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Grain size distributions are useful in the 

interpretation of the hydraulic conditions under which a 

sediment sample was deposited. When plotted on logarithmic 

probability paper, the size distribution of a sediment 

sample commonly exhibits straight line segments separated dy 

The line seqmen~E nave been 

suggested to represent oopulat1ons of sediment sorted by 

different transport mechanisms, with the breaks occurring at 

the grain size boundaries between these subpopulations 

<Middleton, 1976). 

The three mechanisms by which sediments are transported 

through a fluvial system are traction, in which grains move 

by rolling or sliding along the bed, intermittent 

suspension, where the grains are transported in suspension 

but return frequently back to the bed, and continuous 

SLtspensi on. Material moved near the bed through traction is 

referred to as bed load, and material suspended in the main 

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

suspended load. Most of the bed material actually moves in 

intermittent suspension since most sand moves under high 
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discharge conditions <Middleton, 1976). Bed material may 

move in suspension for relatively long distances and may 

move as bed load for a short distance immediately prior to 

deposition. 

wash load. 

Continuously suspended fines are referred to as 

The hydraulic regime of the channel directlv affects 

the concentrations and rate of movement of bed load and 

intermittently suspended material. The abundance and rate 

of movement of the fine material transported as wash load do 

not depend directly on the hydraulics of the flow. Because 

rivers have an almost unlimited capacity for transporting 

fines, the concentration of washload is mainly dependant o~ 

the rate of supo1y. 

The shear stress on the bed determines the iarqest 

grain size that can be moved by traction and tne largest 

particle that can 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 a critical 

ratio between the settling velocity of the grain and the 

shear velocity. In order for suspension to occur, the 

settling velocity of the grain must be less than or equal to 

the shear velocity of the flow <Middleton, 1976). The 

breakpoint represents the grain size at which the settling 

velocity and shear velocity are equal. 
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In order to make hydrologic interpretations from grain 

size distributions, the following assumptions must be made; 

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 occurred during 

sieving. 

~~~bQQ§: 

To determine the grain size distribution and to 

estimate shear velocities for the channels, sand samples 

from each sand facies in Channel 1 and samples from Facies 5 

of channels 2 and 3 were disaggregated and grain sizes wer~ 

separated by dry sieving (fer s1eving me~hods, ~ee Ap~enc1x 

A, for sample locations see fig. 4.ll. 

Cumulative frequency versus grain size (phi units) were 

plotted for each sample on logarithmic probability paper. 

The resultant graphs are contained in figures 4.3 through 

4.8. 

B~aY!~a ~nQ Q!aSYaa!gn: 

Two distinct types of grain size distribution plots are 

shown by figures 4.3 through 4.8. These distributions will 

be referred to as Type 1 and Type 2 (fig. 4.2) and will be 

used to describe the samples. The Type 1 distribution is 

comprised of three line segments; a tail of coarse, 

generally poorly sorted material that is transported by 

traction, a well sorted population of intermediate grain 

sizes that are carried in intermittent suspension, and a 



42 

tail of poorly sorted washload. The Type 2 distribution 

lacks the coarse tail component of the Type 1 distribution 

and consists only of the intermittently and contiuously 

suspended populations. 

The grain size distributicnswill be discussed according 

to the facies from which the samples were taken. 

EBGl~§ ~ <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 intermittently 

suspended material. The only major difference between the 

samples is the greater proportion of washload in sample 32 

as compared to sample 31. In botn samoles, tne c~ea~poin~ 

between tne two populations is .09 mm. 

FACIES 4 (fi • 4.4) ------ - g 

Sample 11, representing the sand of facies 4, shows a 

Type 2 distribution with the breakpoint occuring at a grain 

size of .09 mm 

E6~1~§ §Q (figs. 4.5 and 4.6) 

The samples from facies 5b in Channel 1, with the 

exception of sample 25, can be described as a fype 2 grain 

size distribution pattern. 

The curves for samples 24, 26 and 28 are similar 

although samples 24 and 26 show a slight kink in the coarse 

end of the curve. The breakpoint between intermittently and 

continuously suspended load occurs at a value of .12 mm for 

all three samples. 



Sample 25 shows a distinct ·rype 1 distribution which is 

evident by the pronounced coarse tail. The breakpoints fer 

this sample correspond to grain sizes of .29 mm and .15mm. 

E6Ql~§ ~ <fig. 4.7>: 

Sample 29, which represents the finely Iaminted sand, 

1 ac:ks a coarse tai 1 and is there'f~ore cl asE,i + i ed as a ·rype 2 

di stl'"i buti on. The breakpoint of .11 mm is similar to values 

obtained for samples 24 and 26, thus may have been deposited 

under similar hydraulic conditions. The presence cf the kink 

in the coarse end of the curve may be anomalous. 

EB~lg§ §~ (fig. 4.8>: 

The grain size distribution for sample 65, from Chann~l 

L, is a fype 2 distribution bu~ appears to con~~in a large 

proport1on c+ coarse sediment. On examination of ~he coarse 

fractions it was found that at sizes up to 2 o, 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 3 shows a typical Type 2 

distribution. The breakpoint between populations is 

represented by a grain size of .12 mm. 



Figure 4.1 Sample locations in Channel l. 





Fi gi..tre 4 . 2 Grain size distribution plot 

t y pes. Line segment 1 rep resents 

mater i al transported by tr action ~ 

l ine segment 2 rep re s ents t h e 

populat ion transported i n 

1n t er mi tt e nt su ~oe0 s ian ·- ···· - .; 
:.;::. ! !"· .. ..! 

repres e n ts wa s h l o ad materi a l. 
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Figure 4.3 Samples 31 and 32 from Facies 2. 

Figure 4.4 Sample 11 from Facies 4. 
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F i gure 4.5 Samp les 24 and 25 +rom Facies 5b, 

Channel 1. 

Figure 4.6 Samples 26 and 28 from Fac ies ~c, 

Ch an nel 1 . 
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Figure 4.7 Sample 29 from Facies 6, Channel 1. 

Figure 4.8 Samples 64 from Channel 2 and 

70 frbm Channel 3. 
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From the grain size graphs, four common features were 

noted: i) the poorly sorted nature of the bedload (when 

present) as compared to the intermittently suspended load, 

ii) the relatively large proportion of intermittently 

suspended material, iii) the larg~ population of poorly 

sorted washload and iv) the lack of a coarse ~ail 1n many 

samples. 

The traction population is probablv less well sorted 

than the intermittently suspended population because in the 

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

grains in traction is determined by the rate of migration df 

the bedforms. Thus grain size will have little ef~ac~ an 

the movement of the bedload as long as the flo~ is compa~e~t 

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 

environments where sand can be taken into suspension, but is 

deposited before it can be rapidly removed from the 

environment. The well-sorted nature of this population is a 

result of repeated suspension and deposition which 1s an 

efficient hydraulic sorting mechanism. 

The abundance of the suspended population more 

strongly dependant on the source than on hydraulic sorting, 

thus a large amount of fine material was supolied 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 before 

deposition. 

The lack of a coarse tail may indicate that either the 

flow was not competent to to move large grains or, mere 

probably, there was no supply of coarse material to comprise 

the coarse tail. In the followin~ section, the competence 

of the flow will be calculated. 

Grain size distribution graphs yield information that 

can be used in determining the characteristics of the flow 

in which the grains were transported. 

Sediments of a given grain size will net move by 

* traction until a c~rtain shear velocity tG J 15 r2acned. 

The suspension of grains occurs when the shear veloc1ty 1s 

greater than or equal to the settling velocity of the 

grains. 

The breakpoint between the material moved as traction 

and intermittently suspended material in a Type 1 grain size 

distribution represents the grain size at wnich the shear 

velocity <u*> is equal to the settling velocity of the grain 

CW). From figure 4.9 <Blatt et al., 1980) which illustrates 

the curve for grain suspension, the shear velocity of the 

flow can be determined for the breakpoint grain size. 
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Figure 4.9 Criteria for the initial movement 

and suspension of quartz grains in 

water at 20 C. (Blatt et al., 1980). 
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The shear vel ocit y of the flow (U* ) can be related to 

the a v erage velocity of the flow by the equation~ 

~}. c = 
·~-':- Jg u 

' " ''') => ,, .• - ,.~ / r.::-q 
k' •,) t::', t:' \_• I ~ {.;J? the dimensionless Chezy coefficient, is 

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

coefficient, where dunes are the dominant bedfor ms, range 

from 7 . 0 to 13.2. In the case of plane beds, the Chezy 

coefficient ranges fr om 16.3 to 20.0 (Graf, 1971). 

·<'· 
The shear stress on the bed is related to u · by 

u·"'· -

The majority of the grain size plots in this study 

represent Typ e 2 distribut ions, thus lack a coarse tail. 

Th e gi~ai n 
+. 

size at which U = W cannot be determined but from 

-1:~ 

the coarsest grain size on the plot, a minimum value for U 

can be estimated. 



53 

To determine the competence of the flow, or sediment 

size that it can move on the bed, the following formula can 

be used; 

<Reynol d s number > 1000) l. c::: •:or, .. a l +-o ,··,;;, V -"' ,_ ·;···' .. '" • '·'•·· . Ds is the 5:-peci+ic 

weight of the grain, ¥ is the specific weight of the fluid 

and d is the diameter of the l argest grain that can be moved 

on the bed. is I:?. qual to 
,., ·- .. :. 

s water is equal to 980 
-·1 

g c:m 

The values 
·M-

o·f lJ , U, J0 and competence are tabul Ed7.ed 

Th e results in table 4 . 2 indicate thai: mean flow 

i ri 

velocities in the channel system studied ranged f rom 28 to 

110 em 5-i depending on the value used fo r the Chez y 

coefficient, and shear velocities ranging from 3 .1 to 9 em 

-·1 
s 

Calculationed values of d demonstrate that in al l cases 

the flow was competent to move grain sizes much larger than 

the maximum grain size present. I n samples where a coarse 

tail is present, the flow was competent to transport , by 

traction, grains from 3 to 6 times larger than the largest 

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

coarse tail, the flow was competent to move on the bed~ 

grains that range from 4.6 to 12 times larger than the 
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Table 4.1 Shear velocities, average velocities, 

shear stress and competence of flow 

as calculated for the samples. No t e tha t 

the shear stresses and shear v e l oc iti es 

only represent minimum v a l ues for al l 

s am pies except 2S, becau se t h e y l3C K 

coarse tails. The minimum and maximu m 

val ues given ~ or a v erage ve1oc i~y 

correspond to t he range in the Chez y 

coeff i cient. 



TABLE 4.1 

GRAIN 
SAMPLE SIZE U* C I JQ [j :J. Ds 

FACIES NUMBER Cmm) Ccm/s) Ccm/s) Ccm"""2/s"""2) <mm) 
============== ====== ====== ====== =========== ========•==== ·=======·= ===== 

min max min max 
2 31 0.70 9.0 7.0 13.2 63.0 118.0 81.0 8.3 

32 0.3S 4.0 7.0 13.2 28.0 S2.8 16.0 1.6 

4 11 0.3S 4.0 7.0 13.2 28.0 S2.8 16.0 1.6 
-------------------------------------------------------------------------------------

Sb 24 0.70 9.0 7.0 13.2 63.0 118.8 81.0 8.3 

2S 0.29 3.1 7.0 13.2 21.7 40.9 9.6 0.9 

26 0.70 9.0 7.0 13.2 63.0 118.8 81.0 8.3 

28 0.3S 4.0 7.0 13.2 28.0 S2.8 16.0 1.6 

6 29 o.so s.s 6.3 20.0 89.7 110.0 30.3 3.1 

Sa - Channel 2 6 0.70 9.0 7.0 13.2 63.0 118.8 81.0 8.3 

Sa - Channel 3 70 0.50 5.5 7.0 13.2 38.5 72.6 30.3 3.1 



grains present in the sample. It must be noted tnat 

although the largest sieve mesh size used was .5 ¢ (.70 mml 

it was evident by visual inspection that no grains 

approached the calculated values for competence of the flow. 

For several samples, no grains greater than 1.5 f (.35 mm) 

were present. 

The distribution of grains that move by traction may be 

affected by three limiting conditions: i) availabil{ty of 

material, ii) competence of the flow and iii) the boundary 

conditions between traction and intermittent suspension as 

the dominant form of transport (Middleton, 1977). 

The results of the grain size ~nalysis indicate that 

a~ailability is che major ~actor a+rect1nq tne 

characteristics of the bed load population, si~ce it was 

calculated that 1n every case the flow was competent to move 

on the bed, grains of a much larger size than were 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 greater, thus reducing the availability of 

the larger grain sizes transported as bed load. 

The minimum size of the traction population is defined 

by the suspension criterion thus the size distribution of 

the bedload is dependent on the shear velocity of the flow. 
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To determine the composition and possible provenance of 

the sands, thin sections from samples of each sandstone 

facies of Channel 1 and from the main channel sand (Facies 

5) of Channels 2 and 3, were examined. The reeks were 

injected with blue epoxy to enhance the visibility of 

porosity and the thin sections were cut perpendicular to 

cecding. Observations were made using a ~ransm1~tina i1g~t 

microscope under plane polarized and cross polarized lignt. 

The petrographic compositon was determined for each ~h1n 

section by estimating the percentage of each constituent in 

four randomly chosen fields of view and calculating the 

average (Table 5.1). The slides were reexamined in random 

sequence several days later and estimated percentages fell 

within 12% of previous estimates. 

B~§Ylt§: 

The major components of the sandstones are quartz, 

plagioclase feldspar, potassium feldspar, rock fragments and 

minor biotite, muscovite, sillimanite and iron oxides. The 

minerals are contained in a clay matrix with minor calcite 

cement. No visible porosity is present in the samples. 
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The rocks were classified by plotting modal percentages 

on a percent quartz vs percent feldspar vs percent rock 

fragments ternary diagram after Folk (1968). The resulting 

data plotted within the Lithic Arkose and Feldspathic 

Litharenite classifications (fig. 5.1). 



Table 5.1 Estimated modal composition 

of thin sections (%). 

• 



• 
TABLE 5.1 ESTIMATED PETROGRAPHIC COMPOSITION 

CONSTITUENT 6 15 16 29 33 42 64 70 
===================== ===== ===== ----- ===== ===== ===== ----- ===== ----- -----

QUARTZ 207. 20'Y. 25'Y. 207. 207. 15'Y. 207. 207. 

PLAGIOCLASE 157. 10'Y. 15'Y. 107. 57. 157. 57. 127. 

ORTHOCLASE 107. 5'Y. 10/. 10/. 107. 87. 107. 107. 

ROCK FRAGMENTS 15/. 257. 15/. 257. 207. 207. 207. 15/. 

OPAQUES 27. 37. 1/. -- 27. 27. 17. 17. 

CARBONATE 7/. 37. 10/. -- trace 5/. 157. BY. 

OTHER 1/. -- 1/. 2Y. 27. -- -- 27. 

MATRIX 30Y. 34Y. 23/. 337. 41Y. 35Y. 29Y. 32Y. 

Q 33Y. 33/. 38/. 31/. 367. 26Y. 36Y. 35Y. 

F 4Y. 25'Y. 38:..: 31Y. 28/. 40Y. 28Y. 38/. 

RF 257. 427. 24/. 387. 367. 347. 367. 27Y. 
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Figure 5.1 Classification of sandstone 

samples. (After Folk, 1968) 
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The quartz present in the thin sections consisted of 

poorly sorted sub-angular to sub-rounded grains. The grains 

commonly show dust-like inclusions and often contain 

inclusions of tourmaline. 

lhe quartz grains were classified into four categories 

after Ba:::.u et al (1975). These are i) monocrystalline 

grains, ii) polycrystalline with two to three crystals per 

grain, iii) polycrystalline with more than three crystal cer 

grain and iv) monccrystall1ne grains that exhibit undulatory 

e;.:tinction. The number of crystal units within a 

polycrystalline grain has been reported to be related to the 

source l~ock. 

are thought to have a plutonic sourca whereas those gra~ns 

containing greater than three crystals are believed to have 

been derived from a metamorphic source. 

The provenance of the quartz grains from the channels 

fall within the low and medium to high rank metamorohic 

source categories, with most classified as having a low rank 

metamorphic source (see fig 5.2). 
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Table ~ ~ 

~ -~ Abundance of quartz types (%). 



TABLE 5.2 TYPES OF QUARTZ 

CONSTITUENT 6 15 16 29 33 42 64 70 
===================== ----- ===== =::=== ====== ===== ===== ----- ===== ----- -----

NON-UNDULATORY 507. 407. 35/. 307. 40% 407. 357. 50% 

UNDULATORY 507. 607. ·57. 707. 607. 607. 657. 507. 

POLYCRYSTALLINE (2-3) 157. 107. 157. 107. 107. 157. 107. 207. 

POLYCRYSTALLINE <>3> O'Y. 37. 5/. 17. O'Y. 307. O'Y. 5% 
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Figure 5.2 Plot relating types of quartz 

to provenance of source rocks. 

<After Basu et al., 1975) 
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El~gie~l§§~ E§l~§e~cg: 

The plagioclase feldspars are mainly subangular, and 

appear to be more angular than the quartz grains. Some of 

the plagioclase feldspars show evidence of alteration to 

sericite, although the most common form of alteration cf the 

feldspar is the replacement by calcite. The calcite 

replacement tends to begin along the grain edges as well as 

along twin planes and the calcite commonly shows an anhedral 

morphology. 

Replacement of the feldspars by calcite was observed in 

all thin sections except section 29 <Facies 6) and sample 33 

<Facies 2). 

Carlsbad twinning is common in the ~otassium feiosoars 

in the thin sections observed. The feldspars are 

predominantly subangular and in some cases the tabular 

nature of crystals is partially preserved. 

show extensive seriticization. 

BQGt Ece9m~nt§: 

The K-feldspars 

Three types of rock fagments were observed in the thin 

sections: chert fragments, volcanic rock fragments and 

lithic rock fragments. These types were not differentiated 

during the estimation of modal percentages. 

The cryptocrystalline chert occurs predominantly as 

subrounded to round rock fragments, although some fragments 
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are distinctly angular. Iron-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 fine feldspar laths in a glassy 

groundmass. 

Fine grained mudrcck containing quartz and chert 

comprise the lithic rock fragments. These fragments are 

well rounded and can be recognized by their brownish colour 

in plane polarized light. 

Rock fragments are abundant in all samples. 

Accessory m1nerals include musccvi~s ana ~io~1~s whcih 

occur in minor quantites wrapped around the other mineral 

grains, and an opaque mineral (probably an iron oxide). 

Tourmaline is present as inclusions in quartz. 

~~l£it~= 

As mentioned previously calcite occurs repacing 

detrital plagioclase grains and as an interstital cement. 

The amount of calcite in the thin sections does not exceed 

15% and is absent in samples 29 and 33. 



The consituents of the matrix are difficult to 

determine due to its fine grained nature but it appears to 

be composed of clay or mud. It is not known whether the 

majority cf the fine grained material represents detrital or 

authigenic minerals. 

The early cementation by calcite may have reduced the 

initial porosity to zero, thus preventing the development of 

authigenic clays in pore spaces. 

The shape of the channels tend to favour Schumm's 

classification of suspended load channels, thus the matrix 

may consist of mostly detrital material. 
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Figure 5.3 Sample from Facies 5,.Channel 3. 

Note the subangular quartz grains 

and well-rounded rock fragments. 

(Crossed polars, field of view =.4mm) 

Figure 5.4 L 

Note replacement of K-+elospar 

by calcite. <Crossed polars, 

field of view =.4mm) 
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Figure i::' ~::· 
...Jo...J Sample from Facies 5, Channel 1. 

Plagioclase is being replaced 

by calcite. Note relict albite 

twinning in the calcite. 

Crossed polars, field of view= .1mm) 

Figure ~.6 Sample from Facies 3, Channel 1. 

Note well rounded quartz grain. 

<Double exposure, Crossed polars, 

field of view=.4mm). 
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Empirical relationships between channel morphology and 

flow characteristics for meandering fluvial systems have 

been developed by geomorphologists <Leopold and Wolman, 

1960, Schumm, 1963,1972) from measurements of mcdern rivers. 

These relationships can be applied to the ancient channels· 

in Drumheller ~o predict flow characte~istics an~ 

paleomorphologv. 

The channel parameters required are bankfull stream 

width <W>, bankfull stream depth (0), percent silt-clay in 

channel bank (Sb) and percent silt-clay in channel bed (Sc). 

These parmeters are related by regression equations to 

channel sinuosity <P), meander wavelength (L), meander 

radius (R), slope (8) and mean annual discharge (Qm). 

Two methods of calculating the flow and morphologic 

characteristics of ancient channels using W, D, Sb and Sc 

are summarized by Ethridge and Schumm (1978>. 

The first method involves the use of all four 

variables. Sc and Sb are used to find the percentage of 

silt clay in the channel perimeter <M>. which reflects the 

type of load through the channels. Sb and Sc are difficult 

• 
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to determine in paleochannels because distinctions must be 

made between detrital and diagenetic clay minerals, which 

requires thin section petrography and scanning electron 

microscopy. These difficulties can be overcome by the use 

of equations developed by Schumm <1972), which relate M to 

the width-depth ratio, requiring that only W and D be known. 

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

relationship. 

The second method of Ethridge and Schumm (1978) was 

found to be bes~ suited for the estimation of the 

mo~ohologlcaJ and +low char~cterist1cs o+ the chan~e!s 

studied. The excellent and almost continuous exposures and 

the presence of several well defined lateral accretion 

surfaces in Channels 2 and 3 facilitate the measurement of 

channel width and depth. 

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 5). The resultant values were 29% 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 

silt-clay content of the channel bank could not be 

determined but was assumed to be 100% CNwajide and Hoque, 

1984) • 

• 
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The relationships for determining paleohydraulics 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 equations may still 

be applicable because the abundance of vegetation and 

absence of grasses in the Upper Cretaceous create a 

hydrologic regime similar to that of present day semi-arid 

environments <Schumm, 1968). 

The width of a paleochannel <W> can be determined using 

the horizont~l width of the point bar * ((,>J ) • 

estimated to extend two-thirds of the way across the width · 

c·t: the channel <All en, 1965) , thL•.s the c!1annel width can be 

calculated by the following formula: 

w* >: L 5 - w 

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. If the strike of the outcrop 

face is not perpendicualr to the paleoflow direction, then 

the width measured will be greater than the actual point bar 

V.ti dth. 



The following relationship was used to determine the 

true point bar width: 

w* = w x cos e 
app 

where W is the apparent thickness measured f rom the app 

(2) 

outcr o p a nd a i s the angle betweeh t h e st rik e of ~ne c hann e l 

cross section (perpendicular to t h e pal eofl ow directi o n ) a nd 

the strike of the outcrop face. 

Th e paleodept h of the channels can a l so be determined 

using t h e point bar, b y measuring th e vertica l t h ic kn e ss of 

t h e lat era l accretion unit (A l len, 1965) . 

taken in~o ac c o un t ; d i fferences i n b a nk+u i l oecth oet ween 

straight reaches and meander bends, and compac t ion re s ultin g 

from the conversion of sand to sandston e after bur i a l . 

The bankfull depth measurements used in t h e d e v elopmen t 

of the regression equations were taken from the straight 

reaches of modern rivers. In meandering systems the depth 

of the channel in the straight reaches is con s i der a b l y less 

t h an at the meander bend. Measurements f rom Ch a nnels 2 a n d 

3 were taken from lateral accretion surfaces wh ich occur at 

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

Th e ratio between st raignt and mean der i ng b an kf ull depth has 

been shown to be 0 . 585 . 

To account for the reduction in thic kness o f t h e san d 

body due to the conversion of sand to sandstone , t h e 
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thickness of the point bar sandstone must be divided by 0.9 

<Chilingarian et al, 1975). 

Using the above correction factors the depth of 

Channels 2 and 3 can be estimated by: 

Bankfull Channel Depth 
-i(· 

<D> :·0.58510.9 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. 

1 : 

w = ~v* 

D D* .. 9 ::: JU. ( 5) 

lt 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 Me~hod 1 is based, is related to Sb, Sc, W 

and D by the equation: 

M = C <Sc >( W>+<Sb :·: D) J I <W + 20) (Schumm, 1960) (6) 
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The width-depth ratio (F) is obtained by using M or by 

comparing W and D: 

F = 255 M-l.08 
METHOD 1 (Schumm, 1960) (7) 

F ::::: t.<J/D I"IETHOD 2 ( 8) 

Sinuosity can be calculated by the relationship: 

p = .94 M.25 i"IETHOD 1 <Schumm, 196:3) ( 9) 

'"' 7 p = 3.5 F-..::.. I"IETHOD 
,-, ( Sc:ht-tmm ~ 19!.;:::;:) ( 10) ..::. 

The mean annual discharge (Qm) is also determined using the 

parameters F and W according to: 

!.
·.-.• •.,m"38 _ i· .. l ,~1 .• 39 . _, . v· ...- .l .~:· .1 

.... "' 1. ll ]. ~~: 
l d t·· 

Meander wavelength CL) can be estimated by the equation~ 

L 1890 Qm .34 /1"1" 74 I"IETHOD 1 <Schumm, 1968) ( 1 ::~:) --
() ........ 

W0.69) L -· 18 (F .• • ;,;_j.::.. 1'1ETHOD ~· (Sc:humm, 197:2) ( 14) ..::. 

The percentage of total load as bedload <Bd) is calculated 

by the equation: 

Bd = 5;'5 / 1"1 (Scht.unm, 1968) (17) 
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It is important to note that the above equations are valid 

for imperial units only. 

B~aYlta ~n~ !nt~~e~~t2tigna= 

The measured values of W and D for each of the channels 

are listed in Table 6.1. The results of the paleohydrauiic 

calculations for both Method. 1 and Method 2 of Ethridge and 

Schumm (1978) are found in ·rable 6.2. 

The values for percentage silt-clay in channel 

perimeter, percentage of total load as bedload, calculated 

from Method 1, width-depth ratio, and sinuousity for both 

Mehtod 1 and 2 lie within Schumm's classif1cation for 

Suspended Load Channels (fig. 6.11. The difference in 

values between Method 1 and Method 2 may be ewe to ~he 

cver-estima~ion of the value for M, errors in the 

measurement of channel width and depth, or to imperfections 

in the formulae. 

Sinuosities calculated for all three channels are 

greater than the value of 1.7 that defines the lower 

boundary of the highly sinuous and meandering classification 

<Reineck and Singh, 1980). 



Table 6.1 Determined width and depth 

values fer the channels. 



TABLE 6.1 

STRIKE OF 
STRIKE LATERAL 

OF ACCRETION 
OUTCROP SURFACE THETA Wapp W* w w D* D D 

CHANNEL (deg) (deg) (deg> <m> (m) <m> (ft) (m) <m> (ft) 

========= ========= ========= ----- ------- ======= ====== ======= ====== ===== ====== ----- ------
CHANNEL 1 144 81 27 48.9 43.6 43.6 143.0 4.7 5.2 17.1 

CHANNEL 2 145 67 11 26.2 25.7 38.6 126.6 4.0 4.4 14.4 

CHANNEL 3 124 80 46 10.2 7.1 9.5 31.2 4.6 5.0 16.4 



Table 6.2 Results of paleohydraulic 

calculations for Methods 

1 and 2 of Ethridge and Schumm 

( 19713). 



TABLE 6.2 

Qm L 
CHANNEL Sb Sc M F p (mA3/s) Cft .... ·3/s) <m> Cft > Bd 
==~================== ===== ===== ====== ------ ----- ================= =============== ====== ------ -----
CHANNEL 1 METHOD 1 1007. 297. 42.77. 4.42 2.0 46.7 1650.5 444.6 1458.6 1. 307. 

METHOD 2 8.40 2.4 24.5 865.0 120.2 394.4 

CHANNEL 2 METHOD 1 1007. 297. 42.37. 4.47 2.0 33.8 1193.5 401.0 1315.5 1. 307. 
METHOD 2 8.70 2.4 17.7 623.4 487.4 1599.0 

CHANNEL 3 METHOD 1 1007. 327. 67.07. 2.70 2.9 1.3 47.0 95.0 311.7 0.827. 
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 geometry. The 

channel sands studied are relatively narrow and isolated and 

are bounded to the sides by abundant siltstones and 

mudstones. Highly sinuous fluvial systems are bounded and 

confined by clay 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 elongate. In these systems mudstones tend to be 

more abundant than sandstones <Walker and Cant, 1984). 
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Table 6.3 Schumm's Classification of 

Stable Alluvial Channels 

(Schumm, 1968). 



Sediment Load 

Suspended load 
and 
dissolved load 

Mixed load 

Bedload 

Channel Sediment 
(Percentage of Silt and Clay Bedload 

In Channel Perimeter} (Percent of Total Load} Type of River 

> 20 < 3 Suspended-load channel; 
width-depth ratio < 10; 
sinuosity > 2.0; gradient 
relatively gentle. 

5 to 20 3 to 11 Mixed-load channel; width­
depth ratio > 10, < 40; 
sinuosity < 2.0 , > 1.3; 
gradient moderate; can 
be braided. 

< 5 > 11 Bedload channel; width-depth 
ratio > 40; sinuosity < 1.3; 
gradient relatively steep; 
can be braided. 
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The positions of the outcrops of Ch anne ls 2 and 3 

suggest that they were probably part of the same channel. 

An attempt at reconstructing the channel morpho l ogy was 

predominantly based on the positions of the outcrops in plan 

view and the orientation o f lateral accretion surfaces and 

was performed as a comparison for the calculated values of 

meander wavelength a nd sinuou s i ty. An a er ial view of the 

outc rops and corresponding paleoreconstruction a re included 

in figs. 6.1 and 6.2 .. 

Re s: ult s : 
- ·- --·- ·-~-·--

1ne oaleorec onstr~c~ion of tne channel c Dmor1seo of 

Ch a nnels 2 and 3 i n di cat e s a mean der wavel e ng t h o~ 420 m. 

The measured va l ue of sinuosit y is defined as the rat1o 

between the down-ri ver length and the down-valley l e n gth . 

In th i s case, the down - river lengt h i s measured as 550 m, 

giv ing a sinuosity o f 1 .4. Th e meander wavelength measu red 

from t he r e constructed version of the channels gives values 

si milar to those calcu l a ted for Channe l 2 but much higher 

th a n those calculated for Channel 3. Th e me asured v alues o + 

sinuosity are signi f icantl y l ower than the calcul a ted 

values. 

The differences between calculated and r econstructed 

v al ues for meander wavelengt h and sinuosit y may be due to an 

i n correct reconstruction of this portion of the meander 

belt . Alternati v e ly, differences may be oue to the fact 
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that the portion of the meander belt studied may nat 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. 
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Figure 6.1 Paleorecostructicn of the 

Ch annel . 

Figure 6.2 Aerial view of outcrop 

- ~ · pOSlLlCnS. 
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The purpose of this chapter is to integrate the 

separate facies interpretations into a model for the 

meandering channel deposits observed in the Drumheller area. 

A possible model to explain the sand filling of Channel 

1 will be proposed, following the facigs interpretations. 

!D!§g~~!gg E~£i§a !ntg~Q~§SE1iQD~ 

The strata of the Horseshoe Canyon Formation examinee 

in this study were deposited by a high sinuosity, meandering 

fluvial system. 

The coal which was deposited prior to the fluvial 

system studied here, existed as peat during the channeling 

and provided a resistant mat which prevented 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 

warm, humid environment, possibly that of a flood basin 

swamp. 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 



equal to the rate of subsidence <Stach et al., 1975>. 

Protection from eroding currents and clastic input is 

8 ·~ 
~ 

required for the preservation of the peat, and in the flood 

basin swamp environment of a channel system, this protection 

is afforded by the river levees. 

The amount of time required 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 

accumulate at a rate of 1 mm per year, and it takes 1 m of 

peat to yield .2m of bituminous coal <Stach et al., 1975) • 

thus the coal seam in the study area would require 10 m of 

peat. Using the estimated accumulation rate, the deposition 

o~ Facies 1 would have taken 10,000 years. 

The deposition of peat may have ended due 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 

supplying the flood basin migrated farther away. 

The active channel deposits of meandering streams 

overlie~ but do not erode into the coals. The three 

associated deposits which represent the active channel fill 

are; a channel lag, cross bedded sand with lateral accretion 

surfaces, and parallel laminated sand. 

Lag deposits are present on the channel floor and 

consist of large clasts which can only move during peak 

flood periods <Walker and Cant, 1984). The clasts 



comprising the lag deposits of the channels studied are 

tabular and rounded mudclasts and coal clasts. 

The tabular mudclasts may represent partially 
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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, 1982>, 

or by being preserved by rapid burial. Thin, flat mudclasts 

with preserved internal laminae and evidence of plastic 

deformation have been attributed to erosion of partially 

dried, compacted mud that was deposited during a period of 

low flow (Williams, 1966). The rounded mudclasts may have 

been derived from the same source as the tabular mudclasts 

were small enough to undarqo tr~nsport. It is unc2rtain if 

the coal clasts represent ripped up material from the coal, 

which existed as peat during ~he time of channeling, or 

waterlogged plant remains which sank to the channel bottom. 

The trough cross bedding and lateral accretion 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 the 

stream CAllen, 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 surface is 

overlain by point bar deposits <Elliot, 1975). Lateral 

accretion may have been episodic as indicated by the 

presr:rvati on of ~'5Ltfaces by drapi ngs of "co+ ·fee g1 ... oundsa. 
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Sinuous crested dunes, which are preserved 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. 

was not observed, which may have been due to the poor 

preservation of ripple cross-lamination. 

The parallel laminated sand <Facies 6) is always 

present on the tap and sometimes witnin the lateral 

This 

accretion deposits. Favourable conditions for the formation 

of parallel lamination can occur both high and low on the 

point bar (Walker snd Can~. 1984). On the upper pain~ oar, 

flat bedding with parting lineation may occur where 

increasing flow velocities result from large quantitites cf 

water being forced into confined space <Smith, 1971). 

The interfingering brown shale and sand is laterally 

adjacent to Channel 1 and is interpreted as the proximal 

overbank deposits of a meandering river. The shales, 

representing levee deposits, were emplaced along the channel 

banks when flood waters deposited their sediment load on 

channel banks • 

. The interfingering sands are interpreted as crevasse 

splay deposits which are deposited when the levee is 

catastrophically breached during 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. 
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The thickness of the crevasse splay deposits indicate 

that depostion occurred during large flood events. These 

large floods may have caused major scouring within the 

channel amd may account for the fact that there appears to 

be two major events of sand depostion in Channel 1. The 

lower part of the channel contains a high concentration of 

"co-t=fee grounds" on the bedding sur·faces. An abrupt 

decrease in the abundance of coffee grounds occurs in the 

upper half of the channel sand. 

The carbonaceous shales occurring at the top of the 

channel sands are 1nte~creted as vertic3i accretion 

deposits, which were emplaced after the channel was 

,abandoned. These deposits were subjected to subaerial 

exposure as indicated by their reddish colour. The fine 

grained 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 

occurred prior to the channeling event studied. 

Facies 8 is interpreted as distal overbank deposits and 

is characterized by the small sand to shale ratio. 

Facies 2 appears to represent the point bar deposit of 

a previous channeling event, since it erosively overlies 



Facies 8 and shows scoured contacts with the overlying 

channel sands. 
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The deposits of the channels can be compared to the 

Meandering River Facies Sequence of Allen (1970), which 

consists of a channel lag, overlain by cress bedded sands 

containing ripples and parallel lamination. Above the sands 

are vertical accretion deposits consisting of fines which 

were introduced during the flood stag~, after the channel 

had migrated laterally. At least one of the channels 

studied deviates from Allen's model by containing only a 

very thin sequence of vertical accretion deposits. Channel 

1 appears to be filled to the top with sand. The sand 

fill1ng of a channel w1ll ~e discussed on tne following 

pages. 

§~n9=Eil!gg ~g~ngg~ing ~b~nngla= 

The sand filling of channels is common in the case of 

braided channel systems. 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 been eroded away, it is not known 

if this channel is also filled to the top with sand. 

Channel 3 shows abundant scouring 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 Channel 1 will be considered when 

discussing sand filled channels. 

It is assumed that the channel was filled to the toe 

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 channel. 

Progressive abandonment of a meandering channel is a 

mechanism 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 allow the 

transccrt and deposltion of sand within a ch3nnel cwr1nq 

abandonment, the channel must be abandoned gradually an~ 

depth must decrease by aggradation as discharge decreases. 

The gradual abandonment of a meander loop can occur by 

chute cutoff, where a stream shortens its meander loop by 

cutting a new channel along an old swale. BecaLtse of the 

small angular difference between the two channels, the 

stream continues to flow through the old channel until the 

ends are plugged by the depositon of bed load (Allen, 1965). 

Bed load sediments usually form the main fill of a 

progressively abandoned channel (All en, 1965) • 

is then filled to the top with overbank fines. 

The channel 

The absence of any appreciable fine sediment may be due 

to the erosion of fines during the reoccupation of the old 

channel at peak flood periods. During high flow periods the 
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abandoned loop may be reoccupied, removing the previously 

deposited fines and depositing sand. A ser~i es of 

reoccupation events could result in the removal of fines and 

the complete sand filling of the channel. 

laminated sand may represent a final flood which deposited 

sand 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. Fisk (1955) described sand 

filled channels in the pre- modern Mississippi Delta system 

and suggested that the filling occured as a result of 

gradual decrease in flew. ln a 1960 paper, he pro~osed t~at 

a gradual decrease in flow could result from the creation 

and enlargement of a new favoured channel. 

Hopkins ( 1985> descJ'""i bed 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 fill 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 to 

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 

Horseshoe Canyon Formation of Drumheller is the result of 

progressive abandonment of a meander loop by chute cutoff • 

• 
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i) Channels in the Upper Horseshoe Canyon Formation of 

Drumheller, Alberta are interpreted as highly sinuous, 

suspended load, meandering channels. 

91 

ii) The channel sand bodies contain a channel lag overlain 

by lateral accretion deposits or concave upward surfaces, 

with trough cross-bedding, ripple cress-lamination and 

parallel laminated sand. The associated deposits are 

interpreted as levee~ crevasse splay and distal overbank 

deposits. 

i i i ) Paleoflow directions were generally towards the ea~t. 

iv) The sandstones fall within the Lithic Arkose and 

Feldspathic litharenite classifications of ~oik {1968). 

v) The lack of coarse sediments within the channels is 

dependant on availibility and not the competence of the 

flow. 

vi) Channel 1 filled with sand due to gradual abandonment 

by chute cutoff. The complete filling with sand may be 

attributed to episodes of flooding, resulting in the 

reoccupation of the channel, removal of previously deposited 

fines and the deposition of sand. 
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9:2 

(1) Rock samples of approximately 10 grams were weighed 

prior to disaggregation. 

(2) The samples were noted to be weakly cemented by 

carbonate and were disaggregated using a 2% HCl solution. 

(3) In order to deflocculate the clay sized fraction, 

500 mls of distilled water and approximately 5 gms of Calgon 

were acaed tc each samule. 

(4) The samples were washed using distilled ~ater 

through a 40 sieve to remove the fine frac~1on. A·ttempts 

were made to retain the fines by filtering the water through 

a fine filter but the abundance of fines clogged the filters 

almost immediately and made filtering impossible. 

{ ;:."" .. ,>.JJ The dried sand samples were weighed. 

(6) Each sample was dry sieved using a half phi size 

difference beween sieves. The sieving was performed using a 

mechanical sieve shaker. 

(7) Each fraction was carefully removed from the sieves 

and weighed. 
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