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NOTES 0N THE DEVuNIAN SYSTEM OF THE 
NuRTH-CENTRAL PLAIN)::? uF ALBERTA 

I NTRODUCTIUH 
. . 

The accompanying sections and maps of the Devonian strata 
were compiled from the results of :.detailed studi.es of . t{le ~ores ap<:i 
cuttings from exploratory wells d.i-illed in the north-c~ntral plains 
of Alberta. Most of the logs of these wells were compiled in 1951 
and·.1952, but .some were · prepared in previous year;:>l •. . . .. .. . 

lDetailed logs of the Palaeozoic sections of wells in this area 
are available for study ih the office of the Geologic~l $urvey a~ 
Calgary; mimeographed ccpies of-:, most of~ these can b.c supplied upon 
request. 

.-_· ........ ; 

Cross-sections compiled from these well logs (Figures 2, 
3, and 4) have been constructed to r epresent the f acies changes in 
the area from township 60 nortl} . ·:t.9-.: 't.<?w:i:iship 88 , and from the Alberta­
Saskatchewan boundary to rge . 15,H. 5th mer ., and relationships vd th 
the Lesser Slave Lake and Edmonton aroas are shown by contour and 
isopach maps (Figure 1). Correla·ti0ri with the Edmonton area is 
also shown by the inclusion in Figure 3 of Imperial Clyde No . 1 
well in tp. 59 , rge. 24, W. 4th mer., that is, .:within the area 
cov~red by the re.port of the Geolo'gica1 Staff, Imperial Oil Limited 
( 2) • • · · i. ·; ·V. 

2mimbers in parentheses. are those of H.eferences on ,this pq.g~· . 
··.·1. ·, .t . . i:.C:. ·'' 

~-· '..1.' •• • J j· ', f,· . 
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STRATIGRAPHY 
i: 

GENERAL S'.1'ATEl1lENT 
,-

The area co.vered in this repor:t lies to . the no,rth of the 
Edmonton area in which the formations in the upper part of the 
Devonian System have been described by the Geolog;Lcal .Staff, .·. , 
Imperial Oil Limited (2). The figures and text attempt to portray 
the Tacies changes· that occur northward · from the Edmonton area .. -w:L th 
which correlations have been .attempted. As this .work is of a 
preliminary nature and covers only a small part of the region 
underlain by Devonian sedime'i'itary rocks in Alberta, aS feW "new . 
stratigraphic subdivisions as possible have been introduced. 

The north-centrfil plains of Alberta are underlain by 
sedimentary formations ranging in age from cambria.n. to Upper Creta­
ceous,; This report, however, is concerned chiefly with those of 
Devonian .. age, althoug4 some that may be in part older and in part 
yom:iger ar,~ included. 

The Devonian sequence of the north-central Plains is 
part of. the lq:rge D~vonia;n basi.n of deposition that covers .much af 
the Interior .. Plains of Car.ada and the United States. In the region 
under, discussion _i~_ lies between .the Canadian Shield to the north­
east and the f"eace fu.ver arch to the west ( 7); the isopach map, 
Figure lB, shows the distribution and th:i,.ckness of these strata. 
The lowest beds studied are here defined as those of the Elk 
Point group, the lower part of which may be of pre-Devonian age. 
The beds of this group rest on Cambrian strata from about the 
latitude of the Imperi2l Grosmont ifell southward; to the north­
east, the,y qverlap the.Precambrian rocks of the Qaru:l;dian Shield; 
and to .th<:t west, ov~,r the Peace River a.r:ch, limestones probably 
of Middle Devonian age rest on basal P~aeozoic sandstones whose 
exact age is unknown. The limestones and some of the sandstones 
are probably equivalent ,_to a part of the Elk Point group. 

. . 
•• -· f • • • • • 

__ The b~ds .. o.f the_ J<tl~ .. Point._ g;rou.:p fo:r:m a prE'.dominantly 
evaporitic sequence. They consist of: (a) a lower, red bed and 
salt series; (b) a dense dolomite series; (c) a pronounced reef 

• 
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facies of Middle Devonian age 1 probably overlying the dolomite 
series unconformably; and ( d) an evaporitic sequence iw;:l\lding 
salt and ~nhydrite. West of the Lesser Slave Lake area, owir . 
the Peace River arch, the Imperial Grouard well (Figure 4) did 
n6t -·en."66Uriter· tlie . tyPical ElJE-Po'int section~ . In this ·region: ···- ···· 
be.fl::~ p_;re_sumably equivalent t,o the Beaverhill formation rest on 
a fosailiferou.s limestone, wh:i:ch, in turn~ . overlies the basal 
Palaeozoic sandstone beds. 

The Upper Devonian Beaverhill fonncition 1 which succeeds 
the Elk Point I ref]..ee;ts marine invasion overl~pping t;he Elk Pdint 
and, · to the west , .progressing. over the elevated Precain_brian surface 
o:f the Peace River arch. During the deposition of t)ie '~

1

Beaverhill, 
stromafoporoid-coral-algal grow.th commenced wb,erever· ¢.9Jlditions 
were favourable 1 commonly fornil.ng widespread bTo.stromaJ,: -,qepOS~~s , 
and, rarely, deveioping info reefs. Alternating shale ,and · · 
l±mestone ·· un·its represent- cye-lical · changes- in· t-he .ftepoe-i-tiooal- -· -
environment. A definite i;endency towards the develOPIJl~IJ..t .,9f ,-:i;_eefs 
within the succeed~g Woodben,d ~c;i;r;matiOn 'indioates ch~}f~e.s: '-~n . ~he 
configuration of this P.art of tlj~_ 1basin at· thel begirui:tn:g of W'o'od..:· · 
bend deposition • . Over much of the north-central AlbE!rta, .plains, . 
the Cooking Lake member at the base of ·the Wo.odbend forms · a thin · 
or tabular shelf deposit composed largely of dense, and pelletoid, 
shallow-water limestones, with sporadic reefs. Larger reef 
complexes developed under favourable conditions, particularly 
towards the edge of the shelf, some continuing to develop-into the 
major reef complexes of the Wood bend. A green shale, off-reef · 
facies was deposited to the west of the Cooking Lake reef area, 
the approximate trend of its boundary with the reef facies being 
shown in Figure J.B. Unstable conditions and alternating deposition 
of limestones, muds, and silts, accompanied by shallowing of the 
water to the base lev-el of deposition, seems to have been common 
throughout the period during which Vfoodbend sediments were 
accumulating . These limestones, nruds , and silts are referred to 
the Ireton member of the Woodbend . The contact between the 
Woodbend formation and the overlying Winterburn formation in places 
shovJs evidence of a break in sedimentation. The Winterburn 
formation is characterized by interbedding and interfingering of 
silt, fine sand, dense limestone, and organic carbonates, suggesting 
shallow water deposition. Reef growth as developed in places within 
the Nisku member ·was terminated locally by sands of the Calmar and 
Graminia members. Gradual decrease in the volume of sand and silt 
permitted fine-grained limestones to accumulate; these are referred 
to the Wabamun formation. 

Over most of the north-central plains of Alberta as 
illustrated in Fi gure lA, the upper part of the Wabamun and over­
lying beds were removed by erosion in pre-Cretaceous time. In 
the Lesser Slave Lake area, in the western part of the north­
central Plains, a black shale knowa as the :E:xshaw formation, 
and generally believed to be correlative with the E:x:shaw 
shale of the Rocky Mountains , overlies the Wabamun formation. 
This black shale is overlain in turn by strata of known 
Mississippian age, but whether it is of Devonian or Mississippian 
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! I~' . 

age or wheth~r, ?-t is everywhere correlative wi'th t he Exshaw beds 
of the· t ype ar~a is still uncertain1 • No new iriformation 

1~ince _this report . v~as -written_, c. H. Crickmay (Discrimination 
of Late Upper Devonian_, Jour. of Pal., Ju).y 1952_, pp . 585-610) ha s 
presented his opinion that the Exshaw black shales of the Alberta 
plains ·: are Missis.sippian i:n age:, · .and that in places limestones of 
Mississippian age rest · on dol""CJrnites of the Fabamun formation_.__ In 
the sections illustrated in this report the limestones referred 
to "the Mississippian .by Crickmay may be reIJr~-.sented in the Imperial 
Dapp Nci. 1 11re"l.1" .between depths of 5,091 and 3,.J,50 feet; in the 
Imperial GrQ'u.ard well between 4,290 .and 4,330 feet.; and in the 
Socony Utikum.a. well between 2,783 and 2,830 feet. 

regarding the Exshavr has ·. '.been obtc;i,ined from the north-central : 
Plains; therefor~, the present study has ·been restricted to the 
beds below the -,v-abamun-Exshaw contact; which marks .a sharp change 
in depositional environment.· .:· 

': .. - : ~. ' 

. " : .~. 

!-_: 
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SOME LIMESTONE TYPES IH TI-ill UPPER DEVONIAN SEHIES 
OF TI-ill NuB.TH-CENTRAL PLAINS ·-· 

' , The limestones of the Upper Devonian Series in Alberta 
i:have l cert:ain distinctive characteristics that may prove ,usefui in 
jistratigraphic correlations and in the interpretation of ' facies 
.. I ' .. 

,:changes. ; They occur in uni ts of varying thickness interbedded 
\vith: gree;nish grey, finely silty, calcareous shales. The: basal 
;memb~r o.t; the~e limestone uni ts is usually a thin, fine-grained 

::1ime~to:i1~, .containing abundant crino-jd fragmerfts and :Lnterbedded· 
1:wi:thi thiri, · ~rpwn, shaly laminae that : are generally irregular and . 
:«avy· as ·thcvg;h accumulatecl on a shallow bottom subject to wave or 
· current'-.~ction. Above ' this member lies the main -body of the 
)ime~ton~ unit, commonly composed of a wealth :of :organi'sms, such 
'as s~roma:topo'roids .~: co:rals' algae' and syrribiotic forms' which:, . 
,'under favourable condi1;ions, may develop into local, thick · 
!:accumulations or reefsl The matrix is composed of coarse-grained:' 

1orgal1.ic debris and fine lime muds. Except for the : st:romatoporoi<;!:: 
'coral-algal zpnes, limE(stones composed of accumulated benthonic -_ 

-organisms are rare. In the normal sequence, where ,deposition: was " 
continuous, each stromatopor~:Sd-coral-algal zone is succeeded\ by:,,.' 
beds . that show a gradu~l change to limy muds, iwhicl:i commonly · · 

.. contain: ~a:bund~nt:. organic debris, and in places; to cilgal and · · 
pell~to:Lcil liinestones ' of various types. These types warrant a . ' . . i 

: ' 

; 1Th~ terin 11 pelletoid11 is uaed to des crib~ any :1imestones
1 

' compbsed 
1
of small to l~rge di~crete grains or pell~ts of very 

. " 

· fine"-grruped limestone~ ei the~ in a fine-grained matrix or 1 

: cemented ;tY crystallinEii ccilci~.e. In most case.s the origin of the ; 
; ~ellets ~annot be reacJ4ly proved. Pellets ranging :from 0.05 ~o . 
'1.5 or 2 ;mm .. in diameter are common. 

~::: : 
i: -, •.. ! 
~..---'~-,....,..~-- ....,......,......,..,,.-....,......,......,......,..~~~~..-~~~~....,......-....,.._-~~~---~-

:bri'.et ':d.f;~crlption and some speculation as to the ccmdit:J_ons under 
; vrh.ic~ 'they may have formed. Some of_- the very fine ·lime( :muds are 
:;crY,Pto_9rystalline ~nd characterless; more commonly,; however, they 
· pont~in very small, usually broken, fragments of fossils such as 
verylthin brachiopod fragments, small, thin-shelled gastropod~, , 

. i pstr~codsi, criz;ioid.: frC1.gments, ;;etc., and ·in some places display 
; ~ndi~tinc;t structures suggesti.ve of organic. or;igin, possibly alg~l. 
Much ; of t(ie li.Iriestone of this " type may have been precipitated from 
:sea water, by t)1e action of algae or ~acteria. : In rttany places where 
!i:tc-cumulatP..on of broken ;fragments of qrinoids , brachiopods, and 
;pthe:i;: fossils in lime J1!.Uds or in arg~.llaceous muds ·are extremely 
,abuntj.ant; : the rocks may be ef:(ectively described as tfossiliferous­
!fragmentf11' • Although ·much of' ~he _ limestone m~y have been wholly 
;9r in par~ precipitated by chemic~l action. fropi sea water, as : 
•?-lreCJ.dydr!i3ntioned, much limestone of this · type! seems to have been 
:tra~port~d over the sea floor or deposited frbm suspension, and 
:cart ltith' ~ome justification be classified as chlci1utite or, if 
~oar~e gT~ined, as calcarenite. Coarser pelle~oid ·limestones of 
~aridus t;,rpes are closely associated with the fine~grained 
limestone$, the individual pellets being composed of limestone of 
this 'same type. Many af the pelletoid limestones of the '. 
,Devorp.an pf Alberta may be concretionary aggregate~ formed by1 
precilpitation of calcium carbonate in agitated: water or about · a 
riucleus such as air bubbles or the fine silt that occurs in small 

: 1 

• 
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amou~ts in limestone of this type; others, very abundant in ~h~ 
treef' areas, and overlying them, show celli.,i.la r structure and 
appear. to have been precipitated by the action of algae; algal 
cruRts are common in such limestone; some are ·pr9bably faecal 
pellets; some , especially the more. il•regular, angular grains, may 
be truly elastic, mechanically transported lime-sand grains; some 
inciistinctly separated .grains suggest cnly slight movement by wave 
or current action . True . ooli tes are comparatively rare , al tho~,b:;. 
some . zones have been: i dentified,; !lnd scattered oolites are co;rnrr19n. 
in beds composed pr.edol)linantly of .t other types of pellets. In mos:t;, 
cases the pe.llets have formed as discrete grains cemented later 
by clear crystalline calcite. Most 9f the limestones. in .the reg~on 
under discussion show little porosity except where dolomitizedo 
All, however , of wha,teve:r origin, whether chemically precipitated, 
or precipitated by the direct action of algae , or wheth(Ol!_' formed 
by cur;rent or wave. aot:i,.~n, point to a similar. sha_llow-water origin 
under. corn;iitions of li.ght, air, and movement of W?-ter by wa.v~ or 
current action, which permit optimum growth of org§.nisms~ .. ls such 
conditions are also most favourable for the de1?t.ru_ction .of organic 
debris, they would e1"'}):]..ain the paucity of org~:r:Drc.-::Temains an:i the 
fact that only thin, small pieces of clear calcite .remain of the 
shells of such animals as l:?ra~hiopods and gastropods.. _: , 

ELK POINT GROUP 

The •Elk Point 1 sequence was . defined by J . R. HcGehee .( 5) 
~:;; a formation; but as it consists of se:veral. lithologic.aL units 
and may even i .nclude rocks of more. than . oNe peri0d, · it j_~ f1!3re 
given g:roup 1:s:tatus. However, the ·writer has · n,.o;j;. . mad~ . sUtficiently 
extensive ·.st.µ@.es to define new subdivisions · f 0r tl;J.e .. E-1~ Point 
strata~ ... . ..-- _,. .,· ;;_ 

r :. .I. 

, _ ..... T{le .accpmpanying cross-section; F:j.gure ;:{., sho1,'.'ls the 
_stratigr~phi_c _, suGcession, litl/.ological c,l;l.p.nges, and probable 
correlatiyo. p9rizo:ps in the Elk .f o:i,.nt gro:µ_p ;(r.or(l tile Imperi.;tl 
Da,p:p Noif.: ;l, , v~ell -. nor.theast roughly · g.cross ~,thl?., s_ t;i;ike . of the : 
Devonian :i,n this area to t~~e ,Bear BiJ_tmo:i;e ; N9,.\ ). . well _! :Pe t ailed 
studie~. w_exe )1lade 9:t; ,;\,he S<;l.Illp:\...es apd , CQr~s of. the wells shovm Jn 
the fi.gure. a11d the lpg_ of ,the . p;J,.k Pqint. in the Imperial Grosm9nt 
No. 1 well ii:? given ir;i. , the : Ap0i!r,i.di::lc to . t,l;lis -report-) . The . datum 
line for this cross-section is . taken as the base of a persistent 
biostromal unit charao~e.rizeQ. by1, 9.bundant strom.atoporoids. 

Lo-west Red-bed and · sa1 t Unit 

The oldest or lowest. rocks of the .. Elk Point basin in 
this area are £enetrated by th~ _ Imperial Grosmont No. 1 and Bear 
Parkford No. 1 wells . Southwest from the Imperial Grosmont ~ell 

lNot shown on Figur~_ 2 . 

progressive transgression <;if the Elk Point strata over the ': under­
lying Cambrian is shown in the Imperial- Clyde and Imperial · Dapp 
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wells. A simila r ·t r ansg:r:ession occurs to the northeast where, in 
the Bear Biltmore well, '-Some 700 feet of beds of t he lower ·part of the 
Elk Point encountered in the Imperial Grosmont and Bear · ·parkford 
wells are -inissing, -and ·what appear to be hig.1.er . beds of the Elk 
Point. rest on Precambrian rocks. _ . 

In the Imperial Grosmont, Imperial · Clyde, and Imperial 
Dapp wells :the Elk Point group re3ts on strata of Cambrian age . 
The basal beds . of the Elk Point in . both the Clyde and Dapp wells 
seem to consist of reworked Cambrian strata, -and it · is -difficult 
to determine the exact position of the contact between Elk Point . 

·and the knoWri Cambrian strata. , 

· . •The lowest beds of the 4k Point consist of . brick-red 
sandy shales and shaly sandstones ' some -of which contain scattered 
grains ·of gla.uconi te. They are overlain, in> the ;Grosmont well:; 
by a salt member, the 11 third -salt11 ~f-·- the Ellie .Po;tnt · a.tea,, ·' To .the 
southwest, 'deposition of Elk Point ' strata cha,s cioverl"'pped'. .. the . "' 
Cambrian and the lowest beds ,of ther:tElk '.Point occurring in the , · 
Grosmont well are missing in the Clyde "well., and the 11 third , salt". 
is represented by a •Shoreward facies of interbedded shales and ; 
dense, shaly, . finely silty dolomites. Above the . 11third salt 11 in · 
the Grosmont well and extending southwest through the area 
repre sented by the Clyde well are deposits of a second evaporitic 
cycle, which occurred contemporaneously with the extension of the 
basin to the area represented by the Dapp well as shown in Figure 
2. The samples from the rotary drill-cuttings of beds representing 
this · cycle are too .:. poor to define the .exact sequenctf. .. of the cycle• 
In general, red aruii green shales, anhydrite, and :some siltstones 
and sandstones appear to be represented in the lowest 100 feet, 
·with some limestones and dolomites occurring with anhydrite ·.and 
shale in the succeeding 30 feet, followed by red and green shales 
to the "second salt" member . I n the vicinity of the Dapp well, 
the equivalent shoreward facies of brick-red s andstone, siltstones, 
and shales becomes more shaly upwards and shows the extension of a 
thin stringer of . the salt ·member into this area . Fol.lowing 
deposition of the salt, the -closing phases of the evaporitic cycle 
continued, with anhydrites and dense dolomites and shales 
succeeded by interbedded dolomites and red shales. A dolomite 
and anhydrite overlying the basal beds of the Bear Biltmore well 
may be correlative with some part of this upper sequence . 

- The above-described "red-:bed11 or evapori tic-type strata·: 
seem to form a single lithological unit separated sharply from 
the overlying beds. Gradual transgression appears to have 
occurred during their deposi!:Jion . s_ou~hwestward _over the Cambrian 
beds towards the Imperial Dapp well and northeastward over Cambrian 
and Precambrian rocks towards the . Bear Biltmore well and beyond the 
limits of Figure 2 to the Bear Rodeo ·No. 1 well in - the · n111cMur:tay_': ~.J 
area. .. : • ...... ·!'~ • 

Dense Dolomite Pnit l. 

Resting· on· the red-bed .. sequence, 1n the ImperiaL Grosmont, 
Imper;i..al Clyde, and Intperial Dapp wells, .is .. a series .of crypto7 ..... \ 
crysta],11,ne dolomites rangin.g through .sha.Q,eE? Qf cr$a+n.:t- : pal~ . g;r-ey,_. 
green, pink, and light red. The lower beds are very sandy, 
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containing abundant, small to- large, rounded, frosted quartz 
grains' which ih places become sufficientl-.\Y abundant to1. form 
dolomitic sandstones. Sand grains appear again in -the upper beds 
irl ·-the Imperial Clyde well e In the Imperial 'Da pp --well, : the; e nt5.:re 
sequence is very sandy, and granule- to pebble·-sj,.ze -~.:grains ·:occur ·· 
in some ·beds·. This 'Variaticn suggests that the ·source of .the . .: .. 
elastic . material is to the :west • . Ovetlyin'g this s€ries .of. . : .. , · 
non.:..a:rgillaceous or 1 cleant dolomites are 30 . to 60 feet · of' :.• ..... 
pinkish grey to red argillacaous dolbmi tes,. :td th interbedded red .. 
and g.reen shales; topped by a reci shale; s .om:e ., intercalated beds' 
of dolomitic sandstone, with granules of red dolomite in a light 
grey matrix, are similar in gene rag,, =appearance to -:the -dolomites 
below, and should probably be grouped ·with' -them as <beds. tra:nsiticnal 
t'Owa:tds an:: envi:ronment favourable--for the · dep·osi-"tion,~of ' red'- beds. 
This· unit may represent a maririe ·cycle of tfahs'gre~.sicli ·and ' 
"regression as expressed in a " shallow-water, nenr;,.,shore ·: -envir0runent 
followed by a period of -ied...:.bed- deposi.tion,; •the entire .seqeteince 
showing a strohg resemblance: :itn lithology to be,ds. identif.ied as 
of Silurian age in Saskat'che'wan.~- "Between these a:t.c.glilla..Geous red 
dolomites and shales and the dveHying"' st.romatoporoid zone in vthe 
Dapp, C-lyde, ' Grosmont, and MaJ~george ·"wells aTe ·same . 40 to 70 .feet 
of soft, · shal~t dolomites, shales, anti silts:\Jcn&s;:• s..ome nodular 
dolomites carrying worn fossil fragments; quartz sandstone·s;~ a.nd .. 
sandstones composed of dolomite grains. This sequence suggests a 
change in depositional conditions and, perhaps: periods of 
non-deposition. 

The ·lower part of t:1e Elk Point group encoli:ntered in the 
Bear Bil tm.ore well requires specific comr,1ent, In it the be.ds 

-1.mderlyine; the dolomite zone, used ·as a referer1ce for Fi·gure 2, 
am resting on the P:recambrian basement consist of a basal, arkosic, 

· shaly sandstone overlain by a thin dolomite and!.:anhydrite •. on . 
these rest a series of massive, red and green-anhydritic mudstones, 
with interbedded anhydrite .and dolomitic siltStQne and dolomite 
towards the topo Just. how the.Se beds correlate with the section 
in the Imperial Grosmont well canno t be de.teriliined;: possibly they 
represe:nt :the entire period of deposition already noted in the 
Grosmont ·well; or they may repre :;0nt . the shoreward facies of the 
cryptocrysta~_line sandy dolomites de-s CJ:'.ibed from the other wells 
of the cross-section. 

Marine, Fossiliferous Limestone and Dolomite Unit 
. , . . •. 

Overlying the anhydritic beds in the Bear Biltmore well 
is a finely crystalline · t-ci :sugary d@lomite containing scattered 
crinoids and, thin, brown, arg.illaceous ,_laminae-. A siliceous to 
cherty zona, . with a somewhat weathered appearance and containing 
minute. plant (?) spore•s simi·lar to those found · in what is believed 
to be· the Elm Point<:f.ormation .in ·various wells in southern · .. 
SaskatcheW:an,. s·epa•rat~rn this .finely crystalline :dolomite 'from 
the coarse r) · stromat~poroid-coral-algal zone overlying it. This 
finely crystalline dolomite may be the equivalent of ·some part 
of the stromatoporoid-coral-algal zone in the wells to the west , 
buj;_ .!!!or~-- 12..robably it is represented there by a fevr feet of finely 
crystalline 4olomite under the stromatoporoid-coral-algal zone in 
the Bear Maxgeorge and, Imperial Dapp 11.rells ; that is, this zone 
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may pinch ,out .tb · the /l'{est ; anct in pal;'t represent the ~pparent _. 
interval of non-deposi ti9n,; already mentj:oned, ·below the 
stromatoporoid,...coral"'."algal .zone. -· iJr, al,ternately, the fine-gr9-jined 
:dolomite ma..y be re~_presented in, the wells · _to the .JT:es.t by the p~e., 
cr;yptocrystal line; . sandy dolomites deposited prior to the apparep.t 
period .of non--deposi ti on .. . ·.· Regardless of i, t>s co;rreiation with the:: 
other wel·ls, this dolornite)~Jith the .crinoids and' smaJ.l pl,ant spores 
seems to mark the beginning_: of a pe.riod during whiqh ·Conditions 
we~e . favourable for the, growth of . abund~nt marine -life a_nd that_ · 
culminated· in the succeeding· stromatoporoid-c::or.al-:-aJ.gal zone. , . 

The stromatoporoid"':'cQral-algal zone; qonsists. pf abunQ.ap,t 
_L: · organic remains in a coarse~grci.in_ed . matr~;x c·ompoqeQ:_ largely ,of. 

organic debris and irrE;g-ql?-r pe:J_le ts- or grp.i9s of .· {ine limest,one. 
It has a loo::;e, porous, textur~ . ,~_ha,t . was qonduc;i..ve t _o dolomitization, 
al though _. not to such an ·e.xten..t t,hat tne original f ossilife.pous an,d 
pelleto;µi structures we.re comple.teJ:y dest:royed, _and. in -som_e we1J...s, 
such as in the Dapp and Clyds:; w;eJJ.s; a ).arige . part .of the z on13 nas 
remained limestone. .The unit .vari.es in t.J:l±e:kne9;s from SQ.Ill,~ .40 feet 
in the Imperial Dapp well to ~bout 100 feet in: the . Bear Bil,~;m.pre .... 
well, apparently showing a longer period of .str,om~toporoitj:".""co_ral­

algal development shoreward towards the positive: area of t ,he:> 
Canadian Shield. , ;· 

". 

Evaporite - 11 First Salt" Unit 

While the thick stromatoporoid-coral-algal zone was 
accumulating to the northeast :in the region of the Bear ;Biltmore 
well and wells near McMurray, dens.e evaporitic-type G.~rbonate beds, 
muds, arid anhydrite were being :deposited towards the cent.re of the 
basin. No cessation of deposition seems to have _occurred between 

. the stromatoporoid-coral-:algaJ. ·zone and these beds in the central 
part . of the basin, hut rath~r- ;:;, _r:gradual transition upwards from 
open-sea conditions favourable_,. to organic growth to those of a 
basin with restricted circulation. · The proximity of p.nothe r 
shoreline· on the southwest .s:i':de of the basin is suggested by si,lty 
and sandyc beds in the Dapp well . The basin appears to have .be.come 
isolated from the open sea, resulting in the deposition of thick 
deposits of salt, with minor variations to anhydrite,. dense dolomite, 
and mud. vvbether the isolation of this basin was caused by a 
general withdrawal of the sea or by the effect of local restrictive 
barriers. could not .be determined from the limited area under study. 
In the area of the cross-section -(Figure 2) the ·11 firs·t -salt 11 member 
ranges .in thickness from 100 feet ·in the Clyde ·well to more than 
600 feet in the Biltmore well. Anbydrites, shales, .and sha.ly _;: 
dolomites to the southvrest, in the Imperial Dapp vve l l , appear to 
represent a nearer shore facies equivalent to the salt. A similar 
sequence of interbedded shales and dens.e dolomites in the Clyde · 
well may represent the. latter part of the period of salt deposition. 
The section from the top of the stromatoporoid-coral .dolomite to 
the red beds overlying the salt thins northeastward from 750 feet 
in the Biltmore well t-o about 220 feet iri the Bear Rodeo No. 1 
well l in the town of IvlcMurray . ; ~ 

1nr. R. deWit, personal commui:iication. 
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The thickening of the salt unit in the area of the Bear 
Biltmore well raises problems in the interpretation of the history 
of ' the 1basin of deposition in this general area •. During deposition 
of the -Gldest or .lowest part of the Elk Point .group, the thickest 

- -deposits were formed in- the Grosmont-Parkford area whereas the ct:rea 
~epresented by the Bear Biltmore . and Bear Vampirel wells was part· 

1The Bear Vampire well is not included in the cross-section 
(Figure2') hll.t is a-bout 25 miles east of the Bear Biltmore well. 
The · cores oft·-this well were studied by Dr. de\iit who made the .data· 
for -t'hi& well, •as. well as the -0.ata Dn the Bear Rodeo No. 1 ·and 'Bear 
Wes-ttnont No~- 2 ·Wells, available to the writer. 

.. ... "".~· .. !~ J·~ ! .. 

•.' .. •. · . .: .. ·. ,,) 

of the bordering posi;_ti ve area -of the Canadian Shield. · . Follo'wing 
the invasion and retreat of the sea in vfhich the stromatoporoid­
coral-algal zone grew, the area of the maximum downward movement 
of the ba-sin appears to have· migrated to the northeast·:, .that is, 
to the area in which the sal.t unit penetrated by the -' Bi·ltm.orte and. 
Vampire No.•. 1 wells h~s thickened to 'mdre than 600 fee:th' · 'Ea:Btwatd, 
near the town of McMurray, there is more anhydrite with· the ·sai_lt, 
ana the unit has thinned to about 200 feet. This repreSents a · 
thinning of the salt unit at the rate of about 20 feet:."to::~he mile. 
Possibly the thick salt unit of the Biltmore-Vampire areai. :may be ,· 
entirely the result "of the migration of the area of ma;dmum 
subsitlence of the basin to the area of the Biltmore and Vampire 
No. 1 wells:, " or, the thickening may, in part., be due to flowage 
of salt into this area as a result of movements ·in late Devonian 
or in ·post-Devonian time. Doming of the overlying strata· :iu±ght 
be 'expected in this·, case, . but too few wells have been drilled to 
furnish positive evidence. The closure of the contours on the 
eroded Devonian surface in th{s area, as shown in Figure lA, 
suggest at least some doming. Po~sib~y both subsidence contemporaneous 
with deposition and later flowage of the salt have contributed to 
the 'present distribution and thickness of the salt unit. 

·In all wells studied that penetrate the Elk Point, the 
salt or equivalent beds are covered -Oy a succession, about 30 feet 
thick, of dense limestone, dolomite, and anhydrtte topped by a red 
and green mottled shale, which seems to form1a good horizon marker 
in this area· and beyond it. This ·section is'.j" in turn, overlain by 
another sequence, about 40 to 60 feet thick;· -·of dolomites, silt­
stones, shales, and anhydri tes, near the ba·se of which is a zone 
with abundant Charaphyta, including what·· hav.6 tieen tentatively 
identified-as Trochiliscus and Sarcella. "0 This<,unit is similar to 
the Elk Point in lithology and, although-- above··:-the :red beds 
indicated by McGehee (5, Figure 2) as the 11 datuffil1. for .the Elk 
Point, -is included with that group. It is di;f.lere'ntiated sharply 
in this area from the fossiliferous limestones "tha:t·· overlie it 
and that form the base of the Beaverhill formation as described 
in the type section; thus this unit seems to lie between the 
defined limits- of the Beaverhill formation and beds of the Elk 
Point group. studies over a wider area may show whether these 
beds are more closely related to the Beaverhill or to the 2lk 
Point. A description of these beds in the Bear Biltmore well is 
given in the Appendix. 

I • , .·~ ··-
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BEAVERHIL~ FORJviATIGN 

. , .· The following c6mn~irit;:3 .on the i3eaverhili fo:rmation should 
be studied .iri connection with · Figures 3 . and .f. . The r13ad.er is 
refer~~~(to .;the '' log of the .B~a .. r Bil t~or-e No., i vie .. il, . :Ln .. the Appendix 
to this repor.t, between depths of appro/Cimately 980 and 1,688 fee·t , 
for a detailed .description ' o:f this formation representative' of its 
character ·"in · the north~centrai · plains cf Alberta • 

. 'L'he Beaverhi.11 formation in the noith..:.central Plains, as 
in the; tjpe section (2_, pp • . 1,.823-1,825) from tlie Angie- Canadian .· 
,Beaverhill Lake . No . 2 well in l.s .. 11, sec. 11, tp. SO, 'rge . 17, · 
1i.4th mer., consist of a . cyclical repetit.ion of calca'reous shales 
and limestones. The 'cyclic natu~e · of the depo.sition, readily seen 
in· the major units shown in-Figure- 3, is repeated in minor cycles -· 
of thin-bedd~d shales, 8::!1d. }imestone. . .. 

\_ ,.:,,_··.:. •'·. • . ,t ' . • ' 

• , : , , , In g.ener;f:!-1, ar,?~l.lacE;ou~. or shaly b.eds are more ab.undant 
in the Beaverhill in .the northeasterly parts of the north-central 
Pla'ins , : .w;h,e,reas more lime . and ~ess ._ shale occur to1ri?-rds. the. centre 
as.' represent~d by tha Irriper;Lcil Grosmpnt, Imperial Clyde , Imperial 

.. i .l · • • .. . ' . '· . . . . . ... '. u 

Tiapfo . arid Bar,nsdall Hon?l ulu Seab.oard Pelican Lake No . l wells. 
TO- the west, 'more argillaceous li.mestones' and shales occur, as in 

-~h~ B~rrisdall ',fest lla?;Lskaw~ Socony Utikuma, arid pther wells in :-~, 
the , Less.er Slave Lake area_, :where the Beaverhill formation approaches 
the. shoreline . formed . by the elevated surface of the .Precambrian 
known as the Peace Riv.8r .arch.. In the Lesser Slave Lake area, ' 
beds . zj:,parently eqUi vale~t . to "part of the . BeaverJ:i.ill consist of 
dense ~es tones . and ,slJ.ale,13; and · ~,arm a ccintinuqus sequ°e:rice with 
similar. peds equivalent to 'the sµ.cceeding ~ifoodbeµd formation. · As. 
a resU'J;t ,_t.he. two for~stti'?r1-8 cannot b;e Oifferentia.ted with cert~int'y. 

'" .. J • ~ -~ • • . 

, .. rL . . 1{ thol~gy 
",L(,: 

'"} .; :\i.i: ~·~_;·;·ll ~:.~ '•· \," -"-'. .. , '· . , I , 

Th~- basa;J,.~ J_ithol,ogical u~t of the Beavorhi.11 formation . 
is a thin_, }ughly ·:rciss:Liiferous_, light brovm limestone_, which 
varies in th.icknes!J from 8 feet, , in the Bear Biltmore Nq. 1 well, 
antj. .6 feet iP, the type seCtion_, to · approximately . 25 fee:t, in . the ... 
I:rnperi'cµ Dapp No . -~ well . The basal Beaverhiil l :imestone- up.it .· . 
o,V-erlYLhg . :tbe 'rtl~ Point in the SocqnyJJtjJruma well and. ovep)j.Lng, .· 
t-be basal Palae.ozoie- sandstones in the . Inipe'rial Grouard we:L'i' iriay 

. . .· .. " " . . ' . . ... '' ,:j . 
be this same unit, thickening to the north and .west . Tl'.)is u,Pit 
is sharply. ;s.ep.arated both from the underlying Elk ":Poirit,· ~~"µs. 'and . 
the 0V~J;'l;Ying : ch9pc1ate~brown shales:. <md shaly limest'iin~ ·:_ J're · · 

• ' • -'• . ~ • • ' .. ,. . ' • . • ... ' .!. .l. . ..: .. t ;,, 'i } ! ' ' • 

la;tte,r ,uni;t va,ries only slightly in composi~ion fro;rn calcareo.us . 
shales fo den6e' smooth:-te.X:tured; muddy l±m13"stones,:..:'.arid its top 
is characterized 'Qy a decisively high resis.tivi.ty clirve on the ' 
electric log • . The umt is about 15 to 20 feet. thick in most we'lls -
ir/thi,s ·a.rea, bu~ in the Bear Bilt111ore Ho. 1 well it is a browmsh 
black ,.s?-8:~~ . only i ,foot . ;t?:Lc.k., , 

. Apov~ the - cho~oiate-b;rcivm sl;tCJ-le and shaly .limes.tone the . 
Beaverhill . strata in thi~ . area consist' of an al tern~ting ·sequence 
of greemsh. grey shales .. B.nd. carbonates sho:wing a grad.'l:aiincrease 
upwards of th~ c.arboriate· cop.tent as compared with the elastic · 
mud.-s:Llt content~ The major subdivisions of the'· Beaverhill · · 
consist, in brief_, of a greenish grey shale, ·a limestone, a ·thin 
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shale unit, and a thick limestone foll:owed by a shale, which forms 
the top · of the formation. The succeeding Cooking Lake limestone 
member of the \.ioodbend fo:rmad_on completes the · cycle. The shales. 
of the Beaverhill are very. similar to most of the ahales throughout 
the overlyirtg 'Devonian .:strata;; · They vary laterally and vertically 
within f,airly .n:arirow limits: at -one ·erid are the greenish grey, 
calcareous ·shales, with a 'high percentage of cla·y-siz.e qu·artz and 
grains of a white mica, which in places gives them the characteris­
tics of argillaceous siltstones rather than shales; at the other 
end are highly calcareous, light. grey, ~locky shales and dense, 
argillaceous limestones o .Intl? rb~ds 9f !)lore ·ca1careous and less 
calcareous layers are common. 

In the Beaverhill formation, the lowest greenish grey 
shale unit is 100 to 200 feet -thick, and near the top contains 
what appears to be a widespread zone charaGt€rized by forms· of 
Charaphyta tentati7ely identified as Trochiliscus and Sarcella. 
It is succeeded by a widespread limestone unit abdut 70 to 100 
feet thick. ~his is generally a buff, very fine-grained limestone, 
abundantly fossiliferous, with pelletoid structures and rare · 
stromatoporoid-coral-algal growths. It seems to have been a 
calcareous mud.stone in which numerous organic remains were ·preserved. 
The limestone is transitional· upwards to a thin unit of interbedded 
shale and dense, shaly limestone.,· which completes a limestone.;:. . 
shale cycle. This cycle :1s followed in turn by another, larger,­
limestone-shale cycle, ·which is represented by the upper member Of 
the Beaverhill formation. 

-The upper limestone unit shows considerable variation in 
character, and it is the first well-developed occurrence of an 
ass.ociation of limestone types common in the Upper Devonian Series 
of this basin. Consider8d as a whole in the area represented by 
the cross-section (Figure 3), this unit appears to be biostromal, 
but the distribution of stromatoporoid-coral-algal growth suggests 
that reefs may have accumulated in -places " The thin bands of 
stromatoporoid-coral-algal growth in this unit, in the Bear 
Biltmore well, are represented by thicker bands in the Bear 
Beaumont to Imperial Grosmont wells. In the Imperial Clyde well, 
which represents the area in -.vhich :.'eef development reached a 
maximum/ during succeeding Woodbend time, practically the whole 
upper limestone unit of the Beaverhill appears to be s·tromatoporoid­
coral- algal growth, biohermal in nature 3 suggesting that conditions 
favourable for reef-building organisms began in Beaverhill t':lme . 
West from the Clyde well reef-area, as shown by the · Imperi!al Dapp 
well, no stromatoporoid or coral :material was f-:mnd in this· ·upP8r 
limestone of the Beaverhill; although coa:i:-sely elastic fossil 
debris limestone and fine-grained calcarenites and calcilutites, 
such as are associated with ree-f's; replace the 
stromatoporoid-coral zona ancl'-f'uggest the pr'::lsence of a ·~near~reef' 
facies • Similarly, in the Barnsdall West· Wabiskaw No. T well 
(See Figure 4) dense limestones ami-: muddy·limestones replace 
others of the stromatoporcii_d-coraJ:..:.aTgal· -type. 

Follcwing ·the max':Um.mY stironiatoporoid-coral g:r .... wth , 
argillaceous material and fine· silt began spo'radically to enter 
this area of deposition; and.? as a result_, the ·upper part · of the 
Beaverhill limestohe is -. interbeddtid with 'finely silty -shales. 

_1:: 
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The volume of fine silt and argillaceous material gradually 
:increased to form the · dense limestone-shale unit at the top of the 
Beaverhill• Following ·the deposition of this uni-t there ensued a 
gradual' return .to conditions favourable to ' limestone deposition, 
~arkirtg thEf begiruilng -of a new · cycle. -. -The· limestone of this new 
cycle ' has been· se·parated fr'orir the ' Beave-rhill :and placed ih the 
Woodbend f orniatfon by Imp~rial ·Ciil Limited (2, pp ~ · 1, 823-1, 825); . 
and as this formation·' boundary is commonly accepted it is fallowed 
'in this: rep·ort. -- -" . 

. _;·.- . . 

. ,-

Deli:riri.tation and-Thickness 
.. , 
". 

The lower contact of the Beaverhill formation is placed 
at a 'lithologi'cal break at t he base of- a c-Oarse-grained fossil­
iferous ' limest'O'rie that rests on greenish grey, argillaceous silt- . 
stone or on buff anhydrite and anhydri tic dolomite and shale of 
Elk ·:Poi:n-t .. type. T.bis c-Qnt{lct appears to be at~ about the ho:dz.on 
of the ·highest siltstone (at s,047 feet) in the type secti·on 

' describ~d from the Anglo-Canadian Beaverhill Lake No. 2 well; 
which has been defined (2, p. 1,824) as the base of -the Beaverhill 
f ormatiori. The change to this distinctive limestone marks a 
fairly constant horizon in the area under discussion, although 

· the · siltstone recognized just below the limestone in the type 
Anglo-Canadian Beaverhill Lake No •. 2 well secti-on is not always 
present. Thus, in the Bear Biltmore No. 1 well, ·the highest -
siltstone is about 40 feet below the fossilifei6U:s limestone. 
Considering the shallow-water, lensing nature of . the Elk Point 
sediments it is extremely doubtful that the same siltstone would 
extend 'from the Beaverhill Lake No. 2 to the Biltmore No. 1 well. 
As discussed under the Elk Point formation, · these beds be.low the 
Beaverhill and above the red beds of the Elk Point form a urii t ·in 
this are~f that is placed tei!i.tatively in the Elk Point group . 

( . . 

The top of the Beaverhill formation in this area is 
marked, as in the Edmonton area, by a gradual transition to the 
Cooking Lake limestone member of the 'Noodbend-· formation, and is 
placed at the highest calcareous shale and shaly limestone over- · 
lain by- the Cooking Lake limestone . The contact is readily 
deter:riri.hed from the small deflexion of the self potential and the 
low '.resistivity of the electric-log curves. To the west; as shown 
iri ' the ·Imperial Dapp Ho . 1 and in several of the wells of Figure '. 

•. 4, · the contact is placed at the t op of a section of dense, 
argillaceous limestones and shales overlying the upper limestone 
uriit' of the Beaverhill formation and in turn overlain by a section 
of fissiie greenish grey shales that form the off-reef equivalent 
of the Cooking ·Lake member of the Woodbend formation. This 
horizon appears to correspond vtith the top of the Beaverhill 
formation as defined in· the t;Ype section; although some of the 
greenish grey shale section here included with the ·vfoodbend . 
formation may be more Closely related t.o the Beaverhill; or; 
conversely, some of the ' Shaly limestones included with the 
Beaverhill may be basal Woodbend. The horizon chosen as the 
contact may not be constant, but there is considerable evidence 
to support' it as the best choice; in the Imperial ' Dapp and 
Barnsdall -West Wabiskaw wells , in which the whole of the Beaver­
hill is represented, the . thickness of . the formation, between 690 
and 710 feet, is .comparable to the 722 feet of Beaverhill in the 
Anglo-Canadian Beaverhill Lake No. 2 well; also , the upper part 
of this formation in the wells · shows the same interbedding of 
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de!lf$e li.meston~s and ~[).ales as in that section • 

. ,: . : .· 
t. -. l 

. . , _, 

tI6uDBEND FORMATiuN 

overlying the Beaverhill and beneath the llinterburn 
formation is a succession of beds ccmplicated by the occurrence 
of a. :wid.e. vaf:'iety of ~~:Piily changing facies associated with a 
maxi:rnUlJl. d~velo.ment of : reef-building organisms resulting in the 
form~tion : p.f m,Jmerou.s -reef complexes . This sequence has been 
descr.!i.oe.d.Jo~- the . Edmonton area (2 , pp . 1 , 816 et seq . ) as the 
lifoodb~nc;l; ;formation. In analysing _ the stratigraphy of .this . forma­
ti.on; , reeJ and off-reef areas were separated. (?ff-reef, _in the 
Edmon.toll. ,P::rea, the -,'ioodbenci., has been divided Jri' ·ascepding · order 
i nto thEi·· Qoo~i,ng Lake , , Duvernay, and Ireton . mcirrib~rs',' the last: --· 
being fµrj:,he.r subdivided into a lower calcareous shale ·and' an 
up.per a,a:?g;i.llaceous .,dolomite unit.__ In the reef areas, the' term· 
Leduc member was ·applied to the 'reef complexi:is r ·esting ''drr the . 
Cooking Lake member . The iWOdbend formation as a whole can be 
traced laterally over considerable distances, put it contains 
mem}:>ers. ~f widely var.ying lithology and compli'cated age relation­
ships . Further study of the 'r.elationship between the reef and ' 
off- reef deposits, now all. included in the Hood.bend formation, may 
result in .the modification of 'present contacts and the division 
of the \ioodbend into · sma11 ·time-rock uni ts. · 

~ • J -. ' 'J . 

. So far as poss,iblr, t~e unj_ ts . d~scf:i~ed in th~ type , 
Edmonton area. have been identified in'. the .area 'north of·township 
60; as, -µi~se uni ts vary in some detq.i~s f~~m "'tp.eir type sections 
they ~~l be de~cribed bri~fly . in the fol~9win~ ·paragr~phs . 
Compa~t~op. . of, .the facies '. developed in the·: l.i"oodbehd formation and 
the ov~.rlying ~vinterburn f .ormation in the n,Q:rth:.cen:i;,.:ral Plains 
seems to ·show that a change in the type of 's~diwentatii:m occurred 
f olloWing the close. of \ioodbend deposi tiori~ -' 'tr\.; th€) reef areas and 
t o the- east and northeast of them there ,;Ls usua:di evidence of a 
minor break in deposi_ti<?.n between the two f orp;atj_on·s • 

. i j .. "· ... • 

-
Copking take Iviember · 

The lowest member of the Woodbend forinatioh in the type 
Edmonton area (l, pp . l,819'....1,820; 1,823) is the Cooking Lake . 
To the north, ,. in . the area covered by Figures 3 and 4, the Cooking 
Lake member retains esse.ntially the same lithological characteristics 
_as in the type area. It see'ms to be a bedded limestone Unit that 
spread at least over a l~rge part of eastern Alberta as a shelf er 

_bank deposit . The ~Bstern edge of the shelf appears to cross 'the 
north-central Plains about in the position shown in Figure·· 1.B, 
al though lack of well data north of .township 7I makes the location 
-of the line indefinite .· To the west of this line, ·the Cooking Lake 

.l imestone is replaced by a green shale unit, which will be described 
on later pages. 

In what may be described as its typical developmE)nt , 
the Cooking Lake consists of fine- to medium-grained, buff or 
ligh~ yellowish brown limestones, usuall~ chalky .and finely · 
porous; commonly the grains are cemented by clear crystalline 
calcite . Dense limestones with various amounts of very thin, 
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fragile, fossil fragments, s~~h as small gastropods, 'ostracods, 
pieces of crinoids, and characterless brachiopod shells are common; 
many of the shells appear to have been partly dissolved and many, 
perhaps, to have been partly destroyed by scavengers . -1.here the 
fossil remai:qs are prolific they form v hat may bE;l termed ' shell 
hash' or fossiliferous-fragmental limestone.. Small.stromatoporoid­
coral-algal zones, are represented · in the Cooking _ Lake in nearly 
every well examined; but whether· they form one or · se:veral wide:­
spread units cannot be determinecl . r elletqid stru~tures, such· as 
those- ¢1.escribed in .connection- with the Beaverhill formation are '··· · 
abu.nda,nt .in the ·.u.pper part ·of the Gooking Lake and are especi.iliy 
common ,;Ln .zone,s_·:overl,Ying stromatoporoid-coral-al~'al g;rovrths . ' : ·.· . 
Small ·spor~:s ~"',e , ~onunonly assqciated. with the upper Cooking Lak'e'·' 
beds. ·A. detailed description of -a ·typical section , i's given in 
the Appendix. to t}?.is report, from tbe cores of. the _Bear Bilt~ore 

.t. . - - . .- -L l.~, . 

No. 1 well between dep~hs. of; 850 .~~ . 98~ f.~1~t-~, _Similar sections 
are illustratec;l in Figure :3 in . the Bear Biltmore., Bear Beaumont, ' 
and Barnsdall Lyle Lake wells. -· · . - - ,· · , '. ·. ·-' __ ... ' 

• I ~j • 

Cooking Lake strata show considerable la-t:~ral :'.;iriatiori 
both in composition and in tm,ckness. Sporadi~ reef' B:?CPansions·· 
occur within the Cooking Lake -memb~r in places ~here subsidence 
and other conditions, such as light, temperature, and food supply, 
were favourable for the continued_ upward grovrth of reef-building 
organisms. In many places reef complexes continued to develop 
while s_ediments of the Dmrernay member~ were being deposited 
elsewhere. A typical .Cooking Lake-Duvernay reef sequence is 
described from the ·Barnsdail Honolulu Seaboard Pelican Lake No . 1 
well between depths of 2,q7S -and 2,755 feet (See Appendix) , and a 
similar· situation is illustrated 1n, Figure :3 by the Imperial 
Grosmont No . 1 vrell_. In other p~a9.es, such as at . the Imperial 
Clyde well, the .,development of ".J<. ·reef complex comrilenci-ng in the 
Cooking Lci.ke . has conti~ued to the upper }Jart of the -.ioodbend 
formation, forming a reef.complex of the Leduc type of the 
Edmonton arep. . Similar re,ef complexes commencing in the Cooking 
Lake are knovm to occur in what may be called the area of maximum 
reef growth in the north-central Plains . Examples, such as at 
Morinville and l\Ieadowbrook, m~y be cited, the latter possibly 
commencing below the Cooking Lake member; that is, within the 
.Beaverbill fon1ation. In most of these occurrences the Cooking 
Lak.e ,l;i.mes~one has been altered to .~ __ crystalline_, vuggy dolomite . 

) " ! 

·. ·_, -·· The t ·op of the Cooking Lake in this area is placed at 
the top. _ _o.:f; :the relatively pure, puff~ ·fossiliferous and algal-

·.: pelletoid ::.J.imestones that contain abundant, niinute, brovm spores . 
The ~porBs, and their as~ociation with the top of the Cooking Lake 
memb.er, we!'.~ .fi_rst noted an:l des~ribed in a paper for limited dis­
tribution. by J. M. Mitchell of the Ca.nadian Stratigraphic Services 
of Calgary. - In the normal oft°-r.e~f areas, the Cooking Lake is 
overlain by: ·:the Duve:i;-nay.member (2), as described by Imperial Oil 
Limited (1) for the type- section. Similarly, in the north-central 
Plains area, where the Cooking Lake strata present a shelf or 
ba~ facies, they seem to grade upvrard into t _he Duvernay. This 
rel~tionphip is illustrated in.Figure 3 by the Stanolind Rochester 
No . 1,-~"Barnsdall Lyle Lake No . 1, and Bear Biltmore Ho. 1 wells, 
in all. of which da)'.'k brovm shal es are interbedded with buff, 
fine - grainect, spore-bearing limestones at the top of the Cooking 
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Lake. In the Bear Beaumont well, a sharp contact is discernible 
in the · cores at 1, 665 feet, where Cooking Lake limestone is over­

. lain by dark brown shale. ·In the reef ·complex ·area, as shown by· 
·· the Imperial Grosniont and Imperial Clyde wells :ln Figilre> o.~ reef 

groWth, whicn commenced in the 9ooking Lake, continued or had: a 
rebirth · through the ·period during which the Duvernay ·was b eirig 
deposited in the area of the stanolind Rochester ~ell and i:ii ' ·the · 
Edmonton area. In places, as at . the Imperial Grosmont well , the 
coJ;1tiriued' groWth of reef complexes stopped at about the same time 
that marked . the . close of deposition of the dense . ·limestones ancf 
dark brown shales of ·"the Duverri.ay. In other places·; ·where relative 
subsidence and other conditions favoured the accufoulation of" :'thick 
reef complexes, as at the rIDper1al Clyde weli ; reefs· are foii.nd 
throughout the Vfoodh(?nd. formaticm . In these areas it is not . aiw:ays 
possible to distingUlsh with; ci:irtairity the Cooking Lake reef member 
fX:om the·. overlying reef complfix cbIIIDlonly referred . tb . as the Leduc 
member. However., in this contl~ction, rBference m~y be made to a 

' zone that is . rich in pyrite,' 'and poss;tbly. "bther, us'ually tarriished, 
iron sulphide minerals, and 'that contains v~gs filled with selenite 
in . the Imperial .. Clyde , Barnsdall Pelican Lak'e:. No. 1, and Imperial 
Grosmont . wells.. · This zone o'ccurs in ·a. .Pari;. o(f the re.ef complex · 
that may 'repJ;13sent the change of conditions · co:i,ry:i-ding .With ~he 
close .of ·~ff-r~ef Duve.rnay d,eposition. ',r{l.e w:r;itef fias not made ~ 
study of 'th.is zon~ over a suffici~nily vVide are~ 'to •. .do'. inore than 
point to ' it~ .prese.nce in .thev.a:r;ea under discussion,; .-, The .: top of .. 
the Cooking Lake member may riot· be a . constant horiZon even in the 
shelf or bank area, because cf its transitional nature, .. ~nci in 
such areas it may be the equivalent of beds c~nsiderably lower 
than the top of the reef · developeci in. the Cooki-ng , Lake in the 
area of the Imperial Gtosmont welL · ..... :.... ~-- ·· 

• ~ • •• - _,_,i t 

Green .Shale Equi.;_,.ale~t of ·the. Cooking Lake 
.~f i· .. " 

V'Jest of _the,' area __ qf. m_aX'imum, ;eef grovrth, as sho~\~.¥ :-' 
the . Imperial Dapp well., in .Figure .. :'.5 , and in the wells west of , 
Felica~ Lake . No.). v~e11, ' .in "Figure 4, the Cooking Lake member, is 
repr~sented by a shal~ f <l;cies. th9-t consists of greenish gpey t9 
brovynis~ grey,'. fjip,,e:_]:<y silty, :~caceous , sligqtly calcareou~ - shales, 
with a. :fauna of small os;t:r:acqds_, . th~ .conula:]'.'iti .Tentaculites;, a few 
smal.1 b,rachi_opods, and o~h_ep uY;liden~ified forms. The : de-t;,ailed , r .. : 
description .of the sha.le .. !?e :c~:i,6n .from the ge9lqgica=!- ;lcvg ~of JJ.i-e :; 
Impe.rial_ Dapp No . 1 well, 1;Jei:;~¥e\:ln 'clepths of 4,930 and . 0_,~00, feet, 
is given in the; Appendix :to, .this repo;rt .. This well is nqt far 
from the _area in w Iii ch reef_ complex~.s in . the Cooking Lake seem to 
be contiµuous w:i,tli. reef complex.es .-that replci,o~ the Duvernay sha1e, 
and the thickness of _green. shaJ;e and the Cooking Lake-Dt.J.vernay 
reef complex is comparable. In a f€Jw '\lrells drilled closer to the 
ree.f\.~area, . dense limestones occur .in the· sho..le facies. · These · •. 
shales are probably equivalent to :the. lcNfEir part of the Hay River 
gro·upi described ·by A • .. E •. Gam:e.ron: (1) on :Hay. (.River, Northwesrt 
Territories, and a s·mall. faunai; collected .'frcfm .the .cuttings of the 
Barnsdall •'tifest \;abiskaw .well ·was tentatively ·correlated by . 
D • . J. McLare·n· With ari hbrtzon in .. ;the Hay River- shale~ 

·The relationship of . the , shale facies to· the Cooking 
Lake member appears to be comparable to the relationship between 
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the · gree:n shales of. the Ireton member and the reef fac ie s of. the 
Leduc in.ember in the type sections described from the Edmonton 
area·. . The base of the shale facies is placed at the top of the .. 
dense limestone that underlies the shale and that is .characterized 
by · an · increase in the . resistivity curve bf" the electric . log, · as ;_ 
shown in Figures 3 : and 4 and as discussed with reference · to · the top 
of the . Beaverhill formation. 

• I - • 
.,, •p 

The upper contact · of the green shale .'is ·not everywhere 
at· the same horizon •.. , In the Imperial Dapp w.e-ll, the upper part . 
. bf the shale section probably represents beds higher than the . 
Cooking Lake, and '. some mottled, brown and greenish grey .shale above 
a depth of 5,040 · fe~t in that well. may be ~quivalent to some part 
of the Duvernay; northvvard, the. shale $ection is th.icker, and 
includes progressively higher be.ds; in ·the ·Barnsdall West Wa9iskaw 
well, for example, ·the 'Shi;Ue sec·tion replac·es not_; op.ly .. the .Cooking 
Lake but also the Duver;u~y . and ,posstbly thi;;i. lo.wer part . of '!;)le .' 
Ireton mem'P.er •. :. I;t . va._ries · in thicknes::; ,i.p.r:wells :i;n: ·th~ area . u,nder 
_d·is,oussion from approx.ima};ely 300 feet in :the Imperial· Da:pp to . 480 
.fef:)t in . the Barn.sdall \Jest W11biskaw , v~ell. · ';I'q . the west, in the 
L~.ssel:' Slave Lake area, as illustrated by the Socony Utik_uma. and 
Imperial Grouard weJ.ls (See Figure 4), the whole Woodbend peqtfon 
is composed predominantly of shales, with some interbedded, s~~Y 
limestones, including .both the off-reef Cooking Lake and J.,he" . ,._;:,. 
Ireton in a continuous sequence, These beds s~em to form the . 
southward extension of . the .Hay River group of .northern Alberta · 
and the Northwest Territories. 

Duvernay Member and Equivalent Beds 

The Duvernay member of the Woodbend formation has been 
described from the Edmonton e.rea ( 2., p. 1,817 et seq.) as a 
succession of dense brown limestones and dark brown · shales topped 
in most ~ells by a characteristic dark brown bituminous shale, 
which contains abilndant conodonts, fish scales, linident.ified 
calcareous spines, and large flat spores, ·and 1$:i ves a high impedance 
on the resistivity curve of the electriC ·log • . In the Edmonton 
area, the Duvernay facies is vdd,espread • . To the north, in . the 

· area under present discuss.ion, the characteristic lith~logy of . 
the Du-vernay apparently varies to, or interfingers vyith, dense · 
limestone and the" Ireton type of greenish grey shale. A dark . 
brovm bitU!ninous shale, VJhich · may be the -eop dark brown shale . 
'of ' the Du:vernay, forms a useful horizon marker and is referred 
to on Figure 3 .as the 11 top Duvernay shale". Those. changes in 
the Duvernay that appear to indicate changes in the environment 

· of depositior,i. are _illustrated by the section across .the basin, 
Figure 3·. As shown by the Stanolind Rochester well in the 
southern part · ol the area adjacent ·to thE! reef complex, the 
lower part of the Duvernay resembles that of the type E"dmoritoli 
area, and dark brown bituminous shales are 1nterbedded with the 
upper part of the Cooking Lake limestone indicating a : tran~~tiohal 
or interfingering relationship vi ith the Cooking Lake;· beds·'···:, 
seemingly correlative with the upp..er part of the Duvernay of · the 
Edmonton area have become greenish grey· shales and limestones. • 
To the northeast, a dark brown shale, probably continuous with 
some share of the Duvernay of the Edmonton area, continues as 

• 
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far east as ·the BarnSdalJ.: Lyle Lake well. · Below it, ·greenish 
grey shales and dense» limestones similar· to those ·. of th~ Ireton "' 
e:i!:t€.rid ·dOvm to t:t:i:e top .of the Cooki±ig Lake" 'lilemb~r; c .. exc·e}Yt for "" 
a few~de:Tk " '.b')f!§wn. sh.ales im.ihediately overlyfng .. ~the ·Cti6k'ilig r~ake • .. 

l I . - - • 

None of~,:t~.c'dark bi'oWtJ. ·shales were encfo'uh·tEired'.-:.m· .;fnei- "~±" · 
Beaumont or Bear- Biltmore •~ells 

1 
and the:· ·~~'.ni~li .. grey ca:nd. g,J:ey' · 

Ireton facies in these wells must be considered to rest directly 
on the. Cookihg Lake. The relationshi\ll '-bcJ:=tS\~een t iife cDuv~rnay and 
the Ireton in this . area is uncertain; ' 1t: .. 1seems to be ·one wf the· .. 
interfingering. l'ithologies t?-S . ~h_e er"l.'_vironment of de:i;>osition"· · · : .1 ' 

.&>" changes vdth "ilicreasing"distance from the areas of maximum re'e:f~'-' 
growth~ · _, !.1;1 • ._ · : .. -~::._. __ 

., 
••. "!' It 

· '.' , - fu ·~t'.he:i :area ·whe.re ·upgrowth of stromatopbrO'id--cora1...:.alg8.l 
z.ones ·pegan "With 0 .. 6.okiil.g Lake ti.1)1e, as in the Imperial Grosmbnt, · 
Barnsdall Pelican. ::I.ake·, ":and Imperial G·lyde · wells, ·the. Cbokilig ·.:'fiake 
reefs: cc.nti.nued t _O- grb'w rduring the time .wlien the Duvernay was i~eing 
deposit.et;l) in ~h~ of.i'.-Teef -ar:eas . As ·d.n the bank or shelf a:t'eaaT 
a thin1:;-:;-dark brown sha],e ~wr . the Cooking Lake reefs, as ·illtistrated 
by 'J;!J.e .Grosmont . and Pelj,can Lake we-lls, may represent the 1't'op . 
Du~rnay shal_e 11 • In t _he Impe:t.ial CQ.yde well; reef · growth 1:ta:s ... , 
cont;Vluous and the Duvel;'.nay: .cannot be difi'e.r.entiated · with Erertainty. 

•·•·• I •• '- :J.u .. i~ .. 1 ··;" • 1 i~·-,~·r ··.t ·,. 

. . To the .. v~E;>.~t of . the reef-area, .grEH3·n shale be·d.~ t 'hati take 
. \;he plac'e of tJ:ie Q,Q-Old.ng Lake . also replace most .of the Duverna-y' .' 

, as shown in Fig,ures . 3 and 4. B.rov.&i) shales and greenish grey and. "­
. brown-m~'ttled sha~e-s4n the Imperial Dapp., Barnsdall Flatbush\ and 
Barnsqall West x.Jabiska't~ •~ells, may be · eq_ui valent to part·· of the· '. 
. Duvernay. A. blac1c , l~:~.O.hodont-bearinG shale t .hat seems to be1 the-_.· . 
westward continuation of a · similar shale identified in the <L. · 
Edmonton area as the top bf the Duvernay, occurs in the Imperial 
Dapp wel]; -at a depth' '0f-· 4 ,-s25 feet. Similar shales occur at ... 
sever~l higher: horizonsi"a_h· t.he Imperial Dapp, Barnsdall F:).~tb~~}i, 
and Ba;rn13dall West Wabiskaw wells, and in some wells, sue~ 'fa.F' t~e 
Stanolind Roc)J.~ster, to the east of the r~er ·~·?-rea, and m.9lce~·~ ·· 
correlation of the· t.op shale of the · bli:ire±n&.y'' Un.ce;rtaih/~ ' '- ~'_ 

,. • -· 1.~;_f1;;.f•." : · . . :...r.:,,_. ;~·:.1~::· :~! .. ~.,; : ·5 

The Duv~rna; me~b.er ~ a~ descri.~:-~~~lt~9.~~< :t;#,.~~; .. t§p~~tpit --~~.:s~ 
area, seems to have re.strictea · distr19~t1. c:>?: , 8Hd,}.? .lP.·t-~,P-+I}g~r : -,-,~ 
with, . or grade laterally into, be,3s , ~h~y ~:r~:;.~n?.~C5:~ -or, ~he 
gree~ish grey Iret?n: member~ The,,~P-?~~q~t. g~1'.8dop.~?'.' ~na. spore­
bearing dark brown shale, the 11top D}lvernay ~ ~lil:j.;l.e'~. q~ : Fi&"Ure 3 , . 
s:eems ·to have a ·wider areal exten~ 1

1~~~ .. t~~ ~~e's~ .oi' "the bUV8rnay 

~c;:~ =~l~~~~t~ ~o~~a~~~=~~~i:~;:;~~4,~~t1~~0~~~f~;~~~!ate~ , 
lunestone, commonly glaucon1 tic. S~ch _ffif ·assqc+~t+on .. 1.s. $\fggestive 
of a period in .which the sea floori ~+aE(n~ar . ~f,~~cive. th~ ·"base " · 
leve~· ·?f. deposition,. and these bed~· . #.1: p~~~' ;' '%*e:n more detai].ed 
subd1v1s1ons of the · Woodbend formation are maq1=1, tq be the b.ase 
of a new unit rather than the top of the Duveinay'. · · · 

deftned 
units: 

. · · . Iret9n ·ire·rtmer.::'. __ ,~:iL 

The IretoDt niember .of the ''-Wooc1bend· ' tormatfon, as 
for the. Edmonton ar,'ea { 2~j·.~ ·~ ·" 1,821 y consis't :s ·'of t:wo ' 
"an upper ar.gilla'c:~e·o:us· do:l.ofui te; ap.d. dolomitic ·shale 

, I .i ·, ~J ~. 1 , • ~ • • '. 



- 20 -

section and a lower calcareous shale . section11 • To the north of 
the Edm~nton area,. a.s ill.ustrated by Figures 3 and 4, the Ireton 
contains less shale and more limestone than in the type Edmonton 
are~; in mu.ch of this . region a large part of the Ireton facies 
has been replaced ' by str9matoporoid-coral-algal reef growth 
referred to in this report &s the Grosmont member • 

• '. L 

The Ire~n consists ' of a succession of rhte;r9edge'ct '~ :. 
greenish grey shale and limestone uni ts contaimng a ;·;rauna ... :~ . 
comprislng the conularid 'rentaculi tes, hryo~oa ,(cladopora).,. . '· , 
ostracods, .. thiri-shelled hrachiopods ai:i:d, · i1ea:f _tP.'!l: tpp,, f oraminifera 
(Endcgyra and Plectogyra). A detailed log for the Imperiaf. · D.app . 
No. 1 well describing the Ireton and the green shale equivalents · 

.of the Cooking Lake and Duvernay members, which cannot. yet be 
separated from· the. Ireton member, is included in the Appendix to 
this report. ·: Ovei ·much of , the · area the Ireton member rests on 
dark brown bituminous shales identified as the top. shal~ of the. 
Du.vernay • . ·whe.re the dark brovm shale~ are present the_: unit 
iinmediateiy ove~lying them in most wells is a brown, fine-grained 
limestone with ·fine fossil fragments; this . in turn is. overiain by 
grey limestones and greeriish grey $il ty . shales anc;i siltstones • . 
This sequence, or cycle, is· repeated one or more times in dif!erent 
areas in which the Ireton is developed. Thus, east of the reef 
area, as illustrated in the Stanclind Rochester well and in the 
wells drilled as far east as the Smoky Lake area (not illustrated), 
there are severql recurre~ces of this sequence; similarly, west of 
the reef· area in. . Imperial Dp.pp, Barnsdall Flatbush and other. wells 

· the same sequence of interbedded limestone and shale occurs. 
Farther west towards the Lesser Slave Lake area the limestones are 
largely replaced . PY shale (See Figure 4). . 

,' .·_! .-

;· ' The upp~~ 'part of the Ireton consists of greenish, grey 
silty shales with some interbedded, fossiliferous limestones , 
silnilar ·to the rupper '+.retoh . of th~ Edmonton area. It is well 
l.llustrated in ' the c6res . of the ' Imperial Caslan well. In .m.any 
places, for example in the Barnsdall Flatbush; Imperial _Grosmont, 
and Imperial .- Darling wells, the upper part is more limy, and 
suggests proximity to areas of organic limestone accumulations 
such as stromatoporoid-coral . z~nes or reefs. Reddish brown 
shales occur in the' upper part of the Ireton in the Less.er .. Slave 
Lake area, as illustrated in Figure 4 by the Socony Utikuma .and .· 
Imperial Grouard wells, and by the Bear Driftpile and Bear Villa 
wells (not illustrated). ·Over pa 'rt of .the area illustrated in Figure 
10 the Grosmrnt r eef member replaces most of the upper part of .the 
Ireton, thin Ireton limest:ones and shales . occuring both below and 
above this niemb.er •. · A zone containing chal:-aphyta, .occurs at 'the top 
-of the Ireton belovl' ~the zone · of continuous reef 'growth ip .. mariy 
wells, the Bear Maxgeorge~' well . providing one example • A sharp 
contact between the Ireton and, the overlying Grosmont reef ' ~as 
encountered in the· Bear Beaumont well. · ... 

. l..i 

Leduc and _G~osmont Members 

The Leduc member l).~s been defined ,, {2, p. 1,821) as 
"the bioherm~l ·'·type c;>f reef pccurrenc~c ;in t:Q.e Woodbend formation -
603 f ee·t thick .. in the type sect,to;h~ ' · ._(Briti~h- ·.ll.merican Pyrcz · 
No. 1 well in the Leduc field), and this definition was 
extended (p. 1,822) to include any bioherm in the Woodbend 
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formation. The lithology of these reef deposits has been described 
in some detail by Layer' et···ai.· (3) and by Line (4). In some places, 
as -in -the -Leduc · fie·ld·;--the -wefs seem to . be-almost .. continuous 
biohermal upgrowths, but in others, as illustrated in Figure 3 by 
the Bear Beaumont and Bear Biltmore wells, they are isolated 
accumulations in a . green shale facies, which, therefore, cannot be 
correlated~_ Jn 'ot}1er places' small strotnatoporoid-coral-algal !, 

biohe:rJils seeni. to have formed in a general reef area, or are part 
of .linie~_ton~. "urii ts tl;_at spread over wide areas . Because of the 
variabiii ty· in the ' nature·' ahd ti~~ of f orrn.a tior1 of this member' 
the usage of the term 'Leduc' has become confused. It is suggested 
that it be retained only for isolated reef occurrences that grew 
from the top of the Cooking Lake riiembe:r:, as in the type Leduc 
section. AJ_tertiatiV'ely, ,r.~e;f complexes 111ay be. referred to by 
their £1eld or Welle rtames; · as iS' ·conrinarr ·us.ige'-'at: present; -thus, 
Leduc reef, Redwater reef, Stettler reef, Duhamel reef, Meadow­
brook reef, etc. In Figure 3j the Clyde well illustrates such an 
occurrence. Small, isolated, stromatoporoid-coral-algal accumula­
tions in· the Ireton may be included with the .Ireton until such 
timfi · ~'i :nrore detailed "work has· .fb'rined a basfs for subdi'vision.:o±;_ :; 
that member. 

. ': As the t'S-rtn ·Leduc has, 'tlien;. 'been restricted ih·.usager : 
the t'~rm IGrosmont member' is suggeated ·for the widespread · 
biostromal coquinoid limestone and dolontl~izecl :limestones and 
associated reefs that spread over a large part of this area, as 
·::niciwK·in Figure IC~ .. ,.· This member is na:i:nedta:fter - the village-.. of . .. 
Grosmont about 6 miles northwest of the · Impe'ri£1 Grosmont No. 1 
well. T.he type sec~ion was logged from the Imperial Grosmont 
No · 11 ·-ifei:fvt};Y the' 'writer as follows. : I ''.O.C;·.. lj_ : ! ,i-· 

~ · .. ·:·!.'·~·:- .. l.ob t.\:-:;",L~~ ~)": . . • ~ .. " r_i: . ,, ,, .. 
f... - ... ::· . -

.. , r 

"; ~l'hE?r}mpEfr_iaJ . Grosmont No . 1 well, dri~~ed in 1949 and 1950, 
is J:ocated - ili~ 1~· s;· 13, sec.; 17, tp. 67, rge ~ J 2'3;· W.4th mer·;; ·afuf 
the elevation of the kelly 'bushing is reco·rd.ed ·as 2,066 feet . The 
interval logged as the Grosmont member in this well lies between 
2~~75 .t *ti.~ ... ~.ii3~-r~·et, giving a t~ickness of 555 '· fect of " stfa:ta:~~ :; 
nrt11 ·cuttings'' from this section · a.re in' ·ttie · collections of the 
Geological Survey of Canada and· the Alberta Petroleum and Natural 
Gas Conserva .. tion Board. The following log is from the latter set 
?~ · saf.~l~f: :1;:.r;;~'\·,~·.,.,,'.:-.1:~· . . ... ':'._ :ii_.:,,.: cJic".:t.:~- -

I:.. .l ,..:._. ), -' .l. •) J. ... ~-. \ 

l: .. ,. . _; .. .J _j~ ~ -f :! .t 

'·· ·· •.,/. -
. ~ .. t ,;;,:" .. :_ 

Depth .; .. ··,1..:.. 

.. i · ! 
'!,•1• .· ...... !. 

..... _.,J. , • '• I\ '_, .... 'J· . .' J_ • •.:. l _. 

Feet 

. , L. J: IJ 

· · ,. ''·! bve:i:"iying beds·:, 1~ci"db:~nd ·:formation" 
Ireton Member 

-~ ,' ',, .. . 

2, 860-~, 8.70- .~·:. Sandstone and sa~~y·: ~olcfa1i~;: .. ?olomi te ., bu~.f and 
.... - .. grey, sug-ary; ·a!rg:LH.aceous-;- ·sandstone, light 

grey, dolomitic ; dark"b:t'bWn .and grey shale 

. ~ ; ' 

-~,. . :, . ' 

partings; grey dolomite shovvs fine laminations; 
trace grey/ ':crystab1ne dolomite with v.ugs 

,.J. ,~, -· 
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'!. 
~ · Lithology · 

' . I, 

2,870-:-2 , 880'·· -·.~·nB1okte and -sandstone, as above; · some friable, 
·". ... <i- . c•-po-~6iis . sandstone with dark brovm 'bituminous 

· · " shale partings; thin, green, pyritic shale . 
partings·;· a little buff, coarsely crystalline 
dolomite · Vvi th vugs · " 
' i .. _.., . -=~I ; It ' ' . : ' .•• 

. : ·.r;-~ .i-.. '_) . :J. Gro)~kbiit'"~~mber . · ·· '·· :. .. , .. , 
, ..:.. ...... -•.lh....,t.1 , )! ' ~,"lJ.:J ·Ji . .";~ j •:) \}.\.' ·, ~ LL.:· rt.:/ 

... ~:e~op .al determined .. ..._, "" . fpotf t~diqacti vfty. \i 'og/ · .2 ~ g75· feet' r 
. .'r'.). .) . . r.: .• . ·~ _,. s•" ' 1 .... • ... • -, ,, . . ~ ~ 

. . 
.. i.· r.. . ... ; 

"· ... , I : l 
J, • ~· J • I 

: ..... . 
e ., , • • ', ' ~ ']'J 

2,880-.2 , 8~0 .. ·. Dolomite, g·r.~y,_ hiedi,J;l -'to :coarse'ly c·_rysthlline; 'i··; 
· ·... ... vuggy porosity · ·· · .).· .!. -~·''··'' 1 ' '·" =": .. 

... '.1.:... \ : ~ . 

2,884-2,~92 , . (Core No. 47, 5.1711 ) Dolomite, grey, firely 
; ., crystalline; small ~C~t~~red vugs,;, SOJ\le after 
: ••. i ~·. fossils; trac( ::P.fri'te. .'.· '' . ·,r:,· . ' 

2, 890~2, 990 i, · ) Jolomi te, grey and. b:f.p~m, finely to medifuh . 6r~,~8:J..-
; ,., line; vuggy porosity · ·· · ·-' · ·' ·· · , 

2,900- 2,.910 

v ·- .. "., . .. , .. ,J .. : "':"!·,_, _;·1 .1 

Dolomite, grey to ,. gt-~y".".buff, finely crystal.line; , ,, 
interbedded safiCistone' light grey, dolomitic; :.' 
fine-grained; .... J,i-ght green, . pyri tic shale partings 

2,910"".2,9g6 . ·: .. Dolomite, grey t<? ~ gr~y-buff; ' f~nely to . coa:r;-sel;y 
· • 1.. •• • . c_rystalline; · vu.~.~i::l'~b.r?s~j·Y. l~ ~.:. :. ; . . -_ ~ · "· 

2,920-2,940 

2,957-2,949 

' • • '.1 •• , ; .. ,,... • . ... ,... '. \ • • • ...... 

Doloni:i. te, light · g'tey to light · grey-puff~ coarsely'· 
' ' \::;cystalline;' vuggy porosity ' ir(.p'a_rt: f~lied':; td.-t;.h 

· rl19rnbic . ·dolomite : ' v ·
1 

• •• •• _[ •. •• • • •· .. ' • 
! (·' :\' J .. -.· l . -..:_ .. • •)•. 

(C~re No. 48, 2 11i;1) · Dolomite, grey, ·· finely.' to ·:·' 
coarsely crystalline; scattered vugs· lined with 
dolmnite---crystal:s; lower part -~ades from dense 
to granular dolomite with intergranular porosity 

-2,9'.19-21 _~59 ::. · (·Core No. 49,---2 11111 ) -Dolomite, ... gr,ey, fineJ..y- t.o .. 
·-- .. 'coarsely ciystall:iiie; and c'6arifoly cryst·aiune--

2,950-2,980 

2, 980-5, 00_0 

B,000-51 010 · 

interbedqed; coarsely crystalline beds .4aye 
· -good -vuggy and intercrystaJ.line .. porosity --

n~ion:O. ~!3,.t. as aboye.; with good . ~gv~y porosity 

Do~omite, as above but less porosity; a little 
silty, coa'l:·sely sugary dolomite and light ... ,;-.,' 
gr'eE1n shale 

.. 

Dolomite, ,light grey, finely .to medium crystalline; 
scattered pin-poirit porosity and vugs 



• 

Depth 

Feet 

5, OlD-5, 020. 

5,~~~-3',080 ' ., ..... _ 
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- .... -- . .... ·-· - .. ·-·· 

Lithology 

Dolomite, light grey to light grey-buff, very 
finely c.:rystalline 

_Dolomite, grey, coarsely crystalline; scattered 
wgs; thin, · green, shale- partings or ·s.tvl-olites 
suggested · · 

DolomLt_e, as above; · crystal-lined cavitie.S( ~· -- · 

5,d8b-5,t90 .. ·Dolomite, in part as above; in part, grey, finely 
to medium crystalline, slightly argillaceous; 
scattered pyrite; scattered vugs 

5 O~()"J5C iJ:J.d: :·. . Dolomi_te, light ·gre.y to light -buff, finely 
, •"<! . '" . cr;YSi~lline; tight · · · 

5,110-3,120. ·"- :Dolomite, buff to· light brown:, medium to coarsely 
crystalline; a few small vugs and crystal-lined 
cavities 

.' t . ~-, ,. 

5,160;-5,180 

3,180-3,190 

5,187-5,195 

3,190-5;200 

. Dolo!ni te, grey, medium to ccarsely· crystalline; 
pin-point .Porosity; some bright green, silty, 
pyritic shale 

Dolomite, as above; a little bright green shale and 
argill_aceous, fine-grained sandstone; in part, 
sandstone encloses fragments of',coarsely··>: 
crystalline dcloini te · : · 

Dolomite, light grey and _buff·,: c·oarsely ;c':u.ysicillfne; 
scattered· vuggy porosity; some vugs lined vdth 
calcite rhombs and czystals . ·. 

Dolomite, light grey and yellowish brovm, mottled; 
finely to JD.edium crystalline; . scattered vtigs·; . 
some filled with calcite · 

Dolomite, dark grey, finely crystalline, with 
stringers of buff, sugary, silty dolomite 
carrying pyrite 

, .. . ·l ,, 

(Core No. SO, 21911 ) Dolomite·/brownish grey to 
.. -..gre.-y.,-..f-inely---G-r.Ystalline; .. .seat tered . :vugs 

. ( Core~'No ~ s:t;n:(i6it) · Doiomi te, grey;. finely crystal­
linei : s_catiered pyrite; scattered ·vugs; some 
filled . with ' coarsely saceha!oidal dolomite 

. ,. _,.,' r 

Doloini te, light yellowish brovm and · grey' ·· f~~el;t 
to medium crystalline · ·· ·· · ·· · .. J.. ... 

! . 
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.. De.pth . - . . . ___ _Lithology ... 

Feet 

3 1 200-3,210 Dolomite, light: buf:t\ and light grey, finely 
s~gary, slightly argillaceous 

3,220-3,230 

3,230-3,280 
. .'... :l j~ • 

•• •J\,i' :;·~I:;~ '-"' •·· .. <. , .J ! .. • • 

Dolomite, grey and buff; . finely ·crys·calline; 
scattered pyrite in zones 

Dolomite, -grey ""to· dark grey, finely to medium 
crystalline, slightly argillaceous; thin, grey, 

··: J>yritiC shale laminae - possibly occurring as 
· ... i$t'rl0iites ... · · = ·; • 

Dolomite, light brown, finely to medium crystalline, . 
· Slightly·. argillaceous·; scattered iiu.gs filled 
with calcite; stro{!latc".poroid at 3,240 feet 

3i~ 28();;..5.-,".32:01 
. Dolomiter:· as above;· some buf:fi', .. -sugary, fine-

,. .!. -.L, ::' ~';:: grained, very finely s.ilty dolomite with pin-
point porosity '' · 

3,320~l5~,!360 :Dolomite, . light brown., , finely to medium crystalline, 
':·. ··,: >and dark brown arg illaceous ·dolomite with small 

carbonaceous specks; thin', . brownish black shale 
partings; pin-po5.nt to small vugs; scattered 

:· c'rinoill.s; · colour.· in· part .may be due to oil-stain 
- (' ·. 

3,360-3,370 

3,-.410.:..3,430 

•.:.j .': . 
·,' 

3,430-3,460 

Dolomite, as ab0ve; some light green, argillaceous, 
dolomitic si1tstone·; .abundant calcite 

Dolomt.te-~ . as ·:above; carbonaceous. specks; pin-po:i,n:t 
and sma:i:l; vuggy ·porosit~; scattered crinoids; · 
stronratoporoid or: coral .'c'entres at 3,3?0 
feet 

... . . j .Ii ; • f . ~ . , . • r . . r . 

Dolomite, bi.rff, . fin'3ly crystalline, in part sugary; 
fair inte-rcrystalline .. porosity 

. .~ . . . 

... · ~Ireton Member 

Siltstone 1 grey to greenish grey, dolomitic, 
.pyritic 

· In nea~ly all· occurrences in the wells studied .t .Jte 
Grosmont member is : se~n : to consist of dolomitized reef rock with 
coarse Vliggy porosity;" ·rn some ;~ells where it has not been 
completely dolomitized it consists of f ine-gra±ned clean limestones 
probably of organic onigin and zones of coarse~textured fossiliferous 
limestone with abundant stromatoporoids. · Variations in the 
thickness suggest that the Grosmont may be at least 
in part biohen:na.l in character. The base of 

• 
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the Grosmont member occurs at stratigraphically different horizons 
at Ciif:re·:reii.t :Piace·s-; · thus~ · in trie ·Great Piains Hon2fo -10:.:1 weir··-.-... 
(Figure 3) am in ·the Barnsdall '.'iest Wabiska:vir No. ·l ~;well (Figure 4) 
accurrnilation of the · Grosmont member -seems to -have · ~egun shortly 
after -the dep6sition of ·the· top Duvernay .. shale; in';other ;areas, 
such· as at 'the Imperial Grosmont and 'Stanolind Rochester 1wells, 
coniliiencement of Grosmont ·-deposition seems to ·have· occurred later; 
and ; shows some .. evidence of having spread ·(mt "laterhlly-. ·· The 

"Gro~m6nt varies greatly in thickness from about 110 feet, where it 
undarli.es __ the Hondo .at . the. Barnsdall Wes.t __ Wabiskaw .well, .to_ 555 ___ . 
feet in the Imperial Grosmont well. To the northea~t of the mai~ 
reef ·;ar'~a-r a. thin section of coarsely cryst~lline '' Crosmont dolomite 
is overlain by a member consisting largely of fine-grained, calcite 
mµds.~9..!J.~,...:::.:P..E?.J.~!?:t-9:!.9:.· '3fl'i.. algal . .J.,;Lr_µest_o:qes, d,Ql.9-rni:°t::Lz_eq __ J.im~§-totiS?.:s:::: .. 
and sugary dolomites with thin silt bands. This member is illus­
trated by the Barnsdall Honolulu Seaboard Pelican Lake No;ii-: virell 
(1'~gur..e.-4-); . it .may be .;included with the Grosmont member· ·or· ··may -be· 
more closely allied to the Hondo anhydrite member. .. 

The top of the Grosmont member is marked by an 
abrupt change from coarsely· cryst'all'ine Vuggy dolomite to fine­
grained silty and sandy dolomites and dolom:i;l{_ic siltstones or 
sands.tones; . pyrite· is · ·coilll'!loill;y- ·,ro1ind_. ass.?c~~te~ . With the Vu.gs 
at th~ top. In .. wells· in which ·· the Grostnont is thin and is over­
lain by the Hondo anhyc;l.ri te member, a. .:t;'ine-grained sands:t.one o:r;, 
siltstone dccurs at : the ' contact~ t. ·' - - ' - . ~ _, 

Hondo · Merriber 

The · terni.Hondo member is applied here to a 
succession of evaporitic .. beds consisting largely of anhydrite and 
evapor,:L tic types. of limestone and dolomite th~~ we.re deposi t~d 
over 'a rest·ricted area • . The general out1:i.ne.s . 0,f this area . are . 
illustrated in Figure lC, although too few wells have been drilled 
to delineat.e the basin with any degree of .acc'Uracy. The, memq_er is 
named from tne ·village of Hondo about 1 m:l1e south of the Dav.Les c 

Decalta Hondo No. 2 well, the first well to penetrate this member; 
the type ,sict~~m i~ desc.ribed fr?J!l. tb,e Ba~ns.ci~l+,_ ~:l[e_st 1\fab;Ll~-~~'N. , , 
No. 1 well , in which the anhydritic s ectJ:on is well developed and 

lThe terin Wabiskaw ·c6Uld not be used as it has already been 
pre-empted for a Cr:etaceous fqrmation, but the . \rabiskaw well __ i~ .. . 
used f o'r" describing the -section a·s it is riearer .(·tf1e centre "of thJ 

. : . ·- ...... •) . ' ·-· '. 

anhydrite basin and the samples are complete and in better condi-
tion than thos.e for the Hondo well. 

·', . 

is presumably near the central part of the cinhyclri te basin. 
Variation of the anhY,dri te .. to evapori tip, dole.mi t~s and limes~ore~, .. 
towards the e_dge of the basin in_ the. ·upper part of thi:;i memtier is 
illustrate.a by the Slihbeam No. 1 well (S_ee Figure 3). The 
following 'description of the· type sectiOilin the Barnsdall West 

-· • .I I . 

. ··.:. .. 

'i.'.: :.: 
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Wabiskaw No. 1 welll, as logged by the ~Titer, follows, and the 

l: ··-· - . -. : .. ·. . . . . 

·1The Barnsdall V{~st V:vabiskaw well, drilled i!l 1949 and 1950, . 
'· is lQcated .il').. ·1.s:. :u, sec~ 17, tp" 78, rgeo 2, W.5th mer., .and 
the .:.elevation of .,the keily bushing is recorded as 2,059 feet • . 
The . interv.9J, '.Jogg~d, as the Ho.ndo .member lies between depths of 
2, .966"and. ~.,2;l~ . .f~~~ £~low tl'i~ f~tlY ,bus.hi!lg, g~v:i;i1g a thic,lmes~ .. 
of 318 feet of ~strat~. · Th~ . ~ill. cuttings frqm which this ~ection 
was lo~ged ate iJii 'the collectiori~ o:( . the Geologi~al S1+rv~y ·of ·canada. 

Feet 

2,900-2,910 

2,910-2,920 

2, 920-2, 930' 

'.·\ • ..... J j,.· ... :_. ·.' ; ' 

2,930·.:.2j950 ,,,_ 
.. 

2, 960-''3,000 

3,000-3,010 

3,010-3,020 

3,020-3,070 

3,070-3,080 

3,080-3,090 

. '. . ·~ 
Litholggy . 

' ' 

Hori.do MeJLber 
('rop at 21 900 feet) 

. , . - .L .' . . 

: ( I ·' ~·. 

;:· . (' -'-· 

I , : 

Anhydrit¥¥ ~~ey to buff', .finely crJ'."stall:i;rt~; '·a 
little !±ght · buff~ ,pyritic, ftne.:.grained dolomite 

• I ' ~, _. ' 1 • , I. • .i, ;, 

Siltstone_;' ·shale;·· aJd·'~nhYctrite : · ::filts~on~, .light :, 
green, dolo!T'i tic; . arg::i..ll'ace'ous' micac'e'ous ; ' .. 
interlaminated shale, green, micaceous, fissile; 
anhydrite as e~ove 

.. · 1;_.:,; ,_;_ 1; . . 

Anhydr:l,t_e, ___ buffto lig~t grey; light buff, finely 
'. ,.') 'sugafy.J·' ar'gillaceous' dolomi t0 . · 
:.U ..... '. 1

' . j~ J.. ·, L~.u ~~- <.:. · ·.· • . '-•-' 

Anhydrl te ··a:S:"al:fo-ve; soril'.e· lnte~lam:t'nated s.iltst·orie·. '.; 
. :11 ~;T · ~.t-e.~. ~~~1·e;:\ . .,:'.'.·~~J., .'.·"· '.i,. ·: " .. .-.: 

Arihydri te'; som~ '".j'.ri~e:tb'edd~d · 1i~ht b.uff, .Ve.ry fine, 
· ' sugary· :dolon!i.t~ s..; 01 , . " .. ' · · 

I ' • : .. ~ • l : x !• (~ ,..- '..:.. ~j .1 (. '• I •... ' :J • .J 

'Anhydritl3'.r 'wi t W-·s.ha.ly arid; dolomitic varietie·s · ·' 
._Y· -~· +. : ._ f_ -~· • L·V_> ;, · ... · i. . ... _ _ · .:.. 

)l.nhyd!'.i te .. 9..Q ..• ab.oY_e_;.__doJ.omi te, .light buf..fy- very.. . ... 
fine grained, anhydritic, argillaceous 

. . -, •. :'=- H'.: ; ,. '· 'J . . . , ~ . 

·Anhydrit~/ ' lignt:· g!rey; thin, apple-·green~ fiSqile, 
:finel·y -inieact3ous' shale partings - . .. <· .' . 

-~ .'·l'" ' _: . 

Anhydrite, light buff; stringers 'of l:lght birl'f, 
v.ery fine-gra.ined . .d0lc:n.te~ some with crystals ·--· 
of clear anhydri ~e . .; : ,. 

Anhydr:i:b~~ light grey, ·cry8t~lline; some light 
grey; : argillaceous ' ~~~yri tic' anhydri tic . 
doloinit.e..; . some thin;,· groen, shale laminae 

Dolomite, buff to light brown, finely to medium 
crystaJ..line; in part anhydri tic; in part with 
scattereo pin-point porosity; scattered 
carbonaceous streaks 



, · Feet 

· 3,090~3:,llO · 

3,110-3,120 
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Lithology 
• -i :·~~ .. 

..... . 
.. ~ .r ' . 

. . .._,;__;..;(),. .., 
· . .. yl l r:.~; _ _, -· .:·: 

. ;\ YI 8 .. :.:' ,;1 

· Dolomite, grey-buff, sugary.,. · anhydri tic; inte~bedded 
·• light grey_ anhydrite ;\: thin,, . brown, ·' shale : l<;nti..nae 

• I , '. r-,,C f. i.1 ' ·,·'~t_f \.f::) t; 

Dolomite, light buff, very fine grained, with (..J •• , 

irregular, thin, dark brown, shale laminae, am 
small scattered pores; some inclusions of Hhite 
anhydrite; shale, light green, silty, dolomitic, 
var;Ying to shaly dolomitic ' siltstone 

3,120-3,130. · Dolomite, light brown, in part fine1y. ,.cry~t,.;i,lline, 
· · lust.rous; a little, white, fi:r:i.,~~gr~inedw. ; 

.. ·-· . quartzose sandstone '"' . , 
• I,~ )f FLL .. 

3,130-3,150 . Dolomite, light· broym, finely crys.talline; in part 
tending ' to be sugary, with scat_tered, .fine. · 
intercrys:talline porosity; . cavity_ fill_i-~s of 
white anhydrite 

.;8'.Y 

3,150~-0-,160 

:1 ;~ ,_: 

3,160-3,.190 

3,190-3,200 

. : :r. ~ :.:. 
A.nhydrite and d9iQntj.te: anhydrite, ligl;lt g+$Y:to 

: grey-buff; <lolom:Lte, light brown, finely 
crystalline to sugary, as above . . .. 

·'( 

Anhydrite, light '. grey; thin partings of buff ... 
dolomite , . . : i:, . : ~)·; : .. ·-'~· 

. .. .. ' .... 
Dolomite and anhydrite: dolomite, light buff, 

sugary; in part tending to be finely crystal­
line; fine intercrys.talline porosity; light 
grey anhydrite 

3,200.,.,.3,-210 .. Dolomite and anhydrite, as above.; siltstone·,._ ligl;lt 

.· ; 

;; ; 210-'3' 220 

" . . ~ . ' .: . 

3,215-3,220 

3,~20-3,230 

. grey, coarse-grained, .. dolomitic, pyritic; thin 
greehish grey shale laminae , · ··.~ . , ···-

.. :;;\' 

Sil ts tone and . dol.o.mi te: . silts tone; arg;L;Up.ceou::;-, 
dolomitic, . light,: t~}?ple-green, with fine~y, ,.. " 
disseminated ·PYJ'.'j,;j:;s ; vari.es to light greel'I:. sh~le 

. . .f 

Gro~:rno.nt::,Member .... ,. . 
. t .. ···.1 • 

. (Top at.:i~·1r2l5 · feet) . : .I 

. . ' ·~ . .I :. f .:j· ' . ~ " I - ' ' '· • -' ·. 

:Qolomite, light g.lJ'~y, , medium. to. coCl:_rsely crysta;Lline 
(reef type); scattered pyrite; a few small vugs; 

.. a litt~~j i~t~~~e4 light · g~een shale 

DoJ.omite, ,brown, finely ~o meili.um ,ocyst.?-1.line,; with 
stromat9poroid~;- slight po)'.'os,;Lty;, .. :with pores in 
part fil·led with gypsum; sc~~te:ced b.rown specks 
and thin bxovm shaly laminae, ,v 

. . ' .i~ · ..... ' 
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:cc.-,-. =:"-:· :. =:::··-The areaa"'- distribut:ion: of: .. the=: Hondo::suggeat.s :::Chat · ·it.-:-.. ::: .. -___ ..: 
was deposited in a basin enclosed or cut off from the open sea 
by Woodbend reef complexes. ··whether it was deposited contempora­
ne-ciusly .. With the -Grosniont .. meinber or-·arter ·completion·· of Grosmont--·· 
reef growth is uncertain; it is probably equivaJent to some of the 
off-reef shales included with the Ireton member of the Woodbend. 
That a peric;id. of .. no:q0 deposition occurred a-t;, the c~ose of depqs;ition 
o! the Hondo i~ ,suggested by. the · Sunbeam No. 1 we·ll, in which · · 
slump breccias; shales, and 'siltstones occur at the top of the 
Hondo member. .. 

·' . .. 

. , .· · · , . Delimi ta ti on and Thickness · 

The basal contact of the ·foodbend has been described in 
some_· q,et.~ in connection witl:l the descrip\;i<;m o:Lthe Beaverhj,~l , 
formation. The upper contact . of the Wo9gbemd north of the Edmonton 
area is not everywhere · easily · determined b'µt is complicated by 
changes in facies in both the Woodbend and Winterburn formations. 
The contact in the diff e~ent parts of the north-central Plains is 
illustrated in Figures o and 4. The horizon chosen is believed to 
be approx:i.mately the ·S9-ffie horizon as that defined in the British 
American Prycz well of the Leduc area as the contact between the 
Winterburn and Woodbend f 0rmations. In the Clyde and other reef 
areas .and .to the. east and northeast, the copt~ct is sharp and _ . 
seems to repres~nt ~n hiatus in deposition .. _ To the west the · 
contact is not· sharp; limestones and silty and shaly beds in the 
Winterburn are similar to those of the Woodbend. Possibly some 
of these beds . should be included with the. Woodbend formati~~· The 
Woodbend f onnation varies in thickness i~ the north-central Plains 
from about 1,100 to 1,200 feet. 

-
WINTER.BURN FOR.TVi.ATIUH 

In general terms, the Winterburn formation is a 
variabl~ rock unit,, consisting of inter bedded 9arbona te ro~k;s, 
most of. them of prg~nic origin that develo~ locally into reefs, 
and mud-silt-sand elastic materials i _n vacying proportions. This 
interbedded series varies both vertically and laterally, suggesting 
a complica~ed iqterfingeri1-ig: of f acies that reqtµ.res caref~l stu~y 
~or detailed c9rrelation and for indic~tions . of variations in the 
environment of deposition an4 in :the configuration of the basin. 
Periods of non-deposition are indicated at several horizons, but 
whether they are local or widespread or of short or long duration 
could not be determined in a prelim;Lnary study of this kind. 
Characteristics such as the abundance of elastic material, the 
interfingering of deposits, and the occurrence of breccias and 

·leached zon~'S suggest a shallow-water environment .. 
.. ,' 

The Winte:rburn formation, as defined ·in the Edmonton 
area (2, pp. 1,813-1,816) is subdivided into three members, 

t. 

which, in ascending _:order, al;'e the Nisku, Calma:n, .. and Graminia. 
These three meinbers are distinguishable in the north-central 
Pl<P..ns area,, but ax:.e notr. as clearly defined as in the type area 
and show certain variations in .character from that area. Contacts 
between them are commonly transitional in this region, and the 
menibers may -only approxiinate the defined uni ts of the Edmonton 



area. To the west, _in t:he L~~~er ~~a~ . Lqlce area, the three 
members c.annot be diJ'fe.rentiated :w.it,h 1certainty. A desc.ription 
of.the .tHnterburn ·. fq~~tion · 1~ ·given'.: in ·the log ·of Imperia:J: Dapp 
No • . l. , ~e~:i, : in -th~ AJl;Qei;o.ix ta. . ·t,hi.~ _; _reP,o,~·t :.<ill:d :fac ies ,cha,nges · iii 
the. Winterburn are illustrate.d.b.y. ,.t ·he wells of Figures 3 and 4. 

• • .., ~ I > .~ ~ ' • •'• - ' ,: ,\ _, ' • ._.i .·: • I ; J 

:1 ,;· ·. 'wisku Member 
l. '-;: .. · .. 

The Nisku member of the Winterb~rr£J~6rniatiori consists ·· 
of fossiliferous carbonates, largely dolomitized , and interbedded 
siltstones and fine-grained sandstones~ ,The . different fac ies are 
illustrated in Figure 3 · in ·the- Stfr.ne1.ffid:'. R06-Irester Imperial Clyde 

' ... ' ' 
and 1 ~perial Dapp wells. In , the 91yqe area and: . eastward to the 
Smoky take area · the Niskµ · c6n'sists ·L 1arg~ly ~61' 'dbarsely crystalline 
ddlomite. With . Vllggy 'p0r0S1ty :.~foggEi~t 'in~ 'regf ,~aVelbpment;. to the Li 

north and northeast, as" illustra.te(f'by"the RBche~1t'i3r ·well, silt..:.· ::.· 
stones and fine- grained . sandstones · ~re morif~buB.Cl.ani'i J·_lli li:.he•' Nisku, 
and' there · i~ e\i-id.ence 'Of nuiriero\1s -hfatuses ·· in ' \1ep6~h'eiol:fi d we'Stv~ard 
r'roni : the:1area ·or the Clyde··weil, ' as ·-;· HJ:ustratea-l:by)fh_e: -tmp€l::r-ia1. ·. 
Dapp well," :the upper ·pa:rtc6f th~' 1.'Jisku"•i's comp'6sed · J..a·rge lye+o~ 
sandy"· dol6mite and. sandstone ; 'witfr some<f"ossi:J..i:f'erous I re'ef~ty-pe 

. . ' . ., . 
liffiestone toind ·-"d:c1omite ·at thelito-p;· ' the 'lower· part con'Slst s of 
interbedded lifilestoiie' : a r gillaceous siltstone' and ;- shales.; 

..' • • L , _. ._•' ' 1 J. :, \) 1 J. ! t ' ' :0.. • 
1 

'~ 

In thatO~iart - cf;:. tne 1orth-Cent:t'al Pia·ins ·where. the 
Nisku can be distinguished with certa inty, it is ·d ivisible into 
three units. The basal unit, a finely crystalline dolomite, is 
represented over most of the eastern part of the north-central 
Plains · and is probably.equivalent to interbedded limestones, 
shales, and siltstones west of the a rea of maximum reef growth. 
This unit '· seems·' tcJ.·'·vary greatly in thickness, and": in places may 
be '·missing-.- A mid.dle, . cO'arsely ·crystalline dolomite unit, · · 
probably reefal, ,is'.,: present in the southern part of the area,· 
from the Imperial c·1yd.e vve11 · ea-st·ward; to the ·north and- to the 
west this unit interfingers.· with; and cha..J.ces to, fine.-grained, 
sandy dolomites and sandstones. : A third thin dolomite and limffstone 
unit at the top of -the Nisku· also varies to siltstones and fine­
grained sandstones, and cannot be d istinguisJ;ed everywhere from · 
the underlying unit. The Imperial Grosmont No. 1 well in Figure 3 
·illustrate s all three units•· 

·The Nisku member ranges from about ·:l70 to 260 feet in 
thickness • . In general. it thickens gr adually f':r:om east and 
northeast· to · west, but .. in places the changes are more abrupt. 
Thus, in the lmperia l .Olyde well .the Nisku member is , 190 feet 
thick and in the Seaboard Brit ish · American Pacific Fortune Nestow 
No. 2 well, about ·6: miles tp . the northeast, it is 255 feet thick. 

,Calmar and , Graminic;l. Jviembers . 
:.: ·.: 

The -. Calmar and @:ram;Wjtia . members of the Winterburn- are 
illustrated in Figures -:L~<l ~ .. _., .,T]l.ey; consist oJ j.nterbedded, 
light green, argillaceous siltstones, fine- grai.lled , dolomitic 
sandstones and sandy dolomites, light to dark green shales, and 
dolomite beds of varyingiit,Mykn~-sses • . ,Th.(3 . J~wer, siltstone and shaly 
siltstone unit, characfterl:ze'd by lovJ ·self...:potential and resistivity 
c1:1:_rves, probably corresponds : to __ t4e .Qalmar. In north-:eentral 

·l· J... ('. ~· 
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Alberta it is gradational dovmward into the Nisku through ·a zone 
of interbedded dolomites, ·· silts tones, and .. shales. The Graminia 
is thicker th.ii.rt in the Edmonton area,- and contains some thick 
dolomite sections interbedded with siltstone b.eds. Clean, fine.: 
grained, quartzose sandstones characterize the upper part of the 
Graminia in much of this area. They may represent a higher 
horizon than the top sands arrl silts of the Graminia of the 
Edmonton area, and the top of the 1finterburn is probably 
gradation~ to .the Wabamun .• 

·:- 1-

I• 

.. : ,, Delimitation and Thick~ess 

The Winterburn formation includes the beds of variable 
lithology between the Woodbend reef and off-reef deposits .and the 
Wabamun formation. The .lower contact h~s been described ·in . . . . . . 
c;:onnection with the Woodbend formation. The µpper contact, . 
marking the cessation of a period: of sand influx into the basin, 
although distinct in· any restricte~ area probably varies consider­
ably over a wider area. For. ·the present, in tl1e area under 
discussion, the top occurrence of fi~ s~d, -characte;r;-ized . by 
low self potential and resistivity curves of elegt~ic logs, is a 
useful horizon to use as the · top of the 'WinterpUJin fp:rmation, 
although probably not a time horizon over a broad area. The 
thickness of the \ interburn varies from about 350 ; to 450 feet 
over most of the area. 

~~ I • ~• • • 

WABAMUN FORMATION 

The total thickness of the Wabamun formation is 
represented only in the Socony Utikuma and Imperial Grouard wells 
in Figure 4. All other wells illustrated are from the region 
that was subjected to post-Devonian, pre-Cretaceous weathering 
and erosion. The log of the Socony Utikuma well, in the Appendix 

· to· this report, illustrates the Wabamun formation in this area. 
An- upi;e r unit about 60 feet thick consists of fine-grained, :: 
fossiliferous, glauconitic limestone and sandy and silty beds. :-
The remainder consists largely of fine-grained, chalky, porous 
limestones some with fine fossil fragments; much of the limestone 
is of the pelletoid type found commonly in the Beaverhill forma­
tion; and of i;vhich much is algal in origin; some appears to be 
elastic and some may contain faecal pellets. True oolite zones 
are present but not common; small stromatoporoid zones may occur 
in some areas. In most of the wells of north-central Alberta 
the limestvnes have been partly or completely altered to finely 
c~ystal.line and saccharoidal dolomites, which in places retain -
the original pelletoid structures. The type section of the 
Wabamun from the Anglo Canadian Wabamun Lake No. 1 well (2, p. 
1,810) represents such a doloriiite _and dolomitic limestone 
section. Thick sections of brecciated and weat hered dolomite 
gradationa.J. to the .top of the Wabainun are probably slllinp breccias . 
formed during the post-Devonian erosion interval. · 

,.· 

Delimitation and Thickness 

The lower contact of the Wabamun formation, as ·discussed 
under the Winterburn formation, is placed as in the type area, at 
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the highest occurrence of fine~grained sandstone or sandy dolomite. 
This seems to be the top of a transitional zone from the Winterburn 
to the Wabamun and may not represent a constant horizon over a wide 
area; th~,s, __ !-h~ .. :UP.P_er silt.iston:e:s.· and $§lndstones in{ t ,.P.e north­
central Plains may occur· ·at--a--·hfgher· horizon than· 'tli"e---uppermost 
occurrences. of.. silt and sa.n<l i1'\ \the. Edrn,onto,n .area ... lri many wells 
a zone of weathered Devonian rock and breccias df "ii"ffie·s-tones and 
dolomites show the effect of exposure of the Upper Dey:pnifJ:fbJ~fis 
during post-Devonian time. Pre-Cretaceous erosion has truncated 
progressiveJ.:y older Devonia:t;i- rQG:ks eastward from tpe ,)#(;?per; l ~J;.aye 
Lake area to the Alberta-Saskatchewan boundary. The surface is 
very irregular, and is,_ .showp: r:oug;Q,J,:y;:;; pn the . contqur. !:!!3-:EJ).-,· fi.g'l'.lre. µ. 
In the Lesser Slave Lake area the Wabamun is overlain by the black 
shales of the Exshaw formation. Where there is a complete section 
of::-tffif.:Via:Biiiitin~ =a:if .. "in the ·tesse::r: s1av:e-=::1ake · areaj i:t··::H>- -about- soo.. .: 
feet thick. 

! ·.' ·~· C:: ... L 

.... _. .: .. :·· ~·i 

: _; ,' . ·• ..t . 

.. ,I ,;;-; :.: : . 

... : .:. • • : ! (·~,, ! ,. • . . • • /'~;:I 
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APPENDIX· ,. 

LOG OF ELK POINT ""GROUP IN IMPERIAL GROSMUNT NO. l "WELL 

Location: ._ .?-•s• 1'3, sec. 17, tp. 67, rge. 23, liV,4th mer • 
• "•J • •.. 

Elevation: 2,066 feet Total depth: 6,406 feet 

Spudded: October 27, 1949 Completed: · January 2~, 1950 

·core and samples ~~alnined by Helen R. Belyea, 1951 

Depth 

Feet 

4,680-4,690 

4,690-4,700 

4,700-4,710 

4,710-4,720 

4,720-4,750 

4,730-4,750 

4,750-5,035 

5,020-5,030 

5,030-5,040 

Lithology 

overlying beds, Beaverhill formation 

Elk Point Group 

Limestone, dense, slightly argillaceous; ~ 
greenish grey, dolomitic shale; a little grey 
anhydrite 

Anhydrite, grey and buff-grey, in part granular, 
dolomitic; greenish grey shale 

Siltstone, greenish grey, dolomitic, argillaceous; 
a little anhydrite; a little brown, fine-grained 
limestone and limestone sand, With small rounded 
grains of brown limestone in shaly, anhydritic 
matrix 

Shale, and siltstone, mottled red and green; some 
siltstone, in part with lj_mestone grains as 
above; anhydrite; abundant charaphyt~ 

Dolomite, buff, dense, with spots of anhydrite; 
limestone, buff to brown, cryptocrystalline 
(cavings?); some li.ght green and red, argillaceous, 
anhydritic siltstone 

(Poor samples)Limestone, cream, dense, argillaceous 

Salt reported by Imperial Oil Limited and 
corroborated by radioactivity log 

Salt; dolomite, light brown, fine-grained, with 
salt casts; some anhydrite 

Dolomite, cream, finely sugary, argillaceous, 
spotted With white anhydrite; light brown 
anhydp.tic shale and anhydrite 



s, 010.:...s, o5o 
! ... - ;. . .. -' . 

5,050-5,060 

- 35 -

Dolomite; as above; ~ mudstone, l;j_ght greenish. g+ey; 
:charaphy:ta.. .,_,, 

'•' .r,_l 

(Poor sample) Dolomite·, buff, ;" ~nhydri tic and 
anhydritic, dolomitic shale 

,•: ; .. , 

5,130-5,140 

; •'·I• • 

(Poor samples) Shale,, greenish . grey; dolomi'te~- as 
· above; anhydrite stringers -·~ · 

Dolomite; light brown, argillaceous, dense; . . :) .. J .. : 
.:· brown shale partings a'nd l aminae; stringe'rs of 

anhydrite 
.- · .. '. -·-• (.. .':· . 

Dolomite and shale: dolomite, brown, argillaceous 
dense, varying to dolomitic shale; some drab 
dolomitic shale; dark ~rown shale partings . 

5,140~5:,156 ·· ·· Shale, :greemsh grey_to ·brownish grey 
t .• 

:·:,/ ·.'1,_: ,, 

5,150-5,160 
:,·,. I· :r ,_. . .-~' 

5,160-5,180 
1:: 

5,180-5,190 

r. ~·. . 

5,190-5,200 

5,200-5,210 

.': ·. ,)~. 

s,210-5,240 

Shale as above; dolomite, buff, argillaceous, 
dense~ : .. ., ... L __ , .... ,. ... ,.. '··'~: c. ., ... 

''1.: .-· 

(Poor sample) Buff, anhydritic dolomite and shale 
. , . . . . .~: , . : ... LJ , , .-· -- ~.\.~ . t . 

· {Poor samples) Limestone, _ brovv:n, .. cryptocrystalline; 
some dolomite, buff, sugary, anhydri tic; white 

· ;. and light grey . anbyQ.ri t.~ .. ~ 
: ,._. . " " t (: 

· .. · _: . ·r:·.c i . 

Limestone, brown, cryptocrystalline; light grey 
anhydrite; buff, finely sugary dolomite 

' ~";;_: . 
- (_ ~. • .t. - -

Limestone, .prown_, ~ cryptocrystalline; 
argillaceous dolomitic limestone, 

; '' :- ·· dark b:rowri ' iShale laminae 

··- j._..-

dark b'rown, 
with thin 

Limestone, stromatoporoid-coral; brown, dolomitic, 
argillaceous liniesto.ne, .with 0b_rown sl).al~ 
laminae; brachiopods 

I •,' 

I • 

5,240-5,26q . _(Poor sample) Shale, greenish grey and green 
i:. {~··.i.: ~ - J_: ,'(j.i_();·. :-.·~ 

5,260-5,270 

. ,-.. 
\. ·-· .. ., : . . ' 

l . ... -

(Poor sample) ·. Dolomite, argilla:ceous, browri, 
smooth textured, dense 

. :·, '; 

·t ..• ..1'1 • 
5,270-5·;·290 - ,_ ' Dolomite, arg:11laoeous:, as ab0ve; shale, green, 

grey, brovmish grey; white clay residue 
;.:.: . . 

5,290-5,310 

5,310-5,320 . 

. -.. • i_ ! :· .',_,, "~ . \.I ·, .. ..l . • ' . • ,' • : .; • \: \ • l ",i , • ._ t , 

Argillaceous dolomite and : do;t:_omitic shale, brown, 
greenish grey, pinkish grey, red, dense 

: .··~ • • J ••• • ·:c-~ ,;·~-~(? 

, :>Shale';, ·bright green .. and buff""'."g~ey; abundant 
.,,·,·"ch.a:rap'hyta - Sarcella(?) and Trochiliscus(?) 

5, 320-5, 370~ .. . •Dolomite , pinkish bu.ff, .· cr:yptocrystalline,, . 
: :.Jj·"':' 1 finely silty; red shaJ.e ·9tringers 



5,B7d:...s,-59d 

5,390-5,420 

51 420-5,430 

5,430-5,470 
I i() J • 

5,470-5~'480 

5,480-5,490 

S,490-5,500 

5,500-5,,520 

5,520-5,530 

5,526-5,755 

5,556-5,ssr 

5,750-5,760 

5,760-5,770 

5,770-5,800 

5,soo-5,s10 
:· ·.!· ... 

5,810-5,830 

5,s20-s,s30 

- 34 _, 

Dolomite· as above; · shaly dolomite, light gre~nish , 
grey and creamy grey, dense ; in part with large 
sand grains; red argillaceous streaks and 
scattered small pores 

Dolomite, mottled pinkish grey and pinkish red, 
: ' argillaceous, ·silty; in part with large quartz :. · 

grains 

DoIOrilite, .as above; some coarse sa.ndy dolomi.te, in 
part with large quartz and dolomite grains 

Dolomite , as above; shale, dark red, silty, 
'. ·· dolomitic 

._, 

Shale, red, silty; dolomitic; s,pots of anhydrite 

Shale, ·dark red, silty, dolomitic; siltstone, reQ. 
and green, dolomitic; stringers and anhydrite ' 

Anhydrite; shale, dolomitic, light greenish grey 
and red 

· ··'. - ·'·' 
Shale and siltstone, dark red and greenish grey; 
· · small black · specks; white anhydrite .. , . 
" 

Anhydrite, ·' white; stringers of brown, finely 
crystalline limestone; red siltstone and shale, 
as above· · · · 

I• 

Dolomite, buff, sugary; granular structure and 
intergranu1ar porosity , 

Salt reported by Imperial Oil · Limited; corroborated 
by radioactivity log 

(Core No. -56, 13'711 ) Salt 

· (Poor sample) Shale, green 

,:, 

(Poor sample) Shale, green, red; dolomite, grey, 
shaly; anl;lydrite .. stringers 

(Poor s amples) Shaly limestone, grey, dense; 
· :white anhydrite ; shale, brick-red, silty: ·_ 

(Poor sample) Probably shale, l:L~estone, and 
anhydrit~, as abov.e 

(Poor sample) Dolomite, light greenish grey, 
. shaly; shale, light gre·en and md, silty; 

.. limes ton~,_ grey:-buff, cryptocrystalline 

Siltstone and fine-grained. sandstone, light .grey: 
to brick red, argillaceous, ·• dolomitic, 
anhydritic; small green arid red grains; 
green and red shale 



5,830-5,840 

5, 840-Sj 9-20 : 

5,920-5,950 

5,930-5,950 

5;950-6,050 

5,957-5,972 

6,050-6~060 : 

6,060-6,0-70 

6,070-6,090· 

6,909-6,100 

6,100-6,110 

6,110-6,120 

6,120-6,130 

6,130-6,170 

6,170-6,180 

6,175-6,189 

- 35 _,.... 

Anhydrite and gypgum; red shale and silts tone as 
above; greyish brown, fine-grained limestone 

~ 

(:Poor san ples) Sha:ie, br:i-:ok.,-,red, and greenish 
. . :~ grey,- anhydritic; some ;:i.nhydrite and gypsum 

(Poor samples) Shale, as above; anhydrite; some 
fine-grained,.light grey sandst0ne 

Shale, brown, green; ,anhydritic, brick-red, 
dolomitic, blocky shale 

Salt reported by Imperial Oil Limited; corroborated 
by radioactiVity log 

(Core No. 57, 10') Salt, ·cryptalline, pink along 
fractures 

Shale, brick-red, anhydritic, silty; spots of 
gypsum; varies to shaly siltstone and fine­
grained ~andstone. 

(Poor samples) ·· Dolomite, buff, crypt~fr~talline, 
argillaceous, in part sandy; anhydrite, 
anhydd tic shale 

· Siltstone and fine-graine~ sandstone , brick-red, . . 
argillaceous, spotted light greenish grey; a 
little anhydrite and gypsum 

Sandstone, as above; a little light red, quartzose, 
fine-grained sandstone 

Sandstone, as above, in part fine- to coarse­
grained poorly sorted 

-
Shale, dark red, micaceous, fissile 

Sandstone, light grey, quartzose, glauconitic 

(Poor samples) Sandstone; grey and light red, 
.J'ine-gra,ined, quartzose ;., in part brick-red, 
argi1laceous 

Sa~dstone, as above; some dark red shale 
t . . . 

(Core No. 58, 12 '1111 ) 

0 to 7 1 611 Shale, dark brick-red, sandy; large 
:-:rounded ,_sand grains .in :(ine, dai;-k red, 

argilJ:aceous .matrix, .in part micaceous; 
scattered green spots; varies to coarse 
shaly sancistone; grains chiefly quartz and 

.. _s0me reel., green, .anq da~k grains; poorly _ 
· sort.ed, small to large pebbles and cobbies 

up to 9 inches .in diamete.r 



. '•·...,_;_ .. 

'·· 
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·. Cambrian 

7'611 to 7'10 11 Sandstones , pinkish red, quartzose, 
fine;.. to medium-grained, glauconitic; abundant. 
·fragments; 1 inch green glauconi tic , argillaceous, 
fine-grained sandstone 

7 11011 to 10 1 Shale, ·maroon and greenish grey, 
mottled; inclusions of green, glauconitic , 
fine-grained, non-calcareous quartz sandstone 

10 t to 12 '11 11 Sandstone, O.ark red, fine- to 
mediiim-grained, quartzose, argillaceous matrix; . 
very glauconitic fragments enclosed by non­
glauconi tic shaly sandstone; maroon and green 
shale partings 

LOG OF BEAVERHILL FURl!iATiliN IN BEAR BILTMCJRE NCJ. 1 VIBLL 

Location: l.s. 7, sec. 11, tp. 87 , rge. 17, 1i .4th mer . 

Elevation: 1,445 feet 
·[ . 

Total depth: 2,863 feet 

Spudded: June 21, 1949 Completed: September 29 , 1949 

Cores examined by Helen R. Belyea and R. de lJit, 1951 

'. ··neptl:l :-_·· 

Feet 

987-944 - .. - " 

994-1,022 

1,002-1,010 · 

Lithology . 

Overlying beds·,. Cooking Lake member of Woodbend 
:fformation 

Beaverhill Fonnation 
_t..,.: 

·' . 

(Core No. 52) Limestone, grey, increasingly 
argillaceous to finely silty dovmwards; lower 
part greenish grey; scattered brachiopods -
athyris and spiriferoid types; scattered 
pyrite; in part with intensive, fine flowage(?) 
structure · : 

(Core- No. 55, 10 r ) Shale, greenish grey to buff­
grey, calcareous, silty; s·cattered spiriferoid 
brachiopods · 

(Core No . 54, 8' )· Shale, as above, fissile; 
abundant lingulas in zones; scattered crinoids 
and brachiopods 



1,010-1,020 

l,020-l,.052 

1,032-1,044 

1,044~1,054 

1,054-1,064 

1,064-1,074 

. s . .. 

1,074-1,084 

1,084-1,094 

- '37 -

(Core No_ . 55, .10 t ) Shale and limestone, inter­
bedded in bands 1 foot to 6 feet wide ; shale, 
greenish grey as :abov.?; limestone, grey-buf.f, .. 
cryptocrystalline; medium-gra.ined, fossiliferous­
fragmental 

:_ j . t .1 

(Core , No . 56, 10 1 ) .• ,_._ ;· , ,·._ 

1,020 1 -1, 022~. '· .' .Shaler J~d: ·limestone , interbedded 
. as above. ,., . , . 

l,022!'-1,032 1 Limestone, buff, dense, fossili­
ferous-fragmental, medium- crained; scattered 
brachiopods . 

( Co:r.E3 No . ~7, 10' ) · ;Li1ae,stone, argillaceous, _,, .: __ ·.~: .: . ~­
b;u:ff-grey, der:i::;e, fin..e~grained, finely silty; 
shale, greenish grey, ·calcar e ous, silty, firm; 
brachiopods and scattered crinoids ; pyr ite 

. . , l • ~--" ··:. ~l .. 

(Core· r~o .••. 58 f · 10 t) Lime'st.one _and shale, 
· scattered crinoid frtigments ; · · lingulas 
b ract;i. opod 

(Core No . 59, 101) 

·.·.t > r _ :,~· -:.: .[ ' } . 

as above; 
and small 

l,054 '.-1,062 t :: -Shaly_limestone, as above, in 
bands 4 to 12 inches thick; interbedded 
greenish grey shale with f lowage (?) structure; 
abu,ndant crinoids-.. in zones; scattered 
br.achiopod fragment s ; Tentaculites(?) in 
shale _.. -. 

l,062 '-1,064 ' Limesi;.one, .shaly, gr ey t<? . · ·-. 
grl:lenish g:i;-ey, · fossiliferous-fragmental, 
fine- to coarse-grained; abundant crinoid 
anq brachiopod ·fragments ; _greenish grey and 
green shale . showing flowage (?) structure 

(Core No. 60, 10 1 ) 

1,064 1 -1,06~ 1 Limestcne, as above 

1,065~ 1.:..1~ 074 1 Limestone, buff, fine- to 
medium- grained, f ossiliferous-fragmental; 
crinoi~s .and small foqsil fragments.; :.~ -

. irregu:i.ar, grey, shaly stringers 

(Core No. 61, 10') Limestone, with shaly stringers, 
as -above; crinoids ; ~cattered large brachiopods : '. , __ 

'_1_.1:' .. -... 

(Core No. 62, 10 ') 
l,084 '-1,086 1 Limestone, as .: aboye 

' I, . .. . t . ~ '. 

c· - · ' . l ·,086i-1,092 1 Limestone, buff-grey, silty, 
.__' ! "-· argillace0uS.; greeni~h grey shale showing 
; _;:L flovmge(?) structure; comminuted fossil 

fragments in thin bands; abundant scattered 
crinoids 



_l,094-1,104 

l,1C4-l,114 

1,114-1,124 

1,124-1,134 

1,134-1,144 

1,144-1,154 

1,154-1,164 

1,164-1,174 

1,174-1,184 
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1, 092 1-1,094 1 Shale, greenish grey to grey, 
calcareous, finely silty 

·(core No. 63, 10') · 
l,094'-1,096' - Shale~ as above 

l,096'-1,104' Limestone, buff-grey, argillaceous, 
finely silty; ,z,ones 2 to 3 inches thick of 
fossiliferous-fragmental limes-Cone; abundant 
crinoid fragme nts; brachiopod; irregularly 
interbedded, gr eenish grey to grey, calcareous 
shale 

(Core No. 64) Missing 

(Core No. 65, 10' ) ·shale, g'reenish grey to grey, 
'finely silty, 'calcareous' in part laminated; 
scattered 'brachiopods 

(Core No . 66, 10') Limestone, buff-grey, silty, 
· argillaceous, fine-grained; abundant crinoids; 
scattered brachiopods; thin, irregular, 
stringers of greenish grey shale 

(Core No . 67, 10') . 
'l,154'-1,142 1 Limestone, as above; scattered 

ostracods 

1,142'-1;144 1· Limestone, buff, dense, fine­
to medium-grained; scattered crinoids; 
flowage(?) structure 

(Core No~ 68, 10 1 ) 

1,144 1-1,145 1 Limestone, as above 

1,145 1-1,150 1 Limestone, buff-grey, silty, 
argillaceous, dens·e; irregularly interbedded 
with greenish grey to grey, calcareous shale; . 
abundant crinqid fragments . · .. ~. 

l,150'-1,154 1 S~ale , c~lcareous, silty, grey 
to greenish grey ·- · · 

(Core No • . _69, 10') Shale and .shaly limestone, as 
above, with fine laminations and fine flowage(?) 
structure 

. ... \' •' ~ j_ 

(Core No. 70-, 10 1 ) Liineston~ and shale, as above; 
scattered crinoids; a few brachiopods 

(Core No . 71, 10 1-) 

l,174'-1,182' Limestone, interbedded, grey­
- buff J fine-grained; and buff, fine- to 
·. med±um...:grairied; fossilif'erous-fragmental 
from 1,179 to l,18i ·feet; crinoids; 
brachiopods througHout 



1,184-'"l,194 

1,194-1,204 

1,204-1,214 

1,214-1,224 

1,2214-1,234 

1,234-1,244 

1,244-1,254 

1,254-1,264 

1,264-1,274 

. ·, I .. , } • ~ 
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1,182 '-1,184' Shale , greenish grey to grey, finely 
silty,· calcareous, homogeneous, fissile 

(Gore No •. n, .10') Shale , as above; interbedded 
· limestone ; ·buff- .grey, dense; scattered crinoid 
-fragments ; hrachiGpods ; increasingly argillaceous 
and silty downwards 

~. •'• 

( Gore No . 73; iO') · Calcareous shale, as above, 
with a few finely fossiliferous grey limestone 
·bands a few.inclies ·thick; p~itic; from 1,201 
to lf202 feet, limestone, light grey to buff, 
dense, fossiliferGus-fragmental, finely 
crinoidal; pyrit:~· stain 

. : · .. :.: :: .'..: ~:. ' . 

(Core No. 74, 10') Limestone and shale: limestone, 
·buff-grey, dense , ' in irregular beds about l! 
inches thick;. shale, greenish grey, finely silty, 

· in bands l to ~ inch thick; bedding disturbed by 
flowage(?~; a few scattered crinoids and 
brachiopods· 

(Core ·No. · 75, 10 1) Ll.mestone, as above 

(Core No . 76, 10') 
· 1, 224 1.:.1, 22 7' · Limestone, as above 

l,227'-1,234 1 Limestone; buff, cryptocrystalline, 
fossiliferous-fraginental; scattered pellets ; 
a few scattered, large brachiopods; some 
flowage(?) structure 

(Core No . 77, 10 1 ) · Limestone, bui'f-grey, d~nse , 
argillaceous , intensely kneaded with grey, 
finely silty shale 

(Core- No . 78, 10 1 } ·''Limestone, buff, dense , in part 
· pelletoid and f ossiliferous-fragmental 

(Core Ho. 79, 10 1 ) Limestcne, as above, interbedded 
with dense limestone., bUff, with grey streaks 
probably from pyrite stain; grey-green silty 
shale laminae; from 1,261 to 1,264 feet, inter­
kneaded with greenish grey argillaceous ;J..irn.estpne 

(Core No. 80, 10') Shale , greenish grey to grey, 
•. ·.i. ·. ·silty, ; calcareous, with a fei:v limestone bands; 
·-· ·kneaded structure,; ; 1, 272-1,274 feet, limestone, 
... , grey~ crystalline, fossiliferous-fragmental, 

and grey-buff, fine-grained; abundant brachiopods 
and crinoid fragments 

1,274 ... 1,28'4 , (-Core No. 81, 10 1 ) 

·,., ·r.~· t·;· :1,2741 ... 1,2751 Limestone, fossiliferous­
fragmental, largely crinoidal; grey, finely 

!! 

to coarsely crystalline; irregular silty 
stringers; abtindant-'brachiopods 



J ... 

1,284-1,294 

1,294-1,304 

l;.304-1,314 

l, 324-1, 334 
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l,275'-1,284 1. Limes~one,"buff, coarse-grained; 
large and small stromatoporoids, thamnopora­
type _corals, Amphipora(?) , and _ scatt~red 
brachiopods;. matrix, brown, slightly 
dolorr)i.tic, · argill~ce~ms, silty, oil-stained(?) 

(Core No . 82, 10') 
l,284'-1,284 1911 Lim~stol'}e, as above 

.. -
1, 284 ' 911 -1J292' Limesto.ne, buff, crypto­

crystall,:j_ne, vfi,th fos~:i,.l fragments; small 
stromatoporoids ; abundant brachiopods , 
crinoids; irregular argillaceous partings; 
stylolites 

w . ' . 

l,~_92 1 -1,294 1 • Limestone, .grey-buff to bUff-grey, 
f;Lne-grained; greenish grey to dark grey 
shale par~~ngs; scattered crinoid fragments 

(Core No. 83, 10') Limestone, light buff, 
cryptocrystalline to fine -grained, in part 
fossilifero~s-fragme~tal; scattered, small ~ .li 
stromatoporoids; abundant brachiopods ; small 
gastropods; crinoids~ thtn, irregular, shaj,y 
partings; some flowage(1) structure 

(Core .No. 84, 10 1 ) Limestone, finely silty, 
: C!-rg_illaceous, fin~-grained; thin, irregular, 
greenish grey t o grey partings; abundant 
brachiopods; crinoid stems 

.(Core No . 85 , +o 1 ) · • , • ····1 

1,314'-l.;318' . Limestone, as above 

l,318'-1,318~ ' Lirnestone , grey-buff , 
.fossiliferous-fragmental, interkneaded ydth_ 
buff-grey, dense, dolomitic, argillaceous 
limestone; pyrite along contacts; brachiopods 

\ . : ·' . . !. 
l,318i '-l,324 1 Shale; greenish grey to grey, · 

calcareous, finely silty 

(C~re No . BG, 10' ) : 
l,324 '-1,327~ 1 Shale, as above 

1,327~ 1 ~1~33;1~ 1 Limesto~e, buff~ crypto'.... 
c_ryste:_)..line, fi.ne- to coarse-grained, 

_,. 

f ospilif e!'ous-fragment?-1; .. brachiopods; 
scattered cripoids; irreg:1,J.lar shaly 
partings . and flowage (?) s.tructure; at 
1,328 feet, sharp break in deposition; 
irregularly knead~d, grey.,, _- Q.e;ise, silty, . 
argillaceous limestone from 1,330 to 
l· ~51~ feet · ) ~ 2 

i;,3.3lfa-'-l,~34 1 Shale, greenish grey, calcareous, 
- silty; few scattered brachiopods 



1,344-1,354 
l --

.. ~ ; : "" ... 

1, 354-1, 364 
.. : .. J. 

1,394-1,374 ' 

1,374-1,384 

1,384-1,394 

1,394-1,404 

1,404-1,414 

.. !.. 

1-,414-1,424 

1,424-1,43.!l 

1,434':'"'1,444 -. 
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(Core ~o . 87, 10 1 ) .'.:>ha:t-e, as above 

(Core No . 88, 10') 
1,344._1_,,.l,346 1 Shale-? as .above ,, " ,-

~ .i.. ~ •• . - • .. 

~·. I• --.'~':i. 

1, 346 ':-l, 351~ ' Li-me stone,. .shaly, grey, finely 
silty, dense; flowage(?) structure 

. 
l,:351t 1-l,354 1 -·Limestone, buff - grey, elastic, 

fine- to coarse-grained, fossiliferous­
fragmental; ,_ abundan~ large. pellets outlin~d. 

· by pyrite;-: bry02\oa, . crinot<:ls, and brachiopods 
'.-

. {Co-re , N:o . 89, : 101) - __ _ 
1~354t-l,95,~ 1 Shale, silty, calcareous, grey to 

greeR~grey, unfossilit.e~ous 

l,358'-1,364 1 Limestone, light grey, dense; in 
part- wi tl1 kneaded, fl9wage (?) structure_; _. 

~- bands a few- ;irn;:hes wide of same limestone, 
coarsely elastic, vr.i.th r<;mnded grains and 
pellet~ ,mapy of which are stained by pyrite; 
sc~ttenrd brachiopods; bryozoa 

(Core NG>.!> ~90, .10') Limestone, argillaceous, . 
grey-buff, with streaks and fine laminae of 
grey, finely silty, calcfi.reous shale 

..... 
- ' 

(Core No . 91, 10') Shale and shaly limestone, 
as above 

(Core No. 92, 10') Shale and . shaly limestone, 
as above 

· (Core No. 93, 10') Shale and shaly limestone, 
as above 

(Core No . 94 , 10 1 ) 

1,404 1-1,410 1 Shale and shaly limestone, as 
above ; a few SCEltt,ered brachiopods 

l,410 .'-1,414 1 Limesto.pe.., buff, dense, f;ine:-::: _:~q 
coarse-grained, fos.s ili_ferous-fragmental; · 
braGliiopods and bryoz.oa;;,- crinoid fragments; 
fair flowage(?) structure 

~ . ~ • : . _; . .. I~ -

, (Core No . 95_, 101) Limes;to;ne, as above, slightly 
more silty and _shaly;:argillaceous, silty, 
green-grey limestone from 1,421 to 1,422 feet; 
nurr.ero.us, sca;ttered, J_a.;rge brachiopods_ . _ 

(Core Jfo . 96, 10 1 ). Liµles_.tope, as above; · nUII1i~rous,, ; 
scattered, large brachiopods 

(Gore No . _ 97, 10 1 } LiroestoA.~, buff, fine-g_r.§Uned_,, ~ 
not · as fossiliferous .as_· a(J-ove; streaks of light 
brown, dolomitic, argillaceous limestone 



1,444-1,454 

1,454-1,464 

1,464-1,474 
' ' 
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(Core No~ 98, 10') Limestor1e, as above; irrS:gulax;. 
brown, silty shale partings 

(Core No. 99, 10 1 ) i, 454t-i,546 1 Limestone, buff, 
cryptocrystalline, coarse-grained, fossiliferous; 
crinoids and brachiopods 1 

· 

(Core No. 100, 10 1 ) Limestone, as above; scattered, 
large brachiopods 

. :_..\....!. 

1,474-1,484 
·.•. i.' 

1,484-1,494 

1,494-1,504 

1,504-1,514 

'' ' 

1,524-1,534 

.. ,\ . -

' . 
1,534-1,544 

,.: (Core No~ 101, 10') · 
l,474'-1,481' Limestone, grey-buff to buff-grey, 

silty, argillaceous; interbedded, calcareous, 
silty shale; abundant · large brachiop0cts; . .. :., ~ _;: 
interbedded shale, greenish grey, silty, 
calcareous; charaphyta at 1,482 to 1,484 
feet 

(Cote No. 102, 10') Limestone, grey to buff-grey, 
fine-grained, in bands up to 1 inch wide 
irregularly interbanded with greenish grey to 
grey silty shale; fossiliferous in part; 
scattered pyrite; flowage(?) structure 

(Core No. 103, 10 1 ) Limestone and shale, as ·abC'Ve · 

(Core No.':"i04,·.10 ') 
l,504'-1,5061 Limestone and shale, as above 

l,506-l,512t' Limestone, buff-grey, fine­
grained, finely silty, shaly; finely 
scattered .. py;r'ite; irregular lenses ! .to- 1 
inch wide of crinoidal limestone; brachiopod 
fragments; bryozoa; dark grey pyrite-stained(?) 

. 1- · pellets; ' fait flo~mge.(?) structure; a,_t -1,.50.8 
feet, a 4-inch band of finely laminated 
limestone 

:;:! . 

l,512~ '-1,514' Limestone and shale, interbanded; 
large, coarsely ribbed brachiopods 

(Gore No. 105; 10 1 ) Lime'Stone and shale, as above, 
becoming mope 'shaly and finely banded downwards; 
shale has thin brownish to dark greenish markings 

(Core No. 106, 10') Shale, calcareous, silty, 
\.) mas·sive; scattered brach·iopods; irregula.k .. -blue-. 

brovm iridescent markings 

(Core No. 107, 10 t) Shale:? ·-a..s ·above 

1-,544-1,554 · .:r (Core No. 108, 10 1 ) : ·shale, as abovie; scattered · 
brachiopods 

1, 554·-1, 564 
' \' 

:. (Core No. 109,•- 10' )1 Shale,· as above; s~:P.ght..1-y 
more cal~a:reous; - ablind.ant brachiopods 

' 1 ·~·. t 



1,574-1,584 

1, 584-,l, 594 

1,594-1,604 

. ;· 

- L : 

1,604-1,614 

1, 614.~l; 6~4 

' ·~ 
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( Core No. 110, 10 1 ) 

+, S~~ ~ -.1, 560-ft ' Shale; 
·<: brachio:pods 

;:.• ,, t, ' 

as above; abundant 

· l,566! '-1,,569! ' Limestone, grey, fossiliferous; 
finely silty, argillaceous stringers with 
ablindant brachiopods C).nd crinoids 

l,569!'-1,574 ' ; Limestone, grey, silty, 
argillaceous , fine-gr~ned; fair flowage(?) 
structure witµ greenish grey limy shale; 
scattered, large brachiopods ; crinoids and 
pelecypods 

(Core No. 111, 10') 
.. : _1~574 '~1,578' .Li!nestone· and shale, as above~ 

scattered .brachiopods' 

1,578 1-1,584 1 :Limestone, buff-grey, dense to 
. fine""."grained,; ;thin, _irregular, grey shal~ · ~-
.. parti,ngs; brachiopods ~ 

,(Core No • . 112, .10') 
l,584'-1,590' Limestone, as above; scattered 

zones with abundant brachiopods 

1, 5~0 1-1, 594 1 · Shale; greenish grey,; abundant 
_ scattered brachiopods and crinoids 

(Core .No . 113, 10') 
i,S94'-l,595t Shale , as above; numerous 

scattered _brachiopod .fragments, mainly 
atrypas 

1,595 1-1,604' Limestone, buff-grey, dense, 
s~l ty, argillaceous; irregular 'Navy interbeds 
of grey to_ ,gr§l~ni~h grey~ limy, finely silty 
shale; some pyrite staining; many scattered 
large ajJJ;'yp~s i:r . ; 

(Core No. 114, 10') 
.,I'' 

l,604'-1,611' Shaly limestone and shale, as 
above ;, ,,g..~,§Lttered 8:~;r-ypas 

l:~r:~.~- ·· -- " I ' 

l,611'-1,614' · 0 hale c'alcareous, .finely silty, 
Jissil~~ sc;:i,t;tered, mediu,m-sized ,C}:t;rypas 

,J •• • ' ..... • • -~ " • ... ._ .. : , ... J ' .. - . . . . 

• • '. • _::' ,, .: ···:. 'r ·i[.; 

(Core_, }fo • .. 115, 10 t )'. , · 
l,6i4,1 -l,616.' · S,hale, as ,,above 

l,616'-1,624' ' Limeston.e, ~u;f;f--grey, ; qen~~; 
irregular,· wavy inteirbeds -o{ grey to' ·· 
greenish grey, finely silty, limy shale; 
s_ome ~ . inch bands, Q.fi y?.,ry silty, argillaceous 

. l~;i:nestone; some . gre;y, .. crystalline limestone 
· . coq,uina;. abundapt scattered brachiopods -

mainly, Atrypa(?) and some Schizophoria_(?); 
scattered pelecypods and lingulas 

·,···. 



1,624-1,654 

1,634-1,644 

1, 644-1:, 64.7 

1,647-1,658 

1,658-1~668 

1,678-1,688 

1,688-1,698 

1, 698-1, 708 . 
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(Core No. 116, 10 1 ) 

1,624 1-1,630' Limestone ·and shale, as ·abQVB; . 
kneaded, flowed appearance; a few scattered 
brachiopods - mainly atrypas 

l,630'-l,634l Shale, finely.silty, calcareous, 
fissile and·interbedded, limy, massive shale; 
scattered -lingulas 

(Core No . 117, io') Shale; as above 

(Core No. 118, 5 t) Shale, as above 

(Core No. 119, 10') Shale, as above 

(Core No. 120, 10 1 ) Shale, - grey with brownish 
·tinge, silty, calcareous, massive; abundant 
scattered lingulas 

(Gbre No. 122,- 10 ' ) 

! -

·-

1,678 1-1,679' Limestone; dolomitic, dense and 
finely crystalline, slightly argillaceous 

1,679 1-1,680 1 Shal-e, . dark brown, fissile, . i 
slightly calcareous · 

1, 680 '-1, 683' Limestone, brovm, cryptocrystal­
line, ·fossiliferous-fragmental; abundant 
brachiopods, crinoids and gastropods; thin, 
wavy, brown shale laminae; scattered small 
black carbonaceous specks; scattered .pyri.te 

l,683'-1,684' Dolomite, buff, argillaceous, 
finely laminated; brovm oil stains in some 
laminae 

·· l,684'-1,688' Limestone; brovm, crystalline, 
coarse-grained, f ossiliferous-fragmental; 
scattered carbonaceous black specks; brachiopods 
and crinoids; flowage structure with dark brown 
shale 

Elk Point Group? 
(Top at 1,6~8 feet) 

- ~. , l _i_. 

(C-ore No. 123, 10') Dolomite and anhydrite, dense, 
buff to light brown, ~~th dark mottling and 
laminae; scattered.anhydrite crystals; thin 
g;Ypsum laminae; lens~s of brmm anhydrite 

(Core No. 124, 10 t) .... 
· 1,688 1-1,701 1 Dolomite and anhydrite, as above 

1,701 1-1,708 1 Limestone, buff and light brown; 
grains round to angular, medium- to coarse­
grained, with calcite matrix; finely laminated 
with dark brown shale; streaks and specks of 
anhydrite 



1, 705-1, ~15 .. 

1, 718-1, 729 

1,729-1,739 

1,739-1,749 

1,749-i,759 

1, 759.-1, 770 
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l,706'-1,7081 ·Dolomite, cream-buff, fine­
grained, finely porous(?) 

. . 
· _ ( CorE! No . 125,t: 10 t) Anhydr1:te, dolomitic, brown 

and bro~-grey, and fine-grained anhydritic 
dolomite 

(Core No . 126, 10 1 ) . 

1, 718 1-1, 727' Dolomite, grey to light brown, 
very fine-grained; in part with fine, dark 
brovm laminae 

l,727'•1,728 1 Siltstone, interlarninated with 
dolomite, grey, in part with a greenish 
tinge, argillaceous 

l,728 '-1,729 ' Dolomite, buff-grey, fine-grained 

(Core No. l!_2'Z, _101) Shale, finely silty, grey to 
greenish vgrey, dolomitic; in part silty dolomite; 
scatte:red· charaphyta 

(Core No. 11?.8, 10 1 ) Silty shale, as above , ... 
flow:age(?)_ structure; scattered, small anhydrite 
inclusions 

(Core No. 129, 10 1 ) Shale and dolomite, intermixed, 
mostly greenish grey to greenish buff 

,_ -
(Core ~No. 130, 10') Anhydrite, silty and dolomitic; 

siltstone; --anhydritic dolomite , greenish grey, 
in part with red mottling 

LOG OF '.iUODB~ND FORHATION IN B.AfUJSDAIL HONOLULU 
.SEABuARD PELICAN LAKE NO. 1 WELL , ~-

-· -
Location: l • .S. 1, Sec. 27, t p . 79, rge. 22, --r. 4th mer. 

Elevation: 1,908 feet Total depth: 3, 200 feet 

Spudded: January .. 26 , 1950 Completed: February 26, ~9EO 

Samplss examined by A. B. Gray and Helen R. Belyea, 1952 

Depth Lithology 
,. , 

Feet 
'· · " 

Overlying beds, Nisku member of Hinterburn formation 

-
1,635-1,_655 · Dolomite,- grey to buff, ,finely crystalline; 

scattered vugs with heavy oil stain 



1,655-1,665 

1,665-1,675 

1,675-1,685 

1,685-1,705 

1,705-1,745 . 

1,745-1,755 

1,755-1,765 

1,765-1,775 

1,775-1,805 

1,815-1,835 
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Yioodbend. Formation · 

Dolomite and siltstone: dolomite, buff, sugary, 
silty; siltstone,. light grey, dolomitic, . ··· ' . 
micaceous; thin-bedded, ·pyritic; irregularly 
stained with brown oil 

Dolomite and siltstone, as above; abundant pyrite; -'· 
small vugs stained with· black oil; some vugs 
seem smoothed and-worn 

Dolomite and siltstone; dolomite, light grey, 
sugary, in part silty, ·argil],aceous, pyritic; 
silts tone , light g:i;:ey, dolomitic, with finely 
disseminated pyrite; a few fossil fragments; 
brachiopod casts; a few vugs , in part after 
fossils; rare oil 'stain 

Dolomite, .buff, finely.crystalline, slightly 
pyriticj a few small vugs with oil stain; a 
little light grey, dolomitic siltstone 

Dolomite, light grey, finely crystalline, in part ... 
sugary, finely silty, argillaceous, pyritic; 
small, imperfectly dolomitized fossil fragments 
including brachiopods; a little oil stain; 
trace pyrite :, 1 t .l 

Dolomite, light grey to buff-grey, finely crystalline, 
slightly argillaceous, finely silty; a 11,ttle} !.·.:.. 
.small. vuggy and pin-point porosity 

Dolomite, as above; a little siltstone, light grey, 
dolomitic, pyritic 

.I. 

Limestone and silts tone: lime.stone-, light grey, 
finely crystalline, silty, micaceous, pyritic; 
-a.little, small, vuggy po~os~ty~ siltstone, 
light grey, with a little greenish argillaceous 
material, calcareous, pyritic ' · 

Limestone and siltstone , as ab9ve, · .. thinly inter- · 
bedded with greenish grey, micaceous shale 
al:ong partings ; grades t o ligh,t gr.ey, fine- -· 
grained, calcareous sandstone with intergranular 

· · · pcirosity · '· ·· ... ,:, ~ :=·--:.-:::-=~=::-.:c-=""c 7 · · ·.: ·==:== 

Lime1?tone, cream tq ligli.:t _ buff..,._ finel~sugary, ___ 
argillaceous, dolomitic; irregularly mixed with 
light grey, micaceous, fine-grained sandstone 
and wavy, thin, brovirnish grey shale laminae 

. i : i 

Limestone, as above; sandstone, light grey, 
quartzose, micaceous, slightly dolomitic;- :good ~" 
intergranular porosity 
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1,855-1,845 Limestone, cream to pale_ grey, fine-grained, 
0 chalky", slightly argillaceous ·and silty;· 
inte.rbedded,' grey, c'hlicareous· siltstone and 
fine-grained sandstone· 

1, 845-1·,,"855 ··· Dolomite and ·limestone, cream · t o light grey, '- · 

1,855-1,875 : .. 

fine-gra{ned, in part argillaceous, silty, 
pyritic; some siltstone, light grey, argillaceous; 

··~:;~·· b_rown and grey shale partings · 

>:·Dolom:i,t.e, light buff to cream, finely to medium 
crysttµline; ·a little pyrite;· some dark pyrite­
stained inclusions; a few, thin, fine - grained 
dolomite .stringers (possibly algal); vuggy 

. ~· . . 
porosity _and fair intercry:Stalline porosity; 
a iittle calcite filling vugs 

1,875-1,885 

1H3Bs-1,905 

l,8f;}6-l,898 

1,898-1,901 

1,,901-1,905 

1,905-1,925 

'•) 

1,925-1,955 

1,,955-1,945 

l,9~5-1,955 

,' •) . 

1,955-1,,965 

t' ' . 

Dolomite, buff, mottled grey, finely crystalline 

Dolomite, buff, .finely crystalline; pin-p6int-~nd, 
sma11· yuggy porosity; ·scattered pyrite 

(Core No. 107, 1011 ) Dolomite, buff, sugary; a. 
little f?-n~ , ' intergranular porbsity ·, .J c 

(Core No . 10~, 26 11 , broken) Dolomite, buff, poorly 
consolidated, granular, slight to good porosity; 
dolomite, buff, dense, argillaceous, finely 
b~nded; Vligs in upper f oat · '· 

(Core No. 109:, 2'4 11 , broken) Dolomite, grey, 
granular; vuggy porosity, much of i t after 
fossils suggesting f ossiliferous-fragmental 
rock; some buff, finely sugary dolomite; one 
piece grey, finely cry~talline dolomite has 

· vugs after corals ; poorly consolidated'· at top· 

Dolomi t~, ~ream_ to. light ·grey", ' finely sugary, 
pyritic, in part finely band'ed, finely silty 
and micaceous; a little sandstone, pale grey, 
Tine-grained, F..lightly dolomitic , pyri ti·c ; 
faJ.r porosity· 

Dolomite, buff to grey-buff, finely crystalline; 
a few brownish black shale partings; scattered 
small vugs 

Dolomite, bUrf , finely cryst:al+ine; scattered, 
small vugs · ' 

Dolomite, light .. grey to light buff, dense, 
argi~laceous, · finely silty; small brown .. , 
fragments of organic material; small calcite 
veins 

Dolomite, buff to grey-buff, finely crystalline;_ 
much is. :sugary; scattered small -VUgs ···· ·.'... •. 

. ( . . . 



1, 965-1,975 _; 
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- P~l~Illi~~e~b~;f , · fi~ely :c.rysta{Cine to sugary; the · 
latter -with good intercryst~l:J,?-ne porosity; 
scattered pyrite 

1,975-1,985 · Dolomite, -buff'. >to . creain, dense, 1[Ej__ry slig}:ltly __ 
.i 

··::',JC. 

1,985-2.,025 

•A• <,: 

. . - . 
2,025-2,035 ' 

qalt;areous; brown _shaly _pa_rt.~_qgs · ··· 
,· ;. 

Dolomite, buff to light ·brovm, .finely crystalline, 
slightly argillaceous; small dark organic specks; 
.some <;if the dolomite has inte;rcr,ystalline 
.,poro§_ity and small vugs; slight . oil st~iii( 'a · 1. 

few ~ark b rqvm shale laminae 
·'· _ ,-, . . . . . 

D9lomite, brmm, finely crystalline, slightly 
argillaceous; a few bituminous black flecks; 
rare vugs; trace of pyrite; dark bro¥m shale 
partings , .. . ,_,-. 

2,Q35-2,0S~- · D9lomite, light broWIJish. grey, finely crystal;t.ine, . 
; . · finely'. silty, argillaceous; · abundant carbonaceous 

2,055-2,065 

' 
2,105-2,llS . 

2,11s..,2,12s · 

2,125-2,135 
·, ·.· .. , 

2,13s-2,i55 
' -~ 

2,l55-2,i65 

specks and streaks; scattered small vugs 

. . Dolomite, bclf-brown, .finely to·: ¥i'~dium c:rjstailine 
and -with small vugs; crinoicts; some finely 
silty, arg~llaceous dolomite vyj_th carbonaceous 
specks, as above; a · little pyrite; calcite· veihs 

Dolomite, bi-ovm to grey-brown, }inely crystalline; 
trace pyrite; good vuggy porosity; a few small 

·: flpores at 2,o~s feet , . ·c,'_• . ,_ . 

: .:.: 

Ireton Member 
'·· 

. . 

· ;Dolomite, . a~. above; soy;e- dol~mt't;13, pale grey, 
· dense to finely crystalline, finely silty, 

. arg_illace,ous, micaceous, in part sligh~ly 
· p;yri tic; crinoids; small organic specks · 

'.. .• ·~. 

' ·n61omit~ arid shale: dolorriite, · light grey, dense 
to finely crystalline, ~ilty, argillaceous, 
in part slightly pyritic; shale, dolomitic, 

, . light g:i;e~ni$:h grey, . yd th blCJ,c;k, . carbonaceous 
fl.ec~::i; bryoz'oa and 9ririoids '-- ' · · · ·-. 

Dolomite, argillaceous, li'ght · greyish broi:m to 
g~ey, f:i,.n,ely crystal:L;ine; .sm~ll organi_c specks; 
traces of pyrite; a few 'vU.gs; irregular 'partit1gs 
of light green, argillaceous siltstone 

Dol.oml te, ·grey, medium to coB:rs~ly crystalli11e·; · ··1 

··· · · in ':part. suga_ry; scattered crinoids ; grey, 
silty 'doloniite and siltstone with carbonaceous 
specks; greenish grey pyritic shale 

Siltstone ". and shale: silt~tone, ·grey, dolonr.rtic; · 
pyri tic, micaceous·; shale, iight green, 
micaceous, finely silty; some dolorni te and 
shaly dolomite, as above 



2,165-2,175 

2,175-2,205 

2,205-2,215 
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Siltstone, light grey, dolomitic; carbonaceous 
specks and streaks; dolomite, brovm to grey, 

· finely crystalline { 
··.! ._; 

(. Siltstone, light g·reenish grey; pyri tic, dolomitic; 
shale, light green, finely silty, micaceous 

Limestone, buff to · brown, crystalline; in pa;rt· 
argillaceous a."ld mottled with dolomite rhombs; 
bituminous, black, organic flecks; trace of 
pyrite; in part slightly ,oil stained; ostrac:od&, 
and crinoids 

2, 215-2, 255 - Limestone, cream to light brown, dense; in part 
mottled vr.i.th dolomite rhombs ; varies to sugary, 
limy dolomite; a few small fossil fragments 

2,255-i,275 · 

2' 2.95-2, 305 

2,305-2,315 

2,315-2,325 

2,325-2,365 

. " 

2,365-2,375 

Dolomite and limestone: dolomite, dark yellowish 
brown, finely crystalline to sugary, slightly 
argillaceous; limestone , as above 

Dolomite, dark yellow:i'sh brovm, finely to medium 
crystalline, in part sugary, argilJaceous, 
pyritic; some limestone, light brovm, dense, 
pyri tic; dark brov-m, thin, shale laminae · 

Dolom1te, brown; '-' medium. to coarsely crystalline; 
some white· che-X-'t'; some brown, porqus, sugary 
dolomite, possibly re.crystallized cavity 
fillings; smaJJ. carbonaceous(?) specks; inter­
bedded, argillaceous, s·ugary dolomite · ~· 

Dolomite, cream to light grey, coarsely crystal­
line;' vuggy porosity 

Dolomite, light grey, finely to medium crystalline; 
in part granular; silty, pyritic, argillaceous 
matrix; Tentaculites 

Dolomite, silty, argillaccous, light grey to light 
brown, finely sugary, slightly pyri tic; varies" · 
to argillaceous, dolomitic siltstone; Tentaculites 

. (, 

11 Top Duvernay Shale11 

Dolomite and shale: dolomite, brovm, finely to 
medium crystalline, with some vuggy and 
·intercrystalline porosity; a little white 
chert and conodonts ;- shale, dark brown, 

·bituminous; varies to brown, fine-grained, 
shaly dolomite 



2,375-2,385 

2,385-2,395 

2, 595.-2,415 . 

2,415-2,435 

2,435-2,465 

2,465-2,485 

-
2,485-2,515 

-· •• .J 

2,515-2,525 

2,525-2,555 
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Cooking Lake Member . 

Limestone and dolomite: ~i.mestone, cream to light 
buff, dense, dolomitic; varies to buff, finely 
.sugary dolomite; rare, sroallspo_res; a little 
white chert replacing limestone 

Dolomite, yellowish grey to pale gr.ey, fine~y __to 
medium crystalline; . vuggy porosity 

Dolomite, pale yellovvish~_ br:.oJfiI!_-:to cream and greyish 
yellow, finely to mediWJi. p;rys talline; 
fossiliferous -- abundant crinoid disks and 
suggestion of stromatopq:~9;i.-ds and bryozo13:n:;i; . 
small vugs; greenish gre-y ·sJltstone partings 

Dolomite, light yelloWish brown, finely to medium 
.cl'.'.ystalline; a fGW small· vugs; .selenite f_illi,ng . 
cavities 

Dolomite, ·cream to white, finely to medium 
·crystalline; a few small ,vugs, in part f:i,lled 
with selenite 

DoJi:omite, ·white to pale yellowish grey, finely 
to coarsely crystalline; cavities filled with 
gypsum fibres; abundant pyrite. ·.?:nd tarnishe_d .. · . . . 
sulphides in part repla,cing. crinoids and algal 
growths : ~ 

D~lomite, pale yelloWish b~own, medium crystalline; 
scattered small vugs in part filled With gypsum 

. - .. . ' .. . ~ 

Dolomite, cream to pale yelloW;j.::Jh brown and grey, 
finely crystalline; possible recrystallized 
granular str~cturc 

" . . ' . 

Dolomite, cream to pale grey, finely to medium 
crystalline; a few scattered vugs 

. .. 
..... ~ ' ~- • . ' .! . • •• ~ ~ • • I;, :. ' 

21 555-2,575 , . Dolomite,_ as above; grey, .P;xriti._c streaks 

.... 2 j575-2, 605 

2, 579-2, 5i3L.l: 

2,605-2,645 

2,645-2,685 

. . .. , 

Dolomite, light yellowish brovm, finely crystalline; 
scattered carbonaceous specks; suggestion of 
stromatopor,aii;J.-coral structures; cavity filling(?) 
of coarsely sugary, porous dolomite; vuggy 
porosity; :prown partings . ' t ., ... 

(Core No. 110, 111'.) , Dolomite, brown, finely 
cryqtallinG; in.clu,sions of wh:j_te secondary 
a~ydI'.i,te; . spot_s of heavy black oil 

Dolomite, yellmvish brown, finely to medium 
crystalline; scattered, vuggy porosity 

'Dolomite, yellow-brown, finely crystalline; in 
part slightly argillaceous and with brown, 
carbonaceous specks; vuggy porosity; shaly 
partings 



2,685-2,705 

2, 705-2, 725 

2,725-2,735 

2,755-2,755 · 

2,755-2,765 
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Dolomite, as above; brown shaly par;ti.ngs more 
common than above 

r.· . , 

Dolomite, light grey to buff, finely crystalline, 
in part finely sugary, slightly silty and 
argillaceous c.C.•( 

Limestone, greyish buff, cryptocrystalline, 
argillaceous and slightly s'ilty, slightly 
dolomitic . 

Limestone, gre;Yish buff, cryptocrystalline, 
slightlyi dolomitic, tJ?ace of pyrite; some 
greyish brown, dense, argillaceous limestone 

' .. -· .. 

Beaverhill Formation 
(Top at 2,755 feet) 

Limestone and shale: liJrles"bone, light grey, dense , 
finely silty, argillaceous, pyritic; shale, 
greyish bro-vim t_o grey; brachiopods 

• ... ' '· 

LOG OF COOKING LAIIB IViEMBER,. WOODBEND FORMATION, 
. . ' . IN BEAR' BILTMuRE NO. :1 WELL · :,,_;; 

Location: · l~s •. 7, sec. 11, tp. 87; rge. 17, YT.4th mer • 
. :t . 

Elevati.i:m: 1,445 feet . , Total depth: 2', 865 f eet 

Completed: September 29, 1949 Spudded: June 21, 1949 

Cor~s' e~ned by Helen R. Belyea a:nd n~ deVfrt · '1951 
~ . . .. ~L . _1_.' .~.l 

! .. .• --

Depth 

Feet 

829-839 '. 

839...$i9 

Lithology 

overlying beds, Ireton member 

(Core No. 57, to1) 

829 1-837!' Shale·, calcareous, greenish grey, 
finely silty, ·fairly f'issile; few thin layers 
of dense , dark grey, argillac~ous limestone; 
lower l~ feet 'thinly laminated. • · .: ... ._: 

857!' - 839 '· Limestone; brmm, dense, medium­
grai ned, nodular; dark and light brown, 
finely -laminated, shaly limestone; abundant 
·pyrite 

(CorE3 No . 58, _10''- ) Limestone; brown, dense , 
nodular; 1:vith wavy, dark brovm, bituminous(?) 
shale laminae; scattered, small, crinoid 
fragments 



849-859 

.· 

859-869 
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(Core No. 39, 10') · 

~ . 

849'-850' Limestone, as above 

Cooking Lake Member 
(Top at 850 feet) 

· 850 '-859' Limestone, light brown and buff, 
cryptocrystalline, in part pelletoid, 
medium-grained, in part fossiliferous­
fragmental; r.ubbly zone with 'abundant 'Small 
·spores·; scattered, fine' . dark laminations 

(Core No. 40, 10' ) Limestone, lj_ght buff, fine­
to medium-grained, .fossiliferous-fragmental; 
scattererl. small. v.ugs; thamnopora-type corals, 
pelecypods 

869-.,.:995 .· ,.. ·i. (Core No. 41, 10') Limestone, as above 

885-895 

895-905 

905-915 

·------ - ··--"-. ----- - ., .. - ·-

915-925 

925-935 

I ' .' 

,., f, 

(Core No . 42, 10 1 ) Limestone, as above; abundant 
stromatoporoids; medium t o coarsely pelletoid; 
scattered small brachiopods; flowage(?) structure 

(core No. 43, .10') Limestone, as above; crypto­
crystalline, with brown carbonaceous specks 
and .t'..ine . calcite v.eins; in part coarsely 
pelletoid (algal?); abundant ~mall fossil 
·fragments -- ·brachiopods, ostracods, stroma­
toporoids, or corals; irregular brown shaly 
·partings 

:(core · No. 44, 10') Limestone, as above, with small 
·--.. _ C§-3=Ci. ~e .Y~in~ ;,_!are scat te r~d .cr~!l.~ids,, 
-·- brachiO'pods, gastropods; · and ostracods; faft- ...... _ .. 

flowage(?) structure; some shale 

(Core No. 45, 10') 

915 1-922 1 Limestone, as above 

922 1-925 1 Limestone, grey-buff, dense, slightly 
dolomitic, in 2-inch bands · interbedded Witti ·· -
dark brovm to brown-grey, shaly limestone in 
i- to {-inch bands{"vvitti wavy, dark brown 
laminae; few stylol{tes: 

(Core No. 46, 10') •I 

925 1-927' Limestone; as ·above 

927 '-933' -. Limestone, .buff, cryptocrystalline, 
with small calcite veins, in part oolitic, 
with ooliths about ~mm. to i mm., finer 
in upper part; mo:re concen-trated in middle 
part, 1. scattered in lowe-r part; scattered 
styloli tes · .L .; 



935-945 

945-954 

954-964 

964-974 

974-984 

984-994 

987-994 

. ' 

- 5.3 -

·, 933 '-935' Limestone, grey-buff , deJ:!Se; inter­
bedded, with thin, brownish, shaly streaks 

(Core . No~ 47, 10~) ~imeston~, bu.ff, . cryptocrystal­
line, with fine calcite veins; small fossil 
fragments; interbedded, grey-brown; argillaceous, 
dolomitic limestone interkneaded with crypto­
,c::rystaJ.line limestone; brach:j..opods, gastropods, 
and c rinoids 

(Core iNo . 48;9 1 ) Limestone, as above; crinoids 
: rare or J.ackirigf g6od flowage (?) strffcture in · · 

brown shaly limestone 

(Core · No. 49, 10 t-) ·· -Limestone, as above; .few 
scattered crinoids 

(Core No. 50, 10') . Limestone, as above; from 970 
to 972 feet, lil:Ilestone, light brown, dense, 
medium-grained, pelletoid; with fossil fragments 

974-981 Limestone, 'a·s ·above; fossil fragments 

· 981~9~4 .. ·Limestone, buff ~gre·y, slightly · 
·argiiiaceous, wi\;h dark grey streaks and 
pyrite specks; upper 1 foot fossiliferous 
gastropods 

l :. 

(Core No. 52_, 10 t) 
I •. !_ ~ • t ·-; ~J 

I ,. 

· 984 '.:..ss7' Limestone, as abov~; scattered 
brachiopods 

~ r. . . !.: 

- T'. 

Beaverhill Formation 

(Core No. 52) Limestone, grey, increasingly 
argiliaceous ·.and finely silty downwards; · · ( 
lower part greenish gr ey; many scattered 
brachiopods -- athyris and spiriferoid types; 
scattered pyrite; in part \'rlth intensive, fine '· 
flowage (?) ·structure ·· ' 

(Core No . 5~; 10') Shale , greenish grey .to 
·buff-grey, calcareous, silty; scattered 
spiri:feroid brachiopods 

•. ' •. 

.. •·· I_ I 
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·'· .. LOG OF -ii·JHJTERBURN AND WQUDBEND FORlvrATiuil.'18 
· 1N . ~IMPERIAL DAPP · NO. 1 WELL 

Locatiom ~ l.s •. s, sec"' 29, . tp. 62, rge. 1, li .5th ~er • 
. :t ... :::\'' -

. Elevation:· 2,0@6 feet'-. .;.Total depth.~ · · 7, 575 feet 
. ,_ ... :;-· ,•. 

Spudded: .. Augµst 16.) 1947 : ,, .. :Completed: ··. December 6, 1948 

Samples and cores examined by Helen R. Belyea, 1949 and 1952 
'. I 

i. ·,.' 1 .. ' ,;\ , ' •• •• l .. 

Depth 

". 
Feet ·:·· ~r- ~ ... '.:' .i::::: 

,, 

I . . ' 

Overiyi'.pg beds, habaniun"· formatio:tf · 
. ' .- :"·:. . 

Winterbutn Formation 
(•rap, from el ectric log, ~t. 3., 745 feet) 

Graminia and Calmar Members 
:, 

- _:_ ' •• c' 

3,750-3,755 ... (Poor sample) Sandstone, li,ght grey, fine-grained, 
.L' quartzose, slightly calcareous; a little, 

·'" . bright apple-greeri)'shale 

3,755-3,770 

3,770-3,775 

3,775-3,780 

3,780-31785 . 

3,785-3,790 

3,790-3,795 

3,795-3,810 

3,810-3,815 

Missing 

Dolomite, grey, fin~ly erystallin~,. tight; some·­
light buff , sugary, pyritic dolomite 

. ... ·: 

Dolomite, light buff, sugary~ pyritic as above; 
sandstone, light grey, quartzose, slightly 
calcareous, fine-grained; bright green shale 
partings . ~ . ··· 

Dolomite; light buff, sugary, and light grey, 
finely crystalline 

.... ··' 

Dolomite, buff, finely crystalline to sugary, the 
latter ·with fair, small vuggy porosity 

Dolomite, light grey, sugary, silty to sandy; ?Orne 
sands.tohe, light grey or' white, fine-grai~cr; ' 
quartzose , with scattered pink grains; 
calcareous cement; bright · green shale partings 

Dolomite, buff , finely to medium crystalline; 
vuggy pcrosity 

Dolomite, light grey, coarsely crystalline ; 
pin-point and vuggy porosity 

Dolomite, as above; some yellowish buff, sugary, 
finely sandy dolomite 



3,820-3,825 
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Dolomite; ·· light yellow-brown, finely to medium 
. crY'stalline 

'_!.,; :_; :~·t'j J ·. ~-~-. 

3,825..:..3,83o' : !_":DclomitE§ , ·as above, and buff, sugary, silty 
dolomite 

. '\J :. 

Dol·ontlte·, billf, sugary, fine-grained, limy sand....matrix; 
cri,noid(?) fragments, 3,830 to 3,840 feet 

. j·:.i~ ! -~ 1 ... -~ .• 1· 

3 845:::.3 850'·' :. ' , ·:ool6filfte, · light brovm:, finely crystalline; small 
· ·.· ;. ·· calcite veins 

3,8'50-3,860:t<LLDolomite; 'b~.ff, finely crystalline~ in part : sugary, 
J.D: v,.. finely sandy, slightly calcareous 

3,860-3,865 Dolomite, sandy, buff to grey-buff, fine-grained, 
,--,,'.: ·· · in part· sugary, argillaceous; some buff-grey, 

3,865-3,870 

3,870-3,905 

i. dolomitic, fine-grained, quartzose sandstone 

Dolomite, in part, as above; in part grey-brown, 
. ; . ~ ·;. finely cryst'alline; slightly- argi llaceous r 

thin, shale partings 

Siltstone and silty, grey, · fine-grained, argil- · , 
laceous ·dolomite; probably interbedded; 
scattered pin-point vugs and pyrite 

Nisku Equivalent 

3,905-3,910 -. Dolomite , light ·brovm' sugary, silty, pyritic; 
grey, argillaceous; silty dolomite and siltstone, 
as above; a few fragments of bright green shale 

3,910-3,925 Dolomitic limestone, light brown, cryptocrystalline 
to finely crystalline, grades to buff, calcareous 
dolomite,; some light grey, fine-grained, . dolomitic 
limestone with fine, scattered pyrite 

3;925~3; 9-00 .. :Limestone and: dolomitic limestone, · as aboves grey, 
calcareous , pyritic; very silty dolomite and 
dolomitic siltstone with a grain size of 0.01 

3,930-3,955 

3,940-3,955 
. ·;· \ .. 
't \ . .. ' 

3, 955-3, 960 

to O.l ·mm. '·. 

Sil ts tone, grey, dolomitic:; pyri tic, micaceous 

. Siltstone, as above; limestone, grey, finely ·· 
crystalline; silty; argillaceous partings; 
scattered brachiopods 

. '· 

Siltstone , grey, calcareous, argillaceous, 
. . . . . ",f' pyritic, micaceous; argillacedus ' partings; -- -

bracliiopod a'nd coral fragments; scattered 
carbonaceous specks; some grey silty limestone 

Siltstone, grey, as above ; argillaceous partings; 
carbonaceous specks; scattered calcitic 
organic fragments 



3, 995-4,000 :. 
·-

4,000-4,010 

4,010-4,020 " 

4,020-4,030 

4,030-4,040 

4,040-4,055· 

4,055-4,060 

4,060-4,075 

4,075-4,080 

4,080-4,090 

4,090-4,095 

4,095-4,100 

4,100-4,105 

4,105-4,llb 
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Siltstone, greenish grey, more argillaceous than 
above, micaceous, pyritic, calcareous; grain 
size up to O.l mm.; in part becomes more 
calcareous and has scattered fossil fragments 

Limestone, light brown, very fine-grained, 
argillateous, very· finely silty 

Argillaceous limestone and shale: limestone, 
-buff-grey, dense, silty; shale, greenish~grey 
to buff-grey, limy, silty, massive 

Limestone, light brown, cryptocrystalline; :bu.ff- '· 
grey, and brov'1TI, argillaceous, finely silty 
limestone and shale 

Limestone, buff-grey to grey, argillaceous, dense; 
scatter~d pyrite; greenish grey, pyritic, 
massive, limy shale 

Argillaceous limestone, grey to greenish grey, 
pyritic, finely silty; grades to blocky shale 

lj_mestone,·buff, , den8e, finely silty; some · -
greenish grey, silty, argillaceous limestone 
and calcareous, argillaceous siltstone, as 
above; scattered, fine pyrite 

Missing 

· J:4.m~stone, buff, dense, finely. silty, finely · 
· pyritic; · scattered brachiopod fragrrents 

Siltstone, greenish grey, argillaceous, calcareous, 
pyritic 

Limestone, ~ buff, dense, earthy:; . very finely silty, 
pyritic · 

Limestone, as above; 'siltstone, gr.6-en,argilla-ceous, 
calcareous, pyritic· ·' 

Limestone and shale: limestcne , light brown, 
fine-grained, argillaceous; shale, greenish 

,_ ·· grey, caicareous, · m:Lcaceo"us, fissile 

Limestone, ·· in· part light brown·~ cryptocry5talline; 
inJpart grey, argillaceous, dense, earthy; 
shale, greenish grey, finely silty, calcareous; 
scattered bra~hiopod fragments 

' 

Limestone, as above, with•. iron stained grey. pebbles(?); 
: weathered fossil fragments 
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Yfo9dbend For.ination 
(Top:,, from elettric . log, a-t 4,115:. feet) 

Treton · 1v1ember · " .· \ ' , ... . '•. t 

::,; . . · :. ·;: .'. .i:_l. ._,_ -~ i . 

4,110-4,120 Siltstone, argillaceous, calcareous, greenish 
grey; trace dark brovm limestone and brown 
shale '·' '- -··':.'. 

4,12~,il..ZS:·:· ·:Limestone, · light-. brown; cryptoc:rystalline -; to ··- ;.>:;S: •. 
finely crystallinl:l; scatl;tered:·brachiopods, 
crinoids, and other small fossil fragments; 
shale, greenish grey, fissile~- ·caicareous•, · )··· •. 
micaceous; large fragments of pyrite; 
Plectogyra identified by 11 . !J.' ,; - !) .• : .. WiGkenden· .::: c 

4,125-4,130 (Poor sample) Probably greenish'· gr~y shale and .. :.., , · 
buff, cryp~ocrystalline lime~ton~, with pyri t_e 

. · .. ·- ·.-·i..::.r. t. '._·; ...... ·_; . ·:· -T.: ... 1'":.· ···· ~. :-·- --~~-.: ~ .--, 
~ ·-· ~J - •• :.... • 

4,130-4}-1:~5: ···' Bil"ts=tone, tri-g'.fiHfo~otis:,:· ca1~a-rebus, grey, 
micaceous; '·varies ; to ·-silty· shale 

4,135-4,140 Missing 

4,140-4)150.. ':.:-Limestone, buff-)1 Fl.rte-grained/ ioottled with· , ·· 

. ~ . 

.. - , ::: · ::. ·:.'. '· .. <lolomib·e ·rhcmbs')' silty to ·fine~y sandy; varies 

4,150-4,155 

4,15$-4jlt3C -
.... ; :"·., 

4,160-4,165 

4,165-4,175 

4,175.....:1:,180' . 

.:·. l ;'to bUff ~ dol-Omii:tic .'S;iltstone·. , 

.Missing .... t -~'-·- .. ~·- '· 

L.iniesto~:, · as 'above . ;d >):; •.• • \..: ("'.:I·.' 

. ~ . ' .. ~ .. · :.~, :: ·.:. v ..L~~., 

Limes tone; as · above; and lime·sto-ne, grey, very 
fine-grained, argillaceous 

. Shale, grey, llli.caceous, calcareous 
.:·.t . . . 

Sha.le , as · above} limestone, argi1laceous, grey, 
dense 

• .. r, 

-·· .. -· :.() •.· 
4,180-4·;220 • · · Limestone, buff-grey, fine-grained, in part 

dolomitic and sandy; light brownish grey, 
calcareous, argillaceous siltstone and buff-
grey; fissile· · shale · · · .:. - ._ :.:· 

4,220-4;2·2-5-

4,225-4,245 

4,245-4,250 

4,250-4,260 " 

··".: 
. ~ ..... 

Missing · ·· 

Siltstone and silty limestone, as above 

Shale , g~eenish grey, calcareous, micaceous 
:~ i~- •. 

.. t 

~il tstone' calcareous-, greenish grey to brownish 
grey, slightly argillaceous; light grey-buff , 
argillaceous, silty limestone 

,. ,.,-.... , . 
_•: ~ ·-· 

·, . 
:.:· . ·- · ~ . 



4,260-4,270 

4,270-4,275 

'l c .. 

4,275-4,280 

4,280-4,285 

4,285-4,290 
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Limestone and; siltstone: grey-buff, silty, 
dolomitic~ argillaceous; -fine-grained limestone 
and interbedded calcareous siltstone 

Limestone, light , brown, very fine-grained, slightly 
argillaceous; some siltstone and silty J..illl.estone, 
as above 

'!. 

Missing 
l • ~ ~ . . l 

Shale, greenish grey, calcareous., rn;i.cac.eous 1 s~l~y 
in part, fissile · t 

Missing 

4,290-41 295 Shale, as above 
~ •, I j 

4,295-4,555 

4,355-4,560 

4,360-4,570 

4,570-4,585 

4,585-4,590 

4,390-4,395 

4,395-4,400 

4,400-4,405 

4,405-4,415 

4,415-4,420 

Missing 

L:i.m.estone, buff-grey, fine-grained, silty, pyritic1 
argillaceous; interbedded c;:ilcareous siltstone 
and greenish grey shale , . · · · 

llissing 

Argillaceous limeston~ and shale: limestone, 
light grey to dark greenish grey, silty; shale, " 
greenish grey, 'silty, calcareous, massive 

Ui.Eeing 

Limestone, grey-buff to gfey, ve!"Y"fine-grained, 
silty, argillaceous; interbedded calcareous 
siltstone and greenish grey shal~ 

Missing 

. ' 

Limestone, gre·y, very fine-grained, finely sl.lty . t 

(silt g_rains less than 0.01 !11111.~ . in diamete:r:) 

Shale, greenish grey to green, pyritic, finely 
silty, fissile in part; some grey limestone, 
as above .· · 

, .\ ..:. 

Limestone, light buff, fine-grained, in part 
finely crystalline, finely silty, slightly 
argillaceous; thin, brown, shale laminae or 
partings 

4,420-4,450 Missing 

41 430-4,4:35 · Shaly limestone and shale: lim.Sstone,, light" grey 
to buff ~grey, shaly, dense; shale, greenish 
_grey, calcareous 

41 455-4,440 Limestone, light grey, dense tp fine-grained, 
slightly silty; brownish grey, argillaceous,, 

' calcareous siltstone and shale, interbedded 

... 



4,440-4,445 

. . 
4,470-4, 485 ... 

4,485-4,495 

4,495-4,510 
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Limestone , shale, and siltstone, as ab ove; trace 
of brick-red silty shale or siltstone 

\) . 
· times tone, argillac~o~s; ' lfght b:rownish grey to 

grey, dense; i nterbedded , greenish grey to 
. brownish grey, blocky, calcareou.s , finely 
· $ilty shale'; scatter~d pyri te · 

. . . . . ·. .. : . . ..:....' 

· Limestone, ' light 'bur{, . v·e~ry.: f-'~ly crystalline, 
slightly argillace .. ous , and ~Uff , silty 
argillaceous, speckled, fine.- to medil1l'!l-grai.ned 

... 'limes\one; i{radirig tq /ine'i~_:t.El.ii1ed, calcareous, · 
. . ' argilJa ceous siltstone . - '• .. '· ... 

.. . . . . ~ 

Limestone , argillaceous , buff- grey, dense; 
interbedded, greenish grey and _brovnri.sh grey 
siltstone and shale; s·cattered brachiopod . 
fragments and sp~pes 

Limestone, argiliacedus, light grey, dense; 
gr:eenis h g~ey shale, with c_arbonaceous (?) streaks 

4, 5id~, sj;$' _, ·:'iiim~~toiie ~11¢ ,:sJiale; as a,boife ; a few fragment s 
· .. ,. ' · ··· grey-buff /Tinely 'to coarsel y · crystalline 

limestone with irregular dark grey inclusions 
pr~b.ably ' fossi.liferous-fragrhental 

4, 515-4, 530 ~·· 'f Pb or ::samples) ~ '1iinestone, grey- buff , dense ; 
greenish grey to brovvnish grey shale 

t •, •. i ,: c:· ~:: ~-. l·.' _'. . {. • 

:.: I .• i 
4,530-4 ,540 .· .. 

. ' •.... · ·i···· ·. 
4; '54().:::.4 , S45 

4, 545-4 , 565 

' . i. . .• -

4,565.4, s?s 

·.·.:·. 

.. 

4,575-4,580 

4, 580-4., 5f35 
.' . . i 

4,590-4,600 

Limestone , buff', fine - .to medium-grained, probably 
elastic, silty, slightl y argillaceous; smal), .. , . 
fossil f ragments; brovmish grey, silty 'shale ':\ t :" 

and siltstone , ~nterbedded 
·- :~~ \"; ~ . ~- ·~ .. -. \' t ' 

'· Calcareous shale , light chocolate- brovm, blocky 

Limestone , buff to light brown, argillaceous , -. . . 
· · finely· silty; dense t.6 fine .:.graine d, intero~dded, 

brown, calcareous s iltstone and shale 
,l"' . t. • • 

. . ~· ·, ' · :r 

Lim~stone, buff, .fim~-:-grained, finely silty; in 
. part slightiy 'dolomitic and shaly; dark brown, 

c_oarse , shal.y sil t~tone and shale partings 
.I. ~ ·~ -

Missing · 

' . .. 

·· lVJi s sin( . 

Limestone, buff to light brown, dense to very 
fine-g,rained; .. s_cattered brachiopod fragments 

4, 60.Q- 4_, _605 Missing 
'' ,'•I• - • •' ~ ~ : - .. .'> t. J 

. . .. . . r . . . - . 
4,p05:-4 ; 6l~5::~~;· Lii'riestone, as abpve ; inte rbedded, dark brown, 

· .... · · .. , ·· ·· · · ,_. argillaceous silts tone and shale 
... . ,. . :~- ,·· ~. ~- . 

.. . 
.. • . • • .:. • : ..:. . ...!.. .. .• ~: .;. 



4,615-4,,620 
,.._, ·: ... 

4,,620-4,,625 ' 

4~6~5~~,670 . ..-. ~ :.. . . . ' ': 

4,670-4 , 675 
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Missing 

Shale, dark brown to brownish black, with 
calcareous siltstone laminae; small carbonaceous(?) 

. specks 

·Limestone, light brown, fine.:.grained; dark brown 
shale, in part specked· with ·calcareous material; 
Tentaculites; a few brachiopod fragments; 
scattered pyrite ' ' ' .... 

Limestone, ·argillaceous, buf'f~grey to grey, dense, 
pyrttic in part; grades,: to blocky, limy shale 

Missing 
-~ . . . 

4,675-4,690 . · .Argillaceous limestona; as above · 

4,690-4,705 Argillaceous limestone, as abov&.f and brownish 
grey, blocky, limy . shale 

·· i: : 

:-'4:, '705-4, 120 · · Argillaceous 1imestorie ;· light grey to light 
greenish grey, dense, earthy, more shaly than 
above; shale, ·greenish grey to brownish gre·y .Li' ._ ;, 

4,755-4,750 

4, 750.:.4,; 755· 
··_].:=; 

4,755-4,765 

\.··-~·')_; __ . 

4, 765-4;-795 

4,,795-4,800 

.. ~ ' . 

4,815-4,825 

4 .. 82 5-4' 830 

Shale; silty, dark brown, blocky, with light brown 
streakj - calcareous; carbonaceous specks; a 
little light brown, dense limestone 

Limestone, light brovm,, dense, argillaceous, 
slightly earthy; brown calcareous shale 

Missing 
. - ... i, 

l ' 

Limest one, greyish brown· to- ·brown, dense to fine­
grained, argillaceous; interbedded, dark brown, 
blocky, calcareous shale · ·· · 

Shale; light ·greenish · gt~y, calcareous 
: , .: _I_) . •.. : 

Limestone, light brown, dense, ·slightly argillaceous; 
brown, calcareous shale and dark brownish black, 
brown-streaked, bi tUrninous (?) 'shale · 

Limestone, argillaceous, light grey, dense; grades 
to greenish grey, limy shale; few brachiopod 
spines '•. ,• ·- \ .::. '~ 

Limestone, buff, cryptocrystalline ~ slightly -, 
argillaceous; light brovm, smooth, massive, 
calcareous shale or mudstone , · 

·_' · ·Top Duvernay Shale 

Shale, dark brovm to brownish black, 1ti th brown 
streak, slightly calcareous; inclusions of 
crystalline calcite, probably r eplacing fossil· 
fragments; conodonts; · some limestone, as above, 
and some buff, fine- to coarse-grained limestone 
with abundant brachiopod spines 

.. 
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4,830~4~8~5 Limestone, buff, as above; some light brown, 
· .. •. "· .:· ;. fine - gr&iried, ~aTgillaceous l;j..mestone and_ l ·imY , . 

shale; shell fragment ·limestone with brachiopodS, 
crinoids , spines , and other small fossil 

· : ·' "C.i < ...... ·.:. fra~ents; · in .part· silicifieP,; a.ark brO"NJ:J. Sb.al~. •· 

-.'·-- .partipgs; "a ' fei;r spores at 4;835 feet · · 
. ·:. ··r ~-. ' .. ~! . " 

.. : .. ' '·· 
Green Shale· Equivalents of .Duv:er;nay- and Cooking Lake 

4,.8450±"850~ · Arg.il-laceous · limestqne ·and shale,.: grey and 
greenish grey, dense; irt ·part silty 

' . .. ' . . ~' ' 

4,855-4,860 Argillaceous limestone and shale , as above 

4,860-4 , 875 Limestone , . a:rgillaceoµs, grey, de·nse 

4 ,-8?5-:4;, ?~9 ·~· :. ·1imestone..,.. and shale: limestone,• as abov~ ·;L ~al\?,~ c 

-· .... :··{·'· 

· grey to . greeh.ish grey; gr.ades from blocky 
calcareous · shal6. to sil tyj- fissile shale 

4,885-4,895 Shale, grey to greeriish .grey; i n part very silty 
to sandy, micaceous; some gr ey, argillaceous , 

,_ ~ .. ,; r,,._,,,,:!.: dense limestoq~; small , blac,k . ostracods ... · . 

4,895-4, 920 
t ~. ~ . 

.. -, 

4, 925-4, 935 .· 

4,935-4,950 

4, 950-4,960 

4, 960":.:4; 965 . 

Shale , grey to greenish grey, limy; argillaceous 
limeetone, gr.e.y, dense '.. :.. t -- :( .. Lt 

Limestone, buff, cryptocrystalline, very finely 
silty and argillaceous 

•••• \ • .1.. t . 

. ('Poor samples) . .:: :Shale., green:i-sh "grey, calcareous, 
fossile; some limestone, as above, Yd.th small 
scattered spines ; some .mass ive, smooth, 

· .calcare·ous shale 

Shale, brownish grey and greenish .gre ~r, int~rbedQ,~cl; 
in part finely rnicaceous , fissile 

. . . ... ·. ~ 
• J~ " \,_• 

J ., , ._. 

Shale, brownish grey to brown, smooth, calcareous; 
limestone , light brown, cryptocrystalline , 
finely . s il ~;y :.~m~_ ~arg~lla_ceous 

Shale,- brownish : gr ey to grey, as above; grac;les , to~ . 
brownish grey shaly limestone 

t . 

4,965-4,980 Shale , greenish grey to brownish green, fis s ile, 
"- .: ·. ·: sp),.intery, Slightly cal<?are.ous;.'.~catte;reO. · .. ,, , '· 

.carbonaceous fragments · 

4, 980-4,990 Shale-, greeni~h grey, . sllgtitly. calcareous.; few 
carbonaceous s pecks; scattered small spines 

4, 990-4, 99.fi·. Missing ,'· .. -· 



4,995-5,020 

5,020-s,025 

S,025-5,045 

5, 045-5,095 

5,095-5,100 

S,,,).00-5,140· .· 

5,140-5,145 

', ; . 

5,145-5,155. ' 

5,155-5,175 

S,175-5,180 

.L. 

5,180-5,195 

:5,tl95..,.S,205 

5,205-5,215 
·.··: 

5,215..,.5,220 

5,220-5,230 

S,230-5,235 
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··: , ·.·.;._ 

Shale:,greenish grey, _fis;sile, splintery; smill 
dark specks __ 

i'' 

Shale, .. fl.S above; calcareous, .coarse siltstone, 
.. . light brovm, argillaceous, i.rdth abundant shiny 

black organic fragments; carbonaceous streaks; 
ostracods; small fossil fragments; appears 

. fragmental; dark bro:vm shale partings : ,, 

Sh{ile, dark bro11m, with brown .. s~reaks; green. shale 
as above 

Shale, greenish grey, fi nely micace9us, fissi1S3, 
as above 

Shale, as above; some limestone, grey, dens·e ; 
argillaceQus; fragment o.f , bryozoa . ., . 

Shale; as above,; smooth ost.r acods 1371d Primi tia cf•, 
variostriata (Clarke) identified by R. T. D. · 
Wickenden at 5,130 feet 

Shale, greenish grey to brownish grey, fissile; 
scattered pyrite; a little buff, crypto­
crystalline limes,tone 

Shale, greenish grey, .calGµreou.:s·, micaceous, 
fissile 

~' t. . .: . . i 

Shale, as above; a little limestone, grey, dense, 
argillaceous; scattered tentat:ulites and 
lingulas : . . . , 

:· ' 

Shale, as above; limestone, grey-buff, dense to 
fine-grained, argillaceous; spines cormnon 

Shale, greenish grey and . light brovmish grey; 
scattered spines and small ostracods 

Missing 

Shale, greenish grey to brown; ostracods 

' 
· Beaverhill Formation 

;._ 

. Shale, ~reenish grey; limestone, .l~uff, fine7grain~(i 

Limestone, buff , cryptocrystalline, argillaceous 
~. ' -· t, 

Limestone, grey :to buff, den,se, argillaceous; a 
little fine-grained, fossilife.rous-fragmental 

51 235-5,240· .. -. Limestone; grey, dense, argillac~01.lS 

51 240-5,245 Limestone, grey to buff, cr~tocrystalline, in 
part argil1aceous; some fossiliferous- . 
fragmental with spines 
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LOG OF WABAMUN FORM1-1.TiuN IN S0CONY UTIKUiviA NO . 1 Yl"ELL 
. . . . 

19catio:h: · l.s. 121 ;sec. 10, tp. 78-, "' rge. ,: 8.., W~Sth mer . 
,. ... ..... I • .: -

Elevation: 2,198 feet K..;JB . :: . ~ : :_· Total··. depth: ·. s, 944 feet 

.Spudded: . Janua-ry -10, . ·1951 ·· •. Completed; . M<itrchi:lo , 1951-. 
.:• .. ; .. 

Samples: examined · by Helen R. Belyea , .1952 
'I 

Depth 
. .. 

~ ' ... , Li th6'.l:.o'gy"-
:. . . . ·1: ~ ..:.: 

Feet 

\ ... 

Overlying beds, E.xshaw formation 

··wa.bamun· Formation ~ · ' ..... ··· ·· '.· :. ~ ........ t .. 

2,780-2,800 

... j' 

2, 8:30-~, 81:.0 . 
. -~ : i '. 

(Top .at 2, {~Q fE}~:t·{·;:-~~\ '.:":~ 
.. I'.::~:";": .J 

Limestone, light grey, fine- to medium- grained, 
spe9kl~d, fossiliferous , . ch~rty,, ·J~lauc0,pi"j:.~.Q,, c;._, . 
pyritic · ·· ·· 

Limestone; bil;f'f "·to g]'.'ey, fine..,.grairi~d; in part··· ",,. ,. ' 
· dolomitic, silty; fos~iliferous-fragmental; 

scattered fUauconite; · ct~i orrri.te, light grey, 
finely crystalline ~o suga:i;'y, finely silty, 
finely pyi~itic in part; a little pyritic, 
l:i,ght greenish . grey silts tone; grey chert . 

Limestone,. light buff, finely crystalline, f,os$il 
· fragments; sJ:?,a,le , ligl:iit .greenish grey, with 

c·T large sand grains; .. siltstone , light grey, 
. _ 3_... . pyri tic; gre.y. .che:i;-t 

' 1 ,.. 1 • ' I ;. • ,' j '' f ' ·~" ' ' • 

2~··a4o-:2_,.i?80 ,~ t ~est~n:e~· :c~eamy: ;b~ff , fi.ne..:grained, slightl y 
dqlomi tic; in R_~+;t slightly c.h~lky; fossil 
fragments and possi ble ·pelletoid structures; 
cri:t:oic}s anq brachi,opods ;. spots of darl~ "l;n;:pwn .!. t . 

,. oil· 'staip. , · : · .
1 

,. . . 
'.t· - -

. , ' . ' , 'J c: .... :.7': : .i~ ... ' ..... . . . . . 
2,880-2,890 Limestone, creamy buff, fine-grained, fossiliferous -

. fragmental; .witl;l; i?,O~e .:~m~l~ ·irregg.lar p~.l~ets 

2,890-2,96d'.. ·µ.niestone1: ' creamy b:wJ,~ :)~rY.Rtqo.rystalline; with 
small calcite veins; some granular, fossiliferous­

- . . '.:: ~ . J _:r:agmental limestone.., ·:.as /~·PQVe ·• •· 

2 , eoo.:.d~~~g:-~~·.c ¥~~s.tone, creamy ~uf.i'./jii~~~~gr_.;dqed; with fine 
· f ossil fragments; irre.gular stringers of light 

2; 910-2; 920. 

·i· by.f_l sugary dolomi ~e. . ... -~ '--. .j_;_ , _ 
. . . 

L:i,.me$.tone , ·as. ab~v~, • with .dolorni te stringers; 
crin~ict.s common; . thin -broWn sh<µe laminae 



2,920-2,960 

2,960-2,~70 

2,970-5,000 

3,ooo-3,010 

5,,010-3,030 

3,03Q-3,040 

3,040-5,070 

5_.070-3,100 

3,100-3,110 

3,110-3,130 

5,,130-3,140 

3,140-3,160 

3,160-3,180 

3,,180-3,210 
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Limestone, creamy buff, fine- to medium-grained, 
fo~silif~rous-:-fragmen"j;al; . crinpids, 9rac~opod~, 
and ostracods common; in part With poorly 
developed pe.lletoid st;ru.9tures . , 

Limestone, byff, medium- to coarse-grained, 
f ossiliferous-fragmental; in part pelletoid, 
with some oolit~s; - wh~te and grey chert, some 
showing replacement of fossil fragments 

Limestone, creamy buff, cryptocrystalline; a few 
fossil fragme.nts; brachiopods and crinoids; 
thin-brown shaly material--- possibly from 
stylolites 

Poor sample 

Limestone, creamy buff, fine- to medium-grained; 
in part pelletoid; ~ome may be algal; in part 
fossiliferous-fragmental; thin brovm shaly 
laminae 

Limestone, as above; grey-chert 

Limestone, light buff, fine- to medium-grained, 
f ossiliferous-fragmental and pelletoid; chalky 
matriX, mottled with calcite crystals, possibly 
as a result of -recrystallization or possibly 

"finely ground crystalline organic debris 

Limestone, as above; light grey chert 

Limestone, cream, fine-grained, fossiliferous­
fragmental; le$s crystalline calcite than above 

Limestone, cream, fine- to coarse-grained, pelletoid, 
fos~iliferous-fragmental; ostracods, brachiopods, 
banded algal or stromatoporoid fragments, -and ~ · 
crinoids; a little intergranular porosity 

Limestone, creamy buff, chalky, ·cryptocrystalline 
to fine-grai ned; slightly pelletoid; small 
indetenrinate fossil fragments 

~ 
:.t 

Limestone, creamy buff , chalky, pelletoid, fine­
to medium-grained, in part algal; in part 
fossilif erous-fragmenta13 ostrac6ds 

Limestone, creamy. buff; fine-grained, chalky, 
f ossiliferous-fragmental; a little pelletoid 
limestone; thin, dark brown; shaly laminae 

Limestone, buff, . cryptocrystalline to fine-grained; 
in part pelletoid; fossil fragments; a few small 
vugs filled .. with calcite and pyrite; light grey~ 

_.chert; thin brown shale laminae 
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3,210-3,270 Limestone, creamy:. :~iiff ,- chalky, fine-grained, 
fossiliferous and pelletoid, mottled ~~th 

·-. . ' ;__;_.L-do].;omi ~e ,rJ;iom1(!?.;··r.i1hiJ?., br~wn; ~~j-lY lpminae; 
.. ~:·. c.· a lii:;~le , in..t.~vgranular. .poros:lty .. · · · · 

3,270-3,310 

3,310-3,320 

3,320-3,350 

3,350-3,380 

3,380-3,400 

3,400-3,410 

3,410-3,440 

3,440-3,490 

3,490-3,500 

3,500-3,560 

3,560-3,590 

1.j . i ...., • r 1 _= -._ .... - •. r __ [_;, C· .).': 

Limestone, creamy buff, fine-grained, fossiliferous; 
in part irregularly fine to medium grained and 
pelletoid; irregular stringers of dolomitic 
limestone and sugary dolomite; thin dark brown 
shaly laminae 

limestone, creamy buff, chalky, fine-grained, 
fossiliferous; in part pelletoid - algal(?); 
in part mottled with dolomite rhombs and 
grading to buff, sugary dolomite 

Limestone, creamy buff, finely fossiliferous­
fragmental; in part pelletoid; a little 
dolomite; crinoids and ostracods 

Limestone, buff, cryptocrystalline, some coarsely 
pelletoid; abundant small fossil fragments and 
algal(?) structures; a few vugs lined with 
calcite crystals 

Limestone, creamy buff to buff, fine-grained; in 
part finely to coarsely pelletoid; finely 
fossiliferous; in part chalky 

limestone, as above; dolomite, buff , sugary 

Limestone, light buff, fine-grained; in part 
finely pelletoid; small fossil fragments; thin, 
dark brovm, shale laminae 

Limestone, buff, cryptocrystalline; numerous 
crinoid fragments an:l large brachiopods; a little 
fine-grained pelletoid limestone; stringers of 
buff , sugary dolomite; oolitic limestone at 
3,450 feet; thin, brown, shale partings; 
scattered pyrite at 3, 480 feet 

Limestone, creamy buff, fine- to coarse-grained, 
fossiliferous-fragmental; in part pelletoid; 
seat te.red dolomite rhombs; crinoids common 

Limestone, buff, cryptocrystalline; a little buff, 
sugary dolorni te; a few small vugs lined vr.i. th 
calcite 

Limestone, buff, fine-grained; in part medium 
grained and fossiliferous-fragmental; scattered 
dolomite rhombs; a little pyrite; thin, brown, 
shaly laminae 
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Winterburn Formation 
(Tep at 3,590 feet) . - ' 

3_,596-3,.610 :belanite, light grey, finely~; in part 
with finely disseminated pyrite and silt; 
suggestion of fine-grained pelletoid structure 

. .... ·- .;. .. 

. . 
' 

.... ! 

;.}. 

·. ' 
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