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Although not strictly structureless, the absence of well 

defined lamination indicates the absence of a significant 

traction carpet (Banerjee and McDonald,1975). Hence, this 

structure probably resulted from the deposition of sediment 

from suspension. Presumably, the clay was deposited during 

periods where the velocity and sediment carrying capacity 

of the flow was low. The clay may have settled slowly to 

the bottom from surface flow or, as Bradley (1965) proposed 

it may have settled quickly by means of vertically cascad-

ing density currents. 

Facies J: Facies J (Fig.3.7) comprises alternating 

horizontal beds of silt and clay stacked vertically on top 

of one another. This facies, in all likelihood, is depic-

tive of proximal rhythmites. It reflects a waning flow 

regime marked by deposition of silt and clay in a shallow 

water environment. 

Facies K: This facies consists of clean well sorted 

medium and fine sand which is massive (Fig.3.8). Although 

the unit does show vague parallel lamination in places, it 

cannot be said to have a structure. The absence of well 

defined lamination indicates that there was no significant 

traction load at the time of deposition. The lack of a 

notable bed load suggests that the water may have been too 

shallow and too slow to effect any kind of bed load move-

ment, but competent enough 

redeposition of fines. 

to allow for the movement and 
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Figure 3.8 Massive channel fill sands. Towards the channel side 
the sands begin to show parallel lamination. 

Figure 4.1 Photograph of section I located in the center of the 
exposure. 
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CHAPTER 4 

FACIES RELATIONSHIPS 

4.1 Facies Relationships 

Three sections were measured at the exposure in 

order to describe the spatial and temporal distribution of 

the facies at this site; the location of these sections is 

shown in figure 1 .2a. Figure 1.4 shows the projection of 

these facies onto a single base line oriented southwest-

notheast through the esker. These sections provide a 

representation of the transverse distribution of facies in 

the central portion of the esker. 

Section II (Fig.4.1) has a central position within 

the exposure. The lower half of this section is believed 

to be representative of the proximal part of a delta while 

the upper half is thought to be proximal deposits associa-

ted with delta abandonment. The section consists of cross-

bedded gravel, horizontally bedded coarse sand, an alterna­

ting sequence of massive gravelly sa~d and parallel lamina­

ted medium sand, vertically stacked sets of cross-bedded 

sand, current ripple lamination, draped lamination, climb­

ing ripple lamination showing stoss-side preservation, a 

thick unit of massive clay, and then alternating beds of 

silt and clay. 

The contacts between the facies are both erosional 

and gradational. Facies B overlies facies A with an eros­

ional contact while facies C overlies facies B with a grad-
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ational contact. Within the alternating sequence of sands 

the contact between facies D and overlying facies C is 

gradational, but when facies C lies over facies D the con-

tact is erosional. All other contacts, except those betwe-

en facies F through H, are erosional; even the tabular sets 

of cross-strata in facies E are separated by t h in erosional 

boundaries or diastems. 

The low angle cross-beds at the base of this 

section are probably the foresets of the proximal part of a 

delta that were deposited in a shallow lacustr i ne environ-

ment. The steeper cross-beds, which dip towards the east 

and west away from the gravel core, are probab l y the fore­

sets of the proximal part of the delta that were deposited 

slightly further away from the mouth of a meltwater stream 

in deeper water. This central accumulation of gravel 

(facies A) is representative of the bed load t h at was dep­

osited first at the point where a meltwater stream debouch-

ed into a glaciolacustrine environment. This locale 

thought to be analogus to the distributary mouth bar envi­

ronment associated with a delta. 

The occurrence of poorly sorted, horizon tally stra­

tified sand and gravel (facies B) on top of the cross-beds 

of gravel suggests that the water level was rising, so that 

the sediments were deposited at rapid rates under changing 

flow conditions in the proximal part of the delta. This 
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A 

Figure 4.2 Bottom half of section III. (A) Photograph of section 
(B) Line drawing section of (A) showing channel boundary and 
sharp contact between cross-bedded gravel and channel fill 
deposits. Note the fining upward sequence of the channel fill 
deposits and the angle of the bedding near the boundary. See 
figure 1 .4 for explanation of symbols. 



facies then graded into medium sands showing parallel 

lamination as the flow intensified (facies C). An abrupt 

reduction in flow competency insued resulting in the col­

lective sedimentation of gravelly sand (facies D). The 

flow, once again, began to slowly intensify wi t h a lowering 

of the water level producing a gradual change f rom massive 

gravelly s~nd deposits back to medium sand deposits. This 

sequence was the repeated. The abrupt changes in flow 

conditions are probably reactions to rapid inc r eases in the 

water level associated with the meltinif of snow · a~d ice in 

the summer. Hence, it is presumable that facies C and 

facies D are proximal rhythmites which were deposited on 

the delta front during the winter, when no terrigenous mat­

erial was available, and the summer, when abun d ant detrital 

material is released, respectively. 

The development of tabular sets of cro s s-bedded 

coarse sand arranged in vertical stacks (facie s E) record 

the migration of sandwaves across the topset. This struc-

ture suggests that the stream profile of the distributary 

channels was aggrading, possibly in response to a rising 

water level. The planing of the upper surface of the sand 

waves could have occurred during intermittent pauses in 

aggradation and in rising water level (Jopling, 1966b) as 

the streams attempted to readju~t to a new profile of equi-

librium. This structure was probably formed as the flow 
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moved away from the channel mouth over the topset beds. At 

the same time current ripples (facies F) were moving across 

the backs of the sand waves. 

The lower halfs of section I (Fig.3.8), positioned 

to the left of section II, and section III (Fig.4. 2 ), loc­

ated at the right flank of the exposure, are thought to be 

representative of channel fill deposits of distributary 

channels which traversed the upper regions of the delta. 

The lack of point bar and meander belt deposits indicate 

that the distributary channels were rather stable and did 

not have any tendency to migrate laterally (Coleman,1981). 

Each section shows evidence of parallel l amination 

associated with both massive and scour-and-fill s tructures. 

At section I parallel laminated sand showing poor size seg­

regation near the sides of the channel dip steep l y, at 

first, towards the center of the channel where t h e lamina­

tion becomes less steep and fades out into a massive unit 

of sand (facies K). Moving upwards in the channel the sed-

iments become finer grained. At section III the boundary 

of the channel is marked by a steeply dipping bed of coarse 

sand and gravel (Fig.4. 2 ) . The unit at the base of the 

channel is irregularily laminated. A fining upward of the 

sediments in the channel can also be observed. Bedding 

within the channel also dips steeply away from the channel 

side. In addition, the lenticular nature of some of the 
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parallel laminated units, in both sections, testifies to 

the occurrence of cut-and-fill. 

The steep bedding at the sides of each channel, 

which are indicative of scour structures, and the irregular 

bedding with poor size segregation both suggest that turbu­

lent existed as the channels cut through the deltaic sedi­

ments in sync with the progradation of the delt'a into the 

lake. The close proximity of granule and cobble sized gra-

vel within the cut-and-fill structures at section III also 

insinuates that a highly competent stream was discharging 

into a glaciolacustrine environment. From Hjulstrom's dia-

gram, it can be determined that for the streams to erode 

the coarse deltaic sediments, flow velocity must have been 

at least 30cm/sec. Furthermore, the rate of transport from 

the area of erosion must have been greater than the rate of 

transport into the area(Blatt et.al.,1980). The scour-and-

fill process is associated with a rising water level that 

probably reflects spring melt and/or the melting of the 

glacier during the summer. 

The channel fill deposits probably occurred as the 

last stage of the scour-and-fill processes. As the water 

level fell, with the approach of winter, large volumes of 

material were deposited in the channel as the river lost 

its capacity to transport sediment (Church and Gilbert, 

1975). Bedforms in the upper part of the channel sections 



reflect fluctuations in stage. 

The thick massive unit of clay (facies I) and the 

alternating beds of silt and clay (facies J), which are 

stratigraphically correlated with the top half of each of . 

the three sections, are probably representative of less 

dynamic facies that were deposited in a lacustrine environ-

ment. These facies are thought to be deposits that origin-

ated from delta abandonment. Thus, it is probable that 

they were deposited at relatively slow rates a c ross the 

entire area of, or at least in the proximal portions of, 

the former delta (Reading,1978). 

4.~ Paleocurrent Direction 

Saunderson's analysis revealed that there is a pre­

dominant paleocurrent direction toward the nor t hwest, but 

within this well defined route a considerable v ariation in 

flo~ direction exists. From an examination of the dip, 

fab;ic, and structure of the sediments at the study site it 

was determined that the flow progressed largeiy towards the 

west-northwest. However, when the cross-bedded gravel at 

the base of the exposure was deposited, the flow expanded 

towards the northwest for a 180 ° arc fro~ west to east. 

This variation in flow direction is probably associated 

with change in the position of the mouth of the parent 

stream. Inspection of the cross-bedded sands indicates 

that the sand waves were migrating towards the west-north-
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west. Hence, the flow must have been moving in the same 

direction. The draped lamination structure shows a slight 

displacement in the same direction indicating the flow was 

in a west-northwest direction when it was deposited. The 

climbing ripple structure also suggests that the flow fol-

lowed the same course. Moreover, the dip of the 

alternating beds of silt and clay indicate that the flow 

headed west-northwest. From observation of the channel 

orientations and the knowledge of the overall trend in flow 

direction it is believed that the streams which occupied 

the channels followed a northwest course. 
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CHAPTER 5 

DISCUSSION OF RESULTS 

5.1 Environment of Deposition 

Figure 5.1 provides a composite of the spatial and 

temporal sequence of events which led to the arrangement of 

facies observed within the central region of the Brampton 

esker. 

The central accumulation of gravel at the base of 

the exposure was deposited as the stream flow in a meltwater 

channel expanded into a glaciolacustrine environment. The 

water depth was shallow near the channel mouth causing the 

development of s t.i gh p cross-beds, but became deeper with 

distance away from the channel,thus, allowing for the dev-

elopment of steeper cross-beds. These foreset beds dipped 

as much as 30 ° away from the gravel core. The paleocurrent 

analysis confirms this idea o .f expanding flow, because the 

structure, the direction of dip, and the clast fabric all 

indicate a variability in flow direction. A period of 

rising water level resulted in the deposition of horizontal 

beds of sand and gravel. A cyclical variation in water 

level followed, probably in correlation with seasonal 

changes in the volume of water entering the lake. This 

resulted in the deposition of rhythmites proximal to the 

delta front. An continuous rise in water level with time 

led to the aggradation of the stream beds accompanied by 
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migrating sand waves and current ripples across the topset. 

Intermittent pauses in the rising water level allowed for 

the development of diastems between the sets of cross-beds. 

Even though the water level was rising, the rate of supply 

of sediment to the lake overcompensated for the rising base 

level and allowed progradation of the delta to continue. 

The abundance of suspended sediment and the low flow stre­

ngth conditions which prevailed at this time were conducive 

to the development of draped lamination which covered the 

current ripples. As the bed load movement increased rela-

tive to the fall out of grains from , suspension, the draped 

lamination graded into dross-laminae with stoss-side pres­

ervation. 

While the delta continued to prograde the trunk 

river divided into distributary channels which cut across 

the upper delta region each directing a portion of the dis­

charge and transported sediment from the parent river into 

the glaciolacustrine environment. With continued prograda-

tion the distributary channels became overly-extended until 

a point was reached where the channels were no longer able 

to maintain their gradients. Thus, channel abandonment in-

sued. Deprived of an active influx of sediment a nd water 

the lower portions of the channels became more stagnated 

and lower current velocities were maintained, the finer 

grained sediments began to infill the channel proper. 
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The abandonment of these channels caused the delta 

to be adandoned. Consequently, the sediment supply to the 

delta diminished, thereby ending its progradation. The low 

competency of the lacustrine currents, which became the 

dominant mode of sediment transport, fostered the gradual 

deposition of the massive clay unit and the alternating 

beds of silt and clay over the channel fill sediments and 

the delta topset. These units were able to achieve their 

great thickness since the water level was gradually rising 

probably in connection with the continuous ablation of the 

glacier. 

5.2 Comparison With Saunderson's Model 

The empirical evidence tends to verify the general 

aspects of Saunderson's facies model for the central part 

of the Brampton esker, but there are discrepancies in int-

erpretation of origin for some of the facies. For instance, 

in the estimation of this author the presence of clays do 

not signify either winter deposition or bottom set deposits 

as Saunderson suggests. Rather, this unit is thought to 

have been deposited during a long period of stagnant water 

conditions associated with delta abandonment. Nevertheless 

the vertical sequence of facies described by Saunderson is 

basically the same as that which is depicted in this paper. 

Notable exceptions to this compatibility are (1) the sequ­

ence is not repeated as in Saunderson's study and (2) the 
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thickness of the sequence observed in this study is ten 

times that observed by Saunderson. The first difference 

may be attributed to the top portion of this exposure being 

removed by stripping while the difference in thickness can 

be accounted for by the difference in thickness of three 

facies in particular. In this study the basal unit of 

cross-bedded gravel is three times as thick as that in 

Saunderson's study. This variance is probably the result 

of more of this unit being exposed by the excava tion which 

has occurred since the time of Saunderson's study. Simil-

arily, the thickness of the massive clay unit and the hori­

zontally bedded silt and clay unit, combined, is nine times 

that of the same c~pination of units measured b y Saunderson 

A possible explanation of this discrepancy is given in fig-

ure 5.2. Furthermore, new facies, such as the parallel-

bedded sand and gravel and the small-scale troughed-shaped 

cross-laminae, as well as evidence of distribut a ry channels 

were revealed at this site, that were undetectable when 

Saunderson did his work more than ten years ago. His int-

erpretation of the sediments originating from deposition at 

the edge of a glaciolacustrine environment is believed to 

be correct, however, as previously stated, the derivation 

of some of the individual facies suggested by Saunderson is 

questionable. 
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Figure 5.2 At the time the silt and clay was being deposited in 
the area of the study site, the area around section VI of 
Saunderson's study was submerged in very shallow water at the edge 
of a lacustrine environment. Hence, very little sediment was 
deposited there, but at the study site the water was much deeper 
allowing for much sediment to be deposited. 

c.Ross - si=cno M OF FIG. s-. 2 

VVATE~ LEVEi.. :1 ------------

. ""," ~ ' 

L ASANDONED DELrA 

Figure 5.2a As the water level rose it began to encroach on the 
land. The rising water level accomodated the deposition of more 
sediment thereby increasing the thickness of the deposits at both 
sites, but less so near the edge of the lacustrine environment 
where section VI is located. 

' 



47 

CHAPTER 6 

CONCLUSIONS 

(1) The sediments within the central area of the 

Brampton esker were probably deposited at the point where 

the flow from a meltwater stream expanded into a glacio­

lacustrine envrionment. 

(2) The facies arrangement in this part of the 

esker typifies a deltaic model of eskerine sedimentation. 

The cross-bedded gravel marks the front of a ·prograding 

delta and the cross-bedded sands and silt on top record 

sand wave and current ripple migration in the shallower 

water there. 

(3) The topset environment probably consisted of a 

topset network of rather stable distributary channels. As 

they continued to prograde with the delta they eventually 

became over-extended and were no longer able to maintain 

their gradient. Thus, the channels were abandoned. 

(4) The massive clay unit and the alternating beds 

of silt and clay represent less dynamic facies deposited in 

a proximal environment under rising water conditions. 

Sedimentation occurred over a long period of ti me in assoc­

iation with delta abandonment. 

(5) The paleocurrent pattern supports the notion of 

expanding flow and the interpretation of the facies associ­

ations reflecting glaciodeltaic sedimentation. 
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(6) Saunderson's model offers a reasonable repres­

entation of the facies relationships within the central 

region of the Brampton esker as well as a rational inter-

pretation of their origin. Therefore, the model developed 

in this paper is submitted as a modification of H.C. 

Saunderson's model while those interpretations of origin 

which differ from his are offerred as possible alternatives. 

) 

.. 
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