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Abstract

The Aptian McMurray Formation, eastern Alberta foreland basin, consists of basal fluvial deposits that become increasingly marine-influenced
upwards. This presentation examines the McMurray drainage area and sediment-routing system within the context of the evolving foreland
basin. Detrital zircon (DZ) data indicate the McMurray was the axial stream for a drainage sourced in the Appalachian Cordillera of the SE US
through eastern Canada, which served as the divide between the Gulf of Mexico-Atlantic and the Boreal Sea. This continental-scale drainage,
the Mississippi or Amazon of its time, was routed through the US midcontinent to the Assiniboia paleovalley, and was a contributive system,
joined by shield-derived tributaries from the east, but remained separate from Western Cordillera-derived fluvial systems that dominate
McMurray-equivalent strata in the foredeep farther west. The position of the McMurray axial drainage is consistent with the broad low-relief
backbulge of the Cordilleran foreland basin, with the forebulge represented by the area of thin McMurray deposition to the west. The
McMurray paleodrainage is interpreted to represent the last vestiges of continental-scale east-to-west sediment transfer that resulted from
development of the Paleozoic Appalachian Cordillera along the eastern margin of North America. Prior to development of the Mesozoic
Western Cordillera, this drainage routed sediments to the western North America passive margin, then, with development of eastward-
propagating foreland flexural topography, the axial drainage was routed to the northwest Throughout this reconstructed drainage, Lower
McMurray fluvial channel-belt sands rest on the sub-Cretaceous unconformity, which cuts sedimentary rocks of Jurassic to Devonian age.
These relationships are consistent with what geomorphologists refer to as mixed bedrock-alluvial valleys. In the modern world, mixed bedrock-
alluvial valleys (a) dominate the low-relief, erosional continental interiors, (b) require net rock uplift, (c) deepen and widen over long periods of
time (> 10° yrs) by lateral migration and channel-belt deposition, punctuated by periods of bedrock valley incision and terrace formation, and
(d) are contributory. One possible interpretation would be that plate-scale geodynamic processes drove net rock uplift and bedrock incision
throughout the drainage basin, while the superimposed, eastward-propagating flexural signal steered drainage to the north and the Boreal Sea.
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General Outlrne

. Mannvrlle Group Western Canada Sedrmentary System
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SOURCE-TO-SINK SCALING RELATIONSHIPS
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after Somme et al. (2009) and Blum et al. (2013)




WCSB STRATIGRAPHIC FRAMEWORK
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Presenter’s notes: Broader context for study. Previous mapping in the Western Canada Atlas shows a primary sand fairway that connects the Lower Mannville (McMurray) in Cold

Lake and Athabasca Oil Sands areas, and which is separated from the bulk of Lower Mannville by a zone stratal thicknesses are significantly less




A CONTINENTAL-SCALE RIVER SYSTEM

McMurray Point-Bar Scales
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MCI\/IURRAY PALEODRAINAGE (1970s through 2014)
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MCMURRAY PALEODRAINAGE — RECENT WORK
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CONTINENTAL-SCALE DRAINAGE REORGANIZATION
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PALEODRAINAGE RECONSTRUCTION PROJECT
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MANNVILLE DETRITAL ZIRCON SAMPLES

Mannville Group at Cold Lake
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Normalized Probability
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Age (Ma)

U-PB DETRITAL-ZIRCON GEOCHRONOLOGY
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EARLY CRETACEOUS MIDCONTINENT DRAINAGE
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PALEODRAINAGE RECONSTRUCTION FROM DZS

Aptian McMurray
T W i

Albian Clearwater-Grand Raplds
TR R %

. Pfimary SE US pahian source . Primary.SESppalachian source
»  Tributaries from the Canadian Shield, and the SW US *  Tributaries from the Canadian Shield and the SW US
after Blum and Pecha (2014) and unpublished *  New tributaries from the NW US and SW Canada



OF DRAINAGE?

10-7 Ma

Onset of
Amazon Fan

Mountains/hills

[]

Lowland

after D
Hotorr - Lake/wetland
et al. = . e 4% > A\ _— l 7_2. M
(2010) namd 4N i Ingease?n

Andean-derived
. sediments Coastal seas

6.8 Ma

Oceanic

=

Rivers
(conjectural)




?
]

¢
Parana 3

Draifiagcms »

Paraguay
River

500 1000 1500 2000 2500 3000 3500
Distance (km)




General Outlrne

. Mannvrlle Group Western Canada Sedrmentary System
. l\/IcI\/Iurray/MannvrIIe Paleodrarnage Reconstructrons -
= A Contrnental Scale Rrver from Pornt Bar Scales
- A Contrnental Scale Rrver from Detrrtal ercons

. I\/Iannvrlle Geochronology from Detrrtal ercons

o The I\/Icl\/lurray as a ered Bedrock AlfuvraLValIey System =,

—



TYPES OF VALLEYS — A SOURCE-TO-SINK VIEW

Sediment

: Sediment Transfer Deposition
Production
: : climate change
relief climate change
: sea-level change
climate storage and release
backwater effects
bedrock
valleys mixed _ coastal-
bedrock-alluvial - Cross-
Il plain shelf
valleys T
Ivna(ﬂzeg incised
Sediment Transfer y valleys

rock uplift ’

subsidence

after Blum et al. (2013)

Export

fluvial connection
to shelf margin

shelf
margin to
basin floor




The McMurray as a Bedrock Valley System

Sub-Cretaceous Unconformity in Colorado Bedrock Valley in SW Saskatchewan
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MCMURRAY DEGRADATIONAL BEDROCK VALLEY

Original McMurray Interpretation of Cant and Abrahamson 1996
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SUMMARY-..

The-Mannville GrOup records a continental-scale drainage, the Mississippi of its time

The McMurray is part of a long-lived bedrock valley systemthat extends from the
Appalachians and shield to the Sevier fold and thrust belt, with major tributaries Jornrng
from the shield all the way to the Athabasca Oil Sands Area

* During MCMurray deposmon there was mrnrmal connection to the Cordllleran magnTatrc arct
«—Afew U-Pbages place McMurray deposrtlon in the range of 123-120 I\/Ia — ——

'The Albian_Clearwater and Grand Raplds represent the same system butby thls trme
the tributary network-had connected with arc- domrnated terraln -

= T ~—-~,.';~, :
e~ - % :

> An abundance of U-Pb ages place Clearwater and Grand Raplds deposrtlon in the range of
113-110-Ma. — : 7 e ——— e == ,*Mif_ - e — —

o= - e,

i

Mixed bedroeck- aIIuvraI vaIIeys requrre surface and rock uplrft and are 1nherent|y ,
degradational. VaIIeys of this type-tectonic drivers that-are-net-readlily explained by a
simple foreland-basin models _and likely reflect interactions with dynamic topography.





