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trend developed within the fine-grained sandstones of Facies 

3. There are no lateral facies changes. The bioturbated 

appearance of the facies suggests slow, continuous 

deposition in an environment similar to that of Package A, 

where the rate of bioturbation equals or exceeds the rate of 

deposition. The textures of Packages B and A resemble each 

other, except for the distinct difference in grain sizes. 

The pebbly l ayers which have been used to pin-point the 

E1 scour surface actually belong to Package B. The maximum 

preserved thickness of Package B is 5 metres, the sediments 

thin and disappear towards the northwest end and the 

northeast margin of Joffre. 

Boundin g Surface E2 

E2 is the erosional surface which underlies the main 

sand development at Joffre. Cross sections suggest that E2 

has an elongate scarp-like shape, trending parallel to 

Joffre's axis. The overlying coarse sediment is banked up 

a g ainst this northeast-facing E2 scarp. The max imum 

erosional relie f of E2 is 12 metres (Fig.5.21), which is 

more than sufficient to remove Package B as happens in the 

North Central wells and some of the Northern wells too. 

Gener a lly, 
0 

the E2 scour dips notheastward at less than 0.3 

across the widt h of Joffre; however, E2 may dip as steeply 

0 a s 0 .4 a lon g t h e extreme northe a stern ma r g in of Joffre 

(Fig.5.20). 

Package C 

Package C is bounded below by E2 and above by CM4. It 

comprises the cross-stratified sandstones of Fa cies 5,6,7,8 

a nd 9, a nd interbedded interv a ls of Facies 1 4 a nd 4. The 
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thickest accumulations of Package C are centred along the 

axis of Joffre, in the South Central and North Central 

wells. Commonl y , glauconitic sandstone (Facies 5) directly 

overlies E2 in t he South Central and Northern wells. On the 

whole, Package C tends to coarsen-upwards, Facies 5 and 6 

tend to occur l owest in the Package, and Facies 7 and 8 tend 

to occur above t hem. The continuously coarse expression of 

Package C change s toward the northeast, becoming interbedded 

with Facies 14 a nd 4 (see Figs. 5.20, 5.21). The proposed 

facies change wi thin Package C is substantiated by 

correlating Fac i es 14 (and its lenticular bodies), from 

Northern wells t o North Central wells. Discrete tongues of 

cross-stratified sand thin and fine toward the northeast. 

The average thickness of Package C is 3 metres, the 

maximum thickne s s is 7.5 metres, which occurs at well 6-7-

39-26 (Cross se c tion D-D', Fig. 5.20). Package C thins 

rapidly southwe s t of Joffre to become a thin deposit of 

interlaminated g ritty sand and shale (Figs. 5.17, 5.21). 

Bounding Surface CM4 

The CM4 bou n ding surface appears transgressive in 

nature. It sep a rates the underlying coarse sediment from 

finer grained, l aminated sand and shale (Facies 4) above. 

Package D 

Pac kage D i s d ef ined by CM4 below, and CM5 a bove. 

Within the pack a ge, there is a coarsening-upward grain size 

trend from Faci e s 4 to Facies 3, accompanied by an increase 

in burrowing. Facies 3 features an abundance of Terebellina 

a nd l a rge diameter Skolithos burrows at this stratigraphic 
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horizon as comp a red to its appearance in Package B. 

The depositional setting for Package D was probably 

above storm wave base, as suggested by the wavy 

laminated,very fine-grained sands and silts of Facies 4. 

The large proportion of well-preserved laminae of Facies 4 

suggests that the rate of deposition exceeded the rate of 

bioturbation, although this balance appears to have shifted 

with time to favour a greater rate of bioturbation in Facies 

3. 

Bounding Surface CMS 

The CMS surface is a relatively subtle surface, it 

separates Facies 3 (below), from Facies 4 (above). It is 

recognized by its closely associated veneer of grits. 

It is not obviously erosive at Joffre, ·although it may 

tie in with the erosion surface at Gilby which underlies the 

main development of coarse sediment there (Raddysh, 1986). 

There are three observations which suggest that CMS may be a 

correlative conformity to the Gilby unconformity. Firstly, 

the abundance of Skolithos burrows directly below CMS 

resembles the abundance of Skolithos burrows noted to occur 

below the Gilby unconformity (Raddysh, 1986). Secondly, the 

grits and granules which overlie CM5 at Joffre may be distal 

equivalents to the coarse sediment overlying the scour at 

Gilby. At well 4-21-39-27, at the northwestern end of 

Joffre, there is a pronounced increase in the coarseness and 

thickness of the overlying gritty veneer to CMS, thus 

suggesting that the CMS veneer becomes more significant 
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towards Gilby. The third observation in support of the 

correlation of CM5 and the Gilby unconformity is the 

equivalent stra t igraphic position of both surfaces beneath 

the uppermost c o nglomeratic sediment (E3 at Joffre). 

CM5 does ap p ear erosive northeast of Joffre at well 10-

22-39-25 (Cross section A-A', Fig. 5.17), where it cuts out 

both CM4 and E2 . It is identified at 10-22 by its 

associated Skol i thos burrows, and pebbly veneer. 

Presumably, the bioturbated muddy sandstone CM5 rests on at 

this location i s Package B, indicating that CM5 has cut out 

Packages D and C. 

Package E 

Package E i s bounded below by CM5, and above by E3. It 

consists entire l y of Facies 4 in the immediate vicinity of 

Joffre, but in t he distant southwest, it may include the 

hummocky sandst o nes of Facies 10 (Fig. 5.17). 

The gritty v eneer used to help locate CMS actually 

belongs to this package. In general, there is a slight 

coarsening of t h e gritty material laterally, towards the 

northwest end o f Joffre, accompanied by an increasing number 

of gritty layer s . Following the discussion of possible 

equivalence bet ween CMS and the Gilby scour, it is suggested 

that the gritty layers at the base of Package E are 

correlative with the coarse sediment at Gilby, although this 

is yet to be nailed down. 

Bounding Surface E3 

Bounding surface E3 is preserved as the sharp contact 

between Facies 4 and the overlying conglomeratic sediment of 
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either Facies 11 or 12. It is mapped over an area of 1500 

square kilometres in this study. The conglomeratic sediment 

which mantles i t varies from 10 to 30 em in thickness, and 

the maximum ave r age pebble diameters exceed 20mm, this is 

the coarsest grained sediment seen at Joffre. Cross section 

A-A' (Fig. 5.17), shows that most of the down-cutting 

associated with E3 occurs southwest of Joffre, the scour 

appears to be closely parallel to the underlying core 

markers in the direct vicinity of Joffre. 

Package F 

Package F is underlain by E3, its upper limit is not 

defined, it occurs somewhere in the Lloydminster Formation 

or perhaps it is even bounded by the Fish Scale sandstone. 

The basal sediments of Package F are the conglomeratic 

deposits of Facies 11 and 12 (which mantle E3), and the 

shales of Facies 14. Sometimes Facies 13 occurs above the 

conglomer a tic deposits within Facies 1 4 . 

The depositional setting of Package F was probably 

offshore, in a quiet setting where the rate of bioturbation 

was equal to the rate of deposition. Very little sand was 

supplied to this environment, except for the sharply-based, 

loaded sandstone beds comprising Facies 13. 
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CHAPTER 6. INTERPRETATION AND CONCLUSIONS 

6.1. Introduction 

The interpretations are built on specific observations 

from the cores and logs of Joffre, namely that: 

1) there are at least three major erosional surfaces 

present at Joffre; 

ii) 

iii) 

there are six distinct packages of facies; 

there are overall grain size trends within the 

facies packages, and grain size breaks between 

packages. 

Analysis of these features is directed towards solving 

a) the origin of the erosional surfaces, 

b) the nature of the depositional environments of the 

facies packages, 

c) the history of changing depositional environments 

and fluctuating sea levels during Viking 

deposition. 

6.2. Interpreting the Erosion surfaces 

Erosion occurs when there is an increase in wave or 

current energy on the substrate. In the context of marine 

settings, erosion happens when relative sea level is lowered 

to the point that wave base is brought into contact with the 

substrate. Prior to a relative drop of sea level, the 

substrate would have been below wave base in a depositional 

setting , however in a shallower setting, it would become 

more susceptible to wave and current erosion 
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K2 The E2 scour surface is discussed first, because it 

underlies the main accumulation of coarse sediment (Package 

C). In the immediate vicinity of Joffre, the scour surface 

has a scarp-like shape, extending 30 km along the length of 

Joffre. The scarp plunges 12 metres towards the northeast, 

sloping at less than 0.3 degrees across the 2.5 kilometre 

width of Joffre. The economically important coarse sediment 

is banked-up against this scarp. The fact that the coarse 

sediment overlies the scour surface precludes any 

possibility for a genetic link between it and the underlying 

cleaning-upward sandstone of Package B. Northeast of Joffre 

the geometry of the E2 scour is undefined because of the 

lack of core data. The localized nature of the coarse 

sediment distribution has not encouraged drilling 

northeastward of the scarp. 

Erosion of E2 can only have taken place in one of three 

settings: fully marine (offshore), fully subaerial, or some 

combination of both environments. The distinctive troughy 

shape of the scour creates problems for an offshore setting, 

because erosive currents or waves would somehow have to be 

focussed into the area of the present trough-like scour. 

There is no published account from recent shelf sediments of 

5 m deep focussed erosion, over such an area. The 

contrasting appearances of the pre- and post-erosion 

sediments is striking. The depositional environment 

associated with the medium-grained to pebbly, cross-bedded 

sandstone of Package C appears markedly different to that of 

the bioturbated, fine-grained sandstone of Package B. This 
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is a strong indicator of significant environmental change 

associated with the erosion surface. Erosion in an offshore 

setting seems to be an unlikely possibility for E2. 

A subaerial setting might be feasible if the scarp shape 

of E2 were envisaged as one side of a northwest-oriented 

river valley. However, none of the sediment filling the 

"valley" has a fluvial character. The sediment directly 

overlying the scour is glauconitic and features Skolithos 

burrows, thus exhibiting a marine signature. To suggest 

that a former river valley was transgressed, transformed 

into an estuary, and that all signs of fluvial deposits were 

removed, is very unlikely. There is also no sign of former 

river valleys trending perpendicular to Joffre in the study 

area. 

The process which best explains the shape of the scour 

and the character of the overlying sediment is a combination 

of ma r in e and sub a e ria 1 e r o s ion , a't or v e r y c 1 o s e to a 

shoreface. 

A major drop of relative sea level would significantly 

move the shoreline basinwards (northeastward), thereby 

localizing wave base scour in a previously offshore 

environment (Fig. 6.1). The northwest-oriented slope 

defined by the E2 surface can be compared to the toe of the 

newly formed shoreface. The scarp would represent the 

steeper middle shoreface. The coarse, cross-bedded texture 

of the sediment overlying the scour can then be explained by 

middle and lower shoreface processes. 
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A marine setting can also account for the interfingering of 

glauconitic, cross-bedded sandstone and marine shale on the 

seaward side of the E2 trough, and explains the prominent 

Skolithos burrows which may penetrate the E2 surface. 

Erosion of E2 in a shoreface setting is also supported by 

the fact that the alternative settings do not explain the 

observations. Overall, the shoreface erosional setting 

solves problems of sediment transport and particularly 

sediment focussing in the previously postulated open shelf 

environment of Joffre. 

A schematic summary of the local geological history 

associated with E2 is presented in Figure 6.1. Initially, 

deposition of Package B sediment o~curred in an offshore 

setting, as suggested by the bioturbated nature of the muddy 

sandstone facies. The coarsening-upward grain size trend 

within Package B sediment is interpreted to indicate overall 

basin aggradation. 

A drop of relative sea level (Stage 2, Fig.6.1) caused 

the shoreline to advance northeastward, beyond Joffre. 

Accompanying the advancing shoreline is a lowering of wave 

base. The depositional setting is transformed into an 

erosional setting as the wave base scours into the substrate 

(Package B), shaping a new shoreface in this more basinward 

position. During stillstand, the shoreface would cut back 

southwestward, to the present position of Joffre. The scour 

surface described is the E2 surface, the shape of the scarp 

is interpreted to have been created through wave scour, and 

is interpreted to represent the steeper middle portion of 
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the shoreface. 

During the stillstand (Stage 3, Fig.6.1), coarse 

sediment was supplied to the Joffre area, in response to the 

drop in base level. Drainage systems would begin to incise 

into the flood plain, and an increased gradient of the 

feeder systems, would allow relatively coarse sediment to be 

carried out over newly-exposed flood plain to the new 

shoreline. Once the coarse sediment reached the shoreline, 

it would be transported alongshore by processes such as long 

shore drift and tidal currents. Thus deposition of Package 

C begins under very different environmental conditions than 

existed for deposition of Package B. Package C would have 

been deposited in a nearshore setting under the influence of 

waves and long shore drift. There is no conclusive evidence 

of tidal influence within the sediments of Package C. The 

Skolithos ichnofacies attests to the continuously shifting 

nature of the sediment (Frey and Pemberton, 1984). 

Presumably, the finer-grained fraction of sediment that 

comprised Package B is moved right through the nearshore 

system to be deposited further out on the shelf. 

It is during the initial stages of the stillstand that 

the glauconitic material is believed to have formed, as it 

is incorporated in the basal sediment of Package C. There 

is a tendency for siderite to occur amongst the glauconitic 

sandstone (above E2), and less commonly in the muddy 

sandstone (below E2). The timing of sideritization is not 

understood. Possibly the sideritized sediment below E2 was 

exhumed during E2 erosion, and was sufficiently firm to 
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prevent further down-cutting by E2. Raddysh (1986) notes 

that the sharply-based sandstone at Gilby may rest on 

sideritized siltstone, and that Skolithos burrows which 

penetrate the sharp contact and enter sideritized siltstone 

at Gilby are not themselves sideritized. She suggests that 

sideritized fine-grained sediment underlying the Gilby 

erosion surface represents firm ground developments. 

Distinct pauses in the deposition of Package C are 

indicated by the tongues of black shale which interfinger 

with the cross-stratified sediment. The origin of these 

pauses is not understood. 

A sharp rise in the relative sea level (Stage 4, 

Fig.6.1), and the associated lift of the wave base, caused 

the shoreface to begin to retreat away from Joffre. The 

retreating wave regime would have planed off the upper 

portion of the Joffre shoreface and beach, removing the 

evidence for the newly-created floodplain associated with 

the Joffre shoreface. In a similar fashion, the Holocene 

transgression has removed a swath of sediment 5-15 m thick 

(Kraft, 1971; Rampino and Saunders,l980).The transgressive 

surface is mantled by pebble layers reworked from the top of 

the Package C sediment as the beach and upper shoreface 

sediments were redistributed southwestward, following the 

direction of shoreline retreat. 

corresponds to the CM4 marker. 

The transgressive surface 

The transgression is 

believed to have begun suddenly because the lower 5 metres 

of the shoreface profile and the overlying coarse sediment 

are preserved in tact. Evidence for the former shoreface 

position is thus preserved 
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in situ by the trangressive blanket of Package D (Stage 5). 

El The interpretation of El is not as straight forward 

as E2. This is because the El surface does not appear to 

have a similarly pronounced shape, nor does it have an 

associated deposit of cross-stratified shoreface sediment 

overlying it, as was seen in E2. The coarse sediment which 

mantles El is oftentimes only one pebble diameter in 

thickness, rather than the 3 to 5 m of cross-stratified 

sandstone seen above E2. The El scour surface cuts into 

bioturbated marine siltstones (Package A), and is overlain 

by bioturbated marine sandstones (Package B). Even the 

scour surface iiself is bioturbated, it seems at first 

glance, to record an entirely marine history 

There are at least three circumstances which could 

produce the offshore appearance described above. Each 

circumstance relects a different amount of relative sea 

level fall, and hence a different proximity to shore. 

The first possibility invokes a minor drop of relative 

sea level, such that the shoreline made only a very limited 

advance toward Joffre, and the study area was still 

significantly offshore. The broad scour might be attributed 

to a re-equilibrating shelf circulation system responding to 

the minor, but distinct drop in sea level. The pebbly 

horizons which occur above El might have been transported 

away from shore by storm deposits which were eroding newly­

available coarse sediment supplied to the distant shoreline 

following the small drop in base level. The similar nature 
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of the underlying and overlying sediment could indicate that 

environmental conditions had not been greatly altered. 

The second possibility invokes a significantly greater 

drop of relative sea level, such that the shoreline 

advanced as far as Joffre, creating a similar shoreface to 

the E2 event described earlier. The obvious questions that 

this poses are "what happened to the coarse shoreface 

sediment expected to overlie El, as happened with E2?" and 

"why is there no pronounced scarp-shape to the El surface?" 

There is no doubt that coarse sediment was available because 

there is at least a thin veneer of pebbles above El. 

Assuming the El shoreface had developed at Joffre, a 

slow start to the El transgression could effectively rework 

the shoreface. Transgression.of the E2 shoreface probably 

began suddenly, with a quick rise of relative sea level. 

This resulted in the preservation of the lower portion of 

the shoreface scarp, and the retention of a significant 

portion of the coarse shoreface sediment. Thus the lower 

part of the E2 shoreface was preserved intact, to be buried 

at sea. Alternatively, as hypothesized for El, if the 

initiation of transgression is slow, there is a much greater 

chance the shoreface could be completely reworked. The 

pronounced shape of the original scour could be completely 

bevelled, and the sediment mantling the scour could easily 

be entrained by the retreating wave regime to be 

redistributed shoreward as a thin, continuous veneer. The 

intriguing one metre accumulations of pebbly sandstone which 

are rarely observed at the El horizon (10-2 and 10-8, Cross 
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section B-B', Fig. 5.17) may represent fortuitously 

preserved pockets of the original El shoreface. Certainly 

they occur stratigraphically deeper than their affiliated 

pebble horizons, and perhaps they were safely beyond wave 

base during the transgression. In this circumstance, the 

erosion associated with El would be caused by the slow 

erosional retreat of the shoreface. 

The third possibility which could explain the nature of 

the El surface is a slight variation to the previous 

scenario. The third possibility invokes a greater drop in 

sea level such that the shoreline advances beyond Joffre to 

establish itself further basinward. Once again, the El 

surface is interpreted to represent the scour associated 

with the retreating shoreface, except this time the study 

area would have been behind the shoreface, in an area of 

newly-exposed flood plain. The rare occurences of cross-

stratified pebbly sandstone might represent preserved 

remnants of the most deeply incised streams which would have 

cut across the emerging flood plain to keep pace with the 

rapidly advancing shoreline. The incision of these streams 

would have to have been deep enough to save them from 

transgressive-overprinting. In this instance, the sharp base 

of the cross-stratified deposit would be equated with 

erosion caused by a drop of relative sea level. All 

evidence of subaerial exposure would have been removed by 

the transgressive erosion, juxtaposing marine sediments of 

Package B overtop marine sediments of Package A. 

the underlying sediment was still appropriately 

Presumably 
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unconsolidated for the burrowing organisms of Package B to 

homogenize the E1 surface and scramble the contact. 

The local scope of this study cannot support one unique 

setting for the E1 surface, regional mapping of the 

erosional surface is the best way to determine its history. 

E3 The E3 surface resembles the E1 surface in that both 

have diffusely shaped scours, and both are capped by 

relatively thin pebbly mantles as compared to Package C 

which overlies E2. E3 is certainly a widespread surface, 

and the relative coarseness of the pebbly sediment overlying 

it are intriguing. The same inability to precisely explain 

E1 applies to E3. 

Perhaps the best analogue for E1 and E3 is the gravel 

veneer, which lies shoreward of the Carrot Creek shoreface 

(Bergman and Walker, 1986). A widespread veneer of pebbles 

has been mapped a great distance shoreward of the Carrot 

Creek shoreface (Plint et al., 1986). Bergman and Walker 

(1986) suggest that this veneer was deposited during the 

Carrot Creek Transgression "TS", by waves which were 

reworking the upper portion of the Carrot Creek shoreface. 

By applying this analogy to the E1 and E3 surfaces, one 

conludes that the pebbly shorefaces which supplied the 

pebbles to each surface was located further seaward, towards 

the northeast. Regional mapping of the scour surfaces would 

prove or disprove this. 
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6.3 Conclusions 

1. Deposition of the Viking at Joffre was controlled by 

fluctuations of relative sea level. 

2. There are at least three erosional surfaces at Joffre 

(E1, E2, and E3), and each is capped by unusually coarse 

sediment. At Joffre the maximum dep~hs of scour 

associated with the El and E2 erosion surfaces are 6 and 

12 metres respectively. Southwest of Joffre, the E3 

erosion surface exhibits 16 metres of erosion. 

3. The E2 erosional surface displays the most pronounced 

mo rphology, it is a one-sided, northeastward-sloping 

surface dipping 0.3 degrees. 

4. Th e coarse sediment of Package C, which overlies E2, is 

interpreted to represent the remnant of a shoreface 

which developed at Joffre during a lowstand. 

5. The thinner, coarser veneers above E1 and E2 are 

mor e difficult to e x plain in such a localized study, 

poss i bly they repr e sent transgressive lags associated 

wit h s hor ef ac e s further seaward (northe a st) of Joffr e . 
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