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Three fluvial channsls of the lUpper Oretaceous
HMorseshoe Canvon Formation are suposed at Deumbeller
Alberta. The chamnels are isclated lenticwlar Dodiss and

are ssparated by abundant tine-grained sediment.

One charnnel appears to be $illed to the top wiih

and contains large, concave upward surfaces. The other
crhannals contain well defined lateral acoretion surdaces and

large scale trowagh oross-bedding. Assocdated with fThe

channel sands are levee, crevasss splay and distal overbane

deposits. These channels are interpreted as bigh sinuosite,

G GLFSCTIONSE LDWaros Thie Sast.

indicats palecrl

Grain size distributnion plots for the sandstonss

commonly lack a coarse population of grains transportsd Dy

Lraction. Flow calcuations show that the channels wars
compatent to move grain sizes much larger than those pressnt

within the channels. This leads to the conclusion that the

i

characteristics of the traction population were strongly
dependant on the supoly of coarse mabserial. Shear
vaelocities in the channels wers calulated to range from .4

ta 9 om s .

The propos zm for the sand filling of &
meEandering channsl is throush gradusl sbandonment by ohuts

cutorf . Maintenanc zable of

il

of Flow congitions, Ca

3



transporting sand, due to the deorease of depth with
discharge, allowed the continued deposition of sand within
the chanpnel. Evidence of scouwed swuwtfaces within the
channel indicate that any fines that may have been deposited

ware aroded away during flood stages when the smeandsr Loop

wam reococupl ed.
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1.1 The Froblem of Sand-Filled Channeis:

Exoellent outocrops of fluvial channels are prasent

north of the city of Drumheller in the strata of tne Upoer

Horseshos Canvon Formation of tne Edmonton Group. Tia

im often a stop tor geclogical field ftrips and a photogranh

if

of ane of the channels i incliuded in thae A8 P05, santh

Annual Field Conference guidebook (19595,

g} L E SLisual o0 it & 3 T 2
sntirely zsand +1lled. I meandarin crannels, L&

normally deposited in vluvial channels dwring tnelr actlve
stage, onto lateral acoretion surfaces. The chamnel +ills
when 1t 18 elther abandoned by the stream or underooss &
gradual decrease in flow due to reduction of dsptn anag
mlapey the +111 usually comsists of a nlug of fime materieal.
In the case of abandormment, &= 1in chute oF neck cutorsys, bhe
apandonded msander loop is +illed by a plug of fines

i e

introduced by overbank from the active portion of ths

atream. in the case

o

¥ gradual flow reductiecon, compeTsncs
pgradually decreases. resulting in the deposition of +ines as
channael fill. In contrast to meandesring systems, bralced
channels +11l to the top with sand by vertical accrstion and

do net contain a clay plug. Braided channel deposits



b

consist of laterally extensive shesgts of sand and are net
conftined by clay plugs.

The sand filled channel and the other paleochannals in
the area consist of isclated, lernticular sand bodies
asurrouwded by abundant, fine-grained sedimant. The sand
ody geamstry more closely resembles deposits of a
maandering channel deposit, therefore orsating ths problem
of how meandering channels can +ill to the ftop with sand.
The pwpose of this study is to propose possible
axplanations for the sand filling of the channel.

Field work in this study included measwring ssecbions

through the three channel cutorops, and oaleccurrent

e pesociateo 1§

patrography  as well as

paleo-reconstruction of the channal (s1.

1.2 Location and Accessibility:

Excallent and continuous sxposwres of fiat-Llving
clastic rocks of Upper Uretacsous and Falecgene age ares
oresent along the Red Deer River Vallsy of the central
Alberta badlands. The strata exposed along the valley walls

comprise the shallow marine Bearpaw Formation of the

Campanian Stage, the deltsaic and fluvial Edmomton Group of

the Campanian to Masstrichtian Stages and the comntinental
Fastapoo Formation. Due to the presence of almost 1004

cutcron, these exposures, especially tne deltalic facies of



the lower Edmontan Group, are of interest because lateral
facies relationships are easily studied.

The study area is located lese than 1 km north of
Drumheller in an abandoned river valley that is now occupied
By Highway 9 (fig. 1.17. Drumheller is approvimately 120 km
northeast of Calgary. Two of the channel outcrops are
2agily visible from the reoad in the valley walls sagt of the
highway. A small, unpaved parking area is located at the

Dase of the outcrop, making it easily accessiile by car.

fi

The channels can be reached by a 25 m climb up the valley
side.
Weather is an important factor in the accessibility of

Trye koo . Tha nresence of oontonlts olavs makss

woarrls difficuit to impossible in wet weather, fine sano
Dodies and swrounding lithologies pose several problems dus
to poor consolidation in the rocks. Although lateral
continuity is good in most places, in some areas slumping
obhstuwres parts of the outcrops. Surtace weathering has
obliterated many of the sedimentary structures in the sand
except in areas where "coffee grounds’ drape bedding

surfaces or where preferential cementation has occcwrsed in

the hoodoos.



Figure 1.1 Location of study area.
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1.5 Local Stratigraphy:

In gwast central and southern Alberta, the Upper
Cretaceous Bearpaw Formation and Edmonton Group are exposed
in an arc-shaped belt approximately 300 miles long and &0
miles wide (Ffig. 1.2).

The Bearpaw comprises up to 360 m of darik graey to
brown—grey marine clavs, shales and silty shaless.

The Edmonton Group conformably overlies the Bearpaw
z=hnale and consists of deltaic and filuvial sediments. The
Edmonton Group has undergone many previocus subdivisions,
which have been summarized by Irish (1970, In a 1%&68B paper

he extended the names khitemud and Battle Formations from

sautheast (Albsrts o thelir sesogulvalents in che Sdoonton

"Farmation® of the Oldman fiver -—— med Dsar His

“«
]
53]
i
bt
i
a
s

In the previocusly mentioned 1770 paper he redefined the

Edmonton "Formation” a&s a group. He proposed that the

i

Edmonton Group be divided into three formations, the

i

Horseshoe Canyon, the Whitemud and the Battle Formations.
Thne Horseshaoe Canvon Formation is described as consisting of
interlensed bentonitic, argillaceocus sandstones, bentonitic
shales and coal seams. The bhitemud is defined as fthe whits
waeathering, green—grey, argillacsous sandstone and light
grey clay anmd the Rattle Formation as massive,
girey-weatnering, purplish black bentonitic shale. Within the

Battle Formation is the kFneehills Tuff, a dart bentaonitic

shale. It is helieved to represent contamporaneous



Figure 1.2: The Upper Cretaceous Edmonton Group
outcrops in an arc-shaped belt in

past—rcentral and southesrn alberta.
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depnsition of wind ftransported volcanic ash and is thersfore
considered an excellent time marker. Carcigy (197Q) revisesd
the boundaries between the Edmonton Grous and the overlying
Faskapoo Formation, placing the contact at the top of the
Fneaehills Member of the Battle Formation.

Eguivalents to the Edmonton Formation are present in
the foothills where the Bearpaw shale wedges out ang the
Edmonton combines with the EBelly River Formation to form the
Brazead Formation. In north-western Montana and the
soubth~western Alberta Focothills, Edmonton age strata ara

krown as the S5t. Mary ' River Formation and in the

north-western Slberta Flains and Foothills as the uppesr

i

portion of thne Wapitl Formation (Tabie L.17.

¥

Hince the Edmonton Group is non-marins, tne best
@stimates regarding age of the group have oceen dons on the
pasis of dinosauwrian remains. With the retreat of the
Cretaceous Seaway southward, the voungest COretacesous marins
sediments in the Canadian Western Interior contain the
Baculites grandis zone and are only Maestrichtian in age.

The Late Maestrichtian depo=sits are charactsrized by
dinosauwrian fauna, such as Triceratops., Iyvra
1.3y, Thescel

are most commonly used in cating the Edmonton Grouo.

Triceratens is contined to the Upper Edmenton beds and it

i

latest appearance marks the Cretacsous-Tertliary bDoundary.



&

Taople 1.1:3 Formations of Alberta.
{Adapted from Williams and Burk,

ig6d4, and frish, 19705
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Based on the radiometric ages of the knesenhills Tuasd, which
lies below the interval containing the dincsaw remains, and
a pentonite bed, which lies above the Triceratops zone, the
Cretaceous-Tertiary boundary has been dated at &4 to &3
million years b.p. (Obradovich and Cobban, 19757, The
Triceratops beds of the Edmonton 8roup can be correlated
with the Lance, Hell Ureet and Frenochman Formations of

Wyoming, Montana and Cypress Hills, SBaskatchewan (Tozer,

195883 .

1.5 0Geologic History:

A broad epieric sea covered the Western (Canadian

ihcerior auring Lave Lret fryes

o

to the west by the uorising Cordillesra and by orns
shielid to the sast. To the nortn and south, the zeaway WMas
open, connected to the Arctic COcocean and Guld of Mexico
respectivel v.

A northwesterly transgression of the sea during the
Campanian Stage resulted in the deposition of the EBesarpaw
shale, aftter which tectonic activity i1n the area increasad
signitficantlve. This created an abundant supply of clastic
sediments, which built wp and ceaused a movement of the
shoreline to the saest, allowing the acoumuiation of the
1

continental Edmonton Group and its sguiv nte. (Williams

1]
it

and Buri, 19&84)
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Figure 1.3: The carnivorous Tyrannos

prepares to devour & sedimsntologist.

e t.4%r Fault in the strata of the upper horseshoe

Canyon Formation. The throw on ohe +ault
15 approximately Su test, and 18 VIsiDie ov
the displacemant of the coal. Mote the

lateral continuity of the coal seam.






1.4

1.6 Structures

The Upper Cretaceous sediments in the Alberta Flains
reglion have undergone very little structuwral deformation.
The strata are relatively +lat ilving, dipping west at a very
low angle inte the Alberta Synocline.

The strata in the Drumhelier aress contain several very
gentle flewuwres trending north-wesi. The coal beds show
anticlinal folds with widths ranging from less than one to

tens of metres and heights on the ocrder of 3 m. The +olds

B

have bheen attributed to the uneven settling of the coal beds
gduring compaction {Irish, 1967).

Small faults have been found in the subsurface but the

($3G. 1.9 The +ault

angle of 80 degrees.

1.7 Previous Work:

Frevious studiess of the Edmonton Group (frish,
1968, 1970 and Carrigy, 1970) have inveolved changes in
nomsEnclatuwre and redefinition of formation boundariss
(discussed in Chapter 1.3). & thorough revisw of previous
literature on the BEdmonton Grouwp is contained in tThe 1970
paper by irish.

Much of the recent work in the Drumheller area involves
the transition zone between the marine Bearpaw Formation anac
tihe continental Edmonton Group. The +iret gstalled wWork was

conducted by Shepheard and Hills (1970 who interprated the

i

L &n

5

depositional snvironment of the transition zona



fasterly prograding deltaic complex and compared it»tm a
river dominated delta such the Mississippi Delta. Rahmani
(1983%) agreed with the general depositional model that
Shepheard and Hills proposed but interpreted the stirata as
an example of a wave dominated delta (c.f. the Rhone Deltas.
In his studies of the transition zone, Rahmani (19832,
interpreted a record of fouwr shoreline transgressions
followed by barrier island progradations in the underlying
Beparpaw Formation. These events marked the final stages of
the Bearpaw marine transgression.

The sadimentoloagy of the Horseshos Canven Formation has
been examined in the subsurface near Red Deer, Alberta, by
Fahmant and bMurbowsik: (L983E) ), resulting 16 8an inroerma
division of the formation into Two units. The 1ower
fine—-grained unit was intra2preted az being deposited in a
lacustrine environment and the upper coal-bearing unit as
accumulating in & meandering fluvial syztem.

A heavy mineral analysis on Upper Cretaceous and
Faleocene sandstones in Alberta and adjacént areas of

Baskatchewan revealed a distribution of heavy minerals that

suggested a dominantly south-east flowing fluvial system
(Rahmani and Lerbekmo, 1%973).

The coal bearipg unit of Ranmani and Murkowskil (1%82)
was studied in subsuwrface and in outcrop by Waheed (19830,
who interpreted the lower Horseshoes Canvon Formation as

delta plain environment and the upper part of the formation

as representing deposition in diverse fluvial snvironments,



including those of meandering channels. The coal seams in
the Horseshoe Canyon Formation were determined to occur in
three environmentsy channel margin swamps, channel—-fill
swamps and back-barrier swamps. The general paleoflow
direction of the Horseshos Canyon was determined to be
towards the east and a western ighneous—sedimentary source of

sediments was suggested.
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The channels and the asscciated underlving, overlying
and laterally adiacent strata have been divided into sight
tfacies on the basis of lithology, sedimentary structures,
clast content and sand:shale ratios. Brief interpretations
are included with each of the facies descriptions and an
integrated facies interpretation will be presented in

Chapter 8. Fositions of the facies with respect to one

another and their integration inteo the channel environment

a whole are 1liustrated and

The coal facies comprises one laterally continuous coal
bed, 2 to 2.4 m thick, which constitutes a regional marker
(fig. 1.4}, The contact with the overlying facies is sharp
and tihe lower contact is gradational.

The coal is low grade and friapkle and contains plant
remains, small particles of ambher and large (.3 m x Jiml,
well preserved, silicified wood fragments (fig. 2.1). it is
vertically Jointed, the Jjoints striking at 060 (fig. Z.2).
Coal deposits generally form in wet, highly vegetated
areas such as on river floodplains or in coastal marshes

(Miali, 1981). EBecause of the fluvial natwe of the



Fo
i

Figure 2.1 Silicified log in coal.

Figure Z.2 Vertical jointing in coal.
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underlying and overlying sediments, the coal can be
interpreted as forming in a peoorly—drained fluvial

floodplain environment.

2.2 Facies 2: Interbedded Sand/Shale Facies

The interbedded sand)shale tacies is composed of
parallel laminated sand interbedded with shale. 7The sand
interbeds range from .20 to .75 m in thickness, wiih
individual laminae 1 em in thickness. The shale ranges +rom

s

[N

LG to L2858 m in thickness and the sand to shale ratio

approximately 4:1. The maximum thickness of this facies is

. Botn the upper and Lowar oontachts

The sand body iz wedge-shaped and contains low angles
(6 degrees), westerly dipping suwriaces that are defined by a
coating of “cu%%ee grounds" (finely comminuted plant debrisl
and by siderite staining. These suwrfaces do not truncate
any bedding planes and are themselves truncated by several
concave upwards scours at the base of the overlying =and.

Convalute laminations are present in the sands (fig.

2.31. Well rounded, grey mudclasts and coalified plant
clasts Qith assocliated amber are present in the bottom of
this facies.

This facies is present only in Channel 1.
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Figure 2.3 Conveolute laminations in the sand of

Facies 2.






Interpretation:

The presence of low angle dipping surtaces coated with
mud layers and coffee grounds could suggest deposition on
the point bar of a meandering channel.

The shale interbeds may have been deposited during
periods of lower flow and indicate that poiint bar growth
was highly discontinuous (Fuidefabregas and Van Viiet,
1978 . The convolute laminations may be due to rapid
deposition of the mud drapes resulting in an increase in
pore presswe in the sand causing ligquefaction and plastic

deformation (Collinson and Thompson, 1782).

sy

This +acies consists of .3 to &8 m thick samd

which extend aiong the entire lower boundary o+ Facies 3.
The lower contaét of this facies ie erosive and the upper
contact is gradational.

As the name implies, the major featuwre of this sand is
the presence of abundant organic debris and mudclasts. The
organic debrisg gocurs as large and fine grained coalified
wood and plant fragments {(figs. 2.4 and 2.5, The mudciasts
have two forms; small, grey spherical to ovoid claste which
range in size from .5 to | ocm and large tabular mudclasts
with lengths of wup to .20 m. The tabular mudclasts show
preserved fine iamination as well as evidences of plastic
deformatian ($ig. 2.6). These mudclasts may have bDeen

derived from Facies B.



Figuwre 2.4 Coalitied plant fragments found

in Facies 2.

Figwe 2.9 Coal clasts in Facies 3.

BT A

bt

Figuwrs Z.6 Learge taonulassr mudol

indicated by arrows,

-

Figure 2.7 Leaf impressions on bedding

surfaces of shale in Facies 4.






Due to weathering of the outcrop face, sedimentary
structures in this sand are not vigsible.

Interpretations:

This facies is interpreted as deposited during periods
of high flow due to the abundance of very coarse materials
such as mudclasts and cealified plant fragments, and the

presence of an erosional base.

This facies comprigses .3 to 1.3 m thick lenses of
Finely laminated fissile brown shale interfingering with
sand lenses which range in thickness from .2 m to 1.4 m,
Giving & sand ta shale ratio oF aspproxamately 16 L. fre
unper and lower contacts of this tacies are sharp. Contachs
between the shale and sand within the facies are siso sharp.

The lamination thickness in the shale decreases
systematically upwards from .6 cm ta .2 cm in each unit.
Finme coalified plant fragments are homogeneousiy distributed
thiroughout the shale. Yellow, rounded mudclasts are present
but not abundant.

The interfingering sand bodies have convex upward tops
and tend to pinch ocut laterally. The sand contains rounded
mudecl asts as well as abundant coalitied plant fragments. On
bedding swfaces in the shals and on the lower bedoaing
surfaces in the sand, leaf impressions occuwr singly or as
mats of leaves (figs. Z.7 and Z.8).

This facies is present only in Channel 1.



Figure 2.8 Impression of mat ot leaves
on bedding surfaces of the

zand in Facies 4.
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The interfingering brown shale and sand represents an
environment of organic rich mud accumulation. The presence
of mud indicates periods of aquiet deposition followed by
catastrophic sand deposition as indicated by the erosional
contacts between the sand and shale and the clasts present
in the =and.

The brown colouration of the shale is a result of
oyidation of iron bearing minerals and could indicate

subaerial exposuwre with periodic wetting (Allen, 1965).

2.5 Facies Sa: Cross-Bedded Sand With Low Angle Dipping

—— s e e o et e Tt e et ey v e iy e

The crose-bedded sand bodies range in thickness +rom 2
ta 4 m and have lateral extents of 49 to more tnan 84 m
Their shapes range from tabular to lenticular. Contacts with
the underlying and overlying facies are gradational.

Large scale sedimentary structures inciude trough
cross—-pedding and low angle dipping surfaces which may be
interpreted as lateral accretion surfaces. The troughs have
widths ranging from .5 to 1.8 m (fig. 2.9). Individual beds
are on the order of 2 to 3 cm in thickness and sets range
from 8 to 15 cm in thickness (fig. 2.1C). The lateral

accretion surfaces are on the scale of 7.1 to 28 m in lengih

and dip at an average angle of B degrees.



e

ol ot

Figure 2.9 Large scale trough cross-beds in
Facies Ja. DMote the truncation
of one trough by another.

{scale bar=1 m

Figure 2.10 Individual beds in trough
cross—-bedding of Channel 2.

(Dinosalr ig 19 om oin

Figure .11 A coating oy "coffes grounas”

il

deftine the bedding surfaces in

Facies 5.
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The troughs and lateral accretion surfaces are defined

by "coffee grounds” coating the bedding surfaces (§i

[ln]

2.110, as well as by siderite staining.

Ripple cross—-lamination is visible only where the
sediments are lithified and gorm hoodoos and appears to be
superimpeosed on the larger scale sedimentary structures.
Individual laminae are on the miliimetre scale in thickness
and set thicknesses are +rom 1.9 to 2.5 cm.

Iinterpretation:

The association of lateral accretion surtaces with

trough cross—bedded sand suggests deposition on a point bar

surface in a meandering channel. The large scale trough
cross-oed can e atiriouned o ohe algration of SImuouse

anive ov L owar

crasted dunes within the chanmel and are indgi

1
i

flow regime (Collipson and Thompson, 19825, Me coatings of
"coffee grounds” on the bedding swfaces may indicate

episodic deposition of fime material.

2.6 Facies 5Sb: Cross-—Bedded Sand
The primary dif+erence between the sand of this
sub—-tacies and that of Subfacies $a is the absernce of tne
prominent low angle dipping swfaces in Sb. Instead the sana
contains large scale, concave upward surfaces with coffea

rounds coating bedding surfaces (figs. 2.12 and 2.1%).
g a g g

Trough cross—-pedding is also present in this facies.



Figure 2.12 Large, concave-upward. surfaces
are present in Facies 3b. hNote
the absence of lateral accretion
surfaces. (Sand body width 1s 4.7 mi.
Figure 2.13 The lower portion of Facies 9b in

Channel 1 shows an abundance of

YootteEe grouncos’ coating this

bedding surfaces.

Figure Z.14 Rib and furrow structure preserved
in hoodoo indicates paleoflow

direction of 070.
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The overall shape of this sand body is concave
upward with & flat tep. The maximum thickness of the sand is

4.7 m and 1t has an approximate cross-—sectional width of

The abundance of coffes grounds coating the bedding
surtaces decreases upward in this faclies.

Interpretation:

Gently dipping, concave upward surfaces associated wiith
trough cross—bedding and ripple crozs-lamination can be
interpreted as resulting from dune migration with periods

ofscouring.

The 10 to 18 om finety ifaminated sand facims ars Sound

s

directiy above and within the cross—pedded sand. {he upper
contact of this-¥acies may be sharp or gradational and the
lowsr contact is gradational.

The only sedimentary structure observed is paralilel
lamination, defined by parting lineation, with laminae
thickness of approximately .5 cm (fig. 2.15).

The bedding surfaces are coated with Ycoffee grounds”
and larger coalified plant clasts.

The presence of finely laminated sand is attributed to

flows with high velocities and shallow depths and is

interpreted as upper flat-bed.
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2.8 Facies 7: Carbonacegus Shale

The carbonaceous shale is bounded by a sharp lower
contact and commonly a gradational, but occasicnally
erosive, upper contact. It has an average thickess of .2 m
but can have thicknesses up to 1.3 m.

Thisg facies consists of red, friable shale with & high
concentration of +ine coaly material and larger coalified
plant fragments. The abundance of coaly material increases
upward resulting in a darkening in colow towards the top of

this facies (fig. 2.167.

This fecies most commonly occurs directly apove the

i

P de el 4
In@n 1n

arnonacesus shale wa

o
]
1

5 Cepod

i

L gquiat

23]

environment where organic detritus was in soundant supply.
The red colouration of the sediment can be attributed to
wposuwre in a warm dry environment with pericodic wetting

(Buwrman, 19735).

This facies consists of a grev, friable shale (f1g.

2.17) with beds approdimately 1 m in thickness interbedded

with sand stringers 10 to 20 cm thick with a shale to sand

ratioc of (011, The total thickness ranges from Z.8B te Z.3

m, The sand stripgers appeared to be roughly +iat lying
{fig. 2.18) although weathering and poor accessibility

prevented detailed work on this facies.
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Figure 2.153 Finely laminated sand. hMNote the
parting lineation which is
emphasized by coalified particles

coating bedding surfaces.
Figure 2.1& Carbonaceous shale (Facies 7).

Figure Z2.17 Fipely |

Figure 2,18 Thin sand stringers present in

-

Facies 8 below Channel 3.
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The shale contains fine coalified organic matter.

Interpretation:

The grey shale represents the deposition in & guiet
enviraenment of organic rich fines. The sand stringers may
indicate a sudden influx of small guantities of coarse

sediment.
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CHAPTER 3

CROSS-SECTIONAL GEOMETRY OF THE CHANNELS

fn the following pages are risef descriptions of the
main morphological featwes of each of the channels.
Included are cross-sectional diagrams showing the locations
of the various facies as well as detailed stratigraphic
sactions corresponding to the cross-—-sections.

Faleocuwrent directions were detarminsed +or sach

chanmel  vrom of AL MENTary TG T . heogh or
o S s b i " o 4 G B g o el el g g e i b iy el gee il by
Glgs acraclon sur +tace stribkes amd ©the orisntacian © e

and rurrow structuras. Faleoourrent roses, wiith the
calculated mean +low direction are included with the channel
cross-sections.
Channel 1:

Channel 1 is & sand +filled channel with an apparent

width of 47%.4 m and a maximum sand thickness of 4.7 m. The

secticon visible in outcrop is slightly oblique to the

-

channel cross—-section. The main characteristics of thi

i
i

sand body are a concave upward base, a flat top, and large,

”

concave-upward channel—-f111 strata. The concave—upward

surfaces are emphasized by the concentration of Y“cottes

1

grounds” on the bedding surtaces. The "cotfes grounds? ars
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Sandstone ® Mudclast

= Tabular Mudclast

ﬂ Coal Clast

y “Coffee Grounds”

- Ripple X=lamination

Carbonaceous
Shale

Convolute Lamination
a Laterdl m
Accretion Surface
Trough e Concave Upward
X-bedding Surface

Paleoflow Directions:

i)  Trough Limbs-Dip dir.
ii) Lateral Accretion Surfaces-Dip dir.

iii) Rib and Furrow
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extremely abundant in the lowsr half of the sand body and
are less abundant in thne upper hal+f.

The channel truncates the laterally adiacent grey shale
(Facies B) and point bar (Facies 3) to the north. To the
south are the interfingering shales and sands of facies 4.

The channel sand is topped by a thin layer of
carbonaceous shale (Facies 7).

Faleoflow Direction:

P32~ JLIE_ T3 A.Quun-- 4F. T AN 3 - _§ X451

Faleoflow measurements derived from the dips of trough
limbs give a mean flow direction to the ESE. The rid and
+urrow structures show a flow direction of &6 degrees. The

paleoflow measuwrements obtained from the rib and furrow

sooretinon

pu
i
.
&
jot
it
i
Ni
.

structuwres a@re slightliy obligus o T

surfaces mean strike of 31 degress.



Figure 3.1 Channel 1. Scale is 1 m.
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Channel Z:

The sand body which comprises Channel Z is more
avtensive and tabular shaped than the sand body of Channel
1. Due to the incomplete nature of the cutcrop, oniy a
minimuwn sand body width of 84 m can be obtained. The
maximum sand body thickness is 4 m.

The north edge ot the channel is not well defined due
to the fact that the =zand appears to grade into shale. an
@2longate =and body occcw s above the north edge of the
channel where the sand agrades into the shale. It appears to
dip towards the north.

The north half of the channel cross—-section contains

wel il detined, low angle dipoing suWrra

tmat dip o in the

The soutn edge of the channel Contains large scale
trough croas—beﬁdingu Lateral accoretion surfaces ars not
present in the southern portion of the channel.

The carbonaceous shale, which caps each of the channels
is present below Channel 2 and has a gradational contact
with the coal. Its contact with Channel 2 is erocsional.

Falao

i+
foet

Low Directions:

The paleoflow directions determined from Channel 2 are
consistent with the values obtained +rom Channel 1, showing
a dominantiy esastward trend.

The paleocurrent measurements taken from the dip

direction of trough limbs give EBE directions whereas rib

and fuwrrow arientations indicate +tiow directions towards the



EME, Lateral accretion surfaces strike almost parallel to

flow directions obtained from the rib and fwrow structures.



Figure 2.2 Channel 2. 8cale is 1 m.
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Channel 3:

oy

Channel 3 is similar in its general shape to Chamnnel 1.
The sand body is lenticular with a width of 49 m and a
maximum thickness of 4.5 m.

The internal features of this channel sand are markedly
difterent +from those of Channel 1. The sand containe well
detined lateral accoretion swiaces. Chvious scouwr suwiacss
are also a notable +eature of this sand. Lateral accretion
surfaces are truncated by the scouring surtaces and are
averlain by sands containing lateral acoretion surtaces witn
a different orientaticn. At least 4 ppiscdes of scouwring
are evident {(sse fig. I.7).

A thick laver o+ Caroonacsous

zand at the morth end of the channel. e carnonac

zhale is also present filling concave uUpWard SCOUWS preasent

at the top of the point bar sand.

i

The dips of the trough limbs give a northeast paleoflow
direction whereas EME and east dﬁrectians ware gbtained from
the orientation of lateral accretion swiaces and ripple
cross lamination. The ripples are oriented obliguely to the
lateral acocretion strikes.

Due to the rarity of hoocdoos, where ripple structures
are preserved, only one orientation from ripple cross

lamination was obtained.
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Figure 3.3 Channel I. Scale is 1 m.
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Figure .4 Socowring events in Channel I
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GRAIN SIZE ANALYSIS

Grain size distributions are useful in the
interpretation of the hydraulic conditions under which a
sediment sample was deposited. Wnhen plotted on logarithmic
probapility paper, the size distribution of a sedimsnt
sample commonly exhibite straight line segments separated h&
discontinuities or "oreaxks®. The line segments navs Dasn
suggested to represent populations of zediment srted oy
different transport mechanisms, with the breaks occurring at
the grain size boundaries between these subpopulations
{Middleton, 1%7&).

The three mechanisms by which sediments are transported
through a fluvial system are traction, in which grains move
by rolling or sliding along the bhed, intermittent
suspension, where the grains are transported in suspension
but return freguently back to the bed, and ccntinuoﬁs
suspension. Material moved near the bed through traction is
reterred to as bed load, and material suspended in the main

flow, even for only a short period of time iz called

suspended load. Most of the bed material actually moves in

)

intermittent suspension since most sand moves under hig
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discharge conditions (Middieton, 197&6:. Eed matsrial may
move in suspension for relatively long distances and may
move as bed load for a short distance immediately prior to
depcosition. Continuously suspended fines are referred to as
viash load.

The hvdraulic regime of the channel direcitly atfecis
the concentrations and rate of mavement of bed locad and
intermittently suspended material. The abundance and rate
of movement of the fine material transported as wash load do
noat depend directly on the hvdraulics of the flow. Hecause
rivers have an almost unlimited capacity for transporting
finsag the concentration of washleoad is mainly dependant o
The rate of supplv.

The shear stress on the bad determines the

i

grain size that can be moved by traction and tne largest
particle that cén be moved by intermittent suspension. The
the breakpoint between the bedload and intermittently
suspended population represents the maximum grain size that
can be carried in suspension. From this, the bed shear
stress and shear velocity can be determined using & critical
ratio betweesn the settling velaocity of the grain and the
shear velocity. In order for suspension to occur, the

settling velocity of the grain must be less than or egual

vt
i

the shear wvelocity of the flow (Middlieton, 1%978). The
bfeakpoint represents the grain size at which the settliing

velocity and shear velocity are egual.



In order to make hydrologic interpretations from grain
size distributions, the following assumptions must be madeq
i) the grain size distribution is a result of hydraulic
sorting, ii) the grain size distribution shows no reflection
on the source (except in the case of the percentage of
washload), and iii’) little grain breakage occcuwred during
Sieving.

Methods:

To determine the grain size distribution and to
gatimate shear velocities for the channels, sand samples
fram each sand facies in Channel 1 and samples from Faciese 3

-

of channels 2 and 3 were disaggregated and grain sizes werd

asparated by dry sieving (for sisving methods, e apnoenddiv

Ay, fror sample locations see f1g. .17,
Cumulative freguency versus grain size (phi units!: wer
plotted for gach sample on logarithmic probability paper.

The resultant graphs are contained in figures 4.3 through

4.3.

Two distinct types of grain size distribution plots are
shown by figures 4.3 through 4.8. These distributions will
be reterred to as Type 1 and Type 2 (fig. 4.2) and will bhe
used to describe the samples. The Type | gistribution is
comprised of three linmne segments; a tail of coarse,
generally poorly sorted material that is transporited by

traction, a well sorted population of intermediate grain

sizes that are carried in intermittent suspension, ang a



tail of poorly sorted washload. The Type 2 distribution
lacks the coarse tail component of the Tyme 1 distribution
and consists only of the interaittently and contiuously
suspended populations.

The grain size distribgtimnswill be discussed according
to the facies from which the samples were taken.
FACIES 2 (Fig. 4.3 |

Samples 31 and 32 resemble the Type 2 distribution due
to the absence of a coarse tail, indicating that all the
sediment was transported as suspended or as intermittentiy
suspended material. The only major differencs betweesn the
samples is the greater proportion of washlioad in sample 32

b

as compared wo sample AL, in both samnles, Lthe

hetwesn ths two populations is 0% mm.

FACIES 4 (Fig. 4.4)

Sample 11, representing the sand of facies 4, shows a
Type & distribution with the breakpoint cccwing at a grain
size of .09 mm
FACIES B5b (figs. 4.3 and 4.4&)

The samples from facies 5b in Channel 1, with the
exception of sample 25, can be described as a Type &£ grain
size distribution pattern.

The curves for samples 24, 26 and 28 are similar
al though =samples 24 and 246 show a slignt kRink in the coarses
end of the curve. The breakpoint between intermittently and

cantinuously suspended icad ococuwrs at a value of .12 mm +or

all three samples.
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Sample 25 shows & distinct Type | distribution which is
evident by the pronounced coarse tail. The breakpocints for
this sample correspond to grain sizes of .29 om and . 13mm.
FACIES & (fig. 4.7):

Sample 2%, which represents the finely laminted sand,
lacks a coarse tail and is therefore classified az a Type Z

distribution. The breakpoint of .1l mm is similar to values

abtained for samples 24 and 26, thus may bhave been deposited

under similar hydraulic conditions., The presence of the kink

in the coarzse end of the curve may be anomalous.

EACIES Sa (fig. 4.8):
The grain size distribution for sample 635, from Channel
Zy oi® a Tyoe Z distribution but sgpears o cobtain s Large

proportion of codarse gsediment., UOn examination of ohe COoRmSEE
fractions 1t was found that at sizes up to 2 0, many of the
grains were actually grain aggregates held together by

siderite cement that were not fully disaggregated. This
resulted in anomalously high values for the proportions of
the coarse fractions and low estimates for the finer grain
sizes.

Sample 70 from Channel 2 shows a typical Type 2

distribution. The breakpoint between populations is

represented by a grain size of .12 mm.



£

Figure 4.1 Sample icocatiocns in Channel 1.






Figure 4,3 Grain size distribution plot
TyDes. Lime segment 1 reEnressents
material transported oy traction,
line segment 2 represents the

population transported in
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GRAIN SIZE DISTRIBUTION PLOTS

TYPE 1

TYPE 2
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Figure 4.4

Dample

2l

11

ard +rom Facie

fraom Facies 4.
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Figuwre 4.7 Sample 29 from Facies &, Channel 1.

Figure 4.8 Samples &4 from Channel 2 and

70 from Channel 3.
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Discussion of Grain Size Distribution FPlots:

From the grain size graphs, four common featuwrss were
noted: i) the poorly sorted nature of the bedioad (when
present! as compared to the intermittently suspended load,
ii) the relatively large proportion of intermittently
suspended material, 111) the large population of poorly
sorted washload and iv) the lack of a coarse tail in many
samples.

The traction population is probanly less well sorted
than the intermittently suspended napulation because in the

presence of ripples or dunes, the rate of movement of the

grains in traction is determined by the rate of migration ot

the bedforms. Thus grain =ize will havs litils

the movemsnt of the bedload as long as the flow 15 competent
to move the largest grains present (Middleton, 1977).

The intermittently suspended population is prominent in
the samples because major deposits of sand tend to form in
envircnmahts where sand can be taken into suspensicon, but i1s
deposited before it can be rapidiy removed +from the
environment. The well—-sorted nature of tnis population i1s &
raeasult of repeated suspension and deposition which 1z an
efficient hydraulic sorting mechanism.

The abundance of the suspended ponulation is more
strongly dependant on the source than on hydraulic sarting,
thus a large amount of fine material was supplied to the

channels. Determination of the depositional size

distribution is difficult because the fine sediment may have
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been modified through flocculation or organic binding befare
deposition.

The lack of a coarse taill may indicate that either the
flow was not competent to to move large grains or, more
probably, there was no supply of coarse material to comprise
the coarse tail. In the following section, the competencs
of the flow will be calculated.

FLOW CALCULATIONG:

Grain size distribution graphs vield informaticn that
can be used in determining the characteristics of the flow
in which the graing were transported.

Bediments of a given grain size will not move by
traction until 2 cortaln shear velacity U ) 13 vraEached,.

The suspension OFf grains occurs when the sh=2aer velooity 18
graater than or egual to the settling velocity of thne
grains,

The breakpeint between the material moved as traction

and intermittently suspended material in & Type 1| grain size
distribution represents the grain size at whigh the'shear

velocity (U*) is egual to the settling velocity of the grain
(W), From figure 4.7 (Blatt et al., 1980) which illustrates

the cuwrve for grain suspension, the shear velocity of the

tiow can be determined for the breakpoint grain siza.



Figure 4.9 Criteria for the initial movement
and suspension of guartz grains in

water at 20 C. (Blatt et al., 1980,
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The shear velocity of the fliow (Ux) can be rel

the average velocity of the flow by the eguation:

where T /Jg, the dimensionless Chezy ceoefficient,

dependant on the roughness of the bed. Valuess for the Chezy

coefficient, where dunes are the dominant bhedtorm

Troam 7.0 to 13E.E. in the case ot plane beds, ths

coetficient ranges from 14603 to 20,0 (Grat, 1971
The shear stress on the bed (jo) is related

B . . #* i
in the case of water wherea € = i, :L= [

gy

[

1=

=, rangaE

The majority of the grain =size plots in this study

represent Tvpe 2 distributions, thus lack a coarsse tail.

- . : : #* , . ,
e grain zize at which U = W cannot be determined but +

the coarsest grain size on the olet, a minimum value +ar

can bhbe estimated.

ated Ta



To determine the competence of ths flow, or sediment
mize that it can move on the bed, the following formula can

be used:
e
¥ -¥)d

whera 6 =

(reynolds number » L000) is spoual to .05,8; e the

R

Chield s kBeta, which, for tuwbuient flows

i
i

peEcific

B

welight of the grain,~x—is the specific weilght of the fluid

and o ie the diameter of the largest grain that can be moved

4

on the bed, For guartz grains, s is egual to g ocm
=y o -
= X’ for water is paual to 98O g oom 5 .
The valuss of U , U, joanﬂ competence are tabulated in
zind @ abl .

FESULTE LBt

The results 1n tabie 4.2 indicate that maan +1ow
vielocities in the channel systemn studied ranged from £ZE8 to
5 —i ) ; . N - )

110 cm & depending on the valus wsed for the Chesy
coefficient, and shear velocities ranging +from 3.0 to % om
k|
s .

Caloulationad values of d demonsitrate that in all cases

the flow was competent to move grain sizes much larger than

the maximum grain size present. Iin samples where a coar

il

=
tail is present, the flow was competent to transport., by
traction, grains from 3 to & times larger than the largest

grain size in the sediment sample.in the samples lacking a

I
in

coarse tail, the flow was competent to move on ths o,

grains that range +rom 4.4 to 12 times larger than the
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It

Shear velocities, average velocities,
shear stress and competence of +low

as calowlated tor the samples. RNote that

{

the cshear stresses and shear velocitiss

i

only represent minimum values for all

samples except =23, they 180k
coarss taills. The minimum and maximum

valuss glven +or average veLooity
correspond to the range in the Chezvy

coetficiasnt.



TABLE 4.1

GRAIN -

SAMPLE SIZE U cC 7/ JE u b Ds

FACIES NUMBER (mm) (cm/s) (cm/s) (em~2/5"2) {mm)
= 43 3133+ 34— —1—— 3+ 3t 41—+ E-+-4—% -+

min max min max

2 31 0.70 9.0 7.0 13X.2 &3.0 118.0 81.0 8.3

32 0.35 4.0 7.0 13.2 28.0 52.8 16.0 1.6

4 11 0.35 4.0 7.0 13.2 28.0 52.8 16.0 1.6

Sb 24 0.70 9.0 7.0 13.2 &63.0 118.8 81.0 8.3

25 0.29 3.1 7.0 13.2 21.7 40.9 9.4 0.9

26 0.70 9.0 7.0 13.2 &3.0 118.8 81.0 8.3

28 0.35 4.0 7.0 13.2 28.0 52.8 16.0 1.6

& 29 0.50 5.5 6.3 20.0 82.7 110.0 30.3 3.1

Sa ~ Channel 2 & 0.70 2.0 7.0 13.2 &3.0 118.8 81.0 8.3
Sa — Channel 3 70 0.50 5.9 7.0 38.95 72.4 30.3 3.1

13.2
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grains present in the sample. It must be noted that
although the largest sieve mesh size used was .5 % (.70 mmi,
it was evident by visual inspection that no grains
approached the calculated values for competence of the fiow.
For several samples, no grains grester than (.35 ¢ (055 mmd
werae present.

The distribution of grains that move by traction may be
affected by three limiting conditions: 1) availabiiity of
material, ii) competence of the flow and 1ii) the boundary
canditions between traction and intermittent suspension as
the dominant form of transport (Middieton, 1977).

The results of the grain size analvsis indicate that

awailability is

characteristics of the bed ioad populaetion, since 10 was
calculated that 1n every case the +low was competent to move
on the bed, grains of a much larger size than wers present.

Since grains that move by traction move more slowly
than intermittently or continuously suspended sediments, the
probability of the grain being temporarily or permanently
deposited is much gireater, thus reducing the availasbility of
the larger grain sizes transported as bed 1load.

The minimun size of the traction population is defined
by the suspension criterion thus the size distribution of

the bedlicoad i= dependant on the shear velocity of the filow.
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PETROGRAPHY
To determine the compeosition and possible provenance of
the sands, thin sections from samples of each sandstone
facies of Channel 1 and from the main channel sand [(Facies
B3y of Channels 2 and 3, were examined. The rocks were
injected with blue spoxy to enhance the visibility of
porosity and the thin sections were cut perpendicular to

o e pod ok 3 e Vo o o e o+ v o g pm mm 5ag T SO
DEdoing. Ubhsarvations WETE O MAIR WUBEILNEG A

microscope undaer plane polarized and cros
The petrograpnic compositon was determined for @ach thin
gsection by estihating the percentage of each constitusnt in
four randomly chosen fields of view and calculating the
average (Table 5.1). The slides were reexamined in random

sagquence several days later and estimated percentages +ell

within 127 of previous estimates.

The major components of the sandstones are quartz,
plagioclase feldspar, potassium feldepar, rock fragments and
minor biotite, muscovite, sillimanite and iron oxides. The
minerals are contained in a clay matrix with minor calcocite

cemant. No visible porosity is present in the samples.
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The rocks were classified by plotting modal percentaces
on & percent guartz vs percent feldspar vs percent rock
fragments ternary diagram after Follk (1968). The resulting
data plotted within the Lithic Arkose and Feldspathic

litharenite claseifications (fig. S.10.



[

Table H.1 Estimated modal composition

of thin sections {(X).



TABLE 5.1 ESTIMATED PETROGRAPHIC COMPOSITION

CONSTITUENT & 15 16 29 33 42 &4 70
o QUARTZ ——;5; ——;B; ——;ég 207 20; 15% 20% 207
PLAGIOCLASE 15% 10%Z 15% 10% S7 15% 5% 12%
ORTHOCLASE 10% 9% 10% 1074 10%4 8% 1074 10%Z
ROCK FRAGMENTS 15% 25% 15% 25% 20% 20% 2074 15%
OPARUES 27 3% 1% —_ 27 2% 1% 1%
CARBONATE 7% 3% 10% - trace SZ | 15% 8%
OTHER 1% - 1% 2% 2% - - 2%
MATRIX 30% 34% 234 3374 417 35% 29% 324

Q 33% 337 387 314 3&6% 26% 36&6% 35%4

F 4 % 23% 8% 314 28% 40% 28% 8%

RF 25% 427 247% 8% 3&% 347 367 27%



Figure 5.1 Classification of sandstons

samples. (After Folk, 1968
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The aquartz present in the thin sections consisted of
ooorly sorted sub-angular to sub-rounded grains.  The grains
commanly show dust-like inclusions and often contain
inclusions of towmaline.

The auarts grains were classitied into four categories
atter Basu et al (1273, These are 1) moneoocrvetaliins
grains, ii) polycrystalline with two to three crystals per
grain, 1iil) polycorystaelline with more than three crvstal oer
grain and iv) monocrystalline grains that sxhibit undulatory
extinctian. The number of crvstal units within a

polycrystalline grain hes been reported to be related to the

source rock, brains macose o of

e -

Tharn b

are thought to have a plutonic souwrcs wheress those grains
containing greater than three crvetals are belisved to nave
been derived from a metamorphic sowce.

The provermance of the guartz grains from the channels
fall within the low and medium to high rank metamorphic

source categories, with most classified as having a low rank

metamorphic souwrce (see fig 3.2).



i

Table 5.2 Abundance of quartz types (L.



TABLE 5.2 TYPES OF QUARTZ

CONSTITUENT é 15 146 29 33 42 &4 70

NON-UNDULATORY 507 40% 3I5% 304 407 40% 35% S0%
UNDULATORY S0Z%Z &0% D% 70% &0% &60%Z &5% S0%
POLYCRYSTALLINE (2-~3) 15% 10%4 15% 10% 10% 15% 10% 20%

POLYCRYSTALLINE (>3) 074 3% 5% 1% 04 30%L 0% =y 4



o
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Figwe 5.2 PFlot relating tvypes of gquarts
ta provenance of source rocks.

{After Hasu et al., 1979)



Polycrystalline quartz
(2—3 crystal units per grain; 275%
of total poiycrystalline quartz)

Non-
undulatory Undulc:ory
quartz quartz

Polycrystalline quartz

(>3 crystal units per grain; >25%
of total polycrystalline quartz)



The plagionclase feldspars are mainly subangular., and

T

appear to be more angular than the guartz grains. Some o
the plagioclase feldspars show evidence of alteration to
sericite, although the most common form of alteration of the
feldspar is the replacement by calcite. The calicite
replacement tends to begin along the grain sdges as well as
along twin planes and the calcite commonly shows an anhediral
morphology.

Feplacement of the feldspars by calcite was cbserved in

all thin sections except section 2% (Facies &) and sampls 33

(Facies Z2J.

ERAITES

Carisbad twinming is commoan in Lhe Sotassium FRL0S0ars
in the thin sections observed., The feldspars are

predominantly subangular and in some cases the tabular
nature of crystals is partially preserved. The HE-feldepars

show extensive seriticization.

Three types of rock fagments were cobserved in the thin
sections: chert fragments, wvolcanic rock firagments and
lithic rock fragments. These types were not differentiated
gduring the estimation of modal percentages.

The cryptocrystalline chert occurs predominantly as

subrounded to round rock fragments, although some fragments



are distinctly angular. {ron-oxide staining is present on
the perimeter of some of the grains.

The volcanic rock fragments are also subrounded to
rounded and are composed of +ine feldspar laths in a glassy
groundmass.

Fine grained mudrock containing guartz and chert
comprise the lithic rock +fragmentz. These +fragments are
well rounded and can be recognized by their brownish colour
in plane polarized light.

Rock +fragments are abundant in all samples.

SAroessory minerals lnciude m

S nLoniTe whoilh

CcCoUr in ainor guantites wrappsd arcund the other minsral
grains, and an opaque mineral iprobably an iron oxidel.

Tourmaline is present as inclusions in quartz.

As mentioned previously calcite ococwrs repacing
detrital plagioclase grains and as an interstital cement. .
The amount of calcite in the thin sections doss not exceed

s

15% and is absent in samples 29 and 33X,



]

The consituents of the matrix are difficult to
determine due to i1ts fine grained nature but it appears to
be composed of clay or mud. It is not known whether the
majority of the fine grained material represents detrital or
authigenic minerale.

The sarly cementation by calcite may have reduced tne
initial porosity to zero, thus preventing the dévelmpment of
authigenic clavs 1In pore spaces.

The shape of the channels tend to favow Schumm’'s
classification of suspended load channels, thus the matrix

may consist of mostly detrital material.



Figure 5.3 Bample from Facies 3, Channel 3.

Mote the subamgular guartz grain

1Y

and well—-rounded rock fragmenis.

{(Crossed palars, field of view =.4mm)

Figure 3.4 Sample from Faciegs S5,Channel 1.
Mote replacement of K-telospar
by calcite. (Crossed polars,

field of view =.,4mm)
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Figure 5.3

Figure 5.6

Sample from Facies 5, Channel 1.
Flagioclase is being replaced
by calcite. NMNote relict albite

twinning in the calcite.

Crossed polars, field of view = .1

Sample from Facies X, Channel L.
NMote well rounded guartz grain.
{(Double exposwe, Crossed polars,

field of view=.4mm).






CHAPTER &

o o e St e

Empirical relationships between channel morphology and
tlow characteristics for meandering fluvial svstems have
been develaoped by geomorphologists {(Leopcld and kWolman,
1960, Schumm, 196%,1972) from measurementé of modern rivers.,
These relationships can be applied to the ancient channels
im Dyrumheller to predict flow characteristics ana
paleomorphol ogy.

The channel parameters required are bankfull stresam
width (W), bankfull stream depth (D), percent silt-clay in
channel bank (8h) and percent silt-clay in channel bed 5o,
These parmeters are related by regression equations to
channel sinuosity ((P), meander wavelength (L), meander
radius (R), slope (5) and mean annual discharge (Em).

Two methods of calculating the fliow and morphologic
characteristics of ancient channels using W, D, 3b and Sc
are summarized by Ethridge and Schumm (1978).

The first method involves the use of a1l four
variables. Bc and 8b are used to +ind the percentage of
silt clay in the channel perimeter (M), which reflects the

type of load through the channels. Sh and 5S¢ are difficult
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to determine in paleochannels because distinctions must be
made betwegn detrital and diagenetic clay minerals, which
requires thin section petrography and scanmning electron
microscopy. These difficulties can be overcome by the use
of equaticons developed by Schumm (1972), which relate M ta
the width—-depth ratio, reqguiring that only W and I be known.

Method two of Ethridge and Schumm {(1978) is based on this

relationship.

The second method of Ethridoge and Schumm {(1978) was
found to be best suited for the estimation of the

mornhologiload and flow Charscteristias or Lhs ohannsls

studiesd,. Thae edceilent and almost conitinuous @xdposuwrss and
the presence of several well defined latsral accretion
swfaces in Channels 2 and 3 facilitate the measwrema2nt of
channel width and deoth.

Method one was used to provide a comparison of the
results obtained by Method 2. The percentage of silt clay
in the channel bed was estimated from examination of thin
sections (Chapter S). The resultant values were Z9% for
Channels 1 and 2 and 32% for Channel 3. Diagenetic clays
could not be distinguished from detrital clays in thin
section, thus the above estimates may be too high. The
sgilt-clay content of the channel bank could not be
determined but was assumed to be 100% (Nwajide and Hogue,

19843,



The relationships for determining palechvdradlics were
developed from modern streams in semi-arid environments.
Although the presence of extensive coal seams in the study
area indicates a humid environment, the eqguations may still
pDe applicable because the abundance of vegetation and
absence of grasses in the Upper Oretaceous create a
hydrologic regime similiar to that of present day semi-—arid

environments (Schumm, 1968).

The width of & paleochannel (W) can be determined using
the norizontdl width of the point bar (N*). Foint bars ara
estimated to extend two-thirds of the way across the width -
of the channel (Allen, 1268), thus the channel width camn be

calculated by the following formulas

The true widths of the lateral accretion surfaces in the
study area cannot be measured directly from the outcrops due
to the orientation of the outcrop face with respect to the
actual channel cross section. I¥f the strike of the outcrop
face is not perpendicualr to the palecoflow direction., then
the width measuwred will be greater than the actual point bar

width.
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The following relationsnip was used to determine the

true point bar width:

*
5] = ¥ oCcDs & (2
app

Wi & wagp ig the apparent tnicknessz measured from the

outcrop and 9 is the angle between the strike of the channesl

il

cross section (perpendicular te the paleseflow dirsction) and

the strike of the outcrop face.

i

iC)

hanne

i

Dapths

The palecdepth of the channels can alzo be determined

using the point bar, by measuwring the vertical thickness of

u

the lateral accoretion wunit {(Allen., 17&65).

In oprder to sstimate the desth, two

iNTO accounty diffeErences in Danikfull
straignht reaches and meancer bends, and compaction resulting
trom the conversion of sand to sandstons after burial.

The Dankfull depth measuwrements us=2d in the development

raight

ri

of the regression equations were taken from the s
reaches of modern rivers. in meandering systems the depth

of the channel in the straight reaches is considerably less
thamn at the meander bend. Measurements from Channels 2 andg

I were taken from lateral accretion surfaces which occur at

the meander bend, thus a correction factor must be applied.

nona

.

The ratio between straignt and meandering pankfull de;

T
rt

il

nean shaown to be O.385.

To account for the reduction in thickness of the sand

3
0
n
Q2
i
i
=
0.
0
r*
3
a
il
.
X
H

pody dus to the conversion of sa



thickness of the point bar sandstone must be divided by .9
{(Chilingarian gt al, 1973).
lising the above correction factors the depth of

I3

Channels 2 and 3 can be estimated by:

o

Bankfull Chamnel Depth (D) = 0,385/0.9 D*

Channel 1 is considered separately since it lacks lateral
accretion surfaces. The width of this channel is taken to
be the width of the entire sand body and the depth (D ) as
the maximum thickness of the sand body after the correction
for compaction has been made.

For Channel L:

Wo= W (&)

* . -
D /0.9 (52

o
it

it should be noted that for Channel 1, corrections for the
orientation of the outcrop must also be performed.

The percentage of silt-clay in the channel perimeter
(M}, upon which Method | is based, is related to Sb, 5o, W

and D by the eguation:

M= [{(Sc &« W+(8Bb x DI / (W + 20 (Schumm, 1260) (&)



The width—-depth ratio

comparing W and D

T
i
;
]
=

3 W/D

#

(F) is obtai

METHOD 1

METHOD 2

iod

.t

ned by using M or by

(Bechumm, 1960) (7))

Sinuwosity can be calculated by the relationship:

Ll
n oot

94 M

.5 F 7°

The mean annuel discharge

METHOD 1

METHOD 2

{(Cim) is also

naramaters F and W according to:

S

fim S LR

- R 2 .

Lin = W Soidd
Mesander wavelengtih (L)

1890 am" -2

-
il

=

L= 18 (F"" 7%

can be

s 74

0. b,
X b?)

P THOD ]

METHUD &

estimated

METHOD 1

METHOD 2

The percentage of total load as bediocad

By the squation:

Bd = 8% / M

(Schumm, 1943)

(Schumm, 19463)

daetermined using the

For

ey [ A R
{(Sohumm P R T U |

LF7EY CLED

(Gonumm,

by the sguation:

(Bchumm, 1968) (173

{(Schumm, 1978 (14

(Bd) is calculated

{Bchumm, L19&3) (173



It is important to note that the above sguations are valid

for imperial units only.

The measured values of W and D for each of the channels
are listed in Tabie 6.1. The results of the palechydraulic
calculations for both Method 1 arnd Method 2 of Ethridge and
Schumm (1978) are found in Table &.2.

The values for percentage silt—clay in channel
parimeter, pnercentage of total load azs bedliecad, calculated
frrom Method 1, width-depth ratio, and sinuousity for botnh

Mehtod | and 2 lie within Schumm’'s classification for

Suspended l.oad Channels {(fig. &.1). The difference in
values betweesn Method 1 and Method 2 omay e gus ©o ohis

ovar—-estimation of the value for M, errors in the
measurement of channel width and depth, or to imperfections
in the formulae.

Sinuosities calculated for all thres channels are
greater than the value of 1.7 that defines the lower
boundary of the highly sinuous and meandering classification

{(Reineck and Singh, 1%80).



Table 6.1 Determined width and depth

values for the channels.



TABLE 6.

1

STRIKE OF

STRIKE LATERAL

oF ACCRETION
DUTCROP SURFACE THETA Wapp

CHANNEL (deg) (deg) (deqg) (m)

CHANNEL 1 144 81 27 48.9
CHANNEL 2 145 &7 11 26.2
CHANNEL. 3 124 80 446 10.2

W W W D* D D
{m) (m) (£t) (m) (m) (f£t)
3.6 43.6  143.0 4.7 5.2 17.1
25.7 38.6 126.6 4.0 4.4 14.4

7.1 ?.5 31.2 4.6 5.0 16.4



Table 6.2 Hesults of palechydraulic

calculations for Methods

1 and 2 of Ethridge and Schumm

(1978).



TABLE &.2
Gm L

CHANNEL Sb Sc M F P (m~3/s) ($#t73/s) (m) (ft)
CHANNEL 1 METHOD 1 100%Z 29% 42.7% 4.42 2.0 46.7 1650.5 444.46 1458.4
METHOD 2 B.40 2.4 24.5 865.0 120.2 394.4
CHANNEL. 2 METHOD 1 100% 29% 42, 3% 4.47 2.0 33.8 1193.35 401.0 1315.5
METHOD 2 8.70 2.4 17.7 623. 4 487.4 159%9.0
CHANNEL 3 METHOD 1 100% 32% &7.0% 2.70 2.9 1.3 47.0 ?5.0 311.7
METHOD 2 1.90 2.7 3.2 113.2 82.3 270.0
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The predicted high sinuosity and meandering nature of
the channels is supported by the sand body gesomstry. The
channel sands studied are relatively marrow and isclated and
aie bounded to the sides by abundant siltstones and
mudetones. Highly sinucus fluvial systems. are bounded and
confined by ciay plugs deposited in abandoned meander loops
and the back swamp area. The plugs prevent the channel from
sweeping across the flood plain and the sand body formed is
narrow and =longate. In these systems mudstones tend to be

more abundant than sandstones (Walker and Cant, 19&84).



Tahle 6.3 HBehunmm's Classification of
Stable Alluvial Channels

(Schumm, 19&68).



Sediment Load

Channel Sediment
(Percentage of Silt and Clay
in Channel Perimeter)

Bedload
(Percent of Total Load)

Type of River

Suspended load
and
dissolved load

Mixed load

Bed load

>20

5t0 20

<5

<3

3to 11

>11

Suspended-load channel;
width-depth ratio <10;
sinuosity >2.0; gradient
relatively gentle.

Mixed-load channel; width-
depth ratio >10, <40;
sinuosity <2.0, >1.3;
gradient moderate; can

be braided.

Bedload channel; width-depth
ratio >40; sinuosity <1.3;
gradient relatively steep;

can be braided.




PALECORECONSTRUCTION:

The positions of the outcrops of Channels 2 and 2
suggest that they were probably part of the same channel.

A attemnt at reconstructing the chamnnel morphology was
predominantly based on the positions of the outcrops in plan
view and the orientation of lateral accretion swfaces and
was pertormed as a comparison for the calcuiated values of
meander wavelength and sinuocusiitv. An asrial view of the
autorops and corresponding paleoreconstruction are i1ncluded

-

in figs. é.1 and &.8..

iMe paleEQreconsTrldcoTl on af

oy

Chamnesls £ and 3 indicates a neandsr wavelsngth ot

The measwred value of sinueosity is desdvined as the matio

netween the down-river length and the down—-val

-

In this case, the down—-river lencth is meEasured
giwving a sinuosity of 1.4, The meandsr wavelencth measured
from the reconstructed version of the channels gives valuess

similar to those calculated +or Chamnsl 2 but much higher

tharm thoeose calculated for Channel 3. The measured values

o
%

sinuosity are significantliy lower than the calculated
values.

The differences between calculated and reconstructed
valuas +or meander wavelength and sinuosity may be due o an
incorrect reconstruction o+ this portion of the meander

pelit. Alternatively, differences may be dus to the fact
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that the portion of the meander belt studied may not be
typical of the entire stream. It is common for the size and
shape of meanders within a meander belt to vary along the

length of the stream.



Figure &.1

Figure &.2

Faleorecostruction of the

Channel .

ferial view of outcrop

positions.
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INTERPRETATIONS AND DISCUSSION

The purpose of this chapter is to integrate the
separate facies interpretations into a model for the
meandering channel deposits observed in the Drumhellier area.

A possible model to explain the zand fiiling of Channel

{ will be proposed, following the facies interpretations.

M

e
il

The strata of the Horseshoe Uanyon Formatiosn dam
in this study were deposited by a high sinuasity, meangering
fluvial system.l

The coal which was deposited priocr to the fluvial
system studied here, existed as peat during the channeling
and provided a resistant mat which prévented erosion of the
underlying strata by the channels.

Thick, laterally continuous coal seams, such as the
seam present in the study area, indicate deposition in a
waim, humid environment, peossibly that of a flood basin
SWAMD . To prevent decomposition of the peat, the water
level must be high enough to keep the peat submerged, but
low enough so that peat forming vegetation is not drowned.

These conditions are met when the rate of peat formation is
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eqgual to the rate of subsidence (Stach et al., (973).
Frotection from eroding currents and clastic input is
required for the preservation of the peat, and in the flood
basin swamp environment of & channel system, this protection
is afforded by the river levees.

The amount of time reqguired for the accumulation of
enough peat to form the 2 m thickness of coal observed in
the study area can be calculated. Subtropical peats tend to

accumul ate at a rate of 1 mm per vear, and it takes 1 m of

‘r

peat to vield .2 m of bituminous coal (8tach =t al., 1973,
thus the coal seam in the study area would regquire 10 m of
peat. Using the estimated accumulation rate, the deposition
of Facies I wowuld bhave teken 10,000 vears.

The deposition of peat may have ended dus to a iocal
change in conditions, resulting in a less humid environment.
The presence of the carbonaceous shale, which lies above the
coal in Channels 2 and 3, indicates drier conditions and
subaerial exposure, which may have occurred as the channel
supplving the flood basin migrated farther away.

The active channel deposits of meandering streams
overlie, but do not erode into the coals. The three
assoclated deposits which represent the active channel +1il1
are; a channel lag, cross bedded sand with lateral accretion
surtaces, and parallel laminated sand.

Lag deposits are present on the channel fleoor and

consist of large clasts which can only move duwring peak

flood periods (Walker and Cant, 1984). The clasts
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comprising the lag deposits of the channels studied are
tabular and rounded mudcelasts and coal clasts.

The tabular mudclasts may represent partially
consolidated material eroded from the channel wall. They
may have escaped reworking by being deposited below the
level of the stream thalweg (Collinson and Thompson, 158,
o by being preserved by rapid burial. Thin, fleat mudcliasts
with preserved internal laminae and evidence of plastic
deformation have been attributed to ereosion of partially
dried, compacted mud that was deposited during a pericd of
low flow (Williams, 19646). The rounded smudclasts may have
beaen derived from the same source as the tabular mudclasts -

wee =mall o enough o andsrogo Dransport. i

the coal clastes reoresent rioped wp omaterial Feom e o

s

which existed as peat duwring the time of chann

i
—
i
=
€1
=
i
"3

waterlogged plaﬁt remains which sank to the chann=l bottom.
The trough cross bedding and lateral acoretion surfaces
are characteristic of depostion on the point bar in a
meandering fluvial system. The accretion surfaces form by
lateral and downstream migration of the point bar in tha
stream {(Allen, 1965). The erosional lower contact which is
found below the lag deposit is created in the thalweg of the
channel, and as the channel migrates the erosion suwrface 1s
overlain by peoint bar deposits (Elliot, 1775, Lateral

accrretion may have been episodic as indicated by the

preservation of sufaces by drapings of "coffee grounds®.
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Sinuous crested dunes, which are presetrved in the form
of trough cross bedding, are a bedform typically found on
the channel floor. Large scale trough cross—beds have been
reported from the lower point bar by Allen (1970). The
passing of trough cross bedded sand into ripple cross
laminated sand is commonly found in point bar sands. This
was not observed, which may have been due to the poor
preservation of ripple cross—-lamination.

The parallel laminated sand {(Facies &) is always
present on the top and sometimes withnin the lateral
accretion deposits. Favourable conditions for the formation

of parallel lamination can occur both high and low on the

ooint bar (Walker and Canv, 1%E<4). Gy bhe doper ool Dar,
+lat bedding with parting lineation may occcur where
increasing flow velocities result from large quantitites of
water being ¥or&ed into confined space (8mith, 1971).

The interfingering brown shale and sand is laterally
adjacent to Channel 1 and ig interpreted as the proximal
overbank deposits of a meandering river. The shales,
representing levee deposits, were emplaced along the channel
pnanks when flood waters deposited their sediment locad on
channel banks.

The interfingering sands are interpreted as crevasse
splay deposits which are deposited when the lsvee is

catastrophically breached duwring +flooding., Splay deposits

are noted to be similar in grade to channel deposits. The

grain size distribution plots (Chapter 4) from this facies



indicate similar grain size distributions for the splay
deposits as compared to the channel fill deposits.

The thickness of the crevasse splay deposits indicate
that depostion occuwred during large flood events. These
large +tloods may have caused major scouring within the
channel amd may account for the fact that there apoears to
e two major events of sand depostion in Channel 1. The
lower part of the channel contains a high concentration of
"coffee grounds” on the bedding swfaces. An abrupt
decrease in the abundance of coffee grounds occuwrs in the
uppear half of the channel sand.

The carbonaceous shales occuwrring at the top of the
channel sands are interoreted as wvertical acoretion
deposits, which wers snplaced atter the channel was
abandoned., These deposits were subjected to subaesrial
expasure as indicated by their reddish colouwr. The fine
girained nature indicates that deposition occurred far from
the active channel in an area where stagnant flood waters
deposited mud.

The truncation of deposits of Facies 2 and Facies 8 by
the channels indicate that the deposition of these units
oc&urred prior to the channeling event studied.

Facies B8 is interpreted as distal overbank deposits and
ig characterized by the small sand to shale ratio.

Fécies 2 appears to represent the point bar deposit of

a previous channeling event, since it erosively overlies
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Facies 8 and shows scoured contacts with the overlving
channel sands.

The deposits of the channels can be compared to the
Meandering River Facies Bequence of Allen (1970), which
consists of a channel lag, overlain by cross bedded sands
containing ripples and parallel lamination. Above the sands
are vertical acocretion deposits consisting of fines which
ware introduced during the flood stage, aftter the channel
had migrated laterally. At least one of the channegls
studied deviates from Allen’'s model by containing only a
vary thin segquence of vertical accoretion deposits. Channel
1 appears to be filled to the top with sand. The sand
fiiling of a chamnel wili ne discussed on tne following

DALES.

o e i e i e e S o S e e e s e S e P

The sand filling of channels is common in the case of
braided channel systemz. The sand body geometry and
paleohydraulic calcuations suggest a meandering morphology
for the channels studied, therefore a mechanism for the sand
filling of a meandering channel must be proposed.

Channel 1 is the only channel that clearly shows a sand
fill to the top of the channel. Since a portion of the
outcrop of Channel 2 has bheen eroded away, it is not known
i¥ this channel is also filled to the top with sand.

Channel 7 shows abundant scouwring of the upper surface of

the sand but also has thick deposits of fines present at the
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top of the channel. Only Chamnel | will be considered when
discussing sand filled chamnnels.

It is assumed that the channel was filled to the top
with sand, and not filled by fines followed by removal of
the top of the channel by erosion. This assumption is made
due to the lack of evidence of truncation of large scale
sedimentary structures by the top of the chamnel.

Frogressive abandonment of & meandering channel is a
machanism by which the channel is filled primarily with bed
load sediment followed by a relatively thin sequence of
overbank fines.

In order to maintain the flow conditions that alliow the
transpoart and deposition of sand within a channel Curing
abandomment, the channsel must be abandoned gradusliy and
deptn must decrease by aggradation as discharge decroasas.

The graduai abandonment of a meander loop can occur DV
chute cutoff, where a stream shortens its meander loop by
cutting a new channel along an old swale. Because of the
small angular difference between the two channels, the
stream continues to flow through the old channel until the
ands are plugged by the depositon of bed load (Allen, 19637.
Bed load sediments usually form the main fill of a
progressively abandoned channel (Allen, 1%463). The channel
is then filled to the top with overbank fines.

The absence of any appreciable fine sediment may be due
to the erosion of fines during the recccupation of the old

channel at peak flood periods. During high flow periods the
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abandoned loop may be recccupled, removing the previously
deposited fines and depositing sand. A series of
reoccupation events could result in the removal of fines and
the complete sand filling of the channel. The parallel
laminated sand may represent a final flood which deposited
gand in a shallow stream. A thin - layer of vertical
accretion deposits was then deposited by overbank flows +from
the new channel.

Sand—-filled meandering channels are not well documented
in the geological literature. Fishk (193%5) described sand
filled channels in the pre— modern Mississippi Delta system

and suggested that the filling occured as a result of

giradual deorease i Flow. I R
A gradual decorssse in flow could resalt from the craatilon
and aenlargement ot a new tavoured channel.

Hopkins (1@85) described a "U" shaped channel with a
symmetrical concave fill of uniform medium sandstone in the
Lower kootenai Formation (Cretaceous). The channels and
other surrounding channels are interpreted as suspended
load, deltaic distributary channels that formed by avulsion.

The symmetrical concave +ill of the channel is
attributed to the incremental filling of the channel as a
result of a gradual decrease in mean discharge. The
progressive abandonment of the distributary is sugested Lo
be a result of the diversion of flow to a different

distributary.
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It is concluded that the sand filled channel in the
Horseshae Canvon Formation of Drumbeller is the result of

progressive abandonment of a meander loop by chute cutoff.



Conclusions:

iJ Channels in the Upper Horseshog Canvon Formation of
Drumheller, Alberta are interpreted as highly sinuous,
suspended load, meandering channels.

ii) The channel sand bodies contain a channel lag overlain
by lateral accretion deposits or concave upward suwrfaces,
with trough cross—bedding, ripple cross-lamination and
parallel laminated sand. The associated deposits are
interpreted as levee, crevasse splay and distal overbank
depaosits.

iii) Faleoflow directions were gensrally towards the =ast.

iv) The sandstones fall within the Lithic Arkose and

i
i

=1

“+

Faelaspathic lLitharenite ol as imations of Foik (19680 .

i
i

v The lack of coarse sediments within ths channels is
dependant on availibility and not the competence of the
fiow.

vi) Channel 1 filled with sand due to gradual abandonment
by chute cutoff. The complete Ffilling with sand may be
attributed to episcodes of flooding, resulting in the
recccupation af the channel, removal of previously deposited

fines and the deﬁmsiticn of sand.
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APPENDIX A

GRAIN SIZE ANALYSIS SIEVING METHOD

(1} Rock samples of approaximately 10 grams were welghed
prior to disaggregation.

(2) The samples were noted to be weakly cemented by
carbonate and were disaggregated using a 24 HC1 soclution.

{33 In order to detlocculate the clay sized +raction,
500 mls of distilled water and approximately 3 gms of Calgon
were added to sach zamola.

(47 Tne sampies were wasned using distilied water
thirough a 40 sieve to remove the fine fraction. fAttenpts
were made to reéain the +tines by filtering the water through
a fine filter but the abundance of fines clogged the $iliters
almost immediately and made filtering impossible.

(5 The dried sand samples were weighed.

(&) Each sample was dry sieved using a half phi sice
difference heween sieves. The sieving was performed using a
mechanical sieve shaker.

{7) Each fraction was carefully removed from the sisves

and weighed.
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