, northern pike and goldeyes. A provincial fishing
licence is required.

Winter
- Nature Observation, Photography and Painting

A colourful setting of snow-covered formations greets the
winter visitor.

You can watch the silent flights of snowy, great-horned and
short—eared owls as they hunt for small birds and mammals.
Everywhere there are signs of life and the mornings and
evenings are usually filled with coyote song.

-~ Cross—Country Skiing and Snowshoeing

The loop road allowing access to dinosaur displays is
unplowed and offers seasonally excellent skiing, or you can
strike out on your own through the badlands and along the
river.

- Picnicking )

Covered camp kitchens with wood stoves and firewood are
provided.

- Camping

Limited facilities are provided. Water, during the winter

months is not available....."
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