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The recipient of Best M.Sc. thesis award for 2020 is 

Nakarí Díaz. Her thesis, entitled Sequence Stratigraphy 

and Facies Analysis of the Viking Formation in Crossfield 

and Adjacent Areas, Alberta, Canada, was supervised by 

Dr. James A. MacEachern at Simon Fraser University. 

Funding for this research was provided by the Natural 

Science and Engineering Research Council of Canada 

(NSERC). Nakarí also received SFU Graduate 

Fellowships in Earth Sciences in 2017, 2018 and 2019, an 

AAPG Grand-in-Aid Award in 2017, the Petro-Canada 

Graduate Scholarship in Earth Science in 2017, and a 

Travel and Minor Research Award in 2019.  

Nakarí earned her M.Sc. from the Department of 

Earth Sciences at Simon Fraser University in March, 

2020. She also worked for 7 years as a Petroleum 

Geologist in Exploration Geology in the Oil & Gas 

industry in Venezuela, which included both technical and 

scientific roles. Her research project at Simon Fraser 

University focused on developing a high-resolution facies 

characterization of the Lower Cretaceous Viking 

Formation in a sequence stratigraphic framework, in order 

to predict the along-strike variations of reservoir units in 

the Crossfield area of Alberta. Nakarí is passionate about 

the applied contributions that her research provides in 

furthering our geological understanding of tight shallow-

marine reservoirs and their exploration/development 

potential as they shift from shoreface to deltaic settings 

along depositional strike. 

The Viking Formation (Late Albian) occurs within 

the Lower Cretaceous Colorado Group, and is widely 

distributed in the subsurface of Alberta and Saskatchewan 

in the Western Canada Sedimentary Basin. The Viking in 

the Harmattan East and Crossfield areas were last studied 

by Hadley (1992). The Viking Formation produces 

hydrocarbons from shallow-marine sandstones at 

Crossfield but had not yet received an integrated 

sedimentological and ichnological analysis to 

differentiate the depositional facies and explain the 

changes in reservoir quality of sandstone intervals along 

depositional strike. Additionally, the study area had not 

been evaluated sequence stratigraphically, and it was 

clear that in order to facilitate meaningful correlations and 

understand the depositional history of the reservoir 

interval, such a framework was essential.  

The sequence stratigraphy of the Viking Fm has 

been long debated. Owing to the generally low-

accommodation conditions that prevailed at the time, 

bounding discontinuities are complex, cannot be 

expressed by a single origin, and are difficult to correlate 

(e.g., Pattison and Walker, 1994; MacEachern et al., 

1999; Schultz et al., 2019). To that end, the Depositional 

Sequence Type IV approach (Catuneanu 2006) was 

employed, so that the Crossfield model could be 

integrated into the regional framework being developed 

elsewhere in the basin. 

The thesis proposes a sequence stratigraphic 

framework that identifies the remnants of four different 

depositional sequences, and these sequences are bounded 

by four (4) sequence boundaries: SB1, SB2, SB3 and SB4 

(Figure 1). SB1, SB3 and SB4 represent composite 



surfaces (WRS/SU) produced by an initial period of 

subaerial exposure and erosion followed by its 

transgressive modification. By contrast, SB2 represents 

only subaerial exposure and corresponds to a subaerial 

unconformity (SU). 

The reservoir interval at Crossfield occurs in the 

highstand system tract of Sequence 3, and broadly 

consists of stacked shallow-marine successions that 

record the progradation of a mixed-process (wave-

dominated, river-influenced) delta. Sequence 3 is 

unconformably bounded by SB3 (WRS/SU) at its base 

and unconformably overlain by SB4 (WRS/SU) at its top.  

Sequence Boundary 3 (SB3) is demarcated by an 

omission trace fossil suite of the Glossifungites 

Ichnofacies and separates bioturbated lower offshore silty 

mudstones of the TST of Sequence 2 below from 

overlying sharp-based shoreface sandstone deposits of the 

TST of Sequence 3. In the study area, SB4 (WRS/SU) 

separates delta plain deposits of the highstand system tract 

of Sequence 3 below from overlying cross-stratified to 

parallel-stratified, coarse-grained sandstone intercalated 

with dark fissile mudstone. The subaerial unconformity 

(SU) was generated by a regional base level fall that had 

shifted the shoreline as far east as Saskatchewan (i.e., 

VE4 of Walker, 1995). Hence, SB4 is also highly 

diachronous and marks a major stratigraphic break in the 

study area.   

Facies mapping of the deltaic deposits in the HST of 

Sequence 3 records significant along-strike variations as 

a function of the relative importance of fluvial energy, 

fairweather waves, and storm wave processes, which 

impacted the Viking Formation’s reservoir quality. 

Owing to the minimal influence of tidal processes, the 

process classification scheme of Ainsworth et al. (2011) 

was modified accordingly in order to evaluate the 

interplay of fluvial sediment influx, fairweather wave 

energy and the magnitude of storm events on facies of the 

prodelta, delta front and distributary channels (Figure 2). 

Facies successions of the prodelta and delta front 

display the most pronounced variation along depositional 

strike. The delta front is main reservoir unit and is 

characterized by greater proportions of erosionally 

amalgamated HCS towards the northern part of the study 

area. By contrast, south of the distributary channel 

deposits, the delta-front intervals were partially sheltered 

from storm energy, leading to them being markedly 

heterolithic. These heterolithic intervals are characterized 

by thinner tempestites intercalated with fairweather wave-

generated bioturbated mudstone and fissile mudstone 

drapes deposited as fluid mud from river-derived 

hypopycnal (buoyant) plumes. This indicates that fluvial 

influences on delta-front facies are better preserved to the 

south and imparts a facies asymmetry along depositional 

strike. Facies successions of the prodelta, however, 

demonstrate only a progressive increase in fluvial 

influence (e.g., fluid mud layers, hyperpycnites) towards 

the distributary channels, and are otherwise largely 

similar along strike, showing comparable proportions of 

micro-HCS and HCS storm beds and bioturbated 

fairweather mudstone beds away from the mouth of the 

distributary. This arrangement clearly demonstrates that 

from a process perspective, the delta was symmetrical 

(Figure 3).  

This thesis demonstrates that careful mapping of 

paleoenvironments within discrete system tracts is 

essential for their accurate depositional characterization. 

Specifically, under shallow-water, high-energy 

conditions typified by pronounced erosional 

amalgamation of some bed types, spatial changes in the 

resulting facies successions may be a function of a 

preservational bias – a sedimentological control that 

preferentially removes beds generated by other processes 

(i.e., fluvial and tidal) that were operating in the system 

and giving the false impression of delta asymmetry. 

Rather, successions that favour a more complete record of 

deposition (e.g., prodeltaic intervals) are superior for 

characterizing the actual distribution of depositional 

processes that operated on the delta. Correspondingly, 

along-strike variations in the preservation of facies in 

high-energy delta fronts cannot be taken to be indicative 

of process-driven delta asymmetry. 

Nakarí’s thesis is available for download from 

http://summit.sfu.ca/item/20268 
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Figure 1: Schematic representation of the idealized stratigraphy in the Crossfield area (well: 102/06-11-25-28W4). Sequence boundaries 

are associated with the bases of their respective depositional sequences, with SB1, SB3 and SB4 representing composite surfaces (WRS/SU) 

produced by an initial period of subaerial exposure followed by transgressive modification. By contrast, SB2 represents only subaerial exposure, 

and corresponds to a subaerial unconformity (SU). Two types of paleosols are encountered in the study area: incipient paleosols that were 

formed during long periods of time and mark the subaerial unconformities, and pedogenically modified sandstone formed in short periods of 

time during the late lowstand system tract, when accommodation space began to develop within the sequence. 

 

 



 

 

 

 

 

 

 

 

 

 

 

Figure 2: A) Classification scheme of Ainsworth et al. (2011). B) Modified process classification scheme of Ainsworth et al. (2011) to 

evaluate the dominant processes acting in depositional environments where tidal processes are very minor, but where fluvial processes are more 

significant and wave energy can be differentiated into those associated with fairweather shoaling and those with storm energy 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Along-Strike Variations in the HST Delta Deposits. 
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