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1 Introduction

Oil sands (also called ‘tar sands’) are found in about 70 countries, from Venezuela and Trinidad/Tobago

in the Caribbean to as far north as Russia. By far, the main deposits are hosted within Cretaceous rocks

of Venezuela and Canada, and among these the largest is the Athabasca Oil Sands of northeast Alberta
(Figure 1). Oil sands consist of bitumen (soluble organic matter, solid at room temperature) and host
sediment, with associated minerals, and excluding any related natural gas. The crude bitumen within the
sands is a naturally occurring viscous mixture of hydrocarbons (generally heavier than pentane), often
ZLWK O FKRPS R XVQKDAMD GAR XVIBZ H O OE@WDND WX W B&/RQH D WALKBH W X P H Q
ZLARD QRE@K RWX P P HALDEM. W XPPRI]GIWVRW KREX W FIV @& RQKIH. WHDWD @ @\R'U W KH D VW
Alberta.

Since the 1990s, bitumen has evolved as a major source of energy in Canada (Lee, 2006), largely a result
of three major factors:

1) in situ technologies, such as Steam Assisted Gravity Drainage (SAGD) and Cyclic Steam Stimulation
&66KDEMHFRPHLGRPPHUHM™O REBOBWLRQYV

2) in Alberta, crude bitumen production has exceeded conventional crude oil production; and

3) bitumen from Canada is considered an integral part of the world's oil reserves (Lee, in press;
U.S.G.S., 2000).

, @& D Q DV IBHM® QRFAVFIX@ U H W DAXNRDOO HE WSXRRIQLRIVAN K 1$ D Z WIRWOQH U L Q J
an area >140,000 kh{Figure1B). Bitumen is also found in Devonian carbonates (most notably within

the Grosmont Formation) but, this bitumen has not been commercially produced (Harrison, 1987;
Theriault, 1988; Dembicki and Machel, 1996; Rice et al., 2003; Buschkuehle, 2003; Buschkuehle and
Grobe, 2004).

In 2003, Alberta’s reserves estimates of remaining established reserves was 174.5 billion barrels
(Gb)t, comparable with the oil reserves of Saudi Arabia. In 2001, Alberta’s production of raw bitumen
and synthetic crude oil (SCO) exceeded conventional crude oil, accounting for 53% of Alberta’s oil
production. This trend is expected to increase to about 80% of Alberta’s oil production b{FNirz

2).

Development of the Canadian oil sands industry has a history of more than 90 years. In 1913, Sidney Ells
R UJD QN Ky WS G U WRR VRNIV RHMD QIGIVX GRLYQHWY R LMD QE3WF RX 8V K H
Athabasca River valley (see covAppendix 1).Today, near Fort McMurray, oil sands are recovered in
open-pit mines by truck-and-shovel operations, in which the world’s largest Caterpillar 797 and 797B
trucks have payloads of 380 tons. Oil sand is transported to processing plants, where hot or warm water
separates the bitumen from the sand, followed by dilution with lighter hydrocarbons and upgrading to
synthetic crude oil (SCO) — a mixture of pentanes and heavier hydrocarbons. About 20% of the oil
sands reserves in Alberta are recoverable by surface mining; in situ technologies need to be used for the
remaining 80% of the oil sands that are buried at depth (> 75 m).

tAlberta Energy and Utilities Board, Alberta’s Reserves 2003 and Supply/Demand Outlook 2004-2013,
Statistical Series (ST) 2004-98.
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' Bitumen Extraction Using Cydlic Steam Stmulation (CSS) B) Diagrammatic Representation of the Underground Test Facility for
S Bitumen Extraction Using the Steam Assisted Gravity Drainage (SAGD) Process

Cross Section Through a Steam Chamber
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7 KR LMD QRBHNWO E HHUUHDF R Q VR OH /& \WHIB®BM KEKR U H (B OVLDCPIKIDL W XLIPIH Q
natural, tar-like mixture of hydrocarbons, that when heated has a consistency of molasses. In its natural
state, bitumen (density range 6t&12° API; at room temperature viscosity > 50 000 centipoises) will
QRARIVBZHOOE@ O HRWKRHDR VL@ D Q® ONRQ V L GRNMIHIGAAIW WIKM

RLO VSSGLPVWDRDN®$H+RZH YEHF DWIKHR UH IAKHOGR MDA AR IVR

well, these deposits are referred to as ‘primary in situ crude bitumen.” The major challenge of recovering
ELW XIRJMR@H SWWRY H U ALRMHIYKL V F RWB.GNQALRVZRR ZVWR I O O ERAURN K L V

thermal (or other non-primary) in situ methods are used, most commonly Cyclic Steam Stimulation
(CSS) and Steam Assisted Gravity Drainage (SAGi)ure3).

Canada’s largest in situ bitumen recovery project uses CSS at Cold Lake. Steam injected down the
wellbore into the reservoir heats the bitumen, followed by a soak time, and then the same wellbore is
XVHMERXPESAXLGVIXYHVEROBNBERXWZHCMOMXUURSWODWRRXDWLSOH
S D @\ WKZIRE RMHR XSQ S H CR@MEVH O W WHHIDRG KRIW MWRUU D QANSIABIMAMINR K H
processing plant. At Athabasca, the SAGD technology is used. Horizontal well pairs (700 m long with 5

m vertical separation) are drilled from surface pads to intersect bitumeRigaye@B). Steam from the

X S SIHQM HZHVBIRSD QGG X WIKGLV F FRRWL NTHL W X B B Q RW KEBLIV XWARRZA VKHO O
forms at the cold interface with the unheated reservoir, along which heated bitumen/condensate drain by
gravity to the lower producing welF{gure3B). Locally, electrical submersible pumps (ESPs) may assist

in lift.

Continuing challenges for economic in situ bitumen recovery involve water and gas requirements for
steam generation, reclamation and emission controls of greenhouse gases. Generally, it takes 28 m
(1000 f8) of natural gas and from 2.5 to 4 barrels of water to produce one barrel of bitumen. Reclamation
of mining sites is done to a standard of at least the equivalent of their previous biological productivity.
Beginning in the mid 1970s, the North American energy crises have made the Canadian oil sands a more
strategic resource for North American energy needs, accelerating industry’s interest and efforts to tap
these vast bitumen reserves (Houlihan and Evans, 1988; Sadler and Houlihan, 1998; Polikar et al., 1998;
Newell, 1999; Meyer and Attanasi, 2003; Dunbar and Chan, 2004; Dunbar et al., 2004; Oommachan,
2004).
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2 General Geological Setting

0 R VR KEHL W XUPHH\DR X G\FISINY K D EXDN WP D BWE IH W KX QLD O HNKADXDQQH @ H
point-bar deposits of the Lower Cretaceous McMurray Formation. Locally, especially in the more
northern outcrops along the Athabasca River, barrier-island, back-bay lagoon and coastal plain
sediments occur. The McMurray Formation is the lowest part of the Mannville Group in Alberta, where
it unconformably overlies Devonian carbonates. In the eastern outcrop part of the Athabasca deposit,
the underlying carbonates are the Christina and Moberly limestones of the Beaverhill Lake Group.
The Wabiskaw Member of the Clearwater Formation, in turn, unconformably overlies the McMurray

Formation Figure4).
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SUB-CRETACEOUS 'z§°° ‘@{0‘) © ‘\\\}?’{~
00/, Q
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YLIXUH 6WUDWLJUDSKLF QRPHQFODWXUH IRU WKH /RZHU &UHWDFHRXV

The McMurray Formation was deposited on an exposed karstic landscape of ridges and valleys with

local paleosols, and varies in thickness from being absent on some Devonian carbonate paleohighs to
over 130 m thick in the Bitumont Basin, at the northern end of the outcrop belt (Figure 5). Bitumen
reservoirs occur in stratigraphic and/or structural traps, in areas susceptible to salt-dissolution tectonics
associated with removal of salts from the underlying Prairie Evaporite successions. The north trend in the
McMurray thickness generally correlates with the salt dissolution fRgti(e5, shaded part).

EUB/AGS Geo-Note 2006-04 (January 2607) e



20 km

R 1W4

N
]
h |
< 6‘0\
&

R 18w4

sed = Yol
o

=} e o

-

8y N

"HVW RI WKH WK OHULGL

,VRSDFK PDS RI WKH OFOXUUD\ )RUPDWLRQ ZLWK WKH 3UDLULH ({

‘HVW RI WKH WK OHULGLDQ WR 5DQJH

NLORPHWUHV PRGL¢{¢HG IURP +HLQ HW DO

YLIXUH
5DQJH

EUB/AGS Geo-Note 2006-04 (January 2@07) e



North of Fort MacKay, the thickening trend of the Wabiskaw-McMurray succession has an east

orientation, corresponding to an axial trend of the Bitumont B&&juge5). The Bitumont Basin

is also largely a salt-withdrawal feature formed prior to and during deposition of the Wabiskaw-
OFOXUWDBFFHVQLRKELVNDZ 0F ®LUWMXIPHIDH IRFEERMY QOW KX § RO
AXYLDO HKNK\DXIDIMEDRR P S O HR A & O WHDLORGAF X O RIMKEHD WIXE & UHWDFHRXV
XQFRQ | RRIPLIMWISY HFRM ARG SHYQRQSE D Q H RKID BK-MJ FUKHH\GH LZY. RULKUL\Q

the Wabiskaw-McMurray. In the upper parts of the Wabiskaw-McMurray succession, gas and water
reservoirs may be associated with the bitumen (Alberta Energy and Utilities Board, 1998, 2003).

$EHGUROFRAIW KRWWO X U DI\M B R W\KW KRHVD QRGX\W FIUBRRY ¢ YWE& H
Athabasca-Clearwater drainage syst&iglfresé and 7). This outcrop distribution is

related to the Pleistocene geomorphological history of northeastern Alberta and northwestern
Saskatchewan (Teller and Clayton, 1983; Teller and Thorleifson, 1983; Teller, 1987; Smith and Fisher,
1993; Fisher and Smith, 1994; Fisher et al., 1995; Leverington and Teller, 2003).

Glacial Lake Agassiz formed by ice damming at the end of the last ice age, as meltwaters from the
Laurentide ice sheet formed a large interior glacial sea. At its maximum extent (~ 9.9 ka BP) the lake was
about 440 000 ki covering most of Manitoba and Saskatchewan, extending eastwards into Ontario,

with the southern limit in Minnesota and North Dakota. Glacial Lake Agassiz drained to the south
through the present Minnesota River valley to the Mississippi, eventually to the Gulf of Mexico, to the
east to the Great Lakes, and to the west-northwest through northwestern Saskatchewan and northeastern
Alberta (Figure8). By 10.8 ka BP, the southern outlet of glacial Lake Agassiz was disrupted and by 9.4

ka B.P. this spillway was abandoned (Fisher, 1993). At ~ 9.9 ka BP, glacial Lake Agassiz broke through
its margins to the northwest, spilling into the headwaters of the Clearwater River near present Methys
SRUWSDWD VW BREBKLFL QWK GRGY KD HD UZIDWARZ HEVW GIRZ@ ULYH U
WW KIR Q A XHIQWKSM K D ESL\WRIM O H RARZANG HHQWR IQHR IBREVQISMW KDEDVFD
5LYS0RWKID\W KSHD O H RPAHRIRWE 4 D W BING @ \DW HUH.GYHDUD GFHU\W DRADLMQRI U

VSLO @AEBNVSRVARFE®RXOGHUDYWR DWARYUDRVKHU $ERXW PWW KH

north, near Fort MacKay, an exceptionally large braid-delta and aeolian sand complex formed, called the
H$SW KD B-DOMPDA R R G Z B\WM B R XIFGW®RD FD NEF & RQ GPHOB RARAT HQW XD OO\
drained northward to the Arctic Ocean via glacial Lake McConnell and the Mackenzie River system
(Rhine, 1984; Rhine and Smith, 1988; Smith and Fisher, 1993; Lemmen et al., 1994). A number of other
smaller meltwater channels formed as precursors or tributaries to the main spillways, although these are
mainly buried today (Andriashek, 2000). These buried meltwater channels incise up to 300 m down into
bedrock in the subsurface, emplacing Quaternary sands in direct contact with Cretaceous Clearwater
and underlying McMurray oil sand reservoirs. One of these, the Birch Channel, lies directly south of the
Underground Test Facility (UTF) site, and the other, Willow Channel, lies between the Dover and Ells
River, north of the UTF site.

ODQRWKHKULMBWHYRBED Q Q HDAPRAMIUIX L WRIKBHR W DER KQ GLZO WH U
the region. Additionally, Quaternary sand and gravel serve as local sources of aggregate in the Fort
OFOXUDWM\EDWKRXIPKDWHVPWDRGKRF RW KJHO KL GH BWURHD Q\

outcrops that show a variety of glacial features at the top of the bedrock sections, including glacially
thrust oil sand bedrock (Amphitheatre Outcrop near Fort MacKay), aeolian loess (Saline Creek and

+D QJL QRMNWRFAHR B L RR X W IZIDDYGOEQIE) D YHROPZH. W R DRWMWHW HGLPHQWHG
oil sands (Horse River and Dover River), locally convoluted ice-load features (Horse River), and
glaciolacustrine units (Ells River). Remnants of beach ridges are common around the Thickwood Hills in
Fort McMurray, and local moraines are preserved north of Fort McMurray near Clarke Creek (Twp 90-
91, Rge. 8-9 W 4th Meridian) and northeast of the Steepbank River, Twp 91-95, Rge 7-9 W 4th Meridian)
(Carrigy and Kramers, 1973).
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JLIXUH O0DS VKRZLQWRWBO DPBHOOWRDWRBODFLDO /DNH $JDVVL] RFFXSLF
ODNH JUDGXDOO\ VKLIWHG IURP VRXWK WR QRUWK IROORZLQJ WKH UHWI
ODNH VWDJHVY FRQ¢QHG WR WKH VRXWKHUQPRVW SRUWLRQ RI WKH LQGLF
PRGHUQ +XGVRQ %D\ +% 3ULPDU\ URXWHV RI JHQHUDO RYHUARZ DUH OI
6XSHULRU EDVLQ +% JHQHUDO RXWEXUVW GLUHFWLRQ RI WKH ¢QDO UHC
%D\ . .DPLQLVWLNZLD URXWH WR WKH 6XSHULRU EDVLQ .,1 $QJOLHUV
WKH 2WWDZD 5LYHU 1: QRUWKZHVWHUQ RXWOHW WR WKH $UFWLF 2FHDC
6RXWKHUQ RXWOHW WR WKH *XOIl RI OH[LFR YLD WKH OLQQHVRWD DQG OL"

3 Previous Work

An historical overview of the study and development of the oil sands in northeastern Alberta is in
Appendix 1Detailed sedimentological and stratigraphic analysis of more than 80 outcrops, ~300 cores
and over 7000 well logs by the Alberta Energy and Utilities Board/Alberta Geological Survey over

the previous 7 years allow for a better understanding of the Athabasca Oil Sands deposit. Much of this
work has relied on facies mapping on a regional scale, facilitated through a multidisciplinary approach
involving palynological and facies analysis of outcrops and cores, well log analysis, seismic modeling, as
well as comparisons with modern analogues (Hein et al., 2000, 2001; Hein and Dolby, 2001; Flach and
Hein, 2001; Langenberg et al., 2002, 2003; Hein and Langenberg, 2003).

$QXPHEHHHO®BL GKHVEH HQ L VD\E RMiQM/H R ORMAKR WWO X U DD\WHP SKDVL]LQJ
the oil sands, with the most recent by Hein et al. (2001), Ranger and Gingras (2002) and Paulen et al.
(2004). Selected applications of outcrop analogues to detailed subsurface reservoir characterization have
been done at various locations, including the Dover River Project UTF site by Strobl et al. (1997a, b); the
MacKay—-Ells River area by Flach and Hein (2001); and in the Steepbank area by Flach (1977, 1984), Hein
DQ®QIJHQEHUDQY® QJH QHEBIU J 7TKBUHVHQ@WLGHS U HVESGDW H G
D QR Q G HYGHMUH\RB MR ® H LHIN/ O FRP S UH KHHQOVELYBAHKLDINF R U STRUHDYW AN G
VW UDWR NWHKIADK\U YRYU P D W/QE@ L SHGVKRAPKHRM KRHVM®D Q G V

EUB/AGS Geo-Note 2006-04 (January 2QQ7) -



4 Stratigraphy

7TKEFOXU W SYHFWRWLILBDO@AOGE/HDUQ LYERXN\WPQRWRWKUW

McMurray along the east bank of the Athabasca River (01-05-090-09W4). In 1959, Carrigy further
subdivided the McMurray into three units — Lower, Middle and UpBigiufe9). Typically in the past,
WHKIFOX U WXFFHKBERRQ W H USWHYLBW® KOHR ZHW X U LHDAW X BKJD QDERH®
point-bar for the middle McMurray, and coastal plain for the upper McMurray. Although this tripartite
terminology has been applied throughout the surface mineable area of the Athabasca deposit, the
continued use of this stratigraphic subdivision remains controversial (cf. Hein et al., 2000, 2001; Hein and
Langenberg, 2003; Ranger and Gingras, 2003).

The main problem with the tripartite nomenclature is that one person’s ‘lower, middle, upper’ does
not necessarily represent another person’s ‘lower, middle, upper.” On a regional scale, most workers
FD@LVW LG MHRSKIOHR ZADUY DB OX U UDRW KR HU @QW.YQLID O HY/RM X DU DQ H
because of changes in lithology and facies. By contrast, there is no uniform distinction in mineralogy,
lithology, facies or palynology between the middle and upper McMurray. There has been no regional
work that demonstrates that what is mapped as lower-middle-upper McMurray in one area (i.e.,
Athabasca North) is actually either lithostratigraphically or chronostratigraphically equivalent to what
has been mapped as lower-middle-upper McMurray in another area (i.e., Athabasca South). In many
ORFDWE R @WK U IPIFQIH DBIEKE V X D UDHAMV/ZHW X U AXY GBS RV BHVH Q
reworked into overlying upper McMurray estuarine channel successions or completely removed, such
that an unconformity is interpreted to be at the top of the lower McMurray (Hein et al. A8/i¥hdix

2).

Within the Mannville Group, it is common for channels of various ages and from different stratigraphic

levels to cut down and remove underlying broad scale sedimentary packages. Within the Wabiskaw-
McMurray succession, channels cut down from different levels (compare Figures 9 and 10). This makes
regional correlation impossible without detailed palynological or other chronostratigraphic work. As
succinctly stated by Keith et al. (1988, p. 312): “Subdivision into the middle and upper McMurray
PHPEHWY SHF&LDIQ &X6 WK D QUDHIAME VHRQ WF K D Q RIH&R WK P E HRUWV

where channel sands extend to the top of the McMurray Formation (upper member absent). Therefore

...only the lower portion of the McMurray Formation is differentiated.” This inherent complexity of

P X O WLLGBFROLH QR HOY®! @ W/ X/ SOLHABKGHU D P Q RVUNARR XWHKG X EWERQPPRGDWLRQ
space for the Wabiskaw-McMurray successiBigrell), indicates that what is called ‘middle’

McMurray to the north may not, in fact, be correlatable with what is called ‘middle’ McMurray to the

south. More likely, there is an upward clinoforming of stratigraphic units from north to south, making

VW il O BWB BRRIU U HIOMSRIVRIKET-K H P\DHWFIWFORIX U AOH D KREWHU ¢ QJHULQJ
RIY D U LAROYMHDVOV X D QAOQHL R O DV M @& WRVMWDMIHR UDWOKRDRYHR X WKW R M) K H

% LW X#RYMQFLKQ W H U ¢ QX HINWBAKIPV E HP D S STHVEH S DXI@ IWNRVR/HR XDAUKH

actually parts of the same systems tracts and that it is impossible on any grounds to separate the middle
and upper McMurray successions.

Although a type section is not designated for the Clearwater Formation, it is clear that where sandy,

the lower Wabiskaw Member is glauconitic, salt-and-pepper, lithic sand that unconformably overlies
WHHOXUYRYPDWILIR&RQIOH\, QV DU AEPHWHKBELV NDPEBADYUQWPHG
Badgley also notes the occurrence of ‘soft black’ and ‘greenish grey shales,” with interbedded green/grey
sands and ironstone (siderite) concretions and cemented horizons, particularly toward the base of the
member.
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In application of Badgley’s lithological distinction between the McMurray and Wabiskaw, later workers,
including Carrigy (1963) and Wightman et al. (1995), cite an occurrence of a ‘steel-gray’ or ‘blue steel
gray’ shale as typical of the lowest Wabiskaw D shales. The Wabiskaw D is a true shale that exhibits
SURPLOWQWDWN Y Q Q\GLFORWP S R PHROWM S IRHDFD X U PG VWIR@BI QHU D O O\
lacks trace fossils, but where present are a different assemblage than the underlying McMurray
LIKW PDQ % D VRH@&D O\ Q R\OKIIE L V N VK D OKIRIEN URKHU IDQ HQ L W\
compared with McMurray mudstone that is wholly brackish and within a different time zone (Upper
McMurray is Aptian, whereas Wabiskaw D is Early Albian, cf. Dolby in Hein et al., 2001; Hein and
Dolby, 2001). In core, fracture patterns are distinctly different — McMurray mudstones have a hexagonal
fracture pattern, compared with Wabiskaw D shale that has a thin, bedding parallel, marked platy
fracture pattern. In addition to mudstone/shale differences between Wabiskaw and McMurray, the sands
are also lithologically distinct, in cases where the basal Wabiskaw D is not reworked upper McMurray.
The Upper McMurray is a tan, micaceous quartz sand, with interbedded, tan sandy-silty bioturbated
PXGVWKOHNWDWAWWIK@GIELVNPXGVWREXHU U RD W KIL@QW H DEJHIG V
litharenites.

It is clear some workers still using the tripartite terminology are placing the top of the McMurray at

the base of the glauconitic Wabiskaw C sand, thereby mapping what others consider as Wabiskaw D to
be ‘upper’ McMurray (M. Ranger, pers. comm., 2004). We do not agree with mapping the top of the
McMurray at the base of the glauconitic sand, but place it lower at the contact between the McMurray
and the Wabiskaw D shales. This point is not merely semantics, but goes to the heart of understanding
the geology of the Wabiskaw-McMurray succession. The observed macroscopic features, lithological
differences, along with distinctive wireline log signatures between the Wabiskaw D shale and underlying
McMurray mudstones (cf. Alberta Energy and Utilities Board, 2003), all indicate these are different
stratigraphic units and should not be mapped together. Thus the revised, albeit still informal, stratigraphy
IRWKBIELVNDZ OFQXRZHDUWF O X U ARXY IBIBG AB0OX U BWIYW XDUL G FIR@VWDO
VXFFHVINERWDN AKX Y HY @ X DQEIGMBHEROM® EL VN WH J L R Q D DEPODGIG
:DELVNLDDYFLWHIDHOYGHILRD D DK 6N IH@W/O $SOEHQWODD® G
Utilities Board, 2003).
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5 McMurray Formation
5.1 Depositional History and Reservoirs

The Athabasca Oil Sands deposit of northeast Alberta is notorious for its complex facies relationships,
as well as a fragmentary preserved stratigraphic record. Determination of the relationship of different

V HG L P HDW N BWRQHQ R VOKHHNIBD YD U L DOVQVRKIE H Q W LR ¥ DAMWMNRFOVOTF W V
boundaries has been hampered in the past by the lack of a regional biostratigraphic framework linked to
a regional lithostratigraphic framework.

The McMurray sediments were deposited within a karstic ridge and valley system developed on the
regional sub-Cretaceous unconformifjgures4 and 12A). The Lower McMurray deposits represent
DAXY DIR@ VWD /@ PW E WD LEDRJGRXK D QFRHPG O B [HWY/L 9 Q O@R RV K H
XQFRQIRMUBKWM»WD QG $VVRFFRUAEBF X \VADWIOERRYHU E Q@D G
paleosols are preserved on top of carbonate paleochighs and within some of the karstic sinkholes along
the sub-Cretaceous unconformifigure12B). In outcrop and as mapped in the subsurface, there is
evidence of a disconformity or unconformity separating the Lower and Upper McM&igaye4;

Surface E5Figure 13). With transgression, some of the Lower Fluvial was eroded and reworked into
AXYLDO HKNK\DXDIER HQ \W REPISO RINHKAD L 8\9 DEEO0X U WXFFHWYIRQHV
12C and 13). Through time, with continued overall transgression, paleotopographic features became
blanketed, and by late Upper McMurray more nearshore coastal plain conditions prevailed (Figures 12D
and 13). By time of deposition of the top of the Wabiskaw Member conditions were fully naigoes(

13).

,QOVHWRMB\WD OHRH QY LW RID W H Q \SR/W WRDAMIRIX U DBAX Y UBI® D+RAHY H U

the proportion of the Upper McMurray represented by estuarine channel and point-bar units changes
both in time and space. Comparisons with modern barrier islands and bays from the Maritimes of
Eastern Canada show that much of what was previously interpreted as estuarine channel and point-bar
V X F F H \VRDIERIOQAL Q W HDUEEDUHW @ QB8 Y DV V H ZIOD/GORQEDY LHSAH R MOLAALYA V
PRGHRPWKNMMBRNQYLURQBHQ®@V, ED Q WIONKREW RV W X D \WMRHHP V

Z L WWKPHR \P\B U NGH.G | H U H@ K Bl QMPDHECR Q W LYGDULR/RY /& OFARHD W L, QDX W MRD V
reduced accommodation spa&grell, right side of diagram), not all environments are preserved and
recognition of the proper paleoenvironmental setting is critical for prediction of reservoir heterogeneity.
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6 Sedimentology of Channel Complexes

8 Q U DY HOHEIR. S OHHRR ORMAKEH W XWPHH\DH UWY-RRIGA F R J QUKNIDIMBIQY LD O HVW XD UL
deposits are multistory complexes, and the preserved successions are a result of multiple transgressive

D QUBH J U HS/WAQYKHYH U L XSHDNGR & H WD V JIWHRWWIRZ G0 0 X U AWXY LD O

low-stand deposits, to high-stand Wabiskaw depoisitgi(e13). The key to piecing the puzzle together

lies in the basic concepts of estuaries and their origins; that is, using principles of geomorphology and
concepts of sequence stratigraphy as applied to nonmarine successions (cf. Shanley and McCabe, 1991;

% O XORTR U QT X L V3O IHIWD 7RG RVKR QKiDWR®H ¢, W KEHD \VBEDFL OB Q RFRB\WNM K H

VW U D WR BWHEHSK XUPHI\DH UTVKRIBK VO BEQ R BANK X\WMF DDGOL V F W HQVIHD HAKW R ©
estuarine ‘channel complex.

$ GLVFADEMLID O HYRKDMRPAEDORWISM KDEDEZEBNDZ 0F GHERMBIHY QHG
as those units deposited as a result of the normal processes of erosion and deposition within a channel-
SRLQW\EDIWRFPAXYLDO HWANWKWR QHERHED FNR KD D 8 RL B \W REIHRM
meandering stream (cf. Allen, 1964, 1965), sediments associated with a McMurray channel complex in
W KK Y GIR® L QPOMBH/GKIN W X R X D@ F OMXHKSHR W WKRIPQ )RILOQ \W CEVIIHRFJAI W L R Q
,QFOLtRWE UR®Y UW WLLR B+D6\D QR U VI IFF- I GDNY VRRG-R. D AMHEIHQMNUHH Y D V V H
V S OIDQ/GR R G SYOHIELLQP RQAW/PL J X USH 1 H DAUKHR X RN/ KV W X BRH WK HD H
PR UWPH U ILQKA X H/DKHI D OFRHPG DRIX D GVRF (DXIBN VR FHDW XBDE QHKHD G
GHOAWWHUG L bW L & B DOQUEEDAL Y W H A BWR @\BRFODU V 1§ HHL QL J X UH
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Thus, facies that can be interpreted to form a discrete channel complex comprise those units associated
with one cycle of relative base level fall-and-rise, not the stacked, multistory, channel complexes
associated with successive cycles of relative base level fall-and-rise (cdfagpass14A, 15A with

14B, 15B). Single story channel complexes are differentiated from multistory channel complexes by the
occurrence of a prominent scour surface that cut off the top of underlying successions; abrupt changes

L @D F LW K RRBRWIKHH/G L P HE YWY B QIEY R PAD VE\G L Y H U IHSIFHIWR AR Z
indicators (compareigures16A and 16B).

In summary, for the Wabiskaw-McMurray estuaries, the main controls on sedimentation were recurring
VHDHAKXEW X B RX SQNMER EDO H DEVMNXO W PR IDWERERW VR O ¥X\WWR@ L FV
In detail, superimposed upon the overall transgression from base McMurray to top Wabiskaw are the
KLJKRHIWG-NRJOHNV X U WV KWDHAS U N X A RNW @ E Y B1QERQ RANDOR/HH S DRIDWXR BEZH V
preserved as multistory channel complexeguyresl4B, 15B and 16B).

A) B)

Edwater || S T ] [ water
Sand ’\<“' Sand
Interbedded sand and mud \E\ Interbedded sand and mud
B mu (’\::') B mu
A

J)LIXUH 6FKHPDWLF SODQ YLHZ DQG FURVYV VHFWLRQV RI'$ VLQJOHVWR
AXYLDO HVWXDULQH FKDQQHO FRPSOH[HV IURP :LJKWPDQ HW DO Ut
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YLIXUH 6HTXHQFH VWUDWLJUDSK\ IRU SUHVHUYHG VXFFHVVLRQV RI D
VWDFNHG AXYLDO HVWXDULQH FKDQQHO FRPSOH[HV IURP +HLQ DQG /DQJ
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7 Outcrop Descriptions: DayStopl, McMurray Type Section

) \ &_‘ oV
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McMurray Formation Type #1 Section
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McMurray Formation Type #2 Section
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McMurray Formation Type #3 Section
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McMurray Formation Type #4 Section
UTM 0476120E 6291840N
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71  Section McMurray Formation Typ&ection
Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476166E, 6291060N

Location and Access:7 KIMWHFWDBSUR[LPDRGIRGEQ V WWRIDHPIR Q A X R QY KH
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek
(Figuresl7A, 17B and 17C).

Highlights:
T IHW K LLFONLRQ QW K L QX8 ADIHE W X BRI QCGEHHSCR @ DW WH 6 SRRAMHIGR X J K
crossbedded.

» Well developed alternation of thick vertical accretion abandoned channel mudstones and
crossbedded channel sands.

e Thin (< 1.5 m) Wabiskaw D shale at the top of the outcrop.

Description: In this outcrop section about 34 m of McMurray section is expddgdre18). At the

base the outcrop is a series of stacked, thick, crossbedded sands, with abundant planar-tabular or trough

FURVVERMXDORDJ VOWH MH QDD ¥V FHDORZ Q JOGIF OKIPWBUROLWKLF VWUDW
,+6VD QQ@RX GVWRB QWKKSH/WH PWHR BV RRPKLEE B GHAIUDLRRGH

massive, and increase in the degree of bioturbation, with the most common typeSyiaohgchnus

andPlanolites 7 K ® RZ Q NOCCHO\GWV U DXAQLLAVINGX ) QXIS Z DLLQBVIRZ D ® XGHKEH 6

sand and mudstone at the top of the McMurray succession. At the very top of the outcrop is exposed a

thin (< 1.5 m) dark grey to black, bioturbated, silty mudstone, that is the Wabiskaw D shale (Clearwater

Formation).

Interpretation: The stacked, thick crossbedded sands at the base of the section are interpreted as high
energy, main estuarine channel deposits of the Upper McMurray succession. This is overlain by the
LQWH U B\HKKOEHZGD QQ PON. W H GX\VQLIVDEBY H UCSW MHINVCAIBO/HV X B KM QBRH®

SRL QS HIRYDWNRBBAYL G L U HFFL IRIQUDHEF RVUREG KV I §BIO H RAIRZNFW H G
VRXTWKKI QH UDLQHAGHYAX PRD @@EER L Q G HETRIVURW YA UED\DW R S FPROM\W@
HVW XBKDL QGBS ZDDW KHRIVKBIS SBEBPOX U YRYPDWQRQRW XDULQH
point-bar deposits.
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7.2 McMurray Formation Type #2 Section
Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476157E, 6291350N

Location and Access:7 KIWHFWDBSUR[LP DNPERX Q V WWHRIDHPIR Q A X R Y KHH
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek
(Figuresl7A, 17B, 17D).

Highlights:

» Thick estuarine channel and point-bar sediment with rapid facies changes.

* Well developed crossbedding and bioturbation features in channel sands.

¥ 6WDFDNHNGRIPHN W LWQFRKHBHOWEBUROLWKHWWWUDWL,HG
* Unconformitybetween the Lower and Upper McMurray successions.

Description: , QV KW ¥ RNV F/UHFE SVDLIRFOXRVK L J BW KU QP Q DR)WVK LFENW KAKKY LD O

VD RE F OWWMEHD V7HK LAX Y GG R RIL WHRMW 1 QWIRWW O DWQFRQV RDL\E R WHH G
ODRBEL W XPHHRHQVEO X PR B W XUHHHE H GVUMH S RVFHR® WRRH JUDDQIBG

is seen, with large-scale planar-tabular and trough crossbigds€19B). Unconformably overlying

this unit is the more typically tidal-bedded sands and interbedded sand and mudstone with low-angle

LQFOKI®W 8 URW U W W IDIRR W H RMBRWISKH J URHEHL\R W X U)E D WUSRBQ G&

Mudstone interbeds increase in frequency and thickness going upsection. Concomitant with this

increase in mudstones, there is also an increase in bioturbation intensity, with the most common types

beingCylindrichnusand horizontaPlanolites and rare verticgbkolithos Locally, toward the base of

WHKIQWHUEB@GREGG VW R QWK I UG Y H U IHIIFHINVR ARIZW B YD Q G%

8SVHFWRRQ/UWE G ®QW RINV KRLXW FSLRBH BARVZVEH B RIRHXKHQ LGLUHFWLRQDO

generally oriented north (Figure 19C).

At the very top of the outcrop is exposed a thin (< 1 m), bioturbated, black, silty mudstone that is the
Wabiskaw D shale (Clearwater Formation), that unconformably overlies the McMurray Formation in this
area.

Interpretation: 7KBHEDBDQY¥Q ND Q®/ KeHD RNV R/HH F V¥ L RMBISHU R P LRQUHROW EH GG L QJ
DQ@GDRNQWHUPB NG GWBELHRW X UE D WIKRGW H USYREZ\WHF G X U AXY LD O
deposits. This is overlain by a very thick succession of stacked estuarine interbedded sand and mudstone
deposits. Some of these estuarine sands are massive or show abundant crossbedding and are interpreted
as estuarine channel sands. The sands that are interbedded with mudstone as inclined heterolithic

VW U D W WHHDMW HRIQY O GDRMBU R VE/\MXHWIK D QUDHIDEMQ W H UCSY W/ XHEBU L Q H
point-bar deposits.
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$ 3LQVWULSHG ODUJH VFDOH FURVVEHGGHG ¢QH JUDLQHG VDC
7\SH PHDVXUHG VHFWLRQ

YJLIXUH

JLIXUH % &RDUVH JUDLQHG WURXJK FURVVEHGGHG ODWHUDOO\ GLVFR
FURVVEHGGHG VDQG /RZHU OFOXUUD\ )RUPDWLRQ RI WKH OFOXUUD\ 7\SH
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JLIXUH & %LRWXUEDWHG PXG GRPLQDWHG LQFOLQHG KHWHUROLWKLF
W\SH PHDVXUHG VHFWLRQ
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73 McMurray Formation TypgSkection
Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476096E, 6291400N

Location and Access:7 KIMWHFWDBSUR[LP DNVPERX Q V WWRIDHHR Q A X R Y K i
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek
(Figures 17A, 17B, 17E).

Highlights:
T 7KWKP QI E R O QUDHIDB/ KEHD V H

e 9HUNKLFULDQWK L QX3 ADMHGW X BKID QEEHHSTR @ DW WH. G SRAMABR X J K
FURVYVEH®EGH SZIDLIUGARO WIHRINMRZ DQQOQEBKIOPWBUROLWKDOG® UDW L ¢
mudstone.

+ HO®H Y H MRB/M IEGIRQMHW MREF GI'\WILFBA@BD FN E B DUQ@HIS RD/W VWARR S
of the McMurray.

e Thin (< 2 m) glauconitic Wabiskaw C sand at the top of the outcrop.

Description: In this outcrop section about 57 m of McMurray section is expd3gdre20). At the base

of the outcrop is a 3m thick unit of crossbedded quartz-pebble sands, with abundant trough crossbedding.
OXGVWROW DFBED VERQOHFEBRKU¥MR PPRQWRPPXPPLORDOQWZ LW KH

top of this unit is a siderite-cemented sandstone.

8 Q FR Q| R IRPYIHEUGIM IOERIZFHUR V V ENHBGQBEAHRED V VIL @H8U R V V EGHIBAD MG RO N

the cement, are unconsolidated and lack bitumen staining. Internally, the sands show planar-tabular and
trough crossbedding, with rare dispersed mudstone intraclasts that are bioturbated. Farther upsection the
VD QX GVWRYHVERRY HYRORS ZDWXG FHWKERBRWHKYL. @EBGHG

¢ QHUD LMOEHER LEH. R W X I IE DAMKPHG\F\R P P R/Q SEHH/LAYlihdrichnusandPlanolites

Rare root traces are within a small coarsening upward succession (22-26 m from the base) that may
represent crevasse splay and overbank sedimentation.

TKOBHWXFFHH@IRMHFWRRORYQYNVQJI XSXBBIEBRVLV® QFRXGVWRQH
The IHS is abruptly overlain by a bioturbated, complex sand and mudstone unit (42-57 m). This unit
shows a variety of physical sedimentary structures, including large-scale convolute lamination, trough,
current and wave ripples, parallel lamination and contorted bedding. Siderite bands are common and
continuous across the outcrop. Bedding style of this uppermost unit is even and parallel at the base,
becoming more wavy and discontinuous upsection. At the very top of the outcrop is exposed a thin (< 2
m) green, bioturbated, silty sand of the Wabiskaw C (Clearwater Formation).

Interpretation: The stacked, thick crossbedded sands at the base of the section are interpreted as high
HQHPDILAXY GIHG RRAWWRZ HOF 0 X U YU P D WK R D S NG K/HL G HFUHIPMHI) W H G
zone, likely a disconformity surface between the Lower/Upper McMurray. The overlying Upper
OFOXUUBRPLQB\W K BFINHQ H BIIAW X B KD QEDHIBON KEHD WHKEDHWF RPHH U
JUDLMAWEBK LEE B XIS EHFWIMRRW X 8 R ILQ\8 HEDRIVQYBHW VID [EFF ) GIWY. 15HDRRL
EDFN EEDy QB VYV

EUB/AGS Geo-Note 2006-04 (January 2607) -



EUB/AGS Geo-Note 2006-04 (January 2G667) -



7.4 McMurray Formation Type #4 Section
Map Coordinates: 74D/11 Fort McMurray, Scale 1:50 000, UTM 0476120E, 6291840N

Location and Access:7 K IMWHFW DRSS UR[LPDRGIRAQ V WWRIDKPIR Q A X R Y K

Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of Clarke Creek
(Figuresl7A, 17B and 17F). Land along the bank and climb the slump face about 20 m in height to a
terrace along the Athabasca River valley. Walk inland about 0.5 km to a small scarp face at the eastern
edge of the terrace. The measured section is about midway along the outcrop face.

Highlights:
e 9HUNKLFULDQWK L QXHZADIHEW X PKID QEEHHS RY DW WH G FRAMHIGR X J K
crossbedded.

* Well developed crosshedding and bioturbation features in channel sands.
t 3RV VDEEGADWRI/W WNRIV BISSBEOX U WXFFHVVLRQ
e Thin4XDWHEYQOPWKLFN

Description: In this outcrop section about 14 m of section is exposed. The outcrop is a thick,

crossbedded sand unit with abundant ripples, including current, ripple-drift and wave types and less
commonly, planar-tabular or trough crossbedded units. Finer grained siltstone/mudstone interbeds are
UD URIZDW E&EHD RNV KREK W PAJ IRED QDBMR P H ZKM@I\WU D L  H BR PALRD\WZ V. MW/ LKA

basal 2 m of section, and have an abundance of ripple drift and wave-ripple crossbeds. Farther upsection
WHKHRVVEHIENNCRPKLEEB®DEQHUDLDAGK RYQ Q F UHWYAHH J BRH H
bioturbation, with the most common types be@dindrichnusandPlanolites At the very top of the

outcrop is exposed a thin (< 1 m), rooted, tan-brown, unconsolidated quartz sand that is interpreted as
Quaternary cover.

Interpretation: The coarsening upward sand at the base of the section is interpreted as possible crevasse
splay overbank deposits of the Upper McMurray succession. This is overlain by a very thick succession

of estuarine channel deposits. Most of these estuarine sands are rippled throughout and, where sandy-
LQFOKIOW 8 UWRW UW W REFDWH/IR / LG B OB @D IY MW U IGRFO HMOEMHS G L Q J

R Q@ HWXFKQFOKIQW 8 URW UW W L ) I8 DRIGR B B&EYL G L U HFFDAL IGRIDIDHOF W H G
north. There is a general absence in the occurrence of lateral accretion crossbedding and the dominance
of small-scale bedform features, which indicates relatively little lateral migration of meandering channel/
SRLQW7 ERWWXJJH WKW W X D D QCRUEY H VRN W IFFFV@\WQLGR &0 O

VHFR QFRXMDW\GHOKZ LW WIKRURZBOW\E X DO Q H U KDHSDAUD QWL G DVIHW W L QJ
Such secondary channels may be vertically accreting, anastomosed channel deposits within an overbank
WW L & DDAU AD Q NW @HD LHY W X DD Q QH\
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75 Reservoir Analogues: McMurray Type Section, Athabasca River

$VW KIF 0 X U WD S/HH F WLKHRSQY SBIE FOWQGE P Q D (BAVWH V HDUIDVWYHBIOHRWR SRJUDSKLF
OR D\ RMDKH) FR Q | RAKAHR\E ADWF 0 X U W 1'Q W H US\ HVOHI® B D W/ IAGRHYE D O
channel-and-bar complexes that would have very good to excellent porosity and permeability, likely
IRUP VBMDQZGAWWIHEHGURFN SERQHRMNBORREMHTKE &UHWRFRRXRUPLW\
$WKREZQ REKW FWKEWUMHR EDOZIDAOWHWNVGRIDQW H WZJ QWKHHIR Z HOF 0 X U U D\
bitumen sands. As indicated by Flach and Hein (2001), these water sands may be interconnected along
W KEHD VRHW KPHD LSO O H R YIDXBYR HOHR F D B X VH\BIKBBHISD O H R Y, [MPROWBKWY LD O
coarse to pebbly sand is commonly bitumen saturated, with trough and/or planar-tabular crossbedding
and scattered intraclastsigure21). On geophysical logs this facies association is represented by
DEORRMRDUVWRHQIQUMNSSROMHHLQRUVUX BWMRXBRRZ LWKLQ
reservoir sands occur in mudstone-clast breccia zéigsré22) or in reservoir sands where there is
sideritization, both as isolated caps or as replacement of mudstone clasts/beds (Hein et al., 2000).

IHIMWMYHTX IDQWHKBIS SH BP0 X U BIV\W X BKID QB AVOK\PIH@QGRIDQW H WID:ARIGIU VW U LNH
and grade up into the sand/mudstone beds with IHS, interpreted as estuarine point-bar deposits. Overall
at the type section, the facies become muddier and thinner bedded, as well as increasing in bioturbation
intensity up section. There are no thick continuous sections that are uniformly coarsening upwards, as
would be represented in a deltaic succession. Rather there is variability along-strike depending upon
whether one is in a channel or the adjacent point-bar/overbank succession. Local, thin, coarsening-
upwards units are interpreted as crevasse splays formed along the margins of the estuarine channels.
In core, the estuarine channel sands tend to be massive, with mudstone intfiglast2%), and are
interbedded with units showing low-angle IHS (Figure 23). Associated mudstone clasts and mudstone
interbeds are commonly bioturbated (Figure 23), which increase in intensity upsection within a given
¢QLQJ XTFAMUXBMHO 8 RERDMZBDRKRS K\ ¥ RAWKIDV IDAAW R F EB W VREDW V
JUD G XMQQ\X @ RWWHDE SWV @R UEHD R KIP\G H UKD WXP KD QADHXBN X U H V
23 and 24). As indicated by Flach and Hein (2001), the amalgamated, multistory, estuarine meandering
channel-and-point-bar complexes have somewhat lower porosity and permeability, compared with the
XQGHU®RZHBOX U WY UBI@ H UNYRGIUW LRDQIAGRR RFFXBXGVWRQH LQWUDF
breccias and within the mud beds of the IHS which is juxtaposed with the cleaner, more porous/
permeable channel sands (Hein et al., 2000). Overall the porosity/permeability would decrease upsection
in response to the increasing mud content of the succession. In core, this is represented by rhythmically
ODPL QW WIHBOW H U E'FHHE®NOG Q QREX G V WHKDRF X UW E L RW X | HBR QY IHWGV
(Figure25). On geophysical logs, the muddier IHS shows complex grading patterns and a much higher

mud response_(Figure 25).

The top of the McMurray Type #3 section shows a complex, highly bioturbated sand and mudstone
VXFFHVYYXHRZ@ W) W H UCSYH WWHE IEF- I @ WADKENY H ORRSB ERRD ED QGRQHG
E XWWA ROFOGHH\GN X PKIDQEHO SRAUKMGED B¥EH R W X WBIBW P GINW LY HO\
low, although episodic, sedimentation rate. In core, such facies associations are represented by heavily
bioturbated, laminated and thinly interbedded, muddy sand and mudBtgumee@5). Geophysical log
responses show a mud-dominated succession, with complex grading patterns (Figure 25). The overall
porosity and permeability are dependent upon the interconnectivity of the sand burrow networks and
WKRUUH QW.DRVH B @AXFDSD WRB G BFOMBO L T K MVIVG L | ¢ MEUW GVLKFHWV
porosity/permeability of this unit, but it may be similar to the underlying multistory IHS units; certainly
O HW ¥ D\QV R FROMQHEA OHMD L P IHYW 8 VWX QL& X W VIXR SHYW ¥ HDE D | AH
DRSSRWBED U WARMIAR Z @V /KK E V X U KIHFGHF U FIR\DMGRQXIDWVRFLDWH G
VLGHUILGM/HRPE B GYBR YOKG I G HWRROEWX B RIZF H

EUB/AGS Geo-Note 2006-04 (January 2G07) -




Mobil 90 Clarke Creek

Top AA/01-20-090-07W4/00
KB. 449m
GR ILD NPHI  DPHI
= RN
~1) Sedimentary Features: trough cross - 120. S U 115
- beds = (- [
2) Bioturbation Index: 0 _ I 12 &
3) Bitumen Saturation: good {34 J . _E10
< 130. 4 F s
3 &
xﬁ ™ f g 1
TR 3
Z | N ‘ 4
] Cored Interval :i . } '
| W Core Interval Viewed 3 ) <
A N § %
S S
> N g
= 150. [ % S ;
7 3
- = =%
& f::} _5 My \B 5{\
7 e S
— E % ’)é
& & £ t%
S = icC
>3 [
) I
e I\
¢ 7
B oo >> 180. N B i ’}3\
Bottom e . 2 ;E
- N L 2
k3 ;( 2
gJ I ™ J r/i
190. [ o Pz
‘ ! \z Ty
JLIXUH &RUH SKRWRJUDSKVY DQG ZLUHOLQH ORJV RI WKH ORELO &ODUNH &UHHN ZHOO ORFDYV

EUB/AGS Geo-Note 2006-04 (January 2387)



Mobil 90 Clarke Creek
AA/06-08-090-07W4/00

KB. 455m

DPHI

ILD

GR
S
S
.

CORE 24 177

NPHI

T21

128

a/\,\i/t

=

“ 1) Sedimentary Features: mudstone
clast breccia

190.

w| —|o
| ~ = N
| W o
\
[
|~ ,x;,r\ N N N ﬁ I
éﬁ\ \Pkﬂ\r@@gng,\J\/\;\f\Jr\S% / \)1}/}\/}#\(?\/\/\/:5? -
A ~F . N N o SR
\ E ;D A v
B At A n f A\ AT AR
A e A~ \ gi(. |
| e i LA
A Aty
[ A A A A A A A A A A A A A A A A A A A A
S = s S s S S
- o 3 L e = =
uonew.so4 >m;;3_\/_o_\/_
\)\\}r\\/ -~ ~ \A
e / I\J\r/ . A\ 1_ A
\,cn AV <.>\f\.// AN \ﬁ \1 \ \ \\
Y, VA VAVAVEYS A A NA A SV
—
n
i)
[%2)
3 il
5
>0
RLANS))
(&)
- > =
N O [
r > W
—
o Q2
%5 .
—— —
2c c o
= o o
S © c 2
L w = c
o d —
© P )
O O o
5 e o O
2 5 (SN &)
Qo= . wo Gg 0
nm \\x-
N o Pl rHIHl

Bottom

&ODUNH &UHHN ZHOO ORFDW

&RUH SKRWRJUDSKYV DQG ZLUHOLQH ORJV RI WKH ORELO

YJLIXUH

EUB/AGS Geo-Note 2006-04 (January 2897)



92'SP

90'v82

Bottom

YLIXUH

BC-05

Top 16-07-093-12W4
o 0o G.L. 429.39m
= 2 GR ILD NPHI  DPHI
° : = |w 2 S
T = = > ;> \;
N 2 —= - S =
& = = / = 7 151
@ o £ é/ E
g = q <
© 1) Sedimentary features: mud flasers, .~ 1o L T L
IHS, rippled sand — ¢ £ <
2) Bioturbation Index: 2 = E =
B o i < 2
3) Bitumen Saturation: very good = 7 P ¥
= .| = B S;L—/ =
= g ;T
= A s
~>2) Cored Interval = }, A 1{7“ ,
I Core Interval Viewed —_— — -
= 120. N e Yy
N L3
AR
- N3 < E10
5 130, ::
0 ~
& N
~
N
N
~
140. Q
S I N
# - g \
= 5 N
f; E 150. N
= E] N
- [ R
= = N Pz
3 = =
. 160. [ A o
=

&RUH SKRWRJUDSKY DQG ZLUHOLQH ORJV RI WKH 87) VLWH % &

ORFDWLRQ

EUB/AGS Geo-Note 2006-04 (January 2007) < 40



AGI-3
15-07-093-12W4

Top

GR ILD RHOB
PR 90. < = -~ .
\4< ,—\/r } o -
S / ?2
smeedll 1) Sedimentary Features: laminated % L o
§ sand/mud = £ ~ 151
PSSSN)) Bioturbation Index: 2-4 = L BNy
eall3) Bitumen Saturation: fair = pA.
F o
- > ?
= 110, : =
> Cored Interval = gl 3%?31
. =
I Core Interval Viewed = g —
. 3 P
1 115
~_ 2 —
= | =% < T
= E 3
£ - 130,
3] =
, - = N § E10
N
- r = T
| P = ¢
= = <
< -— I140. = §
» » I = N £ ;
> > o = = —
39 35 < £ =1
cE o - T s, -
3 = 5 =
Sl E L ;5
Base < = = — ¢
= = =
< S 60 =3
= = N
== ¢ '
JLIXUH &RUH SKRWRJUDSKY DQG ZLUHOLQH ORJV RI WKH 87) VLWH $*, ZHOO ORFDWLRQ

EUB/AGS Geo-Note 2006-04 (January 2007) « 4



Bottom

YJLIXUH

1) Sedimentary Features: burrowed
muddy sand, mud flasers

2) Bioturbation Index: 4

3) Bitumen Saturation: fair

~>. Cored Interval
I Core Interval Viewed

25 cm

AO-90
AE/01-18-093-12W4

G.L.42901m
GR ILD NPHI DPHI
=
=
=
gjoo.
=
=
T31
=
—
= [ 121
=
T15
T11
120. 15 )
3 :
e é 7 EM0
1
z N 1 &
= [ L
= N = z
= 140. [ R *
ﬁ} 5 : % <§§
© Z
e ~%
§ e = =
% q} <=
T 5. :
5 = -
1 = —
!i; = ’_é ;? Pz
S -
160. :

&RUH SKRWRJUDSKVY DQG ZLUHOLQH ORJV RI WKH 87) VLWH $2 ZHOO ORFDWLRQ $(

EUB/AGS Geo-Note 2006-04 (January 2007) « 42



8 Outcrop Descriptions: DayStop 2, Marl Section

81 Fluvial Marl Section
Map Coordinates: 74D/14 Wood Creek, Scale 1:50 000, UTM 0474746E, 6305712N

Location and Access:7 K IMWHFWDRBS UR[L P IN\WGROA Q V WWRIDHPIR Q A X IR IY K H
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of McLean
Creek Figures26A, 26B and 26C).

. T Wl TR T S
& s 3 o o &
o 3 e J.
: ; B Fd XA
s " ; W 1 g N

i, S

Acess by boat approximately L
18 km north of Ft. McMurray |8

Highway 63 to|
Suncor and [ »' | g
%| Fluvial Marl
Section
- R
: : 58
£

;:'Lean Creek

KRZLQJ ORFDWLRQ DQG GHVFULSWLRQ

JLJXUH $ $HULDO SKRWRJUDSK V

Highlights:
T ODPERGED G®OHRMBPRQPEKBRWROKY VDQGE QHWDEBSHG
 Some of the oldest Lower Cretaceous sediment in the area.

Description: In this small outcrop (about 5 m high), some of the oldest Lower Cretaceous sediment that
unconformably overlies the Devonian limestone in the area is expeigengs27A and 27B). Here is
exposed a slumped section of paleosol/marly muddy sand, with interbedded carbonaceous mudstone
and minor crossbedded granule sand that occupies a paleotopographic low on the pre-Cretaceous
unconformity. Note the general absence of bitumen staining, the abundance of organics and ironstone
concretions, and the generally unconsolidated nature to the sediment.
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JLIXUH % 7RSRJUDSKLF PDS VKRZLQJ ORFDWLRQ DQG GHVFULSWLRQ RI

Interpretation: 3RV V8 PO H FO\DRFXWPVD UDIQZGK Y VD@ G P Q D QBAJWH V HLIGW KILGV

generally recessive and slumped outcrop. Regional mapping suggests this location is typical of areas that
were originally paleotopographic lows along the karstic pre-Cretaceous unconformity. Originally the

unit was probably water bearing, since exposure along the Athabasca River valley has become further
eroded and slumped along the bank. One hypothesis that accounts for the lack of bitumen staining in
this part of the section is that the original medium to heavy crude was emplaced laterally along-strike at
a stratigraphic interval higher than that represented by the marl section. This unit, although Cretaceous,

may be older than the McMurray Formation.
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Fluvial Marl Section
UTM 0474746E 6305712N
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10+
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3 E Upsection:
out of place fine to very coarse grained, very carbonaceous, bitumen stained,
poorly sorted sand (Lower McMurray fluvial)

- Buff to very light green (weathering buff white) sandy marl, some medium grey
near the top, contains quartz and feldspathic granules and pebbles,
discontinuous coaly interbeds are present within the upper portions of the
section, light to medium grey silty mudstone bed near the base (<25 cm)
-marl weathers with badland appearance, porous (leached)
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o
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YJLIXUH
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Marl Section (Upper)
UTM 0474800E 6305750N
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JLIXUH $ 0ODUO VHFWLRQ

AXYLDO PDUO GHSRVLWYV

., i

JLIXUH % O0DUO VHFWLRQ $WKDEDVFD 5LYHU VKRZLQJ PDUO GHSRVLW
marl section.
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8.2 Marl Upper Section
Map Coordinates: 74D/14 Wood Creek, Scale 1:50 000, UTM 0474800E, 6305750N

Location and Access:7 K MVHFW DRSS UR[LP DWRGARZ Q V WWRIDHHR Q A X R Y K H
Athabasca and Clearwater rivers on the east bank of the Athabasca River near the mouth of McLean
Creek Figures26A, 26B and 26D). From the Fluvial Marl Section continue along the east bank of the
Athabasca River for a couple hundred metres and access a low terrace section via small gullies in the
bank. The measured outcrop is behind the treed bank in a slumped cutbank about 100 m above the river
level, and set back in the trees by about 70 m. This section is not easily seen from the river bank. The
measured section starts approximately 13 m above the vegetated bank that sits above the Fluvial Marl
Section.

Highlights:
x Even and horizontal bedding style alternating with wavy bedding.

X Large-scale convolute lamination and oversteepened crossbedding within thick cliff forming

V D Q\GK@DIW HDWDOR@A \ VOWUH (L ORIKI®&Y VBRIGR VLW V

Description: In this steep outcrop (about 25 m high) is a largely inaccessible and partially slumped
VHFWLRQHUEB®@QGG VWRQBW EH QWD QGQ W H U E HEBRKHIGO W \
mudstone, partially burrowed and sideritized. Bedding is wavy with local coarse pebble lags. Sands

are generally rippled throughout, and an isolated coal boulder clast occurs in the lowermost sand.

Next is a covered, recessive, 3 m thick interval. Overlying the recessive unit, is a 7 m thick succession
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horizontal, and bioturbation is more prominent toward the base, with nilarglitesandSkolithos

types. Mudstone intraclasts and thin mudstone breccias occur throughout the interbedded sand and
mudstone units. Carbonaceous content is also high within these interbedded parts of the outcrop. The
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medium sand with dispersed mudstone intraclasts. Toward the base within the pebbly units, the sands are
sideritized. Crossbedding is deformed and dewatering features and large-scale convolute laminations are
common. Sands are bioturbated witkolithostraces. Crossbedding includes planar-tabular and ripple
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forming sands is an inaccessible, interbedded unit of grey sand and mudstone.

Interpretation: The pebbly and bioturbated sand at the base of the section is interpreted as high

energy, estuarine channel deposits of the Upper McMurray succession. This is overlain by a very thick
succession of stacked estuarine deposits. Some of these estuarine sands are massive, or show abundant
crossbedding, and are interpreted as estuarine channel sands. Other sands occur with mudstone that
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horizontally bedded and may be vertical, accretion-abandoned channel deposits.

83 Reservoir Analogues: Marl Section, Athabasca River

The slumped section of marly muddy sand, with interbedded carbonaceous mudstone and minor
crossbedded granule sand, occupies a paleotopographic low on the pre-Cretaceous unconformity. It is
also the oldest dated material within the outcrops studied in the Fort McMurray area. There is no bitumen
staining, an abundance of organics and common siderite concretions. In the subsurface, such sediment
would represent a lower water-sand succession, locally preserved within paleotopographic lows along
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the sub-Cretaceous unconformity. Paleolows along the unconformity often contain water-bearing sands.
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not well connected to one another, as shown by their patchy and unpredictable outcrop and subsurface
occurrence.

For the most part, these units would be poor reservoirs. However, any associated water sands may
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production wells intersect these paleotopographic lows (Hein et al., 2000). Other potential problems of
production of reservoirs with associated marls relates to their high organic content, alteration of clays
due to pedogenesis and later siderite cementation. Local mineralization (mainly sulphides, mostly pyrite)
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problem, whereas the siderite, pyrite and other sulphides are acid sensitive to HCI. The marl has a high
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In core, the mottled sandy marl is represented by waxy, very carbonaceous sandy clay, which is overlain
by organic, carbonaceous, silty mudstorigire28). On geophysical logs, the marl is too thin for a
‘carbonate’ response; however, the log responses indicate a mud-dominated geigkag2sg).
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