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INTRODUCTION

The upplteaﬁlenQor palaesbotanical and petrologlcal
techniquee to the snalyels ar'uanoacte eoals hae not been
emphasized in the study of coal petrography. Falaeozole
conle, however, have been inveatigsted rolativ&;y thoroughly,
and knowledge regsrding coal structure and constitution hae
sdvenced comparatively. Thp.incrnauo in active petrologlcal
and micropalaeobotanienl investigations of Falseozolc coals
has paralleled the economie importance atiached to the
mining of Carboniferous coal throughout every céntin-nt.
in contrast, coal deposits from Mesozolc strata have not
been markedly explolted, and this corresponds with a lag
in directed sclentific investigation,

During the past decade, the tendency to emphasize
research on Pelasozolc coale has lescened, This is
especislly true in Canade and the United States, where the
discovery of oll end mineral deposits in regions overe
burdened by Mesozolic etrata, has promoted geologiocal and
palaeobotanical activity. Humerous coal seams are assoclisted
with Cretagceous and Tertiary strata in particular, and they
are being utilized inoreasingly as slde in correlation and
stratigraphy. Cretaceous coals are mined to a limited
‘extent in the foothill and rocky mountain regions of Western
Uanads, and important Hesozole coal deposlte are known to
exist in western United Statee, At present, oll is ine
ereasingly replacing cosl as a source of heat and fuel, with
the result that many Alberta and Hritish Columbla conl mines

1.



are inactive §r in short production, As new uses for coal
are considered, evidence from palaecbotanical analyses will
presumably relste to an evalustion of potentislities,

At the present time, information related to the
structure and constitution of Hesozole coals ie rather
scanty. Triassliec coals have been investigated in the
United States, Greenland, and more recently in Australias.
Coales of Jurassliec age from the United Kingdom, Seandinavia
end Indla have been examined pslseobotanioslly, iicre-
forell snalyses have been undertaken rather extensively
on Cretsceous coals from Germeny and Auetria, and to o
lesser degree on cosl deposites from Cresnland and Afrios.

In geanerel, activity hun.bton directed toward nicro-
palasobotanicnl examinations, and Hesozole coals hove re-
‘mained =lmost uninvestigated frem the petrologlcsl aspect,

_ The 1imited degree to which research efiorts have

been directed tovarde the evalustlon of coal structure and
composition, ies partially a result of probleme and difficulties
aepoclated with the nature of coal and the methods employed
in fﬁaﬁginvn-tigutzon. The apnaﬁp matrix which has resulted
from thp decay and subsequent compression of plant tiesue
presente the investigstor with complex difficultiee,
Furtheraore, much of the originsl plant natﬁriala hes been
distorted and biochemiecally transformed inte an amorphous
mass, Opores and pollens, which sre otherwlse remarkebly
reslstant to physiecal and chemical influences, have freguently
been sltered as a result of the compaecting of the organie
medium, The original plant compounde, metabolites, end
by-products, heve formed a medlum in which resistant meteriasl



such as guticles and lignified remnants heve become embedded,
The change and rearrangement of plant material, combined with
the processes of coalifieation, have produced sn am'md
resistant orgenie matrix from which it is exceedingly
d1fficult to derive consistently abundant evidence concerning
organized structure, especilally macroscopiecally.

In attempting to solve these problems, l.nwﬁimt.on
have employed various methods, Hieroscopic detall is often
discernible 1f the coals sre examined in thin ssctions by
tranemitted light, Under these conditions the matrix is
translucent, and the observer may recognize congtituents
in gitus Other methods involving anceration techaniques have
been applied to all ranke and types of coals with varying
degrees of success, This method of analyeis, however,
destroys the less resistant constituents in addition to
altering the structural characteristics of the coal, and for
this reason is usually limited to miorofossil evalustions,
Although these methods, with subsldiary modifiecations
comprise only two of those employed in coal analyses, they
serve to 1llustrate analytical difficulties in attempted
investigations, The palnstaking efforte reguired to resolve
the probleme exieting in a proper evaluation of coal petrology
and coal palasobotany, are not generally recognized,

The term miocrofossil, as employesd throughout the investige
ation, refers in a restricted manner, to plant apores and
pollens., Animel microfossils, diatoms, desmids, woody fragments
and leaf cuticles have been utilized in stratigraphical and
correlation probleme with varying degrees of success,



However, esch group ie ﬁiumdu with particular types of
deposits, and none has been found entirely suitable in
correlation of coale, Spores and pollens are preseat in
almost all coals in varylng degrees of sbundance, and have
been found appliceble to stratigrephic sonations and
correlzation atiempte. For this resson, plant sicrofoseils
nave formed the baels for the micropslascbotanicel
interpretation of the cosl samples in the preseat conslderation,
The objectives of the yresent investigation are three-
fold, Firetly, an attempt 1les undertaken to explore
previously uninvestigeted Alberta coals %o deteranine the
extent to which palasocbotanical studies may be apblicable,
Varistions in conctitution ané structure ia cosle have been
previously recognized, and the degree to which palaeobotanical
evidence 1s svellable variee correspondingly.
Secondly, an atiempt is made to dlscover whether potentiasl
structural indices revealed in the Erazeau coals offer a
basis for comparison and coatrast with previously desecribed
Carboslferous coasle. The ranke, typea, and plant constituente
which churscterize various coals are lmportant economiocally,
in sddition to providing an inelght iato cosl composition
and sssoeinted palaseocecological conditions, Ia this respect,
previous lnvestigsations have indieated that sicrofoseil epecles
anéd fryguency differences mey exist within coal types, The
eveluation of thie poseibility, 1is, therefore, assoclated
with the objeotive of investigating structural featuresa,
Thirdly, the present ianvestigation at eaupts a systematic
appralsal of the alerofosell content within the coals,.
Flant mlerofossiles have been utilized repeatedly in
stratigraphy, and in the dating snd delimitation of many



geologlcal horizons, Correlations of commereizlly important
conl seams, mineral strata and oil shales are often dependent
on an examination of seroeciated plant microfossll groupinge.
Furthermore, information related to plant aspociations, plant
structure, and palasoecclogical conditions ie frequently
obtained through a careful investigation of microfossil
typee snd sseocistions, In order that this information be
organized and of value, a systematic record sugsesting
classifiable date and systems is neceasary, As an extension
of the latter, the possiblility of & guantitative appraisal
is slgnificsnt and would complement the guelitatlive data.

it is hoped that Af these objeotives can be met, the
foundation will be leid for inereased knowledge and undere
standing of the mioro-constituent and structural ranges of
Alberta cosls, This realisation will elmost certainly
assist in problems of cosl correlation and stratigraphy
of assoclated atrata,



HISTORICAL

Information related to
the petrology of coal hae
socunulated progressively throughout the last century.
Sinee 1833, when the firet published dlssertation on coal
composition appeared, the number of sclentific papers
dealing with the structure and constitution of coal hae
become extensive, with the result that pertinent literature
has become somewhat exhsustive, In conneotlion with thle ine
orease, certain trends in the interpretation of petrological
evidence have developed, and a careful consideration of these
trendes 1s lmportant in forming an apprecistion of the
lua«m ficance of petrologloel investigstions, 7To smphasize
the important developments, however, ané because the present
investigation is fundamental in scope, the historical
develoomente will be restricted to those contributions which
are baslo,

During the 19th century, intersst becsme directed to=
wards an Mﬁunding of the origin and constitution of
eoal., In 1833, ¥Witham (57) applied thin seotioning methods
to Lancashire cosls, and noted what he teramed "traces of
organization.,” These traces were believed by Witheam to be
‘vucuhr tissue of monocotyledonous plants. Later observe
ations, however, indicsted that the vascular elements re-
presented megaspores and microspores, In 1855, Frang
Sehulze developed a chemicnl maceration method which proved
useful in separating plant constituents from coal satrices
without extensively damaging the incorporasted tiscuee (40),
With modifications and refinements, theose two amethods of




coal analyslie have essentially formed the basie for the
techniques which have been employed in coal petrology and
mioropalaeobotany to the present day,

The period from 1855 to 1900 was highlighted by twe
studies, although 1n‘gtnura1. little veluable information
relative to coal petrology wes fortheoming. During this
time, Dawson (4) made extensive observations on the
microscopic constituente of coal from the South Jogegins
area of Nova Scotian, He concluded that coal consisted
ah&cfiy of woody tissues such as bark, and that spores and
reproductive tissues were minor ingredients, The presence
of upright fossilized tree trunks with intact roots was
interpreted by Daweon to be evidence supporting the "in situ"

gory of coal deposition. This important study was followed
in 1884 by investigations on coales from Hussia and Saxony
by Reinsch (34), His publication 1llustrated small organisms
which were bellieved to be algal remains, These units were
later identified as spores, :

From the turn of the century to 1919, petrological
examinations were mainly centred in America. In 1910,
Jeffrey (13) developed a satisfactory method of preparing
microtome thin sections, which he applied to coals of supposed
algal origin, As a result, he revealed that the “"algae"
uafo setuslly spores and spore exines, Subsequently in 1913,
White and Thiessen (54) referred to thin sectioning by grinde
ing end polishing, This method was later perfected, and has
been applied succea®fully to coals from deposits of wvarious

geological agee,
From 1919 to 1930, attention wae mainly focused on the



formulating of 2 sultable nomenclature to be applied to the

structural unitslof cosl and thelr assoclated constituents.

Thie program was initiated by Stopes (46) in 1919, when

she adopted the terme vitrain, clarain, durain and fusaln
for the four vieible constituents of banded bituminous coal,
These terms were accepted snd applied by petrologiete in
England, Germany and France, In the United States, however,
Thiegsen and his co-investigators proposed the terme
anthraxylon and attritus as accurate designations for two
coal types. Although an International Congress for the
study of the Stratigraphy of the Carboniferous Rocks at
Heerlen in 1935 recommended that, with modlficatione, Stopes
nomenclature be adopted, the differences noted above still
exist,

As the development of & sultable terminology for
recognlzable types wae continuing, information regarding
microscoplic constituente was scoumulating, In the United
States, Thiessen and hie co-workers examined thin sections
of Carboniferous coals from the commercislly important seams
in that country, (49) (50) (51) (52) (53)s The resultsnt
obgervetions indicated that the "bright" coal, or anthraxylen,
was mainly composed of distorted woody remains, whereas the
attritus, or "dull" cosl, consiested chiefly of microfoseil
congentrations and assoclated compounds, with interbedded

lenticular deposits of anthrnxyloncl This work has been

ITThe woody remaine refer to Large Limbs, Lrunke, snd DAFK
of trees, The term microfoeeil ies employed in the brosd
sense to include epore, pollens, woody fragments, cuticles
and nesdles, The assoclated compounds include reslins, gums,
peetine, tannins, ete,, when present,




continued by Schopf (35) (}%) (38), who has considered
petrological evidenge froam coals of varylng ages, The
1nraruat10n‘rouu1tine from this extenslive program hae
provided valuable evidence regarding the strueture and
constitution of coal,

The period of petrologlecal research in Lurope from
1919 to 1930 was devoted meinly to the nomenclature of

structural coal types, and as a result, coal classification,

though better undcrntoyd;uuu aspociated with problems of

inereased intricacy. . SOyior‘anﬂ Stopes in England,

Re Potonle in Germany, and Duparque in France contributed

notably to the recognition and dnncribtion of types in

gonl depoelts from their respective countries, From 1930

onward, however, attention was mainly focused on micro-

petrology and the identification of partioular constituents

within coale, Hoteworthy contributions inciude those of

Hiekling (10), Hickling and Marshall (11) (12). Jongmans

and Koopmans (14), Seyler (41) (42), and R, Potonie (22),

besldes many other 1nvoatisnt1¢nn relating to coal compositions.

At the present time, the number of petrological contributions

inanatlng from Surope is declidely limited, and most recent

knowleige on the subject 1e being mainly provided by Anor&gun

' workers,

As was noted in connection
| with the history of coal

petrology, the firet recorded observation of plant miero-

foseil material in cosl was mode in 1853, Since that dste,

many 1nvestisatian§ have been directed toward microfossil
evaluations, In the majority of e-ses, Palaeozolc coals have



been selected for consideration, Because of this trend,whigh.
provided much information of a fundamental nature, analysis
of Palaeozolc coale will be referred to mainly. Cretaceous
conls, however, are presently under consideration, and
emphasies will thue be placed on nxcroroqell analyses of
Heeozolc deposlts,

It was previously recorded that Thiessen and his co-
investigators examined thin sections of coal and noted the
presence of spores embedded in the organic matrix, In
fngland, Slater, Hvens and Eddy (43) applied similer methods
to English coals and recognized meveral spore types, In
each case the results were important from the palascbotanical
aspect, but muech valuable information pertaining to microfossil
morphology was lost through limitations in the thin section
technique,

In 1931, R, Potonle (24) describved microfoseil spores
from Tertlary coal depoeits in Germany, This analysis
initiated the development of maceration techniques for the
isolation of spores and pollen which have been successfully
applied to many types of coal., Subsequently, Fotonie, Ibrahim
and Loose inveetigeted microfossil types from cosl deposits
in Germany employing the same method, During the same period,
Relstrick and Simpson (29), utilizing microfoesils, attempted
correlations of coal seams from the Northumberland district
of England, They desoribed and classified numerous spores
deploting wide range in charascter, These were labelled
and arranged with the ald of letters and numeral subsoripts,
Thies method waes later extended by Raletrick to other inglish
conl flelds with reasonable success, MNore recently, American



workers have applied chemical maceration methods é; Palaeozolc
cosls in that country (30) (39) {18). The spore types encountere
show marked similaritiees to those from English coals, and a
general apprecistion of spore sesociations and froguency of
occurrence has resulted from these investigations,

Historical developments related to miorofossil analyses
of Hesozolc strata sre few in number, The lmportance of
microfosslil evalustions in appralsing the rapldly changing
flora of Hesozole periods, and to economic neseds, has only
recently been applied, _

Probably the firet account of microfosells associsted
with Mesozolec deposits was presented by Kirchheimer (1%), who
described plant microfoesll types in Cretaceous cosls from
South Africa, Of particular interest was Kirchheimer'e
deseription of poliens belonging to the presently exlisting
families of Betulacese, Myricacese and Pinaceae, liiner (20)
inveetigated Cretaceous conls from Greenlend and described
spore typee resembling thuse of the Gleichenites and
Laceopterie ferns, which are commonly associsted with Mesozbie
deposits, Subseguently, Jurassic deposits in Indla were
investigated by Reo (352), who recognized specles of winged-
pollen eimiler to those of modern conifer types, OSimpson (45)
examined Juraseic coals from Scotland and described numerous
microfossile, moet of which resemble conifer pollens, These
developments, in the mein, represent the extent of early micro-
fossil investigntions,

Spores arsmociated with Triaseic mineral deposits in the
petrifisd foreste of Arizona have more recently been deseribed

by Deugherty (3). 1In 1043, Rao recognized additional



gas 12,
mierofossile and sporangis from the Jurassic strata of

India (33) and several identifiable Jurassic angioeperm
pollens have been noted by Erdtman (9),

One of the most comprehensive recent examinatione of
Mesozole microfossils has been undertaken by Thiergart (48),
He hans described spores and pollens from every MHesozole
stratun in Germany and Austria excepting the middle Cretaceous,
and hag summarized hie account by presenting & table of
microfoselil frequency percentages within each stratum, The
spores and pollens are represented by Fteridophyte, Gymonosperm
and Anglosperm types within the 10200 size range, By
limiting the size range, Pteridophyte megaspores were
excluded from the consideration,

Additionel recent studlies include an anslysie of micro-
fossil types by De Jersey (5) from the Ipswich coale of New
Zecland, which are supposedly of middle Triassic age, As a
result of this examinestion, eleven of the thirty-one types
identificd hed been previously recognized by Dulhunty (6)
in Permlan cosle from Queensland, Hence the delimitation of
the Ipewich coale into middle Triassic has been gquestioned,
and De Jersey 1s inclined to refer them to an earlier
stratigraphie position,

In addition to the investigations of Hesozolc micorofoseil
assoclations, numerous microsnalysee of Tertiary cosls have
been undertaken, Among the more important may be cited the
works of R, Potonle, Kirchheimer, and Thiergart in Germany,
Wodehouse, ¥%llson and his co-investigators in the United States,
and Simpson in England., The micropalaeobotanical studies
directed towards Tertlary deposite have been somewhat more
extensive than those in Mesozole strata, Thies appesars to be



pnrtiutlj:a result of the more widespread occurrence and
avaxlabilxty_ct non-mnarine Tertiary deposits throughout

most eoniiuon&al regions, If similar directive efforts
oouid,htﬁappliod to Mesozole strata,, valusble information
with racp;et to evolutionary floral changes snd etratigraphie
delimitations would inevitably be forthcoming.

GEOGRAPHICAL AND GEOLOGICAL CONSIDERATIONS

The vericus coal samples were collected from Upper
Cretaceous strata in the Intrance Map-area of Yestern
Alberta (Leng (19) ), which 1s located between latitudes
53° 15' - 15% 31", and between longitudes 117° 30' - 117° 45',
The area embraces part of the Athabaske River valley, and
i traversed by the Idmonton-to-Jasper Canadian National
Rallwaye main line, and the Edmonton-to-Jasper provineial
highway No.15, both of which faocilitate accessability to
reglons of geological interest,

The Entrance reglon is situated within the Foothille
belt imnedintely eastward from the Rocky Mountains, and
containe outcropping strate ranging in age from Lower Cretaceous
to Paleccene, Almost ninety per cent of the ares, however,
is composed of outerops of uppermost Cretaceous (Braszeau)
and Paleocene formatione., It 12 reported by Lang (19) that
Paleogwne deposite in this region contain several coal seams
which are potentially important comserciaslly. 7This possibility
is bssed on similarities of Paleocene deposite in the Intrance
area which have been correlated with those southeastward,
notably at coal-mining centres such as Coslspur and Hercoal,
Additional evidence 1s afforded by former coal-mining



14,
operations at Drinnan, which 1s within Psleocene strata of

the Entrance Map-area.

Underlying the Pasleccene deposits, and separated from
them by the Entrance conglomerate, is sltuasted the Brazeau
formation., The differentiation between Cretaceocus and Tertisry
strata is the result of the work of geologiste who have been
hampered by difficulties in stratigraphic sequence within
these non-marine deposits. As stated by Lang (19), "The
exact age and terminology of the Upper Cretaceous and esarly
Tertiary none-marine statas and the precise delimitation of
the Cretaceous~Tertiary boundary in many parte of Alberta
are unsolved probleme, They are made difficult by the great
thickness of strata of fairly similar lithology, with few
horizon markers and few foesils other than plent remeins,”

In order to provide a measure of correlation with the
Uppermost Cretaceous and Lower Tertlary deposits, Bell (1)
presented evidence from forsil plants collected throughout
the area suggesting that strata overlying the Entrance
conglomerate are Paleocene in age, while thoese immediately
below sre uppermost Cretaceous, This diletinction is based
upon stratlgraphie variation in renge of specles, 4s @
result, the Entrence conglomer:zte has been defined ns the
separating strnixarnyhic unit between Cretaceous and Tertiary
strata throughout the intrance lap-ares,

The possibility of providing microfossil evidence which
would support the existing separation of Cretaceous and
Tertiary deposits was considered in connection with the
precent investigation, Unfortunately, however, all the
avallable coal samples were collected from the Brazesu

formntion, Therefore, to undertake comparisons of microfossil



-poozooiand frequency varistione within samples of Cretaceous
and Tertiary coal seams, has been impossible,

The brazeau formstion 1s composed of aspproximstely
5000 feet of interbedded sandstone, shale, and pebble
conglomerate, and contains numerous thin coal seams (Lang (19),
The seame are typleally aesocisted with enrbonaceous shales,
slltstones, sllty sheoles and clay partinsa: although the
pattern doees not indicate a uniform sequence of deposition
relative to each seams The deposits sssocisted with each
seam, and hence with each sample, are listed in Table I.
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PREPARATION ?ROGEDURES

In this work, preparation of
the coal ssmples for strustural
analyeis wae eoffected by smploying the polished surface
procedure, Thie method of investigation has been successe
fully spplied by Duparque, Jongmans and other workers. It
is especinlly wvaluable as & method of examining higher reank
coals which have yielded to compression and compacting, sand

which possees a degree of opscity. lHowever, for an accurate
and complete appreclation of incorporated tissues within
lov and medium rank cosls the thin seoction techaigque is
prefereble, Deooause only meeroscopic assosiastions of
structural units within the cosls are to be evaluated in
the present investigation, the polished surfesce method slong
hae been used throughout,

A athzxod~aonariptlen of the polished surface
technigue has been given by Ralstrick and Marshsll (31), but
is preseanted here in condensed form to facilitate reference,

If & preliminary examination of the sample reveals &
tendency toward splitting or crumbling, embsddiag in parsaffin
or celloldin is recommended, Following this preperation,

& flat surfece along the desired plane or sxies is exposed
by cutting on & rotating clroular blade, The 1rr.an;nr;y
flettened surfece is subsequently ground with three sizes
of carborundus powder or other abrassive. Care shouléd be
exercised to wash away all traces of abrasive before the
next smaller sisze 1s used, This caution prevents scratohes
whioh would result from strey gralns of & coarser abrasive,
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“hen the surface is uniform, it is set selde to dry. The
finel poliehing ie achleved with jewsller's polishing powder
or other non-abrasive compounds, In this condition, the
surface le ready for examination,

Identiflication of structural festures wae sccomplished
by meane of reflected light, An ordinary flexible tubling
lamp i= gquite sdequate, although sunlight or diiffuse outdoor
light are also sultable, VFor photographic purposes, two
oppossd floodlamps have been found aprlicable, liowever, a
large angle of incidence ie necessary to reduce glare,

During preparetion, certain modificstions and refinements
in technique seemed helpful, ‘The cutting and grinding
processes sometimes crumbled the more friasble coals slong
fracture linee and bedding planes, Thie difficulty may be
succeesfully resolved by imzereing the complete coal bloeck
in melted paraffin for 1 - 2 hours as recommended by Raletrick
and %arahall, Thie process, however, exposed paraffin on
the outer surface, necessitating the appllesntion of xyleol
after each carborundum change., Thie dlssolved the surface
of the paraffin and releaged the grains of sbrasive, The
interbedded paraffin aleo alded in preserving the surfsce,
as naturally constituted, esnd avoided ewelling snd cracking
during prolonged 1imuru1nn in water,

A further modification in the procedure was attempted
by introducing a pre-polishing step, This conslisted of
polieshing the honed surface vigorously with refined sodium
blearboate, The addition of this step to the procedure
provided a semi-polishing effect and greatly facilitated the
final polishing.



The preparation of polished sections is time consuming
and somewhat laborious, To prepare a sultable surface
requires between 2 - 3 hours., However, if pretreatment in
paraffin is administered, several samples can be prepared
at’ the same time, .1 effective procedure consists of
applying one step to two or three samples before advaneing
to the next stage. This multiple application makes sgeveral
prelininary preparations requiring individual treatment
unnecessnry, and thue saves time and effort,

Chemical maceration methods have been
applied to coals of all ranks and sges.
These methods have been directed at the separation of
microscople plant constituents from the surrounding matrix,
and making them avellable for examination, Reagents have
been chosen which will oxidize the embedding compounds and

free the more resistent components, Various coabinations
of chemloal reagents have been used successfully in pere
forming this separation, and have had wide application in
micropalasobotanical analyses of coal, ;

(1) Bramine Method.

In the present investigation, two maceration mathods
were employed, The first consisted essentially of bromination,
end has been desoribed by Darrah (2). Undiluted liquid
bromine (commercislly prepared) wae added to 5 < 10 mm,
coal fragments for a period of 4 - 5§ hours, Subsequently,
the bromine was allowed to vaporize for 1 hour, and was re-
placed by 100 v.c. of concentrated nitric acld, This reagent
wag sllowed to react for 8 - 10 hours, after which time,
the liqulid was deonnted and replaced by 50 per cent ammonium
hydroxide, Although not stated by Darrah, the optimum time
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for sllowing the ammonium hydroxide to resct hae been found
to be 8 - 12 hours,
(11) Sehulgze's Zolution Hethod,

The second maceration method wae accomplished using a
modifieation of the well known Schulze's solution, which
consists of potassium chlorate dissolved in concentrated
nitric acld, The reaction involves oxidation of the humie
compounds which form the coal matrix, Detalled descriptions
of this method have been presented by Ralstrick and Marshall
{31) and more recently by Kosanke (18)., To effect the
mageration, the powiered coal was mixed with an equal weight
of erystallized potassium chlorste, To this mixture wae
added approximately 100 ml, of congentreted nitrie escld,
and the preperation wae allowed to stand from 1% -« 25 hours,
depending upon the rank of the coal lavolved, After an
appropriate period, the nitric sclid was decanted, and re-
placed by 100 ml, of 10 per cent smmonium hydroxide which
wag allowed to remain for 5 -« 10 hours. The final treatment
conaleted of the replacement of ammonium hydroxide by
2 per cent solution of potassium hydroxids for a period not
exceeding 3 hours,

In eagh of the methods, care was taken to wash the
gediment betwoen reagent changes, and a sultable period was
allowed for settling. 7To insure that more buoyant microfossils
were removed from the liguld medium, each sediment was
centrifuged. Centrifuging was particularly necessary after
treatment with potassium hydfoxldo. which, in combination
with humic matter, 1s more viscous than smnonium hydroxlde,

The preparation of microscople mounts was asccomplished
by ueing a mixture of 3 parts of corn syrup (d-glucose) and



2 partnﬁnr distilled water, To prevent fungal and bacterial
oon&na&ﬁnt&au, a few drops of 5 per cent phenol were previously
added, This method was sucoeesfully applied by Radforth (28)
in the examinatlion of sporees from Carboniferous ferns., The
use of corn syrup has several advantages over methods
employing such media as glycerine :olly, diaphsane and Canada
balsam, The preparation of diluted corn syrup can be
accomplighed relatively rapidly, and may be applied to
resldues which have been stalned with aqueous dyes without
intermediate changes of alchol and xylol, In addition, the
syrup dries qulickly, which facllitates handling and storsge,
Orienting microfossils or removing debrle may be undertaken
after diseolving the syrup medlium with water,

The photographic records were all obtalned by means of
tranamitted light, 7The equipment uuud\zncludod & Bausch &
Lomb binocular mioroscope, & Leltz Ipso nttachnopt. and a
Lelca 35 mm camera. OCize measuremente were obtained with
the ald of an ocular micrometer scale,

The bromine method was attoaptod because of the shorter
time intervel required for complete maceration, and becsuse
of the poseibility of less severe reaction. The method has
proved applicable to the more friable cosls investigated,
However, the time requlred for the bromine to accomplish
maceration of the more durable and compact coale ie lengthened
considerably, and Schulgze's solution has been found entirely
sultable for maceration of these samples,

In order to ascertaln and correlate the effectiveness
of both maceration methods, each was uppliod to a portion
of one sample of coal, and s count of 200 mlcrofossil types



TABLE II
Comperison of Br, =nd Schultze's Methods
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was obtained from each sediment, The variation in frequenocy
of occurrence was not greater than 3 per cent for sny nloroe
foeell type, which indlcates that the methods are closely
equal in effecting maceration. A consideration of this
evidence is lmportant because several of the coal samples
prepared for microfossil frequency determinations were
macerated with bromine, whereas the remeinder were subjected
to the modified Zchulze's aolut&on; (See Table II)

In connection with both methods, the cholce of kind and
gtrength of alkall deserves comment, Ammonium hydroxide and
potassium hydroxide heve been applied by various lanvestigators
with favourable resulte reported for both, Ralstrick (30)
indleated that a ten per cent solution of X O H removed the
materisl adhering to sporee more readily than the equivalent
concentration of NH4OH., In the present investigation, this
wag confirmed, However, as previously noted, the K O H
solution i more viscous, with a resultant teandency to suspend
more buoyant microfossgils. In attempting to resolve this
complexity, a dilute X O H solution wae added to the residue
after the 5 - 10 hour treatment with NHjOH, The addition of
this dilute alksll was noted in most cases to afford greater
clarity to the surface of the microfoessila. In order to
facilitate the deposition of suspended microfoseils, each
preparation was centrifuged for approximately one minute,
This modification in alkall treatment has been helpful in
the analyels of all the coesl samples lnvestigated, and the
author recomnends ite' application,

¥ith regard to the application of cora syrup as a
mounting medium, additional advantagees and disadvantages



deserve evaluation, This ie particularly important because

the method has not been widely reported by micropalasobotanical
investigators, The use of diluted corn syrup eliminates the
necesslity of dehydration and subsequent alcohol and xylol
changes sessocliated with other mounting media in preparing

the materiasl for mounting, In addition, it hae & comparatively
low index of refraction, which reduces difficulties in
observation and photography., A convenlent method facilitating
re-gxamination and slteration of the microfossils in the

mount consists of breathing on the surface of the hardened
mediun, The increased molsture msde avallable liguifies

the corn syrup and allows the investigator to manipulate the
microfoseils at will, The application of a small droplet

of water hes a8 more drastic ligquifying effect, and freguently
results in turbulance, which moves the microfossile from the
fleld of view,

The suggested procedural modifications have been
discussed and reviewed at some length, Howsver, many
difficulties arise in the application of technigues to the
analysls of coal, and a oconsideration of these difficulties
appesrs to be important for future progressg.



BRAZEAU COAL STRUCTURE

In the petrological investigation of the Brazeau coals,
an attempt hae been made to indicate those features which
can be apprecisted from an examination of hand samples
" and polished surfaces, Thie hass resulted in the recognition
of rank, type, and macersl constituents within the coals,
and has provided evidence as to structural festuree of
Brazeau coals,

A survey of the samplee made avellable for this
investigation reveals that the coals are suffiecliently
different structurally to be validly separated for classifie
eation purposes, The differences relate to the rank, types,
and magerals which form ths etructural character of each
¢ule The evidence gathered from the examination of various
sanples ie presented here to show the range in structure
associated with the Brazeau coeals,

¥ith respeoct to rank, samples shown in photographs
in Plete I figs, 6 « 8, 10 - 11, 13 - 14 contrast with
those shown in Plate I, fige. 1 - 4, 9 and 12, The former
are comparatively uncompaocted, and tend to separste easily
along the loagitudinal bedding planes., These are features
characterizing sub-bltuminous coals, The latter contrast
with the firet group in that they are harder, heavier, fracture
¢ubleally, but do not tend to crumsble on handling or swell
and orack on 1mmorslon'1n water, Theee are attributes of
bitusinous coals, Thus two ranks (subebitusinous end

bituminous) are present among the samples.
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Lf the four recognizable coal types occurring in banded
bitusminous coals from Falasozolc deposits, only three have
been ldentified 1in the Braseau samples, These are vitraln,
durain, snd fusain, The "bright" coal type or elarain is
apparently non-existent, and the typleal banded appsarance
resulting froa the presence of clarain ie lacking in all
saaples examlned,

Vitrsin 1s the term used to describe the uniform,
brilliant blaek cosl type poesessing a typleal concholdal
fracture, 7This type composes the lower regions of sample
T 204 « 2(a) (Flate I figs. 1 and 2), and the brillisnt
lustre and charecteristic fracture of vitrain may be noted
in Plate I, fige. 6, 1) and 14, The vitrain assoclated
with the subebituminous samples is frieble and unconsolidated,
vheoreas that of the bitusinous sasnples is comparatively
registant and compacts In addition, vitraln of the higher
m samples has a tendency towards frecturing rhomboldally
as well as concholdally, This may be noted in Plate I,
figs, 1 and 2,

The term fusain is applied to sharcoal-like layers or
deposite which readily soll or blacken the fingers upon
rubbing, and has been described as occurring in nuserous
Falaeozole coals, This coal type is present to a limlted
extent in the Erazeau sanples) belng frequently associated
with vaconsolidated vitrain segmente in the subeblituminous
sanples, (Plate I, figs, 6 and 7) Unlike the fine powdery
nature of fusain from Palseocsolc bituminous cosls, the type
found in the Bragzeau sanples 1s coarse, 'md feels somewhat
gritty when rubbed betwsen the fingers.



Larain is the term which has been applied to the light,
grainy, and often laminated segmente of Palasozolc coale,
Thie structural type forme a large part of the ooal within
the Brazeau sasplea, Durain seguents may be noted in the
sanples shown in FPlate I, fige. 3 » 5. Guall lenses of
vitrain are frequently scattered throughout the durain, which
gives to this type its' leminated appearsnce., In some
horizons, however, (top portions of sample shown in Flote I,
fige 5 ond lower regions of fige 9) the vitrain bande are A
either absent or form large lenticular masses within the
durain, giving a uniform grasuler appearance to this type.
The pebbled or gralny appearance is characteristioc of
durain within the Brezeau samples, and produces a background
against which vitrain bends are easlly recognized,

Clarain ie the term applied to the coal type in
Fslaeozolc banded bituminous coals which constlitutes alternating
thin bands of vitrain and durain. A comparable coal type
has not been recognized in the Brasesu saaples, The interw
bedded vitrein and durain segwents in the latter samples are
weuslly thick snd marrowly lenticular, and the banded condition
characterizing eclarain e not present. '

The term "maceral” was proposed by Stopes and adopted
by the Interanationsl Congress to refer to individual constituents
within coal typess The types vitrain and fusain are regarded
as analogous to rock tmﬁ. whereas the mscersls vitrinite
and fusinite are simlilar to minerels within the roeks, Clarain
and durain are composed of mageral complexes, and mo individual
termes elmilar to vitrinite and fusinite have been applied
to these constituents. The vitrinite bande referred to are



‘1dentical in substance to vitraln, and the term siamply indleates
the manner in which the vitrain is assoclated with the other
coal types, As an example of this differentiation, mpm
shown in Flate I, fige. 6 and 14 are composed of vitrain,
whereas the thin lentlicular masses of like substances in the
samples shown in Flate I, fige. 1 - 4, 9, are termed vitrinite,
This eystem of nomenclature le somewhat confusing and not
entirely satisfactory, but ies utilized throughout this
investigation to preserve international uniformity in referring
to coal structure,

The three coal types &nd constituent macerals are found
in various sssocistions throughout the sasples, Figs. 1 « 5
in Flate I, indleate & typlcal ordentation of lenticular
vitrinite bands within s durein matrix, In sazple T 204 - 2(4),
(Fige 1 and 2), the lower region is composed almost entirely
of vitrain, whersas the upper portion consiste of interbedded
durain and vitrinite, In sasple T 204 - 2(b), Fige. 3 and 4),
and extensive duraln mase grades upward into vitrain, with
the traueition zone indicating a somewhat gradual intermingling
of the two types, Of partliculsr intersst in connection with
the latter saaple is the obvious associstion of small vitrinite
lenses within the durain., The lamminated appearance resulte
ing from the lenticular inclusions is in contrast to the
uniforas appearance of fige, 8 and 10, which sre polished
surfaces of durein in lower ranking samples,

4 coumonly ocourring type sesoclastion is L1llustrated in
Flate I, fige. 6,7, and 11, ¥ithin theee samples, fusain le
found deposited between succeeding layers of vitrain, which
produces & somewhat frisble matrix, For tils reason, the



sasples illustrated have been difficult to prepare for
examination purposes, snd polished surfaces have been impossible
to obtain, In the outer regions of sample T 426 « 2, the
fusain 4= particularly obvious, while in the central region,
segments of vitrain have been freely exposed from the surrounde
ing fusain, '

Other associastions of coal types exleting within the
samples are essentlally combinations of the two main associations
described above. In some ossos, the bulk of the sample is
durain, with vitrinite lenses forming a aminor constituent,
vhereas in others, & converese association prevalls., The
tendency towards gradation is not go pronounced in vitralne
fusain complexes, but one constituent often forme a major part
of ths association,

Turning to consideratlions based on mlorofossils,
reference might be made to the experience of other investigators,
In correlating some Northumberland coal seams, Raletrick and
Bimpson (29) indloated thet microfossil frequencies usually
vary only slightly within differing cosl types, During the
course of the present investigstion, variations in mierofoseil
frequencies within the different cosl types were noted during
the prepsration of most sami les, and & evaluation of these
variations has been considered to be of some significance,

To provide evidence of microfossil frequency differences,
sample ® 204 - 6 wns divided into four segments, and each
was magerated with Schulze's solution, Segment (1) consisted
of vitrain from the top portion of the sample, while segment (i1)
wae a mixture of vitrain from the three ceatral durain layers.
(Plate I, fige 13)s The third segment consisted of a combination



of durain portions from the interevitrainous durain layers,
and segment (iv) was obtained from the lower dursin segment,
In sddition, a channel block waes obtained which included
portions of all the tmﬂlmm from the sample, The
histograms i1llustvated in Plate IV are based on counts of 200
microfossil specimens from each preparation, and are presented
to show the significant frequency differences within the segments.

The histogram “"characters”" indicate several interesting
features, The frequencies of the types represented in segments
(1) and (11) are similar, and indlcate that certain siorofossil
types predominate, In the two segaments of durain, the
characteristic microfossile represent 4ifferent types than in
gognents (1) and (11), and the forme present in segment (111)
are somewhat different from those in segment (iv)s 4n
additional significant feature is the difference in the
histogram "charscter" of the channel sample as coapared to
those “characters" of the segments,

In connection with the observed differences, it is apparent
that the mierofossil pepulation varies soaewhat widely from
one horizon to another within a structural types. This
variation is more pronounced in the durain segments of © 204 « 6
than within those of vitrain. 7The frequencies within the
channel sample suggest, sdditionally, that the microfossil
population of & ssmple varies considerably with the relative
amounts of the contained struetural types, This fact is
supported by the éltfamc between the histogram character of
the channel sample and that obtalned by averaging the
frequencies of the asegments, |

An evaluation of the frequency differences suggests that
the miorofoseslil contents of vitrain and durain in sample ® 204 « 6



are substantlaslly different, and that the differences are
such as to resdily distinguish between the two types.
Although this differentiation of structural typee hes been
limited to obsorvalions in sample @ 204 « §, evidence
supporting the finding: s been indlicated from excvinations
of miorofossil frequencies in various structursl iyses within
other samples, However, sufficlent evideance has not been
sscessed to warrant the olaim that all structural types of
the Drazeau samplee can be distinguished on the basie of
sierofosell frequency differences, but an indleation that
this 1s a poselbllity has been considered notoworthy.

DESCRIPTION AND CLASSIFICATION
OF HICROFPOSSILS

The amuﬁution of miecrofoesils has been attempted
by employing a similar method to that developed by Ralstriok
and Simpson (29) in the correlation of Northusberlend coal
seams, The method consliste sssentially of loeating morphologieally
siniler micorofossile within groups designated by letters of
the alphabet. The mierofossil types which ere asseigned to
each group are identified and separated by subnumbers, Thie
method has been found sultable for claselfication and reference
when large numbers of microfossils are involved,

In the present investigntion, alphabetic lsttere L to W
have bjen chosen as group designates, Subnumerals have been
asslgned to the microfosells placed within each group, with
the result that specific microfossil types have been designated
as Ly Lpy Ly== eto, Letters L to ¥ were chosen to prevent
eonflictlon in reference between spores designated by letters
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A to F by Halstrick and his co-workers, and the microfossils
elassified in the present investigntion.

In conjunetion with this artifical system of classification,
an atmnpt has been made to inglude apparently relsted alcroe-
fossll members within one group. For exasple, numorcus mioroe
fouslls haove been encountered which possess blaiders, are
sinilarily ornamented, and eclosely resemble modern Conlfer
pollens, All such microfossil types are apperently related,
and hence have been inciuded within one group, namely group M.
This system of grouping has resulted in s partially artifical
¢laseification, but is based fundamentally upon natural
relationships among microfossil types.

In attompting to recoguize, identify, and cleseifly plant
mlerofosalls, several probleme and difficulties are encountered,
 The consolidation and compression of plant material during
coal formation have frequently flattensd and distorted micros-
 fossile beyond recognition, Hence, distinguishing morphologlieal
featuree utilized in identifieation are not recognizable 'in
many forms. This dalffioulty in recognition is paﬂxmur&j
pronousced when the attempt to separate very similar nmtonuu
is undertaken,
~ Mierofossils deposited within coal seams have been ine
variably dissoclisted from parent fructificstions, The laok
of evidence indleoating organiec union between mioroe and

maorofossile has prohibited the designation of similar or
fdentienl botanical names to both forms, To provide for microe-
#3881l refefences, various systems of nomenclature and

elaseification have been devised, with the result that in wmany
cases, dlfferent names have been applied to identicsl forms,
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In the present Anvesetigation, no attempt has been made 0 name
the microfosslils. Future examinations within Hesozolc coals
and =ineral deposite will probably ineresse the imovledge re-
garding miorofossil forms and sseociations, If this possibility
is realized, the adoption of a sultable nomenclature will be
necessnry and warranted, At the present time, however, the
writer feels that lese confusion will exist if letters and
numeral subsoripts are utilized as microfossil deslgnations.

In the succeeding deseriptions, the phrase"-«iot previously
deseribed” le used to indiecate that microfoesils similar to
the form beling deseribed have not been previously reported
by aicropalacobotanistas, Descriptions of Cretaceous mliero-
foesilas are decldedly rare, and in many eases reference has
been made to simllar forme from Tertiary depositis,

SGEOUF L= lMicrofossile are smell, bilateral, oval to elliptical
in shape, generally levigate to punctate in ornsmene
tation, and characterized by a monolete suture, The
longitudinel dimension ranges from 12 to 35 4. Longl tudinal
folde are cosmonly present, which somewhat alter the characteristioc

BRPOLIBN06,

L;« (Flate III) Elliptical; monoletej granular exinej furrow
lips somewhat closely approcsed throughout length,
Average dlameter 23 ., range of dismeter 22 « 24 .,

Hierofoseils of type Ly vary in frequency throughout
the aamples and appesar to have a somewhat restricted
range, Their occurrence appears Lo be associated with
other meabers of the group, especlally L,.
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(Plate II) Elliptical; monolete; levigate; furrow lips
spread with slightly gaping extremitles, Average
diameter 254} range of dlameter 24 - 26 «,

Type Ly is moderately sbundant in samples contalne
ing numerous vitrain bands, especially ® 204 - 1,
There appears to be a resemblance of this type to
Cyeadopites described by Wodehouse (58), However, the
drawings and description are not adequate for a more
accurate identification,
(Plate II) Ovalj; monolete; levigate; furrow narrow with
lips clossd} longitudinel folds genorally present, glving
& lobed appesrance to the microfossil. Average diameter
22 .3 range of diameter 21 - 23 «,

Type LB hae high frequency throughout the samples,
sspecially in eamples T 204 « 2(b) and @ 205 -« 1,
As with L1 and Lo, this type appears to be aseoclated
with the vitrain bands. The only form reported which
resesbles L, is Eollenites ¢ingulum (Castanopsie) recorded
by Thiergart (47), although the longltudinal ridges and
semi-transparent exine do not favour a close relationship
to the latter specles,
(Plate II - 2 fige.,) Oblong; monolete; generslly levigate,
although often somewhat granular in ornsmentation,
Hembers are bllateral, and are often folded toward the
longltudinal axis. Aversge diameter 33 «.j range of
dismeter 31 - 35 «.

This microfossil ocours relatively iafrequently
throughout the samples, but when present, appears to be

associated with vitrain bends. Fgllenites lucifer,
described by Thiergart (48) as a new species of
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Bennettitese, appears to be structurally closely related
to this type.

(Plate III) Oval; poseibly monolete; punctate; somewhat
nut-ghaped in appearance, ilerofossil sppears to be
compressed medially, producing s dense central area.
Prominent projections at both longltudinsl extremities
are characteristic, Average diameter 19 .3 range of
dianeter 18 « 20 «,

This type was ldentified and recognized only in
sanple ® 205 « 1, which indleoates & restricted range,--fiot
previously described,

(Plate III) Smallj elliptical; germinal pore possibly
at one extremity; punctate in ornsmentation, Heubers
of this type esre bilateral, with & prominent clear
reglion at one extremity, Average dlameter 15 . range
of diameter 12 « 18 «,

Lg is present moderately abundantly in sasple
T 197 - 1{a), but has not been recognized in other
samples. In some members, the clear region at one
terminus appears to resemble a gerainal pore, This type
is easily mietaken for Lg.ooxot previously descoribed,
(Plate II - 2 figs.) Oblong; possibly monoletej punctate}
somewhat medially compressed, resulting in & ceniral
region of overlap, Average diameter 27 .} range of
dlameter 25 « 29 «,

iz has a high frequency of occurrence in sample
T 204 « 2{b), and a moderate frequency in T 154 - 1(b),
The germinal aperture heas not definitely been obsarved,
but 1t's presence as a monolete suture has been suggested



in several exaamples.

: Thie type appears to closely resemble Zporopollenites
magnus Re Potonld dublus, described by Thiergart (48),

and illustrated in his fig, 8, plate III., 7The size of
Thiergart's specimen 1s 27,5 «. Also similar is
Zollenites peeudocineulum graaulatus desoribed by

Re Potonid (25) snd illustrated in Plate I, figs. 6,

19, 24, 26 and 27. The size renge of Fotonlé'e specimens
i 26,8 « 28 »,

GROUP He NMicrofoseils are small to medium in size, spheriecal

to oval in shapej granulose to punctate in ornamentation;
and generally possess folds or wrinkles, Germinal apparatus
monolete if present; otherwlse, members ars alete, Oymmetry
bilateral..5ize range 18 « 37 «,

My (Plate II -~ 2 fige,) !Miorofossils are oval, v@akly
' monolete, slightly punctate and pomssess & billateral
symaetry., Dismeter ie 23 4. range of dlameter 20 - 24 .,

Thie type has bsen found in varying frequencies
in nearly all the samples, but occours as 8 recordable
frequency only in ® 204 « 6, Type iy is very similar
to i, and is separated from the latter on a size basle,
It is poessible that members of these two types have
been mistaken for one another,

In slze and external appearance, thls type resemblee
Eollenlites problemacticus R. Potonis (25), Potonlé's
illuetrations do not indlicate the presence of a
geralnal aperture, which in ¥; is suggestive of a
monolete suture,
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(Flate 1I - 2 figs.) Mierofossils are broadly oval to
spherical, monolete, granulose to punctate, and posses
bilateral symmetry., The furrow is frequently angled
in the central reglons, Dismeter is 21 .} rangs of
diameter 20 « 22 «,

This form closely resembles ¥, but is character-
istically smaller in addition to being obviously monolete,
Type Mg 1s present in varylug degree in moet samples,
but 1s sbundant in T 204 « 2(b) and to a lqnﬁr extent
in ® 204 - 6.

Type H, resembles follenites megspertrudee
Re Potoni® (25) which is 20 « in size, It e also

morphologically similar to Polleniteg globiformis
modestug R. Fotonid (25) Plate II fig, 31, although the
slze of the latter is 30 « 305 «e

(Plate II « 2 fige.) Hicrofossils are spheriesl, poseibly
monolete, punctate, and bilaterally symmetrical, Folds
are frequently numerous, and tend to contort the

appearance, DUlameter 1s 27.§ range of dlameter 26 - 28 «,

The monolete opening has not bsen definitely
recognized as & structural feature of Type e but 1is
suggzested in seversl apecimens, This difficulty in
recognition is partly a rbauli of the presence of
numerous folds and wrinkles, and of the deep uta&i&ns
qualities of the mlerofossil,

Type HB is present in moderate frequency in samples
T A28 - 1, ©® 204 - 1, and @ 204 - 6, As indloated in
Plate V, 1t is apparently associasted with the vitrain
of sample © 204 - 6.

-y )



Hierofossll type iy was originally distinguished
from H, on morphological differences, Additional
observations have resulted in a re-identification of
Hiaas type HB‘ Therefore, the description which
characterized %3 should also be applied to iHg.
Illustrations of the latter type (Flate III 2 fige.)
have been retained for purposes of uniformity.

(Plate II - 1 fig.) Mierofossile are spherical to oval;
monolete; weakly punctate; and bilsterally symmetrical,
Folde are frequently numerous, Average dlsmeter 31 «}

range of diameter 28 - 34 «,

Thie microfossil type 1ecimilar to M3 and 35, and
is intermediate in sizes, The monolete condition is
sugrested in several specimens, but is indifinite in
others due to numerous folds in the microfossil exine,

Type ¥, is moderately present in samples T 204 -« 2(b),
® 204 - 1, and ® 204 -« 6, and appears to be assoclated
with the durein portione of each sample.

This miorofossil closely resemblee Follenites
magnug dublus, described by R, Potonié and Venitz (27),
(Flate II figs., 20 - 21), from the liccene of Germany.
Thiergart (47) identifled the same species from Tertiary
goals of the Senftenberg region of the same country,
(Plate 23, fige. 1 - 2),

(Flate Il « fig, 1) Desoription essentially as noted for
Hye Average dlameter 35.5 «j range of diameter 34 « 374,

Hicorofoesil type m5 is closely related to H,, and
the description appled to the latter may be considered
adequate to identify Hze The consistently larger slse
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and the occurrence limited to eanmple T 428 - 1 indleate
that u5 may have stratigraphlesl significance. It is
probeble that My, ¥, and M, are different specles of the
same genus, which would sccount for the morphological
slallarities and differences in slze.

(Plate I - 1 fig.) Oval to oblong; monolete; punctate;
and blittorally symmetrical, Lateral folde freguently
present, The original shepe before foscilization was
probably spherical., Aversge dlameter 21 4 range of :
dismeter 19 « 23 «,

Mierofossil type Mg is limited in occurrence to
durain portions of sample ® 204 - 6, The lateral folds
and deep asber colour are characteristioc of this type
and fecilitate identification,~-liot previously deseribed,
(Plate II - 1 fige) Oval t.o spherical; alete; coarsely
granulose to punetate; bllaterally symmetrical., The exine
is comparatively thick and entire., Average size 25 «}
range of dlsmeter 24 - 26 «,

Type Hoy i present in T 154 « 1 moderately sbundantly,
and ocours infrequently in 7 197 - 1(a)s Folds and
other distinetive structural festures are generslly lacking,
a fact which contrasts lp to other members of the Group,
snd facilitates identification.--Not previously deseribed,
(Plate 1II - 2 figs.) This microfossil type has been
ldentiflied as type M). which has been previously described,

(Flate III -« 1 fig.) Oval; monolete; ‘9{r,.5!;8c: T ’..
to punctate; end biluterally symmetrical, Folds and

overlespe frequently distort the appearanca, Average
diameter 35 .3 range of dlameter 33 « 37 «.
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Type Hb is present only in sample 7 428 « 1, ond
is difficult to identify becnuse of extensive folde and
overlaps whioch distort the general shape and appearance,--
ot previoudly desoribed. U
(Plate ITT « 1 fig.) Sphericel; possibly tricolpate;”
coanrgely granulosej bilaterslly symmetrical, Ridges
form an irregular pattern on the exine, Aversge
diameter 25 .§ range in dlameter 24 - 26 .,

~alim is found infrequently in sample T 204 - 2(b).

The pattern of ridges or furrows on the exine suggest

a tricolpate germinal apparatus, but it is poseibly
monolete, If the tricolpate condition existed in the
originally expanded microfoesil, the symuetry 'ould'bo
radial, This diffioulty at 16.nt1f1ca@}on has probably
arisen besause of the flattening of the microfossil during
coalification,--fot previously deseribed,
{(Plate II -~ 1 fig.) Opherical; poseibly tricolpate;
finely granulose; radislly symusetrical., One or two furrowe
fregquently present on exine, Average dismeter ze.g,za
renge of dlameter 18 - 19 « .,

This mierofoseil type was found to have a recordable

rraqéonay is sample T 204 - 2(¢), which has not been

guantitatively considered, Microfossils have a tricolpate
gerainal apparatus, but as with "mo' this fact is difficult
to evaluste,~--lot previously deseribed,
(Flate IIXI - 1 fig,) Sphericsl; tricolpate; granuloce;
radially symnetricsl, Three lobes characteristically
present, although often obacure, Average dlaseter ﬁ%/cl
range in diameter 21 « 20 «.

Type ¥y, 18 present to a limited exteat in sample

Oy



T 428 « 1, but has not been observed in other samples.
Thers is a possibility that iy, is the same species

ae Uy (Flate III - 2 fige.) However, their general
appearance is dissimilar, and the tricolpate condition
is not?;uny obvioues in the former types,--iiot
previously deseribed, '

GEQUE Ne Microfosells belonging to this group are
characterized by the presence of two wings or bladders,
whioh are attached to the main portion or body cell. The
bladders vary in size, shape, and position of attachment,
The ge minal apparatus cousists of single suture, although
this is usually obsoure, The ornamentation is pajillate,
reticulste, or verrucose, and varies with the types The
symwetry is bilateral throughout the group. The nnaumiatt
of body length range from aa/dn Hy to 119/, in BB’

Ny~  (Plate II - 1 fig.,) Two bladders attached anteriorly and
laterally, producing a sub-triangular outline, The
ornamentetion is distinetly psplllate, ixine fold character-
ietically covering monclete suture, Gody length 32 . a’
bladder width 12 . ; width between bladder apices 52 «,

Type K, is found sbundantly ia T 197 - 1(a) and
moderately frecuently in @ 204 - 6, although it's presence
has been noted in most samplee containing large vitrinite
lenses, The two tUypos "1 and ma are often difficulit to
éistinguish becsuse of marked similarities, The two
examples wore chosen Lo gontrast the two types,--iot
previously described,
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(Plate II - 1 fig,) Two bladdere laterally attached,
producing a rectangular outline. Ornsmentation papillate,
The exine is raieed along borders of the monolete suture,
Body dimensions 42 x Ig/u: bladder dimensions 26 x 18« ;
width between bladder aplces 58 «,

This type ie present in samples T 197 - 1{a),
® 204 - 1, end ® 204 -« 6, As indlcated previously,
agourate distinotions in ldentlity between Np and Ny
are diffioult, Size variations and diflerences in
bladder orientation suggest that the two types represent
two distinet species, although further substantiating
evidence is reguired,--fot previously desecribed,

(Flate III « 1 fig.) Two small bladders located laterally.
Body coarsely granulose; blasdders reticulste. Single
linear suture along snterior orown., BSody dimensions

51 x &g/‘; bladder dimensions 30 x 2@/»: overall length
between bladder aplces Tg/v.

Type ﬂ, ie frequently found in sample ® 204 - 1,
although numerous distorted exines resembling N, are
present, In all specimens, the bladders are noticeably
susller then the body, (Contrast to X, and Ng).--Hot
previously desoribed,

(Flate III « 1 fig.) Two bladders anteriorly and laterally
attached, Ornamentation retliculate, MNonolete suture

on erown. Body dimensione 47 x 25/43 bladder dimensions
25 x 21§ oversll length 61 «, |

Type §, resembles closely, and may easlly be
mlistaken for type ¥,., It is present to a limited extent

in @ 204 - 6, but wae not in other ssmples. A similar
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mlerofossil has been identified as Einus sp.by Simpson (44)
Flate I, fig. 4,
(Flate III - 1 fig.) Two bladders attached in midline,
with body cell segments overlapping., Central monolete
suture. Urnamentation denesly reticulate, Dimensions
of body 4T x :51/» § of bladders 60 x 32 «. _
Unly one specimen was loecated throughout t.hp
samples; that being found in ® 205 - 1, The morphological
similarity of this microfosail to specles of florinites
deseribed by Xosanke (18) from the Pmnylnﬁlm of
Illinols, ie particularly noteworthy. The orientation
of the bladders with respect to the body indieste a
probable evolutionary relationship between the two
groups, Florinltes diversiforamls (Kosanke (18) plate
12 fig. §) presents a marked resemblance to type Hie
Hioroforsil type HS is very probably a specles
of fodogerpus. Both Simpson (44) Plate II fig. 5, and
Thiergart (47) Plate 24 fig. 7, bave illustirated
pollen graine identified as Podogarpug. The specimens
iliustreted are very similar to KS“
(Flate III, 1 fig.) Two bladders larger than, and
completely overlapping the body. No germinal aperture
observed, Sody coarsely granulosej bladders reticulate.
Dlameter of body 70. j of bladders 88 x :53/‘3 overall 115/“
Several specimens of type 85 have been recognlzed
in samples © 204 « 1, ® 205 « 1, and T 428 - 1,
However, the frequency of such large and friable
microfossile would probably be greater if less severe
mageration methods could be successfully employed,



Humerous illustrations of bladder microfoselils
from coal have been presented by various suthors, There
is 1little doubt that Ng is a epecles of figea, which
has been fregquently 1dentified from Hesozole and
Tertiary coals. Zicea-pollenites glatus 7. Pot.
illustrated by Thiergart (47) Plate 24 fig. 5, and (48)
Flate III fig. 16, is particulerly eimilar to type Ng.
(Plate IIX - 1 fig.) Two large bladders attached medially
to separated body. GCerminal aperture cobscured,
Ornamentation reticulate. Dimensions of body 54 x Ag,~;
bladders 56 x 44 .3 overall 93 ..

Type Ny is asssoclated with samples © 204 -1,

T 197 = 1(a), and T 154 - 1, although only single
specimens have been recognized in esch case, The
rectangular outline and bladdere equal in width to the
body are identifying characteristics,.

Hierofoesil type ﬂ7 undoubtedly representsthe
pellen of a genus of Abletinese, and resembles the modern
Eiges and Pinue pollens. 2inus baploxylon-typus Rudolph,
deseribed and illustrated by Thiergart (48) Flate III,
fige 17 - 18, haes en almost identical sppearance to Hope
(Plate III - 2 figs.) Two large bladders attached
laterally to body and often overlapping., Jerminal aperture
obscure, Ornamentation reticulate, Average dimensions
of body 117 x T84

Single speeimens of type N, have been located in
samples T 428 « 1 and T 197 - 1(a)s The large size of

m;hia type presente diffiguities in obtalning unbroken
'lpooxuonn from the maceration sediments. The ocourrence

“e
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of segments of exines and bladders which reseable those
of Ny is frequent in some mounts, which suggest a
probably greater original frequency of this type.
Similarities of 58 to .u5 are apparent, and indlicate
that these two types are posalbly species of the same
gsnus, There is & marked resemblance of both microe
fossll types to Figea-pollenites aslatus R. Pot,
(Thiergart (A7) Flate 24, fig. 5 and (48) Plate III
fige 16.)
(Plate III « 1 fig.) Bladders indistinet; appreseed
dorso-ventrally to body; Germinal aperture monclete
on proximal surface} ornamentation coarsely graanulose
to verrucose, Dimensions of intact portion 86 x 604,
The presence of the folded and appressed bladders
is acmewhat obascure in the illustration, but has been
definitely observed by variable focusing. Type 39
has been located in samples © 205 « 1, T 428 « 1 and
T 197 « 1{(a), and ie more frequent than other accessory
mierofoseiles of group N,
A specimen of pollen desceribed and Lllustrated
as Finus @gp. by Simpeon (44) Flate I, fig. 3 is somewhst
similar in size and appearance to 59.
(Plate III « 1 fig.) Two blsdders laterally attachedj
somewhat overlapping the body., UGerminal aperture
monolete; ornamentatlon retioulste. Ulmemsions of
body 35 x 30« ; of bladders 33 x 28 «j overall length 56«.
Single specimens have been observed in samples
T 428 - 1 and T 204 - 2(b), but the occurrence of the
miorofossil is striotly limited, The morphological



features of um indicate the Uymnosperm character of
the type, and it appears very simllar to modera pollens
of the Plnageas, The orientation of bladders and body
rasembles the conditlion found in Finug-pollenites
dabdigus ®. Pot,; desoribed and illustrated by
Thiergart (47) Plate 24, fig. 4, and Pinus goopulipites
described by Vodehouse (58).

Ny~ (Plate III = 1 fig,) Bladders laterally folded and
appresasd to body. Body granulose; bladders papillate
to verrucose, Geraminal aperture monolete, Dimensions
of body 61 x 317‘ 3 of bladders 61 x 31./u.

Several specimens have been located in sample
T 197 - 1(a) and & single specimen was found in T 428 - 1,
The frequency of occcurrence is, however, generally low,
The appressed and overlapping bladders usually make an
asccurate identification and a separation from other
group members diffidult,

Thiergart (48) Plate I, figs 12, has illustrated
a microfossil form which resembles M1 in shape and
orientation of parts, He has identified thie species
as Pollenites slatys R. Pot, If Thiergart's identification
is accurate, type au ies very similar to types Hs and
Nge However, additionsl information is required before

a valid appraieanl of thie relationship can be attempted,

SROUP O= Miorofoesils are oblong or broadly ellipticalj
obviously monolete; generslly levigate, gramulose,

or weakly punetate, in ornamentationi and bilaterally

symaetrical, The length dimension ranges from 35 - 68 ..,



Group O Microfossile sre the most widespread and
sbundant of all the types within the Brazeau coales, In
addition, they possess a degree of uniforaity not generally
recognizable throughout the other groups. The characteristic
"bean” shape and the wide, often gaping germinsl aperture,
facllitate spotting and ldentificetion. In order to
eliminate repetition in description, only those features
which are necessary to contrast types will be noted in the
following dneripum. The size measurements have been
generally utilized as the basis for type distinetion,

Hicrofossils closely resembling meambers of group O
have been reported as ocourring in various geolegieal
herizons. The description of similar foms from Falaeoszolc
coals would geem to0 indlcate a Pleridophyte relationship.
This indleation is supported by evidence gained from
evaluations of modern teridophyte microfossils, 4s an .
exauple, Erdtman (8) has 1lllustrated spores sssociated with
ferns such as Asplenium, Athyrium, and Polypodium, which are
very similar to members of Group O, However, until direot
evidence from investigations of maerofoesils and their
associated microfossiles is fortheoming, & velld appreciation
of the relationship of Group O types cannot be reallzed,

o]

O~ (Plate II - 2 figs) Ornamentation granulose, lonolete
suture narrowly openj length of suture 19 .. Length
range of microfosell 34 - 40 «; width range 25 - 29 «,

Type O; is very sbundant in sasples ® 205 - 1
and ® 204 - 6, but is present to a limited extent in
most sanples, A characterizing features is the deep
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~ amber golour of the exine, to which safranin dye is

not adsorbed,

_ Laevigato-sporites punctatug described by Kosanke (18)
is morphologically similar to type 010 although slightly

" learger is size (Flate 5, fig.3).

{(Flate II - 2 figs.) Ornamentation levigste, Honolete

suture aamum length of suture 30 «, Range of length 44 - ‘:39
average width 35 e .

This microfossil 1s essoclated with every sample,
and is moderately abundant in T 197 - 1{a) 7 428 - 1
and @ 205 - 1. TIype Oy clossly resembles Laevigato-
georites ovalig deseribed by Kosanke (18) Flate 5,
figes 6 - T, from Pennsylvanian coals of Illinois, The
slze of thls specles, however, is somewhat larger than
that of Op,

(Flete I « 2 fige.) Ornamentation coarsely granulose,
Honolete suture closed, with lipes foraing ridges; length
of suture 19 - azy‘; Range of 1ine;th 30 - h;;»; of
width 24 - 31/0.

This microfossil type is present in sasnples
T 428 « 1, T 204 « 2(¢c) and T 204 - 2(b). The frequency
of occurrence 1s approximately 6 per cent in T 204 - 2(e)
and approximately 4 per cent in T 204 - 2(b),

Type ‘33 has structural features resesibling spores
of both fosslllized and modern specles of Folypodiagens.
Hovever, the granulose ornamentation of type Oz suggestis
that the foram represents the endospore of the original
Eolypodium spore; the perispere having become detached
at maturity. This process 1s known to ogour in spores



of modern Pleridophytes which are similar to Polypodium.--
Hot previously deseoribed,
(Flste II - 3 figs.) Ornamentation levigate, Monolete
suture narrow or slightly gaping; ridges borderin: suture
not prominent; length of suture 19 -~ 25., Range of
length 36 « “/a; of width 28 « 35 e

Mieroforeils of this type are very similar to those
of type Oy, except for their smaller dimensions, 4
speclen closely resembling Oy has been identified by
Thiergart (47) as Sporites haardti, R. Pot, & Ven.
(Flate 22, fig. 17). Both Thiergart and Potonié and
Venitz have questionsd the relationeship of this species

to the Polypodiaceas.

04 is one of the most consistently occcurring aloroe
fossil types, and has been found 1n & frequency of over
5 per gent in every sample except T 204 - 2(b), This
consistency of occurrence suggests the possible suitabllity
of this type in correlation attempts within the Braszeau
thin seams, '
(Plate II - 1 fig.) Ornamentation levigate., lNonolete
suture wide or gapingj lips of suture prominently ridged;
length of suture 32 - 34« ¢ Renge of length 55 = 58}
of width 31 = 34 «.

Hicrofossil type Og is assoclated to a limited
extent with samples T 197 - 1(a), ® 205 « 1, and 0 204 - &,
It is frequently folded or contorted, but the large
slze facllitates recognition,

Spores similar to type Ug have been described and

identified by Kosanke (18) as Laevigato-gporites latus
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(Flete 5, fige 11). The nize of Kosanke's holotype
is 63 x 54-.6/«.-md therefore, is slightly larger than
type O,
(Flate III - 1 fig.) Ornamentation levigate, HMonolete
gerainal aperture gaping; lips prominent and elevated;
length of suture variable, Range of length 57 « Tl }
of width 46 = 54 .,

This type 1s very simllar to Og, 0, and Oy, but
ie characterized by it's larger size. Single specimens
have been located in samples T 204 « 2(b) and T 204 - 2(ec),
and a lovw frequency exists in ® 205 - 1, Differentiation
between Og and 07 is often difficult because of the
narrow sise difference, In addition, modifications in
appearance freguently result froa ‘ folding or compression,
(Plate IIX - 1 fig.) Ornamentation levigate to finely
granulose, Monolete suture olosed; lips slightly ridged;
length of suture 324 « Length 63/“. width 39 «s

Only one specimen of typcogm found throughout
the sasples, The distinctive dimensions and granulose
ornamentation suggest that 09 is a different species from
the other menmbors of group U. However, the possibility
of Oy being the eaae spore type as O  or O, should be
considered in evaluating the botanleal or stratigraphical
importence of this type.
(Flate III « 1 fig.) Ornamentation granulose or weakly
punctate, Monolete suture aa/“. iength 68/.,3 width ‘M/u—¢

Onlymtpoemnof%m:bmobumdw
the samples; that belng loecsted in & 205 - 1, The
weally punctate ornamentation suggests that thies type



1s distinctive from others of the group, In general
‘appearance, 0,, resembles Laevigato-gporites robustus,
desceribed and 1llustrated by Xosanke (18) Flate 5,
f1g. 9, However, the dimensions of this specles are
101.8 x 73.5/». which are considerably larger than
those of Oy,¢ Thils indicates that the parent plants
were probably not very closely relsted,

Mierofosaile aesigned to this group are omduﬂm
by an extended oblong shape; a monolete gerainal
aperture; bilateral symmetry; and a size range from 28 « 6l ..
The ornamentation ie typleally levigate, granulose, or punetate.
In shape and general appearance, Group P microfossils resemble

those of group L. The separation of type amicrofoseiles into
these two artificial groups has been msde on the basis of
size difference, This method of recording does not atteapt
to sssociate related forma, but is a convenlent procedure for
facilitating mﬂm to certaln types.

Py~ (Plate III - 1 fig.) Broadly ovel to oblong in shapej
granulose; monolete; and distinetly folded slong the
longitudinal median plane, Range of length 42 = 454}
in width 33 - 38 «.

| Type ?1 has been found sssociated to a limlted
extent with the durain segments of samples @ 204 - §,
T 428 - 1, T 204 -« 2(c) and T 204 - 2(b)., The median
fold or bladder? is charascteristically present on this
type.
Various descriptions have been presented with
respect to pollens of the Cycadeae and Bennettitese,
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although altar~111ﬁ.trnzxuus of these types are very
few in mumber, However, evidence is in favour of types
such as Py, Poy 29, and several L group typgn. belng
rslated to pollens from these classes,--NHot previously
described,
(Flate III « 1 fig.) Broadly oval to oblongj punctatej
monolete median fold frequently present, Range of length
31 = 3543 of width 21 - 24 &,

Type Py ies very siamilar in morphology to P, but
is dletinguished from the latter by smaller dimensions,
It has been located in samples @ 205 « 1, T 428 « 1
and T 204 « 2(b); having & frequency of spproximately
4 per cent in the lastementioned sample.--iiot previously
desoribed,

(Flate III « 1 fig.) Oval to oblong; coarsely granulosej
zonolete; terminel fold present or sbeent, FAsnge of
length 35 = 38,3 of width 25 - 20..

This micorofossil type has been recorded from sauples
® 204 - 1, T 204 « 2{(c)s The shape, size, and monolete
condition of type 93 suggest that it is an identical
specles to O;, 4An explanation for the possibly mistaken
identity may be found inm the presence of folde and the
more granulosce ornamentation, which are geanerally

associated with type Py

(FPlate II - 2 fige.) Oval to oblong; finely granulese}
monoclete germinal aperture ridged; longlitudinal folds

and coreasss frequently present, FHRange of leangth 28 33«3

of width 14 « 20 «,
Type P‘ is moderately abundant in samples T 154 « 1

2



and T 428 = 1, In the unstained condition, it le
somewhat transparent and difficult to locate and identify.
The longitudinsl folds snd creases are ususlly present
and gomevhat characterize this type.

Hierofossil forme somewhat slmilar to P, have been
deseribed and illustrated by Thiergsrt (47) ass Pollenltes
polyformosus (Plate 23 figs 6 - 11), and a possible
relationship of this species to either Seguols or
Sriyptomeria has been indicated,

(.Plat.q IITI «1fige) Originally oblong; alete or monoclete;
granulose exine characteristically aplit into two
somewhat equal halves, Range of length 33 - 37/4 of
width 28 - 32 s

Type 'Pg, has been observed limitedly in samples
® 204 « 6 (vitrain), T 204 « 2(b) and T 204 « 2(a)s The
eplit exine suggeste thet an internal structure hae besen
¢ jected, '

This mierofoseil is very similar to Igxodiua

bistipites Wodehouse (58), dlscovered in the Ureen
River shales of western United States, and more recently
by Wilson and Webster (56) in a Fort Unlon cosl from
Hontana, In German tertiary deposits, & similar specles
deseribed as Pollenites hiatus R. Potonié, has been
reported by Potonié (24) Potonié end Venits (27) and
Thiergart (A7) (48),
(Flate III - 1 fig.) Oblongs alete; levigate; 2 longle
tudinal median ridges charascteristicslly present, HRange
of length 36 « 4_1/4; of width 14 - 17/4.

Hlorofosslil type P& has been encountered only in
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sample T 428 « 1, and the freguency of ocourrence is
approximately 4 per cent, This form is frequently
folded or twisted, and is eassily mlstaken for R group
types, lHowever, the two prominent and elevated longle-
tudinal ridges faclliate identiflcation,--Not previously
desoribed,
(Flate III - 1 fig.) Broadly oval to oblong; coarsely
granulosej monolete; folds sometimes present, FRange of
length 43 - 4§/¢:ﬂntwtaath 26 « 29 e

Several specimens of type PT have been found in
pamples T 204 « 2(b), T 204 « 2(c) and T 428 - 1,
A longitudinal fold or overlap is sometimee present,
which glves to PT a similsr appearance to Py and Ppee~
lot previously desoribed,
(FPlate III « 1 fig.) Oblong to lesnceolate; coarsely
granulose; monolete; overlapping foldes characteristically
present, FHRange of length 46 - 55/~3 of width 20 - ﬂ!/zo

Several speoimens of type P§ have been cbserved in
gamples T 428 - 1 and © 204 « G(iv), The appearance
and morphology of this type resemble those of L7, but
the larger dimensions of the former distinguish the two
microfoseil types,--Not previously described,
(Flate III - 1 fig.) Extendedly oblongj alete; levigate
and transparent; two lateral longitudinal ridges
characteristically present, FRange of length 58 - 6;/,3
of width 19 - W/a—o

Two specimens of this type were obscrved in
sample T 154 - 1, The resemblance of ¥ o o ?g is

1
particularly noteworthy, and only the larger dizensions



assoclated with the former permit a differential
identification, The parallel ridges are prosinent, snd
gerve as distingulishing features between these two
typee and members of group R,--Not previously deseribed.
Piq= (Flate III - 1 fig.) Oblong; monclete; punctate or
weakly verrucosej lipe of open monolete suture slightly
ridged; lateral folds present, Length 46 . width 20«
Cne specimen was found in each of samplee
T154 « 1 end T 428 - 1, However, Pyy e simllar in
several aspects to 91, P, and g?' and there 1s a strong
possibility that tht;d_typtu have been mistaken during

the process of identification,--Not previously deseribed,

GROUP Q= Microfossilies are small; subtriangular in shape;

levigate, granulose or punctate in ornementatlionj
radially symmetrical; and possess three germinal apertures
or pores,  The largest or length diameter ranges from 21 «
1n Qp to 48 in Qp '

Hicrofossil typee of group § are particularly iantereate
ing because they are iypleally assoelated with Anglosperme.
The appreciation of Hesozole Anglosperm pollens is significant,
because 1t was during this period that ihe Gymnosperms were
decressing in importsnce and primitivs Anglosperme began
to flourish, In the present investigatlion, groups ¢ and U
are composed of Anglosperm pollen types, and the proportion
of these types to those related to Gymnosperm and Pteridophyte
microfoseils may easily be assessed,

Gy~ (Flate IIX =« 1 fig.) Levigate to weakly granulose; 3
germinal pores; elevated ridges connecting pores, and



faint ecircular amsrking present in central region, FPores
triangular in outline; lips th&o&md and elevated around
pores, Range of dlamoter 27 ~ 35 « {(meapured from
terminal pore to opposite apex between pores),

mocmmuoralhnbnnlmudwthm
epecimens in T 428 - 1 and one in T 204 = 2(b)s Q; 1s
the emaller of the two speclee §y end Qz‘ which are
morphologically identical, The presence of the three
pores insures accurate identification of this type.

Similer microfossils have been recorded ae: Betulas
glaripites Wodehouse (58), and the same species by
Wilson and Webster (56); Bollenites bitultus R, Potonid
(26), and agein by Thiergart (A7),
(Plate III - 1 figs) The desoription of type ql. may be
applied satisfactorily to this microfossil. The
dimenslons of Q, are 44 x 35..

rly one specimen has been observed throughout the
sarples, The greater size of this type differentistes
it from Q;; slthough morphologlcally the two types are
identical,--Not previously desoribed, |
(Plate III = 3 figs.) Subetriangular to ovalj coarsely
granulose; 3 pored; germinal apertures elliptical to
circular; germinal lipes thickened and ridged, Folds
are frequently present, HRange of diancter 34 - 36/«'.

Type C'“) has been encountered only in saaple
T 428 « 1, It is dietinguishable from Ql and Qﬁ by
the more granular nature of the exine, the ellipticel
pores, and the lesa proainent pore lips.

Ssimilar microfoessile to Q3 have been identifled



by Wodehouse (58) aes Higords yiridi-fluminipites

- (Fige 29).by ¥ilgon and vebster (56) as Garya viridl

fluminipites (Fige 13), and by Thiergart (48) as

Sarys gp. (Plate IV/V, fig. 53). Thess identifications
have been based on similarities between the microfossils
snd pollens of nmodern specles of the Juglandacese faumily.
(Flate III -« 1 fig.) Subtriangular; levigates 3 pored;
geraminal apertures not prominent; pore lips elevated,

R R

Falnt ridges connecting pores sometimes evident,
danter 93/“.

Onlymuwmnot%hubmumrmwm
out the samples, The absence of promineant pores and
the saaller size serve to distinguish this microfoessil
type from @ and Qu

A similar form to @, haes been deseribed by R, Potonié
(25) a= Zollenites goryphasus punetatus (Flate II figs,
7 end 11)s The size range of Potonié's specimens is
2248 - 26 ue
(Plate II -« 1 fig.) Spherical to subtriangular, levigate;
5 pored; germinsl apertures inconspicuousj pore lips
protruding slightly from entire exine, Hange of diameter
33 - 38/0-

Type Qﬁ has been recorded freguently in sample
T 154 = 1, and to a limited extent in T 204 « 2(b),
The inconsplouous nature of the vores togeiher with
frequent folds make identifieation d1fficult,

The general morphology of 4 resembles modern
pollens of Carpinug snd Corylug. (Erdtman (8) ). Fossil
forms resembling Qs have not previously been described,

\
%
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Gg= (Plate IIX = 1 figs) Subtriengulers mniy granuloses

Qr-

not thickened, Renge of dlameter 24 = 27,

Several specimens of type (g have been cbserved
in sample T 204 - 2(b), but the type has not been
resognized in other samplos,

Similer alcrofossil forms have been desoribed by
vipdehouse (78) and Wileon snd vebster (55) se lomipites
gorvigldeg vodehouse; by Simpson a8 SQrylug 8Qe; and
by Re ?Mh’ummmm (25)s These
specimens were regorded ss oocurring comparatively
freguently in the Tertisry deposits investigated, and
the limited ceocurrence in the Srazesu cosle is sug estive
of a smaller populstion of parent plante in Uppermoat
Cretaceous times,

(Plate III - 1 fig.) Subtriangular; strongly punctabe

to verrucosej 3 poredj the pore 1ips thickened and ex~

tonded radially. Renge of diameter 20 - za/.
rynq’mm«cwmmm:wurm~am.

The ornamentation and extended pores facilitate the

identification of this type.-«liot previously desoribed,

GRJUE Bs Wiorofoseils are lerge; generally rectangular in

sutliines levigate; iranspareat; seymmetrical

{poseibly bilaterally symmetrical im the original uncospressed
eondition)s and alete, Folde and wrintlee are coumonly

present. Length renge 20 « 91«4

Hierofossil types assigned to group R are frequently

present in various horizons throughout the coal samples.



The members sre essily identified by their transparency snd
folded conditions A germinal aperture has never been observed
in the numercus specimens investigated, although there is

& possibility that the folds and wrinkles either serve as
gerninsl outlete or have obsoured the original germinasl
apertures.

Miorofossils resembling group R types have rarely been
rogordad se cccurring in ooale, A eimilar form has been
desoribed se gllenites mesgue by R Potonld (26) and Lorixve
pelieniton masnug fe Pot, by Thiergart (A7), It eeems
probable that group R microfoselils have a closer relatione
ship to Larix proliens than $o other spores or poilens,
Palacoszole spores of (alanospora heve been deseribed by
fossnke (18), and show & marked similarity to group R types.
However, the presence of the trilete germinal aperture in
¢aisgospora spores is prohibitive in an attempt to determine
the affinity of group R mierofossils.

By= (Flate II = L figs) Levigate; slete; seversl folds
comaonly preeent, mwmm-33/.
Rl is the emallect member of the group, snd has
baen frequently recorded in samples T 194 - 1 and
T 428 « 1, The freqguent folde tend to obsoure the
gharasteristic features, but the general morphology
of the type indicates a relationship to the other members
of the group.--Hot previously deseribed,
fig= (Flete II = 1 fig.) Peseription eseentislly as noted
under Group Re Fange of diameter 35 - 44 «,
A high frequency of cccurrence of type Ry has been



recorded from evary segment of sample ® 204 « §
exeept IV, This type closely reseubles the other
monbers of the group, but ie delimited on the Laels of
size range.--liot previously described,

{Zlate III « 2 figs.) Deseription essentiaslly as noted

under group R. Hange-of length 61 « 70 «,

Type n,m.m&xmmrmemmmor
group R on the basis o7 size renge, This artificial
peparation was attempted in order to provide separate
ocategories which might ald in correlation attempte and
facilitate reference, However, meabers of groups Hy,
iy and §, are morphologieally identleal, and probably
were associated with the same genus, Isolated speeimens
have been recorded in several samples.,--iot previcusly
desoribed,

(Plate II - 3 fig.) Desoription essentislly as noted under
group R, Range of greatest diameter 56 = TA., '

Type R, has been found abundantly essoclsted with
sll segnents of sample ® 204 « 6 except (IV). As atated
previously, type Ry appears very similar to type R,
and the two forme are probably identical. The large
size and multiple folds are characteristie of this
microfossil.~«fot previously desoribed,

{Flate III « 1 fige) Desoription essentially as noted
under group Re fange of greatest dimeter 85 = 93 .
feveral speciaens of type 85 have besn observed in

‘sasple T 204 - 1, The photomierographe of R, and R,

wore obtained from unstained specimens, which aceounte
for the differences in appearance between them and the



previcusly desoribed typess--iot previsusly deseribed,

fig» (Plate III = 2 fige,) Deseription essentially as noted
under group i, wwmmtmmsc-&/.

Type Rg has been found to ocowr in eample T 204 « 1

to & limited extent, The size rangs su gests that thie
‘tmhtbcmmn,mn‘. The dirfferences in
appearances are partially a result of the unstained
condition of Rg,eefiot proviously deseribeds

GROUD L= Hicrofoseils are small to very large; subtriangular
in outline; levignte, punetate, reticulzte or coarsely

striate in ornsmentation; sharacteristically triletej radially
symnetrical; snd infrequently folded, The size range from
254 10 Bg to 110 in 85,

Hembers of group £ have been recorded as oocurring in
The presence of the trilete gomminal aperture indicntes that
the siorofosalls of the group are spores of P teridophytes,
ond moet of the types have been desoribed previocusly in
assocliation with coals of various agen,

5~ (Plate IIX « 2 fige.) Conrsely striste, with striations
parallel and forming a characteriotic patterng trilete,
with the trirsdiate ridees extending to the peripherys
folds sometimes present, Hange of dlameter 50 - 64 .,
Type Uy has been obsorved to a limited extent in
sanplos T 204 « 2(b) and T 204 « 2(¢)s The pattern
of parallel estristions facilitates identification. The
exine of thies type 1s dark amber to black in colour,
which necensitates the use of strong tranemitted light



62
for microsoople investigation.
~ Similer miorofossils have been deseribed as johrig-

type by Thiergart (48) Flate III fige. 39, 40, Flate
IV/V Tigse 6 « 8, 15 » 17, 26, 28, Although Thiergart's
specimens are morphologically identical to 8, the
u&umpum&mm«uﬂmwnm/ﬁ
The frequency of vcocurrance of this miorofossil type
was considerably higher in the Cerman and Austrian coale
than in the Sreseau samples, :
(Plate I11 « 1 figs) Retioulate, with reticulation
ridges extending beyond the periphery; trilete; the
triradiste grooves extending closely to the periphersl
reglons, Range of dlameter 44 = A7. . |

single specimens of S, have been rescorded in
ssmples T 204 « 2(b) end T 204 = 2(e), and o limited
freguency was observed in all segments of @ 204 « &,

A similar microfossil has been desoribved as
Lygovediye spe by Thiergart (43) from the “ealden
(Lower Cretaceous) of Germany. The diameter of Thiergart's
specimen 18 414, which indicetes & close affinity of
thls type to Sy In the present annlysie, Sy and 5y
have been separated on s slze basiss The two types,
however, are morphologicelly identical, and there is s
strong poesibility mﬁ they represent the same apecies
of microspore, '

(Flate IIT « 1 fig.) Desoription essentislly es noted
wa m-nrammm-ky.

W%mmmuwuamm
extent in sanples T 204 - 2(b) and '@ 204 « 6, As noted



mmmunua,.wmum
resesbles Lygopodiun gpe deseribed by Thiergart (A8),
(Mate IIT « 1 figs) Veakly punotatej trilete, with
triradiste grooves extending approximately two-thirds of
the distance %o periphery; leagth of triradiste groove
n/a. Range of dlameter 2T « 36 «, :

Type 5, has been recorded ss oceurring frequently
in semple T 204 « 2(b), and %o & limited extent in
sanples T 154 « 3 and T 197 « 1(a).

Similar mierofossil forms have been deseribed and
fllustrated fros German Jurassic coale by Thiergart (A8),
and grouped under the name Polieglites trisogulatug
Thiergart, The presence of the trilete germinal aperture
is indieative of a Pteridephyte or Bryophyte affinity.
However, Thiergart hos suggested a relationship of this
type to the Bemettitens, but has guestioned the
validity of the affiliation,

(Flate III « ) fig.) Levigate to granulose; trilete, the
trirediate grooves slightly ridged end extending to the
peripherys length of grooves 2we FHonge of dlameter
“.Sﬁ/ul

Type 55 ‘closvdy resembles f,, but is mmmmn
larger than the latter siorofossil. The ococcurrence of
Uy, has been recorded to o limited extent in sample
T 197 « 1(a) and sogments (111) and (iv) of seaple
® 204 « 6,

Eellenites SrAsnsulatus Thiergart (43), mentioned
in connection with 6,, has a size renge of 32 « 53 «,
and resembles type Sy in addition to showing similardtics



to Sy
(Flate II = 1 fige) Orenulose; trilete, with the triradlate
grooves somewhat elevated and extending spproximately
one-hnlf the distance toward the periphery; avernge
length of grooves 8., Range of dlaneter 23 = 26 .,
Mierofossil type 5. has been recorded frequently
in sanples @ 20° « 1 and T 204 « 2(a), and to limited
extonts in sanples @ 204 « § and T 204 « 2(b), The
emaller size range distingulshee readily bLetween iy
and S,, which are morphologically similar,
Eirohheimer (16) and Thiergart (47) (48) have
identified mlorofossile similar to 5. ne specles of

6
ighesnyme A eimilar fom has been deseribed and illustrated

e Jphamaun satlouacporites 'ilsom and Vebeter (56),
as ocourring in the Holarich coal (Paleccene) of lontana,
The slze range and morphological characteristics suggeste
that type 73 1a the same species of Jphacnyg oe that
found in the Montana deposit,
{(Flate III « 2 fig.) Uenerally spherical to oval in
shapej coarsely granulose; trilets, with trirediate
germinal grooves extending approximetely two-thirds distance
towards the peripheryj avarage length of trilete grooves
:u./. Range of dlameter 37 « 394,
5p has boen found moderately abundant in sample
T 154 « 1 and infrequently present in sasple T 204 - 2(b).
The coarsely granulose ormamentati.on and sise range ald
in dlstinguishing this microfossil from type 5, and Soe
“imilar microfossils have been desoribed ne Jporites
neddend R, Potonid (23) and subsequently by Thiergart (47).
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Gge (Flate III = 1 fige) Lerge; levigste to fimely granulose;
trilete, with the triradiste germinal flssures extending
to the periphery] sversge length of flesures 33 «¢ Hange
of Alameter 72 = BY «, '

Miorofoesil type 2, has been frequently observed
ia sonples @ 204 « 1 and %0 & lesser exteont in segments
(11) end (iv) of eample @ 204 « &, The emaller dimensions
serve to distingulsh thie type from Gy, "

m.mmxmnmmua,nnmmm
ee gporAtes adriennis Re Pot. gagQzoAoug by Thiergart (48),
muum«m.muuuwﬁw/.uw
umumaya.unmmammma'.

g (Flate II1 « 1 figs) Very large § levigate; trilste, with
the triradiate gerainal grooves extending approximately
throe=guartors the diestance towards the periphery}
length of germinal groovee AT, « Uimensions of microfoesil
110 x 84 .,

Unly one specimen was acourately identified as type
figs that belng recorded in sample @ 205 « 1. lumerous
raptured, frectured or othorwise dlstorted forms
m«bnuaghunmmm.mmmm :
positively identified, The dimensions of mgmmmmm-
WWMMOQ“%“W.W%WMM
are distinot, However, that the two types were originally
aspociated with slosely related perent plants is highly



probable,--liot previously desoribed,

QHOUE Je  vicrofossils ere generslly larges spherical,
oblong, OF rectenguler in cutlinej verrucose or
setaceous in ormameatationg trilete, with the trirediate
ridges moderately open and ridged; radially sysmetrical end
froquently folded or overlappved, 7The largest dlameter ranges
Group T microfossile, and more specificslly T, and T,,
are among the most commnonly found in assocolation with the
Srageau cosls. The types are readily ldentified by the
charasteristio verruscse-gsotagecus ormamentation and tho large
size, The trilete germinal aperture ies rerely observable,
but to ¢clarify the sorphological oharssteristioce of the
group members, specimens showing the germinal apparstus hove,
in most cases, been chosen ss illuetrations

7, (Mate II = 2 figs,) Spherieal or rectangulerin outline;
setacsous; trilete, the trira late grooves extending
approximately twoethirds the distance to the periphery;
agersge length of grooves 18 ., fange of diameter
"0"‘9‘/‘1

gmmmumummm
in 2ll segmente of sample ® 204 « § and in ssmples
T 204 « 2(c) and @ 205 -« 1, The occurrence of this
microfossil type appears to be aspocinted with the
vitrain segments of most samples.

A sinilar form has been deseribed and illustrated
es_Lygopodiumi-snorites primarius “olf, by Thiergart
(47) who hes suggosted the affinity of that microfossil



to recent specles of Lycopodium, The size of Thiergart's
specimen 1s 4% 4, and the trilete gerainal sperture is
talntiy visible,

(Flate I1I « 3 fige) Desoription essentially as noted
for Ti‘ Average length of trilete grooves ag,g.

 Range of diameter 60 = GTus

Type Ty, has been recorded in moderate frequencles
from samples ® 204 « 1, ® 20% « l,and all segments of
® 204 « 8§, This microfoseil is distingulishable from
T, by it's larger dimensions,--lot previously deseribed,
(Flate III « 1 fig.) Reotangular to oblong; setaceous}
trilete?; folds frequently present, Hange of diameter
39 - Thue

Beveral specimens of type TB have besen recorded in
sanplos T 197 «1{a) and ® 204 - 6(iv). Thie form is
distinguished from T, by it's larger size, but 1t 1e
possible that the two types represent identicel species
of microfossile,~-lot previously deseribed,
(Plate II = 3 figs.) Oblong to brosdly lanceolste in
oatliney verrucose; trilete?; loangltudinal folde
frequently present, Range ofilength 4% « 544,

Miorofossil specimens of type r“ have been .
frequently recorded in ssmplee T 197 - 1(a), ® 205 = 1, b
and ® 204 - 6(iv); and to s lesser extent in sasmples
® 204 - 6 and 9204 - 6(11), The trilete germinal

apparatus, which 1e characteristiz of group 7, hes not

been recognized in T, microfosesiles, The other
morphological features, however, indleate that T, is
related to other meabers of the group,--iiot previously
desoribed,



Tg- (Flate III ~ 2 fige,) Oblong to rectangular; setaceous

trilete?; folds frequently present, Range of length
51f'55/00

1‘% has boen recorded as occurring moderately

- frequently in samples T 204 - 2(b) end T 204 - 2(e).

This type haas been distinguished from other members of
tae group by it'e eize range, There is a poseibility,
however, that 15 s an Aidentical aierofa-o&l type to
TgeTy OF Tgeeelot previously described,
(Flate III « 1 fig.) Spherieal; verrucoss; trilete? or
monolete?y foldes freguently present., DMameter 5§,u. |
Only one spescimen of gype tk hae been recorded as
occurring in the samplesi that helng sssooisted with
T 197 « 1(a). !g recenbles T, end T, in general
sorphology, and is poselibly affiliasted with these types,
The verrucose or goarssly granulose ornamentation
indiented in the illustration is possibily & result of

e

incoaplete mmceration, If !b has no botanical relationship

to other T group types, the similar morphological
oharacteristies of T, to the other mombers somewhat
Justify the plecement of that form in group T,--Not
previously deseribed,
(Flate 2II « 1 fig.) Deseription esrentislly as noted
under 71. Renge of dliameter 32 - 37/ .

Severcl epecimens of type t7 have been encountered
in samples T 204 « 2(¢) and ® 204 « 6{(iv)e Thies type
is similar to the other T forms, but is decidedly smaller
is elze, lio trilete opening her been clearly identified,

but suggestions of such a germinal aperture have been



observed on one specimen,e-~liot previously deseribed,

QROUP U= Hicrofossile are generally small; charscteristically

tricolpate; levigete, granulose, pitted, or striate
in ornamentation; radially symmetrical; and infrequently
folded, The diameter raagee from 14 microns in Uy to 44
micronse in 05.

Hierofoseile within group U have been encountered
compasratively infrequently throughout the Brazeau coal
samples, As previously noted in conneotion with group G,
the microfoseile within groups ¢ and U have been identiflied
as polien sesocinted with dicotyledonous parent plante,

The low frequency of occcurrence of pollen types from these
two groups is in direct contraet to the comparatively high
frequency of pollens and spores from other groupes The
evaluation of this contrast is lmportant in & consideration
of changing flores during Mesozole and Tertisry times,

Uy~ (Plate III « 2 fige.) Small; pitted or secroblculste
ornanentation; tricolpate; with the three colpae
vieible on the proximsl surface., HRange of dlameter
14 « 16 o

Typoﬁlmbomfmlﬁuunnmm:uthm.
T 204 « 2(b), in which five specimens have been
encountered, The typleal tricolpate configuration
and sorobiculate ornamentstion are distinotive, and
indicate the diotyledonous affinity of thie type.
in general morphology, U resembles modern pollens of

i
the Caryophyllaceae and Chenopodiscese famllies,--li0%

previously deseribed,
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82- (Plate III - 2 figs.) Moderately small; tricolpate;

goargely granulose to punctate in ornsmentation,
Distortion of original pattern frequently resulting from
folds and overlapping, FRange of dismeter 19 - e

Several specimens of type U, have been recorded
from somples ® 204 « 1, T 428 « 1 and T 154 - 1,
The three deeply oleft lobes facllitate identificstion
of this type, in addition to indicating a relationship
to dlcotyledonous pollens,

A mierofossil similar to U, has been desoribed
as Pollenites exsctus fagatue R, Pot. by Thiergart (47)
from Tertiary coals of Germeny, The size range of
Thiergart's specimens, however, is 12 « 21 «, which is
a considerably larger range than has besen regorded
for 02.
(Flate III « 1 fig,) Subtriangular; reticulste; distinetly
tricolpste, the 3 colpas frequently distended, Range
of dlameter 27 - 384,

Type 133 has been recorded ae ocourring frequently
in sample T A28 « 1, and to a limited extent in sample
® 204 « 1 and ® 204 -« 6(111). The reticulate ornamentation
and larger size range serve to dlstingulsh this type
from Uge

Hiceroforalle similar to 03 have been described by
simpson (44) as Juckliendis gp. (34« )3 by R. Potonid (24)
as Follgnites lasaus (3044 « )3 and by Thiergart (A7) as
Eollenites laesus Re Pote (28,5 = 39« ), The widespread
ogourrence of this form suggests that the present
dlcotyledonous plante had a somewhat extensive range



during upper Cretaceous and Tertiary sgee.

Uy~ (Flete IIXI - 1 fig.) Subtriengulers levigate; tricolpate,
the colpae fregquently separated; ridges typloslly present
on exine. Range of dlameter 34 « 38 «,

Several specimens of type U, have been recorded
in sample @ 205 « 1, but the mierofoseil type has not
been recognized in othor samples, The ridged exine
and levigate surface serve to distingulieh this form from
Uge==lot previocuely described,

Ug= (Plate III = 1 fig.) Broadly triangular; striste
tricolpate, with the 3 colpase typleally flared at thelir
aplees, Hange of dlameter 40 « 46 «,

Type 05 has been recorded infrequently in sample
® 20% - 1, and a single specimen was encountered in sample
® 204 « 6(1)s The large dimensions, finely striaste
orasmentation, and gaping colpae serve as distinguishing
features of thie form,--lot previously described,

ua- (Flate III « 1 fig.) Triangular; granulose; Meolpnu.w

the 3 colpse appressed, Hicrofossll extensively folded,
Dlemeter 21 «.

Only one specimen of Ug has been recorded from the
ssmples; that belng encountered in ® 204 - 6(111), It
is possible that this microfossil is trilete rather then
tricolpate, but further evideace would have to be obtalned
to accurately evaluate the morphologicsl chsracteristics,e~
ot previously desoribed,

GROUP V= Microfoselle are oval or elliptiocal to oblong in
ehape; monolete or alete; punctate to punetatee
reticulate in ornamentation; and bilaterally symmetrical,
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largest dimensions reages from 28 . ia vy to 61 « in

The microforeil types within group V have been

encountered throughout the samples in various frequencies,

but

the extent to which they are present in any sample is

comparatively limited, The morphologlical characteristios
suggest that the types sre spores which were originally
aseocicted with Pteridophyte parent plants.

{Plate III -« 1 fig.) Oblong; densely punctate-reticulate;
monolete., Range of length 36 « 44 «,

Type V, has been regorded to 2 limited extent in
samples T 204 « 2(b), T 204 « 2(c), T 197 «1({a), and
® 204 - 6(111)s ¥V, 1s very simllar in size and
appearance to vy and thers is & possibility that the
two forme are similer specles, The direction of
sompression could account for the appareat dirfferences,
which exist between tha two ﬁcﬂt@u.uu--\aﬂ previously
deseribed,
{(Plate III « 1 fig.) Oval; punctate-reticulste; alete,
Range of length 27 = 344,

Seversal specimens of type Vg have been recorded
as osourring in esmples 7428 - 1 and segments (41)
and (111) of sample ® 204 - 6, V, is dlstinguishable
from ¥, and v’ by it's smsller size and spparent lack
of & monolete germinel aperture,--iot previocusly deseribed,
(Plate IIX « 1 fig.) Oblong or somevhat "bean" shaped;
densely punotate-reticulste; monolete., BRange of length

AT = 55/“‘0
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‘V} has been recorded ae occurring to a limited
extent in semple T 204 « 2(b). The morphology of thie
type 12 very similar to Vie and 1t 1e probsble that the
two microfossil forms originsted from identical or
similar parent plants,

4 mierofossil simllar to Vy has been deseribed
by Thiergart (A7) as Polypodium~-gporites glienus R. Pot.,
whioh hae a length dimension of 53.%5 ZE However, the
ornamentation of this epecles is more broadly reticulsted
than that of Vy. Erdtmen (8) bas described several
eporee of modern Polypodium species which resemble type
vy This evidence indlcates that type VB' and possibly
all V types, represent spores of Folypodium or closely
relsted genera,

{(Flate III - 1 fig.) Elliptical to oblong; punctate;
monolete? snd frequently ridged or overlapplng along
the midline, Range of length 56 - 64 «,

Geversl specimens of microfossil type 'v,‘ have been
recorded as oecurring in sample T 197 - l{a). The large
size and cosrse reticulations serve as features distinguishin
Vy from other types of group Ve The central reglon is
more finely ornsmented than the outer limited, and appears
to be depressed, The presence of & monolete germinal
aperture hase been suggested in this reglon,--Not previously
desoribed,

GRUUE ¥- Oroup ¥ hae been constructed in order to accommodnte

mieroforeils which are morphologically distinet from

other forms. No relstionship whatasocever exists between the



four microfoseil types, and sufficlent dissimilarities
exist between these members snd the other microfossile to
warrant thelr ineclusion within a miscellaneous grouping.

wl-'&(n.u III « 1 figs) Oval in shape; uu«mi in

ornamentation; germinal aperture poseibly tricolpate
or monolete; radially syametrical, Range of length
22 - 3‘/“‘
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Three specimens of ¥, have been recorded in nnphv_w' L

T 428 - 1, In none of these microfousile was the
gersinal aperture apparent, However, in the apecimen
filustrated in Flate III, evidence of a siugle suture
was observed, which indicates either a tricolpate or
monolete type of aperture,--lot previouely deseribed,
(Plate III - 1 fig.) Spherical; distinctly spinose,
the spines forming & regular pattern on the exinej
tricolpate; the colpee frequently forming concentric
ringe or not visible, Range of diameter 23 - 27/4..

Numerous specimens of V’ have been observed in
ssmple T 204 -« 2(b). The spinose ornsmentation gervee
as a dietinguishing morphological feature in thie type.
The concentric eircle pattern indiosnted in the illustration
in Flate III was not observed in the other specimens,
and probably has resulted from the colpae being oriented
in the concentrie fashion during compression,

Type Va is similar to modern pollens of the
lysphaeacene as desoribed and illustrated by Erdtman (8).
The similar species, however, have been ldentiflied as
having s monocolpeate germinal sperture, which is not
suggestive of a close relationship between ¥, and pollens
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;%f'tao Hymphasacene fanlly.--Fossll forms not previously

ﬂ!u-

{Flate II - 2 fige,) Oval, levigate; germinsl aperture
not present, although breaks in the exine have been
obgerved; symaetry bilatersl; folds frequently present,

~ Range of greatest dimension 13 - 1T«

ws has been freguently encountered in sample:
® 204 - 6(111) and hss a limited occurrence in samples

T 204 « 2(b) and T 154 « 1, Two and three ¥,k microfossils

>3
are ususlly grouped and jolned together, although single

n.nborg/huvo been frequently observed, Hotchea in the
rim of the microfossil ars common, and are probably
connected with the mode of germination, The tetrad

grouping suggests thet w) mierofoseils are microspores of
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Pteridophyte or Bryophyte originse-iot previously deseribed,

(Plate IIl « 1 flg.) Sphericsl; levignte; transparent;
germinal aperture consisting of one pore; bdilaterally
eymaetricel, Dlameter 39 4.

Only one specimen hse been identifled as ¥W,3 that
occurring in sample T 154 « 1, lowever, the other

transparent microfossils have been observed in that sample,

end there is & poselbility thet the germinal pore hae
been obseured as a result of folding in some specimens,
The morphology of W~ suggests that this type is

relsted to monocotyledous pollens, The presence of the
single gerninsl pore resembles the condition found in
mydern pollens of the Graminese and Cyperaceae families.
Fossll forms similar to ¥, have not been desoribed,
although Thiergart (48) has desoribed snd illustrated



& monocotyledonous microforsil of the Falmse, which
he hae termed Palmenpollen.

RUANTITATIVE CONSIDERATIONS
OF HICROFOSBILS

The third objective of the present investigstion
includes s quantitative exsminstion of microfossil freguency
associntions within the coal samples, Two maln reacons exist
for a consideration of this evidence, (1), The numerous
epores and pollen which have been encountered indicate thst
gcertaln types are predominantly assoclazted with the Braszseau
thin seams, and definite patterns of microfossil sssociations
have been noted ae ceccurring within the samples, These
obssrystions are considered to be appliceble to an evaluation
of palaesoecologicel factors which exieted during uppepr o ©
Cretaceous times, (2) The problem of recognizing the upper
Cretrcecous-Tertiary boundary throughout the Entrance nron.A
together with possibilities of correlations within Cretaceous
conl seame, suggret that a quantitative appreciation of
mierofoesell aesocintions and frequencies is desirable,

To provide evidence of miorofossil frequenclies, counts
were obtained from maceration pr.anénttono of 7 samplees.

The semples wers primarily divided inte segnents based on

eoal types present, and the histograme illustrated in Flate V
represent averasges of counts from all segments within the
samplss. Zarly in the ianvestigation, it was noted that
vitrain segmente require a longer and more vigorous maceration
than do the durain portions, The method of separately

p—



magersting segments ensures that complete microfoseil
separations may be obteined from each horizon.

The percentage frequency 5t~oaoh microforeil i based
on & count of 200 specimens, and only those types occcurring
in & frequency of § per cent or higher have been recorded.
Following the procedure of RAsistrick and Simpeson (29), the
term “"gensrsl microfossils" is applied to these microfossils
having a frequency of § per cent or higher, Those types
ocourring less frequently than G per cent are termed
"accessory miorofossila”. To fscilitate reference, the
"general microfossils”™ have been illustrated in Plate II,
and the “"seccescory” types are represented in Flate III,

The most notable feature resulting from an appraisal of
the histograms ie the wide faristion in frequencies of the
general sicrofoesils exhibited within the samples, In no
two cases are the histogram “"charscters” sufficiently slike
to indicate that close relationships existed in the original
distributions of plante in the pre-coal organic deposits
assoclated with snch seam, To insure accuracy in the
deterninationn, dupliocante macerations were performed on
most samples, and the results were such as Lo confirm the
indieation that the quantitative differences in microfossil
d&ytrlbutloan exiet,

3 The moet consistently occurring microfossils are those
of group O, especially types Oy and O, These two formes
are present in every sample except T 204 -« 2(b), although
o, does not have a recordable freguency in sample T 154 - 1,
Hembers of groups L and ¥ are aleo strongly represented in
most scaples, but wider varistions exiest in the types



ocourring, Miorofosell types of the remaining groups
have & scattered occurrence throughout the samples,

Ia ascessing the significance of the histogram records,
the problem of relating mierofosasile to originsl parent
plonts presents difficultiee in evsluating palseoecoglogic
factors, Ffrevious investigations have indlcsted that most
types within groups L and M are probably pollens of
prisitive Gymnosperms, as represented by the Cycadacess,
Bennettlitineae and Taxodinese, Uroup ¥ types are cloesely
relsted to modern Conifer pollens, while O, K, &, snd T
mierofossils indioate relationships to varioue Pteridophyte
plants, Anglosperm pollens, other than "5' are not present
in sufficient numbers to warrant s consideration guantitatively.

On the basls of this incomplete and genersllized
evidence, 1t would be unwise to atteapt a detalled discussion
of the floras which exinted during deposition of the eoal
seame, I[lowever, when knowledge regerding microfossile
macrofossil relationshipe becsomes more advanced, much
valuable ianformatlien with respect to plant aseccliations ;
and eclimatic feoltore during uppermoet Cretacecus times will
poesibly be fortheoming. The evidence which hae been obisined
a0 far, indicates that o predominently Pteridophyte-Gyunosperm
fiora existed during uppermost Cretacecus timss within the
Entrance area, and that Anglosperms were still = miner
component of that flora,
gorrelation Poseibilities: In correlation atiempts within

English coal seams, Raletriek (30)
found that seven spore types were sultable for including
within "general® spore disgrams, w:ile nuserous other types
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were useful se "amccessory” spores. The same number of
“general” spore designates has been utilised more recently
by Enox {17) in correlations of Carboniferous cosls in
&ouw. In the United Statee, Xosenke (18) correlated
Pennsylvanien ssams from Illinols using 146 specios of
apores representing 20 geners, and no attempt was made
to separate the forme inte “"general” and "accessory”
typee. Each of these correlations has been directed
toward Carboniferous coales, and atteapts at correlating
Mesozolc strate using plant mierofossils have boen
unreported,

The results of the Mnus sicorofoesll enalysis
indlecate that Af a system essentislly similer to the one
developed by Ralstrick ie to be utilised in correlations
of Cretaceous cosle, many more microfoessil designates
will be neceseary as “"general®™ types, In lieu of the
more verlied floras which had nolvud by Cretsceous times,
this 12 to be expected, The evidence would seem to
indieate that for atteapted ocorrelations of Cretaceous,
and possibly of all Mesosole cosls, the sdoption of a

 system simllar to that used by Kossuke would be desireble,
%;& . However, more information pertaining to mierofossil

leorrelation attempts sre undertaken,



CUNCLUDING DISCUSSION

The structursl examination of the Braszesu cosls has
indleated that the rank varies from sub-bituminous to bituminous,
This determination sug:seets that the original organic deposites
have been subjected to a moderate degree of metamorphism
and compression, factors which are important in sppreeiasting the
degree to which coalification of the plant components hes
advanced, The rank of the samples indicates, additionslly,
that Hrazeau coale might poesibly be important from the
standpoint of utilizing the coal for fuel, Cosls of similar,
rank have long been preferred ss fuel to lignites and peats,
because they provide a more complete combustion and & greater
production of heat, However, seam thlckness, rather than
rank, would probably be the limiting factor in sny asssessment of
economie potentislities ' within the brazeau seamns,.

The identification of three of the four recognizsble
cosl types and sssoclisted macersls in the samples, suggests
that the BSrazesu cosls are structurally similar to Palaeozolc
coels already investigsted, However, the absence of clsrain
and the presence of coarse fusaln in the Brazeau samples as
revesled in this work, are two features which differentiate
the former coals from Palasozole bituminous cosl typee, The
vitrsin, vitrinite, and durain are structurally eimilar in
both coals, / more extensive knowledge of structural similarities
might poseibly be geined by the application of thin seetion
techniques to the BHrazeau cosals,

The occurrence of essentislly equal proportions of
vitrein end durein throughout the samples suggests that the

80.
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plent constlituents entering into the !brnattéi of the two

types during coslification were present in somewhat egual
proportions. Thin sectiones prepared from Peansylvanian

conls have shown that woody fragments and asssociated compounds
are the major components of vitrain, whereaa softer tlissues
and attritsl material constltute durain (49) (53). The
presence of the two types in both Inﬁnayxvnaina and upper
Cretaceous cosle sugyoate that similar plant componente entered |
into the formation of coal during both periods of deposition,
tiowever, any similarities would necersarily be structural in
nature, as the flora of the two geologic periode are distinetly
contracted with reepest to phylogenetical relationshipe

among the exlsting lants,

As noted in the desoription of coal types, the asscciation
of fusain and vitrain appears to be comeon throughout the
Bragesu ssmples., The fact that the two typee are alternately
interbedied suguestes that they were closely associsted during
initial steges of coslification, It is & matter of conjecture
as %o whethser the two types have resulted from slterations
of sizmilar plant components due to variable cuemical or
physical influences, Inowledge related to variable
coslification has not been sufficiently advanced %o substantiate
thlis &5 a prodbability, and experimental evidence 18 required
to underetand the processes involved in the formation of coal
typesa,

The eclarain coal type, which has been recognized as a
commonly occurring structural component in Falseczole coals
from varicus countries, is notably unrecognizable in the Bragzeau
iinpxcu exsained, In this connegtion, however, s suggestion



that partiocular sesocliations of witrain and durain say be
preliminary stagee in the formation of ¢lsrain appears
significant. In sample © 204 - 6, shown in Flste I, flg. 13,
vitrain and dursin segments alternste in a similar fashion
as in clarain found in Palaeozolc banded bituminous coals,.
In the latter, however, the alternate segments ars thinner
and closer together, producing a series of bﬁgbt and dull
gtripes., The slternstion of vitrain and durain in sample

® 204 - 6 suggests that 1f further compacting of those
seogments and compression of the coal ogourred, & condition
similar to that found in clarsin might result., In view of
thies evi‘ence, it seeme possible that the claraln found in
banded bituminoue coales was orgeniszed originally in a mamner
similar to the vitrain-durain associstion in sample @ 204 « 6,
snd that prolonged exposure of the latter to pressures and
heat has resulted in transformation inte clarain.

The exasination of amierofossil Crequencies in the coal
types sug:osta that they are sufficlently variasble to juetify
the differentiation of Brazeau cosl types on the basie of
uicrofossil type and frequency differences, If the ldentity
and meerofossil relationship of eaoch microfoecil is established,
evidence of the plant types and asrociations imvolved in the
formation of the three coal types will inevitably be forths
coming., However, mﬂ‘uimt informetion pertaining to micoro-
fossilemaerofossil relationships 1s not avallsble at the
present time to realise this possibility.

The recognition ©f ninety-iwo mierofoesils throughout
all the samples demonstrates that spores and pollens are
substantial components of the Brazeau coale, This fact is
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particularly eignificant in view of a récent unsuccessful attempt
by Newmarch (21) to separate microfossils from Kootenay
(Lower Cretaceous) coals from the Crowsnest Pass area in
sufficient numbers to be useful for correlation purposes.
The frequency of a few microfossils per slide,as reported by
Newmarch,is in direct contrast to the several hundred specimens
obtalned per slide from maceration preparations of the Brazeau
samples., In view of the dirriculﬁy encountered in macerating
vitrain in the Brazeau coale, it 1s entirely possible the
Kootenay coals contain a predominance of this type, which may
account for the low microfossil frequencies obtained by Newmarech.
In consldering natural relationships of the Brazeau
microfossils, evidence suggesting apparent relationships
only can confidently be offered., This is mainly due to a lack
of knowledge with respect to the relationships of microfossils
to parent plants, : Other investigators have attempted to link
microfossile from Mesozolc and Tertiary coal deposits to
spores and polléni assoclated with existing plants, This has
resulted in the recognition of natural relationships of meny
mierofossil forms resembling certain of those belng presently
consideroﬁ. However, the relationships of many of the Brazeau
microfossils are uncertain, and the assigning of these forms
to natural groups 1ls difficult and possibly inaccurate.
Suggésted affiliations are offered on the basis of similarities
of Brazeau microfossils to pollens and spores of extinct and
living plant groups. In this way, it 1e hoped that knowledge
of the flora which existed during uppermost Cretaceous times
in the Entrance area may be gained.
Ca the basis of evidence accumulated, microfossil members

of groups L, M, N, and P appear to represent pollens of extinct



and modern Gwmqwm. Group L miorofossile are similar to
forms asalgned f.J Cyeondales and Bennettitales, Hembera of
group M have not been clearly identified or correlated, but
poseibly resemble pollens of extinet species of Ginkgo, and
related genera ef Ginkgoales, Uroup N forme are very similar
to pollens of the Abletineae, and particularly those
representing genera of the family Pinacene, Iilerofossils of
group P appear to be relasted to pollens of Jgguols, laxodiua,
and Gryptomeris, although sufficlent forms of these geners
have not been identified to scourately substantiste thie
sorrelation, |

Hiorofossils sssigned to groups O, R, 5, 7, and V, have
apparent relationships with nﬁer:n of Pteridophytes, with
the exception of 5., which has been identified as & foram similer
to spores of gSphagnum, end therefore 1s representative of the
division Bryoplwu.' iuaumaih assigned to group O are
eimilar to endospores of extinet specles related to modern
species of Polypodium. Group R spores are possibly spores
of extinot specles of Equisetales, whereas those of groups
% and T show marked siamllarities to sporee of both modern
and extinot ferns, Hembers of group V sppear to be perispores
of specles related to Polypodium, although it is poscible that
they are aoctually eporss of other Pteridophytes.

The morphological characteristios of microfossils in
groups ¢ and U indieste that these forms are related to sodern
Anglosperm pollens, Hembers of the former group are very
iunu- to pollens of plants of the Betulacese and Juglandaceae,
whereas those of group U appear related to pollens of the
Caryophyllacese and Chenopodiascese, Positive identification of

]



e ]

the relationships of microfossils within the latter group is
d:.ttimu, hovever, because of widespread changes which have
oscurred in the flore from lMespsele times to the present,

The recognition of mm mierofoseiles indicates Mt
the flors was veried with respect to existing plant types during
the periocd of deposition of the Draseau coals, The predoainance
of microfossil types associated with Gymnosperme and FPteridophytes
suggests that the flora conslisted mainly of ssscciations nr
parent plants of these two groups. The comparatively low
proportion of pollens possessing Anglosperm charasoters indlostes
that monocotyledons and dicotyledons foraed a ainor part of
the flora, 7This evidence supports the theory that a predominantly
Gymnospern-Fteridophyte floral complex existed during uppermost
Cretaceous times, and that Anglosperme had not yet evolved
into the dominsnt florel constituent,

The wide varistions in smicrofossil types and frequencies
found throughout the samples may be appllcsble to future
sttmu at correlating or esperating the thin seams within
the Brazeau formstion, Consistently occurring “general”
miorofossil types such as Op and 0,, sugcest that s possibility
exists of correlating the Brazeau seams by sstablishing
uni formity of freguengy percentages as indicated by histograms,
This poesibllity, however, will be dependent on the uniforaity
of oceourrence of miorofossil types ae established in histogram
regorde of many semples from esoh horizon,

Of the two possibllities, that of seam separation sppesre
more practicable on the basis of the evidence obtained, The
wide variations in types and frequeacles of most microfoseils
from one seam to another sugreet that the uuﬁ could be readily




separated, The histogram charscters of all the samples
investipgated are sufficiently variable as to facilitate
separation of thin coal seams within the Braszeau formation,
Additional signifieance becomes attached to this evidence
when the separation of stratigraphic horizons containing
thin coal seame is considered, and where similarities and
differences in histogram characters might possibly form the
basie for delimitations of major geologieal formations,
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Figure 1,

Figure 2,

Flgure 3.

Pigure 4,

Figure 5.

Plgure 6,

Explanation of Photographs

PLATE X

« Polished surface of sample T 204 « 2(d) ehowing
an association of vitrain and durain, The
sharasteristic rhomboldal fracture of the
vitrain and coarse appesarance of the durain are
obvious, Bituminous, X 1.5

~ Enlarged photograph of sample T 204 - 2(d),

X 1eT5

« Polished surface of T 204 « 2(b), showing
vitrein (top) greding into durein, snd lenticuler
vitrinite intrusions within the latter,
Bituminous, X 0,8

« inlarged photograph of sample T 204 - 2(b),

The vitrinite lenses are more cbvious than in
Fige 3¢ X 0.9

- Polished surface of sample T 204 - 2(a)s The
lovwer regions of duraln contain nuserous vitrinite
lenses which are noticeably lacking in upper
regions, The slightly separated bedding planes
appearing as longitudinsl oracks are obvious,
Bituminous X 0,8

= Irregular surfece of sample T 154 « 2(e) showing
vitrain interbedded with fusain, The wide
seperations between vitrain layers originslly
contalned fusaln, Hote the rhomboldsl or somewhat

concholdal fracture of the vitrain, Subebituminous,

X 1.2



Flgure T, =« Flattened surfece of sample T 426 « 2 in
which the fuselin and vitraln are interbedded,
The former type is clearly recognizable in the
outer regionsj the central area showing exposed
vitrain, Subebituminous, X 1.4

Figure 8, « Polished surface of ssmple T 154 - 2(b) showing
unconsollidated durain, The numerous cracks
(bedding planes) are charscteristic of durain
in sube~bituminous Sraseau coals. X 0,7

Flgure 9, = A portion of a polished surface of sample
T 204 « 1 showing vitrinite lenses within durein
which has a typical "pebbly" ammq
Bituminous, X 1.6

FMgure 10,~ Polished surface of sample T 428 « 1 showing
numerous bedding plemes within a subebitumincus
vitrainedurain matrix, X 0,7

Figure ll,~ Irregular surface of sauple & 150 showing
comparatively uncompacted vitrain layers., The
rhombolidal and conchoidal fractures characteristie
of bituminous vitrain are noticeably lacking.
Subebi tuminouss X 0.9

Flgure 12, Polished surfece of sample T 204 - 2(e) showing
vitrain in upper regions grading into durein cone
taining vitrinite lenses., The separated bedding
planes and transverse fracture planes are obvious,
Bituminous, X 0,95

Figure 13, Polished purface of sample ® 204 - § showing
alternating vitralin and durein layers, Bituminous
X 0.8



Flgure 14,- Polished surface of sample T 154 - 2(a) showing
irregularly fractured vitrain more consolidated
than within other sub~bituminous samples.

X 1.4



PLATE IX
Hierofossil DMmensions

Designation  (ifiorons) sample  Slide Co-ordinates
Ly 25 %18 T156 a1  Cuel6 17,3 1 149,6
Ly (1) 23 x 16 T 204 - 2(b) Cge30 12,8 1 144,9
Ly (11) 21 x 15 #2041 Oy==8 37.0 1 158,1
Ly (1) 32x18 €204 -1 Cy==B 30,55: 158,2
Ly (11) 34 x 17 T A28 -1 GueS50 43,2 1 158.8
Ly (1) 26 x 17 T 204 « 2(b) Gg=23 19.2 1 145,35
Ly (11) 26 x 17 T 204 = 2(b) Cye290 20,921 160,0
My (1) 23 x19 2051  Ceesd 19,6 1 14,2
My (11) 23 x18 9205 1 | OgeeS5 43,3 : 15946
Hy (1) 21 9205 1  CueeS 48,8 1 1560
My (1) 21 x18 T 204 = 2(b) C_~18 30,8 : 159,85
iy (1) o7 ® 204 « 6(1) Cge52 19,7 1 155.5
gy (11) 6 x21 02041 Cuo=8 179 1 145.5
My 31 x 26 T 204 « 2(b) 0Cy-18 18,0 : 158,6
fe 35 TA2B « 1 Gg=A3 25,4 1 153.6
g 23 x 18 © 204 - 6(111)C 55 449 1 154435
B W x23 TIN -1 Cg=32 1447 1 148,0
e 18,5 /T 204 = 2(0) Cyee3 27e3 1 159445
Ny SPx46x32 T 204 « 2(0) G =6 1744 3 152,15
5, 58342 T197 -1  GgeBl 17,651 1528
0 (1) 39x28 9205 -1  CueeS 39,7 1 1607
0y (112) Bx26 & 2005 -1 ComeB 15.4 3 1442
0p (1) 4 x 35 @ 205 - 1 Cg==5 13¢1 1 244,0
0 (11) 35 width ® 204 - 1 G =13 353 3 1636
03 (1) 44 x 30 © 205 - 1 Gg==5 47,9 & 162,1
03 (11) 4 x 25 9 205 -1 Cg==T 50,9 & 156.,0



9, (1)
0y (1)
9, (211)

Og (X 340)

P, (1)
Py (11)

"2

Ry (1)
Ry (111)

%
T, (1)

7, (1)
T, (1)
T, (41)
T~ (111)
¥y (1)
¥y (11)

33 x 42
38 x 28
40 = 33
56 x 33
28 x 19
2 x 16
35 x 30
28
40
58 x 51
63
25

44 furrow

18

40 x 30
52 x 45
52 = 33
AT x 32
14 x 12
17 = 1%

Resiguation _(Microns) demple

T1%% -« 3
T 428 - 1
T 204 « 2(b)
T 428 « 1
T 428 « 1
T 204 - 2(e)
T 154 « 1
® 204 « 1
@ 204 - 6(1)
® 204 - 1
® 204 « 1
T 204 « 2(e)
® 205 « 1

® 205 -1
® 205 - i
® 205 « 1

glide Co-ordinates

Cpel6
0 =48
Gpel3
=3
Cg=39
Cg=14
0,15
0 ==8

T 204 « 2(b) € 23
@ 204 - 6(111)0g=55

T 154 - 1

Cpmlt

29.2 3
40,2 3
50,853
19,0
44,951
J1.1 ¢
3540 3
43.4 2
12,9 3
35T 8
29.0 3
37651
52e9 t

4840 1
48,6 1
7346 3
D0 1@
32e2
2649

Lo

147.6
1553
15846
15445
145.8

148,55

148,85
157.5
148,08
158.1
1637
148,8
152.7

150.8
149.8
1537
148,3
1437
15246

Range of megnification 250 - 325X for sll miero-
fossils unless otherwise noted,



FLATE II1

tilerofossll Dimensions

Designation (Microns) Sample “lide Co-ordinates
L 23 x 15 T 204 - 2(b) Cpel3 50,751 150.5
L 19 x 14 9205 - 1 Cg==5 40,3 t 150.7
Lg 24 x12 TL19T =1 Gge3l 39,0 1 156.8
Hg (1) ar ® 204 - 1 Oy==8 39.4 1 157,75
Hg (11) 28 x19 ©® 204 -1 Gy==8 6.8 s 156.1
Mg 37 x32 T4 -1 Cg=39 4l.3 1 145.7
Hyo 26 T 204 - 2(b) Cg-29 47.9 3 157.15
Myp 21 T A28 =1 G -40 45,251 147.8
Ny TOx 27 © 204 - 1 Cy=13 33.2 & 162.3
Ny (X430) 61 x 28 @ 204 - 6(1) C,=53 6.651 149.5
e 61 x A7 @ 205 - 1 Cg==5 1T7.5 : 145.6
Ng 115 x 70 @ 205 - 1 Gye=t 2148 3 144,1
iy 93 x 54 9 204 -1 Gu=14 15.9 1 146,45

¥g (1) 119 x 93 T A28 =1 Cue50 1643 1 145.9
g (11) 115 x 63 @ 205 - 1 Cg==4 55,751 149.1
Ng 86 x 60 T 428 - 1 Gg=39 &T.4 1 146.5

of portion
remaining. ;

10 56 x 35 T A28 «1  Cge39 2943 1 163.2
o1y 6L x 37 T 428 - 1 C =40 44,0 1 157.2
37 68 x 52 © 208 -1 Cym=5 4l.8 1 157.7
0 63 x 39 TA28 -1  C e-A7 20,4 : 156.2
" 44 x 35 T 154 -1 Cpel6 11.6 1 149.6
Py 32 x 23 T 204 -« 2(b) G =18 14,0 1 160,4
Py 35 x 26 T 204 -« 2(b) Cge-23 49,251 150.9



Mierofoseil Dimensions
Designation (Hierons)
.ups BxN
?6 39 x 16
97 &% x 28
Plo 6l = 22
911 46 x 28
& (X340) 3 x 26
qy Aax35x35
S {1) 3% x 26
93 (11) 3% x 24
ax (111) 3 x 26
2% pore
“ ' oat
26 pore
% % ool
~p 21 x 19
33 (1) 61 x 3%
fiy (11) 70 x 35
“5 91 x 69
Rs (1) 60 x 35
Rg (11) 68 x 38
8, (1) 63 x 51
g (11) 61 x 59
By 46
93 41
By | 35 x 28
Se (x540) 53 x 40

Sample flide Co-ordinates
0 204 « 6(1) G,-ﬁl 19,7 ¢ 14T.45
T A28 -« 1 Cg=43 10,4 : 156.7
T 204 = 2(e) G e=A 19.7 1 155.5
T15% « 1 c,-xﬁ 34,453 14T7.0
T A28 - ) C."Eo 259 16302
T 428 o 1 c.-ha 31.1 § 158,1
T 428 - 1 =40 3946 t 157,0
TA428 -1 C-50 53.5 t 149,7
T 428 -1 Cy-48 32,0 s 155,5
T 428 - 1 Cg=39 3040 1 146.9
T A28 « 1 Gg-AT 43,2 & 155,3
T 204 - 2(b) =29 44,1 & 1621
T 204 - 2(b) Cg-18 18,2 1 148,85
0 204 - 6(1) 0.-51 14,453 152.4
® 204 -1  GyeeB 32,4 : 157.8
T 204 « 1(a) OCgeel 55,0 & 153.3
T 204 - 1(a) Cg=-l 35,0 : 160,1
T 204 - 1(8) 0.“1 3505 ¢ 160,0
T 204 - 2(b) %‘13 509 3 140,.5%
® 204 - 6(111)C,~56 27,1 & 144,1
® 208 - 6‘1) 0.-‘54 ﬂﬁ.& B 1*5.0
® 204 - 6(1) Cy-52 52,0 1 159.1
T 204 - 2(b) Cg-21 38,6 1 156,9
® 204 « 6(1) Cge52 40,0 1 182.7



Miorofossil Dimensions

Designation

"7 B0

S (1)

)

Sy (%260)
T, (1)
T, (11)
Ty (111)
T

Tg (1)
Ty (11)

(Microns)

Snmple Slide

Co-ordine tes

A i

38 furrow ® 205 - 1 CymeaT
i-22

35 tri-
lete arm
11 long

84 pore
to end

110 x 84
largest
L& ¥
61 trie
lete amm
22
2.8
arges
fareey
66 x 42
70 x 44
56 x 42
55 z2 3
56 = 49
34 x 29

14
14
23
22
28
5
fil :.27
21 x 12
39 x 26
MBxa

23

® 204 - 6(1) GCye54

T 204 « 2(0) Cpee-d

® 205 -« 1 Cym=T
® 204 = 6(111)0,-56
® 204 - 6(1) G,-51

® 204 - 6(1) Cye54
0 204 = 6(1) C =54
T 204 « 2(b) g -22
0 204 - 6(1) G =51
TA97T =1 Cg=33
T 204 - 2(0) Ug-ld

T 204 = 2(b) Cy~27
T 204 - 2(b) Cge27
T154 « 1 Cp=16
T 428 - 1 Cy=47
@ 204 - 1 Cy=13
® 204 -1 G,=13
0205 « 1 Gyma?
0 204 - 6(311)C, 56
T 204 « 2(e) Cp=eT

T A28 - 1 g

26,0 3

39.2 3

21.4

10,45
331 3

3649 3

18,2 :
2540 1
53951
45,8 1
3040 :
34,353

13.2 ¢
13.2 3
359914
42,9 1
4,9
32.8 3
49.3 :
333 s

3481512
18.5 H

163.2

144,9

153.0

163445
143.6
147,45

156.2
145,0
149.8
147.8
149.4
150.2

150,45
150645
148,75
1557
154,5
1623
155.7
143,35
158.1
161.7



Mierofoeesil Dinensions
Designation (Microns) Sample 8l1de Co-ordinates

Vg 4T x 30 T 204 - 2(b) O =22 36,351 14T.5
Va 6L x37 T197 =1  Og=3l 38,551 150.55

¥ (X330) 33 x 28 T 428 « 1 0..“ 31.2 1 154,8
¥p 25 T 204 « 2(b) G ~15 25,2 1 149.4
W‘ 39x 3 T1%4 « 1 c.“37 25,9 1 157.75

Range of magnification 260 - 325X for all micro-
fossils unless otherwise noted,
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