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The Lower Cretaceous McMurray Formation in northeastern Alberta records deposition of a northwestward-flowing fluvial system located in the distal portions of the Cordilleran foreland basin. Here we present new detrital zircon
data from 27 samples collected from the McMurray Formation as well as new subsurface mapping of paleovalley systems. Together, this data set demonstrates how the fluvial channels of the McMurray Formation evolved during
deposition, and provides evidence of a westerly-derived tributary that joined the main valley system. Detrital zircons in the McMurray Formation are dominated by Appalachian- (300-700 Ma) and Grenville-derived grains
(1000-1300 Ma), with lesser components of grains derived from the Cordilleran (less than 250 Ma) and Canadian Shield (ca. 1800 and 2500 Ma) provinces. In restricted locations, the relative proportion of Cordilleran-derived
grains within the fluvial deposits increases significantly. These locations correspond to mapped paleo-tributary systems that originated from areas proximal to the Canadian Cordillera. Thus, we infer that the increase in Cordille-
ran-derived zircons in these locations records the junction between a westerly-derived, paleo-tributary valley and the primary trunk system of the McMurray Formation. Changes in detrital zircon signatures are also present
between lowermost and uppermost McMurray Formation channels. Lowermost channels in the McMurray Formation are smaller than those in the upper portion of the formation and contain larger proportions of detrital zircons
derived from the Canadian Shield. Fluvial channels in the upper portion of the McMurray Formation are almost an order of magnitude larger than those in the lower portion of the formation and are dominated by Appalachian and
Grenville zircons. The change in channel dimensions within the McMurray Formation are associated with changes in provenance, suggesting the increase in channel size may be related to drainage basin expansion or rearrange-
ment. Together, these data suggest detrital zircon signatures within fluvial strata may be useful for understanding changes in drainage basin dimensions and locating paleo-tributary junctions.

Introduction

The bitumen and heavy oil of the Lower Cretaceous (Aptian) McMurray Formation in Alberta, Canada represent one of the largest hydrocarbon accumulations in the
world. Sandstones, siltstones and shales of the McMurray Formation were deposited in fluvial, estuarine, and marginal marine environments along the southern
margin of the Western Interior Seaway during the Cordilleran Orogeny.

Petrographic evidence suggests much of the sand in the McMurray Formation was derived from the nearby Canadian Shield. However, paleogeographic maps imply
the sand was derived from a large south-to-north drainage network that extended from the southwestern United States to northern Alberta.

R10

R9

R8
[

Long

1AA/02-13-086-07W4/00

Lake

(0]

1AA/06-18-085-06W4/00
Long Lake 1

©

-

AB/06-34-084-07W4/00
Kinosis 1

O]

T T
1AA/08-19-084-06\W4/00 @
Kir]osis E _

‘1AA/02—

11-084-07W4/00
Kinosis 2

1AA/13-24-082-10W4/00
Cottonwood

‘ 100/10-20-077-07W4/00
Leismer A

Leismer

1AB/08-14-077-08W4/00

B

G)Q

10

20

3|0 km

Sub-Cretaceous
Unconformity

R7 R6W4
T86

T85

T84

T83

T82

T81

T80

T79

T78

T77

ATHABASCAT * .
OIL SANDS |

0

Location
200

km

:

>4

p |

ALBERTA

N

Wabiskaw Mbr.

Clearwater Fm.

Albian

Modified from Fusjcic et al. (2012)

McMurray Fm.

Aptian

5

T

Devonian

; Early Cretaceous

Methods

1) Zircons of Archean and Early Protero-
zoic age. These are interpreted to indi-
cate a provenance associated with

the Canadian Shield.

2) Zircons of Grenville (ca. 1000 Ma)
and early Paleozoic age. These ages
suggest an Appalachian source original-

ly.

3) Relatively young zircons (<300 Ma)
with a lesser population of Early Pro-
terozoic ages. This is interpreted to indi-
cate a Cordilleran provenance.
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Stratigraphy of Lower Cretaceous deposits in the Atha-
basca region (modified from Fustic et al. 2012). Lower
Cretaceous strata of the McMurray Formation unconform-
ably overlie Devonian carbonate strata. The McMurray
Formation is typically divided into a lowermost unit (below
black line), a middle unit that contains several incised val-
leys, and an upper unit that contains shallow marine de-
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Study area and sample location. Distribution of the Athabasca Qil
Sands is represented by yellow stippled region. Samples were col-
lected from 8 wells drilled in the eastern portion of the Athabasca
area. Precambrian and Phanerozoic age belts from Dickinson and
Gehrels (2009) are displayed on the right: (a) represents the Superi-
or Province of the Canadian Shield (>2.5 Ga); (b) represents the
Trans-Hudson Province (ca. 1.8 Ga); and (c) represents additional
ca. 1.8 Ga provinces. Other principal age belts (discussed shortly)
are labeled.

-Detrital zircon (U-Pb) geochronologic data was collected from 27 samples of
core from 8 wells in the Athabasca Oil Sands area
-Core samples of 2-5 kg were processed using procedures outlined in Geh-

rels (201

1)

-~100 zircons per sample were analyzed using Laser Ablation - Multicollector
-Inductively Coupled Plasma - Mass Spectrometry (LA-MC-ICP-MS) at the
Arizona LaserChron Center
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Different channel sizes - Different drainage basins - Different detrital zircons

Channels in the lowermost McMurray Formation are much smaller than those in the middle and upper McMurray Formation (figure at left). The detrital zircon populations in the lowermost
McMurray Formation differ from those in the rest of the formation. Combined, this suggests the channels in the middle and upper McMurray Formation were fed by larger drainages that
tapped into different sediment source areas. We performed some paleodrainage calculations to see if this hypothesis is plausible.
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