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Summa r'x

The Peell Plateau study area lles between 65 and ,680 |
-_'latltude and bfetween 132 and . l”5 w longltude. e containe"
-a thlck sequence of sed:mentary rocks rang lng ln‘age from: Cam-—
- brlan to Cretaceous.‘ ThlS study is concerned wuth Canbrnan to
Devonlan strata whlch are consndered to have the most potential
‘..for hydrocarbon accumullatlons. All formatlons are ‘described ‘in"
detail. Also, publlshed nomenclature and correlatlons of the |
l‘)evo‘nia‘n se'ql.lences‘have .been revnsed.on ‘the basis of llthologyv,f‘

subsurface information and’ l'i‘mlte‘c‘l p‘ale_on‘oto'log‘ical data.

 BP Canada Ltd: and Francana 0i1 and &as Ltd. hold Permit
56933,"CQntai'n'lrig 26 ,332 acres in t:he Peel Plateau ‘area, i'mmed-‘”‘
gtdately east of the Trevo:r Range The most attractuve forma-—'.
thl’lS antncnpate under OF near Permit 5693 are the Ordov:cnan-‘
-Sllurnan Mount- Klndle and the Devonlan Cranswxck reef plays.

- The presence of a gent]e antlcllnal structurc on the permlt

together with possnble‘ reservoir, ‘source and cap rocks suggests

‘the perrmt may contasn exce]lent hydrocarbon prospects. e
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‘ alns, 6 sect:ons in the Rschardson Mountanns and 2 sectsons-”

in theIWernecke Hountanns was measured and descrlbed (F;gure 2)

ThlS reoort dnscusses the resu]ts of a fleld and sub-

surface study of Lower Paleozouc strata in the Peel Plateau

The‘Peel Plateau geolog:cal f:p]d party cOnducted a

‘istrat:graphlc and sedxmento]og:ca? study in. the MacKenzne,

Rnchardson and Wernecke Mountanns'i 1976. The area covered

by the f:eld party l:es between 65° and 68° N. tatitude and

‘between 1320 and ]360 . 1ong|tude (Flgure 1). A total of

43, 990 feet, represent:ng 19 sectaons in the MacKenale Mount-

' Stratngraphlc |nformat10n obtained from outcrop examlnatlon is
‘presented in 26 ComPOSlte sect:ons (F:gures IS‘LO hS) The

«locat:ons of outcrops examnned are shown on F:gures 2 and 4.

Outcrop samp]es were collected at every maJor ]ltho—"

Jloglcal change for a detalled mscroscoplc study. Fossul‘
ncollectnons also were made wherever possnble. MlcrofossrT

'fsamp]es were collected at severai crxtlcal horlzons to deter-

mlne the age of the strata. thholog:cal and paJynoIogucaI

Ty

amples were . used to determ:ne the hydrocarbon source quallty,

source type and degree of thermal matur|ty oF strata in the

Peel Plateau area. The posnt10ns of the llthologucal paly~
1nologscal and geochem|cal samples‘are shown on the CONpOSIte

-lstratngraphlc sectlons. o

'A]1}5ub5urface xnformatnon ava::able pr:or to Aprnl

1977 was Tncorporated into: the resu]ts of . f:e]d 1nvest|gatnons-

'fHuch of the subSurface data fs based on the exam:natnon of
‘cuttlng samples, cores and mechanncal ]ogs.‘ A set of‘eaght
‘asopach maps (anures 5. to 12) 'representung strata rangnng
;ln age from Ordov:cnan to Upper Dev0n|an ‘ns presented 'The
. -maps show thnckness dlstrubutuon and S!gnnfncant facues.

‘gchanges.j An area of |nterest for petroleum potentua] has‘

been outluned on Lhe acc0mpanynng nsopach maps. A few




;mportanh exploratory wells and outcrop sectlons are present-
ed on a series’ of flve cross sectlons (F:gures l3 *o 17) in

order to demonstrate the suggested nomenclature and stratng-’

raphy. One structural cross sect|0n (Flgure l8) From the

RlChBTdSOﬂ Mountanns to- Peel Plateau also shows some of the

changes in nomenclature accompanylng the fac:es changes. .The“

avanlable and’ accepted published nomenclature is used as much

“‘as poss:ble and a few new latholog:cal unats are introduced ln

(rlgure 3)

~ this. study.
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‘Purpoae 6f‘the‘5urvey

Thls study was ihit:ated‘to'obtain'ebecific geoicgi-
cai |nformat|on on the Lower Paleozo:c strata around the Pee]
P1ateau area and to app1y this 1nformatxan‘|n the evaluetlon

of the petroleum potentnal of the area, and speczfncally,

‘permlt 5693 ‘Permit 5693 located |nm=d:atel/ east of the
Trevour Range (]atntude 65 40"—_65. SO'N-‘and longltude | l
133% 520 35" - 134° 00! w.),‘cor:tain‘s‘ZG,BZZ acres and is held

: jdintfy by :BP Canada'Ltd; (86. 363%)‘ahd Francaha‘OiI‘and Gas

} Ltd. (13.637%). The mann objectives of the‘etudy-were to deter-

‘mune and/or obtain ‘the followung"“

1. ‘iCcunomlc potentual of the Paleozonc strata.
‘2.‘. Nature of. the facnes boundary between shelf
carbonatas and. basrnal shales. -
u3;“uCharacter|sttcs of potentlal reservonr rocks.
4. ‘lGeochem:cal and bnostratngraphlcal nnformatnon.‘
"S.e .Regional correlatlon, precxse datnng ‘and nomen-

clature of Devonlan strata-

Field Work

f‘Geologlcal fleld |nvesn|gat:ons were conducted in the'

3_'Pee1 Plateau area durlng the summer of 1976.‘ The party was.

' supported in'the fueld by a Bell Jet Ranger”206“ B hel:copter
‘prov:ded bv Okanagan Helicopters Ltd. and a Twin Otter chart-‘

- ered from Gateway Avaatlon Ltd Fne]d Aork was accomp]:shed
‘from,a;base camp‘at‘Margaret‘Lake,l‘:he party stayed |n the

Field‘fbr hsxdays ?rom Jujy 2 te'August 5. Durnng thss ppruod

33 days could be fully used for f|eld work 5 days were occupled

‘_ by mov:ng ‘and mak:ng camp and 7 days were !esc due to poor
weather.-, ' ‘ '

All members of the party stayed in‘the fieid from the

‘oegannlng to the end of fleld ‘work ‘and performed ’he:r tasks'

‘cheerfully.,: The party was composed of the folluwtng personnet-"

R
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.Strat:graphy

_anure h shows the regnonal surface geo]ogy of the

area covered in thts study : Cretaceous strata and Quarter-

ary dep05|ts Form the major part of the bedrork except‘along.
the Rxchardson‘MOuntalns to the west add the MacKenzie Mount-.
ains: to‘the south where a’ thxck series of Paleozoic strata .
&cr0p out.' Paleozonc strata are present in ‘the sub surface at’
depths rangung from less than 100 feet to more than 3,000 feet,
and are burled by Cretaceous or younger fornatlons.d Paleozonc .
. strata under]ynng the area progress:vely thicken weetward from“ﬁ
about 9,000,feet |n‘the‘0ntaratue H-34 well.to in excess of
%20,@00 feet in the‘Richardson-hOUntaine.'-

Flgure '3 shows the stratlgraphlc correlatron and
nomenclature of the Peel P!ateau area,:somelof‘whnch‘js‘newly |
fdef;ned, it has been‘compited from the present studyland"pubef

]ished information (A;:N. Norris, 1968;‘Len2'and ?edder, &972;ﬂ-
EdLudvigsen, 1972 Perry et al ]97&‘ MeQueen,:1975"D.'K. Norrfs;
‘1975)‘ Five stratlgraphxc cross sectuons (thures 13, 14, 15,
16 and 17) .and ‘one structura1-cross sectlon (Flgure 18), ‘aISOI

.- show somP of the changes in nomenclature accompanying the faCIes f
changes.‘ | | | |

Lower Paleozonc and Devon:an strata in the study area
fd:sp!ay '3 maJor faCtes change from she\f carbonates in the east'
to baStnal sha\es ln the west. The shelf carbonates, rangnng
".n ‘age from Late Cambrian to Middle Devonian, record alternatfng,t
‘transgreSStons and regre>5i0ns that have. resulted in unconfOrmitfe
bounded stratugraphnc success:ons (anure 3) In the. sha!e' |
uas:n graptol:tuc shales and arg:llaceous lumestones, represent-ul
ing the age equnvalents of the shel f carbonates, show a reason~ .’
ably. complete :tratlgraphic section. (Jackson and Lenz, 1962)

Oniy Mtddle Devonian strata are reported to be m|551ng (Bassett

" and :tout 1968 Lenz, 1972) but it is not known whether this
'7represents non- deposntoonal conditfons,‘erosron or Iack,of-pa]eon-
‘tOIOQ:cal data. | I R | |
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Upper Pa]eozo.c sedsments consrst aimost entlrely of

sandStones,lSJltstones‘and sha]es of Upper Devon|an to Htss:ss:-”

ppian age.

‘Precambrnan‘.

No attempt has been made to study Precambr;an_strata-
in Outcrop. Only one well, the At]antlc et al Ontaxatue H- 34
~has’ penetrated Precambrian. metasednments.p They ‘consist o.w
 3 430 feet of Srltstones, shales argxlllte; and quartz|tes.f”
‘The strata encountered in the we]] probably represent ‘the
aT:ndnr Group whnch is exposed at anumber of localities a]ong‘

‘Nahannl and Keele Ranges.
Cambrian

Cambrtan rocks are belleved to. be wldespread w:thln
‘the stuoy area, but have not been oncountered in any. wells.,
tln the only well to be dr:l]ed deep enough Ontaratue H- 3#,:
Cambrlan strata are mlSSlng and Ronn:ng dolomlte appears to rest-
id:rectly on- °roterozonc shales. Cambrean rocks are represented
1by &, 000 to- 7 000 Feet of |nterbedd d shales, sandstones and
‘ Iumestones at outcrop . to the 50uthwest of the study area (Frntz,
i]97h) Accordung to Fratz (197#) Upper Cambrlan strata are
.probably separated from H:ddle Cambrlan strata by an unconform-
ity. But this is dnffucult to prove because of a lack of:
fes':Is and the presence of faults at crnt:cal hornzons."lnl
the present study, approxsmately 897 feet of dolomntes wnth
"minor, |nterbedded shales underlylng the Ronning Group at- the

76-A section (Flgure 23, Plate 2) are tentatively dated as.
‘-Cambrlan in age... ‘ ‘ | k
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‘Ordovician‘and Silurian
"Ronnxng Group
H L " S The name. “Ronnlng Formation' was propoqed by Lnnk in

an unpubllshed report of a th:ck dolomnte sequence of pre—f

:‘,:‘:_ " "  sumed S:lurnan age on Mount Ronfnng, in tne VIC|nlty of Mac--

§ = ‘-dougax Canyon.  Hime and Link (1945) and tume (1954) raised-

o n‘}‘V' ‘the Ronnnng Formatuon Lo group status for the same. strata- '
E' graphxc nnterval. AR |

| Norford and Macqueen (1979) have shown that the Frank-
‘1|n Mountann and rount Kindle unlts are recogn:zed clear]y |
“wlthlnl*he type sectlon of the orngznal ”Ronnlng Format:on“.
at Dodo Canyon in -the MacKenz:e Mountanns. "in this study,
attempt has been. made to subdivide the Ronnnng Group into the“
Mount Kund]e and Franklxn Hountaln Formatlons in the subsur- |

face (Flgure :)

Franklim Mountain Formation

‘Introductlon

The name Franklln Mounta;n Formatnon was appl:ed by
W|l||ams (1922) to & thnck poorly fosszltferqus sequence of ‘ _
'-‘carbonatc strata The formatlon overlnes "Talus eoVered'beds o
o of the Saline Rlver Formatlon at its type sectidn‘near'Mopnt‘
.Klndle“ | R | -

‘Eduivalentsdof‘the Franklin Mountein'Formation are

present in the Iower part of the ‘Ronning Formatlon. as used .

by Tassonyy (1969) in the subsurfacewof thelstudy‘areae Mac-
queen (lS?O)‘and NOrford.and Hdcdueén (TS?S)fhave ehpwn'rhat
dtheﬂFrenkTin‘Mpuntain isdfeeognfzabre in outcrops as a sub-
‘Hpuni‘KInd!e unit nfitne‘ﬁonning Group‘;hroughodt the Frank-

1Tn Mountains”end_Canfon Ranges of the HéeKenzie Hountanns ‘
,nprfh-of‘thedShtH paraflel Norris (1975) mapped the Frank}nn‘:‘

in the study area.

Mountain‘FOrmatiun
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. L:thology

Hacqueen (1970) 5ubdxv1ded the Frank]tn Mountaln
Formatxon at the type sect:on in: Dodo Canyon :nto three .
‘distinct stratxgraphlc unltsr:‘{niascendlng order, these

‘ are the Cyc}ic‘unit,'fhe_rhythm?C'uhif'and'the:¢herty un;t}

The cycllc un:t consusts of pale yel]owtsh orange T
.weatherlng dolomltes with. verv poor porosnty and permeab:llty;
The cyclic character is best developed in the Norman Range -
(Macqueen‘7i969)' Aithough the cvc]es are less dnst:nct else-‘
where,toutcrops of the unit can be recognlzed easn]y over its

entnre area of. development.

The rhythm:c unlt conformably overlues the cycllc unztfi
and consists of strlkxngly rhythmic alternations of two. types"
of dolomnte. ‘The rhythmlc un[t xs characteruzed by a]ternatlons
of: S . h | R |

‘;(é) fine to medium cryshéllihe,'brownish4grey to

‘ 'light brown, commonly oolitic, locally quartz-

ose dolomite: or, rarely, ocolitic or bioclastic

grainstones and packstones wh:ch are elther over-r
~lain sharply by or grade upward lnto

(b)_.very fene crystall:ne, greynsh orange to brownish-
: © . ogrey, Srlty dolomite commonly with flat-pebble
- conglomerate ‘at the top. This unit is dusrlnctlve
in the field, because it normally EXhlbltS a
str:ped weatherlng character :

The rhythms 50 promfnen: Inhoetcrdp‘locelitIeShin':he
Frankl:n Hountasns and fronta‘ MacKenzie MOuniains Vafé'@eke'
d:ffncunt to recognize in the Internor Planns and generally are .
not apparent even in ‘continuous cores from the Subsurface.‘ Surffr
face weatherlng apparpntiy creates dsfferences between the two
‘types of dolomnte. In SOuthern Grea* ‘Bear Plaln the rhythm:c

nlt apparently is absent over a 1arge area.land tHe ﬂount Klnd]e _

 ‘Format|on dnrectly overlies the cycl:c unlt (Balkwx]l 1971),

The cherty unit is. a dnstnnctlve, flne to coarse
‘fcrystallune, thnck bedded dolomxre unlt whlch overlles the

rhythm:c unlt,nn.many parts of the Internor P]anns and the

Franklin and‘eastern‘MacKenzie-H0unte:ns, The. dastnnct:ve
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Thickness and Distribution

‘11;13_V

‘rcharactertst:cs of this unlt are the presence of wh:te chert

‘and’ drusy quartz, siiicified oolntes and’ Iarge s:l:c:fned
.stromatolntes. ‘

Contacts

At the base, the cycitc unlt unterbedded w:th red
gnd green shale. and mudstone character:stnc of the upper part
of the under]y1ng Sal:ne‘“lver Formatton.] The c0ntact, which

is gradatsonal and conformahle, is chosen arbltrar:ly at the’

‘top of the stratlgraphncally nghest bed of red or green ‘shale

or mudstone thCh s ftve feet or more in thickness (A:tken

et a},.ISTQ).

The cherty unlt is overlain by a regionai'unconformity

separat:ng Upper OrdOV|C|an basa] Mount (lndle beds from. under-

lying Lower.Ordov:cJan or older rocks.

“

"LThe-cyclic:unit_renges‘:n thtckness from about 150 to.

.k50‘feet. The‘unit‘is_khown to occur along, or to the eastl
‘of the Redstone Arch. No exposure of the cyclic unit occurs

in the type sect:on at Mount Klndle. It seems probable that

the cycllc unlt is covered by talus at the typensectlon. The

Cunit is m:ssnng |n,the area_of this study.

The th:ckness of the rhythmuc unit in 0utcrop5 in the.

‘MacKenzle and Franklsn Mountaln ranges from about 500 to <1, 600‘
‘feet, except where it has ‘been levelled by pre Devontan erosnon

(e.qg. south -end MacKay Range) i Norford and Mdcqueen (1975) re=

port thdt the average complete rhythm is about nine feet thnck

elthough the known range |s from two to 26 feet.‘

n the Atlantac Columbna ‘Carbon Ontaratue H-34 we]l
(660 23' 132 05'), zhe,rhytnmnc.un' ¢t is present between"
7 9&8 and 9 h60 feet-f ' ‘ .
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The th:ckness of the cherty un:ts are extremely varl-

ab]e,‘rangung from zero to about 800 Feet and are governed
beneath the over-i

‘,matnly by erosion related to unconformltles
_]yung Mount Kindle Formatlon, Bear Rock . or Gossaqe Formatlons,

Cretaceous strata, or the present P]elstocene “and Holocene

‘er05|on Surface.- The unnt is present between 6, 970 and 6 500

. feet in- the Ontaratue H- 34 well

T No- dlagnostlc fossnls wero found in the Franklln

.‘3Mounta|n Formatton at the type sectlon.: The basal beds. off-

|ng Hount handle Formatlon are recessive, sltghtly
These strata

"overly
1arg:l]aceous and contann coral and brachlopods.

were included in thn Frankltn Mountaan Format:on and were
L dated as Stlurlan by Unl]lams {1923, p- 783, 1963, p. 233-235),

but are consndered Late: Ordovac:an by Norford and Macqueen.

(1975}.

The lower part of the formatuon (the cyclsc un:t) has

not ylelded any d1agnost|c Fauna.l Aitken et -al (lS?h) have‘

'shown that the Saline River Format:on is comp]ete]y'grada-

;tlona! to the: overlynng Franklln Mountaln Formatnon and. sharply

‘over1|es the well-dated Lower and Hnddle Cambrlan Mount Cap

Therefore. the Salnne River Formatton e:ther is

Formatlon.;
‘or is uppermost Middle and Upper Cam-

_ ent:rely Upper Cambruan,
‘brnan. Thus, the overlylng cyclic unlt of fhe Frankl:n Houn-

tain can be conS|dered UppPr Cambrnan. The posrt:on of the

'-Lanbrlan Oroovnc:an boundary |s not known, |L-may Jne wnthtn the

- rhythmic un-t, or. between the rhythm:c and the- overlylng cherty o

units.



‘Mount Kindlée Formation

‘1lntrodu¢tibn‘

The Mount Klndle Formatuon was'de5cribed by Williams
:1(u922) from Mount Klndie jh the McConnell‘Range as Ya
“grey maqneSIan limestone,'compdsed in large measure o-‘the

‘:f055|l:zed remains of Silurian coral reefs'.

In the orsglna} (1922) descrsptlon of the Mounf Kind]e‘
‘ Format:on and in- subseduent‘studnes by Mn]lnams {1923, 1963)
a recessxve 1nterva1 at the top of the Frankl:n Mountann.
_Formatuoa was udent;fned as the top of the formatnon.‘ How-
ever, Norford and Macqueen {1975) recently 1nterpreted the
recessive interval as the base of the Hount K:ndle Formation
on the baS|s of the fo-lowlnn evadence.

The base of the recess:ve :nterva] ;s marked by a shallow

‘erOSIOn surface ‘beneath dolomite beds thaL contaln fragments
. of chert nodules and an apprecnable content of quart* s;lt.
Thns 5urface is a s;gnnficant d|sconform:ty that separates : .
the. basa] ‘arglllaceous dolomnte of the Mount Knnd]e‘.rom anu‘

'under]y:ng, stromato]:tlc chert bed tnat is part of the'Frank-‘
lln Mountaln cherty unit. ' |

o Li tho]ogz

Norford and Mcqueen (1975) subdnvnded the Houn; k:ndle

1 Formatnon into. three |nformal members atr the type sectxon.‘

" The basal member, 68 feet th:ck is recess:ve. It consxsts

of argnllaceous grey weathering. dolom:te wh:ch weathers
‘f!aggy,‘nodular and rubbly. Weatherlng co]ours are l:ghE‘ _
‘grey, 1:qht ollve grey, and yel]ow:sh grey.i Corals, Braehjof

pods, gastropods and eﬂhnnoderm debrls are present.u

The mlddle, resnstant member‘of‘the1M0unt K:nd]e‘is 212 :

o feet thick at the type section, and consists of‘th?n-tofthick
‘.bedded brow1|sh grey weatherlng dolomlte. The do!bmite‘is
"generally flne to med:um crystallnne, in part sucros:c and

.shows falr‘to‘guod |ntercry5ta11.re and vuggy pOFOSity.
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Colonial and solitary,cora]s‘ere‘common‘in-the_lower‘part;‘

many appeer‘to'be‘in growth poéitjon;

The upper recessnve member is 615 feet thnck and consusts

2of yeI]owlsh brown weather:ng, m:cro to-meduum crystallnne
do]omtte. The upper member is ]ess_trickly bedded and lacks

.the abundance of biostromal materiel that |s present in the ‘
“mrddle,‘reSrstant member.l In many of the coarser dolomnte unltS,
Lgranular textures |nd|cate derlvatlon from orlglnal lime= gra:n-:
stone or l:me packstone.o Localrsmall vugs,llned wrth‘drusya3
dcalcnte may represent ieached fossils." 'Coloniel and soTitary
.corals, tromatopor0|ds ‘and pentamernd brachlopods are found

‘ln the Iower part: of thls unlt, but most fossnls are poor]y
lpreserved. ‘

. The fo:mat:on exposed at the Solo" Creek sectlon of thns
report (Flgcre 38 P]are 3) is lacklng in. the character[stncs
of ‘the upper and. lower nembers at the. type sectlon. ‘However

“the strata are s=mllar to those of the middle member and con-~
'515t-of Inght grey weatherpng, bedded,JmaSSlve, very-f:ne_to-
coeree‘crystalline'dolomites;‘ THe'strata are often'fractured_
and show reir 1ntercrysta1]:ne and vuggy por05|ty (Pfates S 6.
'and'7) ‘Reef developments are present at the’ Solo Creck and
Canyon Range sectlons, (Norrug, 1967, Sec. 5, Plate h) -and

'cons:st of snl:cnfned foss;ls nncludsng stromatoporOIds, corals
‘jrand brachxopods. ‘

Contacts

The Mount Klnd]e Formaf:on is underlann by a reg:ona]

1 «nconform:ty separatsng basal Moun t Klndie beds from under- _
.ying Lower 0rdovac1an or oider rocks. The top of the formac
‘tion is overiain by anlun.onFormltm‘beneathlthe.Delorme'Form;-

tion.
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'Thicknes‘.s. and Distribution

B Thtckness and d:strlbutlon of the formatlon in the

study area are poor]y known due to the 1ack of . deep wel]
‘ control

The Mount Klndle Format|on is w1despread nn the'northeh _
ern Franklln and eastern HacKenzte Mountains and in the sub--‘
surface of the Great Bear Plaln, except where remov0d by

':‘pre-Devonlan and later erosnon. ‘ln the Interlor Plains, the

© Mount Knndle outcrOps near. Gteat Slave Lake (G K. WI11:ams

L 197h) and in the Hare Indian River- Smlth Arm area (Cook and
'Autken, 1971) Dlstrnbution of the formatlon in the Interlor

“Plaln is affected to a con51derable extent by erosnon ‘assoc=

nated {xth the sub Bear Rock or sub- Gossage, the sub Delorme
and the sub Cretaceous unconformxt;es. L

‘ﬂﬂil o
ln the type area the basa1 and middle. members of the
“nMount Kindle Formatlon conta:n abundant fossn]s ' TheSe
"fos5|ls represent ‘the Baghornla Thaerodonta fauna of Late
_Ordovncsan age. Foss-ls are rare and poorly preserved
“the upper member. A few pentamerld brachtopods are present ‘
hln the basal beds, these are Sllur:an and probab]y Early or f
.Mlddle Llandoverlan in age, but aSSOClated conodonts are’

‘1dated by Uyeno (Norford and Macqueen, 1975) 'as-‘Late Lland?.
oversan to Early wenlocklan

The upper 400 feet of the formatzon vurtual]y are
ubarrnn, ‘but: could be younger than Llandoveruan In the
htype sectlon the Hount Knndle Formatuon ranges ‘in age frc

Late Ordovician to Early Sa]ur:an (L]andover:an) and
possibly higher.




‘Ordovuclan and Snlurlan i

Unnamed Carbonates'f

A th:ck ‘res:stant carbonate unnt .s present in
I]Ityd Ranges W|thun the study area.‘ The outcrops were. brlef-;
.ly examined and ‘the strata are’ tentatnvely classnfted as the

“unnamed carbonate unlt“ deFuned by Norrord(196h)

-The upper and - ]ower boundaries of the unnamed carbon--'

ate ‘unit are reporteo to be unconformatble (Lenz and Pedder,

1972) . However ‘the contacts of the units are not exposed

at the. south l]ltyd Range sectzon (Flgure 34) .  The total

lthchnESs of the unit in. the. I11tyd Range is- in the order of

5,000 feet (Norford, 196#) ' Approx:mately 2,100 feet measured
.at the south 111tyd sectxon probab]y represent the upper part

of the unnamed carbonate un;trnn.the 111tyd Range area.]‘

_ The south Il]tyd Range sectlon (F:gure 18 FigUre 36) .
consxsts of a thlck sequence of lxmestones,‘whsch are lelSlble
The basal unit is 225 feet thick and
ck. bedded.and‘mass-
Strata of this

1nto three |1Forma1 units.
consists of light grev-brown,:mlcrntlc, thi
ive Ilmestones w:th occasnonal bnrdseye texture.
Iun:t are. lacklng in fossnls.- The mlddle unlt is 973 feet thick.

'It consusts of llght brown, generally fine to coarse crystalllne,

th:ck bedded, massuve and fossu]nferous llmestones. Traces of

" vuggy porosity are present.. Favosntes,‘stromatoporonds, so]it? e

ary corals, brachnopods and cr:noeds are.a common framework of

. the or:g:na] sednments. Foss;]:ferous beds are often :nter-

'bedded wnth very fxne to fine pelletondal 1|mestone beds. The

'upper unnt is 955 feet tthk and consists of llght grey, aphan-‘

‘lt!C ||mestones with a trace. of pellet01dal gra:ns and occasnon-.

‘ally common ostracods. Bnrdsayes ‘and n:crofractures are commonly

present._ No - megafoss:l ,.other than ostracods, were found in

thls unut.

Thsck success:ons of dolomutes and lnmestones are.re~

ported to be present in the Ogilvie, Wernecke, and whlte Moun-

tains, and‘nn the Keel and l]ltyd Ranges (Nor.ord 1964; NO?FIS, 

1975) : The unnamed carbonate unlt is belneved to range in age~‘”

'from late Cambr:an to Hndd]e Devonlan (Lenz and’ Pedder 1972),



Road River Formation -

LTntroduction
l The term ”Road RIVer Formauon ‘ was proposed hy Jarkson
and Lenz (]96?) for Upper ‘Cambrian to Devonlan stra*a of alter—
“natlng dark coloured graptolntic sha.es argiilaceous ]sme—.
E ' stones and subordinate amounts of chert,‘ dolomnte, siltstone
and sandatone beds. " The type section of the format:on is on
'ﬁ,il o Tetlut Creek fFlgure Ly of this report) a maJor trnbutany’of
SZ L ‘1 0 the Road River on the east. flank of the Rlchardaon Hountalnst
ﬂ  EI o “_'Later, Norrls, A, W (1968) proposed the term Prongs Creek
B

" Formation for the Devonxan portion of the or|g|nal Road‘River‘

Formatton.l Norris, A. W. (op. cnt) applled the name to the_
.'sequence of the dark shales, dark argnllaceous llmestones,‘i
cherts and carbOnate debrls beds of marine orlgln whlch over-i

1|es graptolltuc shales of the Road River Formatlon and are.

in turn overlann by dark, typ:cal cherty beds of the Canol or"

Jmperna] Formattons. " The: contact between the Road River and

Prongs Creek Formatlons was drawn smmedrately above MONOQFdPtUS‘

..igkonensns, Jackson.and Lenz, which ;s‘the_youngeat graptalite

in the Road River Formation; Coe L

Norris D. K (1975) and.Macqueen (1975) rejected the

.Eih_' “_‘term Prongs Creek Formatlon on the basis that the formation is
neither a mappable unit nor is there a maJor latholoqnc break

3‘betwe¢n the Road River and. Prongs Creek Formatuons. Macqueen‘
(1975) reports that there is no recognlzable compos:t:onal-‘

change across thus contact.‘ Furthermore, M. _yukonens:s is

'3now known to range through most of the Lower Devonian. Thereer

fore, the defnnltnon of. the formation boundary on the basic of

the htghest occurrence of graptol:tes does not o:ncnde w:th o

Lhe or|qsnal placement of the base of the Prongs Creek Format|on. 

‘ The concept of the Road aner Formation, as or:gsnal]y
tdefnned by Jackson and Lenz (1962) is retalned in this report.

‘The name‘Solo‘Creek member IS |nformally proposed for a-: sequence‘
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of megabrecma carbonate debms blocks and beds u‘n "the'Roa“d"

Ruver Formatlon. The type secenon is located at Solo Creek,

. xmmedqat-ely west _of the Trevo:r Range ‘(thure ,33, Plat_e 18).
' Synonyms‘ “.‘_ %

1. Lower part of the Battleship Formation in the Snake
o "Riv'er‘are‘a (Ziegler, 1‘967)'.‘ | | | |
Pron'gs‘Cree.k FOrmai:i'on (Aw 'Norr-is, '1968)‘ ‘
LCranswick Formatuon as mapped to the west of the
"Trevon' Fau'lt {D.K. Norris, 1974)

Upper member of the Cranswtck Formatlon in the Snake
- River area (A.W. Nor.rls, ]968). '

‘_ L:thology

At the type locallty, Norford (1964) subd:v:ded the Road
River Formatlon “into two thlck mforma] members. The lower
~ member con5|sts ¥ moderately reSIStant lxmestones and arglll- |
“"aceous llmestones. The upper member |s character:zed by more |
‘recessive shales, arglllaceous llme.-,tones and bedded cherts.
‘This ‘in‘f"'ormal. subdlvlrs:on_ls ‘apparent at a number._of sects_ons"
reported by'No‘rFord“(lSBh) ) Howe\‘rer,‘ the two members are not .
c1early recognxzable un a few sectlons locaeed near Lhe carbon-“
" ate shelf margnn, such as the Knorr Range East “B" (anure 34),

Knorr Range South East {Flgure _,5) Solo Creek (Fsgure 38) and |
Peel Ruver East . (F:gure 39) sectnons. ‘

The form'atiOn'co'nsists OF dark, basinal: sha]es, pelagnc
Ilmestones, p]atform-dernved megabreccnas clast:c lnmestones,

‘ carbonate mounds, and minor amounts of bedded cherts.

| The sha]es are black to dark grey, well bedded, paper |

thin to 1 :nch tthk and very. b|tum|nous. The :,hales are

often nnterbedded w:th thin peiagnc 1limes tones and munor bedded

. cherts (Plate 17) The non- calcarcous shales are commonly sili=
.ceous and" are F:ssule..‘ However the carbonate rich shalns_'
have poor part:ng and. often rontam arglllaceous .ltmestone
-_n,odules--‘(.“‘la;e 16)‘. G_rapto-llte.,,‘ cephalopods,itnarttculate

brachiopods, styliclina and. tentaculites are common fossils
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-_encountered in the shale]sequences._

All the pelaglc llmestones are dark grey. argnllaceous ’
llme mudstones and wackestones Wlth pelagic microfossils. The
]tmestOnes are we]] bedded, i to 2 feet th:ck and |nterbedded
regu!ar]y thh thlnner beds of dark shales. The wackestones

‘often show m:crograded beds.

' The bloclastnc lnmestones are light to'dark.gray andﬂ

‘form many of the thin beds nnterbedded with theﬁbaefnal dark-
“shales- Nearly all the very fine to coarse biorlastfc‘lime—‘;
‘stones show graded beddnng.. Interna] sedtmentary structures,
‘other than graded beddxng, are hornzontal Tamlnatlons,‘;ross-
‘bedd:ng (Plate 15) and- convo]ute lam:natlon5.3 The complete

interval sequence descrlbed by Bouma (1962) is occas:ona]‘
.present (Piate 14). The sequence conSIsts of five |ntervals"

from bottqml(a).to top {e) (Plate 14), as fol]ows{

Pel;tac :nterva] _

Upper |nterval of parallel ]amlnatlon‘
'Curreneerlpple lamunatlon L ‘
"Lower |nterval oF para]lel lahination'

Graded nnterval

“However various‘types of partna! or anc0mp]ete se- )
1‘qucnces are ‘more commonly encountered Angular to subangular,‘
coarse to fnne broclastrcs, shaie, chert and iumestone frag-”
Cments are present at: che baee of each sequence where the graded
‘lnterval is 1 to 2 anches tank ~ The bloclasttc granns are .
_usually broken crnnolds (snngle, double and cross hole types);
brachnopods, stromeeoporotds eorals and tentacui;tes. The |

“contacts of these bnoclastnc ltmestone beds with overlyung

~and underly:nn beds are sharp.

Dlst:nctlve.‘small ca'bonate mounds were observed in
the Road R|ver Fornat:on at a number of localnt:es on the east‘
‘flank of . the Knorr Range. .The . mounds are lnd:vndually iso- ‘
lated (plate 20) and appear to be confnned to a narrow stratu-

. graph|c |nterval. The. ca'bonate mounds range from. less than

25 to a max;mum oF 100" feet in height. and from hO to 300 fcet
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"w:de at the base. One carbonate mound was examtned in detall .
(Plate 20) and ' is approxlmately 22 ft. hlgh and 60 ft. w;de at
the base-' It is made up’ of foss:lsferous l:mestones wuth frame-.
‘work ranging from 15 to 45 percent “of rock volume. The . frame—
work consists of bulbous strowatoporo:ds, favosites, sol:tary
.-corals amphlpora, ech:nodern ossncles, uryozoans and algae-h"

‘The foss:ls are in a mud matrix w:th sparry calcnte cementa

Megabreccna beds and blocks WhICh are deflned here as
an lnformal member of the formatlon, occur in the Solo Creek
‘ (Flgure.38) Peel River East (Figure 39) and Road River (Fsgure-
l43) sections.. The clasts of the megabrecc1as are poorly sorted
‘5ubrounded to angular and fine. to large pebble 5|ze (Plate 19)
The megabrecc:a beds range in thzckness from 2 feet up to 10
feet. The megabreccia blocks are lacklng in beddlng character;
and range in width from a few feet to over 20 feet and in.
 height from 1C feet to over 30 feet (Plate 12) The blocks or
.‘beds are always enclosed in. the dark colored ba51nal rocks.‘\
" 'The framework of megabreccna ‘beds and blocks cons:sts of broken
'-stromatOporosds ‘corals,‘s:ngle and double hole crunoids, brach-
‘lopods, lnmestone ard chert fragments.‘ The beds are’ graded or
" non- graded and Have a sharp planar upper and lower boundary.
(Plate l8) ‘ However the large debrls blocks are non- graded“

and show depressed scour on the underlynng bas:nal shales’

(Plate 19).L The upper surfaces of the blocks are always ir-
‘regular.l ‘

-'The b:oclastnc gralns ortgsnated from fOSSllS that
tndncate a shallow shelf envnronment.‘ They are :nterpreted
as hav:ng been transported oa51nward as. |nd|vsdual sed:mentary“
‘partacles and mnxed with bas:n fossils. Bouma 5 complete and
~wvarious types of nncomplete uequences probably represent

deposvtson of a. s:ngle genetvc event from a turb:dntuc current

Megabreccla beds and debrtc blocks encountered in the
Road- Raver Formathn are very snmllar to those descrnbed and
"summarlzed recently by Cook et al. (1972) and HOuntJOV et a;
t(1972) These authors have been':nterpretung ‘the carbonate.
1debrls blocks as sndtcators of proxnm:ty to the margln of.

'reef complex or shelf margnnal carbonates HountJoy et al
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(1979) suggested that “the presence of megab‘eccfa interpreted

as debrns flows need not lmply hxgh relief, active tectonusn

. Or steep slopes that are freQuently‘env:s:oned for these pheno—d‘

ﬂmena.' They were- apparentlv nnntlated by earthquakes or tsunamis

and transported as submarlne debrns flow down low slopes :n -a

‘nmnner sumxlar to suhaerlai mcdflow“ o

The‘earbonate mounds have been”interpreted as‘“shalf
reefs” havang deve]oped on the flank of the- bonnet P]ume ngh
durtng Early Devonian time (Lenz, !97e, P. 328). Th:s unter--
.pretat:on was cha]]enged “ecently by Macqueen (lq7h) on the.
rbaSls that they lack an adequate frame work and. exhuoat no .
'1ateral facies change, such as core, back reef and fore‘reef-_
Macqueen (1974) has suggested that ""the nasses aopear to”bel'
banks or blostromes - nn s:tu accumulattons of pelletoud and‘
“other non- skeletal grains and loose calcareous skeletal material
hwhlch or1g|nally may have been c0nt|nuous“ Huwever, Macqueen
nhas dlfflcu!ty in explatnlng the present lack oF cont:nuuty

among the carbonate masses. All the: carbonate mounds appear 'to

have been dep05|ted as zsolated features. Abundant echtnoderm

: Sltesl
S on the sea floor and trapped suspended lime mud as do‘the sea

.‘grasses of modern carbonate bank envuronments.,

. ossncles probab!y formed ecologncal nlches at preferen;ra]

lt appears that
‘«he corals and strOmatoporosds rave played a minor: r0|e |n‘;he

.formatuon of the carbonate mounds.

L{tho]ogues, sednmentary seructures and fauna suggest‘

"1that the Road River Formation. was deposu;ed

in a deep viater. .
~ turbiditic matlne‘enV|ronment. The darker colbred ‘b?tuﬁinous”
shales and minor pelagic. iamestones indicate:deEp; poorly oxygen-

atcd muddy waters. ‘However the presence of carbonate mounds in

the: format;on sucgest that water depth was shailow at least

locally, to permit a niche for carbonate mound forming organisms..
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Contactsl‘

Ndf‘ord (]964“p éj”teported‘that the uppet coetact ef.p
the format:on at ‘the type local;ty (Flgure hh)‘lS an angu]ar
unconformlty beneath Upper Devon:an Cano] sha]e. There is no
phySIca] ev:dence To support an anga]ar unconformable relat:on—
"ship. In fact, it is a paraconformlty rather than, an angu]arj-‘
unconformtty. Hoﬁever the upper contact at Peel RIVEF West
section is a 1ow angle angular unconformity (Plate ho) Through-“
out most oF the area beyond ‘the erosnonal and/or deposnt:onal
‘1|mats of the Hume .and Snake River Formatlons, the formatlonfis,
paraconformably over]aln by Upper Devonxan Canol shale.ﬁ The‘  .
lcalcareous oraptollt:c shales of the Road River Formatlon can
be readily d:fferent:ated from the SIluceous and non- grapto—
‘Ll:t:c Upper Devonlan shales.

. Norford (196h) suggested tne.fontact between the two
.:nformal memberq of the Road River ‘formation is a dlachronous‘
lfacles bounda.y, on the bas:s of Tremadoc graptolltes‘zoneS‘

. (Jackson and Lenz,‘lsﬁz),_ which Qccqr nn‘the upper. part of the‘:“
plqwer member on Tetlit Cteek‘aﬁd-in‘the lower‘part of the‘upperm

membeflin the Peel River canyoe. ' ' |

‘The‘lower'contact is not present at‘the'type.section;-
due to a fault. But at TraTT Ri#er Road Rfyer'aﬁd‘otherz
‘localltnes :n the Rnchardson Mountanns,‘a thiek'se4uen¢e‘of‘
‘I:mestone genera]ly present in the lower part of the formatuon

is gradatnona} with shale, sultstone and sandstOne of Cambrnan,
age. | ' | ‘

Thickness and Distribution

i.pThe formation rangea in. th1cknesq from zero at the.
:depos?tfonal and/er erosiena! edge to a maximum thlckne S of
l'more than 8, co0 feet in the Ruchardson trough "In the type
sectuon, Jackson and Lenz . (1962) neasured a total thtckness of
2 985 feet whxch represents onlv‘the upper part of the forma-
‘t:on.' At the Rock Rlver sectson (136o 7' 18" w., 66° L8 N. Y,
'Tbutaide of thns study area,‘a thack sect10n of the fc.matnon'is

8, 700 feet and contalns strata From Cambrsan to ear1y Devon:an .

in age.'




25

The 1ower member of thD Fornat:on appears to be re-

Strlcted to the Rlchardson Mountanns, but the ‘upper. member was
deposnted over much of Yukon and Northwest Terrntorues.L The
formation is. we]l exposed in many oF the deeply |nc:sed streams
ton the f]anks of the. Rlchardson Mounta:ns and near ‘the Snake

'aner along the MacKenzne Mountann front. The vertical dus-‘

tribution of - graptollt:c zones (Jackson and Lenz, 1962), ‘and

subsurface well control suggest that the formatlon th lckens

~inal westerly dlrectlon from the shelF margcn to the centre

'lof the shale basnn (Flgure 8).

Age | |
~ According to Norford (196&) dendroid'graptolites and
trllobltes from the Iower part of the Iower memb on Trail

‘River |nd|cate the strata to be Upper Cambrxan (Dresbach) in

"age. The upper part of the lower member at the type sect:on_

~contains D:ctzonema Spp., whlch are :ndncatxve of lower

0rdovucnan age (TremadOC|an) fJackson and Lenz, 1962).; The

‘upper part ‘of the Road RlVer‘Formatlon yuelds Monoqraptus‘

sp E (M. yukonensis Jackson and Lenz, 1 963), which: is now.
known to range thrOugh most of the Lower Devonian. Based on
brachIOpods (Lenz, 1966, 1967), conodcnts (Klappe 196q)”

and tentartlutes (Ludvsgsen,‘1971) recovered from approx:-

‘ nately 200 feet |mmed|ately overlyang Honoqraptus‘ yukonensis,‘

the strata are dated as Emsnan in age in the’ Royal Creek and

Solo Creek: snrtlons.‘.Con51der ng b|ostrat=graph:c contrqls

- and stratigraphic_posnt:oh‘o' the Road River rormatxon‘in_the“

study area,‘the tbp-bf‘theiformataon is con51dered”to be lat-

‘est Emsian or earliest Eifefian in age.




Silurian and Devonian

. LI

iDelorme Formation

'I"'. o lntroduct:on

An‘nnterval of carbonate rocks which separates the

1Ronnnng Group from the Gossage Formatlon appears to be a

rnnw mappao]e unit. lhese carbonate rocks ars 1ltno1ogically
distinct from the’ overlynng and under]ylng strata.; The litho-

- ‘ log|cal character and age of the strata in the study area

‘ I : | appear to be S|m11ar to’ those of- the Delorme Formatlon, whi ch‘

“has its type localsty at the headwaters of Paste1 Creek in '
the Delorme. Range. At the type sect:on,_the name "Deiorme

was appl:ed by Douglas and Norrxs (1961) to a sequence of

buff and ]ngt brown weathering, th:nly bedded 11mestones,
1do]omltes and sbales that over]:e the wnxttaker Formatxon

and underlle the Camsell Formaf|on. A phyaxcal and bio-

_ stratlgraphxcal corre]atnon of the Delorme Formatnon from the

‘-typo sect:on to the study area has not yet been establnshed.‘

. Sznonzma
1. Buff un:t (Builock 1960} B
2. Upper. orange zone of the Bear Rock Formation,.Middle

grey zone and Lower orange’ zone of the Delorme Forma=

tion (Z: egler '1967)

'.3.‘~‘0ranae weathering dolomxte unit of_tne‘Gosseée Formation
(A'w Norris, 1968) . | o
. Orange and grey dolomnte unit (S 4 unit, D. K. Norris,

1975).

“Lithoiogy
‘Mithin the stody area the formatlon 3 marked by b

gins 'lan buff to orange weatherxng Lntt st both the top and

{ormally dcscr:bed as Upper and Lower units. of the Delorne

'E o bottam (Flgure 13). The two mappable orange umbers are in-
I .Formau;on.
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. The formatnon consxsts of buff to orange weather:nq,
faphanitlc to mlcroruy:ta]lunu‘dolom:te with mlnor llmestOne

and shale-(Plate 8) .+ The “blﬂmhtc is mednum ‘brownish grey,
thln bedded and well lamundtug: The‘wel] lamlnated strata
‘;are JfLen charactﬁr:zmd by algal Iayers (P]ate 9 ) blrdseye
Htextures rlpp]e marks (Plate 11), and mud cracks (Plate: 10) .
!Plnp01nt and fenestro:dal porosuty is occas:ona]ly present o
along,beddrng p]anes_of the 1am|nated strata. The llmestones ‘
are hedfum to cark greY;‘aphanttlc, general]y tlght -argllla—-
oeouﬁ‘énd'tnTnTY‘bedded; Very flne bloclastlc and pelletoidal
“1grainsware‘oftenﬁoresent in. the lsmestones. Shales are more"
“common in fhe‘Uoper-Orange Unrt,_whnch is characterlzed by
 poor outcrop. For. the most’ part; the formatlon conta:ns few
f055|]s. However,':n‘p]aces - some: beds contaan thln shelled

bréchfopods ‘trilobites, CrlﬂOlda, gastropods and. amphupora.;"

Sedlmentary textures encountered in the carbonate rocks indicate~‘

gdepOSlLlOn_in‘an lntertndal 7 suprat1dal marine enV|rorment.
eLfght“ooPoured lnte.beds of the shales were probably depos1ted
'|n a bhallow suotldal lntertldal envnronment.‘ Sha]low water

depths. are suggested by occurrences oF bxoturbated textures,
berachlopods and . amphlpora.“ '

" Contacts

Thc Delorme Furmat:on dlqconformably overlies the Mount

'Kindjesformapnon in much of the study: area.‘ ln parts of the:

MMacKenzie Mounté:ns an unconformlty Separates basal Delorme.

beds From underly:ng Cambrian or older rocks (MacKenzie, 1969
' and A:tken and Cook, 197k)‘ The base oF the De]orne rormat:on
i's craracternzed by ]lght greenush cvreyv phanut:c te mtcro--
:rrystallnne do]omlte and th:n :nterbeds of greenlsh grey or

| 'thocolate brown shales. Tnes strata are alway* a thick,

~covered interval wlth orange weathernng color.‘

,The}formation |s dcsconformably overlann by the Gossage
Fornetfon., The top of sthe formatton tS pncked at the top of

,the Upp:r Ordnge Unit, below a cllff form:ng carbonate sequence

——
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. of the Gossége Formation.

‘Thickness and Distribution

The Delorme Formatlon ranges |ﬁ‘thicknéss ffgm:a hakimuml
of about 2, /300 feet north of North Nahanai River to T]S‘fégﬁ“
fwest of Arctic Red RJver,(Gabr|¢1se,let al, 1973}1MacKen2Ie,L

1959). Mithin the study‘area; the formatioh‘is‘ébout l,O00j‘
"‘feet~th1ck.- l: is th‘present‘in the-Richardson Mpuntajns‘and‘_-

Bonnet Plume-RiVer areas due to facies chanQe“(Figufé 6).

No. dlagnostlc fossnls were Found in the Delorme Formatlon. o
HVHowever,_accordnng to Gabrnelse et a] {1273), and Norford and '

‘Macqueen (1975) fhe formatton was dated as Late S:lurzan and

Early Devonian.



Lower and Mldd]e Devonxan

'Gossage Fornatlon

‘lntroductuon

Tas SOﬂYl (1969) proposed the. ndme Gossage Format:on for“
‘llxmestonas and douomxtes, oveernnq *he Ronn:ng ro.mat:on and
underlytng the Hume Formation, in the Anderson and Pee] Plalns‘“
northwest of Fort Good Hope. The type. sectlon occurs betweenl

,87] and 3,460 feet in the R:chfleld 0;1 Corp. et a.‘Grand-'
 view Hills No: 1 Well, located at 67° 06' N 130° 52" W.

As re- defined in this report, the term'Gessage'Formetiohe
is applled to the carbonate fac:es of Hiddle and Lower Devon--
ian strata above the De]orme Format:on (see defln;tlon'nn this

‘3report) nd below the Hume,.Snake River, Cranswlck and Road
River Formatlons (Flgure 3). ‘ '

.Syhonzms |

N eDark grey zone of the Bear Rock Fornatlon.

C 1(Z|egler 1967). o - o

2. Strata overlyung orange weatherlng dolom:te unut of ‘the
' Gossage Forma.uon‘(A W. Norrns, 1968)

3.H;_Strata overlying upper orange zone of the Gossage
”Formatlon‘(Sm:th, 1570).

Lfthologgl

'TaSSOnyi;KT969)‘recéghfzed‘three1inf0rma1-member5‘
the‘Gdssage Fbrmatfch? the Iower Iimestohe‘member, the

-..dOIOm:te member and the upper pellet Ilmestone member. 

The lower llmestOne member cons:sts of. very pale, crnamy
brown or buff aphanltnc lumestone,‘WIth thln :nterbeds of
lnght green or bluxsh green, waxy, non- calcareous shalesﬁ Hsnor‘
beds of. llght or pale green, . aphanitic, slsghtly arglllaceous.
‘do|omste also are present.‘ in the typD sectlon, th:;_member

s 170 feet tthk and I;e% between 3,~90.and 3,%60,Fodt‘depths.
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'.Thelhiddle branidoIomiteinember is generally buff or-
brOWn in color but with some lnghter beds, occaslonally
",fairTy ca]careous, and‘flne to.yery-fnne cyrsta]]nne with
some intercrystalfine porosity.f In the type sectnon thisn

member is 670 Feet thlck betwe n 2 620 and 3 290 Foot depths.

The‘upper pe]letrlimestone Member is Variably‘argiTTa-Lf;d

fceous,_buff or light brown very fune grazned or aphanntlc
thh abundant llme mud matrlx. Pe]lets are up: to 1.6 mm
in dlameter and commonly made of coagu]ant lump Partlngs
dof bIU|sh greenp waxy, non -calcareous sha]e are comnon.' 1n
_‘,the‘type‘sect!on,lthls member is 749 feet thlek‘between‘1,87]!
" and 2,620‘foot,depths.l o | - |

_ East of the Rlchardson Mountains wlthxn the study area,
. the lithology of the Gossage Formatlon_ls typlcally that of
'“tne.upperfpe11et llmestone member and . the " msddle bedced dolo—
',"miteymember.‘ Thln a]ga] laminations gnd scattered small blrds-
.eyes‘are‘often present in the llmestone beds. Foss:]s are .
general]y rare in the.formatnon. However, abundant foss;ls
form 1oca]1y up to 60 percent of the rock volume.‘ They consist
Iof stromatopor0|ds favos:tes, alveol:tes,_b:l]:ngsastrea,-~ ‘
Czal Titary cora]s, brachlopods ‘coenites: ‘and cr1no:ds with s:ngle,
doubxe and cross-lxke axial holes.‘-The amount of do]omlte in
. the formatlon varies c0nsnderably From the type sectuon to the
tudy area -and appears to . progress:vely decrease toward the

"‘shelf margln as outltned on the accompanylng map (F:gure 7)

‘ thtle informarion is ava:lable regardung the exact
boundary between Gossage. helf carbonates and Road River basin-
la] shales in the study area. i f |nterpreted as a fac:es change.
it is possnble to cnv:s:on reef development along the shélf

‘1margln-]'rhe reef facncs of the Gossage Formation’ |s termed the
. Cransﬁnck Format:on dlscussed elsewherc in th:s report. ' ‘
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Contacts
Accordlng to Bassett (3961) the~lower7contact is every?‘
e “where sharp |n the centra] MacKenzne area and may represent a
H dlsconformlty. In the. central racKen21e R|ver reglon and the
'study area {(Chi,: unpubllshed data, crOss sect on. H- -H"),
regnonal unconform:ty separates the Gossace Formatlon from
| _ ~ older strata.h In the Mount Burgess area (66 02"N,‘139 35~ 37‘
il o _‘W) congTomerate beds of the Gossage Formatlon dusconformably

roverlle carbonate beds of Mnddle 0ronV|C|an Age.‘

| The upper contact of the Gossage Formatlon‘ln the ten—
tral MacKenzxe area is conformab]e w:th the overlylng Hume'
:.Formatlon. East of ‘the: Snake Rlver, the upper contact of the
format:on becomes progress:ve]y older, due to a westward fac:es
hange (Flgure 3). West of the Snake Rsver, the upper contact
‘of the formatnon is ‘with clean carbonates of the Cranswvck
-ormatnon. The Iower part of the C.answuck Formatlon |s o.der‘
‘than the Hume rormatnon, therefore, the upper boundary of the
'Gossage is d:achronous from older 1n‘the west and northwestlto -

Vyounger_:n‘the easta

Thlckness and DlStrlbUthﬂ

‘ The thlckness of the Gossage Format:on ranges from less

‘than 200 fee* to sl:ghtly more than z, OOO feet in’ the study

area. . At the type sect)on in. the Rnchfue]d oil Corp.:et al
.Grandvnew Hills No. l‘well the formatnon is 589 feet thnck
between the 1 871 and 3,460 foot depth The formatlon appearse‘
to reach a maxtmum ‘thickness of 2, 025 feet in the Shell Peel
"R. YT-M-69 well West of the Snake- R:ver area, at the Cranswuckﬁ
“East sect:on (Flgure 28) ‘ s only 153 feet th:cx.

Age

The. age of thn Gossage Formatnon near the type sectaon

ion HacKen2|e Rlver is uncertaln due to a lack of dnagnostac

fossul Owung to transgress:on on ‘the unconformable surface

‘tion become younger eastward ' The base of the Gossage Forma- :

! ' "of the De‘orme Formatlon,‘the lower beds of the Gossage Forma=-
E @tlon overlles the Upper Orange Untt of the Delorme,‘_'
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\‘whnch has been dated as’ Ea*]y Devonnan (Z:eg!er, 1967)

The top of thé‘Géssége Formation is older thén‘the
Hume ' Formatlon, ahtch is presumed to be in part of Late
Elfelian age.. The most distinctive forﬁ collectod From the*

'Gcssage Formatuon is the large smooth ostracod Maeller|tna can-

 adensis which is restr:cted o the early Enfe]:an (Norrls, 1968)

-‘On the basis of relative strat!graphlc p05|tnon (Fugure 3) and

"llmutﬂd paIPOntologlcal data,‘the formation ranges in age from
Lower to Mrddle Devonnan.“ ' '




“‘Cranswick‘Formation

‘lntroduct1on

The name Cranswnck Formatlon was proposed by Norrns‘
(1968) for a- sequence of ded]e Devonlan 1|mestones and minor
. sha.es overlying dolomltes uf tHe ‘Gossags Format:on and underr
| Iying dark sha]es of the Road River Fornat:on.' The type sec-
tnon IS located at the MacKenz:e Mountaln front immediately o
west of Snake River. (Sectlon 8, F:gure 26) Norrxs (1968) |
1‘created two ‘unformal members of the formation. ‘The upper
‘ member'conS|sts ofxblack, fine=- gralned llmestone and arg:lla-
.ceous }lmestone, interbedded with black, calcareous shale. ‘
:THe ]ttholog:cal characterrstlcs of the upper member are al-
. most ldentleal to those of the ‘Road aner Formation in’ the
-study'area‘and :t appears to be part of that Formatnon. .Therer_
fore, the term "Cranswick Formatxon in thlS report |s limited -
to. only the lower member. of the or:glnal Cranqwuck Format:on
I_of the the locallty. '

‘1‘.anonzms

1., Lower member of ‘the Cransw:ck Forﬂatxon (A W. Ndrrie,

(1968) .

2.“ Lower part cof the Cransw:ck Formatlon around the type‘
: locallty (0. K. Norrus, 1975) |

The CranSW|ck Formatlon consnsts of 1|ght brown to
brownish grey, aphanntlc to coarse granned thtn bedded to
"mass:ve lnmestones with minor shales.‘_The shales are dark
grey, calcareous,.well uedded % to ¥ foor thick ‘and bltu-:l
“munous. These shales are present near the base of the forma-.
tion (?late 23) The aphan:tnc lnmestones‘are dark grey, bitu-

ﬂ*m:nous well bedded, & to 3 feet thnck and are charactertzed by

traces'of‘osrracods, crino:d‘stems thin~ she]led brﬂchnopods
":and gastropods. Thin algal layers‘and bradseye textures are.
.,often.xn the laminated strata. 'The Eine to'coarse-grained
“well-bedded l;mestones are brownusﬁ to dark grey and 1} to

. 3 feet thfek.. The framework commonly cons:sts of bulbous
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sttohatoporoids;‘SDlitary'corals,ethamnopora; amphipora,

brachiopods, crinoids and very fine to fine bioclastic grains, ..

‘whlch form approxlmately 30% of the volume oF the 1|mestones

(P]ate 2&)

‘7Massive‘11mestones‘are Ilght to medlum brown, coarse-

. grained and. lacklng in- laminat;on. The ]lmestones cons:st of
‘maSSIve and bu]bous stromatoporo:ds ‘a]veol:tes, bl]lnng-
~ sastrea stachyodes and med:un to coarse grained blOclastlcs

‘11(P1ate 26) The framework forns up to 60% of the ‘volume of

the 1|mestones.‘ Abundant frame buxlders form a dast:nct:ve

margnna] fac:es around mos t bunldups.“

The narglnal facieswis‘aoproxiﬁateTy3400afeet_1ohg‘and‘

320 feet in helght (Plate 25) "The massive leestones toward

the Fore reeF facnes are snfluenced by abundant argnl]aceous‘:‘

e'materna]' WIth two hole crunonds, thtn shelled brachtopods and

'tentacu]1tes (Plate 28) Toward the lnterlor reef facies, the

llmestones become more, bitumlnous, bedded and decreasa:in‘

1f05513 content.l.

Reiative]y stable SeaeleVeJ conditions ptobably played'
a. maJor roie, at least locaily‘ ihuthe'development of‘éha]] |
sized carbonate buildups. However there is a‘strong‘pOSSiel

bility: that rapnd bubSIdence due . to synsed;mentary Faultung‘

'and tl]ting of the underlylng shelf would . result in at Ieast.‘

some:uhlck reefal development in the Cransw1ck Formatnon

Contacts T

*he 1ower contact of the Cransw:ck Formatlow fsip!aced

at the top of less resnstant dolor;tes of the Gossage Forma-

tion (P!ate 21) _ The upper contact is sharp with the dark grey,

- basinal t:nestone or black shale of the Road R:ver Formatuon.

The upper contact is not exposed at the type Iocalnty. The .

“top of the formatnon forms the top of the c1|ff formnng ]lmE“

stones.p




- Age

. ‘Thickness and Distribution

. As défined in th:s report,‘ the formatiéﬁ is 220'Feet" _
the type 5éctign (Section 10, Figure 28). The. formatlon ranges

:infth?ckneSS from 121 to‘ZSS-feet‘ih‘the type area. The

?distribufion |s poor]y understood in‘the sub- surface beyond the
‘type sectnon area. |

On the ba;ns of strat:graph:c pos:tnon and the: conta:ned

:féﬁna, such as corals, braChIOPOdS and the: d|st|nct|ve two and

four‘hoie crinoids, Norrls (1968) a9519ned the formatlon an. early

Mlddle Devonlan age. Accordlng ‘to Perry et al (]97&), the two- .

hoie crlnond oss:clec (?Gasteroc0na bucaula Johnaon and Lane)

l‘commonly occurr:ﬂg in the formation do not d efine a dlstanct |
‘blostratrgraphnc unit, although therr‘greatIconcentratlon occurs
in Ems:an beds. S o s
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'Snake River Formation:

I' "~ Introduction

o The name‘Snake‘River‘Formatlon is. here proposed for a

,sequence of Mlddle Dev0n|a1 shales and minor l:nestones whxch
:overlue the Gossage and Road R:ver formations and underl:el

" the Hume and,Canol‘lormatuons (Flgure 3).-'The tvype seethn

. le‘leeated ai”fnelfront_of the Hackenzle Mountains imnedlately.
:'-!' R ‘,'“west;df‘SnakeLRiver at 67° 23' N;\l33é 36"N'(Figure126 Plate

! _ ‘ '%29; Norrisﬁl968 Settlon 6). 'Thé‘nsmé is derlved from the_' o

'Snake_Rlver -a trlbutary of the Peel Rlver

”lSynon?ma
S ‘Hare ‘Indian Format:on of Norr:s (1568) SectzOn 6,
- “except the uppermost 445 feet between unit.72 and. 77
~and the lowermost 122 5 feet between unlt 1 and 6.
2. "Upper part oF the Battleshrp Formatron in the Snake
l .R:ver area (Ziegler 1967) . ‘
3, 'lUpper part of the" Prongs Creek Formatnon at tﬁe fron;
| “‘of the MacKenzle Hountalns around Snake Rlver area.
-(Smlth 1970). : o
| Unnamed Devonlan shale (Dsh) (Norrls, 1975)

~ Lithology

The formation‘coneists of lnght greenish brown to dark‘
:grex, buff to orange weatherlng 'shales and minor llmestonesr

.Outcrops are generally poor and reccsslve (Plate 33) “The
shales are well-bedded paper :hin'tolh lnfhes thick, waxy,:v
soft and very calcareous (Plate 35). The strata often con-

“taun spher:cal to elongate l:mestOne nodules (2 1nches lOng,

N inch wsde) near the top of the formatIOn Fossil tracks
are often pre,ent along the. bedd:ng plane of the shales (Plate
‘33h).- The aphanltlc lsmest0nes are very arglllaceous.‘bedded
up to 2; feet thick and. locally show boudlnage structure.n‘

.Bedd:ng StrlatIQGS occur rarely on the surface of



;37;.
arglllaceous 1|mestones (P]a;e 33) *h?n, very fine to'ane
‘bnoclastlc limestone beds are preSent and often 5nOowW wel!

fgdeflned cross bedding (Plate 32). The formation often con-

talns.brachﬁopods, trllobntes and solltary corals,

'to be dep05|ted in a. shal]ow marine env:ronnent as a small
.Imud delta that mlgrated progressnvely bas1nward.. A lack of
aciastic lnflux wath a shallownng of the sea resulted :n'thﬁ:
- depos.tlon of mlnor 1|mestone beds. Very f:ne to fine buo-"”_
clastxc grains of thinly bedded I:mestones ]:Lely orlgunated“.

from the shelf carbonates to the east. " The thlnnlng of the

formatlon IS, in part, probably re]ated to slow sedxmentatloni

of very Flne‘r1ast|c partnc]es on. the ‘flank of the mud delta.:

I . |"!=- l;ght colored sha]es -nth mnnor 1|'nesto-1es appear

Contacts.

The lower beds oF the Snake R:ver Fornatlon are always

,'poor]y exposed ‘and recess:ve. ‘However,_the.]ower contaet of

 the fcrmatlon-:s ‘easily recognizab]e from‘a distahce‘on'thef

basis’of its. buff weathernng co]or and recess:ve nature, io‘
_contrast to the underlylng black to dark grey shales or. 1!me-i
'sLones of the Road Rlver Formation (Pnate 30) and meduum bruwn
'I:mestones of the Gossage Formatlon.' At the.type ]ocalnty.
.the ‘base of the formatnon 15 in sharp cootact with s]sghtly
res:stant, b1ack ‘very argn]laceous llmestOnes of the Road R:ver

Formeg:on. . The upper contact of the formatlonrns pla(“d at the‘

e I ERD B

top- of buff weatherlng, receSS:ve 5na1es below cliff- formnng
foss:llnerous 1amestones of the Hume Formation (Plate 289) or

'olack, snlaceous sha!es of the Canol Formation (Plate 31).

 Thickness aﬁdfﬁistr?bution‘

”‘The thackness of the formatlon ranges from zero‘to“a o , ?
easured maxnmum of 1165 feet at the‘;ype <ect|on. Thickness
‘varrayxon rs-due, in part, to pre- Canol erosuon and as ‘2

ldire;tureSulteof‘deposTtion,.as‘demonstrated :n,anure-3.




The formation has a bell—shaped 1imited areal diétfibution‘ 
thhan the study rea. The thncker sertlons are 1ocated

'lmmedlately west of Sna&e RIVBT at the MacKenzle Mountalnif
front- ‘

Due to the Iack of paIeontoioglcal data, the precnse
age of the formatxon is d:ffucu]t to. determlne. Because it
over]aes the Road Rlver Formatnon, wH:ch conta:ns latest
Emsian or earlnest Enfe]:an Foss:ls in its upper part and is
'over]ann by the . Hume Formatlon conta:nnng leet:an fossnls,
‘the .Snake River Formatnon is cons:dered to be Enfeltan or
earllest leet|an in‘age. Ten palyno]ogncal samples from' 
the formation have been processed for palynomorphs. All the
samples were barren, exrept one. sample which contalned abund~‘
~ant chitinozoa. . The ‘sample (76 BC- 5) is located approxlmagely
‘9 feet below the base of the Canol Formatlon in the Black '
" Creek section (F:gure 30) '




‘ﬁpme”Fdrmation“

ﬂlntreductionl

_Formatuon and: under;nes the Hare lndtan Formatlon“ The .typeas

flecaltty is at the front oF the MacKenzue Hountasns on the

‘1.1 " Lower Rampart Tlmestone member (Hume and L1nk 1945,

ﬁtlon.at the type locallty. However, Tassonyl;(1969¥ dxvnded .
“the format: on into three members.i Taqsonyultreated Bassett! s;‘
‘recogntzable in mechanlcal logs with in: the study aree, cxcept
“(Flgure 10) The upper’ member consnsts of brown, ‘very fine
‘h and st:omatopor0|ds and argnllaceous 1nmestones with traces of
‘essentlally of grey to greenlsh grey, ca]careous shales w:th

‘,rhnn azg:llaceous l:mestones. rhe 1ower member consn ts of

‘brown mlcrc granned argnllaceous lamestonee and’ dark grey

> e -

‘res.,tant clean

The name ”Hume Formatnonﬂ was proposed by Bassett (196]
p..h86) Nfor the successxon of . fossu]uferous Mnddle Devonlan

]tmestones and in p]aces, shale that over]xes the Bear Rock
east branch of the. Hume River at 65° 20" 30'! N, 129° 58 ootiv.
Sznonyms

p.2h).

thhology

Bassett (19 61) gave a fuve Fold llthologlcal descrlp—
lowermost three dlv;suons as one single un:t, because of
frcquent Fac:es changes. Tassonyl s thrce members are easnly
the area colored-un b]ue on the: dcrompanylng Hume isopach map "
to medium- granned bIOC]aSLIC lxmestones w:th traces of coranb

ostracods and brachtopods.‘ The mlddle member i compand

rglllaceous shalcs with traces of cr:nonds _ostracods and'
brachnopods.. ‘ ‘

Canlacy,

o ———

The contact of the Hume Formatlon w:th the und rlyang

lumesconc of the Gossage Formatnon or WIth




‘the‘recessfye.shales oflthelsnake‘River.Formatjon iszsharps
'Bassett (1961,p. 487) reborted thetcontact'of'the Hune Forma-
tion w1th the overlylng Hare Ind?an‘Formationxi5’oohmon]y'

lsharp in the centra] MacKenZIe reglon and shows no. evndence

. of PFDSIOH. Wlthln ‘the . study area, the upper contact wuth

tho Canol: Formation lS sharp and may be dnsconformable

Thtckness and DlStleUthn

-‘ThetHumedFormatlon‘ls hOO feec thluk at rts‘type-iooal-
\‘ityQ ‘The thickness of the. format:on ranges from zaro. (Flgure“

1 30) to approxnmate]y 700 feet (Flgure 20) The formatlon is.

~well enoosed along the MacKenzne Mountatn front within the study
area {Plates 23 and 36) . Thelformat:onyls‘absent.|n the'l.D.E.‘:
Tree. River H-38 well and in the areas outlined on, the actom-:
“pany:ng anure 10, due to erosxon and/or non- dep051t|on dur-
lqng pre Canol. the. lt has wide d:strlbutlon and can ‘be rec-
709nized in the Horton River’ area to the north. To the south
‘L:nt can be traced to the ‘Summit Lake area of the Rocky Mounta:nsl
in the northeasfern BrltISh Columbla (Bassett,‘1961 P. 486)

The' eastern boun *ry is deflned by the present er05|onai edges‘

‘The | western llmlf is poorly known in the subsurface,,but is
'outllned on the accompdnylng map based on all avanlable informa-

1t|on'(F|gure 10)

 Age
.'Hosthevon?an specialfsts;anCWUding‘Bassett (1961)”
"Lenz‘(196|)‘dand'MoLaren (1962) have tentattvely dated the
:Hume Formatuon as early Mnddle Devonsan. Others,‘ancludtngd

Mledema (1962) .and House and Pedder (1963) favor a.late

Mudole Devonnan age. The Hume Formatlon is older than beds‘

‘con:a:nlng the leetlan brach:opod Le:orhynchus ‘castanea
"(ﬂeek) ‘and younger than beds contalnung »chlnodrm osslclesd
| dated as Etfelnan (Norris, 1968) Norris regarded the Hume
Formatlon as partly Enfellan and partly Gsvetnan on the basus
of :ts d:verse mega foss:ls and conodonts.l Lenz .and Pedder

‘.‘(]972 p 31—35) consndered that *he Hume Formatlon at Powell



.

Creek,- exceptlng the uppermost ih feét;‘us probab]y of E:fellan
age. Ormiston (1972 1975 and 1976) also presumes the Hume
Fp}matjon.to be 'in part of E:fﬂluan age,‘and in. part of leetnan

lage;



Pee]l River Formation’

:!htroduction“

The ‘name Peel aner Formatuon‘:s proposed for argn]la-"

'ceous 1|mestones and ca]careous shales whlch over1|e the
‘Snake Rlver Formatuon and underl:e the Canol Formatton (an—
“ure 15). The formatlon is thought to be enture]y tlme-
equiﬁalent.to‘the basinal: -facies of the Hume Formatlon (Flg-
ure IO)H The type‘sectlon i's the Shell Pee] R. YT 1- 21 well;
Jocated at 66° 10' 36'' N, 1347 18! 52"'w, The interval’
‘-between h 760 and 5, ihO feet at the type well |s ass:gned to
| hlS formatnon._ The format|on is llmated only to the sub-
surfare of the study area (F|gure 10)

‘Lithdldgye |

The Pee] R:ver Format101 consnsts of medxum grey to

brownnsh grey lnmestones and shales.- The llmestones are very

arglllaceous, ‘bedded ' and mlcrntlc and are Interbedded requl-f

arly with- thnn beds of med\um grey shale. The. strata often‘

“contaan brachlopods crxno:ds and ostracods. ‘Sedtmentary

structures and Lextures are not menttoned here due: to the

abSence of cored nntervals representnng the formatnon in the

5ubsurface.‘ The env:ronment of deposut:on of the Peel Rtver

ﬁFormatlon is nnterpreted to be qunet mar:ne and below wave‘
fbase.‘ ‘

Contofts
The lower contact of - the formation is conformab!e w:th
the !:ght greennsh brown shaies of. the Snake Ruver Formatlon.

‘The c0ntact is eas:ly placed on mechan:cal ‘logs at the base

of an arg:llaceous llmestone or ve ery. calcareous shale overlytng
the Iess calcarecus. sha!e of the-Snake Psver Formatnon (anu e
_15)1 The upper contact is. sharp with the overlynnq very raduo-

‘.ective, b]ack "ili-eous shales of the Canol Formation.




~ian and in part of Givetian age, which

Thnckness and D; trubut:onf“

The‘formation rangeS"in'tthknes¢”frow zero to a maxi-"

‘mum of 380 feet at the type well. Th:ckness variations

appear to be control]ed by pre- Canol erosuon. . The format:on

has a 1|m|ted aerlal dlstrlbut:on in tne subsurface along the

‘east sude of the Rlchardson Mountalns and west of the depOSl—:

tlon ]lmtt oF the Hume Formatlon'(Flgure 10)

‘  Age., 

1No‘pa}eoﬁfbjogiﬁal‘daté‘are‘availabTe fromEthe1Pee1‘“
RiVer-?ormétfbn, However;ion the basis of
‘gfaphicfbbs?tfon the-forﬁétfdn apbears to be‘in‘part Of‘EIfel—
‘ 1 is the‘timeFequTvéiént
of the Hume Formatnon. ‘ | o

its:rélative;stratiﬁ'




Upper Devonian

Canol Formation

introduct ion

'Thé ‘t‘e‘rn “Ca’n“oi Formation" w‘as nngroduced by Ba:.sett
(196]) for the black shale unit whlch drrectly over]:es the
Ke° Scarp Formatnon or the Hare Ind:an Formataon where the‘
‘Kee Scarp is mlssmg. ‘The. type‘ sectlon |s 'located on the
ﬁorthwest side of Powe'll Creek at the MacKenzse Mounta:n
front (65 10' 30” N, 128 46' ‘ 0” H)

Sz‘noln'yms _
1. 'Bit‘umino‘t‘ss "fort . Creek shales in the 'R‘amparts -
~ tarcajou érea (Klndle and Boswbrth,:lSZ])'

2. Bstummous zone of the Fort Creek "ormatmn (Hume
~and Link, 1945, Hume, 1954)

u:hblog.z' |

The formatton at the type sectnon cons:sts of dark :
grey. to b]ack ye]]ow and rusty-brown weatheran, s:]nceous,
~ thin _lbedded, f:ssnle and predomlnantly non calcareous sha.es

(chi, 1975). | L

‘The lithological c'haracte_ri‘s't.i“cl's‘ pf."the formation in the

. study area are similar to. those at the’ typé 'section. The "sha‘le.s-y‘\ :

are oranqe brown and rustv red weatherxng contain ironstone:
nodule" and haee brnght yeHOw 5ulphnde and whlte mneral c'oat-.
'ings at scattered lntnrva]s. The sha!es are papnr Lhm to I
~ inch thick, f‘l.SS‘l]_E and locally mterbedded with thin, .‘,bla‘clg
"cher't"‘b'e.'ds T'he'.cdno] beds become cherty ‘towa'rd the Ri«cl-':ar‘dscm e
‘Hountaxns nﬁ t‘he“P“e'e} Rlver West <ect|on (F:aure 22) the Trail
River section (Fugure 1}2) and the Tetlit Creek .»ectlon (Fiqure
26).° The cher; _beds are black, evenly bedded and. up to 32
i.nche‘s‘ thiICk“" éhalcs near the base cf the formatnon at the

Black Cr‘eek sectlon (thure 30) contaln a Tew tentacUhtes and
‘stylnol:na ' ‘
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W1despread and relatnve1y unuform l:thologlcal character-
istics of the b]ack shales of the Canol Format:on,suggeet

depos-tlon‘in a stagnant, euxi1ie‘marine environment. The_'

,occurrences of tentaculltes and styllolxna tn the format:on

further lndncate a subtldai narlne envnronment.

Contacts

The upper contact.with the‘!mper?aIQFormation fs fairly-

‘sharpjand_ib_marked by an irflux of greenish-gref siltstone
'andisanﬁstqne in the Imperial Formation. However ,the"Canol.

<5eds'érE'?ndistinguishab]e'from the lmper|al strata.in Union

Amoco McPherson B-35 we]l “where the‘CanoI contanns,COnsidere

ab]e S|ltstone.'

All‘published |nrormat|on appears to suggest a d:scon-'

?forn:ty at the base of the. CanoI Format:on (Plate 38) | The
‘Canol beds overlle progressnvely older Devonlan strata,“as

‘3‘|llustrated on. the accompanysng stratxgraph:c correlatloni"

chart. (anure 3) ‘ln the'centra] MacKenz:e area, the contact

between the Canol: and Ramparts Formatuons appears to be sep—

arated by a mnnor disconformlty (Pedder, 1975) The dlscon-
'formable contact between the Canol and the undcrlylng Pare

‘Ind1an and Hume Format:ons oute ropplng along the MacKenzne

Mountaln ‘ront has been demonstrated by Norris (1968) With-

in the study area, the shales of the Canol Format;on overlue
'graptoiute bearlng beds of :he Road Ruver Formatlon in the
1,Peel River: Wesr sectlor (anure 80, Plate hO) ' At thiéjloe_

‘calnny Monoqraptus vukonencns (Jackson and Lenz) - which fs‘as

"young as Emsian in age,,occurs approxnmately 80 Feet below theﬁ
top. of the Road Rlver Formation. 1f a Frasnian age - assngnnent
~for the base of the Canol Formatnon'ts correct Hlddle Levonxan

strata are |nte.preted as absent due to non-= deposvtlon or pre—

Canol erosion. However, there :s also a atrong p05<|b|l
thatfthe'base of the Canol beds nark 2 strongly dnachronous

facies bOundary rangnng from Frasnlan 0 Enfellan in age. lf

'-the scc0nd |nterpretat|cn can’ be confurned by paleonto1og:ca1
‘data, the lower contact of the Canol Formation with under!yung

Hare lndlan, Hume (Plate 39) and- Snake Ruver Format:ons (Platcs

3{, hj and 43) is a° conformable fac:es bouﬂdary.‘

A ,:'.




o SLg-

: Thickness and ‘Di‘slt'rEbL':tiO'n '

,‘ The . Can‘o‘l Formation is 45 feet thick at the type sectnon
(Chu,‘ 1°7S) and ranges in th:ckness from less than 20 feet to

‘a maximum of 1408 feet in the study area {Figure 11) . The

\rornatlon . wWas depcs:ted.ln aIl parts c.‘the area studled Hdw-

'ever, outsnde of the study area,“ the Canol strata are not pre-

.sent in the lmper:a] Nhnrlpool No. 1 pr and in rhe MacKenznel.t

Mounta:n "Front area, where the Imperlal Formatxon is in dlrect

_c:ontar.t with the Ramparts Formation: (Tassonyx, '1969, P- 91) or -
Swith the older Hume Formatlon (MacKenz;e, 1969, p- 225} Tassonyn'

'- belueves the absence of the Canol can be attr:buted to non--

deposntlon rather than pro-lmper:al erosion. MacKenz:e nenther

gave the exact 1ocatxons,'nor an explanatlon for the absence

- of. the Canol beds.l

: A 5‘3“3

in the Canol

o P ‘ MlcrofOSSIls and macrofoss;ls are 1ackan
_‘ "-‘.“"'.Formatton. Four palyno]ogscﬂ samp]es from the formataon have
been processed for pa ynomorphs, but aH
‘.Braun (1966) recovered the conodonts Palmatolepls and Poloy'lopho—

were barren. However,

B donta, sponge splcules and sxlleeous spheres of rad:o]arran‘
L orlgun from the formation at PoweH Creek. The m:crofoss-ls

I ‘ " have, been dated by him as: early Late Devoman (Frasnuan)

| Recently, Lenz and Pedder (1972) have conf:rmed a Frasnlan age-‘

n the’ bas:s of numerou.. conodont specaes recovared from the

A few tentaculltes and stylnowna

o

‘ ‘ S “same Powell Creek aectlon
. L ‘coHected near the base of the Cano] Format:on at the Black

-_‘_Creerc section have been Sent to specua}lsts for a detalled

."_study to determ:ne any sttatlgraphic va1uns. The exact age

the study a ea has not. yet been establnshed. “

of the ‘Canol beds i
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Imperial Formation

o =h7-

Qtlon has been nod:fned several times since, be:ng f:rs..‘recog-”
"nnzed by {-.:nd'ie and Boswor*h in 1921 (see Tassonyl, 1_969)., :
"_redefsned by Bassett (]961) it includes all Uppe'r Devdni‘an

"the.‘.Ca_nql Format:on and are overlain unconformab’ly by Lreta=
Hceo'usustrata. The type SBCtIOﬂ of the Ir'perual Formatlon is
"Iocated about 35 mxles west of Norman \Jells, DIStI‘lCt of Mac-. ‘

"Kenzu., on the impersal R:ver at the front of the MacKenzne

Int rodueti‘on

The nomenclature and c:efxnltlon of the imperial Forma-'

clastn: rocks and minor nnterbecded llmestones that overlze

Mountalns (65 .07' N, 127 51' W) .

A deta: ’ied stratlgraphlc study reveals that Upper Devon- = 3;‘%'2

ian strata enco:mtered in the study area. ere. lltholog:caliy
'dif-ferentl from those of the. Arperial Fornataon‘m the type
“area It ns antlc‘pated that a new nonenclature wﬂl have to-

N be c'eated for the intholog:cally dnstunctave, mappable, Upper

Devonlan clast:c unlt in the study area. However the rame

. "Imperlal Forma lon“ hdS been used for tho time bennq to de-

‘scrube Upper ‘Devorian strata, wnth_ouacreatung a new nomen-

clature in th:s study.‘

Sznonyms ‘

1. _Upper ‘part of For* Creek Sha‘ies -and ‘Bo"sworth‘. sandstc’an'e
‘and shale (K:nd]e and Bosworth. 19"1 , p.4bB, &88)

2. . Upper part of Fort Creek Shales and CarcaJou Mountaln

' beds (Ktndle - 1936, Hume and Link, 191&_5, 0_.34).

L3 o Upper Fort Creek Shales and !-‘mperia_!., Formation (Hume

and - L:nk 1945,‘9 34)

 ‘Li'tholo92'

, nhe lstholognc succession at the zype localnty of the

.Impe'_r‘tal Formatlon has been descr:bed recently by Chl and
S Rills (1974) . Bassett (1961) recommended that .tﬂhe‘ 361 foot‘




3 : “”succe55|on of dark grey shales contalntng small limestonef

_I! I concretlon whlch are not . exposed at the tYPe locality,
o - stould be added to the base of the formatlon

II:. o W|thn the study area-.the lnperial Formatlon can. be
- i‘.duvnded into. three unttS'la lowetfshale unit {C), a. m:ddle“
sands tone- shale unlt (B): and an upper shale unit (A) (Flgures o
‘15 and 16; Plate 4k). However, the three units are not ‘recog-
nizable beyond the deposntlonal limit of the m:edle unat, dS

;outl:ned on the accompany:ng map(Frgure,lZ).

‘The lower unit‘conSTStsnofwdark-grey, rpsty‘brown
weatherlng; nonecalcareoua; slllbeous‘and m?caceOUS shales
with very occasicnal thin; |nterbedded snlts*ones and minor
',‘tlay-lron nodules (Plate L8)Y. Strata are th:n, we’ - bedded
‘rlehlln organ:c materials ard show poorly defined lnnear mark-‘M
lngs on the surface of the bedd:ng plane. Many *hsn SEItstone o 1

: and shale beds are character|zed by convolute lam:natlons.

The mlddle un:t c0ns:s of conglomerateS' sandsfones,
"-s;ltftoneq and shales.‘ Slltstones are dark green:sh grey,_
'irusty brown weathernnq,‘well bedded 2 to . 6 inches'thick and

'often show very low angle cross lamlnatuon and Flow cast'
structures.‘ The strata contasn abundant, broken plant debrns.
‘Sandstoneilbeds exposed along the MacKenzle Mountain front . _
(Plate hsl"and the‘east side of the Rlchardson Mounta:ns (Plate ‘
h6) are yellow to. llght grey, orange brown weatherlng, very
‘flne to coarse gras1ed angular and poorly sorted. The stratair‘w
tare well bedded,iz 1o hpfeet th|¢k hard and non calcareous.‘
Most'grains are quar:;; blaek‘and green-cher:,.feldspar and |
rock fragments in a silica cement. However, at the Road River
~ wnorth section sandstonea ate lacklhg\ihfSillcalcement and show
isome_lntergranular poros Ty Sandstoneelencountered‘in‘Shell,"
‘Peel R:ver YT 1- Ol are creamy wh:te, very fine toyverf\coarae,
'gtaded angular to subangu‘ar poorly sorted and show approxi-
‘mately 8 to 15 percent poroJlty._ lnterbeda of sandstones,'

”‘SIItstones, and shales show! ‘nconplete or comp!ete Bouma (1969)
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‘.sequences.‘ The sandsfones grade upxard to sultstone and shale,

“which. form a complete flnlng cycle (P]ate k9) . ‘Each cyele

ranges from.less‘than‘one foot to 12 feet.cn?thICRness;t‘The

‘sandstones are generelly'greded_(Piete 5), often cross-Tamin-
‘ated (Plate 50) and show current structures commonly found as
sole marks (Plates 52-58).

Coarse grained'conglomerates are we!l-ekposed alonglthel

east s:de of the R:chardson Mountalns at the Traul River and

Road River north sections (F:gures hz and 45 Plate 47) Con-

7.g]omerates conta.n subangular to rounded peboles that are up to.

7 inches long and are composed of whlte quartz and whlte, black

‘and green‘chert.- The pebbles are in a poorIy sorted sandstone,

siltStone‘aﬂd cTey matrix. Conglomerate beds ‘are. up :o‘iS feet

thick. A few beds 1atera11y chanae rn th:ckness and graln 5|ze,

gand‘are‘]entlcu]ar in shape. Large ]oad casts flute casts,

gradfng and WOOd fragments have been:noted :n conglomerate beds.

The upper unnt consnsts of dark grey,'s:lghtly calcareous
to non- calcareous and mxcaceous shales with lnterbedd d silt-

stones and very flne sandstones. Organlc mater:al and dark

ecarbonaceous speeks are eommonly present, qt"ata are wel’
" bedded:and locally internaliy-eonvoluted. Sandstones are lnght

to wedTum‘grey; non- ca]ceous, poor.y aorted, angelar and

sl:ghtly argnl!aceous. qHtstones are usuallv present between]

‘sandstOnes and shales, whncb forn a fannng upward cyc!e. Each

cycle ranges from less than one foot to six Feet in thlckness.

Locally re- worked shale fragments are present in the aultstone”

beds.‘

Foss;llferous sandstonr and argn]laceous lamestOne beds,

“whnch are reported to occur ;n the central HacKenz:e aner

-reg:on {Tassonyi, I969,ICh| and_Hllls, ]974) are not present
in the study area. - ' ' ‘

" The lmperial strata near the type’ ;ectton area are

rgenerally characternzed by rhe coarsen:ng upward patterns. ‘THe

1shale, repreSenring deep water sediments are successnvely over— ¢

lain by ssltstonﬂs and s:lty sandstones dﬁp051ted in a near shore

marine environment. Th:s type of. coa'sennng upward pattern is'
“well known from the nearshore or fluvial marnne envnronments of

_.the Mississippi (Kolb and Van topik, 1966), Niger (Weber. 1971)
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and Rheone Rivers (Oomkens,_1967,‘1970)‘. The presence of horn
cofals,‘brachiopodSTand orinoids in sandstones and argnlla"eous
lamestones, which oocur‘at-the top of each cycl:c sequenc

*further suggest a shallow mar:ne envnronment.‘

. Tnc lltholog:fal characterlstlcs of the Imaerlal sthata.
;tndlcate the fornat:on was deposxted 0rogressnvn]y from shallow ;
marlne at the type’ sectlon to a deep water marine envsronment
-a]ong the Rlchardson Mountaans. ‘The isopach map‘of the Imperial
tFormatfon'(Fxgure 12) suggests deposition in a deep sedumentary
basin wath ‘an axis rOughiy parallel to the Rschardson Mountalns-?
The shales and minor lnterbedded snltstones of 'the lower unit
‘(C)‘are'deposits that result‘from the slow settllng of fine-
‘grained partitles in a‘quiet water. The absence of carbonate
‘ln these deposrts suggest that deposntlon may have been in deep
‘water below mineral compensatlon depths. Slnce the spore’ con-
tent in Sed:ments progressnve]y decreases w;th dlstance from

" shore in a marine enylronment, the abSPnce of spores in the o
1owerlunit:furtherlsu§gests:the unit was deposited |n‘an.~Ff—_'

- shore marine environment. | ‘ : -

| Thé oonngmerates, sandstones*and'shales'of the middle
unit (B). are characterlzed by an abundance of graded bedd ng,
current marklngs uncomplete BOuma sequences, ungraded beddlﬁg,
and c'oss beddlng.h The unlt is |nterpreted to represent a sub-
“narane fan depos-ted by turbndlty currents. 'The edge of unit

B, as outluned on -the accompanylng |sopach map:- (Flgure 12},
,appears to apprOxxmate the znferred deposatnonal limit of the'
submartne fan. Palyno.oglcal data‘and strat:graphlc‘cross=
'sectuon n- 0' (Figure 16) indicate that'the base of‘unit‘B be-
comes . progre*snve.y younger from the depocenter near the Trail
Ruver scnr:on {Figure 2&“toward the margyn of‘the submar:ne fan.
The maJornty of sedtments tn'un?t B may have'been”detived from

‘Lower Paleozoac rocks to the south and southwest.

- The !:thological characterlst:cs of unit A are very
snmn]ar to thOSe o. unnt C, except for m:nor carbonate in the
sediments. These suggest that unit A was deposlted above or

near carbonate compensatlon‘depths yn ‘a marine environment.




Conuacts

The 1ow=r contact of the Imperial Formatioﬁ with the

Caﬁpi is not eﬂposed at the type local:ty.“However the
‘cohtact ss commonly sharp e]sewhere and appears to bp cOn-
iformabie (Plate 31) Accordang to Bassett (196]) the upper
"contact of the FOdeLIQﬂ in.the Powell Creek, Hume nlver and
:Ar ct1c Red River sectnons is usua1ly marked by basal Cretace0us
‘stxmta.. The - formatuon in the southeast of the study area at
.Ithe Flyaway Creek sectton (anure 19) is overlaln by Cretdceouc
glauccnutlc sands.one (Plate 42). Norrns (1958) FCPOVtS that
along the east flank of the Northern Rlchardson Mountalns'
(67° 39 n, 136° 18'-20" w; 67° 27"28“ , 136_ 2412251 8v w)
a basal cherty conglomehate; dated ontspores as Permian. over-“
1|Ls the Impertdl Format:on.l tdngiomeraté b»ds‘outcropplng near‘
"the. top "of the Impernal Formatxon at the Road ‘River north sect:on
(Flgure 45) are tcntatnvely dated as HlSSlSS(pplan in age on the
basis of spores.‘ Within the study area, the upper contact of thef

‘,format:on appears to be overlaun by Cretaceous. Pcrmuan and-'

Hlsslss.pplan Strata.‘ 

In the subsurface of thc study area, the upper contact

of the‘fOfmgt-on becomes. a subJect ‘of a pcrsona! “pick”, «here

‘Lhe overly]ng-s:raca are lacking in llthologncai contrasts

with the upper part of the imperial Format:on.

‘Thncmncss and Dsstrabut:on
rThe !mpernal Fo*ma:)on‘ih‘the stpdy aréa rapgés in

th?ckhe§;1from  Izqht!y lessrthah 2,000 féeﬁ to'more;than'

6,000 feet (Figure 12).  The zh:cknegs 6f‘th¢.formatidn‘iﬁ‘

the v:cunnty of its type ¥ocalnty is abou:'Z th’feet. !npertal

s;rata ar thelr equuvalents we e srobably dcpossted thrOughont

the study area. The thickness variation of the formtion may

bc part]y deposnt:onul and partiy due to sub CretaccOus crosuon.
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The age of the Imperial Formation at’ the type section

‘has been dated as’ Upper Frasnlan on. the bas;s of megaspores
lfrom the lowermost bed and low- mid Famennlan fromlthe.upper- o
most bed (Chi and H:l] 1976). At Powell Creek, tocated

approxlmatelv 7.5 mnles northwest from the type sectlon,‘brach-d

-:opods From near the bottom ‘and top of the formation are dated
lby Lenz and Dedder‘(1972) as’ FraSnlan and Famennlan respectuve-
‘-ly,‘ Megaspores and mlcrospores recovered from the lowermost bed
fef the Imper:al Formatnon at Powell Creek also support a Fras—

“nlan age (Chi, unpublished data) Twenty two palynoiogncal

samples from the lmperla} Format:on outcropp:ng along the Mac-

Ken21e Hountaln front have been processed for palynomorphs.

‘Due to a. hugh degree of carbonlzat:on and lack. of palynOmorphs,

‘no attempt has been made to determine the age of the samples.

. Twenty three palynologl.al samples From"the‘formation:7

'outcroppnng along ‘the east side of the Rlchardson Mountaans yield
-abundant, well preserved spore assemblages which’ are useful for
“age determunatlon.ﬂ The spore assemblages lndncate the Imperial -

" Formation ranges .in age from Frasnlan to Tournans|an. McGregor

(1970) also reported that the top of‘the Imperlal Formatlon |
encodntered in Shell Peel River YT J-21 is Tournausuan.‘ W|thfn

the study area, the top of . the format:on appears to range in

age from Iow mld Famenn:an to Tourna:snan, However, the bound-

B ary between the Devonian and HISSISSIpplan systems has not vet

been establlshed

R —
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 CONCLUSIONS ‘AND RECOMMENDATIONS

A1l data obtained during the 1976 field party and sub-
. surface lnformatlon avallab]e pr:or to Aprul, 1977' have con?
dtributed to. a better understandlng of the strataoraphy and
regsOnal geo]ogy of the area. - The nomenclature and correla-'
'tlon of DeVOnlan sequences in’ the Peel Rlver area have been

.rev15ed on the basis of lnthOIOgy, subsurface :nformatlon and
: ]nm;ted paleonto]oglcal data. '

The most attractlve prospects arf1c1pated under or ne ar
- Permit 5693 are Mount Knndle and Cransw;ck reef p}ays. The
Mount Kindle Formatxon exposed at the Solo Creek sectlon has

good. vuggy poros:ty in dolomltes and appears to be an obv:ous

potentlal reservoir. Three small CranSW|ck reefs are known to

occur 1mmed|ate1y west of Snake aner at the MacKenzne Mountann

front. 1'f. the Cransw:ck reefs in the subsurface :ncrease 1n:

thickness, porosity and size, ‘commerc:a] productlon of hydro-

carbons could be realiied The Road River . Forma*lon is con-

“sndered to be a potentlal ‘source and cap rock for the Mount
'Ktndle and Cranswnck reef p]ays (see. Appendlx, Geochemical

report). ‘The presence of a_gentle‘anttcllnal structure,_to-

gether with excellent reservoir, source anddoap rocks, is be-
“lieved to enhance the prospectiveneSS‘of‘the permit,
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Plate

View =2astward along
MacKenzie #Mountain front
immediately east of Snake
River showing recessive
Snake River (S! and Road
River Formations {Rd),
resistant Gossage (G)
and Delorme (D) Forma-
tions. '
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View castward along
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Plate 3

View castward over
Margury Dome on north- L
west flank of Trovor

Ranqge whowing porous ‘
- ‘ strata of the Ronning P
‘ Group. Lower part of
the Solu Creck section.
igure 38).
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‘Plate '3

View eastward over
Margery Dome on north-
west flank of Trevor
Range showing porous
strata of the Ronning
Group. Lower part of
the Solo Creek section.
(Figure 38). '

Flate 4 . . . . :
A‘pdrous;_doYomitized, s:romafopokoid bioherm in the Mount
.Kind}e‘FormatiOQ‘in the Canyon Range {Norris, 1967, sec.5)




Plate 5 A?c]ose#up'view.of large vugs lined with

secondary coarse quartz and calcite crystals

in the Mount Kindle Formation at the Solo
Creek Sectuon. (anure 38)

Plate 6 Good vuggy porosity of undetermined origin
lined with secondary calcite and quartz in
the Mount Kindle Formatlon at the. Soic Creek
section (F:gure 38)




A close=-up view of large vugs lined with
secondary coarse quartz and calcite crystals

.
in the Mount Kindle Forwmaticn at the Solo
Crecw Section., {Figure 38)

oo gy gy Y
Tirie | et h e
Lhiem Bevant Foiret e Tormat i g

‘.t,‘g[i\}l\_(\Fi[]UIV' 2.1).




Plate 7

A close-up view of vugs lined
with sccondary calcite and quartz o
in the Hount Kindle Formation of '
the Solo Creck section (Figure

38) . |
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Plate 8

View eastward showing
the low part of the
Delorme Formation:

along a major tribut~

ary stream approxi-
mately 3 miles west '
of Snake River.
(Figure 28).

Plate 7

A close-up view of vugs lined

‘with secondary calcite and quaftz

in the Mount Kindle Formation of
the Solo Creek section (Figure
38). |




Plate 9

‘Well ‘laminated strata
showing algal layers
and birdseye textures
in the Delorme Forma-
tion at the Snake River
East "B section. '
(Figure 22).

.Platé 10 Mud cracks on the top of we]l‘TamInéted
‘ dolomite of the Delorme Formation at the 76 A
secrion. . (Figure_23).' o ‘




Plate 9

Well laminated strata
showing algal layers
and birdseye textures
in the Delorme Forma-
tion at the Snake River
East "'B'" secction.
(Figure 22).

10 fMud cracks on the top of well la::‘.inutud_
dolomite of the Delorme Formation at the
soection. {Figure 23). ‘ '




Plate 11 Well laminated strata with ripple marks : -
in the Delorme Formation at the 76A ‘ 3
section. (Figure 23). i N

?!ate 12 Megabreccia blocks in the Road Rfver Forma-
' tion at the Pee! River East section.
(Figure 39). ' '




11 Well laminated str'ata-with'rippl,e marks
in the Delorme Formation at the 76A
section, (Figqure 23). :

Mecahreccia blocks in the Road River Forag-
tion at el River Kast section. '
AFijure 39).
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Plate 13 A close-up view of megabreccia blocks showing
poorly sorted, subrounded to angular and fine
to large pebble size grains in basinal, black
shale matrix at the Peel River East section.

(Figure 39)

Plate ih

Bouma's complete
turbidite sequence
showing five inter-
vals from'a'to'e'at
the Royal Creek _
Section (Figure 37}.




Plate

15

Bioclastic limestones in the Road River
Formatinn showing well-defined cross-
bedding at the Royal Creek Section.

(Figure 37)

Plate 16

Pelagic limestone
nodules in the

black shales of the
Road River Formation
at the Peel River
West section.
(Figure 40)




Plate 15 Bioclast
Farmation
bedding
(Figure

cCross-
ection.

Plate 16

Poelagic iimestone
i

nodules in the

Hlack shates of the
Road River Formation
st the Peel River
West sectiony

(Figure ha) .




Plate 17

Interbedded shales,
limestones and cherts
of the Road River
Farmation betweoen
1317 and 1937 feet
at the Royzal Creod
section. (Figure.




Plate 17

Interbedded shales,
limestones and cherts
of the Road River
Formation beiween
1817 and 1937 feet

at the Royal Creek
section. (Figure 37}).

Megabreccia carbonate beds showing a sharp

planar lower boundary with underlying black
shales of the Road River Formation at the

Solo Creek Section. (Figure 38).




Plate 19

A close-up view of
megabreccias showing
poorly sorted, sub-
rounded to angular
and fine to pebbtie
size framework which
consists of broken
stromatoporoids,
corals, limestone
and chert fragments
in the Road River
Formation at the
Solo Creek Section.
(Figure 38).

Plate 20 An isolated carbonate mount representing one
of a series exposed along a northerly trending
stratigraphic interval of the Road River Forma-
ion in the eastern Xnorr Range.




Plate 19

A close-up view of
megabreceias showing
peorly sorted, sub-
rounded to angular
and fine to pubble
size Framoewoark which
consists ol brulen
stromatoporoids,
‘corals, limestone
and chert fragments
in the Ruwad River
Formation at the
Solo Creek Sectlion,
{Figqure 338).
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Plate 19

A close-up view of
megabreccias showing
poorly sorted, sub-
rcunded to angular
and fine to pebble
size framework which
consists of broken
stromatoporoids,
corals, limestone
and chert fragments
in the Road River
Formation at the
Solo Creek Section,
(Figure 38).

Plate 20 An isolated carbonate mound representing cne

: of a series exposed along a northeriy trending
stratigraphic interval of the Road River Forma-
tion in the eastern Knorr Range.




Plate 21

View eastward over the
type section of the
resistant Cranswick
Formation (C), on the
skyline, poorly ex-
posed Gossage (G) and
Delorme (D) Formations
zpproximately 4 miles
west of Snake River
"just north of Mac-.
Kenzie Mountain front.
(Figure 26).

View westward over a Cranswick rcef showing
approximately 70 feet of build-up above well
laminated carbonate platform approximately 1
mile southwest of the Cranswick type section.
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Plate 23

Dark gray shales and
wel]l bedded limestones
near the base of the
Cranswick Formation
at the type section
(Figqure 26).
C—Cranswick Formatien
G-Gossage formation

Plate.zh

leestone (packstone)

of the Cranswick Formation
showing bulbous stromato-

poroids, solitary corals,

thamnopora; amphipora, brach-

iopods, CrIHCIGS and bio-
clastic grains in mud matri

at the Cranswi ck type sectton.
(Figure 26). -




Plate 25 View northward over a Cranswick reef
showing the marginal facies of the reef
approximately % mile south of the Crans-
wick type sectien. (Figure 25j}.

Plate 26

A clese=-up view of the
marginal facies of the.
reef (Plate 25) showing.
massive stromatoporoids,
alveolites, billing=~
sastraea, and medium to
coarse grained bio-
clastics. :




Plate 25

View northward cover & Cranswick
showing the marginal facics of
¥

approximately ! mile south o1t

rocf
the reef
the Crans-

wick type section. (Figure 25).
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sanliava
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Plate 27 A large cavernous puronity at
scction of the Cranswichk Formatiocn.
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Plate 27 A large cavernous porosity at the lype
scctiion of the Cranswick Formation.
(Figure 267 .

L
aboutil oot ! . Cotaler o with tao hole

Crobrtn e, - : Beaghropods and

tentlar ulbites,




Plate 27 A large cavernous porosity at the type
section of the Cranswick Formation.
{(Figure 26).
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Plate 29

View northward over the
resistant Hume Formation
(#) on the skyline, and
the recessive Snake River
Formation (S) on the north
side of unnamed tributary
stream approximately &
miles west of Snake River.
(Figure 26)

Plate 30 View eastward along MacKenzic Mountain

front immediately west of Snake River
showing the Snake River (S} and Road River
(R) Formations.
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Plate 29

View northward over the
resistant Hume Formation
(H) on the skyline, and
the recessive ‘Snake River
Formation (S) on the north
ide of unnamed tributary

tream approximately h

5
S
miles west of Snake River.

Figure 26)
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northward over the laperial (1), Canol
and Snake River (S} Formations at tihe
ack Creek section. (Figure 30}.

Plate 31
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View northward over the lImperial (1), Cano!
(¢) and Snake River (S) Formations at the
Black Creek section. {Figure 30).

Plate 32 Well-nedded shales and cross-laminated
limestone of the Snake River Formation
a: the Solo Creek Section. (Figure 38)




Plate 33 Bedding striation on the surface of
argillaceous limestone of the Snake River
Formation at the Black Creek South West
section. (Figure 32).

Fossil tracks on the surface of shale at
the type section of the Snake River Forma-
giow. (Figure 26).
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Plate 35
Woll-laminated, thin .nales at
¢ type scction of the Snake

iver Formation.
(Fi«_‘jure 26)
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Plate 35

Well-laminated, thin shales at
the type section of the Snake
River Formation,
(Figure 26).

o

Verzically dipping
jimes toenes of the
Hume Formation
immediately east
of the Snake River
fast ''B" section.
(Figure 22)




Plate 37 View westward over the unnamed carbonatc
unit of the South I1lltyd Range section.

(Figure .36).

Plate 38 A general view of an unconformable contact
between the Canol (C) and Road River (Rd)
Formations at the Trail River section.
(Figure 42). ' ‘
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View northward over steeply dipping
resistant limestone of the Hume Formation

(H) and recessive shale of the Canol
(C) Formation at the Flyaway Creek section.

(Figure 19}.

Plate 39

A gencral view of an angular unconformable
(C) and Road River
River East section.

Plate 40
contact between the Canol

(Rd) Formations of the Peel
(Figure 39). :




Plate 41

A close~up view of a
contact between silic-
eous bilack shale of
the Canol (C) Forma-
tion and calcareous,
greyish brown shale
of the Snake River (§)
Formation at the Black
Creek section.

(Figure 30)

Plate 42 A general view of an unconformable contact
beiween basal Cretaceocus glauconitic sand-
stone (K} and sitty shale of the Imperiai
Formation (1) at the Flyaway Creek scction
(Figure 19).




Plate i

A close-up view of a
contact between silic-
cous black shale of
the Canol (C) Forma-
tion and calcarvous,
greyish brown shale
of the Snake Riwver 3

J

Formation at the Bluacx
Crech socCction,

(Figure 320)
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Plate 43 A genera: viéw of the Cznol (€) and
: Snake River {S) Formations at the Black
Creek section. (Figure 30).

Plate L4i View'nufthward over the B and C units of
the Imperial Fuormation at the Black Creek

section. (Figure 30).




Piate\hB

interbedded, graded
sandstone and shale
of the Imperial
Formztion at the
Trial River section.
(Figure h2}.

Rob Adamowicz fof
scale.

Plate 45

A close-up view of resistant
sandstone of the imperial
Formation at the Black Creek
section. (Figure 30).
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Poorly oriented and well rounded pebbles
in coarse Imperial sandstone at the Trail

River section. (Figure 42).

Plate 47

Plate Ah8

Interbedded. shale and
siltstone of the Imperial
Formation at the Flyaway
Creek section.

(Figure 19).




Plate 49

Fining upward cycle from sandstone
‘to shale of the Impecrial Formation
at the Trail River section.
(Figure h2).

Piate 50

Planar crnss bLeds

in ¢coarse sandstone
of the lrperial
Formation at the
Tratl Aiver scction,
(Figure 42}, ‘
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_Plate Sf

Graded sandstone of

the Imperial Formation
at the Road River north
section.

(Figure 45).

Plate 52 Flute casis on the under surface of
‘ Imperial sandstone at the Trail River

section {(Figure 42). Current from lcft
to right. ‘




Plate 53 Groove casts (dfag marks) on the unde
‘ surface of Imperial sandstone at the
‘Road ‘River north section. (Figure 45).

Plate 54

Flute casts on base of
graded sandstone in the
imperial Formation at
the Road River section,
(Figure b45). Current
parallel to pencil from
. right to left. Lo




Plate 53 Groove casts {drag marks) on the under
surtace of Tmperial sandstone at the
foad River north scction, (Fiqure 45).

Flute casts on base of
araded Loandatone In Lhe
Py tal Povmation at
GG ver seclion,
(T w40V, Current 0o "
oaral el tor senctl From

HEER I
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Plate 55 Flute marks and load casts on base of "
tmperial - sandstone at e Boad Diwver :
. - - 1]
north section.. (Figure 45).
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Plate 55 Flute marks and load casts on base of
' Imperial sandstone at the Road River
north section. (Figure 45).

Groove casts and other'mérks of undetermined
origin on base of Imperial sandstone at the
Road River north section. {(Figure A45).
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Plate 5§57

Flute casts or longitudinal
ridges produced by current
scouring on the under sur-
face of Imperial sandstone
at the Reocad River north

section. (Figure 45)

Load cants with raadom pattern on the under

surtace of doperial wandstone at the Rood
River north section (Figure h5). ‘




‘Plate'ST

_Flute ‘casts or Iongltudlnal
rldges produced by current
scouring on' the under sur-
face of Imperial sandstone
at the Road River north
section. (Figure. 45)

ﬁ?wﬁﬂ

Plété<58‘ Load CaSta‘Wlth random pattern on the. under
- surface of: lmperlal sandstone at. the Road
River north sectaon (Fugure 45) .




-87—

PaTynolbgicaT Ana]ysis of Seleeﬁed*0utcr0p Sampies

Seventy three pa]yno]og!cal samples were processed .
aat‘Gebehemtca] Laboratorues (Canada) Ltd.‘ ALl palynomorphs‘
‘were idpntified by the-author. The-general L:tho1ogy of the
sec*aons studied consusts oF complexly alternattng sha]es,
'sn ' tstones, sandsfenes. conglomerates ‘and arg:!]aceous ]nmo—
 stores. Shales and siltstones were only used for the paly-
no1ogical study. An absence of palynomorphs in samples frOmY
‘the Road Rlver, Snake Rlver, Canol .and Imperial Formatlons

is lnterpreted to 1nd|cate that the sed:ments were depos:tedf
under foshore - marine conditions. ‘Geograph;cilocatnon,
stratiQrapHic‘ﬁqS?tion, fermatien'name and age‘nf‘the‘sanples
- are:

leaway Creek Sect:on (anure 19)

S DT 76~FC51,.ImperaaI Fm.,‘ 0 feet above ‘the base of
: o " the formation. ‘ - :

Barren

76‘FC5f2,‘meeria]'FmQ,‘77 feet above the Base‘pfs-u
' the formaticn. : : L RN

Barren

76-FCS-3, tmperial Fm., 130
: of the formation.

Barren:

76-FCS-7, imperial Fm., 247
D " of the formation.

Barren

76-FC5-8, lmperial Fm., 272
‘ o of the fOfmat'°“~

Barren

;76;Fc$59,.1mperiai Fm.. 307
S of the formatlon.

8arren

76-FCS~10,'1mperial'Fm;,3337 feet above the
| base of the formation '

fBar.-n
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' 76-FCs-11, imperial Fm., 411
g ' - of the formation.
Bafrenf

76-FCS-12, Imperial Fm., 422
the formation.

Barren

75%ch-1h; " imperial Fm., 587
Lo the formation.

‘Barren

76-FCS-15, Imperial Fm., 667
: ‘ the formation.
Barren .

Road River NorthfSectidn;(Fighre E5) 

2.  76-RRN-3, Imperial Fm., 23:feeﬁ above fhe:bése of
S ; the section. Cer . :
Ancyrospora sp

Auroraspora macroman:festusf

‘Calamorqpora sp.

‘Grandaspora vetatus

Hys rxcosporstes Sp.

Lophozonotru]etes crnstofer‘(Luber)-Kedq
L. spp. | |
Punctatlsporltes sp.

Spunozonotrlletes sp
age: LategDevoniaﬁ, Famehnién

76-RRNf4; ' 1mperia1 Fm;, 88 feet: above the base
o of the sect:on

‘Archeozontruletes sp.

Auroraspora macromanlfestus

Calamospora sp.

Lophozonotr:letes spp.

Retursotriletes sp.

Stenozonotriletes sp.

‘age: Late Devonian, Fammernian.




;§9;

76-RRN-=5, -lmpérjal'Fm;, 148 feet above the base of
I the section. : I ‘

Archeozonotr:letes sp

Anqyrospora 5p.

Broken fragmenta of Blhar:sporntes;

wGrandnspora velatus

'Hymenozonotrlletes Sp.

ﬂystrncosporltes.spp.

KnOXISporlteS 5p.

Lophozonotrlletes cristofer (Lubér) Kédo9

;fgi_lebedlanenSIS Naumova‘

Pustulat:sporntes -SPp-

Retusotr:letes sp.

Stenozonotriletes sp.
age:. Late'DeVOnian,‘Fammenian

‘76—RRN-6, Imperual Fm.; 238 feet above the
‘ ' the section.

AnCyrospora sp.

Auroraspora macroman:festus

UGrandusporLa velatus

Hystr|cosgorstes furcatus

Lophozonotr|1etes crlstofer \Luber) Kedo_

L. spp
Retusotriletes:sp.

age-. La;e Devonlan, Fémmenian

:[76fRRN-9, ‘ Imperial Formatlon, 926 feet above the base‘
of - the sectaon.

Ancyrospora sp-

. Auroraspora macromanifestus

_Akchaeoiohotriletés'Spp,

'Hystrncosporl*es Spp.

Leiotriletes sp.

‘Lophozonotruletes crlstofer (Luber)




(cont'd.)

Retusotriletes sp.

‘Stenczonatriletas sp.

age: Late Devonian, Fammenian

'Solo treek Sectlon (Fxgure 38)

17 . - 76-8C-1, Road Biver Fm.,696 feet above the base‘7
S ‘ . of the Formatnon. P
o Barren o o ‘
18. 76-5¢-3, Road River Fm., 881
S of the formation.
Barren | , - Lo
76-5C-4,  Road River Fm., 893
: ' of the formation.
ﬂBarrén ‘ D
- 76~-5C-6,  Road River Fm.,‘92]
o o of the formation.

Barren

Creek Section '(ngure 30) _
76-8C-1,  Snake River Fm., 80 f
‘ - of ‘the sect!Oﬁ

Barren o | | | . |
76-8C-2, ' Snake River Fm., 103 feet above the base -
S of the section’ S ; S

Barren,

"76-BC-5,7  ‘Snake aner Fm., 368 5 feet above the base'
‘ ‘ . “of the scctlon.f. C :

fDeSmochut;na,sp

€isenackitina sp. |
E. sp. 2 |

;Laqenoch:tlna sp.

'age: ‘Hnddie Devonlan Givetian. o
‘ ‘The sample lacks in spores. However,
it contains abundant chitinozoa :
assemblages which are similar to those
described from the mtdd1e Devonian
‘Hamtlton Formatlon by Legault (197;
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76-BC-9, ° Snake River Fm., 37k, 5 feet above the’
S ' of the secttUn. C -
- Barren 4 , R . .
76 BC 12, Canol Fm., 3. 5 feet above the base
_ of the formatnon.‘
Barren

76-BC—]8, f Ihpérial Fm. . 125.5 feet baveo the
: - of the formatlon.

Barrnn

76 BC 19, ;lmper:al Fm., 130 5 feet above the
‘of the formatlon.‘

Aurokaspora macromanifestus

Grandispora velatus

age: Many forms of pa1ynomorphs ara pr esent.

- "However, no attempt has been made to
identify individual species due to the
high degree of carbonization. Abudant
Auroraspora macrowanufestus probab]y
suggests a leet:an age.

Peel R:ver West Sect:on (Ungure hD)

f28,3 -76-Pw-9, Canol Fm.; 3 feet above the. base of the
SR . ‘formatlon o

Barren

76-PW-1, Canol Fm., 32 feet above the base of the
: : formatuon. :

‘Barren

Road R:ver Sectxon (Flgure 43}

30. 76fRRf15, jCanol;Fm., 1 Foot above the base of the
o T formation. .

~ Barren:

Creek Section fFagure 37)

76-RC-11, : Road River Fm.,IISZ feet above the base
‘ ’ Cof the formatnon.. :

Barren.

RangewEast‘Scct:on (anure 33)

76-KRE=1,  Snake‘R}ver Fm.; 130 feec above the base
. . of the formation., : ‘

‘B&rrén5_‘ . L : : ‘ ‘
YS-KRE-Z; 'Snake River Fm., 230 feet above the base
Lo _of the formatlon." S

‘Barren




_534,‘ 76fKRG-S;Q‘ Snake River Fm., 580 feet above the
o R fof the Formatlon.
| ‘Barren S . SN ‘ ‘ L
'35, 76-KRE-6; ‘ Snake'River‘Fm., 610 feet above the:
o T of the. formatnon, R E
Punctdttsporltes SpP..

Broken fragments of Chitinozoa |
' age: Spores rare and poorly preserved
“probably Gletuan

36. . 76-KRE-9, | Snake River Fm., 733 feet’ above the base .
: o of the formation

Barren s S .
- 37. 76-KRE-J3; ‘Snake River Fm;, 855 feet above the base
S o of the formatxon-
. Barren L ‘ : o ‘
38. 76;KREFZ3, lmperial Fm., 333 feet above the base of
. L ; the section. C ‘ o ’

Barren

Road River North Section

39.  76-RRN-3,  Uanamed strata, 1i feet above
T -+ the lmperial Fm.. ‘
Barrem T ,
" K0.  76-RRN-10, Uhnamed‘strata,,hG feet abovef
‘ g the Imperial Fm.
Barren | '

Peel Piver West "A" Section

' 76-PU"A”—2; Imperial Fm. 2 feet above the base of ‘the
: ' : : format:on. : '
Barren _ _ . C o
76-PWHAY~3, Imperial Fm. Il"feef above the base of the.
: : formation. . ‘ ' C -
"Barren ‘ - ‘ L - :
76-PW"AY-L4, Imperial Fm., 75 fcet'above?the base'of the
L formation. . ' B - ‘

Barren

76-PW"A"-6, Imperial Fm., 185 feet above the base of the
Cy S formation. o B S ‘

Barren
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76¥Pu”A“e8, imbefia] Fh.; 332 feet above ‘the base
7 the Formatnon.” : :

‘Barren

Peel River West Section

Le. - 76?Pw-16; Imperial Fm.,‘lod‘feetsaboVe.the-base
Do ‘ ‘the formatiqn., S -
Barren '

;Flyaﬁa17C%eek (North) Sectlon (quure 19)

k7. 76fFCNﬁ2, ~ Imperial Fm., 995 feet above the base of
o : ‘the format:on. ‘

Barfen ‘ s , Lo Lo S =
f76-FCth,5.'lmperIaI‘Fm.; 1220 feet,above'thé'Bése of
- : - the formation. = ' ' R

Spores poor]y preserved and carbonlzed
Abundant small spores hav:ng Iess than
50 u in size.

76-FCN=-5 . 'lmperial Fm;,:l335:fe9t5aboye the base pf 
S : ‘thc'fprmation.‘ o o SR ‘
Barren , . o ‘ ‘ R
76~ FCN 7, Imperial Fm., 1452 feet ‘the base of
the formation. - - S :
‘Bérren 7 o o S f
'76-FCN=8,  Imperial Fm., 2055 fest’
e ! . . the formation. ‘
Barren: L |
76=FCN-9,  Imperial Fm., 2175 feet
o - the formaulon.'
‘Barren

76-FCN-10, Imperial Fm., 2240 feet above the base of
’ : the formation. o ‘ R PR

Apiculatasporites sp.

Lycospora cf magnifica

Punctatisporites sp.

Stenozonotriletes: sp.

age: Upper Devonian.




76-FCN-11, p[mperia] Fm., 2388 feet above the base
o : ‘ of the formaticon.

Punctatisporites glabrnmarg:natUS

Retusotriletes 5p;

Stenozonotriletes sp.
‘ ‘jage:, Spores are rare and poorly preserved;
: Upper Devonlan ‘

_76fF6N512, imperlal Fm.,‘2k23 feet above the base
: - of the formatlon. B

"Aplculatatsporntes sp.

*Punetat|5por:ees sp.

fRetusotrsletes sp,

age- Spores poor]y preserved ‘and
carbonized, Upper Devonian.

River’ Sectlon (F;gure 42)

' 76-TRE-10, . lnﬂerlal Fm., 772 feet above the base of :
- .+ the formatlon. .

‘Barren- _ .
.76~TRE-12, !mperlal Fm., 986 feet above the base of
- ¢ the formation. L
Barren o : : ‘
76-TREf13,f‘1mperiaT Fm;, 1239 feet above the base
o ‘ . of the fo'matiOn.

" Spores rare,‘hsghly carbonlzed and poorly
preserved.

I76~TRE%15;( Imperial Fm;, 1306 feet above the basc.
' of the formatnon.j '

.Spo'es rare, highly carbonlzed and
poorly preserved.

76-TRE-16, imperial Fm., 1631 feet above the base

S - of the formation. ‘ T o

Barren . ‘ L | : R

76-TRE-18, ‘Imperial Fm., 1653 feet,above_the
- of the formatnon] ‘ ‘

Barren

' 76-TRE-15, Imperial,Fm;,:1897 feet above'thef
. : . of the formation. N L

Barren ‘ oo ‘ o Do
76~ TRE 2I ;Imperual ‘Fm., 2009 fe ‘above the
-of the fornat:on.l A o

sBarreh 
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76-TRE-22, Imperial Fm., 2102
: ‘ 3 of the;fofmation,
;Bafreh . S |
'76-TRE-27, Imperial Fm., 2520

~+ of the formation.
Barren _‘ S : ‘ ‘
76-TRE-28, Imperial Fm., 2515
: : of the formation:
. Barren :
76-TRE-29, lmper:a! Fm., 3264

- - of the formatlon.‘
76-TRE-31, . Imperia]l Fm., 4197
' : of the formation.
JBafren ‘ : :
76-TRE-35, Imperial Fm., 4818

. of the formation.
Bérren{ ‘ Co :
76-TRE-39, . Imperial Fm., 5752
-~ of the formation.

" Ancyrospora Sp.

Auroraspora macromanxfestus

Calamospora sp.

Hvstrlcospor:tes spp,

ﬁLophozonotrnletes cristofer (Luber) Kedo

L. Spp--

Lophozonotrn]etes sp.

Verruciretusispora magn ica var. magnlflca Owens

Verrudisporites-medius var. m|rutus

age: Late Devonnan, Famenn:an

76—TREfAO, Imperial Fm., 6083 feet abcve the base
' - of the formation.. :

Grandiépora:gﬁhlnata Hacquebard

Hymeno zonotriletes. iepidoﬁhytus

‘Hystrxcosporltes sp.,

'Lophozonotrlletes crlstoFer (Luber) Kedo

L. rJrntuberCUla'us

Retusotrnlete. Sp.

age: Late Devonnan;‘Famennian




76-TRE-41, impefial“Fm.;-ﬁ,JO feet ab0ve the basa
o of the formatnan.‘ :

_‘Archaeozonotriletes literatus

'fCalamospora Sp.:

Hym&nozonotrtleteﬁ Ieﬁidodh§tu$-cho

‘Lophazonotruletes crnstorer (Luber) Kedo:

L. rarltuberculatus

 Sp1noLonotr1letns uncatus Hacqueburd

‘5Verrucsretu51~pora maqnuf:ca var. magn:fnca

age' Latc Devenian, Famenn‘an

76-TRE-42,  Imperial Fm., 63 29 fcet above the base
Lo . . of the formatnrn. . :

Auroraspora macromanlfestus

Graﬁdisﬁoré‘echinata Hacquebard

Grandispora welata. o ¥

Hymenozonotruletc lepxdophytus Kedo

”4y;tr:cospor|tcs sp.

‘Lophczonotrxle:cs cristofer: (Luber) cho‘

L. cf rarttubcrculatus

Jage: Latc DCVOHIJH Fameénnian
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Geoohemical Ana]Ysis.Of SeieCtedJOutcrop Samples.

Twenty geocher:cal samp]es were proces ed at Geo-
chem:cal Laboratories (Canada) Ltd. to determlne the hydro-
;arbon source qualzty, source type and degree of thermal
‘matursty of strata in the Peel‘PIateau area._EGeographuc

,locatron, stratlg aphlc posutnon and formatlon name of the
samp]es are: ‘

Road. River Formatlon (Formatlon A)

‘Sample number %

1. 76 RR- 2 ‘ 25 feet abovD the base at the Road aner
o ‘ ‘section (Fsgure 43)

2. 76-RC—6; ‘ 7]7 feet: above the base oF the formatuon
o o : at‘*he Royal Creek section (F:gure 37)

76fRC910; 8## 4’eet above Roya] Creek Sectlon (Fugure 37)

76~RC{1T,:. 1182 feet‘above Roya] Creek Sectlon (Fzgure 37)
76-RC42C;C 1522 feet above Royal Creek Sectlon (Flgure 37)
576-RC-27; , 2362:feetfeb0ve Roya1 Creek Sectlon (F:gure 37).

76;50-7,f‘ 50“ feet above the base of the Format'on
- ‘ exposed at rhe So]o Creek sectlon (anure 38)

Y76fPW;7; “‘top of . the formatlon at the Peel River-we;t.
: : section. (Flgure 40) '

576fPRE-9, f 1763 feet above the base at’ the Pee! River
- East section (F;gure 39) ‘

Rlver Format|on (Format:on B)

e76 SC 1- C 460 feet above'the base of the formatnon at
the S<lo Creek sect:on (thure 38) .

76-KRE:5; - 4580 feet'above,the base of‘the‘formationfat
S the Knorr Range East section (Figure 33).

76~BC¥5; ftop of the Formation at the Black.CreekJ
Lo L "seCtion (Figure 30). ' P

Formatnon (Format:on C)

:‘76 Pw 9, base of the formatlon at the Pee]l River-West
‘ _sectaon (Flgure 39). S

.76-BC-13,#_:12] fee't above;the:base_of the formation at
© . the Black Creek section (Figure 30).
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‘Imperial Formatton (Formatnon D)

5. 76~ RRN-3, 23 feet above the base of the Road R:ver
R ' north section (ftgure L5).

16;-‘ 76-RRN-9, 926 feet above the base of the Road Rlver.

north sectlon.;

17. 76=FCUAY-~12, 200 feet below the top of the formation
T at the Fiyaway Creek sectlon (Flgure 19)

18. ‘7G-FCSf1, 10 feet above the base of the formation at

‘the Flyaway Creek sect:on (Flgure 19)

;13;“ 765FCS-5; _‘195 feet above the base of the formatlon at

the Fl/away Creek‘sectlon (anure‘19,

764KRE~2h; 442 feet above the base of the formation at
o Knorr Range East sectnon (quure 33).

i

The'resuits of a'geocﬁemicar s tudy prepared by Geochem
Laboraaor|es (Canada) Ltd are enclosed as an appendix in this.
report. ‘ Co P S
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‘ﬂYDROCARBON SOURCE FACIES - ANALYSIS‘
SELECTED OUTCROP. SAMPLES
PEEL PLATEAU REGION, NWT

SUMMARY .

An ocganlc geochemlcal study 1nvolv1nq twenty (20).outcrop

ramples from the’ Peel Plateau Reglon, NWT has indicated the -
follow1ng- ‘ : : ' a

Most of the samples studled are rated in terms of their
geothermal (time-temperature) maturation as very mature g
(stage 3 to 4-). Notable exceptions include Samples Cl47-
019 and 020 which are rated respectively as moderately
mature (stage L) ‘to moderately 1mmature (stage 2- to 2) .-

Most of the samples studled are also rated. as verx Eoor 011,
‘but good  to excellent dry gas (methane) source rocks. . Traps
laterally contlcuous with source rocks of this nature should
contain drx gas. (provided ‘that such traps have not been
breached since migration and accumulation. of the gas occurred) .
In cooler parts of the basin (possibly up depositional dip)
extensions of such source units should have the potential for
liguid hydrocarbon generation. Sample Cl47-010 is rated as
‘a fair oil and good condensate and associated dry gas source

rock whereas Sample Cl47-019 is rated as a good 011 -and”
assoc1ated dry gas source rock.: :

Most of the samples contaln sxgﬂlflcant amounts of sulphur.
Hydrocarbon products generated from these rocks should contaln
appreciable amounts of sulphur compounds.

!

: //1 ; : ¥y
It
C. M. James

General ‘Manager S L
GEOCHEM LAEORATORTES (CANADA) LTD.
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INTRODUCTION:

fThls report summarlzes the results of organlc geochemlcal analvses

carried out on a suite of outcrop samples selected from the Peel
'Prateau Reglon, N. W T.

The purpose of thls study has been to-

- 1nvestlgate the hgdrocarbon source rock quallty
- (richness, t type e) (gas versus o0il), and state of ‘
thermal maturity (pre-oil generative, oil generative,

or eometamorphosed) of the sedlments in- the samples
' tudled _ .

Thls study was authorlzed by Dr.‘B ChL, BP Exploratlon lelted

.Analytical‘

Twentj (20) Outcrop samples were Subﬁitted for analysis. On
arrival at GeoChem s Calgary laboratory these samples were - o
assigned the GeoChem Job Number C147 followed by sampie seguence

numbers —-001 through -20. - (These. samples have ‘been grouped by
Formation. ) (Table I) o

-Each of the camples was descrlbed in terms of 1ts gross llthology
(Table IV; Figure 1l). An crganic carbon analy51s was then per-
formed on each sample: (Table IV; Figure 1).  All of the samples
were subjected to /Cjg, soxhlet extraction. The Cis, extractsracts
were deasphaltened and the normal pentane soluble fractlon of each
extract was then subjected to quantltatlve and qualltatlve liguid ‘
chromatographic separation (which gives Cis+ P-N (paraffin- naphthene)
and AROM (aromatic) hydrocarbon and both sulphur and NSO’ (nitrogen,

‘ sulphur, and orygen—bearlng) nonhvdrocarbon fractions). ' Extraction
data are recorded in Tables Va, b and c and Figure 1. GC analyses
were done on the C1s4 P-N fraction of each extract where p0551ble
(Table VI; Figure 2). Vlsual kerogen assessments and vitrinite
reflectance measurements were done on each of the samples. The

sual kerogen assessment data are summarized in Table VII and on |
‘Flcure 1. The vitrinite reflectance measurements are summarlzed
in Table VIII and also on Flgure land Figure 3.

A brlef descrlptlon of the standard analytlcal procedures used in
this study is presented in Appendix A for the benefit of the more
interested reader. Interpretative charts are presented in Appen-
dix B. All analytical data, whether used in the interpretation

'of this report or not, are recorded. in Tables I through VIII.

These data are, for the most part, also plottec in Flgures 1l and 2.

; Figure 1 is a plot of geochemical parameters (total organic carbon,
Cis, extractable bitumen, visual kerogen and vltrlnlte reflectance)

which reflect source rlchness. These data are normally ‘used 1n




Table I

. IDENTIFICATION

Formation ‘Géoch‘em_Sample' Number ~ ‘BP Sample 'Nti.mber‘

A

C147-005
C147-006
C147-012
C147-013
C147-014
C147-015
Cl47-016.
C147-017

C147-018

C147-001

-C147-003

Cl147-011

' C147-002

€147-007

C147-004
C147-008

Cl47-009 -
Cl47-010

| C147-019.
' C147-020.

76-PRE-9"
76-PW-7 -

- 76-8C-7

76-RC-6
76=-RC-10
76-RC-11 '
76-RC-20
76-RC-27

76-RR-2

76-~BC-5
76=KRE=~S

76-SC-1-C

76-BC-13

76-PW-9

 76-KRE-24
76-FCS-1

76-FCS-5
76-FC'A'~12
76-RRN-3
76-RRN-9




‘conjunctlon w1th the various geochemlcal 1nd1ceb of thermal
maturation {(i.e., Cyjs, P~N/AROM hydrocarbon ratio, composition

of the Cjg4 P-N hydrocarbon fraction, and visual kerogen colour

of the plant cuticle), to assess the: hydrocarbon source character
of the sedlments-p The GC chromatograms resulting from the analysis
~of the C]5+ P-N (paraffin-naphthene or saturate fraction) hydro-

carbon are shown on Figure 2 along with a GC chromatogram of the
janaly51s of our standard oil sample.

~An additional set of all figures is appended in a pocket at the

rear of the report in order to aid the readex ln cross-rnferenCLng
the text with lllustrated data.

General Informatlon

Ten (10) copies of thls report have been sent to BP Exploratlon.
GeoChem retains one (1) ‘copy of the report for possible future
telephone conversations with authorized company personnel on

specific details of this study:. All data, interpretations, and .
other matters related to this study are considered highly con-
-fidential and the sole proprietorship of BP Exploration. Any.
guestions related to this study should be dlrected to C. M.
;‘James, GeoChem Laboratorles (Canada) Ltd

RESU‘LTS AND .INTERPRETAT-IONS

For the purposes of presentatlon in this *eport, all of the' sammples
'studied have been grouped into four Formations A to D (Figure 1
and 2). ALl pertlnent‘results are‘summaxlzed in Table IT.

A. State of Thermal Maturlty

Formatlop A .

The‘samples analysed from Formation A range from mature to
severely altered, and arxe given a 3- to 4- index of thermal

- maturity. This rating is indicated by several geochemlcal
indices of maturity 1nclud1ng the followlng.

_the colour of organlc matter as observed in our
visual microscopic examinations of kerogen isolated

- from the samples (Table VII; Figure 1l}). Colours
range from medlum brown to black.

jthe v1tr1n1te ref;ectance (Av % Ro) values as

' measured by microscopic examination of v1tr1n1te‘
isolated from the sediment (Table VIII). These
,values range from 1.19 to 2.71. ‘
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- Tab]e 11
Swnnary of Main Organlc Geochemica] Results

c],;,” o Su]phur ‘ . Kerogen "-',_7 Kerogen
Ex%ract' o ;Hygrocarbon— ppm -~ Type - . Alteration

Formation ~ % 0C
o  ppm o . ppm 1-5 Scale

38 w0 2% e s
gx - g . 9 o9 T 9 ,
(1.9 to 6.8),.(0'to-871) (0 to78) (0 to 477) .. N (1. 19 to 2 71) .
65 . 540 ;' 3 278 WM. 3to4 152
, , . . 77 _ & ot

(4.3 t0 6.7) (163 and 917) (20 and 26) (28 and 29 0 - (2w
1% B 1002 L o7 o 413 O NRH-AmW - 2- to 3F 1.36

(0 70 to 3. 5) (]]8 to 2446) (12 to 263)_ (30 to ]488) _(0.5? to 2.04)

* Number of samples analysed, ~  Cyg+ Hydrocarbon Richness Sca]e o

NR - Non recognizable Q- . 50 ppm . Very lean
- ' : ~50- 100 ppm - Lean - -
© 100~ 200 ppm . - Moderately. rich
~.200- 800 ppm “Rich
800- 1,600 ppm. - Very rich
' >l.600 ppm - - Extremely rich .




the character of the nC5 soluble portxon of the |
total C3s, extract (Table V; Figure 1). Many of
these samples (with the nohable exceptlon of Cl47-
018) contain relatively small amounts of ‘total

‘hydrocatbOn and NSO's. Note the hlgh asnhaltene/
NSO ratlo (F;gure 1). ‘

the character of the Cig,. P -N'(paraffin-naphthene)
hvdrocarbon {(Table VI; Figure 2a). Note that the
PoX molecular ‘stribution is skewed towards the
‘high moiecular end. Sample Cl47-005 has a pronourced‘
.odd carbon preference in the low ﬂOL#CUla"Pﬁd
 Normally an odé carbon. p"e‘crence ‘is associated with
less mature organic matter. Its prcSﬂqce in this
sample would suggest that the 'type of organic matter
present in thc 3ample mav ‘be reuponsmble.- ‘

Formation E

The . samples ana&?sed;from;?ormution B are very

. given a 3 .toc 2+ index of thermal maturicy TTable
‘This rating is indicated by the aame goochwﬂ*cal iz
maturity asz’ for Formation A samples and include the

*he colour af organi iCc matier as ohrerved
from, dark Lrown O b;ac} uxth a tinge of
(Table VII): - : ‘ ‘

he iy ' rellecrance (Av % RG) values range
from > L.81 (Tadble ‘ |

Formation C

The mampliesn an ‘"acd froeT Pormatxon C are very mn“u:e L
severely ni:c'ﬁé. and are gaven a 3 o $- Tndex of thermal
marurity. This rating 12 indicated by the same geochenycal

indices of maturity as for both Formation A and B namplos and
inciude the following: ' : :

'

‘the colour of organic ma::cr‘aé observed ranges
{rom dark hrown to black (Table VII).

the vitrinite reflectance (Av ng)‘values rqhge
f'om l 3z to 1. 72 (T able VIII).‘ ‘ o

-

poch the sﬁuﬂe of bhe GC Cyg ch*oma LOQ ramSs | and the Pa% dxs-
zribution of all of the sqmptes in Formations A, B and C are
guite similar (Figure 2). Thcoe a;mLIAfltles ‘nclude.,

a rela ively small amount of normal pa*aff;ns., Most
oA the P-N d‘strlbutlon is composed of naph thene.




the P—N molecular dlstr:.butn.on is skewed towards
the low molecular end.

Forma tlon D

The samples analysed from.Formatlon D show the largest degree
‘of variation in thermal maturity, ranging from moderately

immature (C147-019 and 020) to very mature (C1l47-008 and 009) .
‘These “samples. are given a 2- to 3+ 1ndex of thermal maturlty.‘

;Thlﬁ ratlng is 1nd1cated by the followxng.‘

the colour of plant cuflcle, where observed and
by the colour of other: organic matter where cuticular

‘matter is not present. This colour ranges from

orange brown (2~ to 2 index of thermal matuxrity)

- —

through dark brown {(3) and finally to black wlth a

inge of brown (3+) (Table viI).

the v1tr1n1te reflectance (av & Ro) values range“
from 0 52 to 2.04 \Table VIII)

‘the character of the nCs soluble portlon of ‘the total
Cls54+ extract (Table V; Figure 1) . Sample C118-004,

008 and 009 contain very poor amounts of Cis, hydro-
‘carbon. Sample Cl47-020 contains a poor amount,

sample Cl147-010 a fair amount, and sample Cl47- 019
a good amount of C15+ hydrocarbon.

.he character of the C15+ P-N hydrocarbon (Table VI;

Figure 2b). The. chromatograms for samples C147-004,
‘008 and 009, are quite similar and closely resemble
- the other chromatograms for samples from: Formations

A, B, and C. These chromatograms are characterized

by the relative absence of normal paraffins, and by

the P-N distribution skewed towards the low: molecular'
end, indicating a very mature thermal history.

Sample C147-010 is characterized by a ‘relative a- -
‘bundance of normal paraffins, by low carbon. preference

indices (Table VI)}, and by the pronounced P-N distri- -

- bution skewed towards  the low molecular end, all in-
' dlcatlng a mature: thermal history. Sample Cl47-079

is characterized by a moderate amount of normal paraf-
fins (more than is present 'in C147-004, 008 or 009
but less than in C147-010), and by the P-N distribution

being skewed towards the low molecular end indicating

-

2 more nooerately mature thermal history. Sample C147-
020 appears at first glance . (Figure 2b) to be. quite.
similar to Cl47-019. Note however, the slight’ odd

'~ carbon prefernnce. ana the P~-N molecular distribution

skewed more towards the high molecular end 1nd1catlng
a moderately 1mmature thermal hlstory.




Hydrocarbon Source Quality

Formation A

‘The samples of FormatiOn A without exception have good to ex-—
~cellent organic carbon content (Table IV; Figure 1) and 1in
their present state appear to have generated only very poor to
poor amounts of Cjs54 hydrocarbon (Table V; Figure'l).. Con-
‘'sidering. their organic carbon content, their Cjis+ hydrocarbon
content and their level of present maturation, it is suggested
that at an earlier time these sediments did generate signifi-
cant quantltles of C315+ hydrocarbon, which has been subseguently
destroyed by the relatively high geothermal regime to which these
- samples have been exposed. As a result, samples Cl47-013, 015
~and. 016 are rated as mature, very poor oil, but good to very
- good drv gas (methane) and possibly condensate source rocks.
The remainder are rated as very mature to severely altered, very

poor oil, but very good to excellent dry gas (methane) source
rocks. o ‘ ‘

Formatlon B‘

The samples of Formation B have E ooxr (Cl47 001) to falr {Cl47-
_003), to good (C147-011) ‘organic carbon content (Table IV:
‘Figure 1). All of these samples appear to have generated verv
‘poor- to poor amounts of C15+ hydrocarbon {Table V). Considering
their levels of maturaticn, their organic carbon content and
their- present Cls+. hydroca rbon content, the samples from For—
matlon B are rated in the folloW1ng manner: ‘

‘5C147-001‘Very mat ure, very noor oil and. assoc1ated
gas source rock. S N '

Cl47-003 Very mature,. very poor 011 and falr
aSSOC1ated gas source rock. -

. .C147 c11 Very matu*e, verv poor 011 and good dgx
© gas (methane) socurce rock.

fFormEtion.C'f

. Both samples of Formatlon C have excellent organlc carbon con—
tent. (Table IV; Figure 1), but appear to have- generated very
‘poor amounts of Ciss hydrscarbon (Table V; Figure 1). These
samples are rated as very mature to severely altered very poor
011 but excellent thermal. gas source rocks.-

'fPormatlon D S

The samples of Formation D have fair ‘Cl47-009 and 020}, to
good {(Cl47-010 and 019). to ver ood 1Cl47-004 and 008) organic
carbon content (Table IV; Figure 1). Samples Cl47~-004, (08 and
009 appear to have generated very poor amounts of Cjs. hydro-




- carbon . (Table V; Flgure 1) sample'C147 020 has generated
poor, sample C147-010 fair, and sample Cl1l47-019 good amounts
of Cj54+ hydrocarbon. . Based on their state of thermal maturity,
organic carbon content, and Cjs+ hydrocarbon content, the-
’samples of Formatlon D are rated as follows.

Cl47 004 ‘and 008 Very mature,‘very uoor 011 but ve;z
good drv gas (methane) source rocks.

Cl47 -009 Very mature,-very poor oil and onlg falr
dry gas (methane) source Aock. ,

- C147- 010 Mature, falr 0il and good aSsociated con-
densate ‘and dry gas (methane) source rock

Cl4a7- 019 Mcoderately mature, good oil and aSSOC1at€d
_dry gas \methane) source rock.

‘Cl47 020 Moderately 1mmature, poor 011,.and fa*r
dry gas (methane) source rock.

C Exploratlon S;gnlflcance oF Results

In summary, the results of this study lnulcate that in gener=l
most of the samples studied are very mature, very poor oil, but.
good to excellent dry gas (methane) source rocks. “Individua.l

' source ratings are presented for each’ sample studxed in Tablu ;II.‘
Traps laterally contiguous with source rocks of this nature

should contain drv gas, unless they have been breached since
migration of the gas occurred. 1In cooler parts of the basin,
(possibly up depositional dipj, extensions of such source units.
should have tbe notentlal for 11qu1d hydrocarbon generatlon.

Sample Cl47 010 is rated as a falr 0il, ‘and good condensa*e‘j
and associated d*y gas source rock. Laterally contiguous traps
with source rocks of this nature should contain condensate and
dry gas (unless of course, they have been breached) . In cooler.
parts of the basin (again, possibly up depositional dip), ex—.
tensions of such a souvrce unit should have the potentlal for
good liguid hydrocarbon genration. Sample Cl47- 019 is rated
-as a good 0il and associated dry gas source rock. Laterally

contiguous traps with source rocks of thls nature should con-
‘talﬁ ¢il and assoc1ated dry gas.

rMany of ‘the samples studled from all four Pormat*ons contain’
significant amounts of sulphur in. the nCs soluble portion of.
the total Cisy extract (Table V; Figure ). It should ha ex—
pected, therefore, that any hydrocarbon product generated fromn

these scurce rocks wxll contain apprec;able amounts of sulphuz
compounds. ‘




‘Table III

. Present HydrocarbonTSOUrce Rating

J

‘GéoChem‘ S it o - -,f Condenséfe , |  .5 i Dry Gas
Sample -~ -~ °  Source S ~ Source. . . Source
Number . =~ . Potential = . Potential = = . - . Potential

Formatioh A

147-005
C147-006
C147-012
C147-013
C147-014
C147-015
C147-016
€147-017

'£147-018

Formation B

C147-001"
C147-003
C147-011

Formation C -

C147-602
C147-007 " -

‘Formation D

C147-004
C147-008
C147-009
€147-010,
€147-019
:€147-020

Very poor
Poor
Fair
Good . .
Very good
‘Excellent’




‘GeoCher:
tample
- fumber

Table 'tv"

Oruan1c Farbon Ana}yses amd Gross L)tho1oo.ua1 Descr1pt1o

Ident1f1cat10n

';Gross L1thoTog1ra1 Descr1ptaor

&SA . Total Organﬁc,
Tolor - - - Carbon
Code (% of Rock)

£147-001

' C147-002.

p147-003

€147-004

- C147-005

C187-006

€147-007

€147-008

C147-009

C147-010

C147-011

76-BC-13

76~KRE-5

| 76-KRE-24

7§4FCS¥1

76-FCS-15

| 76ZFC'A'-12

Shale, well compaoted; blocky to

' fissile, micaceous, in part pyritic,
‘calcareous, dark gray. f .

Slate,. f1ss11e, hard br1tt1e,
micromicaceous, vary b1tum1nous,
non calcareous, grayish black.

_Sh&1e well compéctéd' brittie.,

-f}ss11e, (c1eavage surfaces curved,
"slickensides?), micaceous, non

ca]careous, med1um dark gray.

Sha]e, hard, fissile, m1caceous,
non calcareous, brownish black,
iron rich (pyr1te7), weathers

:rusty brown.

Sha1e, well compacted b1ocky to
fissile, micromicaceous, non .
calcareous, grayish black.

Shale, (si1ty); well oonsolidatedL

blocky, hard, micaceous, very

bituminous, slightly calcareous,

" brownish black to grayish black.

STate, hard, brittle, bituminous,
sTightly ca1careous, brownwsh
Biack. '

Shale, - well conso]1dated b]ocky to-f
‘ f1ss11e, non calcareous, dark gray.

Shale, well conso]idated, blocky to -

fissile, non‘ca1careous,‘dark gray.

Sha1e, qood conso]1dat1on, f1ss11e,

:m1caceous non ca]careous, dark
- brownish gray.

Sha]e, good conso]1dat1on, fissi]e

to blocky, m1crom1caceous, calcareous,

dark gray

fN3 to
' 5YR3/1

N 0.

5YR2/'1

2.80, 2.72R

N2 to
CBYRZ/1

SYRZIi

N3

N3 0.83

1.77, 1.74R

N3




‘GeoChem

© Samr” -
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Tab1e‘ IV‘conf‘d.

Organ1c Carbon Ana1yses and Gross L1tho1og1ca1 Descr1pt1on :

Ident1f1catjon:

:uross L1tho1og1ca1 Descr1pt1on

GSA - Total Organic
Color -~ ' . - Carbon

Code = (% of Rock) -~

1 0147-012

C147-013

' C147-014

C17-015
C147-016

C147-017
C147-018

C147-019

76-RC-10

© 76-Re-11
76-RC-20

76-RC-27

" 76-RRN=3.

bituminous, cleavage surfaces coated,

w1th calc te crysta]s gray1sh b1ack

Shale, . hard f1ss11e, f1ne1y 1am1-5

" nated, cleaves easily, ca1careous, g

dark brown1sh gray.

-Slate7 {silty), hard, f1ss11e, quite

brittle, cleaves easily, finely la-
minated, calcareous, b1tum1nous, '

’dark gray.

~Shale, well consolidated, fissile,

f1ne1y laminated, ca1careous,

m1caceous, dark brown1sh gray.

Shale (silty), hard well consoli-

‘dated, fissile, micaceous, s11ght1y
‘calcareous, dark gray.

' S]ate? (s11ty) “hard, br1ttle,

fissile to‘b]ocky, c1eaves easily,
micaceous in part, non ca1careou;,
gray1sh b1ack.‘

‘Shale {silty), hard, blocky,
‘calcite on cleavage surfaces, .

s1ightly calcareous, (graptolxte-
rich), dark gray

Shale, good conso11dat1on b]ocky

te fissile, varied, non calcareous,
‘alternate bands of dark brownish
‘gray and medlum brown1sh gray

shalp

85% Shale good corso11dat1on,
moderater scft, biocky , non ca1~

. ‘careous, light to medium olive gray.

5¢ Siltstone, hard, blocky, non

- calcareous, 1ight gray with thin
: 1am1nae of 1|ght olave gray. '

o sY6/1

Slate (s11ty), hard br1tt1e, f1ss11e, N2 449
¢leaves easily), s11ght1y ca]careous, : ST ‘

5YR3/1 to j
N3

N3

' 2.57, 2.56R |

N3 + 5YR3/1 |
and NS + -

. 5YR5/1

5151 to~ 0.70, 0.69R

N7 +i

56T




Table v

Sunmary of C]5+ Soxh1et Extraction, Deasphaltening
and L1qu1d Chromatography

A Neights of Cxtracts and Chromatograph1c Fractions

GeoChen o ‘Weight of Total Precipitated N-C5 . paraffins- “Eluted  Noneluted -
“Sample ‘Rock Extd, Extract Asphaltenes Soluble Sulfur  Naphthenes  Aromatics NOS'S ~  NSO'S
MNumber Identification ~(grams) - (grams) {grams) (grams)  (grams) - {grams) - (grams) (grams) (grams)

C147 001- , 76-BC-5 o 50.10- - 0.0036 - '0.0028 ..0,0008 - 0.0002 - 0.0002. - 0.0003 . _0.0001 _~ 0.0001
. 76-BC-13 . 49,60  0,0455 0.0171 - 0.0284 0.0262 0.0005  0.0005 0.0007 - - 0.0005
76-KRE-5 © 50,08 °  0.0202 0.0046 - 0.0156 - 0.0099 ~.~0.0017 ~ 0,0023  0.0016 ~0.0001 -
76-KRE-24 ©50.00 0.0057 = 0.0035 . 0.0022 0.0015 - 0.0005 0,0001 . 0.0002 0.0001 - .
76-PRE-9 © . 50,22  0.0054 0.0028 - 0.0026 0.0016 - - 0.0004 0.0005 '0.0001 0.0001 - -
- 76-PY-7 . 50.48. - 0.0103 0.0042 ~0,0061% 0.0039 . ~ 0,0007 0.0006 - 0,0004 0.0005
. 76-PH-9 - ~ 50.58 - - 0.0081 0.0049 - 0.0032 0.0014 0.0008 - 0,0005 ~0.0005 ~0.0001
- 16-FCS-1 -3 I V- 0.1006- 0.0341 - 0.0665 ~0.0612 0.0007 0.0002 - . 0.0040 0.0004
- 76-FC5-15 - - 50.32 . 0.0154 - 0.0039 0.0115 ~ 0.0088 0.0009  0.0013 - 0.0002 0,0003
76-FC'A'-12- .. 50.18 .0.0524 0.0317 - 0.0207 0,0091  0,0055 0.0022-  0.0001 0,0038
76-SC-1-C. - 50,32 0, 0068 0.0056 -.0.0012  0.0008 0.0001 _  0.0001-- - 0.0000 '0.0002
, 76-SC-7 - 50,74 0.0038 0.0024 - 0.0014 - - - 0.0001 '0.0004  0.0007 0,0002
© - -76-RC-6 BRI Extract below calculation 11m1ts S . S I , ' L ‘ :
. 76-RC-10 11 P '0.0019  0.0013 "~ 0.0006 - .0.0002 0.0001 0.0002 0.0001
756-RC-11 - - Extract below ‘calculation limits - - = o R e o .
~ 76-RC-20 Extract below calculation l1m1ts o R o T
: 76-RC-27- 50.76 © 0.0442 - 0.0164 0.0278 0 . 0.0003 '0.0006- . 0,0005 0.0022
. 76-RR-2 43,52 0‘0063 - 0,0016 o.o047 - - - 0.0029  0,0005 0.0005 - 0,0008
. 76-RRN-3 . 50,13 0.0832 - 0.0376 0,045 0. 0.0030 . 0.0102  0,0014" -0.0038
- Cc147- 020 76-RRN-9 o -50.42 10,0219 0.0122 - 0.0097 ' 0.0013 “0.0030 0.0003 0.0022 -




Table-V cont'q;- |

"B, Concentration of Extracted Materials in Rock

R S o : Hydrocarbons o ' Nonhydrocarbons

GeoChem ~° Total  Paraffin- S - Preciptd Eluted None]uted ' -
‘Sample . o o Extract ,_Naphthene Atomatic Total ~Sulfur . Asphaltene 'NSO'S - . . NSO'S - Total.
Number  Identification  (ppm) = (ppm) - (ppm) (ppm) - (ppm) (ppm) o (epM) - (ppm) - (ppm)

¢147-00v - - 76-BC-5 - - . 74 N b 1 . 4 56 e 2 - 60
c147-002  ~ 76-8¢-13 917 . 5 1w 2w 658 o RN I S [ -
C147-003 76-KRE-5 - 404 ' . 46 - 86 - 198 R -

'C147 004  76-KRE-24 118 2 12 30 : ' '

- 76-PRE-9 - 10 8 0. - 18 32 '
76-PH-7 o208 , Y2 2% 77
o 76-PH-3 163 10 26 28
~76-FCS-1 246 17 . 5 22 1488
 76-FCS-15 307 - . 1B o 2 - .44 175
76-FC*A'-12. 1046 1M 44 155 181
- 76-5C-1-C o132 -2 4 16
- 76-SC-7 o5 8 . 10 -
76-RC-6 Extract be]ow calcu]ation l1m1ts e
~ 76-KC-10 38 4 2 6
76-RC-11 - Extract below calculation limits ;
- 76-RC-20 ~ Extract below calculation limits .
76-RC-27 - 871 6. 12 18
76-RR-2 144 . 67 oo 78
76-RRN-3 - -1660 - 60.. 203 283
76~RPN-3 N 436 26 60 .Ba -




Table V.cont'd.

C Composition 6f-Ex£ract57 :: - , . o
L ' C o T . Hydrocarbons o ,' o Ndnhydrocérbdns

- GeoChem o Paraffin- ' , , . Eluted Noneluted  Precipitd, - - LT
Sample - - Naphthene Aromatic ~ Sulfur  NSO'S  NSO'S  Asphaltene HC'S _
Number  ldentification % % PN/Arom % % % '“-.% Asph/NSO % HC/Nen HC

—

-_774 9 14.00
-37.6 - - 14,25
228 2.0
" 57,8 11.67.

49,9 - 14.00

: 40,7 - 4.67
-, 89,2 8.17

33.9 - 7.75 .
25.3 - 7.80

60.4 28,13

- 8,67

- 2.67 .

4.33

- C147-000  76-BC-5
Cc147-002 = - 76-BC-13

- C147-003. - 76-KRE-5..
€147-004 = 76-KRE-24 =
C147-005  76-PRE-9

- C147-006  76-PW-7

~.€147-007° - 76-PH-9 °

- C147-008  76-FCS-1
Cc147-009 - 76-FCS-15 :

- C147-010 76-FC'A’-12 -

- c147-001 . 76-SC-1-C°
c147-012 76-5C-7 ' , 10.5 0 25 - -

- ¢147-013 76-RC-& ' Extract be]ow ca]cu]atlon l1m1ts,_

©C147-014 - 76-RC-10 . 10.5 5.3 2.00. -
C147-015 76-%C-11 . Extract below calculation Vimits
C147-016 - 76-RC-20  Extract below calculation limits
C147-017 76-RC-27 0.7 . 1.4 0,50 54,7
-C147-018 76-RR-2 , 4 . 1.3 5,80 L
C147-019 76-RRN-3 .6 123 0.29 . 327
C147-020 - 76-RRN-9 - .9 13 7 - 0.43 13.2
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.. TABLE VI . .
 SRTURATE HYDROCARBON ANALYSES
NORMALISED PARAFFIN DISTRIBUTION

cl147-01 . C147-002 . C147-003
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TABLE VI cont'd.
SATURATE HYDROCARBON ANALYSES
 NORMALISED PARAFFIN DISTRIBUTION
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- TABLE VI cont'd. o
'SATURATE HYDROCARBON ANALYSES
NORMALISED PARAFFIN.DISTRIBUTION
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TABLE VI cont d.
SATURATE HYDROCARBON ANALYSES
NORMALISED PARAFFIN DxSTRIBUTIGN
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| TABLE VI cont'd.
| SATURATE HYDROCARBON ANALYSZS
© NORMALISED PARAFFIN DISTRIBUTION
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LA
| _ - Table VIT L o B
| type OF | COLOR OF - ' STATE OF DEPOSITIONAL
QRGANIC MATTER|ORGANIC MATTER ENVIRONMENT

'+ 2 or more Maturotion ‘Populations/” ,
] ~h- 0%
1 EHl 20%- 45%

7 - ,45°/¢f 80./0

|GEOCHEM N° DEPTH , REMARKS
1c1az-000 | +H 1L FEBE BEEEREE "N e A
147-003 | = T AT ET yr-ARy: AERR 7 TTTTT amenets

1T | ' | | \  Am;NR2;-
‘NRZ;~;Am*

. NRZ;~;3H?

C147-004 " | __
c147-005 |
1€147-006 | 1
€147-007 | [T IR 45| 11111 T we2e-enn
C147-008 | . ' ERRE | - IHRE IR E RN
-1 C147-009 e : : ' . 11yt 1t , NRZ:W?3A1-H
1ciaz-010 | - 1l A ; - IHERY ERREREE -~ H1;NRZ-W3AD
ci47-011 | ' 1 v AN NERE - Bl T 1T NR2;A13H?
c147-012 - | - s | RRE! 1011 ~NRZ;-3H?
ca7-013 | ITOINTTITTE | || A AR Ll | NR2;p2
C147-014 | ' g - AR | | A NR? -
€147-016 | T Ak 4 ) AU W@t Ll L] NR25-3A1-H-W
U T A ddd 147 [TV LT we2awes.
C147-017 | HERNN) HEEE PR TT1F HRE 1 ne2s-s-
£147-018 i 1l B _ | T nRZWe;-
€147-019 | - h ' , | 4 4 SEENE 7 UL aRal Am Wi
€147-020 T N ARERY: VS | |4 | | | ~ H3W;Am

.1 Degraded herbacects 2 AR - Woody or herbaceous?? - * In part finely comminuted woody & herbaceous kerogen’




f-:_:

A :
¥
k
¥

-z -

'GeoChem'~ -
- Sample
Number.rr

Number of
~Particles
-~ -Measured

“Table

T

Reflectivity 4

© R max

R aver

© vitrinite Reflectance Summary

Commeht§ ;} _;

c147-001
. €147-002
© [147-003
Cclan008
| €147-005
C147-006
€147-007
. C147-008
" C147-009

o010

10

s

20
0

g

- 20

w0

20

.03

137

0.82

0.97

“1.01
- 1.40

1,20

S2.40

434
- 2.68
2.08 .
1,99

2,03

- 2.89

27

.67

-'--].:8] . -
135

o

1.45

RN
- 1.92
2,04

e

f'Very(]ow'organfc'conteht.,A few'éméll particles
of vitrinite. Many have botanical form. -

-'Low'organic'coﬁfent;'Somerparticles;of high re-

flectance - probably inertinite. Wisps and im-.

pregnation of low reflectance material - probably -
-bitumenite. o S
Very-]ow organicfcontént;rA few small partic]es _7 -
-~ of vitrinite - many show botanical form, ~ -
- Low 6rganic_content.'$ome good_vitrinite.wisps ' '
~.and stringers. : : B -

Low organic content. A few interstitial areas
and wisps - probably bitumenite.'Rather poor.

- surfaces.

‘Low organic content. Interstitial areas with

rather poor surfaces. Probably hydrocarbon
residue.'Nortrue vitrinite, : -

- Low orgahié,content. small, ragged wisps of -
‘high reflecting material. ' -

" Moderate organicrcbntent;.Sma11 wispsiand'inteh- -

stitial areas of- high reflecting material -
vitrinite or bitumenite. .

 Low organicrc0ntent.5A'few isb]ated partic1es of
- vitrinite. Some show botanical form. L ,

: ’Modefate,orgénié-contentg'Chiéfly'sma11,~high o
- reflectance particles and some small wisps.




o i T nhAa T 77

GeoChem

Numbér.of..

~ky

v -

‘cont '

-Viirihité'Reflectance_Suﬁﬁafy

( © Reflectivity 8.
Sample particles. o S [ S
- Number Measured Rmin ~ HRmax  Raver Comments
o .cle7-on 200 0.92 2,01 A0 Low organic content. A few vitrinite particles
o ' o o _ and {nterstitial areas of hydrocarbon residue.
C147-012 '* 11,_" 1.1 1.8 .37 Very low'organic,cohtent. Arfew,small:wispy '
S o R ' faterstitial areas of hydrocarbon residue;,
7-'Cl47¥0]3 19 0.91 2.0 1.28 g Law'&oderate'ofganic hdntent.:Small1vi£r1n{te'
SRR 1 S 2.0 “wisps and thin stringers wi th occasional
e o L o , o : particles. - E S
o C147-014 2 AT 2,25 1,39 ' Low moderate organic content. Mixture of small,
S - B : ' 2.0 rather ragged wisps and particles, Vitrinite
L | - ~dominant., - T ' ,
€147-015 19 1.16 1.98 1,40 .~ Low organic content. finy wisps and particles pf' _
T V - L 1.98 vitrinite material. High refiectance - some -
7 S _ B o 'rgworking. R S
- Ci47-016 ri' 20 | 0.90 C2.13 1.19 wa Organfc'cpntent;;VeEy sma]!s—rather ragged
o , R : vitrinite wisps dominant. Also some small -
- 7 _ _ - . vitrinite particles. : e
147-017 | -9 1;15 4,39 3.45 Lowiorganﬂc content. A few particles of_vefy:hjgh, .
: — -8 o 1.34 reflectance - possibly inertinite. Wispy im- i
- 7 o 7 pregnation of lower reflectance. '
cl47-008 21 o0 aas 2 Low organic content. [nterstitial aveas and thin
' S : ' ' : stringers of high reflecting material - possibly -
, _ . R _ ‘bitumenite. S _ R ' -
:—'Cld?-019 20 S 0.33 0.717 0.52 Low moderate organic,cbntént._SOmé-goodrvitﬁfnite
SR o - ' : ' ' - wisps and particles. Also -inertinite and spores
o ) _ N visible. Vitrinite dominant. . -
£147-020 19 0.40 1.09 .64,  Low moderate Orqdnjc'tohtentwZNdméfdds small par-
T 1'2, - 1.0% "~ ticles and wisps of vitrinite, Little inertinite

but-a lot of reworked material.
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o ‘Figufe 3
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_APPENDIX A

BRIEF DESCRIPTION OF THE ANALYSBS PERFORMED BY

GEOCHEM LABORA”ORIES (CANADA) LTD.

"Screen Analyses are descrlbed in. sectlons A and C, “Sample
Preparation” in section B and "Follow—up Analyses™ in sections

C through H. The analyses can be run on either core or cuttlngs
material with the proviso that samples must be canned for the
C3-C7 analysis and should be canned (or sealed wet in a plastic

bag) for the C4-C7 ‘analysis. The other analyses can also be.
‘used on outcrop samples._ o

aA) SAMPLE WASHJ.NG AND _HAND PIC}\ING

‘All of the analyses descrlbed in subsequent sectlons are run on'
washed and hand plcked samples.g

‘Cuttlngs are washed to remove the drllllng mud care belng taken
not to remove soft clays and fine sand during the ‘washing

procedure- 051ng the C31-Cy hydrocarbOn data proflle of the well,‘
or the organic carbon proifile (if this analysis is used for :
screening), electric logs (if supplled) and the appearance of the
cuttings under the binocular microscope, samples are selected

to represent the llthologlcal and geochemical zones penetrated

by the well. These samples are then careFully hand picked and-
the llthology of the uncaved material is described. It is

these samples Wthh are submxtted for further analysis.

The remalnlng samples (also washed) are drled and packaged in- :
labelled plastic bags for return to the client. Any hand picked

sample remaining after analysis is also returned together ”lth
the extru‘ted rock materlal.

Our reports normally 1ncorporate a gross llthologlcal descrlptlon
1of all the samples which have been analysed and litho percentage
logs are featured on all of the figures. As screen analyses are

rec0mmended at naxrow lntervals, a complete llthologlcal proflle'
- is obtalned..




' B) ORGANIC CARBON BENALYSIS

The organic carbon content of a rock is a measure of its total
oxganic richness. Combined with the wvisual kerogen, C1-Cy,

C4-C9 2nd C)154 analyses, the organic carbon content is used to
-evaluate the hydrocarbon sourxce quallty of the sediment. Not
only is this analysis an integral part of a total evaluation,

but it can aiso be used as an economical screen analysis for
dry samples (when the Cl—C7 analysls cannot be used) .

Hand plcked samples*are dried, crubhed'and then acidised to
~.xemove the inorganic calcium and magne51um carbonates. The
‘actual anpalysis involves combustion in 2 Leco carbon analyser.
- 'Blanks, standard and dupllcates are run routinely for purposes
of quallty control at no extra cost to the client.

The data are tabulated and prpsented dxagramatlcally in our

reports  in a manner which facilitates comparlsOn thh the gross
:11thology fsee section B) of the samples.

QC).‘Q15+ ExTRACTIoN;

 DEASPHALTENING AND CHROMATOGRAPHIC SEPARATION

Sections "A” and "D" dealt with analyses covering the light
end of the hydrocarbon spectrum. This section is concerned with
the solvent extractable organic material in the rock with more than
. fourteen carbon atoms in the molecule (ie. the heavy end). The
‘iamoung and cemposition of this fraction indicates source qua]lty,
 source type, the level of thermal maturation and the possible
presence of migrated hydrocarbons. ' The individual parts into
which the total fraction 1s.split can be submitted for further
analyses {carbon isotopes, gas chromatography, high mass :
spectroscopy) which are primarily designed to correlate crude
oils to their parent source rocks (but alsoc see section ‘P?).

-‘VTthe resultu are inhegratcd with those derlved from the vxsual
- kerogen, organxc carbon and C4~C7 analyses

~The techn;qucq 1nvo¢ved in this analyﬁzs have been des;gn&d to

give very reproducible xcsults. Fand picked samples are ground

and then solvent extracted in'a soxhlet apparatus with benzcne-
methanol (the solvent system can be adapted to client's specifi-.
cations). - The total. extract: obtained. is then separated by column
chromatography into the following fractions: paraffin-naphthene
hydrocarbons, aromatic hydrocarbona, eluted NSO's (nitrogen-—,
‘sulphur- and oxygen~ containing non~hydrocarbons), non-eluted
NSO's and precipitated ashpaltenes. Note that the non—hydroca*bﬂns

‘are split 1nto three fractlons instead of belng reported as a,
gross value.




" For convenience and thoroughness, these data are reported in
‘three formats: the weights of the fractions, their p.p.m. ‘
‘ abundance and the percentage composition of the total. extract
,The data are. also presented dlagramatlcally.

Upon completloﬂ of the study, the extracts and extracted rock
-~ are both retu1ned to the client.

‘D) GC ANALYSIS OF c15+ PARAFFIN-NAPHTHENE HYDROCARBONS

The molecular c0mp051 ion of the heavy C15+ paraffln—naphthene
hydrocarbons reflects source quallty, source type, the degree
of thermal maturation and the presence of migrated hydrocaxbons.
This ana1y51s provides a useful cross-correlatlon with the

visual kerogen, Cis+ chromatograohy and llght hydrocarbon
(01307, C4-C7) analyqes._ L ‘

' The paraffln—naphthcne hydrocarbons obtalned by column chromato-
‘graphy are introduced into the gas chromatograph using a solid
rod 1n3ectlon system t0 ensure that all of the sample, including "
the heaviest ends, is analysed. Excellent resolution of the’

individual normal parafflns and of the 51gn1f1cant 150prenoxds
and other isoparaifins is achleved

The normal paraffin carbon preference indices (c. P I. ) are
‘-calculatea using the followlng formulae-

21 - ~27

Ca0 Cog tCog Caa ¥Coy *Cog

c.p.I. A= C e #¥C,, + C

21 *Ca3 +Cog *Cyqy
+Cog

Cpg *Cpg7 #Cag *C3p * Cpg *Cy7 *Co9 *Cm
Cpq *Cyg *Cpg *C3g = Cog ¥Cyg *C3g *C3a
‘ S — 3 §

The chromatograms are reproduced in the report for use as visual
fingerprints and in addition, the following data are tabulated:
normalised normal paraffin distributions; proportions of parxaffins,
isoprenoids and naphthenes in the total paraffin-naphthene fraction;
C.P.I. A and C.P.I. B; pristane to phytane ratio.




E). ' VISrjAL KEROGEN ANALYSIS

Kerogen is the insoluble organlc matter 1n rocks. ‘VlSUal‘

examination of the kerogen. gives a direct measure of the. level

of . therma11naturat10n and organic facies and indicates the
quality of the sediment.

analyses dlscussed above.

siource
Source ouallty is conflrmed u51ng th

The type of hydrocarbon (011 or gas) generated by a source rock
is a function of the types of organic matter present in the
sediment and its level of thermal maturation. . Both oi these
parameters ate measured dlrectlz by this method

.Kerogen is separated from the 1noraan1c rock matrix by methods
which avoid oxidation of the organic matter. It is then mounted
on a glass sllde and examlned under a hlgh power mlcroscope.

Thls examlnatlon gives the followlng data: the tYpes (amorphous,
-algal, herbaceous etc.) and proportions of the organic matter:
,present, the colour and hence level of thermal maturation of the =
organlc matter and‘ehe state of preservatlon of the organlc matter.

F) VITRINITE ‘REFLECTANCE

Vitrinite reflectance, a relatively new tool innpetroleum
exploration, was adopted some years ago by the coal industry as

a method of defining coal rank. 1In petroleum exploration the-
technique is used to define the state of thermal maturity of
- hydrocarbon source rocks and, therefore, the rocks petroleunm ‘
generation history. It is'a known fact that metamorphism of coal
~increases with depth in a similar manner to that of other sedi-
mentary rocks. The degree of coallflcatlon, or coal rank, is

Igenerally measured by various chemical- parameters,‘l e,'carbon
content or content of volatlle matter.

s

Coal, dependxng upon comp051tlon, 1s;c1assified into four
lithotypes; vltraln,‘fusaln,‘clarain and durain. The llthotypes
are further classified into mlcrollthotypes based on their
microscopic organic constituents.  These. microsopic organlc
~constituents, callied macerals, are components. of the "micro-
‘layers of coal. Based on similarities in their petrographlc .
properties they fall into three categories; vitrinite (rich in’
.oxvgen), exinite {rlch in hydrogenj, and inertine (rich in
carbon). Vitrinite is customarily used in the coal industry for
classification studies because it is the most characteristic,
most frequently occurring, and most ‘homogeneous petrographic
constituent. In addition, it is easxly isolated and commonly
occurs as 1nc1u51ons in clay and sandy aedlmento.




”“E)‘ VISUAI. KEROGEN ANAI'.YS'IS

'Kerogen is the 1nsoluble organlc matter in rocks.- Vlsual
'~ examination of the kerogen glves a direct measure of the level
of thermal maturation and organic facies and indicates the source

guality of the sediment. Source quality is confirmed using the .
analyses dlscussed above.“ S I L

The type of hydrocarbon (0il or gas) generated by. a source rock
" is'a function of the types of organic matter present in the
‘sediment and its level of thermal maturation. Both of these
parameters are- measured directly bj this method

'Kerogen is separated from the 1norgan1c rock matrix by methods
which avoid oxidation of the organic matter. It is then mounted
on a glass sllde and examlned under a hlgh power mlcroscope.

'ThlS examlnatlon glves the followlng data-‘ the types (amorphouS;
-algal, herbaceous etc.) and proportions of the organic matter .

. present, the colour and hence level of thermal maturation of the
‘organlc matter and the state of preservatlon of the organlc matter.

. F) VITRINITE REFLECTANCE

.v=tr1r1te reflectance, a relatlvely new tool in petroleum

- exploration, was adopted some years ago by the coal 1ndustry as
a method of deflnlng coal rank. In petroleum exploration the

~ technique is used to define the state of thermal maturity of -

“ hydrocarbon source rocks and, therefore, the rocks petroleum
generatloh history. It is a known fact that metamorphism of coal

~increases with depth in a similar manner to that of other sedi-
‘mentary rocks. The degree of coalification, or coal rank, is

generally measured by various chemical parameters, i.e, carbon
"content or content of volatlle matter.

. .

Coal, dependlng upon composxtzon, is c1a551f1ed into’ four
lithotypes; vitrain, fusain, clarain and durain. The 11thotypes
. are further classified into mlcrollthotypes based on their
‘microscopic organic constituents. These microsopic organlc
constituents, called macerals, are. components of the "micro-.
layers” of coal. Based on. Slmllarltles in their petrographlc
- properties they fall into three categories; vitrinite (rich in
. oxygen), exinite (rich in hydrogen), and inertine (rich.in
- carbon). Vitrinite is customarily used in the coal- industry for
‘classification studies because it is the 1ost characteristic,
most frequently occurring, and most homoy :neous petrcgraphic
constituent. 1In addltlon, it is easily isolated and commonly
occurs as 1nclus:.ons in clay and 'sandy sedlments.F




In the v1tr1n1te reflectance technlque, the v1tr1n1te partlcles
‘and associated kexcgen- types are extracted from the sediment,
drill- cuttlngs, etc., u51ng a serles of acids. The extracted
re51due is then embedded in Bloplastlc or Epoxy and polished usxng
0.05 micron aluminum oxide polishing compound. A high resolution
microscope, calibrated with a known optical glass standaxd, is
~used to measure the reflectivity of the vitrinite partlcle.
The measurement, expressed as %Rp, is takenm in o0il using -an oil
. immersion objective. The %Ry values are then summarlzed on
~ individual histograms. . The degree of thermal alteration is
derived statlstlcally by obtaining numercus individual obser-—
vations for a given sample. 1In most instances 20 to 30 obser-
vations are adequate. The reason for a statistical appvoach is
twofold: 1) to define the range of reflectivity of the vitrinite
'within a given sample and 2} to help dellnlate contamination
problems assoc1ated with cavxng and/or reworked decrls.

" The. V1tr1n1te reflectance technlque ‘has several advantages over:
other thermal maturation classifications in that it is. 1) an
- absolute rather than a subjective measurement; 2) it is a rigorous

analytical evaluation that’ accurately defines the state of thermal
maturation of a given sediment in standardized quantitative terms;
and 3) vitrinite reflectance is a unlversally accepted technique
,which is directly applicable to predicting oil and gas generation

and preservatlon._
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