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Abstract

A revised stratigraphy for the paralic-to-continental Horseshoe Canyon Formation (265 m thick; Upper Cretaceous; Alberta plains)
highlights the varying influences of changes in relative sea level, tectonism, and climate. Five units are recognized:

e Unit 1: marine-to-nonmarine transitions; very coaly; east-west cross sections below a bentonite datum are tabular and thicken weakly
to the west; cross-sections above the datum are strongly wedge-shaped, and thicken to the west, indicating an increase in sediment
supply and subsidence.

e Unit 2: reduced bed thicknesses; marine transgression; evidence for a seasonally dry climate. These features indicate a rise in sea
level coincident with a reduction in both sediment supply and accommodation, and an absolute reduction in subsidence.

e Unit 3: stacked shoreline sandstones and alluvial sandstones ubiquitously cemented with iron carbonate, suggestive of a highstand
systems tract.

e Unit 4: non-coaly; subequal paleochannel-overbank representation; non-amalgamated channel deposits; coarse-grained volcanic ash;
These features indicate resurgent tectonic activity with increased sediment supply to the plains.

e Unit 5: two coal zones; multistoried fine-to-medium grained alluvial sandstone bodies with localized lags of extraformational pebbles.
These features suggest foredeep rebound, a return to a wetter regional climate, and decreasing accommodation in the plains.

Conclusions:

1) A newly recognized bentonite-rich zone in Unit 1 serves as an effective stratigraphic datum in the plains region.

2) Decreasing rates of subsidence in Unit 2 are most likely due to a forebulge rise in response to overthrusting and mountain building, which
requires the transgressive event to be interpreted as a global-eustatic rise in sea level.

3) The co-occurrence in Unit 2 of seasonal dryness and tectonic uplift suggests that climate change was driven by regional uplift and a rain-
shadow effect.
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4) Although three sandstone-rich zones may have hydrocarbon potential (top of Unit 1, Unit 3, and Unit 5), Unit 5 has the best potential for
exploitation.
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e coal
» coal bed methane
e variety of fossils

e superb outcrop geology

(e.g., Drumheller)

Horseshoe Canyon Fm
bedrock

St Mary River Fm

Jerzykiewicz & Sweet 1988; Nadon 1988; Fanti & Catuneanu 2010



* Overall regressive unit (3™ order) above the Bearpaw/Belly River

* Records the onset of the withdrawal of Western Interior Seaway
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Stratigraphy, depositional history, and architecture are
mostly understood in the context of “downstream”
influences (changes 1n relative sea level)

“Upstream” influences (tectonics and climate) poorly
understood/documented.
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Purpose of talk: make a case for “upstream” influences
Evaluate/frame the evidence in terms of

a) the classic 2-phase foreland basin model (e.g.,
Heller et al. 1988; Eberth and Hamblin 1993;
Heller and Paola, 1996; Catuneanu and Sweet,
1999)

b) basic “accommodation” concepts (Shanley and
McCabe 1994; Catuneanu 2006; Fant1 and
Catuneanu 2010)



Compiled:

16 measured sections (Drumheller area)

~200 well logs (T52 - south)

Examined/Utilized

* Coals

* Lithostratigraphy

* Grain sizes

* Ss/mudstone ratios
 Paleochannel size & architecture
* Ss stacking patterns

* Volcanic ashes

* Climate indicators (e.g., paleosols;
vertebrates; plants)

» Marine/nonmarine seq strat concepts

* Foreland basin modeling concepts
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meters

Conclusions

* 5 definable and mappable
lithostratigraphic “units”

» each includes evidence for varying
degrees of upstream influences

* upstream influences increase
(become more obvious) upsection

* considerations of resource potential
(especially upsection) should include
evaluations of upstream influences

tratigraphy
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Unit 1: Notable Features goe
e 3 discrete intervals different
geometries

e volcanic ash horizon:
Drumbheller bentonite zone

e thick, abundant, coarser
paleochannels at top of Unit 1

tratigraphy

Scollard

Horseshoe
Canyon
Fm

Upper Part

|

Drumhefler
Benfonites

4 Unit 1:

Lower Part

Basal HCFm
in outcrop

Strathmore
Tongue

Dorothy
Bentonite




tratigraphy

Unit 1: Notable Features gus

e 3 discrete intervals different
geometries

v’ strathmore tongue (R/T; Hamblin
2004)

v vertical aggradation (#0-4 coals)

v’ significant progradation (#5-9 coals)
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vertically aggrading portion (#0-4 coal swarms)
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NW-SE migrating shorelines, coal swarms 0-2, Unit 1
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e prograding portion (#5-9 coal swarms)
* shoreline steps basinward >75 km
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Unit 1: Notable Features g

e 3 discrete intervals different
geometries

e volcanic ash horizon:
Drumbheller bentonite zone

e thick, abundant, coarser
paleochannels at top of Unit 1
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Unit 1 Interpretation

upstream & downstream controls

e possible drop 1n sea level above the # 4 coal

» and/or possible decrease 1n subsidence rate

e increased volcanic activity at #6-7 coal zone

* increase 1n sediment supply near top of Unit 1
e upsection decrease 1 accommodation
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Unit 2: Interpretation

upstream & downstream controls

* reduced sed supply (fine-grained ss; small paleochannels)

. . Relati_ve Sea Leve| mm mm =
* rise 1n sea level (DMT) Subsidence - eerrss
Paleotemperature wmm = =

e seasonally dry and overall cool (vertisols, fossils)

» moderate accommodation
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Unit 2: Interpretation
Unit 2 indicates uplift event (two-phase stratigraphic model):

sed 1s trapped in foredeep, starving the distal basin

subsidence is reduced by forebulge uplift

THUS...DMT reflects a eustatic sea level rise, unrelated to regional tectonics

Low-to-Moderate

Accommodation
Tectonic uplift Sea Level

IOEld S foredeep Drumbheller area
{;ﬁfﬁe"éﬁﬁﬁ% ‘E‘fﬁ%ﬁ _J . jﬁﬁ%& jﬁi’*"%’

_______ **‘ T Eustatic rise

/ distal basin
uplift




Unit 2: Interpretation

Uplift likely caused a northward shift in dry climate due to expanding rain-shadow
effect

\

Horseshoe Canyon/
Wapiti Fm (wet)

St Mary River Fm/HCFm
(dry)

Jerzykiewicz & Sweet 1988;
Nadon 1988;
Fanti & Catuneanu 2010
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Unit 3 Interpretation

downstream controls

* highstand/onset of sea level drop Relative Sea Level mm mmm
Subsidence EEEEEEsE
e decreasing accommodation i it
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Unit 4: Notable Features

* subequal ss-mdst
e nonmarine
e vertisols

 small paleochannels (<2 m
thick)

* fine-grained

* temp sensitive verts rare
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Unit 4 Interpretation

upstream & downstream controls

Relative Sea Leve| mm o =

» continued cool and seasonally dry Subeidence

. . Sediment Supply ——
* continued sea level drop (nonmarine) Paleotemperature == « =
. . — +
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Unit 5: Notable Features

upr Scollard:
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e rare vertebrate fossils (?)
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Unit 5 Interpretation

upstream controls

* increase and then decline in sediment supply (conglomerates/Whitemuc

e increase and then decline 1n subsidence rate (coals/Whitemud)

* overall increased wetness (coals; kaolinites)

e upsection decrease i accommodation (stacked channels; Whitemud)
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Unit 5 Interpretation

two-phase model context

e tectonic quiescence; foredeep rebound
« shift of wet climate north to south; regional increase in cool/wet climate

* eventual beveling and deep weathering of landscape (Whitemud)

Moderate
Accommodation

foredeep rebound and

base level

erosion

distal basin
subsidence




Conclusions

« Revised stratigraphy/interpretations reflect combined upstream &

downstream influences:

sea level; sed supply; subsidence; climate; volcanism

« Two-phase strat model helps integrate sed supply, subsidence, sea-

level change and climate data, creating a cohesive history.

* Resource potential should be evaluated in light of evidence for

upstream controls

e.g.: gas-hosted ss at top of Unit 1 and Unit 5, and Unit 3
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