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SUMMARY

The micropaleontological and gecchemical studies concerning
the Kasxattama pore I hole, yielded a nuiber cof results the summary of
which 1s as follows

I - ENVIRONMANTS OF DEPOSITION -

The zeneral characteristical features of the Kaskattana bore 1L
sediments, seem to i1ndicats a predominant shallow water environmsnts
of denositior These sedimerts were apparently deposited on a shell
allowing the settlement, now and then, of evaporitic minerals
(gypsum and annvdrite)

- The Portage Cnute, Caution Creek, Chasm Creek and Red Head
Fapids Formations of tne lower Xaskattama bore I sediments, maialvy
consists of rocks which point to 1rregular fluctuations between a
normal marine enviroament (Tralobites, Crincids, Pelecipods and
Algae) and sublagoonal to lagochal ervironments (high boron con-
tents and occurrence of evaporites)

- The Middle part of Kaskattama bore I which includes the
Port Nelson, Kaskattama, Attawapiskat, lower and middie Xenogama
Formations, still indicates the presence of fluctuations which occ-
curred, however, more frequently than those of the lower part of
Xaskattama core T

In that middle part, ine Port Nelson and Kaskattama Formations
show a zeneral tendency towards reef development Moreover there
ceceurred a number of marine cseillations indicating that these for-
maticns were depcsited in sublagoonal to lagoonel envircnments. On
the otner hand, most of the Attawaplssat Formation points to its
reefal development ti1ll its uppermost part, where, tegether with
the lower Kenogami Formation, the sediments indicate a return to
a logooral environment The middle Kenogami Formation reminds the
wWwealdian of Europ and may rcpresent a wedging facies of an evapori-
tic seguence

- The upper vart of Kaskattama bore I i1s represented by the
Abltibi Formation OUnly very few data coula be gathered from this
part and tas results obtained suggest the Jeposition of Abitioi's
sediments (exclulding the interval of core 7) 1n a normal marine
eny 1ronment

1T - EIOSTRATIGRAFHY -

The association of the different groups of microfossils (Co-
nodonts, Ostracodes and Chitirozoa, Acritarchs, Scolecodonts and
Spores) allow tc establish the following biozones

- 11 brozones bhased on Conodonts
- 4 biozones based on Ostracoedes
- 6 biozones based on palynoplanktons.



These biozones may suggest Lhe following ages for the Kaskattama
bore I sediments (1n ascending order)

a/ The Ordovician, from 2900 to 2095', can be distinguished
into

Middle Ordovician , [rom 2900' to 2709' and Upper
Ordovician, [rom 2669' to £035'

b/ The Silurian, from 2029' to 171’
¢/ 81lvrian and/or Devonian, froa 1761' to 1204°

e/ The lack or scarcity of micrefessils did not allow a pre-
crze datiig for the interval from 12047 to G285

t/ The middle Devonian, from ¢25" <o 93

[TI - ORGAN:™ MATTER AND HYDROCARBONS POTENTIAL -

Gaochemical anzlysis of organic matter and associated trace-
elemerts as well as visual examination of microorganisms and diffu-
se organic matter lead to the felliowinz conclusions

Favourable factors

- Trace-element content, analysis 2f soluble organic exiract and
valynoplanctelogical determinations indicate that, except of the
Middle <enogami Formation, the ™ulk cf organic matter is of marine
origin

- The presence, i1n places, of a correlation between ocrganic cor-
bon (fine fraction of insoluble residue) and metals associated witn
marine orsanic matter, snows that for some levels, the redox poten-
ti1al has permitted a partial conservation of the organic matter of
the sediments

According to these Tactors, the best seguerces are found mainly
within tne Esskattama ard Port lfelson Formstions while some other
Tavoluraonle levels exist hers and there

- The compositlon »f adsorbed gases suggests that the products
which might be senerated would be liguia hydiocarbons or, at least,
cases with condensate

Unfavourable factors

- The total orzanic carbon content 1s zenerally rather low which
1s probably the conseqguence of an insufiicient reducing environment

- The degree of coalification measurea by the ratio CB/C , as
well as deducted from the opacily of Tasmanacea, shows thal the or
ganic matter has only undergone a slight maturation

Nevertheless, 1t must ne said that these unfavourable factors
are verhap. related to the near-shore situation of the well A more
reducing ervironment cculd pe Mound toward the center of the basin
a higher maturity with increasing burrying
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I[NTRODUCTICN

The fas<attana dore I 1s located mear tne mouth of Kaskattamz Riwver,
1n the Huason Bay Lovlands {latizude 57°04' - longitude gO°10L)

The purpose of this study was

- to establish tne types of wierolaciles, to describe the lathology,
to intervret enviromment of deposition and to recognize stratigra-
phic "parkers",

- to getermine chronostrotizraphic boundaries,

- to give an estimation of the hydrccarbors potential

The main results obtained are represented in the 7, herein, inglu-
ains tables

In table 1, the types of microfacies are given is well s the boron
content, tne description of the interpreted environment and the distri-

butior of microfossils

Table 2, represents the picstratigraphy estaniished on tne basis of
Conodonts, Ostracodes and microplankton

Tanles % to 6, give a detarled account of Conodonts-0gtracodes ana-
lysis {tables 3 and 4) and microplankton aralysis (tables 5 and &)

Table 7 shows bthe main results of gecchemice L analysis



PART I Table I

1 - TLathology, Microfacies and tentative interpretation
of depositional environment,

2 - Distribution of Microfossils.



1 - LITFOLOGY, MICROFACIES AND TENTATIVE INTERIRETATION
OF DEPQSITICNAL ENVIRONMENT ,

The litholoegy, microfacies and environments of deposition in
cormection to Kaskattama pore I seciments, hiave been studied by A rays,
diffraction technies, microfacles techmics and by geochemicel analysis
(boron content of the clay-fracticn) The tnin sections made -n the cores,
though not closely samplea, showv the varicus microfacies of this oore.

The 340 than sections examined, were made ir 107 cores representating
2641 of sediments

The formations nerein descriced corresperd to the A,C,C, log

A - ABITIBI RIVER FORMATION from 23' to 423' (cores 1 to 9)

This formatioca can be subdivided inte the follov.ng members

1 - An upper member, Zrom 23' to 153" (cores 1 to ) wnick 1s cnaracterized
by microsparites and/or slighktly dolomitic biromicrosparites with some
intraclasts The fauna mainly contains Pelecypods {(abuadart in core 23,
Crinoids, ver, rare Trilcbite fragmencs (core 3) and abundant Pterocpoas
(core 3).

2 - A lower member, from 153" tc 42%' {cores 5 to 9), consisting of limes-
tones and dclomites which become chalky at the upper part. This memoer
contains the follouing microfacies

a/ - cores 5 to & Micrites to blomicrites characterized by the

occurrence of Pelecypods, Bracuiopods anc Crainoidal fragments,
rare Pieropods ara sporadically oyrile iaf~lling

b/ - core 7 Brecc.atea limestone The cement of this oreccia 1s
micritic, tne fossils are lacking and the intraclasts are dolomi-
crosparitic,

A Jocally restricted environment 1s pointed cut by the boron
content of this core,

o/ - gores § to 9 Meinly bedded mcrite (dolomitized in core 8),

with abuncant lattle vughs of aboub 60 te 100 microns, apparently
aeposited in vormal marine environment,

A11 the microflacies, except those of core 7, indicate a quiet
marine environment of deposition (mud, Uhin bedding) and have been
apparently deposited on a continental shelf (Pteropods and Triloopites
associated uith Pelecypods),



D - MIDDLE KENOGAMI FORMATTION  from 423" to 936' (cores 10 wo 14)

The middle Kenogari Formation is mainly characierized by red and

green shales, silhks, w.tr rodules and gypsum becs, The clay fraction
includes 21lite and feu chlorate This formation wsas apparently depositea
1n an environment ath salinity lower or equal To that of an open sea
Thais formation reminds the Vealdiar of Durop and may represent a wedsging
Tacies of an evaporitic seguence,

¢ - LOVWER KENOGAMI FORMATIO'  from 976’ to 1076' (cores 15 and 16)

Trnis formation consists of bedded doloricrosparites {(ceore 15),

including anhydr:te and gypsumn, and rarely contains intraclasts or
deloricratic nodules,

The cccurrence of sepiclite (magnes.an argillacecus mineral)

iroxcates chemical depcsition in a quiet, warm and shallow wabter, appa-
rently near a perireefoid area,

D - ATTAWAPISKAT FORMALION  from 1076" to 1291' (cores 17 <o 27)

The microfacies of tris formaticn 1s as follows {in descending

order )

1

Micrites and/or intramicr.tes, in the uppermosi part of this formation,
sometimes cclomitized, irciuding rare Pelecypods, Crincids, Ostracoces
fragments and er; rare Amphipores,

Microsparites slightly dolomitized, 11tn bird-eyes facies {e.g. 1n
core 18) and sery rare microfossils such as Crinoids, Pelecypods
and "Stromatactis"

Gravelly micresparites with intraclasts {core 19 fo 21), The characte-
ristic fossils are Amphivores (occasionally aoundant at the upper part
of this interval) and Stromatopores appearing near the base of this
interval, some rare Corals, Crinoids, Pelecypods, Gastropods and
Ostracoces fragments alsc occur 1n this interval {(cores 19-21).

Toward the base of thos Fformation (cores 22 to 27} there appsar

pellety micrites and pelbiomicrespacites ("facles grumeleux') withk

some intraclasts, The fossils consist of Stromatopores, rare 3troma
tactis ?, tezbulslz Corals, Craincias (occasionally abundant), Pelecybpods,
Y rare Go,tronoes,Ostracodes, and Algal fragrents (Solenoporal,

The occurrence of Stromatopores, labulate Corals and ellied fauna

at the base of Attavapiskat Formation suggeslt 2 reefal environment of
aeposrtion, However, the upper part of tnis formation seems to have peen
deposited 1n a sublagcoonal environment as indicated by



. the great development of Ampaipores,
tne marked dec-ease of the 'o-al's frequencs,

the ocecucrence of biva-zies fociws (core 18}

E - KASKATTAMA FORMATION {rom 1291' to 1884" {cores 28 to 49)

This formesion consisws mainly of calcareols sediments which becore
dolomitie at 1 5 bete uppcs 2ad lower pa is. Iilite has beer found to be
the principel mineral ccoarving Lo the clay contents of these rocks and
seplolite was found in core 3L,

The fossils corsisl of Criroids, Pelzc,pods, Gastropeds and
Trilob.te fragments, rare car ing organlsms, [ragments ol EBryoczoa,
Favos.tes Stromatorores, dendritic Strowavcpores, some Amphipores,rare
solaitary Corals anc vaoy vere Algae.

The follov.ng nicrofacles (ir ascending orcer) has been recognized

1 - Slightly streaked, laomnatea ("rubané") micrites and dolomicrites
appacently azoic ard conlaining sonc anhydritic than aintorealaticons.

2 -« CGravelly microsparites and intramiccospasitecs wth apunoant fosslls,
3 - Pseudo-ocoid micrites including ver,; rore fossils

These types of rirceofacies are considered Lo belong to a sequence
Whlé@ 1in this formation recewrs ryika cally Each of these sequences secms
to 1nalecate 1rreguier pulsacions Jeacing Lo a slighs deepening of this
area while st.ll romeinivg in shallow qQuile® watel environnent,

Tocally restricled conditions probansly prevallea during the depcsil-
ticn of the upper and 1o.e” Lerts of ‘bh_s formation, indicaling lagocnal
eavironments or the peowimily of roefal accumvlstions, Hovvever, the miaale
part of this formatiom 'as gppscently depesited um normal mAarine envicon
ment {(The low bororn conueut of core 34 L. celeted to the sepiolitic clay
{ract_o1)

F - PORT NELSON FORMATION  from 1884" to 21917 (cores 49 tu 63)

This Formation 1s mainly delomiTilic convaining enhydrite throughout
{sticks, nodules and very ihin beds) ana cortains the folle ing micro-
facies

1 - Streaked, leminated riceite ("rubanée”) and algal dolomicrite (Spon-
glostromata)(cores 490-50) preacminate au the tep of this formation
(cores 48 to 51) The fnossils are rery scattered and contain
Pelecypods, Gasiropoos, Crinoild. and rery rare Corals fragments
{(cores 50 - 51).
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D . Dolomicrosparites and gravslly dolomicr.oucs with rare fossil fragments
such as Thamnepora, Felecypods, OsTracoaes {Lores B2 to 547,

3 - Irregular alternztions of gravelly micc_tes ana dolom-crosparites
with dolomicr_ites to tolcmicrosparites rncluding distorded gravels
and intraclasts (coras B5 to 65).

The faune 1s reprcsented by Pelecypods, Crinolas, Ostracoaes,
very rare Trilobite frogmerts, rare Bryozoa (Felopora), very rare
Thamnopora, solitarsy Coral fragments, and race sal.cified Poriferz
spicules,

T+ 1s +to be noted that all the deloraites ooserved «n this formazior
were found to be more or less porous and thal tne crganic matter nas
mostly represented 1n tne shales.

This formation wnich 1s essentially delomillc seems to be have
been ceposited 1n a slightly restricted environment Jth some deposits

of a more open sea earironment

! In these carponates the clay content 1s composed of 21lite.

G - RED HEAD RAPIDS FCRMATION  from 2391° to 2571! {cores 63 to 72)

Thzs formation miy be subdivided as follows

1 - An upper part Trom 2191' to 2301' (ecres 63 to 69)  this part 1s
composea by aolomicrosparites sometimes lomilnated, streaxed
("ruband") often gra.clly and aolomicrosparites with intraclasis.
Trne gravels are distoraed ana stretchea out wurile the intraclasts
are elongated ana 1. parallel to the pecding plane.

o - A lower part from 2301' to 2371' (cores 69 to 72)  this part cons.sts
of gravelly and pelletoardal microsparites at 1ts top and pellsty or
gravelly micrates at .ts base

The fossils are more abuandart than tnose of the upper part and
consists of epinordal fragrments, Pelecypcds, Bryoczoa, Gastropods, Trilo-
bites, Ostracodes, Dasycladacean algee Jhich occur zhbundantly in
limegtones at about 2317 depth.

Mainly dolom_bic, this formation was apparently deposited mostly
in localy restricted envirorment with some deposits of a more open sea
environment, The clay conteat rs 11latic.
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H - CHASM CREEK FORMATTON  from 2371' to 2001' (ccres 73 te 85)

This Formation Js characlerized oy

interterbeddced limestones and dolom.tes ,

chlor. e whiech appears regalarly 1o tre clay fractzcp for
the first time.

The microfacies of thls formation are as follouws (in descencing
order)

1 - From 2371 to 2394"  Anhydritic _n the upper part and Delomitic
riath more or less abundant annydrate n ihe lower part., Scmetimes
tre dolomites contain gravels and ooids, The fossils are very rsace
and they ccrsigt of Pelecypod fragments,

2 - From 2394 tn 2440"  Cravelly ard pellety micrites :ncluding patchy
dolomearosparites, The fossils are mainl, Pelecypods and crinoiaal
fragments, Ostracodes and Porifera spicules.

Anrydrite 1s presert bur s rery orare.

3 - From 2440' to 2601' Dromicrites witn frequent fauna  Pelecypods,
Crinoids, Gastropods, Bryczoa, rare Corals, sorme Thamnhopeora, Trilo-
bites, rare Tintinoids (2592’) and sporadically abundant Dasycladacean
algae (c.g. 2453" to 2456' ana 2485' to 2496"), The latters may be
considered as markers,

Anhydrits 1s rery pare.

The depositional environmert i1s less restricted than ar Red Head
Rapids Formalion, and points te a rather normal marine envircnment at
1ts base.

I -~ CAUTICN CREEK FORMAITGI  from 2601 to 2687" (ccres 95 to 89)

The whole formetion 1s compesed of dolemicrosparites ir which scme
intraclasts oceur sporadically, Anhydrite 1s abundant (sticks, nodules
and thin bands), Pelecypods, Gastropods and Ostracodes zrc found very
rarely in This formation,

The sediments seer to i1ndacats a lagoonal to sublagoonal enviroh-
ment of deposition. This 1s espacially so ir core 56 vhere the boren
content 1s particulary high,
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J - PORTAGE CHUTE FODMATION  from 2687' to 2912' (cores 39 to upper part
of the core 1C4)

This fermation .5 subdiv._aged as follotis

1 - From 2687" to 2900" {cores 89 to 103%)

Thig irtcorval ccnsests of dolomit_c ara slignthy dolomitic lines-
tones with calor.te and 11late in tne clay fraci.on, The microfac.es
are composed of piomuecrites, which are sometimes dolomitized., Fow
epigenic silica cccurs 1n nodiles or in shell fragmerts. Anhydrite 1s
Jery rare,

The fauna 1s mainly composed of  Cranoids (apundant), Pelecspods,
Gastropods, Trilobzses (sometimes zoundant), Ostracoces, Corals
(very rare) and algel fragments (Dasycladacae),

The upper pert of th.s interval 1s believed tc have been depositied
in a more or less marine en ircnment, while the lower part, belongs
apparently e:rther to a4 mcre locally restricted envivcament, or to a
near shore envsironment,

2 - Fror 2900' to 2912' (upper part of tne core 104)

Three main lithologic facies can he rocognired in this Llower
part

L0 % sands Potassic feldepars are prosent but not abundant, The

clay frocbion includes 11llate, cnlorite ana kaolinite The occour-
rence of the latter mineral suggests the formation of later-te in
a nearly emerged lanc,

b/ - argillacecous and siliceous limestones (P905'6" and 2907'6"™)

o/ - sandy shale slaghtly feldspasic (2908') and argillaceous sand
(291.0') with 11lite end crilorite,

The porcon content in the all over menticned facies 1s higher thet
of ar environment characterizing a normal marine deposit, hence 1ndicate
restricted conc_tions of ueposition

K ~ BASEMENT from 2912' to 2041' (Lower part of the core 104 to core 107)

The basement of raskattama bore I consists of granitic rocks;
piotitic Olaigeelase, Orthoclase-~microclire granite snowing sometbimes
metamorphie features, and basic segregations in which appears hornblende
(4ctinclite) and more hasic felaspaer (Andesine).
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2 - DISTRIBUTION OF ISCTATED MICHCFOSSILS

The disiriouticn of mierofossils in the Kaskatiama pore I 15 the

following (1in descenaing order)

1

Abltool Format_op {(corcs 1 to 9)

In the upper part of this formation {[cores 1 to &) the Conodonts
ccour down te core &, and then disappear 1rn core 7 probably as a
consequence »f tie locally restricted cnvironment,

Maddle Kenogami Fogrietion  (ecres 10 to 1)

The oceurrence of rare Speres znd Ycolecodonts and the absence of
Cancdeonts and Ostracodes, are the main characteristic features in
this formation,

Lower Kenogami Tormation  (cores 15 and 16)

Trnis formetion is character_zed py the occurrence of large Ostra-
ccdes and the aopsence of palyncplanktonic fossils, Conodonts or anyg
Ostracodes of ncrmal size

Attawapiskatt Formalion  (cores 17 to 27)

In attawapiskalt Forrmaticr tnere are vers Lew microfessils such
as Chitinczoa, Acritarchs ana Speres. The Conodonts are only Tound
ir one level 1172 (core 23},

Laskattama Ferration (cores 28 tn 49)

The distribution and frecuency oF microfcssils allew to subdivide
this formation intc the following parts (in ascending order)

a/ - a louer part (cores 249 t- 36)

. occurrence of Chitinozca, Acritarchs and Scolecedonts {(zhe
Scolecodonts arc freguent in cores 37 and hoy

. occurrence of Conodonts (abuncert bebvcen cores 42 ana 49)
and of large Ostracodes thich may Lodicate the irrcegular pulsations
ipterpretoa Tor this interval

b/ - a mddle part (cores 35 to 32), cnaracterized by very rare Acrl-

occurrence of larg:z Ostraccdes,
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. occeurrence of Chitinczca, Acritarchs and Scolecodeonts {the
geolecodonts are freguent in cores 30 and 286) ,

cecurrerce of Conodonts 1n core 30 and large Ostracodes in
cores 31 and 28,

6 - Port Nelson Formation  (cores 49 to 63)

T -

Microfossils Trequency curve shows ihe possibility of twe parts
{(1in ascending order)

Feu to Treguent Chitinozoa, many Acritarchs and Scolecodonts,
The Conodonts are rare while the Ostracodes of "normal size' ave
abundant and the large Ostracodes are alsc present.

o/ - an_upper parl (cores 55 to 49)
There are feu Acratarchs ("Tasmenccées") ana very rare Scole-
codonts 1n this upper part. We observed rythmicael alternations

between levels w—tr many Ccnodonts and levels "ath few Concdents.
The large Ostracodes also occur 1in this part,

Red Heao Rapias Tormalion {cores 63 wo 72)

Rythmical oscillat.ons are chbserved in the ccecurrence of the Chiti-
nozoa, fAcrilerchs, anc Serlecodonts (Scolecndonts are abundant 1o
core 65). The Conodsnis are present un cores 71 and 72 (Remark a
level with abundant Conedonts in core 71). Above core T1 Conodonts
are less freauenl Ostracodes are absent.

Chasm Creek Formatior . {cores 73 to 25)

Frequent t: sbuncart Chitinozoa, Aeritarchs, anda 3Scolecodonts
becoming fewer in the upper part cf this formation,

The Concacmts froguency curve, {(with 1ts poxarum corresponding to
core 43), aecreases from bottowm to tup of tre fermation An exceptional
freguenicy of Concdonts is chbserved in core T6. We note a rather
complete absence of large Ostracoaes and Lthe occurrsnce of relatively
abundant phosphatic Tragments.
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Caution Creek Formatios  (cores 85 1o 59)

Tre Acritarcns ere very rsre, freguent occurrence of large Ostra-
codes and few Cstracodes of normal size,

Portage Chute Formation . (cores 89 to 10%)

A relatively high frequency of the Chitinozoa, Acritarchs and
Scolecodonts 1s ooserved in tnas formalicn, There 1s a eenstant
vecurrence of Conoa.nts and a maximum Irequency 1n the maddle past
of this ferratien (cores 93 tn 97) warle the large Ostraccdes ace
absent. Occurrence of relatively apundant phosphat.c fragments
torouvghout tnis formataon,



PART 11 Biostratigraphy

Tables 2 to 6

1 - Conodonts ana Ostracodes
2 - Palynoplanktology

3 - Conclusions



1 - On the Cenowonsts and Ostraccodes studies

INTRODUCTION -

Th.is renort deals s'_th uhe results obtained from the examl-
nation of aoout

- 270 samj les trested with monochloracetic or formic acid (sediment examined,
toc, before treatment)

- 15 sarples wogheo w.oth HplOs, and,
- 135 core fruagmeanls

¢ fairly good number of microfossils have been thus obtai-
ned {(Comnouonts, Ostrcecocrs, Tentuculitla, phosphuetic clements of organisms and

others), anl affordec. Z1c elaborazion of a biesiratigraphy and useful data
for a further internsrezatior cf the ernviromment of degositicn

BTOSTRATIGRAPHY -

The Conodonts a.pear to be the precomincte exlracted micro-
feana 1n this bere hole Inceed, zThey, croviwed the mzin bio ond chronosirati-
graphie z2ta Less so arpor.ant vis tho occeourreunce of Osiracoda

3 - / Orcovacaen /

a) Conodonis

Three p10=70nes nave beer recognized sithin the Oraovician
on =he bosis of the relctively Trequent Conoconts These Corodomts 1nci-
cate cges in close agreement with theosce suggested by the BaNFD's geolo-
glLsts.

Comodont bio-zone "Ocl" (frem 2908' to 2/08')

This bio-zone corrsspoes to tkhe Porzage Chute I The occa-
rring Conodents indicnte thet the age of "0cl" inzterval coevals a2 post-
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17

Ceranlan  ~e  indesd, the lack of Conoudconcs svch as those belongirg Lo
the genus Chiregrathus coulc confer Lo 1t @ rather late Mohew<iar .ge

The ssm,.les betweer 2702' ora 2€20  (Caution Creek Fm ,
"Edenian") dii nos react =o the zcic so thal 1t was not possiple fo ob-
c1in Couodonts from this interv 1 [whore, besiues, they are mos. probo-
bly not resresented)

Conodort bio-zone "Ocg" (2602' Lo 2448")

This olo-zong 15 equivelenc 1o the Jower and middle perts
of the Chasm Creek &~

Tre "0e2" bio-zore 1s further subdivided into

"Ce2 2" (2602") vhic- 18 charscterized by bhe first epoearance of
probably upi ermost Maddle to Lower Upper Oroovicion
Corodonts

"022 B! {(26560"-2448")  naving an opparently Mossville age, assumed on
ihe bas>s of

a4  Ambalodus - cmorphognathus groap of Trenton to hacarend ogs {frnhcim)

o Cordylodvs ef C robustus, known from tae Wyoming and Mrnicona's laue
Ordovician (Stony Mountoins & Shoma! vowe Fms ), and,

¢ Plegagrathis nelsent and P Jdarioni known frorm the Storny Mountains,
Shamettawa 213 Up.er Bighorr Fms

. sh-ry limis 1s char-cierized by the ap.earance of Conoconis,
the cge of waich corres;onds to lhe Upper part of the Ca sm Creek Fm o,
and o the lower to midoele parts of the Ren” Heed Fr The Conouwonu asso-
cietiol which cont.irs forms from Raiidognetaus and rphelognathus proup,
allow to correleie the 1ntervel belasen 24%1' oric 2343 wita the Ricvmond
of Kenvioelky ana Indiana, while the overl;ing inlcrve. (up to 2257") may
heve the same age ©r an uppermost Ordoviclcll age

OsTracouces

Though relativel, rare ain Jhe Crdovieinn, the Ostracodes
characterize the following pilo-zone

Ostracods bro-zone "Col™ (26467 - 2631")

which corresponas to ithe Cavition Cree< Fm and 1s defainer
by the cccurrence of 2 1nueterminate gSpECLES
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- / Ordovician/Silurian transition and Silurian /

The Ostracodes, though usually bzaly .reserved, vere used for
blo-zonetion ' ithin “he Oraovician/Silurian oassage and 1n the Si1lurian
they were found to oe more reliaple than those rarely occurring in the
underiying levels Oa the cther asnd, the Conodonis are rather rare but
=ffora & more or Less peclse aa.irg on the basis of the Europe«n Strati-
gropny (of  WALLISER, 1964, opposite zig 10 ir "Concdon~en des Silars™).
Generall; =he stratigraphical res.lts obtoined from the microfaunal studies,
correspond with Lnose obt-inec by the BanFF's geologists It 1s to be notea
that

(1) Cur resul.s are st1ill nou sufficientlv precise 1- conmectlon io the
Ordovician/Silurion possoge

{2} They 1ndicatc ages of some levels of Xaskati~ma Fr , ana tend to inclvae
the &1_drian/Devorian limit 2. an upger part of this formation (see
"bro-zone SuE", below)

&/ Or.ovician/Silurian pessage

- petween 2034' =2nd 2852" {he scarcity of Conedonbs ana their bal state
of preservation Jilo not Jllow a precige age determinction

-~ bet een 2160" and 2030 occurrence of ratner abundart Ostracodes
wnich, hovever, belng bhacl,; ureserved, canrot help for precise lating

- consicering melnly the Concdonts, one may Mole (1n ascending order),
the occurrence cf

Stecimens of doubtfull Siiurian affinities beiwean 2186 arl 2101

w

og

Specimens ‘ith very propable Siluriaw zZfinilies ot 2053"

¢ Specaimens of Silarian cge starcving from 2029

B/ Ostrocod oro-zone "(/Sol" (2160"-2036")

It seems pessible to distligulsh Lhree units withan this bio-
zone However onhe ¢-nnot pe sure obout their reliasility since most of
the occurring Ostraccles ere 17 4 frapmerters sualc (2160'-2155', 2109 -
200z, 2036")

C/ Conolonl bio-zones 3.1, Sepp and Sc3 (2029" - 1739")

These bio-zorcs are based on Lhe distributicen of tnes CLono-
conts Their specifi. 1oentaficotion being rathcr difiiculw, 2t should
be kert 1n mind tnat trhesc bilo-zones and bnelr datings are only provisicn-
nely es.ablished aca lenbatively suggested
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Conodont bio-zone 'Sp1" (2029 - 193567)

Mainly besed on the occuarrence of broken s.eclmens related
to "Spathognathodus | ennatus/Ploerospatnedds .morvhognathoiaes” group
{of lzote Valcntian TOearly wenlock ege)

The cceurrence of Lonechodina walliserl cssociated widh Laogo-
ne ina silurica, Ozarkodir aff edithae suggests «n age grobbly cgli-
voient to vhe "sagitoe-zone z", corresponcing to the passape WJenlock-
Luclor (the szme deti~g moy be extendacd to the 1aterval beteecen 13687

end 19%6")

G

Cono .ot Lio-zone ”Scjf (184" - 1799")

This bio-zone 18 cheraczerizea by ithe aissapearance of some
tyvos of tne "Se2" pio-zone ond 0y 118 1ntermsci-le rosiiion between
tre lecter anc the "SgL" bio-zone One may suggesl 1L #s peing eventialy
corvesponaing to Lhe "crassa-zone"

U/ Lonoront hao-gone "S.p" (17957 - 17367

On the basis of Kockelelila variabil.s ana Lonchodine detor-
t2, one mny screly cttribuate Lo this bilo-zone an "Uprer Middle-Ladlow
to vower (7) Up.er-Ludlow” age, corrcs.onding to tne Furopesn "siluiri-
cus-zone”

E/ Conodont bio-zore S.=" (.517' -~ 1613")

A& "Silirian/Dovenien passage'’ age can be attributed to this

Sg5 bio-zone whach corresr-orlds to the "lotialatus ?/crispus/eosteinhor-
nensis zones" (e bets 2), on the bisis ot form rsl.tec Lo Flec.ospatho-
dus flex.osng, -n' Louctourno Jetor.

F/ Cononont bio-zore S5 (1343 - 13417)

Ir this gio-zonc occrs Ozarkodins cf U typica denckmanriz
it L - -
("eosteinhornersis/soschrindrl zond”, Siturian-Devoniun irensision /Genin-
nien; (Us e bet. 2 - & g i)

It 1s wo pe nover thet the limit petween Silurian to Devo-
arzcn 18 no% «ell doefined on 2 world-wide besis {(ef fig 10 of Walliser)
thas leadirg Lo attribate elther ar Upper Si1lurian, or & besal Devonian
age Lo both "S.5" and "S g" bro-zones Moreov.r, the dtcawapiskat and
nenogari Fns  are consiaerced Lo pe of Siluricn oze in Norin-America, butl
thezr Jdefin.ie correil.tion with Buropre 1s nol yet esvablishec there-
fore, 1l 15 still queslionable whelher these forma.lons are SynRchArclous
wilh the Siluriar or wits the basal Devorian

* zone 1 the sense of German aithors (el fig 10)
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G/ Ostracode levels Sqp 'na 8/Dny

Two levels at 1500" {8g2) and at 1313 (3/Dgy) can oe consi-
dered as merksrs duc wo the firs. spresrance of some character_stic Os-
tracodes ¢l .hough padl, proservzde

> - / Devonian /

a) Bio-zone Doy (92" - 399" )

In o prev.ous note on faskattama bore I (ef L/ST n° 18579
1ssued 17/11/66), e ~Ltrzoctew a” surely Emsian-Fresalan, probaply
Eifelicn age for the interval petveen 102' Lo 3392" {Conodonts  Polygn--
<hus linguiformis, Oneotodus ? K 351 , Styliclines) Thais Jating 1s fuc-
tnermore confirmed oy 1lhis sticy and mey be extended to include The in-
terval 93" <o 339 Moreover, these ccnclusions ore corronoraled by the
precence of Semitextularia cf 8 thomasy (Foremirifera) it 93'-95°
the type species 1s knouwn from the Europe.n Ellfelzan, Givetrar and Ucper
Devonian, cna, as far as ve Xnow, 2t least from the Frasnian of Horth
tmerica (Cerroc Gorde Fm )

b} Bemarks

The "per descensim" 2 occurrence of indetermined Devonien
species (22527 and 2271") ana Uy per Devoni.n species (containing Pal-
matolepls subrecta, 2273' a~d Palmato_e.rs sp ,2717') within the Orco-
vician of Kzskcet.ama bore I, seems to ind.cate the acctuail or former oc-
cnrrerce of ¢ lover Latc-Devonian (to I one beta-gemma-to T delta) in
the Kaskeboiome region




2 - On_the Palyrnoplanktological sludies

INTRODUCTICON -

101 samples yrovidec from Kaskatzama bore 1 (cores n® S wo
n® 107} have peen exemined at cbouo o mean~-sam~le for each core The mathod
used for this sTudy was ocur wvsual chemic2l one (1Cl, HF, HC1) The Jimesticaes
ard dolomites needea aocut 200 to 200 gr per samile

Lt least 3/4 of =—he residues .ere found Lo contain various
palynoplanktonic micrefossils Thesc are mainly the forlowing

- Chitinozoo (Cz)

- 4critarchs (Hy)

- Scolecodonts ("Denticuiates" D)

- Sporas (Sr), and,

- Proimitive Algae

These associations have been used for stretigraphic {cf
pert II) as vell is paleogeographic interpretations {(ef pert I, enviroament
of QGpOSltlon) Furtnermore, sn esssay to evalucte *he o1l po.ential by the use

of palynological technic (PA/C-H anl MV) necs beecn applied jsointly with those
of geochemical mezhods (¢f  pert III)

REMARKS COIICERNIT &+ THE DIFWERENT GROUFS OF MICROOSCA[SMS -

1 - Chitinozoa

The Chitinozo:r heve been particularly looked for ena were
founa to be represented 1n many levels belweln cores n® 24 and 10% Their
grez test 1ncrease 1s obscrved octdeen cores 76 and 103 (¢f table 2) Mo-
reover, their excellent state of preservatior «llowed precise i1dentifico-
Lions

From 56 types recognized, 31 were found to be neu

2 - agritorchs

This grour vias examinea 11 the normal palynelogical slices
and 'as found %o be rather constaatl, dislripuied from cores 5 to 103 Ho-
vever, 1L may vary qgualitatively ard guantit-tivel 7, Lhus



- betseen core n® 28 ana corc n® 57, the occurring neritarchs pelong to
the famil, TASMANACEn From core 52 to 60 «nc even to core 103, Lhere is
an 1neressce in the t,pe and fameay var.eties From ihe whole meterial
stulied, & types were differerciated

- betwecer core & ard 27, Jhe mcritarchs occur only sporadicall, and scar-
cely, then, bet.gen core 28 ery 57 although constan.ly distributed, their
amount vary rroelly Bet ecen core 59 ans 103 chey are particularly well
represented

Tng observeda acrilarchs heve usually a hyaline a.pearancs
and a faint yerlow to clecr prom  cOlowr They, still shoir their membrane
and firc processes dovever, Jhey are often l-cera.ed thus keseping from
accurste 1dentification an zoold photographing

Scolecodonts

This group 7as up Lo now rarely used lue to 1ts scoyeety anl
Iimited distributions Hewever, .he Sceoleco donts are in this well the
most abuncdant ard civerse orga~i. microfossils cccurring betveen cores 28
and 103 51 types were recognized {(excluding theose which .ere found teo be
badly oreserver)

S-ores

They _re vesuaily poor and occur only sporodically Moreover,
thelr oad stote of preservation 1llo.ed the recognition of only 11 types,
the ideatifliention of thich remains doubtful

Algae

Whey are primitive algoe, of Mach 4 mran types cen be re-
cognized Thev occur almost throughout cores 77 to 103 Cne of these Typses
seems 1o belong ~o the species Gl.<ocopsomorphs prisca

nlmost 111 the above mentionned microfossils show some ras-
pond to the enriromement of devosilion, 1t seems that

a} the Chitinozoa are the most .o ve offected by merine =cology (lepth,
shore distence, salinity etec . ) They are for nstance the first to
diseppear unler strong lagoontl conditions,

b) the Scolecodonts, less sensitive To fhese factors, may fa_rly vell adzpl

themselves even to reel environmenls,
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e) the fcribarche Jo.elop aifferent communilies eccordirg to the various
cavironmental types of ceosibion The Tosmenzacee are the moso 1rpor-
tant indicotors of lhesc environrienis

d) the algae snow parvicular 1ife -abltia. (norm.l marine, or cren shelf)

Desoive these observitions, a stratigravchical eceroacn .8
ttempbed on the basis of lzlynoplarktological deta The succeeding groups
may Wiuiegs for cthe birostrazigrophic eveluwtion

PaLYNOSTRATIGRAPHY -

1 - Mcthod used

aJirst ve triea to apply ocur usacl metnod vaiz, thot of the
"maximum relative siretigraphiccl renges' (ef  Vall OYEN, 1964 %) For this
purpose, we used our oun terminoiozy (S N P A, numerical types) In feet,
most of these types were familiar Lo us nd zre well krown Ordoviecian aad
Devonian microfossils

The arious types in each sample heve been thus recorded
for each group +« disteibution chart hes been prepered ard esch level has
been determined according fte tne paly-clogical units previcodsly €steblis-
hed for the Paleczoic (CR P, 811 P 4 )

Thus, urit "Cy" siends for Thitinozoa, "Hy" for Acriterens,
"D'" for thc Denticulates ard "Sr" Cor Snuores In this woy, 11 appearcd re-
Iatively casy Lo rrentif, the Orucviei.:r, Silurian and Devonian microfos-
s1is  Hovever, 1t w.g dafficulyl %o o the se™e 1n cornecction wioh the for-
merly @stcblished urits In fact, these were based on stludiles concernirg
distant ~reas such -os those of the 3ahars The already admitiel disiribu-
Tions appezred not 2lw~ys to fit with the nresent results

Therefore, tnough uwsing onotner mathod, we only kzpt the
general fundamental rranciples of ihe 1s' one (VAN OYEN, op il )  Tacn,
e triec bo reach a mere det.i1lec ard sharper zonation 1r order to obtein
betier reliable means of corr<lotion for fulur oractical purposes (e g
the siratigrephic correlctions in the region of Hudson Boy)

Thus, a nurber of biozones nere beer est.blished for each
group of organic microfossils from XKeskattama bore I They wers based on
morvhologically defined and numerically el-ssafied types These biozones
are elthcs delimited by t17°es having stratigrachically restricted ranges,
or by the overlapp.ng renges of ¢ least two u,pes \ef tables 5 and 6)

* P H VaN OYEN Le. Pavynologie stratigraphigque dans lc chdre de la stirat.-
grapghie soleontologigus Revue I F P - Vol XIX n® 2 -
Fovraier 1064
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2 .~ Biozores and intervals

For cach of the recogrized groups, we selected ihe Lypes
of microfossils whicn are the most characteraistic Being easily recogni-
zable snd/or of relatively restriczca distributior, tney are well-kKnon
in tne pelynological litterature, and were previcasly considered py us as
strotigrapiic "merkers” 1nm other reglons Henee, eccoruing to their rela-
Live occurrences, we .ere able to establisn six meln piozones (cf table &,
concerning the fundamental tynes, and ine blostretigraphicel chart table 2,
vart Pa } They are, from bottom uptrards, -8 follows

Biczone I (Kaskettams 1, ¢ 103 to ¢ g0)

Mainly revreserted by Chitinczoa, thev contain

~ Sphaerochitina pilcsa (C, 183)
- dngochitini oklanomensis(Cy A04)
- Conocnitina c-cthacea (C, 317)
ana - Corochitinz micracaruha micracantha (CZ %18)

Tris bilozone, can be apparerily sundivided into the fol-
lowing 11tervels

I

t - (Keskatzam. 1, ¢ 103 to ¢ 47 )

Cheracterized o, the occurrence of

- Chitlinozoa

Legeaochitina tiufayers.s (L, 320 )

-~ fieritarchs

lelofasa otf  oumille (By 149)
and/cr Verynachlum Sp (Hy 3C1)
Baltaisphaerid.ium rmJitlpliosumn (Hy 320)

- Scolecodeonts

Paleoenoniwes ar-ngirus (D 120)

B - (Kaskatteme 1, ¢ 97 to c G0 |,

Mr1inly daistinguisnad by the ocourrence of
Lzgenochitine cf srhacrocephel= (Og 30%)

21w by the sppearvancé of

Cyathochitine calix (C, 35)
and Conochitine micrecentiha robusta (C, 3167
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- Aeritorchs

Veryvh chivm sp (tly 113)
and/or  Jeryh.chium sp  (Hy 18%)
Teiofus? sp  (Hy 298)

Bioczone IT (Kuske*tama 1, ¢ 90 to & 79)

For tre time pelng, this biozone 1s m2inly cnaraCcilerized
by the occurrence of

- Chitinozo.

Restracied types

Cyothochitina <ukersicn. (C, 134)
Hercochitine cric<emaysi (CZ 312)

appearance of

inc,rochitin: sp (C, 32l
- heriterchs

occurrence of

Tciof s ¢f estrecha (Hy 11)
and/or Leilofusa falifera (Hy 14)

- Scolecoconts

overl-gring ronges of
Eunic. .es dentiewl-tus (D &)

ana Leodiciles arguc bus (D 23)

Biczone I1IT (Keskattama 31, ¢ 79 tc e 59)

{aarocterizea, reoriticulerl, for the Chit_nozoa oy the res-
tricted tylLe Mirochitaino gquairupsedas (L5 309) and oy the overlapping
ronges of ancyrochililna ancyree ono Conochitins pechycephela (C, 136)
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I= scems also wossible to subdivaide this biozone inwo the
tivo folloving intcrvals

IIT 4 - (Kaskatzom 1, ¢ 79 to ¢ 09)
Reecognizable 5, the thiree follouing groups

-~ Chitinczoe

By Llhe overlasping romges of

sncyrnchitine ncyrea (L, 135) und
Conochitna mucracantna capitata (Cz 315)
- ACPLTEICAS
By the overleapjing ranges of
Polygonium Sp (Hy 197) =znd/er
Ver/hzchium sp  (dy 318)
«1th Cymatiosphaera (?) s, (dv 262) and/or Hy 321

- Scolecouonts

Tas cecurrerce of

Arabellites doutty (I 77) any/or
Oenonites cresious var 1 (D 85)

ITI B - (Kaskattame 1, ¢ 069 to ¢ 539)

Characterized by the following sclecten microfossils

- acritarchs
Uverlapging rerges ol
Navifusa sp (H, 57) nd/or

Palygoriium s, {(Hy 71)
Jith Hy 157

- Scolecodoals

Ovecrlapping renges of

D15 - 215/D 97 - 193
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BIOZONE IV - (Kaskattama 1, ¢ 59 tc C  43)

This biczone 1s mainlyv characterized py an Acriiarchian
"Guide fossil" v., , Leiofuse straatirera {Hy 89), vhich 1s a well knoim fos-
311 Some othcr less chorac eristic T Des may also pe associcied such as Hy 139,
Hy 175, H, 235 ana Hy 3.6

BIOZONE V - (Kaskatltama 1, ¢ 42 1o c 24)

This biozone 1s delimiterd by the range of the Chitinoczoa
Spnaerochitina c¢f fenestraza (Cz 3232) I% 1s supdivided furthermore into the
followirg inlervals

Vv A - (Kaskattama 1, ¢ 42 to ¢ 28)

This i1ntervael contains Lcritarch Hy 232, and the Scoleco-
dont Nereidavus invisibilis zar 3 (D 67)

VB -(c 27 toec 24) 15 a rether rczatise inter.al

BIOZONE VI - (Kaskattama 1, 425" to ¢ 5)

[leaanl,y characterizea by the occurrence of 3.ores, this blo-
Zone 15 recognisablie by tne Zollowing

- Acricarchs
Duvernsysrhasr tesscla (Hy 22) cud/or
Polyedraxium (%) octoastcr (dy 167)

- Ssores

Convolutiscora ~Af{ crassc

3 - Chronostratigrapnic2l interpreiations

An attempl 1s made to correlate the previcusly defined "Pa
Biozones" of Kaskatzama 1, with the anternationally estaplished chronos-
Tratigraphy This altenpt was reached A, oa the one hand, on the pasis of
the krown p.l noplatktological lictecature, and on the other hand, on the
basls of our owm experience on the raleozolc
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Thus, Je may susgest the following ages for esch of oar
biozoncs

. Kaiskat.ame 1 b Ph suzeesied ARES )
Baozores foBuEsEst £

VI "Micole to Lppes Devonilan'

t 1 PR '
1 < t 1
! IVu ! "S1luarren® 1
: 1 |
' 1T 1 1
! 1 1 "Lerafoelen” !
Y ! 1
! ! 14 it !
. T Joper Llandeilian '

These inlerpretetions rvefer mainty to north America,
Fngland, Baltie and the Sahora

Remarks

a) On the stratigraphicsl methods used

Yren a local zonat_on 1s to be established, we usually start

by 1dentifiirg 2 number of variols subdivisions As a Jirst step, this

process 1s .alled "Tve provisional Hrimery subcaivision” Tnis 1s the case
of what hos been done for the zonatior of Kaska.ioma bore I Further-
morc, in order to rcéach . more cdvancec <na accurite sabdivision, 1 oe ,
a supdivisior into units of pracuicel value, 17 25 fundarental to com-
pare vith at least Lwo other bors holes having the seme stratigraphic
sugucnoes

In this wey, "the provisiotel primary subdivision' 1s com-
pared with rhet of tne thirs borc $o 28 Lo ovole mis inerpretation
which may be due o ary eventval unwedging of the variocus units studied
So much sSo, aimirg to ssolc such misitecding results, we tried tne best
we con, Lo selecy within ench group, the types of mucrofossils whicn
secem Lo be lhe best reresenti.otives of these units

Anyhow, 1t should be kept in mind that, owing to the fact
thet thes study 18 beosed nothing but on a single bore hele, the hersin
suggcsted blozornes should he consicersd as orls provisional subdaivisions,
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b} Ranges of m.crofossils

c)

The strat.gravhic ranges of som. i1ypes of ilhe groups of
Chatinozoo, écritarchs and Scolecodonts as observed 1n Kaskattoama
bore I, do nol eccrrespond zxactl, with their formeri, knom ranges,
C g, lybicel Deronian iy pes are herc observed in the Ordevician This
may oe €ither due to cifferen. stratzgr.phic range, or ito some kird of
'displecement” of the microfossiis asnywov, this reans ihat one should
bo very careful en dealing vith siratigrashice walerpretat_ons

On the environment of deposition

As merntioned carlier, the sludied microfossils ore more cr
less effected by the various er ironmenlal factors inasmuch as in ihis
case, the ep.irconments of Jeposition indiczte a rather unusual ~nd va-
ried facies, often chenging i» time and spoce

These facts mey oust add to the proclems, vhica may e qet
n1th, 1n atterpt.ong =ny other stratigrsphac correlations



3 - Lornclusiong

the chronostratigraphic conclusicrs basc. on the Ostrecodes
ard Conodonts o the one hed, aaw palinotioiktclosicel stadies, on the other,
seem to be bol~ 1n cgreement Thus, rocks of 'M_ddl- Ordovician", "U.per Or-
dovici=r", Siiurion-Devoni-r", and "Devon_n" wer  svecessivel datel The
folloding 15 7 simmer, of <he f1 al rosalis 1n connezctlon with tne chro os-
tratigraphic pouwndariocs odouted

1 - Middle Oraovicicr - Brom 280CG' 1o 2700

Bolh mcthous cttribate the upper bourdcry of the middle
Ordovician ot 2709

2 - Upper Crdosician - From 2689" +o 2005

An Upper Crdoviciars ogc was cztriputed for this irterv.]
by tnc 2 metnods Thne 1solebed microrauns scem Lo polr o to Silurian at
2186' The Conodorts -re rare betwee: 2136 —r, 20207, ara are generslly
not sell knowvm Ifrom littercotarse releved “o the Ocdovicion/Siturian pas-
sage  Thereforce, 1. 15 the valynowl nktologic.l Ord /Silur  boundary
which 18 ret_.incu

e
L
[

3 - From 209%" to 2029' -

Precise dnating not yel eso.osished, allhough some good
Siluriecn andications are gioen from 2076 mainly by acrit.rchs

4 - 8ilarien 2029' - 178L7 -

i

belh methons lcoa Lo tre scme conclusion

5 = Silurior ond/or Dovonien from L761' te 12947

The microf~una in thas .rtervel i1s comoozed of

A/ Conoaonis which pLoinl Lo

flep w2 age consider. oo Une Tadlow to Geconian ©9o.0 the lewvsl

117" (according o G. . all_s.r scale, of. Som. 10).

Lo
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b) Uppor o kota 2 to © garrid (o z-riw corcoesoiends Lo Guoarn_an accordaing
£ W 1iisor op. cit.) bt 134wt

B/ Palvnogplankions of $Silurian aifirities

Tacsc rosults allow to otiribute a Silurian end/or Devorian
‘ge to this 1761" to 1294' intervel

6 - From 1254' to 925" -

This interval meys be considered s 'blinag', since 1t only
contains very rare fossils of ro diagnostic value

7 - Middle Levonicn - From 9257 to o=’

Tris age atir_p.tion 1s only basea 0 palynoplanktons

The upper boundery of taw Devoni-n {53") 1s b.sed on Lono-
donis ¢ surely Ensiar to Presnizn ape, apparently Iifelian age, may be
ottribuled Herce, the vhole rccognized Levon.en sgems 10 be "Mildle De-

It
VOonian

1L <opears trom cThese stucies Lhat the chronosiratigraphy
of the studicd suguences »s ostc blisned by our nethods (MD & PA) are in
closc agrcement itk thet ,roposed by tns BulNIF's o1l geclogists. However,
we tend, To assign v zome ol transition Siiur /Devon ' from 1617 to 12947
ord a trus Devori.n ai 925'
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PART TII

Organic matter and hydrocarbons potential

1 ~ Properties of the microscopically observable organic
matter

2 - Geochemistry of trace elements and organic matter
% - Maturity of the crganic matter

Za - Palynologiral study of the degree of carbonization {MV)

50 - Gegphemlcal meas 1irement of degree of coalificaticn
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1 -~ Propertieg of the microscopically

observable organic matter

Study on thre "Orpanmic mediur" (PA/C - H)

It stould be kept 1= mind that the aim of this palynolo-
gical stady 1s only to show the qualitative properties of the organic
matter, and that i1t would be hazardous to draw any conclusion without
taking 1into cors:if2ration, ot least, theo quantitative criteria

THE "ORGLNIC MEDIUL" - DETIFITION

In palynology, the organic residues, obtained from sedimevnts
devoid of their mincral contents (by chemical attack) consist of
organic microfossils (Chitinozoa, fAcritaichs, Scolécodonts, Spores
etec,.,) and of diffused organic matter The latter constitute the
largest part of thz residues (about 9 to 9/10 th) and 1s microscopi-
cally easily distinguishable,

It 1s a common use that we classify the organic matter into
morphologically defined categcories The main types are the

- "MOL", which stands for the "Lignine Organic Matter®, the
- "MCT", for the trachefds, the
- "MOC", for the 'Colloidal Organic Matter", and the

- "MoV", for 'Vascular (or cellulsr) Organic Matter"

The orgaric elements of each microscopically examined sample
are approximately cvaluated both for microfossils and diffused organic
metter content

Based on these data, as well as on many observations, and on
the published o1l genesis hypothesis {(Tissot, Crejcr-Graf) we
emperically established, an "Organic units® system, which we applied
for the Kagkattama bore I samples

From this system, we may deduce that

The "T' Units, defined by the predominance of lignine elements (MOL
and/or MC.), reflect a phenomenon of considerable sedimentary feeding
of continental origine, We attribute the "I' units to the "lignine
Country"” which ean, t™eoretically ard from a hydrocarbons viewpoints,
become dry gas gencrators,

The "ITI" umits defined by the predominance of the "PFatty organic
matter” (MOC and/or probably 2OV), usually denote the proxamity of
a basin., Thzse units arc attributed to the "Fat Country' which 1s,



from a mother-rock viewpoint, rather good producer of humidgas or liquid
hydrocarbons becoming dry gaz in case of extreme maturityl,

The "II" units 1r wrizh the previously mentioned orgaric matter cate-
gories may occur, raflect the precence of two different feading
sources. These "II" units were attributed to the "intermediate Country”
whicn 1s, from an oil point of View , an interesting hirge zone,
Indeed, 1f the occurring organic mixture alreedy contains high amounts
of MOC (1limt considered from the IT B), there woald be chances to
found mother ard reservoir-rocks contiguously placed.

Remarks  For eace unmit, the letter "o 1mdicates a tencency towards

Lignmine-rich categorics while the letter 'BY 1ndicatcs a tendency to-
war-s the “fatty' categories

The symbols such as IT_ - III,, denote cases of double com-
ponents mixing in ratios, which are at the limit of the two units.

The PA/C-f curve as reprcsented in table 1 clearecly shows
the organic medium variations 1n Kaskattama bore I, The hatched part
1o the curve (ILly - TLIp) particularely shows the "fat" tendency of
the organic matter, Thus, the 'FTat country” appear to prevail all
over the bore The "Fat Country' 1s composed of thres main categories
whicn seem to be responsible for this predominance viz, the MOC, the
MOV and the primitive =lgae (to be related to MOC).

Je think that 1t 13 useful to represent these differences in
a separate mamnmer 11 order to nat emphasis on their relative impor-
tance, within the corsidered part.

The major organic scquences may be correlated with the litho~
logically defincd formations as follows ,

Abitibi Fm.

Cores 5 and 6 = I = "Lignine Country”
Kenogam: Fm,
Cores § to 17 = I - "Lignine Country"

(except cores § and 16)

Attawapigkat Tm

Cores 13 to 24 = 1 = 'Lignine Country"

Kaskattama Fm,

May be subdivided 1nto



a) - Cores 28 to 3% = II/III = 'Intcrweulzte Country"/'Fat Country"

alternatingly with MOC and MOV

ihe corzs 34 and 35 are outstanding because the former is
the unique to provide a sample bclomging to the "Lignine country” in
this sequerce, whe ess the latter 1s very rich inm MOC

b) -~ Cores 40 ond 45 = 11T = "Fat Country"

This 1s the only intervel wherc the "Fat country", (caracte-
rized by MOC), was determimed in o contlnuous ma-ner,

Yort Nelson Formation

Two intervals cz be distinguishec
a) ~ from cores 51 to 57 = III = "Fat Country' with MOC. This inter-

b) - from cores 58 to 63 = IIT = "Fat country" but having various

origan 1OV, NMOC and rdgae.

Red Head Rapids Tormation

Cores 64 to 72  II/II 'Intarmediate country/"Fat country”,

corresponding apparently to an alternsting regire Upper part more
'Fatry™,

Chasm Creek Formation

Cores 75 to 85 = II/III = "Intermediate country"/"Fat country"”

One can notice a considershle increase of primitive {lgac (very rich
1n core &5) vhereas in MOC they decrease Cores 80 and 81 mark an
incursion of the "Lignine Country',

Caution Creek Tm

Cores 86 to 90 = II = 'Intermediate Country" with primitive

-lgae MOC occurs 1n the last seguence.

Portage Chute Fm

Some levels (cores 61, 92, 103) cen be windividualized on the
basts of the relative amounts of their components , the primitive
.1lgae are herec predominant  Besides, coras $3 to 102 = IT = "Inteir-
mediate Country” contar-ing 4Algae

Therefore, 1t seems, on the besis of thc results obtainad
from our analysis on the hkaskattame bore I material, that the following
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zones sre the most important intervals (from the point of view of
hydrocarbons) qualitatively considered These are 1n decreasing 1mpor-

Tance
Within Kaskabtama 51 lower part (cores 40 to 49)

1)
2) " Port Nelson Fm Upper part {(cores 51 to 57)
) " Read Head Rapids Im Upper vart (cores €2 1o 67)

Indeed, these are the only zones containing colloidal organic
matter (MOC) 1in a constant and good oroportiors In our actual knowledge
this organic matter seems to be, by fan the most interesting component
from hydrocarbons genesls vieuwpoint

The other zones, represented by the hatched parts 1n table 1,
and comprized betuzen our IIB and ITIg units, though of lesser interest
thar the formers, are st1ll be be taken into consideration in the optics
of possible fature investigations These zones, 1n fact contain MOV
(probably cellulosic) and primative Algae which can eventuslly give the
MCC  { Indeed scme i1nfra-red esperiments indicate that similar trans-
formations may oceur) Therefore, should these zones e transformed
elsewnere under favoraple conditions, they would evolved probably into
MOC zones, 2 e 1nto equally valuable o1l-prosnecting intervals, The
MOV material 1s, nowever, stili rot retamorpnozed 1r Kaskattama ccore I
sediments, the praimitive Algae still showing thelr original structure
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2 Geochemistry »f trace-elements and crgaric matter

TRACE-ELEMERTS AND ORGANIC CARRBCU COWTENT OF THE FINE FRACTICH OF SEDIMENTS

The ability of & sediment to preserve rarine organlc matuer
cen be estimated by means of tre trace-elements content Some metals,
especially vanadium, nickel, molybdenum, copper, zinc and lead, which
are concertratad i1n organisms by biolegical process and on organlc matter
by physico-chemical adsorption, are retaired on the fine fraction of the
deposits when sufficlent reduacing conditions prevail

The mothod consishts 1n isolatinz the fine fraction (granulo-
metry lower than five microns ! of the inscluble residae fellowing HC1
treatment and defermining trace-elements contert by U ¥, speciromelry.
811 the valies plotted on the log (plate 7) average at least two deter-
minations

On the same fraction tThe organi. .arbor content is also mea-
surea The correlation betueen these results {trace-elerents and organilc
carben) 1s of zrest significence for thne estimation of posszpility fer
the sediment to preserve tre merine crganic ratter

1) Abitib1l River Formabion

Moasrale enrichments in molybdenum can been ocpserved 1n cores
A 7 and £ @ and wpper 1n cores 5 ard 7 but tne hiphest concentrations in
chalcophyl elenernts (Cu, Zn, Pb) sppear 1n core A 9 The organic carbon
(F F,) (1) 18 zenerally above 15 %

2) Middle Kenogami Forration

A1l the oamples studied in these variegated silts and srales
show very low concentrations in brece merals ard organlc Czroon (F.F.)
The depositional environment did not promote development 10T COnservas-
t1or of organismrs.

%) Lover Keonogaml Formation

The presence of sepiolite in cores 15 and 16 brangs out an
environment of a shallow ana warm sea wrere chemlcal precipltatlon can
take plece, propably 1n a lasgoonal aresa Only one sample 1n the upper
part of core 10 shous enricnments in copper and organic carbort (F F )
and = moderatc concentration in molwbdenum

By Agtaweviskat Formatlon

Tn this reefoid formatlon the insoluble residus 15 practically
non-existent. The organic metter and 1ts associated metals rave not been
preserved 1n that cxicizing Facies {The slight concentration 1n load
might result from a diagenetic pfocess)

(1) F 7 = fine fractior (¢ 5,) of insoluble resiaue
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5) Kaskattama Formation

The formation i1nciudes several levels showing enrichments in
Nz, Mo, Cu and orgznlic carron (F ') Te correlation between these
elements and even, partly, with Zn and Pb 1s rather good, wnlch involves,
at least temporarily, the estsblishment of depositional conditions more
favourable to the conservation of the marine orsgznic mabtter

Nota The pressnce of sepiolite in two levels of cors 2L explains the
1o comecentrations in some metals and 1in boron

6) Port Nelson Formation

High organiec carbon contents (F F.) are still present out
the concentrations of Ni and Mo are mich lower than in the preceealng
formetion One cen only observe enricnments 1n copper and slight enrich-
ments in lead The type of organic metter may be different from the one
found 1n Kaskattama formation

7) Red Head Rapias Formaticn

An enrichment in copper, conne.ted with a medium content 1n
organic carbon must be roted in core 68 for which the dopositional
evironment 1s less restricted tras for tne otrner samples taken in the
formation, (ore 67 shovs enrichmenss in Zn and Pb (end slightly n Cu)
put vith a low oreanic carbon content (F,F,)

8) Crasm Creck Formation

Slizht enrichments 1n nickel gre observed in cores 75 and 78
which show alsao Fairly nigh concentrations in copper in correlation
witn the organtc caroon (F F } In the whole formation, vanadium content
15 slightly zreater than 1n the preceeding Tormations but does not
exceeq the average uvsually found 10 su.r sediments

) Caution Creek Hormation

The only sample snalysed indicates moderate enrichments in
Na, Mo ana Pb

10) Portaze Chute Formation

Upper part (cores 89 to 99) medium content an cownper, zinc
and organic carbon (F F ) The enrichments in nickel (cores 95 and a7)
without any correlaticn with Mo and Cu, are probably of detrital origin.

Lower part {cores 102 to 104)  low concentrations in organic
carbon and rather low in metals, especizlly wolybdenum
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11} In concluzior of the stucy of the fine fraction, it
aprears that the most favourable ervircoaments for the conservation of
marine orgaric matter are located

2) Mainly in the Kaskattama formation as deducted from the
ex1stence of enrlchments in Ni, Mo, Cu, P~ ard orgenic carbon (FF ) ana
a rather good correlation between these elsments

b) In Port Nelson Forration and in some levels of Red Heaa
Rapids, Chasm Cr=ek, Cauwtion Creek and the uoper part of Portage Chute
Formation sccording to orgenic carben content and some enrichments in Cu
Jevertheless, 17 must be posnted cut that the molybdenum content 1s rather
lovr ever in the leveis mth notaocle concentrations of covper This may
indicate that the organic matter 1s mzinly of ber~thic rather than planc-
tonlic origin

) In the lover parts of Abitipil znd Lowver Kenogaml Feormations
{waith the same remarks as above)

However, in splte of the types of facies, the concentrations
are not very imporiant for Ni and Mo and low for vanadium These results
are probhacly the consejuency of an 1nsufficiently reducing environment

TRACE-ELEMENTS CONTENT OF THEI TOTAL ROCK

Semples from cores %, 16, 28, 31, 40, 46, 47, 5%, 5k, 60, 08,
75, 78 and 86 heave becn ansiysed for the trace-metszls content of the
total i1nscluble residue The results have been computed acceording to the
percentage of insoluble residue to obtain the concentraticns of Ni and
Mo on the total rock

For all the sarples anelysed the values are very lou (betueen
O and 2 ppm) ien confirm the lack of highly reducing ccondifions

ORGANIC MATTER

1 - Crganic carbon content of the total rock

Twenty-cight sarmples, selected after the studv of the fine
fraction, have beer analysed for their totail organic carbon content The
results are plotted on tne log of taple 7 In the caroconate facics the
averaze carbon contert 1s 0,17 %, wnich 1s a value relatively wveak for
such sediments Tne highest values are Zound 1n core 86 and mainly in
the Kaskattama formation vhere thev can reach 0,35 % (in a sepiolitic
horizon of core 2%4)
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2 - Soluble organic mattser

Tuo successive extractions were mads, the first one with
ether and the sescen? with the benzenc-methanol (50-40) mixture The
resaults which are plotted on the log, #nd especially the ratio soluble
organic matter/total orgaic mattar, indicate that these soluble
products are not the comsequerce of a migration but actually come from
the original organic matter of the sediment

Nota 1r the sepiolitic part of corz 34 the percentage of soluble
extract 1s much higher than in the other facies but this particu~
larity scems to be due to the properties of the clay fraction and
very probably does not give a representative evaluation for this mea-
surement in the whole section

The composition of soluble organic matter -~fter precipitation
of asphzltenes 1s shown or the log. The ratio arometic hydrocarbons/
paraffinic hylrocarbons i1s generally lower than o &, ay
slightly higher 1n core 6& (except for the very peculizar .eprolitic
part of core 34)

3 - adsorbed gases

On the samz samples treated by organitc solvants, a chroma-
tographic analysis has beer corriedout for the gases desorbed from
the rock by YCl tre<tment an’ heating The percerteges of light
hydrocarbons (met-anc to pertane) are presentad on the next table

+«DSORBLD GASES

! ! 1 1 1 1 ! 1 1

C ] ! ! o 1 10 ! ! I o 1 1
ores ' Cl l Cz ‘ 3 1 1x& ’ nCA 1 Butene 1 ' 1 P ; nC5 ;

! 1 ! 1 | 1 1 f !

16 ' 09,47 y &,77 ' 1,24 . 1,62 | 1,42 . 0,1 ' 0,80 | 0,29 ,
31 ' 75,08 ) 11,73 ' 3,75 . 1,32, 1,21 ' 0,1¢ ' 1,40 ' 0,51 ,
34'0” ; £2,00 9,0/ ' 2,25 : 1,46 0,99 0,03 y 1,57 6,32 ,
(15027¢") ! o 1 e Voa s 1 o] 1 ' on !
3i . | 77,95 i 12,u5 ' 3,7¢ 1 1,56 i 1,18 | 1 ].,EC 1 3,50 !
(15091) | ! 1 f 1 f 1 1 ]
a5 ' 5C,73 14,17 . 5,(9 ' 4,32 ;o 7,05, i 4,62 ' 2,57 .
40 , 75,57 , 13,72, 5,45 | 2,64 , 2,51 , non 1idgat:ified, '
47 y 71,25 , 11,88 , 6,02 , 3,52 . 2,51 i 3,58 | 1,03,
53 : °1,11 , o,11 , 3,42 | 2,03 | 1,65 ' 0,13 ' 3,04 ' C,51 ,
68 . 85,88 , 7,97 { 2,51 0,96 . 0,084 A ' 0,04 ' 0,19
78 I 75,48 11,92 4,44 ' 2,49 : 1,57 ' G,05 1 2,35 0,49 ,
468 . 33,40 i 2,39 ' 3,06 ; 1,42 . 0,99 , 0,34 i 1,19 i 0,48 ,
Sa p 80,48 16,72 ' 3,56 M 1,40 i 1,37 , 0,07 | 1,73 t 0,57 I

t ! ' ! ! 1 1 ! t
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The composition of the gases and aspecielly the ratio
methane/higher hycrccarbons, generally lover taan &, inaicates that
tne prodacts which might oe generated would contain a £air proporticm
of ligaid hydrocarbons

L - In conciusion, thesc sralyses nave srown that the organic materrial 18
mainly of marine orieln according to the constitution of ats soluble
fraction and might be able to generate Lligquad hydrocarbons (or gases
wite condensate)

Nevertheless, the percentages of crganic matier appear too
low, except in some levels, to cnaracterize zood source-rocks These
low contents are probably the consequences of an insufficiently redacing
environment whick might become more favoursble 1n a less nesr-shore area.
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% - Matiraty of the organic matter

A - PALYNOLOGTCAL STUDY Of THE DEGREE OF CARBONTZATION {117

1 - Definition and measurements properiiles

According to specializes literature (cf Gutiarr, Correla >y,
the palvnological matcrisl appears to be one of the greatesi sensitive
witness of "metamorphism’ (s 1 temperature, precsure, contact,. )
and reflects with hich procision the degree of organic matter svolution
sssociated to 1%t

An attempt tn cvelaate the dezrec of carbonization cf the
organlc microfossils ras triea by physical methods Thus ' luminosity’
measurenents {eipressad 17 phl tere made o1 some grOURS nT wlcroorLanlsms
These measurerents vere usually made on smooth spores However, 1n
Kaskattams bore I materisl wnere these spores are lzcking, we ased the
Tasmaracea {Acritarchs) whicn display close similarity with the physical
characteristics of the smooth Spores and benave the same way 1n respond
to carbornizaticn pnenomenon

Apout ten meossurements were taken for each sample , thelir
aritimetical averages charecterize the studied level

Saszd on the "carbon ratio” seale values, we distinguish 3
main groups which we named "immature”, "maturc” and iserile” The measure-
ments mede for the Kaskeottama bere T can be considered as accurate since
they werc rsther numsrous and were made on a2 constant materzal (Teemans-
aea) Therefore, the averages thus for obtzined, should correspond falrly
#ell with the degrec of organic material cvolutinon.

2 - Resultis

The grezt majority of tne averages ocbteined are largely situ-
ated beyond 20 phA, which corresponds to the upper limit taken for the
"mature" group. The mcan averagss of the bore hole remalin arcund 20 w4,
dhile some exteeme values may reach up to 40 and even 45 ah. Therefore,
the ororall oresnic matcrlel revresents an lmmaturs’ groap

Jowover , Some sequences seem Lo belong, at least apparently,
to a more evolied evelution {with averages lower than 20 ph) These are
from up to down

a) Cores 41 to 47 only by intermitberce.

oo M GUTTAHR Cerbonization measuraments of Pcllen grains ard spores
anoc their application Leidse Geol HMedel V28, op 1-29, July 19/6

5 CORRETA Relations possibles entrs l'etat de comservation des
£lérants figures de la matiere crganlque figares (microfossiles palyno-
planctologiques) et 1'estence de gisements d'aydirocarbures Revue

I.F P, Vv XTI, n® 9, sept 1907.
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b) - Cores €3 to 68

¢)- " 8o "3
dy - " 92 ™95

Owing to the fact that these 4 sequences are restricted to
small disperscd intervals, we tricd to explain this phenomenon, The
effects of carbonization secm related, 1n the case of Kaskattama bore 1,
to rather local factors. Thus

-~ The bB) sequence 1s found in an anhydritic level, Besides, we
always notzd that anhydrite strongly affects the palynological ma-
terial and conscquently increcase the degree (7 apparent degree) of
carbonization,

~ In some way, the d) sequence may also be compared to the
former case. Trdeed, the d) sequence 1s precisely found rear the
"flowing water" (hypersaline) which probably affected the orgaanic ma-
terial round by,

~ The state of preservation of the palynological material is
not uniform within the c¢) sequence, This 1s probably due to some re-
working which increased the measured degree of carbonization,

Moreover, thc stratigraphic boundary which 1s at the top of the
c) sequence may have beer marked by an emersion which was probably
responsible for the altered underlying matcrial,

So far so, only the a) scquence which corresponds to the lower
part of Kaskattama Formation with a relatively more calcareous facles,
may probably represent some genuine value about the maturity of organic
matter,

This 1s to be comsidered as just a tendency since the "mature®
levels do not follow 1n a succecdirg order {(cores &1, 47/, &7).

B - GEQCBEMICAL MECASUREMENT OF DLDGPEL OF COaLIFICATION

The degree of coalificatzion 1~ defined by the ratio  residual
carbon/total carbon (and noted CR/Cy) of the insoluble organic matter
(kerogen). The residual carbon (Cr) 1s the part of the total organic
carbon which 1s not volatile upon pyrolysis at 90G°€,

Originally, this measurement has permited a classification of
coals according to their rank (carbon-ratio} and the technic 1s now
applied to organic matter of sediments

It gives the best estimation of the degree of maturity and it pre-
sents the advantage of beeing representative of the bulk of the or-
ganic material contaired i1n the sediment.
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Twenty samples have been analysed to cetermine the degree of
coalification The ratics C./C. are pletted on <the log (plate 7) and
RT
leaa to the followlng conclusions

- the average value of 0,53 indicates an i1nsufficient maturity
of the organic matter,

- oniy two samples {1» cores 67 anc 82) come near a normal
value,

- however these two relatively fazir values (0,70 ana 0,73)
are found within 2 section where also exlst very low ratios (core 68
0,47, core 78 0,49, corc 99  0,43) which suggest that the increase
of the ratio C./C. for the samples form corcs 57 and 82 15 the consequence
of local conditions The circulation of oxldizing fluids might have such
a result and give to tre sediments an apparent maturity In the case of
2 diagenetic process of maturaticr related with burying and geothermic
neating the values of the ratio CR/CT show a moreregular increase inth
depth

Nevertheless, 1t must be salc that the lack of maturity
possibly might be the consequence of the low burying of the deposits and
that better values might be found toward the center of the basin,
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ANNEXE T

METALS CONTENT OF THE BaSAL MEMBFER OF KASKATTAMA WELL 1

At the request of 4,C,C,, two samples of the "basal sand
member” ana & sample of basemens have been analysed for their metal
content of the total rock,

The concentrations are very lov

Metals - conternis _n ppm

v Mo Pb z Zn Cu N1
(290,7'6" 35 10 8 i L 25 20
ft IH
Basal sand Mom (0 p 10 0 8 0 10 1
Rasement 2017! 200 5 12 11C ity 40
{ | |

v T e




ANNEXE IT

ANALYSE D'EAU

. Bulletin d'Analyse

. Duagramme de Schoeller
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1

2

PLATZ I

Kaskattama 1 - Core 3 (100!') x 12

Brorncrosparites - The fauna mainly cortains Pteropods

Kaskattama 1 - Core 16 (1065°%)

Dolomicrosparites including anbydrite,
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PLATE 2

1  Kaskattama 1 - Core 13 (10%1') x 12

Microsparites slightly dolomitized with bird-eyes facies

2  Vaskattama 1 - cors 19 (1111'4") x 12

Gravelly microsparites with intraclasts abundant Amphipora
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PLATE 3

Kaskattama 1 ~ Core 25 (1165') x 12

Pel-promicrogparites Stromatactis end rarz Crinoidal fragments

Kaskattama 1 - Core 26 (1:527151")

IY1erites inclucding Stromatoporgsand algal fragments
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PLLTE 4

Kaskattamna 1 ~ Core 35 {1552') x 12

Slightly, streaked laminated (*'rubané"} dolomicrosparites

Kaskattama 1 -~ core B2 (166815") x 12

Blo-intramicrosparites

Corals, Crinoids, Telecypods fragments
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PLTT 5

1  Kaeskattama 1 - core 33 (14521) x 12

Pseudo ooid micrite including very rare fossils Pelecypods

2  Kaskattomz 1 - eore 58 (2059'i0") x 12

Dolomicrosparites inclading distorded gravels and intraclasts
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PLATE ¢

Kaskattama 1 - cora 70 (2317'10") x 12

Gravelly biomicrosparites with rare intraclasts
Abw dant Crinoirldal fragments, Pelecypods and Dasy-
cladacear elgae,

Kaskattama 1 - core 99 (26321) x 12

Biomierite slightly dolomitized,
Abundant erinoidal fragnents,Pelecypocs, Trilobites an’ algae
fragments.
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from left te right ana from up to down

Conodent blo-zone S.6 5 1349’

- " to8,5, 1617
- H 11 SC}'{' s 179ol
- " " 3.2 , 186¢

- " " Sel , 2027"

- " "03, 2343-2351

1

Corodont zonule 0 2b, 2509
- " N 022, 2602!

Conodont bio-zone Ol , 2748’
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(W)

13

14

15
16
17

18
20
21

22

PL/TE T

CHITINOZO!

S.M.B.L type Species

Cz 302 Cyathochitina stentor

CZ 313 Cyathochitina hyalophrys

C2 226 Cyathochitina fistulosa

Cz 194 Cyathochitina kuckersiana

CZ 35 Cyathochifina calix

Cz 304 Angochitina ocklahomensis

Cz 326 Hercochitina sp

Cz 31z Hercochitina crickmayl

Cz 327 Hercochitina sp.

¢ 13 Conochitina pachycephala

C; 308 Y1rachitina gquadrapedis

CZ 318 Conochitina micracantha
robusta

CZ 315 Conochitina micracantha
capitata

Cz 31 Conochitina ricracenthe
mreracantha

Cz 317 Conochitina cactacea

Cz 135 sneyrochitina spcyrea

Cz 324 {ncyrochitina sp,

Cz 303 Lageochitina cf, sphaero-
chitina racrostoma

CZ 324 Lasenochitira tarfayensis

Cz i0l b Lagenochitina sp

Cz 323 Sphaerochitina cf, fenes-
trata

¢ 1co Sphaarnchitina pilosa

Magnification * about 125 x

102
30
41

97

Samplea

2556' to 2575!
2496' to 2515!
2516'" to 2535"7
25167 to 25357
2729 to 274&!
27777 to 275!
2515" to 2535
2556 to 25757
28807 to 2%5£6"
2086' to 2516
2257 to 2276°
22651 to 23147

248€7 to 25187

20381 to 2057

2819' to 283%6!
1744 to 1761!
2575" to 2594
2729"' to 27487

2320 to 28035
2496' to 251¢!
1714* to 1732°

2700" to 2819°
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Fig.

(2

e N RS NG S

1<

12
13
1L

S M, P a,

ACRITHPCHE  AFD  ALGAE

Magnification

Specics

Polygonium sp.
Veryhachium so

Baltisphaeridium
maltipilosun

Navifusa sp
Leiovalia similas
Leiofusa
Tasmanites sp.

Leirofusa aff. pumille

Cymat.osphaera (?) sp

Frimtive Algas

about 500 =z

Core

-

L)

77
100

160
43
60

101
62
39
49
51
62
89

Sarple

2535-2554"
2435-24581
2056-22771

2689-270%!
23582877
176117311
2095-2125"1
2077-2020"
2152-21921
1674-1694"
1879-1599"
2709-2729"
2152-2182"
2670-2499!
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Fig.

10

S.N.P.A, 1vype

d 193
a 97
da 85

a 23

4 120

PTATE 10

SCOLECODONTS

Species

Oenoniltes sp.
Tumbriconereites sp.

Oenonates Crepitus
var, L

Leodicites arguatus
Falecenonites armigerus
Tldraites sp.

Nereidavus invisibilis
var,’

Arapellites doubtl
eunicltos sD.

Eunleites denticulatus

Magnification 1 apout 12b x

Core

67
61

79

o1
102

61

30

72
40

53

257"
125!

olr!

2709"
28501

2105!

1335

23507
1694!
1761!

Samples

to

o

to

0

to

to

to

to

‘o

to

o276}
21521

24961

2729"
28851
152!

154"

2369"
718t
781"
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