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INTRODUCTION

The enclosed measured outcrop description section represents a partially complete
succession through the Maastrichtian-age St. Mary River Formation. The nearly continuous
outcrop, located about 200 km south-southeast of Calgary (Fig. 1), is one of the most complete
surface records of these strata in the Plains portion of the basin. It includes about 530 m of the St.
Mary River Formation. Beds exposed at this location were briefly examined by Williams and Dyer
(1930), Russell and Landes (1940) and Tozer (1952), concentrating particularly on the St. Mary
River/Willow Creek contact. Nadon (1991) provided detailed descriptions and paleocurrent data
for individual channel sandstones throughout this outcrop area, but no complete measured section
or direct stratigraphic correlation to surrounding surface and subsurface occurrences.

Background geological information on the St. Mary River Formation, Edmonton Group
and Bearpaw Formation, both in surface and subsurface, were summarized in Hamblin (1998a,
1998b, 1998c). In addition, information pertinent to the petroleum geology, discovered reserves
and hydrocarbon potential of the strata of the Edmonton Group was detailed by Hamblin and Lee
(1997). Further outcrop and subsurface studies of the Edmonton, and related St. Mary River
Formation, are currently in progress.

The exposures are good to excellent, are scattered along 20 km of the Oldman River (Fig.
1) in a line oblique to the strike of the bedding and reveal portions of most of the ~530 m of
stratigraphic thickness. The outcrops are located in Twp. 9-10, Rge 23-25W4. Together, the
exposed sections cover about 410 m of the succession, with a large gap only in the lower 1/3 of
the unit, here estimated at about 90 m (Fig. 2). Paleocurrent data, suggesting dominant direction
of sediment dispersal, is summarized in Figure 3. A subsurface Gamma Ray-Sonic log from a
nearby well to the west is also included for comparison to the outcrops (Fig. 4).

SUMMARY OF SEDIMENTOLOGY AND STRATIGRAPHY

The exposed section of Maastrichtian rocks detailed here covers about 410 metres of the
succession, missing only a 90 m interval in the lower third, and several very minor intervals
elsewhere (Fig. 2). The basal contact of the St. Mary River Formation is exposed at the Monarch
Fault Zone, 3 km south of the village of Monarch, where it overlies marine shale of the Bearpaw
Formation. The upper contact is exposed at the northward bend of the river, 6 km north of the
village of Pearce, where the lowest beds of the overlying Willow Creek Formation appear.

Bearpaw Formation

The Bearpaw Formation, as exposed here, consists of grey to dark grey silty mudstone,
slightly coarsening-upward, with abundant bioturbation. Only the uppermost few metres is
present.

St. Mary River Formation

The St. Mary River Formation is generally characterized by thinly interbedded siltstone,
very fine to medium sandstone and minor carbonaceous shale to coal. The lower 60 m exposed
here (Fig. 2a) includes alternating very fine to fine sandstone, grey burrowed siltstone with
gastropod shells, minor greenish grey pedogenic siltstone and numerous seams of coal and
carbonaceous mudstone. These facies are similar to those commonly associated with the lower




Horseshoe Canyon Formation to the north (see Hamblin, 1998b)and the lower portion of the St. -
Mary River Formation as exposed near Little Bow Provincial Park (see Hamblin, 1998a). This is
interpreted as a shoreline-related transitional succession, with significant marine influence at the
30 m and the 40 m levels. No significant shoreface deposits are preserved here, although this
section is approximately correlative to the Blood Reserve Formation of the southernmost
Foothills (see Hamblin, 1998b). This exposure is followed by a covered interval, estimated at
about 90 m in thickness (Fig. 1, 2a,b).

The succeeding section, from about 150 m to about 455 m (fig. 2b-e), consists of a
monotonous succession of thinly interbedded greenish grey pedogenic siltstone, sharp-based
fining-upward fine to medium sandstone, with sideritic concretion horizons and minor thin
bentonite beds. Roots and dinosaur footprints are common, but thin carbonaceous mudstones are
rare. These facies are typical of the St. Mary River Formation throughout its area of distribution
in the southern Plains and Foothills (see Hamblin, 1998b). These sediments are interpreted as the
result of floodplain deposition in a non-marine setting. Some sandstone units are thick, multi
storied, have erosional bases and are characterised by abundant trough and ripple cross bedding.
These are interpreted as significant channel deposits. Abundant paleocurrent data suggests
dominant sediment dispersal toward the northeast (Fig. 3), a conclusion similar to that of Nadon
(1991). Indications of some possible marine (or open lacustrine?) influence are present in the 305-
330 m level: presence of Ophiomorpha and other vertical burrows, hummocky cross stratification,
and thin coarsening-upward sequences. These features, positioned at approximately 2/3 from the
base of the formation, are in a similar position to that of the Drumheller Marine Tongue of the
Horseshoe Canyon Formation to the north.

From about 455 m to 533 m represents the upper 78 m of the St. Mary River Formation.
It includes interbedded thick fine to medium sandstones, lesser greenish grey pedogenic siltstone,
and abundant thin carbonaceous mudstones. Roots are ubiquitous. Sideritic concretion horizons
are absent. These facies are more reminiscent of the Horseshoe Canyon Formation to the north.
Paleocurrent data indicate sediment dispersal was much more variable than in the previous unit
including transport to the northeast, southeast, northwest and southwest. These deposits are
interpreted to represent floodplain deposition, with re-establishment of conditions favourable to
preservation of peat accumulation. Ten metres below the upper contact a white, trough cross
bedded sandstone with large vertical tree roots is present, approximately correlative to the well-
known Whitemud Formation of southeastern and central Alberta. In the upper 10 m are two
distinct dark grey to brownish, laminated, bentonitic mudstone units which are very similar to the
well-known Battle Formation of southeastern and central Alberta.

Willow Creek Formation
Only about 10 m of the overlying Willow Creek Formation is poorly exposed at this
location. Bright green shale alternates with whitish very fine to fine sandstone.

INTERPRETATION

Comparison of the surface and subsurface sections (Fig. 4), and with the section near
Carmangay (Hamblin 1998a), suggests that the intertonguing of St. Mary River-type facies of the
south with Horseshoe Canyon-type facies of the north occurs in a definable and stratigraphically
organized fashion at this latitude. Horseshoe Canyon-type facies (pale grey thick channel




sandstones interbedded with burrowed marine-brackish mudstone, abundant coals and
carbonaceous shales, and lesser pedogenic siltstone) are prevalent in the lower ~70 m and the
upper ~80 m. However, strata of the intervening ~350 m are dominated by St. Mary River-type
facies (greenish grey pedogenic siltstone with abundant caliche/paleosol horizons and roots,
interbedded with thin grey to buff sandstones and rare thin carbonaceous shales). Here, at the
latitude of Twp 10, the Horseshoe Canyon-like units are thinner and less organic-rich than those
at the latitude of Twp 14 near Carmangay (see Hamblin 1998a). Conversely, the St. Mary River-
like facies are more dominant.

This stratigraphic arrangement may be interpreted as representing a N-S climatic trend
(more humid to the north, more arid to the south; first expounded by Jerzykiewicz and Sweet,
1988) which shifted first northward, then southward through the time of Maastrichtian deposition.
Conversely, it may be the result of the large-scale intertonguing of two different clastic wedges in
this area which had different depositional styles, sediment sources and patterns of sediment .
dispersal. A third possibility is a relation to transgressive-regressive patterns. A combination of all
three is possible.

HYDROCARBON POTENTIAL

Further work is required to resolve the regional-scale stratigraphic architecture of the
Maastrichtian deposits of southern Alberta. This may be important because a limited number of
gas pools are known in the Horseshoe Canyon to the north, although relatively little exploration
has ever been targeted directly toward these units. However, vast areas of Alberta shallowly
underlain by these units are essentially unexplored at this stratigraphic level, and may offer
undiscovered pools of modest size, low pressure, but inexpensive exploration costs.

LIST OF FIGURES

1. Location map for measured outcrop sections along Oldman River near Monarch. Thicknesses
refer to those of measured section in Figure 2.

2 (a-f). Measured outcrop sections in stratigraphic context.

3. Summary of paleocurrent data from outcrops. A. Summary of measurements of trough cross
bedding, ripple cross lamination and linear scours, with vector means of dispersal
directions. B. Total of all paleocurrent measurements from these outcrops, with vector
mean of dispersal direction.

4. Comparison of Gamma Ray - Sonic log from well 12-4-10-27W4 with measured outcrop
sections from Oldman River.




REFERENCES

Hamblin, A .P. 1997a. Stratigraphic architecture of the Oldman Formation, Belly River Group,
surface and subsurface of southern Alberta. Bulletin of Canadian Petroleum Geology, v
45, p. 155-177.

Hamblin, A.P. 1997b. Regional distribution and dispersal of the Dinosaur Park Formation, Belly
River Group, surface and subsurface of southern Alberta. Bulletin of Canadian Petroleum
Geology, v. 45, p. 377-399.

Hamblin, A P. 1998a. Detailed outcrop measured sections of St. Mary River/Horseshoe Canyon
formations, Little Bow River and Travers Reservoir, near Carmangay, southern Alberta.
Geological Survey of Canada, Open File 3574, 9p.

Hamblin, A.P. 1998b. Edmonton Group/St. Mary River Formation: Summary of literature and
concepts. Geological Survey of Canada, Open File 3578, 36p.

Hamblin, A.P. 1998c¢ Detailed core measured section of the Bearpaw/Horseshoe Canyon
formations, C.P.O.G. Strathmore 7-12-25-25W4, east of Calgary, southern Alberta.
Geological Survey of Canada Open File 3589, 9p.

Hamblin, A.P. and Lee, P.J. 1997. Uppermost Cretaceous, post-Colorado Group gas resources of
the Western Canada Sedimentary Basin, Interior Plains. Geological Survey of Canada
Bulletin 518, 88p.

Jerzykiewicz, T. and Sweet, A.R. 1988. Sedimentological and palynological evidence of regional
climatic changes in the Campanian to Paleocene sediments of the Rocky Mountain
Foothills, Canada. Sedimentary geology, v. 59, p. 29-76.

Nadon, G.C. 1991. Architectural element analysis of a foreland basin clastic wedge, southwestern
Alberta. Unpublished PhD thesis, University of Toronto, 294p (plus Appendices).

Russell, L.S. and Landes, R.-W. 1940. Geology of the southern Alberta Plains. Geological Survey
of Canada, Memoir 221, 223p.

Williams, M.Y. and Dyer, W.S. 1930. Geology of southern Alberta and southwestern
Saskatchewan. Geological Survey of Canada Memoir 163, 160 p.

Tozer, E.T. 1952. The St. Mary River - Willow Creek contact on Oldman river, Alberta.
Geological Survey of Canada Paper 52-3, 9p.




\

-L\ L =
| P
T - :
] 7
’ IOP y
| : %
L e S
VoY gf h-
\6\{’ WP Y10-%60 m

B\

%

Oldman &

S o
e
0N\
.nﬁ /\}0’
Q 1*‘*

—

Jo?

't

va, 4

do

NCEYIIRS

‘Wi ]?TJO M
Y ,:l P

— g

—

\

@pearc.e.

Rge . Rge
25wy | 29wy \

~0

approxmafe shike and

2 (D-150m
covevred interval

29wy | 25wy

/
&
S
1274
A
S/ 3
/,
A @

FlGURE

|




8o -

70 1

-geeenish grey sandy siltsione with pedogenic featers, and sweral thin lenses
of sharp-based <am fae fo e sandslone with Hrough erogshedding,
thin horizen of siderihi concretiong neav 1op

- dark grey carbonacssus shale X

- grey Very hine Sendstone , sharp erosive base, mpples , oot )

- dark g0¢y carbonaegous shale , sandy at base with sidedibt concretions

~grey wultisleried fine sandstons in sharp.based, faiug- upward units with
sharp bases, lags, frough crosshedd mg and coots

- .@M mﬁw..wm.‘hmumwﬁm wwm.w* .h_n.n..sﬂ.xmae&._ mms&” Msa...\“ r“” Ez.r .@ of niﬁw + word
- [3 '} Y “UpwA
rur. m?u.ﬁq.ww.ﬂm. ﬁ.u.%.wﬁ. Stére. | T spathue, sightly *..s:\u upwavd,

~gvey to dask 3rey Slistone., bresws, gashveped shells

- davk grey carb
ISR R S e o caal

..?..G.%t&x Sequence mm thinly interbedded greenish grey pedogenic silfstove.
atd ey fime silly sandstone beds with dinsieur footariats

- 3tey fire fo mediiam. sandstone , fhick bedded sharp seoured bese with

vip ups, Haxgh cross bedding and ripples, finiag - uproard

- §vy is&u siltstone, mhb.:ss&— Qan*‘swok shellg

lhl“.— . . *
— thin gvey limestone ovarlain by thia vety fine sandslone.

- Hhinly interbedded greenish gvey pedogenic Silfsone aud coaly vouts

- thiek bedded fine savdstone in shavp-based, fiacug-wpsard bed
: Ar.sp.i. ripple .b.s&msri..hvv: *. g i

x..v&t .rnh.tn\s .k&snzmnn*ién.xk
e e el g boa i
- coaf

\*P..nr r&& vex %—.’.ﬂ. *o e uﬁ&u*o e I .o _. - F‘..Ls, MNAﬂ c%ﬂn& %
with QNSLK mz*m.mfx.ﬂ ne ! w3 g d &M

- QQ&

~ thinly inferbedded qeey very ?& Sandstone iy sharp-based 1eq - upward
7 beds, and um.n.: greevish grey siitsione and sty z:mer.m“{

<3\ooc\ Reserve czuivallvd’)

- coal st

- gvey Siltstone
- e sandeh .
cmﬁu« uﬂm&mﬂm\‘ au.._a. idstone , bioturbation

FIGURE 2 @)

FIGURE 2(@)




790

180"

/404

130

1o 4

{00+

~ qreenish grey pedogenic siltstone, seveval hovitons of SIdertic conevefions
3 s WM.K%RG& shale at fop e m _

~qrey very e sandshue, ripples

- greenish grey pedsqenic muddy siltstone | thin carbonaceous shale at base

- Fhivly bevbedded wiy fine saundshone and siltshne, shan erwsive bases,

iy ! t.;}.wmwa wNLL& and rippleg ot

- 37y §iHJ mudstong, carbonacesus shreaks ot fop

~grey multisforicd flne sandshne, sharp ewosiwe base, fining-upuinrd, drough crog

- carbomaces u GG VPSS, ..oi.m

-grey fine sandstene, sharp base, fraing -wpiard, rippled

- greawish gvey pedogenic sillstons | thin cavbonaccous shale weor tep

-grey fme sandstene, sharp base

-greesish qrey pedogenic Silfshon . .

- light arey il hae fine savdstonc. with sham eresinal bases, separated by Ain

disconhinuous silislone Jeuses, coaly rip-ups, ripples and clinbing ripples

-greenish 4rey siltshone and silty very ?ro sandshone, reots .
~gtey fiatomediim sandstone | several stacked beds with eroional bases, rpups,
(L7 el 1

- greenish u.ﬁ..“ ,Mnsn_%ﬂzmﬂ Y N_gﬂ&d?.s

~light grey vevy fine fo mediiom sandstone | i several thiek beds with n:s\m erestonal
bases aud npups separated by lenses of grepuish grey siltstone ~ 4o west
thege all Merge To T\i one Hick Pwm sandsfone bed - Hraugh
cvoss bedded and vippled Hheoughoct

~ usnns..wr MY w&o.ug_.n siltstene .
ZTight geey very {ine sandstone, sharp Seoured base , rippled
- geeenish qrey muddy siHrtone, T&d&s?

-R&\Lk?ﬁi&&..*{i?: .F ...-
woh S, ﬂ.a& s:h‘_m ﬁ:h...sPM”w: thLm-....cM?\M&r Sharp erosioe. bases, bz@ :?.&..Ll.

- gveenish grey silly wudstone, w&d«;..h

- geeenish grey very fine sa ndstone, erosive bage, vaols, coutorted lamitation

g b i e

FIGURE 2 (b

FIGURE 2(b)



250

240 =

~greenish qrey pedogenic silfshone , fou thin very fine sendstone beds

~qrey Sty Fine sandstone f

- .wmm silly orw “ﬁsn. fwux xv?an woed fraquments

-greyf fine sandtone, q.ﬁ._.w* \ vooted,

o htower veoied  diesaur footprivts, contovted laminahin

=iy interbedded greewsh goey pedogenie siltstone and .&a:?« sendshone, corbonsccons .&@v
~ lews of m_”..u«q..r.n MM”Q&..:! ?E&«ﬂ&&sw top, recly, frachures, shekensides - caleecte

- greenis 4vey pedegenic Sty mucshine

‘%ﬁ_ﬂe %nmsmwyﬁ.r ?&.M.sc bedded, several Hhin benfonife beds

- “1 (3 <

L .m.n*...,&.;k__e@.“rﬁr\...i&.\r:‘ E.
::_3 _...wl&. nrﬁ& g.%& ¢ r\:ﬁh &mﬁmgﬂ u\hq ....h&.m.ﬂgg s

- light qrey fure sandstone in 3 charp baced beds, low angle lamiatin and rpples

~greewish, geef very sandy silksione, pedogenic, breeciated, calcartous, sideritic sondstone
beds near bop, veols

~thaly inter bedded ey ?& sandsione and greenish grey sittsione, ?m recfs
- r.ur+ grey vevy ?&. to m_.’n u.hsmld?n, shavp bage ) m?..d. }!&.&. vip 1&

-greenish qvey sandy sifisione, w&dps..n. %1&, carbonacesds shale lens
~grey fine sandspone, horizontal and low awgle lamination , reofs at fop

- :.m_.q grey silty bentonite, cogr :..:.m..:w&»& )

- light msﬂ\ f «#i&.su. Sandstone, ining-uproard, climbing ripples

~ slark qrey car benatenus . .
— qreenish qrey siltstong, rovts, thin very fine sandshone ?,..Rm i o
- light grey fime o medium Sandstone, &&.sw base with »-.fwie&. roofs, horiontal faninaton
- greenish geey pedogenic Silly mudstoue , fiing-upward, corbonacesus fragmendts
haht grey fiae o medium sandshng, evosive base with balls pillow ) finig -wpward,

3 m.«rm.._mus?_ lamination #.&rw%&rs&...u. Minor zm%nn fibig -t
-grecnish geey pedogenie siltstone .
~rusly weatheving fine sandstone  calcareous, vaets, contected lamination

-greenish qeey pdvgenic Sl mudstone, roofs Hrougheut, i carbensceous shale near
greet *ﬁ.gsﬁ.sm :.Q ?.m.mn sandstone. lenses o

— N b lmshu <sQ m.r.ﬂ h&:&u*.:.n. F—a h§ )

N O O /Aq ~ligkt qeey fine Somdstone. , sharp exosive base , trough evossbedded, carbouacenus flakes

= interbedded very fine fo fine sandstene and sandy silbstone , sharp evosional bases
m.iw.\?._.« veds ..&xunut...ws.\_ Rz Q..urum_w..%ﬂ..amslw e

‘ﬁg’f

. —aveenssh grey sty wudstone, pedegenic  carhonaceous fragments, sevecal silfstone
ALl rxl g _mswwm &?r sharp ircequiar fops *, J
L] L »
T\ B -3y Fe sandstone, fiing- cpuerd, svotive base with coarse lag and rip-cps,
o . ., Trouqgh ceossbesdeds ripples
A @ - ﬁk\s.or grey silty mudstone, pedogenie, carbonaceous, gsideritié coneretion bed
— A ~light grey Fine sandstouc, erosive base with lag, fining-upward, trough cross bedded

-§0¢j carbenacesus shale, mEu sireaks
-buff fint b mediom candstonz, deeply ineised fo wask, fiting-vepward, trougherosshedded

, ~datk arey carbe siltshute with thin, fie sandshone and greenish s
by gy mmﬁ?;hh&.t ﬁowﬂ”@ &s_.m ?AMQH&M_.M&#@..«?L lamination & nc

-4ty fine jomediom candsone leuses encased in qveenish qvey pedogenic sand
S siltstone | erosive. beses, horizontal xisw....;. _,.m*,% pedegen J

[] .?r t
5 ./> - beff fine sandstone, evosive base with cahihe rip ups aund lnicar sepuurs
ne:ﬂ " ~thinly interbedded pedogenic silfstone and very fine sandsfone
230+ ~

AR0

<10 ™

- slightly coutseuing-upomd sequonce of geeenish sundy silfstone and siffy very fine sandsione
l\-wkﬁﬁﬁq m..rﬂ *Oi.g gmg~ g\ﬂk\h@&%- Zvosive Tﬂw\. }\i eress g&
~ lry ﬁa\&u pathic i ¢ o mediivm sandijpus encased in veenish pedogenie claye
“\Q s b.km\in \MN...&.NN 1N\nvhh . hw\uﬁs\\.& F!?M&sx . placgenc clayey
~hght grey veryfinch fane saddstone | fiaig-cpwiard, sharp base, rippled
~grecish gy silty very fiue sandstone, pedogenic, rippled, with ¢avionaceous shale

— - - grey mulbistovied Fine sandstone  thick bedded, brownish weathering , Sharp

?

bases and fining-wpward, tough crosy bedded

A06=

N ~grey wultisteried fine to ver ?_n sandstone , brawnish Enatﬁ:.uu ) /n
— : thick sharp based beds each fining- upward aud gparated by
= < thin carbonaceous sandy silistone fo silly very \:..a Sa :\u\gxn\
/90 ok ~ b ..:s:.‘» eross bedded

FlGURE 2. ©

FIGUWRE 2 ©




360 ~

asoo
— Y
chwnl
Yrand
SN/
=%
b
3o 4! =

d90+

- greeqish qryy pedogenic sitsione, posrly eyposed
- grey very frie sandstonc , Sharp base, laderal aceretion susfaces, vippled top

..uaas..»r qrey pedogent sitistone,

—white weathering very fine Jo medum sandstone, Fining-upward, sharp base with
«:.w..f..u?&oa uqh eross beds, vippled +ep, me%rnﬁéir?w Tmun ,
;uqnes.ar qrey w&euo:mn siltstone | fractures, rubbly :.&i-us..%

-white weathering fine sandstone , fining-upward, sharp base) honionta/ [amination
- greenish grey pedogenic sikistone, povrly exposed

‘us.b:.ar ry pedogenic siffstone with Hhin very fine sandstone Jenses [ riepled

A, rushy E.?._rn:.su calevete r:r.o’\ verheal rosts or busrows
- gtenish grey pedogenic silfstane

- caleavepms vevy fine sandstone aud arconish 4v ek $ilfchne .
- multishovied u&Q m_o& to fine »)u:.&?...oﬂ. M«hﬂ.ﬂ&h Ehmm‘ms% rippled fop with
fosiil dinesaur deappmes, hetizandal lamination « vipples

- greenish qrey pedogenic sittslone, thin vosted sandy woue in wiiddle

-vusty weathering calerete bed | frachored i )

-mulhistoried very fine sandston in sharp based fining-upward beds, olinosaur
.Po:-lx.*w ow base .

~greenish grey silisbue, reots coaly stveaks, thin benfontfe bed

‘izt.wt:.n“_ “ﬁo N&Lﬁ! uﬂﬂ.ﬂ\urﬁ. \&&ﬂmw» \\_..«gﬂwmuw erosional *Tmn _N..k
ocalt che wad cress sepavated in
e Doyl frough ere L

- greenish qrey wuddy sithtone. grading up indo dark grey carbenaceous shale

~ vushy weathenng calerete bed, fractuved, shave .?Mx T .

-9¢¢f fine. sandstone n...:_u‘,{li fo silfslone, crative base with dwosaur .Pa?z‘q,
vippkts and cliwbing lmmw&

- gretstish gvey sandy silisme, few Fhin very fine sandsfone beds

-zsz.w#:.& Mﬁh@ﬂo-ﬁﬁ.pﬂwg %Mm..wam r&b ~ .i.«\_.@ uns...,.% \{Es.sk. ?sm &Ss&

-grey pedogenic sillstone , massive

fasamz.s.saimgaq..s«.ug&*s:.s.&ﬁnzwr Rm@ma.n n?.?_m
: J _v..sa.?rﬂ m..g.mm MM«&« horiton et ?wm i ‘ ’

- thily wterbedded grecw wuddy silistone and greenich groy sitfstone, fevs Hhin carbonaceous bids

- caursenig-xputed stgune of gray fivt o medvion sandle THhe
g S s b ki e

~gref {me sandsione, rusty weathering , sharp base +top

vr.wf. freen .x.&m.u u:.?.r!&— ﬂ&&hﬁ.ﬁ ; wne\.G nkwa&

- ?\rs&& ish wr Sand and gen H; » Hho
‘ nﬂ‘ﬂhﬂnﬁs&w m&ﬁn\e;-. “r_wzsno&n..nﬂmorﬂnpuﬁ # W_.!&. Feols, oae fhix

~buff fine sandstone , wuckisforied, erosional base, leng shapey, Frough ervss bedded

—thinly berhedded sandy sifstne and fie o medliom sandstone, low and

= hummocky evess shrak ?.R.bvam. abundant Opliomerpha wn...mhw_.«

~grey fime sandstene, fiing-upuard, erosve lase, trough eross bedded

-dark 1% " Siltstone, carbonaceous sireaks.

~ gray silly very m.:« sandstone, vrets

- geey multistorid fine sandstone | evesive bas, trougherossbedded, couvolute lamination

-grey Fine sandstone, ball +piflow, verbeal burvous including Ophiowsarpla

. we, Sandsione finmg-upwavd to silty veey Fine bread shallow fr
H Bt Sy v Bt "
-qreenish grey pedogenic sittshne, fuing -upward, thin carbengeeous shale beds and
greem wo.\un_w»_ *ﬂ? M_d.sx:.h r«m»..*e:m..mh% near ?w:

-greenich grey fine sendsone , multistoried, fining-upuard, grosive bases, vippled

ue

7Drumheller Marme Tong
eguvalent 7

(

-geef siltstone, few thin very fme saudshne bedy
- thidly mterbedded very fine saudsbne and siffshne

-grecuish grey pedegenic Siltshone

.r&.mm m?o +e Medem Sandstone ) mudpshried, evosive bases, lenses a\ medim ukxa\.
fining- upward, trough cress bedd ed

- dark greenish. grey pedogenic sandy il shone .
~grey Fine sandsione, mukistoried , erosive bases, large troughs, rippled fop

- i ) bo »&&&am«:w»m&&_wx&&ﬁa}n
i 3 e e e 7

-grey very fine sandstone fluiig-upniard; reos

FIGURE. 2d)

FIGURE 2



450 -

Yo 42

430 ~

Lo -

oo

~grey fine sandstene, sharp base, rippled o
-greenish grey sandy siltcione | thin very fine sandstone n middle
~frey fine Sendstone, minev vipples , rooks through entire thickneys

~interbedded groy Tine sandshone aud grey very sandy siftitone pedegenic, ripples

— dwik geey carbonprgsus shale
- pale qrey muddy pedogenic sitfstone

« multistors it b mealium sandstone, thick beddled, erogional bage with sh

wlt m?:«uooqhg& cmﬂwx ”.i_ farge. vipups enr?_p and n.e&. ..”6.:\ Scour u:\\.»nnwn.vnu.L
Iatera] aceretion n.:m.na and .rs.mr erisheds, thickest porhion of
channel at least oo m wide xBm deep, exposed in deep coulee

- grey siftstone | poorly exposed

,“3:_.;:. ;&_.ﬁ,.m»ﬁwﬁ n.g JMJW_. WM&M«.«.&L r.s_._a.spskrsgmrnécr&r
«gfey pedogenic sittsione

-qvy fne 1o medvam sandstone lewhicular, .nr..d.:..éx. large ...eér cross beds, 3.\\ e

~grecntsh grey wuddy sikctone., sidenite hovivons azav fop

25t  fning-vpward, evosirwal basts, diwseur footprints, ciood 3)&&
2 storey fint w"ﬂh.uﬁumnmﬁ“ n“ﬂ_s ».1,4_ lower ....q»w-&” ugper ?-swr?n&a. r..\k& !

4%}»«3 r!iﬂﬂ& »En__n._.. aked, vpots) shell frapments
- 7 *o * hb ) char %Q ‘.
3 .mwu«h..u. u.ﬁ .w..am.nm ' mmm%?.m: EN..: Sn&. n.:ad , $hell m.»s.:?a atfip

- " wim gandsh itk bedded, evosronal base, rppled, ehundant
Y P o e b ey o P hindex

-greenshgrey amnhm,ﬂmmmﬁm w.\.wrtﬁm with many very thin, vippled sandy beds and

ol i goe finesondione. e sepreted by tim silng
~geeenish grey pdoganic siltshne , feus very Hhin sendy horitons

- malistovied gref fine bmedam sandone, Hhick bedded, wellsorted, ecosional base with
deep scou pockeds, MDL silthy levses fo E, hovizontal laminatin, mibor
vippks + troughcross beds, [owg toots at top

.r«:.u. 2.&.;.;.‘.3..“&..««.3&\\«
T L A b b e 4
-geey coarseningupward sendy sittstue with dbundant burewss ot base, rufed caferete cap
<brown silly bedtoribe, micacesus . )

-grecish 4y pedoqenie sittshne with geey vopled fine sandstone in middle

l ... s. . . .
8»29.& JMM@”“N Mm..ﬁ%o Mmummnszur é.w omﬂ«smwpﬂftxn \u .a\% :kaxn

\9!..2.@.4%“&% a....b.m &.u&«&w»win&&\ &R&!n. \.Sm\&s..\ .éQQ?&-&
- mu ¢y <3%.«.Mn Sandgtone, sharp flat bese + top

1) silts

- grey n...&u siltsfone | Hin wery brm sandstone i middle ;
Sqrey fie to medi slds pathic, erosi  shgltly fiig-

3 P e S it il by M iy -spoerd
- greenish grey pedogenic silfsione, sandy, lowg vools cut off by overlying wt
~severa| stacked ;&N %«a& fike fo mediim sandstone, feldsoathic, well sorbed,

8 ¢ a [ f]
Eorins e, sgur foatprinis , drough cloy becled, sepaveted

- gregnish qvey pedogenic silfstone

-3 skacked grey fine t«.&»r..m lewses separafed by Hin sandy sitlshone | erssional
bases, heritontnl laminafidn, winer trough crois ...% , ripples

- greerish gvey oedogenic sitslone with sveral thin very fine sandstone beds with
sharp bases and rples

. inberbedded e o fixe sandsfone and grey sitishme, voots at bvp, din
e .ﬂoﬁf%y hovizontal _n.&gv:,xm.moak..\r *é..q-._\n‘&“g A S
-hght qrey silly mudstone, bminaded, Toentonitid ?

- _r.ut_\.&t.?.n&& w«?ﬁ.r%.p}qﬁrz...&.x
Y .:.L :vﬁaw __n_m._‘io.ﬁ..&x lews _m?.....NLM\W v °

- areenish grey pedogenic siffstone
- -.WI\ grey %—.sn b medium sendshone . wdlsarted, ek g&n&_ ?\T\%_ﬁ \,.nu\_& eutdo M.

* .

erosional base with Scour pockets fulof ripues/caliche/weod/dinsseur bone ,
tvough cvoss bedded, ?Gw voots in middle 4

~Jreenish grey pedogenic siffstone

tz_r.,?s.k .E:uu+&r.,.»an:ﬁ...,g.lrﬁu&.e»ea
) &@Wﬁmﬂwvw& ..s. EMW:Nﬂu Q»% bedl ) T S A

- berbedded greenish gvey sitfstne and very fint fo fine sandslone, vypples

FIGURE 2@

Fleuee 2 @



Willow

5B~
570+
SO~
S50 =
SHo = NN
A
beoos 2 >~
A
- |

520

510

-gqrey shale . ?2? szi
- greon shale | poorly evpoged

-pale qrey b white fine sanddone, well sovied, +hick bedded, b cvoss bed
P e s..%_mm., sidesife conceetion horitong brough crois eds,

-greenish grey g Hstone poorly expesed
~vhite very fine sandslone, provly eupesed
~geeewish arey siltstone., oorky suposed
:mmr”.*_m—.ﬁqmnﬁ_m& r%b_.&a?.ﬁ. _w «aﬂqz b_._ﬂ&&
okl learesrs boe ﬁﬁuﬂoﬂzﬁ. voots, calevete - fuff (Kneghills Tuf m eguivalen )
~dark grey Jo brown ghale, laminated , popcorn weathering, benfoniti (Batle «wx...\b rs.wv

~pele greenish gvey fo yellow sttty very fine sandstoue, lenticular, shasp fop, reoks
- pale greenish 4y pedogenic siléstone., poorly expesed

= drkgrey fo brown shale, laminafed, popeorm weathering, benfouihe ( Battle u&E..\n\.mx t)

- w»w ?ﬁ:..ur qrey very *...SP msSLm*esh. b.z,.«. -.oiw. meelk ﬂxﬁo&k
- gteenish grey pedogenic siltshne, sandy, voots
- . b : [ vipe .1. Riug-supniard, \bﬁ%n *3:\# )
pelegrey Ging sandspme peonsbase with soallvipset, ik ﬁwmzﬁ vings (Whitemud eguvalent)|
- dark greenigh grey cavbonacesus silly shale, lawinaled , voofed , wiod No.a%sﬁxt
— areenish grey pedogenic silktone
- ..m& very ,m..;m m?ﬁ?é%.ﬁ&%i base, sharp fop, reots, rippks
- greenish grey pedogenic siltsome

-§..ra#.~.§:&?§¥£&t&&.. .. .
L‘U.\r u‘%mms.‘rsmwues shale, n&it». ...v?ﬁu..‘u wnw.ﬂ“ww?eér cross beds, rpples

- §reenish qrey pedogenic silsbone

- " ’ e + ; b ith
N T B b b A A A
- geey very fine b fine sandstone, «...s?b.xw&n{. vools aud cavhauasesus shale of fop

- greenish grey pedogenic Sihsione, rosts ‘ ]

- grey very fine fo fue, Savdshone, mulbistoricd, sepavated by this sandy siltstone lenses,

h_..!r....u vipples, voots ] e be y

- 15h q¥ey pedogenie i , reoft, thi & sand; ecially near
Ty e

~white fine b ncedm, sendstong , fiwng-upnard, scoured bese, x\\s..%x erys beds

L and s.Q&& , large vooks thvilugh enfire thickness

- gveenish qrey pedddewic sandy silkstons any carbonaieons shale lens

-~ pele ««Q very fing b fine sandstone, hovinontel launabon, roofs

- §rey pedogeiic Siltstone , laminated and cavbonaceous of fop

-grey e samdstone, sharp batse, vippied

- greedish grey stitstong, poorly evposed

q u.ﬁ«mwr ux&usxmgm:#?:o.no»..mni.ﬁ-&&n&\&&s.:.a
- bow »
L e s sl sisted

- greenish grey pedogenic siltstone

-7 sjvey Fine sanditone.. scoarafed by discontinuey siffstone lews, erosive
Ly M&s. Frough a..,&“\ raﬁ‘(&i& kas@-. enfive Hhickness

..u&ﬁ:.wr gvey w&omo;..n silistone. , %«E 1_.3 m-:ku a&& Carbonacesus af 30

=3 fine fo mediam o heds seperafed by Hhin sillshnes, cach has scouved base
f frough cross beds, wﬁ?f _em.\% at hp ' ’

- () X;
-Mﬁn mm"« 28..m ..._.pﬁn‘& sillstone

~grey siltyvery fine m&tg_ bvﬁm.h@ .,..%\& ’ m..ukn&.wﬁ.\ best, sharp \s\

Flaure 2 ¢)

< greevish grey pedogenic siftsfone

Flaure 2 ()



e.be.!» M»% 150 5bo Mo:mn 100 2..:9& Oﬁaor Ewm.
)
R beummron M
—_ Canyon S
—_— facies 0
L ]
L :Hl%yll\\\\\\\\ Y50+
+ boo4- e
> Yoo+
5o+
350 le
L.l _ m marine
St. lc.?x
River 3007
. | s
%Pn_nu
+1501
N&.W
4500+
Las0 =
B m.\
s /\
li‘gul
loo
25, ll%llllllllt lllllll
— IO<.uﬂmro@
P = Canyon i
—— facies = Mpine
| e nfluence
m
.l T T TS T < marine
mmo%wbcc Fim. " &_ mm_ _.T m.a m ......a
\NJQI\O..N.NS:\ < . 30km > T wp 10 Rge 24wy N |

FlaURE. 4








