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\ ABSTRACT =

Fossil Juglandaceous pollen are abundant within palynofloral assemblages frotn
'the early Tertiary of western’ North America. These pollen are consndered to have

) Vevolved rapidly and have espread geographxc dxstnbutxon making them 1deally

suited for regional biostratxgraphlc correlations. A modification to the -

, Momlpites—Caryapollenites palynof loral lxneage of Wyoxmng has pernutted zonatlon “of -

the Paleocene strata of the oentral ‘Alberta Plams Paleocene strata from the base of
the Nevis coal ‘seam of the Scollard Formatron to the top” of the Pashapoo Formanon

" can be.divided into six zones, based on the first appearances ‘and subsequent ranges of

a,

specles of Momipites and Caryapollenites plus other stratlgraphlcally resmcted species.
-~

LI

"I‘he Pt and P2 Zones are identified within the Ardley coal zape of. the
Scollard Formation P1 Zone ertends from the base of the ‘Nevis" seam

!

(Cretaoeous—Tertxary boundary)‘ to the base, of the Ardley mm, and is charactenzed

.r/

\ N

by Wodehousela fimbriata. Three specxes ‘of Momipit‘es viz. MI w\?romingen.sis
M walt manensis and M lefﬁngwellﬂ fxrst appear in the P‘l "Zone, whxch mcludes
strata from the Ardley seam to the top of the Scollard Formatton:
Above the palynoioglcally barren sandstones of the lower Paska;)oo Formatlon. a
P3 Zone asemblage of dlverse Momipites (M. ven:iﬂuminis M annellus M. actinus,
| and M. trlorblcularis) Caryapollenites prodromus, _Aquilapollenztes sptnuloe'us and
Tillaepollenites dane is present. The P4 Zone is charactenzed by further
dxversxfxcatnon of Caryapollenites in the. forms C. wodehausei and C. imparalis.
'The PS5 Zone asemblage of the upper Paﬁkapoo Formanon contams
Caryapollenites inelegans, Pistillipollenites ngrqgorii and‘ leapollenites rugulatu.r.
Consrstent within the Momipites-Caryapollenites palynoﬂorgl lineage, the species
Momipites lefﬂngwellii is consplcuously absent- f rom this asemblage. The P6 Zone

displays a further deplenon of Momipites in that M“ manen.sis, M. actinus and

o .5

.

M. triorbiculfzri.r do not range above the base of the Zone. Both PS and P6 Zone -

‘

\ s



> assemblages -arej dominated by Momipites w;yomtngeiuis and M. vemiﬂung{“

-

. Fundamental differences between the Albérta and Wyoming Jugatndaceous
. . " ‘4 .

lineages "include the. absence of Momlpttesvin the P1 Zone, and 'the paucity' of
Caryapollenites in t.lg upper Paleooene of Alberta. These differences may reflec;t
A\

latxtudl_nal zoniflg of the paleof lora bctween Alberta and Wyoming during the

-

Paleocene.
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L lN'l'RODUCI'lON

s
OBJECI'IVES AND MEI‘HODOLOGY ‘_
. " .- ','
The purpose of this research is to construct 2 palvnostraugraphnc zorumon .

‘ A\
scheme for Paleocene strata of the Scollard and Paskapoo Formatlons in the Antral )

| Alberta Plains (Flgures 1 and 2). Such a zonation scheme wnll be-useful /
. / .
1dent1fy1ng and corre-latmg the economic coal seams of the Ardley and/Obed Marsh NI

' 'coal zones‘, which in turn 'w1ll assxst in _resource evaluation“and in {nterpreumon of
coal seam geometry and facres relatxonshxps. At present, correlat?;{ of thgese Paleocene

strata is tenuous because no regxonal stratxgraphxc markexs are vanlable Outcrops of

/

,Scoll@ and Paskapoo Formatxon strata in central Alberta }re relatwely few and

‘ dxscontmuous Wlth the - exception of palynoforal remar‘ns f&mls are very scarce. The

£
&

, megaflora has been descnbed by Bell (1949) ’ " o

P

Palynostratlgraphy is the application of palynology m solvmg stratlgraphnc

’

kproblems. In this study, relxanee has been Iplaced on the ranges of those forms found. .
in previous studies to be stratlgraphlcally use/fhl Som; aspects of abundance - have

been’ noted but are not the prﬁne basis fg/ stratngrapmc mterpretatlons This zonatnon
scheme is modelled after- the one ong1 /ally proposed for Wyommg by N:chols and

' Ott (1978) and other studies from 7&1@ (Snead 1969, Snvastava 1970, Jerzykxewxcz :
and Sweet 1986a 1986b, Sweet 1986) Saskatchewan (Sweet. 1978) and the centrdl

= - United States Plaxns (Stanley 1965 Nbrton and Hall 1969, Leffmgwell 1971, and

Y

Tschudy 1971) (Flgure~3). RAEA

~F
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'AREA OF STUDY
- This study is lumted to Paleoocne strata of the Scollard and Paskapoo >

Formations of the central Alberta Plains. It does not extend tg the Porcupme Hills

.and Willow Creek Formation strata of the southern .Plains, or the Wapiti Formatibnv

to the north
4

In the Red Deer area, core matenal was sarnpled from three Alberta Regearch
Counc1l coal exploration coreholes. These coreholes are located in t.he vicinity of
: Hnynes (CMZ),ILacombe (CH-‘3-82’) and Clive (CH-4-82). As well, palynology
) slides of the driginal organic .residu-_es obtained from the Wizard Lake corehole \
(CH-65-1) of Snead (1969) ‘;fem re-examined (Figure '4). Each/eorehole produced a
_continuous section of upnermost (_;ret_accou_s nnd .Paleooene strata. Five outcrop -

localities considered 0. b‘e stratigraphically significant \;Jere also sampled for
. X

palynology. These localities were chosen largeLI(becatwe of their unportanoe thh

respect to other fossil groups (ie. mamma}s:and/or megaflora), or because there was
) i}v"y )

some question as to their relative st'ratigr'aphic age. These localities are Hand Hills,

Joffre Bridge, Delburne, Blindman/Bﬁrbank‘ and Crestomere School (Figurc ).

Six exposures plus two coreholes . were described ‘and sampled from the

Obed-Marsh coal zone in |the upper Paskapoo Formation near the, Foothills north of.

exposures include four along Lhe rmnoqmboes cdrrldor.
o' = &

»«!v.'

Hinton (Figuﬂ 5). The s

plus two mine pit exp

G L

drilling proi/ided' strata from the entire coal zone This area was 1ncluded 0/

Tes. The two coreholes from the prelumnarg explorawrx-.{v;:.

* determine the stratigraphic age of the Obed-Marsh. coal zone on the western l'unb of

¥

the Alberta Syncline, relative to Paleocene strata in the central Plains.

<‘J; ’
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. GENERAL STRATIGRAPHY
. : 1 O

The Edmonton Group of late Cretaceous and Paleocene age is comprised of a

N

variable sequence “of mterbedded\mterlensmg sandstone, siltstone, mudstone, shale and

coal It is divided into four formatnons. in ascendmg order. ‘the  Horseshoe Canyon.

\
Whitemud, Battle and Scollard Formatlons. The latter 4§ overlain by the Paskapoo

Formation (Gibson, 1977) (Figure 6). In the Red Deer Riyer valley, the Edmonton

Group attains a maximum thickness of 400 m and thins eastwards (Figure 1).

Towards the Foothills the Edmonton Group thickens dramatically and loses its
, S , e ;

distinctive character as it grades into the upper Brazeau and. Coalspur Formations of -

"the Saunders Group (Jerzykiewicz’; and Mcl.ean"1980, Jerzykiewicz 1985) (Figure 7).

The Battle and Whitemud Formations are the most dxstmctxve and easxly

4

recognized of"; ‘”tlias upper Cretaceous-Tertiary rock succession (Irish and Havard, 1968)
(Plate 1). The Battle has been used as the datum for numerous studies of the Ardley
coal zone, and can be traced in the subsurface because of cnaracteristic geophysical
log“reSponses.

The fxrst description of deonton strata outcrOppmg along the banks of the
North Saskamhewan River was given by Selwyn (1874) who referred to them as the
"Edmonton Series”. Further descriptions of the Edmonton Series by Tyrrell (1887)
included all those beds between the Bearpaw shale and the Ardley ‘coal zone
outcroppxng in the Red Deer River- valley In a comprehensxve report by Allan and

Sanderson (1945) the Edmonton received formational status. Irish (1970), in

-y

recognizing the Whitemud and Battle Formations, correspondingly raised the Edmonton

to Group status and identified a Scollard Member Gibson (1977) subsequently ra1sed ‘

the Scollard to a formation, placing the upper contact of. the Edmonton Group at the

top of the Scollard Formation (Figure 6).
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— Plate 1. Panoramic view of ‘uppermost Cretaceous 4nd Paleocene strata

___— _ of_the Red Deer River valley (looking west at Dry island Buffalo
Jump Provincial Park). Buttes in the foreground are capped by
dark Barttle Formation, cliffs in the background are formed by

Paskapoo Formation (slide courtesy of C. Singh).
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SCOLLARD FORMATION

The name Scollard was first used by Irish (1970) in referning to the
coal-bearing member above the Battle Formation. He placed it v.vithin the Paskapoo
Formation. Gibson (1977) recognized the mappability of. this coal-bearing interval and
raised " the “Scollard to a formation within the’ Edmonton Group. This nequerice had
" been referred to by previous .w‘orkers as the Upper Edmonton Member (Allan and.:
Sanderson, 1945) and Member E of the Edmonton Formation (Ower, 1960).

PraE

The Scollfrdl Formation consists of an interbedded, interfingering sequence of

argillaceous sandstone, siltstone, mudstone, shale and‘ coal, with minor amounts of
bentonite and tuff. This formatiéq attains a maximum thickness of 85 m in: the
Huxley-;l‘rochu -area, thinning to 50 m at Ardley (Figure 4). 6ibson (1977)
interpreted the Scollard Formation to have bgen deposited by a pllograding br-aidgd
river ‘system. However, Alberta R&s.eanch Couﬁcil geologists (Richardson et al., 1986)
envisage, large meandering rivers dissecting a swampy alluvial piain with large
shallow lakes. The acc‘ifr“n\ixlation'~ of peat with periodic influxes of clastic material
was controlleti by thrustal loa.ding events in the Cordillera and subsequent subsidence
of the alluiialu plaiﬁ (McLean™and Jerzykiewicz, 1978).

 The Ardley coal zone of the Scollard Formation is.comprised of _\t.he Nevis
‘(no. 13), Ardley (no. 14) and upper Ardley coal seams (Gibson, 1977) (Figun 8,
‘Plate 2). The numpered seams were originally identified by Allan and Sanderson
(1945) fwhol utilized them as stratigraphic markers. '(éampbell (1967) reoognized. a
disgincf‘i've seqhnce-of ben'tonite markers witl:in the Ardley scam and drew
attention to tixe thinning of othg Névis—Ardley inferval in the Ardley area.

In a comprehensive subsurface study "of' the Art_iley‘coal zone,
Holter et al. (1975) (Figure 8) identified magg regional trends. Noted was the lack
o'f' upéer /Ardley coal c/ievclopment and ‘thinning of the section to the south of the

il

" Red Iﬁ% reh. To the north, correlations became tenuous due to the development of

11



12

, - nIqly Jo :
FIBNlS JU03Ted pue snoowal) sowisaddn jo uoneramo) <L undiy -

1 SNO3OVIID

T
nd
4
- : NOANYO -
N4 WA o SN WdVM
. : b3
Lva] - |
STHIIN reTuive 1Q é
Ny —1 ’ $
NVWHONTHd | g T 1 _ S
S YO W Wi LWdVM
‘ MOTM a4V TI00S HNISTVOO . H3ddN
E .
ST e | |
INIOU0d . oo
_ W n 0OdVXSVd
OOdYNSVd OOdVXSVd )
, 4
y 96! ayr il | L6t 5961 261 NOTEN
AN ADRRVYD NOSED - ZOMIDUZHT |- SHINVHDY
= ST 1 SNV SNIV d STHLOO04 . SNIVW




13

Y

(LL61) UOSQID JO 1em) ST ApMis SIWI UI POZI[nR anie[ausmoy
"3MR[OUIWOU WEIB [V0D IUNOI[RJ 1amO[ jJO uonnjoag ‘g undig

e

W4 3ivs |

STHEIN

a H3aNIN

[wruve

N NOLINOWA3

=

Nd NOINOWA3

— m varaw | (A3 m 1) w
N
2le m @ M . v
P m o |3 "8lafmmr |z m
. 2 ATV M m Q
N X .
INOZ vOQ, : Jwzanan | L
ATV H3ddN Fant v
TR —_—E
nd nd W N N
OOdVYSvd OO0dVMSVd OOdWMSVd | - OOdwHSVd ¢ |  OOdvsYd
/ ° v
LL61 ___ Su61 1961 0961 NOSHIONVS el
NOSED VITEIIH | TEaMwWO wM0 L aw vy




4

upper Ardley seams and a well developed Nevxs seam correspondmg t0 anomalous
thmmng of the Ardley . B o
o beson (1977) redescrrbed the coal seams of the Edmonton group using the |
nomenclatural approach utxhzed by Allan and Sanderson (1945) bdentxfymg 15
< promment seams or coal- bearmg mwwa}\s within the Red Deer R.wer valley |
| (F‘gure 8) Glbson (1977) also- noted the thrnnlng of the mterval above the top- of |
. -the Battle Formauon northwards from the: Scollard area and attnbuted t.hxs to the — ,..
regronal pattern of Scollard Formatron deposmon Russell (1983) consxdered the '

thmner section to be due 0 a regional unconform.ity betwaen the Battle and Scollard

Formatrons T S ‘ i ' - ’ _ff;%j '
‘. Lerbekmo a.nd Coulner (1985) also noted the reductron of section ggbetween the

'Battle Formtxon and Ardley seam f rom - §7 m at Scollard to only 26 m at Wood

3

" Lake (Flgure 4) At thrs reduced sectlon the Nevrs seam is not present1 as Wwas also-
' mdrcated by Allan and Sanderson (1945) who offered no. explananon On the basis
of magnetostratxgraphy and palynology Lerbekmo and Coulter (1985) placed a

dxsconformrty at the base of a sandstone below the Ardley coal and considered

» .- erosion -or non-deposmon at thxs level-;o account for the reducnon in thrck-nes an‘d" "
~lack of a Nevis seam.. g
o CREI‘ACEOUS TERTIARY BOUNDARY

The Cretaoeous—Tertlary boundary has been 1dent1f1ed as occurrmg at the base .

: of the- Nevrs neam (Sweet and Huls, 1984) (Plate 2) Drnosaur remams had .

/

erroneously been reported as oocurnng above the Ardley seam (Sternberg, 1949) but :
these were. re«located and re—measured as occurrlng approxlmatefy 45 m below the
Nevxs seanm (Lerbckmo et al 1979) Palynologlcally, a mrcrofloral extinction has been

N

confrrmed wrthrn the Nevxs seam by numerous workers (Snead 1969, Snvastava

1970,‘ Russell vand Singh 1978, and Lerbekmo et al 1979). At_‘ter»detarled analysxs of -



Plate 2. Photo illustrating stratigraphic relationship of  the Nevis
seam (lower carbonaceous horizon) and Ardley seam (capping
outcrop). Nevis seam demarcates the Cretaceous-Tertiary

. boundary. (Dry ‘Island Buffalo Jump Provincial Park) (slide
courtesy of C. Singh). ' o R

4
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this interval, the pal&noflorel extinction was placed at the base oi; ,the' Ne\lis seam
by sweet and Hills (1984). |

In both Canada and the’ Umted Statw, the Cretaceous-Temary‘ boundary has
becn delmeated palynologlcally From New Mex:co to- western Alberth the shift from
a diverse angxosperm-nch late Meestnchnan flora sto a low dwerslty, early Paléocene
‘-gymnosperm ahd miospore. dominated flora, vlhas been utilized to identify this
- 'boundary. It has also]'be_en‘.‘ shown that many Maestrichfian ;)oﬁen,end. spores |

terminate their upward range at an iridium anomaly. This phenomenon has been

" well documented in the United States central Plains (Orth et al. 1981, Smit and van

der Kaars 1984, Tschudy et al. 198:1{ Alvarez et al. 1984) and in correlative strata

~in - Canada (Jerzykiewibz et al. 1984, Sweet nnd Hills 1984 Lerbekmo and Coixlt.er

NG

_7771985 Jerzyklewmz and Sweet 19864, Lerbekmo and St. Louis 1986,.Nichols et al\
1986, Lerbekmo et al. in pres) This mdxum anomaly is not restricted to North

~ America, as it has been located .worldWide, extensively in the northern hemisphere,
and more reoently in the southern hemisphere.:
/ ln both Canada and the Umted Swtw, all areas share a dxverse Maestrichtian

. angiosperm flora and the extmctlon of many morphologxcally complex spec1es. ‘.ln the

-U.S. sections, Tschudy et al. (1984) have considered catastrophic ‘destroction of the

vegetation to have taken place, 'resulting in vacant vegetal. nichw. Immediately above

.’thxs extinction and correspondmg mdmm anomaly. Tschudy has 1dent1f1ed a fern
spore-sprke Wthh he beheves represents a recolomzatlon of the Vegetation before
the 'return to angiosperm dominance in the Paleocene In contrast to this, in western”
Canada, Sweet (in Jerzykiewicz'and Swee't. 1986a) has fou‘nd that‘ for several
centimeters above the iridium a.nomaly and extinction,’ angiosperm pollen 'dominnnoe

. ‘persists before a shift to the mimpore—gymnoSperm assemblage equivalenbt to. Tschddy’o

fern spore-spxke_XlsT at hlgher levels (tens of cenumeters above the anomaly) the .

asemblage is domlnated by gymnosperms.

16
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" Two hypotheses have been proposed to ex.plaue the sequence of everms at the
Cretaceous-’]‘ertnary boundary; a). the impact of an extra-terrestnal body ‘ .
(Alvarez.‘ 1983) and b) deep volcanism, or mantle plume activity (McLean, 1985).
The sequence ef ,paiynologicgl gsemblagé at the boundary deecribed‘by Fschudy . et

" al. (1984) supports the idea of sofne type of catastrobhic-event and recolopi‘utionv'

(%]
from refugia. Lerbekmo et al. (in press) downplay the cAtaStrophe ‘but do believe

L4

that some type of extraordinary happening occurred.

'PASKAPOO FORMATION
The name Paskapoo was first used by Tyrrell (1887) in referring to the

buff-wedthering, cliff—fornﬁng sandstones in the Red Deer area (Plate 1). The lower

QR\

‘contact was placed at the top of the Big Seam (Ardley seam) and it was assumed
that the Edmonton graded upwards into the Paskap‘oo..‘Allan and Sanderson (1945)
videntified a Paskapoo Formation, and the conmce with the underlying Edmontbn
strata was considered to be an erosxonal dlsconfortmty marking the Cretaoeous-Tertlary
boundary. Irish (1970) in defmmg the Scollard JMember. lowered the base of the
Paskapoo Formation to the top of the Battle Formatjon. Gibson (1977), in

- characterizing the Scollard Formation, reverted t(: Allar;-aﬁd Sanderson’s (1945)
definiti_ownA of the base of the Paskapoo Formation as the base of the first major

* thick sandstone abevel;‘the uppermost coal seam of the Ardley coal zone.

Follov)ing Gibson's (1977) usage, thc‘ basal sandstone of 4the' Paskapoo For;nationv
is u.m:wy separated from the underlyxng Scollani Formation by a recogmmble scour
.surface (Plate 3) The Paskapoo is described as a series of non marine sandstones,

bentonitc shales, lignites and 'conglomerate's (Carrigy. 1971). Very little
sedunentolopcal study has been camed out on the Paskapoo Formation other than the

work of Carrigy (1970, 1971), whose petrographlc studies mcluded both the Paskapoo

and its correlative to the south, the Porcupme Hills Formanon (anure 7). The

e




" Paskapoo Formation is believed to have been deposited in a fluvial environment, but ‘

- the lack of good outcrop has hampered comprehensive sedimehtologic interpretation.

The formation comprises the bedrock over a large area of vA‘lben'a frovm, zth‘e‘

south-central to n‘o‘rth-central Plairrs The' recently discovered Obed—Mamh‘ coal zone'

lies wrthm thewper Paskapoo Formatxon adjacent the oentral Alberm Foodnlls No

strangraphxc or sedlmentologlc study has been camed out on these strata ot.her than

‘the initial exploratory work of Union Oil (1_979).‘
li K ' '

 SOOLLARD-PASKAPOO CONTACT

.Edmonton (Scollard) and Paskapoo strata: " - B ir

p

J

.

-

Allan and Sanderson (1945) listed six criteria. for bdist’irrgu‘ishing. ‘between

‘1) uniformity of Edmonton strata

2) bentonite in the Edmonton, absent in t.he Paskapoo

3) conglomeratic nature of the basal Paskapoo and highly
‘oxidized nature at contact. with Edmonton '

4) lower 300 feet .of Paskapoo is quartzose sand, Edmonton
is feldspathic and' finer grained . N

5) Edmonton weathers in rourded slopes, Paskapoo is’
cliff-forming ,

=~ 7.6) color and induration are .. : sgpent

Allan and Sanderson (1945) further believed ’this cdntact to represent a major

dlsconformxty with as much as 400 feet of relief dowu to the Mauve Shale (Baule '

Formation). This was  later quesuoned by Ower (1960), then by Campbell (1967)
who' stated, R .

" certainly in some localities there is a break in deposition. at the base
- of the sandstone (eg. Ardley cliff), but in other cases, thick-bedded,
buff-weathered sandstone rest directly and conformably on the Ardley
Zone. There appears to be no clear- cut break in sedimentation
between the Edmonton and Paskapoo Formations so that several
. / hundred feet of strata overlying the Ardley coal zone cannot. be
A

Snead (1969) later added to the.qucstion of a disconformity stating,‘

exposum of beds adjacent to the 1n§erred position of the
Edmonton/Paskapoo contact along the Red Deer River and its
tributaries are too discontinuous and the lithologies of. the two

'r‘*’.’ o

asigned with certainty to either formation..” L .

18’
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formations too variable to detect the presence of a regional
" disconformity in the section on the basis of gross lithology alone...”

\ - -

a
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Plate 3. Photo iuustr:ting the nature of the contact between the
Scolland and Paskapoo.Formatigns.vCoarse—grained, blocky
" sandstones of the: Paskapoo Formation overlying cross-bedded,
finer-grained sandstones of the' ‘upper -Scollard Formation (Dry
Island Buffalo Jump Provincial Park) (slide courtesy of
C. Singh). »

s
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1. PALEONTOLOUY OF THE SCOLLARD AND PASKAPOO FORMATIONS
VERTEBRATES ;) _ ) | .

T
€

Brown '(l1914) was the first to collect vertebrate fossils aiong the Red Deer '
River valley f rouﬁ a site known as Eltickson's Landing, in the Paskapoo Fotrlgntibn
jus; upstream from the Joffre bridge (Figure 4). These vertebrate fossils were .
identified by Matthew (1914)_an& then latet . redescribed be' Simpeon (1927). Brown
(1914) also comf)ared the dinosaur fauna of_ tl;e Edmonton Group with that of the
Lance Formation of: Wyoming anc;‘t Belljr River-Oldman Formatiohe of “Albem.
coi:cludir;g that"laxonomically. the Edmpnwn fauna was ‘niere closely' associated with
thet of the Belly River Formation. “ _ | ‘

'Sbel."nberg (1'94'7,, 1949). collecting frf);h the Edmonton Group, showed that
typicall Lancian d‘inosfaurs oceuned oxily above the lfneehine Tuff, in contrast to a
| dif ferent diposﬁur assemblage below the Tuff (Edmonton assemblage). This Lancian
assemblage “from the u‘pper.Edm'onton (lower Scollard qumatioﬁ) is the yoi;ngest
dinsaur fauna identified in Alberta. In his- description of the upper Edmochton.-‘(\'
however, Sterﬁberg (1949) mis“identified the coal seams and reported éiqosaur1
remains from above ;.he_ A}dl‘ey seam, thereby implying that strata were Upper
‘ Cretaceoushin age up to and including the Ardley seam. |
| In attempting to place the Cretaceous—Tertiary boundary‘(i:s\ng pelynofler,al and
‘ f_dmosaurxan extmcnons. Russell and Smgh (1978) were hampered by Sternberg's

PR ¢ 94\ carlier report of -dinosaur remains above the Ardley seam in the Ardley

area, even though a palynologxcal break was =i Cied « *he level of the Nevis
seam. Dr. D.A; Ruseﬁ, in re-e;amining Sternberg: .riginal :’ield notes end 'secﬁons.
did not locate the skeletons of Tyranno.sauu.s i "‘(later mantif ied as Dynamosaurus
SP. by Russell, but never pubhshed) and Triceratop: ‘lbesensls, but from field

measurements calculated them as occumng between the Nevis and Ardley seams.

Applying Browns (1962) sche;ne of placmg the Cretaceous—Temary boundary at the

o~



\ . .
lowest bed of lignite (coal) above the highest stratigraphically unreworked dinosaur

remains, Russell and Singh (1978) placed the boundary at the base of the Ardley

secam.

‘Lerbekmo et al. (1979) locate,d'Snernberg's_original section and some of the

dinosaur remains. The Tyrannosaurus skeleton ‘was measured as occurring 105 m

below the Nevis seam. Smce the Triceratops albertensis remains were measured by
Sternberg as being 20 ft (6 m) above the Tyrannosauru.s rex, Triceratops albertensis

must have been about 4.5 m below'the Nevis seam. The Cretaceous—Tcrtiary

~ boundary was therefore lowered to the Nevis seam, corresponding with the

palynoiogical break. \
-In a summary by Krause (1978), . mammalian fossils from a number of
™ .

Alberta sites were placed in a biostratigraphic framework copstructed by Gingerich

(1975) and Rose (1977). The Paleocene was subdivided by Gingerich (1975) on

. : r
; plesiadapiform primatw, which are common fossils in_the non-marine, middle to late

\\

Paleocene strata of North America (Fxgurc 9). Six sites utlhzed by Krause (1978)
included three from the Paskapoo Formation; the Swan Hxlls sm (north-central
Alberta) 'Encksons Landmg and Canyon Ski Quarry on the Red Deer vaer Also
included were two sites from ‘the Porcupine Hills Formagxon (the Calgary and
Cochrane II sites). A locahty from the upper Rav?nscrag'Formatiox_x of sbufhern|
S'.»askatcbh.ew'an was tile Roche ﬁerce_e' site (Figure 10).

Due to the appearance of the fo;'m Pl?siadaéris rex, the Ericlfson's Landing site
was assigned a middie Tiffanian age (Figure 9). From the identifica;ion of -
P. churchillii and on carpolestid evidence, the Roche Percee’, Swan Hxlls and Canyon
Ski Quarry sites Wwere assigned late (but not latest)” Tlffaman ages. ‘Although recovery
was poor, from cgrpolsud eyldence the Cochrane II site was consldered-‘early :
Tiffanian ig age, gnd the Calgary site lat’e Torrejonian.

Lithostratigraphic implications of this thammalian evidence included the fact -

22
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Figure 9. Stages of the Paleocene (modified from Wood et .,
- 1941, R.C. Fox pers. comm., 1987).
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Figure 10. Paleocene vertebrate

(afrer Krause, 1978).
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that th¢ Paskapoo Formation contains asemblages much younger than those recovered

from the Porcupineb-Hiu;s Formation. This contradicted the claim of Carrigy (1971)
ti\at the Porcupine Hills‘ Formation overlies and is_thcrefore younger than the
Paskapoo. | ’

Fox (1987, pers. comm.) has also examined the mammalian amemblages ffom
thes;c Alberta ‘sites..Altl;ough‘ he states that the framework ;prOposed by Gingcriqp
(}975) and Rose (1977) is more' compiicated than originally stated, and noi wholly
applicable to Alberta \%emblage,s, there is no disagreement with the ages calculated
by Krause (1978) for -these Alberta sites. In addition to these localities, assemblages

. from near the juncgion of the Blindman and Red Deer Rivers indicate an early lﬁte

Tiffanian age (Fox 1984a, b) (Figure 10).

MEGAFLORA : l,

One of the first reports of megafloral fossils from the Paleocene of Alberta
was made by Penhallow (1902) who examined fossils from the banks of the
Blindman River. The most compmhcnsivé study was unde_rtaken- by Bell (1949), who
in\:estigated numerous ocalities from the Alberta Plains and Foothills of uppermost
Cretaceous and Paleouﬂe age. In his exh#ustive coUectio@ Bell (1949) identified two
distinct paleofloral breaks; one corr&spondifxg to the Kneehills Tuff, the other o
between the Edmonton and Paskapoo Formations. Very few. plant species from the

Scollard Formation ranged into the Paskapoo, and 75 percent of those species found

~in-the Paskapoo had no recorded distribution in the Cretaceous. Bell (1949) concluded

that the Qoras of the Paskapoo Formation and that of the” Ravenscrag Formation
studied by Berry (1935\0) ﬁv’em essentially identical and therefore of the same
apéroximatc age. Also compared were the floras of the Paskapoo to that of the Fort
Union Formation collected by Knowlton (1919). Of ‘ﬂiebl37 ‘species identi'fied from

the Paskapoo, 23 were present in the Fort Union and 17 were ‘characteristic of these

25
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/
two formations. From this, the”Paska'poo was' interpreted as being the same age as
part of the Fort U;xion Fprmation. which was considered to be Paleocene.
Other stratigraphic conclusions by Bell (1949) were that floras éoliected from
“the, roof rock of the Mynheer seam in the Foothills were Paleocene in age, but
distinctly older than‘ the Paleocene assemblage f rom the Paskapoo Formation collected N
at the 'Blindman River ‘locality. He also recognized an early Paleocene assemblage from
the Porcupine Hills Formation. ’
Chandrasckhéram (1974) stuéied plant megafossils from t'he Genesee locality }
west .of Edmonton. From a fossil horizon above the Ardley correlative,"he identified
a Palc.océnc assemblage and suspected that the Cretaceous-Tertiary boundary lay at a
shallow depth below the fossil t;ed In a similar study, Christophel (1979) examired
plant fossils from the Smokey Tov»:er locality north of Hinton, Alberta. He
interprqwa these fossils as Paleocene in age, but was unable to precisely place this
locality stratigraphically due to the lack of a marker horizon (ie. Battle Fo@atioh).
Recently, the Paskapoo Formation of the Joffre’ and BligdﬁanA loca}ities has
come under ‘inthigation. Hickey and Peterson (1978) tentat)ively regarded the age of
the Blindman lc;cality as middle to early late Paleocene (Tofrejonian or Tiffanian).
This was based on the general asi)ect of the flora, the ab'sence of early and late ..
Paleocene species, and the presence of the ‘fern Lastria goldiana. In later.studies,
Stockey and Crane (1983), Taylor and Stockey (1984) and Cra;1e and Stockey (1985)
have identified many new Paleocene species of Cercidiphyllum-like piants from both
the Joffre and Blindman localities. Theif interpretation of thcse plant fc;;sils does not

contradict a Tiffanian age for these localities from fossil mammal investigations.\

MOLLUSKS "
The first report on late Cretaceous and Tertiary mollusks in the Canadian

- Plains was made by Whiteaves (1885, 1887). Warren (1926) and Russell (1926) listed



N o a (

5 : ’ »

\ 27
and discussed molluskan faunas of the Edmonton Group and Pasl;\apoo Formation,
which were further studied ‘by Russell (1929, 1931, 1932), ;vvho described a rich
terrestrial Paleocene fauna. Dyer (1930) also described somel new species of
non-marine Upper Cretacebus and i’hvleocene fauna from Albeem Allan. and Saﬂdemn

(1945) in their comprehensive study. reported on a large collection of non-vertebrate

fossils from the Edmonton and Paskapoo, mcludnng fresh water and terrestnal

gastropods and fresh water pelecypods. .

The mc;st extensive study of molluskan fauna veas undertaken b/y‘ Tozer. (1956)
who ex;mined the. upperrrlost Edmonton (Scollard) and Paskapoo Formations as §1e11
~as the Willow Creek and Porcupine Hills Formations of southern .A.lberta (Figure 7).

The most striking feature of 'Paskapoo molluskan fauna noted by Tozer (1956) was
» rthc terrestrial element. which mclu%?ed at least ten spec:es.

" Two distinct molluskan faunas were found to occur within the Willow Creek
Formation; a lergely iﬁ{uatic molluskan fauna and gas;ropods:of a terrestrial habitat.
Also noted was the lack of characteristic Fort Union Formation species in the lower .
W.illow Creel; and the Scollard Formations, the;eby iniplyin’g a Lancian age. The
ap;ﬁearance of Fort Union species in lthe"upper pare of the V:/illow Creek correlated
it with‘the low'er Paskapog Formation of Paleocene agc: Mollusk fossils collected f rom
the Porcupine Hills Formation also suggested .a very strong bcorrelation with the’

Paskapoo Formation. The major conclusion by Tozer (1956) was that the Paskapoo

Formation was Paleocene in age. S A/\
. : ) : ot

OTHER PALEONTOLOGICAL ASPECTS

In a thorough examination of the Paskapoo Formation at the Joffre and
Blindman localities, some rather rar’e' paleontologic occurrenees have been discovered. A
" variety of fossil insects have been recorded by Wighton (1982) and Kevan ‘and:

’ : N »
Wighton (1981) from the Joffre Bridge locality, with Mitchell and Wighton (1979)
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~ and nghton (1980) descnbmg those “from the. Blmdman locahty leson (1978)

- considers these. msects from the Paskapoo in the context of other early Temary
faunas By far the most abundant ugsect fosils are the elytra of beetles (Coleoptera)

24 Rumell (1928) repor}ﬁ’ fossils of the amgd fish Stylomyleodon. now known as
Kindleia from the Paskapoo in the vxcmxty of Red Deer leson (1980) stated that a_ v‘
dnverse teleostean fauna is . represcnted in the Paskapoo Forn;auon at a large number
:bf sxtes mcludmg Joffre Bndge From the Smokey Tower locality, approximately 3 m
below the plant layer of Chnstophel (1979), leson reports the remains of Esox
tiemani an elongate. narrow snouted pike. This fauna has also been found at
Lovettcvxlle (Foothxlls) Encksons Landmg, and the Roche Peroee sites. The Temains
of Esox from these sxtcs are much older than had been pr;vmusly known, and these
’Paleoocne types more closely resemble those of the Eocene thaﬂ late Cretaoeous

f orms.



¢ IV. PALYNOLOGY OF THE LATE CREI‘A(B)US TO. PALK)CENE
EARLIER STUDIES

Palynology of the uppermost Cretaceous ang 'Ter'tiary strata of the int.erior
Plains of North America began with the 'pioneer work of Stanley (1965) Thxs study
of ' the Hell Creek and Fort Union Forrnatlons of South Dakota (Figure 11), had
“three ma30r objctives: a) establish the type of microfassils present, b). infer botanical

affinites, and c) establlsh a palynologlcal zonanon useful for correlation. Stanley

(1965) had also hoped 10 identify the (,retaoeous-Temary boundary However, he did

note the very close resemblance between his mic:-!ra and that found in 'Siberia.
Norton ‘and Hall (1967, 1969) studied the roflora from the Hell Cree.k
type-locahty in Montana (Flgum 11) Their intent was to delrneate the
Cretaoeous—Termary boundary palynologically. They 111ustrated an Upper Cretaoeous
asemblage characterized. by abundant Aquilapollenites spp. and Wodehouseila’ splnata, .

- 'and¢a/ ﬁalegcene assemblage d1st1ngu1shed by large numbers of tricolpate and
trrcz/()lporate forms along Wlth Wodehousaa ﬂmbriata. Norton and Hall (1969) dxd not
‘1dent1fy a maJor palynologmal break, but instead suggested a transition zone to mark
r.he.Cretaceous—Tertlary boundary ' AT ' L
Leffmgwell (1971) in a ma_)or palynologxcal study of the Lance and Fort
Union Formatlons in the type- Lance area of Wyormng, 1dent1fwd three assemblage |
 zones correspondmg to two mlcrofloral' changes. He further 1ntzr_preted fsthe top‘of his -
lowefmodt Asemblage A w mark‘ tbe Cretaceoué—Tertiary boundary. which ' ‘
‘e 1xesponded to the Lance-Fort Union boundary (Figure lf) A similar break had.
‘been 111ustrated by Stanley (1965) in his sections in South Dakota.
RH Tschudy (1971) co\tnpared 'asemblages from acrom the'Crebaceous-Tertiary
: boundary from both the Rocky Mountams and a Mississippi Embayment locahty m

' Kentucky The Cretaceous assemblaga of the Rocky Mounuuns and Kentucky

localmw were dxfferent because they belonged to two dxsnnct paleofloral provinces: -



30

‘(861 *48uIS pue [rassny woIj porjIpow) sureld Joueul uinsom
Y1 JO SIANR[AUIOD Ju0I[ed pue snoowial)) souraddn) cpp undiyg

— T

N QWELHM |

T ooV,

W3 NOINN 1504

N3 NQNN LHO4
£
e

V10Mva _ viowa | onwoam _ VNVINOW wvm3HOL VLBV

AdvuEaL




31

(Aquilgpollenites in tlte west. and Normepolls in ttxc east.) separated b.y ‘the epeiric
sea. A&ordmg to R.H. Tschudy (1971) the floral change at the Cretaceous—Temary o
boundary tesulted from the climatic changes caused by the withdrawl of the epeiric.
.sea as a result of upltft of the Rocky Mountains.

The Paleocene strata of the Wind River Basin in Wjoming (Ftkure 11) were
zoned by Nichols and Ott (1978) utxhzmg fu‘st appearances and extinctions of the
/ Momi;ites—Caryapollenites palynofloral lineage. They noted that the lower Paleocene-
(P1-P3 Zones) was dominated by Momipites and the upper Paleocene (P4-P6 Zones)
by Caryapollenites, with a corresponditlg.decline in .Momip:ites.'
‘ ePaiynology of the Paleocene strata ‘ocf the Alberta Plains has not been a prime
area of research, but in‘ recent years a search for ‘the Cretaceous-Tertiary botxgijary
I}as provided some interest. .The first worker to study the ipalynoflora from strata
outcropping along the Red Deer River-val.ley“’was Srivastava (a numbcr of papers
culminating m 1970) He concentrated basxcally on- t.he upper Campaman Maestrichtian i
strata of the Edmonton Group. zonmg thxs mterval into exght asemblagm
(Srivastava, 1970) r interest was the identifi ication of the Wodehouseia
sﬁMa Z,one (VIII) an mterval from the Battle Formation to the Nevns seam, and
:t.he terxmnatxon of many anglosperm specnes at the top of this zone. lmmedlately
above this was recogmzed a Wodehousela fimbriata Zone (IX) which further
exhibited a decrease in angiosperms and an increase in gymnosperms. This sequenoe of
W. spinata and W. fimbriata was identical to that found by Stanley (1965) and
Norton and Hall (1969). |

The only study encompassmg palynology of the’ Paskapoo Formauon of the
Alberta Plains was undertaken by Snead (1969) in an attempt to define the
‘ Cretaoeous-Terti'ary_ boundary. and t cortel_ate from outbrop in the Red Deer ‘River.
valley into the subsurface by means of assémblage 'zom.ltion. ‘Snead (1965) subdivided

the uppermost Edmonton and lower Paskapoo strata into three zones based on



f‘stratignaphically restricted species, and confirmed a .palynological break at the level of
the Nevis seam. He did ‘not ’identify thls as the Cretaceous~Tertiary boundary, but
instead interpreted a tranéition zone above the Nevis seam which he 'believed
repaesented the boundary.

With angxosperm palynomorph data, Elluk (19695 attempted to correlate the
Entrance ‘Conglomerate of the central Alberta Foothills to strata of the Alberta
Plains, using the works of. Srivastava and Snead (1969) to derive his correlations.
Eliuk (1969) concluded. that the Entrance Conglomerate was Maestrichtian in age and
correlated with the upper Edmonton division. He believed that the Conglomerate did
not mark theACretaceous—Tertiar‘y boundary, but "‘t_hat the boundary was contained in
the 3500 feet of'stra.ta between the Entrance. Conglomerate and the High DiYide
Ridge Conglomerate of the basal Paskapoo Formation (Fxgure n. |

.Singh (m Rumell and Smgh 1978, and in Le,rbekmo et al. 1979) exarmned in
greater detail the strata in the 1mmedxate vicinity of ttheVrs seam in the Red
Deer Rlver valley. hopxng o accurately locate the Cretaceous—Tertxary boundary
* palynologically. Due to the presence of Wbdehouseia fimbriata, a known Paleocene
lspec'imen within the Nevis-Ardley interval, Singh (in Russeli and Singh, 1978)
‘suggested placiné ‘the boundary at the top of the Nevis seam, in accordance with the
similar palynologicalybreak identified by Snead (1969) and Srivastava (1970). |
‘However, the erroneous record of dincsaur remains above the Nevis (Sternberg, 1949)
prompted Russell and Singh (1978) to move the boundary up to the base of the
Ardley seam, statmg that the palynologxcal break preoeded the extinction of the

. dmosaurs.

Lerbekmo (m Lerbekmo et al., 1979) relocated Sternbergs (1949) ongma.l

"Tyrannosauroid find and re—measut:ed the section, placing the in-situ” occurrence as

Q

10.5 m below the Nevis seam. It was therefore concluded that the dinosaur and

palynofloral extinctions were nearly synchronous and part of a‘worldw‘ide.

-~
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extinction. The Cretaceous- Temary boundary was sh:fted dowu to the top of the

Nevis seam. The position of  this bqundary was then re- ndjuswd to the base of the

Nevis qpy Sweet and Hills (1984) based on very detailed palynolqgical sampling below .

and within the 35 cm seam. | | i

Sweet (1978) examined the palynology of the Frenchman and Ravenscrag

Fprmations of southern Saskau:hewan '(Figure 11). The “major purpose of this sgudy

was to develop a biostratigraphic framework to assist in the coﬁelaﬁon of

individual coal ‘sams within the several coal zones preseny Sweet (1978) identified

the: Cretaceous-Tertiary boundary"a.t the base of the Ferris coal zone of the Cypress

Hills area, anld furiher id.en:tif ied a second microfloral change betweeﬁ the ‘:Bo'undary |

and Estevan coal zones. Paleoecdlogiéa;ly, Sweet (1978) suggcsted that the ¢vents

;epresented by the pal‘ynomorphb trends immediately a&jaoent o the

Cretaogous-Tertiai-y boundary were the result of Q critical cimnge "of climate

following late’ Maestrichtian climatic det'eriqration. ‘'The gradual cooling was reflected

by the shift from angiospérm to gymfioépcrm dominancé in /latest‘ Maestrichtian,

then, as. suggested by Tschudy' (1471). j

';..§thé apparent simalfaneous extinction of accessory taxa already f

 occurring in reduced numbers was the result of a critical point being
reached within a continued climatic deterioration rather than a
catastrophic event...”

g ‘Recently, Sweet (in _Jeiiykiewicz ‘et al. 1984, and Jerzykiewicz and Sweet
1986a) has placed the Cretacedus—Tertiary.boum‘i#;y in”the. central Alberta Foothills
at the base of the Mynheer seam, the lowermost coal seam of the Coaispur
Formation (Fxgure 7). The boundary was identified by the well-documented ahlft
from angiosperms to gymnosperms and correspondmg extinctions. Thls ‘boundary
}dentxfxcatxon. has led o the_ correlation of the Mynheer ggeam in the Foothills,. with |
‘thg N;vis seam in the,Plains, and the Ferris seam in ‘wuﬁm Saskatchqwan.

In a palecenvironmental study by Je‘rzykiewicz and Sweet (1986b), Sweet



. illustrated that palynological assemblages' from the Wiliow *Creek- Formation in

- -

southern Alberta (Flgure 7) were anomalously 1mpovenshed compa’ed to asemblages
of sxmxlar age from northerly localmcs. They mterpreted the formation of calxche
- horizons, red beds, and the lack of good coal development %o represcn't deposition in a

‘ scmi-afid environment that,;w’as biologically stresséd; during the late Maestrigh'tian,

but less 80 in eariy Paleocene times. The Cretaceous-Tertiary boundary was identified .

3 . o

within the upper portion of the Willow_(Creek Formation, and a middle_Paleocene

age interpreted for the uppermosi Porcupine Hills Formation (Figure 7).
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V. THE MOMIPITES-CARY APOLLENITES pA'l‘.vNoé’,onRL LINEAGE

‘Fossil pollen of the famlly Juglandaceae are_common in stralc ysof t‘ear'g‘
Cenozoic age. The wide range of morphologic variations encountered in Paleocene
pollen suggests that thxs farmly was undergomg rapid diversification at this nme -
(Nichols and Ott, 1978) Their widespread dlstnbutlon throughout the oeutral Plains
of North America provides the basxs for blostratlgraphlc applications. '

Wodehouse (1933) erected the‘ genus Momipites. His specimens are, believ'e;d' 0
be congeneric with specngs' of Momipites dcscril’led .Subsequently, alt.ho_u‘g'h the hothypE
leas never beeu re-located (Nichols and Ott, 1978). In a comprehensive study of
-J\L}gla‘ndacgae, Whitehead (1965) deliueated the major morphologic gfoups includiug
‘ one or more extant genera. Stone and Broom (1975) sixr\;eyed all genera, and
re-af firmed Whifcheadls morphologic groups 4arﬁ1d trend.s in evolution. Leopold a;xd
McGintie (1972) surveyed mega- and microfossils of Prerocarya, Platycarya and
Engelhardtia of the Juglandaceae.’ They compared their Rocky Mountam forms to
other Temary forms around ' the world. . '

Nichols (1973) examined the morphol_og’iw of triporate Juglandoccac'. and
disting’ulshed 'sevcn different groups of Momipites. The genus Momipites was cmendecl
0 accomodate_ fossil pollen similar to modern Engelhardtla, '.but‘v exhibiting only fossil
features. Nichols (l973)'demonstr'ated that Engellxardtia may have becn derived from V
Momipites on the basis of morphologic trends. No stratxgraphlc evxdcx&: was given by
Nichols (1973) for phyletic lineages of Momipites, and neither Leffmgwell (1971)
nor Nnchols (1973) identified the rclatlonshxp between Momipites and Caryapollenites
bxostratxgraphlcally Subsequent detaxled strangraplnc examination of Paleocene strata

has xdentxfled and utllxzed the Momipites—Caryapotlenites hneage (Nlchols and Ort,

1978)
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WYOMING ZONATION ) ]

Nichols and Ot (1978) ~have di\‘zided the Paleocene Fort Union Formation of -
the Wind River.Basin of Wyoming into six palynostratigrabhic‘zones (Figure 12).
‘This zonation is based on the appearanqe levels ‘and subsequent ranges of specxes in
the Momipites-Caryapollenites phylogencnc \meagc Twelve specxes, seven Momipites
and fxvc Caryapollenites, their relative abundanoes. plus other stratlgraphxcally
important forms are utilized in thxs zonauon (Figure 13) 5 |

Lower Paleooene Zones Pl P3 are characterized by the appearances of the
si\\ien Momipites species, and tl?e dommatxon of Momzpues over Caryapollenites in
relative abundance. Conversglg, upper Paleocene Zones P4‘ to P6 are charactenzed by
the a‘ppearancw of fdur Caryapollenites (C. prodromus appears in P3) and the shift
0 C;rydpollenites domin.ancer over Momipites (Figure 13). Also, in the iipper
Paleocene many lower Paleocene Momipi:e; species terminate their upward ranges.
Accessory forms such as Aquilapéllenites sﬁn_ulosus further characterize the P3
Zone, with Pi'stillipollenites mcgregorii and In.sulapollenit.es 'ru.gulatus diagn‘:stic of the
PSs Zone. |

: v

This Momipites-Caryapollenites lineage has been interpreied as phylogénetic,’ ‘
based " on ‘subtle rhorphologic variations which appear in species from younger strata.
Speciation within Momipites and Caryapollenites is based on three féatur&siA o

1) size (modal diameter)

2) shape of the interporia (concave or convex sides) -

3) structure of the exine at one pole.
M lef:ﬂhgweuii, the ancestral. form, is small (21 microns) with concave interporia
;hd a well developed circumpolar ring. Younger species of Momipites are larger and
exhibit a fgnge of polar modification. Further, Caryapotlenit;s differ from " l'
Momipites in the degree of heteropolarity, that is, the :mbuht t which the pores
have migrated info-bne hemispher;: of the pollen grain (Figure 13). The degree of

“heteropolarity is an’important specific characteristic.
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Figﬁre 12. Paleocene zomation of the Wind River Basin, Wyoming
(reproduced by permission of Nichols and O, 1978).
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. Figure 13. Momipites-Caryapollenites palynofloral lineage as determined
from Paleocene strata of the Wind River Basin, Wyoming
(reproduced by permission of Nichols and Otr, 1978)
a-M. leffingwellli b-M. wyomingensis c-M. waltmanensis ~
. d-M. ventifluminis e-M. triorbicularis f-M. actinus '

g-M. annellus h-C. prodromus i-C. imparalis jC. inelegans
k-C. wodehousel - I-C. veripites .

<
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> VL PALEOCENE STRATIGRAPHIC PALYNOLOGY
ALBERTA ZONATION '

Pa]eocene‘ strata extend from the base of the N?vis seam (Cretaceous-'l"ertit;ry
boundary) in the Scollagd Formation to the top .of the f!askapoo Formation.
Uppermost Maestrichtian assemblages are dominated by diverse Aquilapollenites spp.
Also common are Tricolpites rety:utatus Leptopecopites pocockti and Wodehouseia
splnata. Thns interval from the top of the Battle Formation to the Cremccous -Tertiary
boundary is known as the Wodehouseia spinaza Zone (VIID) with a Leptopecopites
pocockii Subzone (VIlla) (Srivastava, 1970). The Cretaceous-Tertiary boundary within
the sampled coreholes was identified by the extinction of these forms, and the shift
to t.he‘lﬁo,w diversity e‘a‘rl‘y Paleocene assemblage.

| The writer has'be;g able w0 divide the Paleocene strata of the central Alberta
Plains iﬁto six palynostratigraphic zones based on a modification of the Nichols and
Ot (1978) Momipites—Caryapollenites palynofloral lineage (Figure 14). Although the
followmg zonal nomenclature is that of Nichols and Out (1978) (ie. P1, P2,..P6), it -
should be noted that these zofies are interpreted for Central Alberta Plams strata
only. Reference to these zones should be confined to this geographic area. A thorough
listing and\dlscusmn of all palynologlcal occurrences from all localities is prescnted

~in Appendix A. » : "

* -
&

\
m anc
The lowermost'ﬁPaleocene P1 Zone 1§ characterized by Wo.dehousela fimbriata
with no Momipitc.s; nor Caryafollenit_es species present (Figure 14). 'i'he extreme
-lowermost éort%m of this zone may be identified by the presence of Wodehousela
splnata ‘;vhile lgckiﬁg other Maestrichtian formsf particularly diverse Aquilapollenites

spp. This sequence of W. spinata o W. fimbriata has been well documented in- the

boundary interval, with these two species never occurring in the same. horizon
! ) .
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(Stanley 1961, Russell and Singh 1978) (Plate 5).
Stratigraphically, this zone extends from the base of the Nevis seam t0 the
base of the Ardley seam (Figure 15). At this level, the range of W. fimbriata

terminates.

P2 Zone
This zone is identified by the first appearances of Momipites in the forms

M. leffingwellii, M. waltmanensis, and M. wyomingensis (Figure 14) (Plate 4). It is

determinable as to @hich of these species aépeam first in the stratigraphic

. B
uence. The first occurrence of P2 Zone Momipites succeeds the termination of the

e of W. fimbriata. The P2 Zone is further characterized by the presence of
Retitrescc;lpites bathyreticulatus and R. anguloluminosus (Plate 6).-Although scarce
within the samples from thi; study; they have been recordedbas a comm&
occurrence from Ardley equivalent strata at Wabamun-Highvale (west of Edr‘nton).
and from equivale'nt strata outcropbing in the Red Deer River Yalley (Russell and
Singh, 1978). In addition, this zo;le may be distinguished by abundant Kurtzipites
spp. and t;/e subsequent termination of the range of K. circularls, which transcends
the Cretaceous-Tertiary boundary but becomes extinct within upper 2 ione strata
(Plate 6). -

. The P2 Zone encompasses strata from the base of the Ardley seam to the

base ‘of the Paskapoo Formation (Figure 15). The first fine-grained sample above

basal Paksapoo Formation sandstones normally exhibits a diverse P3 Zone asemblage,

therefore the boundary between the ;P2 and P3 Zones is arbritrarily placed at the

Scollard/Paskapoo contact.
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iP3 Zone

“termination of the .ran_ge of Kurtzipites trispissatus within this P3 Zone: (Plate 6).

P4 Zone

‘ wrthm these strata 1s further mchcatxon of thrs zone (Plate 6) A full complement

The P Zone assemblage dlsplays many new forms, which .nclude four '

Momlpttes spec:es and the first appearance of Caryapollent:es Species of Momipites

makmg therr entrance are: M. annellus M. veru‘-ifluminis, "uiorbicularis and /M

' actinus (Plate 4). Caryapollenites prodromus 1s the oldeet specres of Caryapoltenﬁes,

appeanng in thls mterval (Plates S). As, well the appearance of Aqutlapollenites
spinulosus is ‘very charactenstrc of ‘the’ P3 Zone (Fxgure 14), and is the only well
documented species of Aquilapollenites from the- rmddle Paleooene of the central
North Amencan Plams (BD Tschudy and. Leopold, 1971). The appearance of
Tiliaepollenites danel 1§ dxagnostrc of upper P3 Zone strata (Fxgure 14), wnh the

”,Stratigraphically. this zone encompasses an appreciable -part of the Paskapoo

‘Fo'rmation' due inclusion of the palynologically barren basal Paskapoo sandstones:

’vvuithin the lower portion of this zone (Figure 15).

e

é

3

‘l‘\wo more Caryapollemtes spemes vrz C wodehouset and C. tmparalts, mak
their fll'St appearanees and charactenze the P4 Zone (Fxgure 14) (Plate 5). Bot;h of AR

these species dlsplay 1ncreasmg heteropolanty consrstent -with younger forms oﬁ

r’

Caryapollenites, wrth C, wodehousei dxsplaymg a cucumpolar ring and C lmpuralis

- .’ <.

lackmg polar modlflcatron The termination of the range of Kurtzipttes annulatus

\ ,.
of lower Paleooene Momipites is strll present.

> There aré no lithologic . markers at the P3/P4 boundary as there are atﬁ'“
\J .

lower zonal boundarm. The P4 Zone must be ldennfxed on, the
p .

az
appearance of the two new Cczryapollenitefﬁ spec1es‘.’ However. the xntervalwcontammg

1 v

the P3/P4‘ boundary 1s a much fanramed sequence above the basal Paska
, ‘ A,

T

Lo g
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Formation. sandstones, and is characterized by an incregsing amount of argillaceous

and carbonaceous strata (Figure 15).

PS5 Zone

The upper Paleoeene PS Zone .is drstmguxshed by t.he appearanws of
Caryapollenites inelegans Pistllllpollenites ngregorll and Insulapollenues rugulatus
(Fxgure 14) (Plates 5, 6) P. mcgregorii is the most charactensuc and easily

recogmzable of these PS5 Zone specres, and usually appears first in the stratxgraphie

' record followed by the other two specm. In addmon te these appearanoes the PS

f

Zone is charactenzed by the overall asemblage domination by Momipites

‘ wyomingensis and M. venti_ﬂuminis (Plate 4).

_Obed-Marsh ‘locality (Figures 15 and 16). This comprises most of the Paskapoo

'Formation surface bedrock in the central Plains (Figure 17).

M. lefﬁngwellil which first appeared in the P2 Zone, ‘terminates within P4
Zone and is consplcuously absen( from the PS Zone assemblage (Figure 14). All
"other specrw of Momipites are present in this zone. Caryapollenites inelegam d1Splays
complete heteropolanty with all three pores having migrated into one hemlsphere of ,
the pollen grain. This species also lacks polar ’modif ication and is muCh more @
rounded in outline compared to older Carya'pollenues specres, whrch are sub-mangular

in shape Thrs rmnor charactenstlc was -also noted by Nichols and Ott (1978) in

.thexr 1dent1f1catron of this lmeage ' L o

Ag with the prevxous zonal boundary, the P4/P5 boundary is not drstxnguxshed

by any srngle hthologrc marker The Ps Zone must be 1dent1f ied by the f irst

appearance of Pistillipollenites mcgregorii. The PS5 Zone of the Paskapoo Formatxon

E includes abundant carbonaceous strata and. coel This zone 1nc1udes all strata f rom

the first occurrence of P. mcgregoril to the top of the_Obed No. 2 coal seam al the



p .

o

kX

P6 Zone

- strata (Fiéure 14). *

< .

In contrast to the distinction of the previous zones, the P6 Zone is

L 20N

‘characterized by the absence of three Momipites species, Viz. M. actinus, M.

triorblcularis, and M. waltmanensis (Plate 4). Similar to the P5 Zone however, the

3

overall asemblage is dominated by M, wyomingen.sis and M. ventiﬂumlnts, whxch’
are also associated with a full complement of Caryapollenites specxes.

The P6 Zone is hmned. both geographlcally and stratlgraphxcally. The P5/P6
boundary appears to comcxde with' the top of the Obed No 2 seam, and therefore.
the P6 Zone encompasses only those strata from: this level to the top of the

preserved Paskapoo ,,Formauon (Flg_ure 16). Due to the. limited geographxc extent of

the Obed-Marsh coal zone, the P6 Zone is likely to be restricted to this immediate

area (Figure 17) There does not appear to be any further pos.xble subdlvxsxon of

this P6 Zone asemblage, nor is there any suggestlon of Eocene age strata.

DIFFERENCES BE]'WEEN ALBERTA AND WYOMING PALYNOFLORAL ﬂ)NB
There are two major dnfferences between the Alberta zonation and that o

Wyommg ‘The first dxfference is the lack of Momipites spp. m the P1 zone .of

Alberta, and the second one is the paucity of Caryapollenites spp. in the upper

-Paleocene of Albe_rta"'. o : _ -

' -According'to N.ichols and Ott (1978) the P1 Zone in Wyoming is characte"riied

-

by the occurrenoe of Momlpites leffingwellii followed by M. wyomingen.ns and - —

M waltmanensls in ‘the P2 Zone. In the central Alberta Plains, these three specxes

R
g‘eergwyappear smaltaneously. and occur Awe_ll above the ‘Cretacequs-Tertiary
:,‘jt;ouodary. The_ distivoetion of M. leffingwellii appearing first in the stratigraphic "
;-{'.record does not seem to be_‘valid in A]bert'a.‘ Hence fhe P1 Zone in Alberta.is based |
on Wfodehousela fimbriata, whose presence is restricted to the. lowermost Paleocene E
R : . ; . e
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In ‘Vﬁoming, the upper Paleocene zones are disringuished by the
shift to Carya;;ollenltes dominance over Momipites, comparéd to. the Teverse for\the
lower, Paleocene. In Alber_ta. Momlpites dominatesfthro'ugﬁ”our, frhe Paleocene; while
Caryaéollenites remains a subordinate element in the upber Paleocene. wmﬁﬁ upper
Paleocene Zonw PS5 and P6, Momipites wyomingen.s'ls and Me\emiﬂuminis are
'domlnant wnh Caryapollenites oompnsmg a small percenmge of ‘the overall |

assemblage. ' " - " o

L

The lack of P1 Zone Momipites in Alberta mdy be due to the presence of a
pre-Pl zone in the lowermost Paleocene. Jacobson and‘Nic‘hols}‘fl‘982) have said:_
. * A : ‘V}\;
..We note however that (Newman) and (Tschudy) (oral comm., 1980)
smwd that a lowermost Paleocene pre-P1 Zone exists in some locations.

‘According to Newman and Tschudy, the zone is characterized by
. absence of specign of the Momipites-Caryapollenites lineage...”

The localities which ‘exhibit the pre-P1 Zone, are from the no“r‘tﬁem United Srates.

-

‘"A'Fms phenomenon likely represems the northward migration in the early Temary, of

--plants whxch produced Momipites pollen thus resultmg in Momipites diachroneity ~

from south to north. ln Alberta this i represented by a stratigraphic interval in the
- b Y

. lowermost Paleocene ﬂfﬁxch is devoid of Momipues spp. Hence the three species of

Momipites: appear srmaltaneously in ‘Alberta st?augraphrcally well above the.
Cremoeous—Tertlary boundary (Flgure 14) The Wyommg P1 Zone desrgnatxon of

Nichols and Ou (1978) based on the sole occurrence of Momipites lefﬂngwellii is

_ not vahd for northerly localities. The appearance of M. lefﬂngwellii in conjunctxon

wrth M wyomingensis and M. waltmarwmts, identifies the P2 Zone in Alberta,

with the P1 Zone devoid of‘ Momipites spp. This probably compares to the pre-Pl

A Zone of Newman and Tschudy -quoted by Jacobson and Nichols (1982).

- The later api;earanoe'of Momiplie_s may -also-account for the lack of

- Caryapollenites in the upper Paleocene of Alberta. The 'migration northward: and

subsequent domination of the palynofloral assemblages by Ca.ryapollenites perhaps did



not occnr until much_later in Alherta pomibly Eocene tirne. which is not represented
in the stratxgraphxc record of Alberta. ln examining fossil leaf physrognomy.
paleobotamsts have determmed that tljere was a drstmct warming trend at the end
.of the .Paleocene in the north-central United States ,Plains (Brown "1962.

.Hickey 1977, Wolfe and 'Upchurch 1986). This warmianerhaps resulted in the
¥ - .

flourishing of plants which produoed Caryapollenites pollen and hence their

abundance in the fossil record of this 'region. This'warrm'ng may Haye been less in -

Alberta, and therefore Momipites dominance extended through the upper Paleocene
» Brown (1962) also stated that fossil plant asemblages collected from

neighboring basrns differed greatly, and that there was a drstmct north-south climatic
. differentiation of the floras. However,' although climatic differences were no doubt
present between Alberta and Wyominé. determining kthese differences is beyonrl the
scope of the present study. | |

Otherl minor modifications to the palynoflo_ral. lineage established in Wyoming
inelude ‘the extension of the range of Momipite.; actinus to the top of the PSI Zone
(M. actinus is absent in the PS ‘Zone‘ of Wyoming) and the termination of |
Momipites waltmanensis at the top of the PS5 Zone in Alberta (M. walt manensis ‘is
present rhroaghout the upper Paleooene of Wyoming) (Figure 14) As well
consp.\.uous by its absence is Caryapollenites veripites f rom the Alberta record,
whereas rt is common in the upper Paleocene of Wyoming and characterizes the Pé6
Zone of that area. »

In conirm to these differences, there are similarities ifi the occurrences of the

alynoflorw which do not seem to be affected t;y latitude. These include the.

diversity of Momipites spp., and the appearance of Aquilapollenites s}indlosus and

iliaepollenites danei in the P3 Zone, the diversification of Caryapollenltes (.

* mégrégorii,- Insulapollenites rugulatus and Caryapollenites inelegans in the PS Zone.

housei and C. imparali.s) in the P4 Zone, and the appearance of Pistillipollenites
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VII. STRATIGRAPHIC OORRELATIONS

ALBERTA PLAINS (X)RRELA'ITVESO

"The most complete palynologlcal study of Scollard and Paskapoo , Formation
strata. of the Red Deer area was undertaken by Snead (1969), who onglnally studxed
~ the palynology of CH-65-1 (Wizard ‘Lake) and outcropping strata from the Red Deer
River valley in.searc'h of the Cretaceous-Tertiary ooundary (Figure 4). Snead (1969)
recognized the flqral cnange at the Nevis seam. but olaced tne Cretaceous-Tertiabry
boundary within a"transition palynofloral .asemblage above it. o

Zone B of. Snend (1969) encompasses the‘cn.tire:‘Ardley coal zone from the
Nevis seam to the, base of the Paskapoo Formation. This zone which contains

‘abundant Kurtzipites spp. and Myrtaecidites spp is 'eguxvalent to the P1 and P2

Zones of this study Snead (1969) d ' not find Wodehouseia fi rnbriata in sam
WL-,\3.0«. immediately above the Névis seam, .which was recorded su‘bsequently by Sinéh
(in Russell and Singh, 1978) who re—exan1ined Snead’s microfioral slides.

of inter’est was -Snead.'s placement of the Zone B/C division at the contact
between the Scollard and Paskapoo Formatans. This is equxvalent to thc P2/P3 zonal
' boundary Snead (1969) identified a distinct palynofloral asemblage comspondlng to
the Paskapoo Formation. Zone o} mcluded strata o the top of the Paskapoo Formatxon
within CH-65-1, ‘and this is equxvalent to the P3 Zone.

Snead (1969) identified two species of Momipites; M. inequalis and
.M. tenuipol&. From the syste;nntic descriotions and i)hotographs, the specimen of
M. inequalis described by Snead (1969) is acally M. wyomingen.sis ‘The range of
Sneads species is consistent within the P2 .and younger zones (Zones B and G.of
Snead 1969 Also, the specimen of M. tenuipolus (Snead, 1969) may actually
M. leffingwellti The specimen pxctured displays concave interporia with an 1nd1st1nct
polar isla\nﬁ; Nichols and Ott (1978) distinguish M. tenuipolus as dinsplgyingv polar

thinning rather than a disiinct island with a circumpolar ring as in M. leffingwellii.
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If 'the specimen displayed\by... nead (1969) 1s°M. lefflngwellﬁ its }nge is eonSistent
w1th1n the P2 and P3 Zones (Zones B and C of Snead, 1969) of CH-65-1.

Snead (1969) also plaoed stratigraphic value on such genera as:
’Betulacéoipolleriites, Carpinites, and Alnlpollenites. These gene’ra have been shown 10
occur sporadically throughout the Maestrichtian and Paleocene, and thexr;/angaphic
value therefore, is, very limited Also, species of Kurzeipttes spp. Which described
- by Snead (1969) as terminating at the top of the P2 Zone (Zone B), have now been
1dent1fied wnhm strata of the P3\and P4 Zones. v

‘Both Srivastava (1970) and Singh (in Russell and Singh, 1978) recogmzed that
Wedehousem fzmbngta does not range into, or above the Ardley seam, and was
limited to the interval between the Nevis and Ardley sea'm \Sriyasu;va (1970)
lor‘iginally termed this ;nterval the W. fimbriata Zone (IX); and this is »-equivalent w

R

the P1 Zome.
Singh (1n Russell and Sihgh, 1978) further recognized the importance of
: Retizresco!pues anguloluminosus and R. bathyreticulatus (described by Smgh as
h’Tricolpites rather than Retitrescolpites) in characterizmg the Ardley seam and the
uppermost Sc:)Hard Formation. Although these specres have been reported as’ occurring
sporadically in Maestrichtian strata, they reach a peak abundance in the Ardlcy seam
and upper Anrdley coal zone. Singh (in Russell and Singh, 1978) also placed
stratigr?pliic significance on rhe species Momipites tenuipolus w.ithin the uppermost
Scollard Formation, above the Arﬂley seam. This is not mconsxstent with the first

appearances of Momtpites spp. in the P2 Zone, and retains the observation that the P1

Zone contains no Momipites.
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ALBERTA FOOTHILLS OCORRELATIVES
~ Sweet (in Jerzykiewicz and Sweet, 1986a) has studied the palynology of the

Coalspur -'Formationﬂin t§)e‘ centrai' A.!bcrm Foothills, The Creta,coous-Ter’tiary boundary
has been identified at the base of the Myoheer seam, the .lowormost coal seam of the
Coalspur coal zone (Figure 18). This signifies that the Scollard Formation in the
Plains is coeval with the Coalspur Formation in the Foothills. Sweet has also
identified Wodehouseia spinata approxgnately .'one meter above the boundary irid?um
anomaly and synchronous palynofloral extinctions, coincident with occurrences of
Aquil&pollenlt'es reticulatus and A. immisef. This established thM the palynofloral
c'hanges related to the Cretaceous-Tértiary boondary in the Foothills sequence are . ~

_ consistent with those of tlic Alberta i’lains and Saskat:hewin ‘Sweet (in Lerbekoxo et

N

al., in press) has recently encoumered Wodehouseia fimbriata 1.15 m above the %':/

-

Mynheer seam, or 11.3 m above the boundary (Figure 18). This form enables one to o
correlate strata above the M‘ynheer seam .to the P1 Zone in the Plains.

From the Coalspur Anticline (Flgu? 19), Sweet (xn Jerzykxewmz and Sweet,
1986a) has identified the species Momtpues microfoveolatus within the McPherson coal
seam, approxxmately 165 m above the Cretaceous—Tertxary boundapy (Flgure 18).

Sweet suggested a correlation of the McPherson seam to the P1 Zone of Nichols -and -
| Ot (1978) based on this lone occurrence of M. mk:ro;r:oveolatus. Nicooh and Ott
(1978) have distinguished Momipites ﬁbofoveobatus. from M. waltmanensis on the
basis of modal diameter, thh M. waltmcmen.ris being shghtly larger No specimens of
M. microfoveolatus have been identified from the Plains, but in keeping wnth the -
finding that the P1 Zone is barren of Momipites spp., this occurrence of
M. microfoveolatus likely represents the P2 Zone. The 165 m interval from the »
@retaoeous—'l_‘ertiary bou'nda"ry to fhe McPl}ex"son seam is therefore interpreted as P1 f}
: _Zooe in age,"and presumably devoid of Momipites-spp. | ‘

_ Samples taken from the lowermost Paskapoo Formation, immediately’ above the
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Val d'Or seam (Figure 18) contained M.,gnbbfoveolatus and a k’m_e
specimen of Aquilapollenites spinulosus. Sweet (ip krzykicwic;!hnd Sweet, '1986a) -

suggested that due to the persistence of this lone species of Momipites, the entire

o

Coalspur Formation and lowermost Paskapoo FoMion were lower Paleocene P1 Zone

\ in’age. However, Sweet overlooked the importance of Asplnulosus in characterizing
‘the P3 Zone as established by Nichols and Ott (1978), and also confirmed by this
study. Although an 2bundance of FA. spinulosus was not encountered as in ;)ther P3
assemblages, ;Eis’appearahce suggests an equivalence with P3 Zone for the lowermost

v , .
Paskapoo strata in the Foothills, which would therefore be coeval with the basal
. . - *

Paskapoo Formation in the Plains.
In summation, the P1 Zone extends from the Cretaceous-Tertiary boundary at
the base of the Mynheer searm to the base of the McPh‘crsop seamg*n the Coalspur- “

Formatiog of the central Alberta Foothills. The McPh itself belongs to P2

Zone based on the first appearance of a Momipites species lerofoveolatus (Figure
18). The overlyiﬁg Coalspur Formation also belongs to fthe P2 Zone. The basal
Paskapoo Formation contains Aquilapollenites spinulosus, ‘clearly indicative of the P3

Al

‘ Zone. ‘
/.
SOUTHERN ALBERTA CORRELATIVES |
Sweet (in MclIntyre et al. 1984, and Jerzykiewicz and Sweet 1986b) has
examined the palynology fro;n a number of sites in southern Albena, from the
Willow Creek and Porcupine Hills Formations (Figure' 20). Sweet recognized that the
diversity of Juglandaceous pollen in Alberta was much less than that of asemblagé
in Wyoming examined by iNichols and /)n (1978), but @ve no e)_(planatioq.);
‘ In Mclntyre et al. (1984), from an outcrop of uppermost Porcupine Hills
Formation’ near Cochrane (Figure 20), Sweet identified an asemblage consisting of

Moﬁp@tes wyomingensis, M. wdtmanémﬁ and M.- veruiﬂumtnts.- This diverse suite

N
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of Momipites spp was mterpre by Sweet, as P3 Zone equivalent. From Big Hill
Sprmgs. northwest of Calgary, a slmxlar assemblage was x;ennﬁed including species of
Momipites annellus and Tiliaepollenites danel. The presence of T. danei suggests an
upper P3 é)one age, implying that the Big Hill Springs loce.lity may be slightly
younger than the Cochrane locality. | v

“-ln the De‘&inton Quarry, south of Calgary (Figure 20), no spemes of Momipites
were found. Sweet suggested that this asemblage was typically that of the earliest
Paleocene of the ‘Scollard Formation in the central Alberta Plains, and therefole'PI
Zone in age.

Sweet (in Jerz,yluewncz and Sweet, I986b)\ldent1fled the Cretaoeous—'l‘ernary

boundary near the top of Member D of the Wlllob Creek Formation in southwestern

Alberta (Figure 7). No speciec' of Momlpites were e/ncountered in the upper\part of

belongs to the P2 Zone, and

* uppermost Scollard Formation f f
Formtmon, however, exhibit a%dw;rse Mom _plte.s smte of” Mv amtellus .
M. ventifluminis, ‘and M. wagin%nemis, plus Aquilapotlenizes spinulasw and

& 6’4 E Sl e
;s.(ery charactens%xc of the uppef P3 Zone.

Tiliaepollenites danel. This sg
¥
From these correlatlon‘.ﬁ, ‘ 'vxdent that the ‘uppermost Porcupme Hllls

Formauon is older than thei :Iat the Blmdman locahty in the Red Deer River

valley. contradicting Carnli ' ) -‘lnterprebthn (Jergzykxewxc; and’ Sweet, 1986b).
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RELATIONSHIP OFTKh\YNOHDRAL AND VERTEBRATE ZONES IN AJ.BERTA |
. The ages for the Alberta vertebrate sites have been _derived from Krause (1978)
and Fox (1987, pers.” comm) and the palynol}xcal 1nterpretatxons are, from this study
and’ from Sweet (in McIntyre et al. 1984 and Jerzykwmcz and Sweet l986b)
(Figure 21). - ‘ ; o S ‘g. ‘ |

Although Canyon Skl Quarry and Swan Hxlls have not been mmpled for -

palynology, the vmebrate paleontology ‘illustrates that. they are of sumlar age to the .
Crestomere School secuon, and should drspiay a P5 Zone asemblage contammg

g,

Pistillipollenltes» mcgregoril (Fxgum 21).

SASKA'FCHEWAN (X)RRELATIVES

o —r

Sweet (1978) studied the palynology of the Frenchman and Ravenscraé
'Form'ations'of sou_thern Sask_atc_hewan, in order to aid in the identifigation and
correlation of the numerous Paleocene coal zones ?present. In the Cypress Hllls area
(Flgure 22), the. Cretaceous—Tertlary boundary was identified . at the base of the Ferris
coal, the lowermost coal seam of - the Ferns coal‘zone (Flgure 23). Two distinct

F

palynologlcal zones were identified by. Sweet (19/8},'Zone 1. from the uppermost‘r
Frenchman Formatxon "which is Maesmchtlan in age. an:i Zone :2 from the lowermost.
Ravenscrag Formatlon \yhlch is lowermost Paleocene in age. Zone 2 'was charactenzed
by an assemblage exhxbmng a low dxversrty of angrostllen, dommated Gy
gymnosperms. Spemmens of Wodehouseia spinata and Aquilapotlenites retzculatus were ‘
- recorded for the first time | in western Canada. A short mvtemal above. 'the boundary
/gt;ugraphxcally\ hlgher. Zone 2 was further charactenzed by Wodehousgia fi mbriata
Sweet (1978) equated uns Zone 2 to the W. fimbriata zone (lx}£r Snvastava (1970)

| and tlns is correlatlve to t.he Pl Zone. -

a

In the lelowbunch Estevan coal area (Flgure 22); five drstmct coaleonw are

present in upper Ravenscrag Formauon str@ta (Frgure 23) The palynofloral asemblages

LA
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Figure 21. Relationship of pa.lynofloral zones, with Paleocene stages
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studied were doxpinated by~ Cupressaceae-Taxodiaceae pollen, and differentiation of the
P‘ . .‘. o ‘ . .

2

individual coal sezrm/s was diff'icult. Species such . as »Aqui‘lap‘ollenite._r_ spinulosus were
Nd

1dent1f1ed in strata of";he Boundary coal ‘zone. with PLrtillipollenites ngregoril
present in strata above the Estevan coal zone (Flgure 23). Insulapollenites rugulatus
and Tiliaepollenltes danel were 1dent1f1ed throughout the entire sequence |

* For wtﬁe Boundary cTzone, the presence of Aquilapollerdtes spinulosus and
T,tliaepolleniter danei are indicative of at least a lace P3 Zone age. However, the
Bonndary coal zone also c‘optﬁins Insulapollenites rugulatus which h‘ppears tobeb
‘resmcted o the upper Paleocene in central Alberta. Nrchols and Ott (1978) had i_
addmonally characterized -the PS Zohe of Wyomrng by the presence of I rugulatut
however, Lefflngwell (1931) recorded thrs species from middle Paleocene strata of the "@‘ :
Fort Umon Formatxon Possibly the range of this specxes may extend 1nto older strata o
'1n sout}rerly localities. It is likely however, that the Boundary coal zone belongs w PS5
Zone but that species such as sttillipolhlenites; rncgregoril were not encountered. Strata» :
above rhe Estevan coal zoné are definitely PS Zone ‘correlavtives baSed«' o‘n the preeence

of P. ngregorit (Fxgure 23). Of note, Sweet (1978) 1dent1f1ed the specres

‘Caryapollenites vlridiﬂumimpues &rom thése upper Paleocene coal zones. Nrchols and

-
S

- Ou (1978) suggest that some °specimens previously 1dent1f1ed as C. vrrtdiﬂummzpttes
| ‘may actually be th Caryapollenites fnelegans, as the. difference !between these
two - species is very subtle Even so. the advanced degree of heteropolarity exhrbrted by

iboth of these species suggests an upper Paleooene, P4 w0 PS5 Zone age for this entue
interval from the Boundary througﬁ‘ Short Creek coal zones (Frgure 23) There are no

strata asignab(e 0 P6‘ Zone, as a diverse Mamipit‘es assex_nblage including M.. o

triorbicularis persists in”all coal zones. - S S A
SN , L o .
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UNITED STATES® CORRELATIVES v
. Stanley (1965) identified a palynofloral break (Cretaccous—Terttary boundaty‘-at

tne top of the Hell Creek Formation and recogmzed the presence of Wd’dehouw
spinata and W Jimbriata in the boundary mterval (Stanley, 1961) W. spinata %h_*‘:
1llustrated as terminating 1mmed1ately.at the .top of the Hell Creek Formation, wnh e
W. fimbriata appearing in Zono 1 (lowetmost.'Ludlow,) and ranging into the basct:f‘
Zone 2 of the lon(er Paleocene: This occurrence of W. fimbriata suggests a correlation .'
of these strata to the P1 Zone. | |

-

The ' only Spec1es of Momipites (1dent1fxed as Engelhardtia) identifed by Stanley

>(1965) was M. microfoveoldtu;. In the North Cave Hills and Crow Butte sections, this

species occurs within the upper portion of Zone 1, and docé not occur coincidontally
with Wodehouseia ﬁmbriatd”.‘ In the Twin Butte section however, the ranges bf these
two species .do overlao. This may not be unusual, however, because. of the earlier
first appearances of ‘Momipités in myre southerly localities. The occurrence of-
w. fimbriata at Twin Butte indicates P1 Zone, with' its termmatxon and the
occurrence of M. mu:rofoveolatus charactenzmg the P2 Zone There is no evndenoc 0
sugggst that any of Stanley’s sections reach the level of the P3. Zone.. ‘
Norton and i—lall (1969) confirmed- the. seduence of Wodehousela 'Spinaza and
W. fimbriata across the Cretaceous—Tertlary boundary, which was placed at the Hell
Creek-Ludlow contact in Montana They documented two species of Momtpites.
M. parvus and M. circularis. From their descnptlons, it is ev1dent that these two
spec1mens are of the genus Kurtzipites and not Momipttes. These specimens were
ongmally 1dent1f1ed as Momipites since- they lacked the nexinous thxckemngs at the
pores thought to be distinctive of Kurtzipites. SHMW (1981) recogmzlng thts, placed
M. drcularis into the genus Kurtzipites (K. drcularis). This species thus ranges from
the Heli Creek Fotxnation (Maestﬁchttan) into the Paleqcene Tullock Member of the ’

Fort Umy auon o 'rt%ng_and& Hall, 1969)
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Spécimens of ktttre@lﬂtes bathyr';:lcu‘l;tus and' R angulolumindrus from L
Montana (descnbed as Tricolpites by Norton and-Hall, 1969) occur through the Tullock
" Member and into the lower cho Member. In the Alberta Plains, these species are
common in the P2 Zone, but are absent from the P3 zone. From these ranges, the‘
Tullock Member_and at least the lower port_i‘on‘of the Lebo_Member are P1, andn i>2‘
Zone correlatives (Figure 11). o '
Leffingwell (1971) divided the Paleocene Fc;rt Union Formation of Wyeming .
into two palynofloral 20nes w;th a lower major palynofloral change takmg place zft :
t.he Cretaceous-Ternary boundary (Figure 24). Assemblage. B of Leffmgwell (1971)
was -interpreted as bemg lower Paleocene in ‘age encompassing stram of the Tullock
. and the lower portic:ni of the Lebo Member. This ;semblagev ‘was characterized by
Wodehouseia spinata in the lowermost portion, transcending the extinction of -
% Aq_uilappllehites spp. Assemblage B was further charac_teri.ged by the marked increase
A ix; Kuftzfpites épp. abundanoe. The P1 Zdne ‘is likely equi\:a-lent‘to the short interva.l
| ‘from - the base of the Fort Umon Formation to the level of the R coal (Fxgure 24),
Above this, the palynoflora} ascmblage contamed Mo.mtpttes tenuipolus Retitrescolpttes

angulolumlnosus R. bathyreticulatus, with abundant Kurtztpites spp. whxch is

\)
& .

dlstmctly P2 Zone, in age. Y '

The boundary betwqcn Leffingwell’s (1971) B*and C .f&.?s%mblage ébrreiat?s with
‘the P2/P3 zonal 'boundary, and is located at the level of the K coal in the Fort .
Union' Formation (Figure 24). ‘Asembla\ge C was characterized by the_appearﬁnce of
diverse Momipite: ‘spi);. and t.&iefrefon:r at least the lower _part of this asemblage is’ P3 Q’ ’

Zone equivalent. Oonspxcuous by us absence from Leffmgwell’s (1971) asemblages is

Aquaapollenites 3ﬂnulas-u.s which is thouglgt t be -common in mnddle Paleocene strata

c.

'{%aoughout the Umted States and, Canada. Also, 1 o lenis ruaulatuswesq R

mustrated as opcumng in-the lower part of Ase lgalffgent 'f_r_‘b'm-v«;
N‘ichols and ’Q" (1978) who documen » : n_f oft.hePS

o i RN
S THETE RN SRR R
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Figure 24." Coal seams of the Fort Union Formation and palynological .
assemblages of Leffingwell (1971) (stratigraphy after Leffingwell,
1971). - : -



Zone 3

: From the Gillette area coals,jlefingweu‘(1971) identified Caryapollenites ‘\ o
" veripites and C. virldifluminipites. As stated. previously, Nichols and Ott (1978) suspect.
that some ‘smci.m_ens of C. viridiﬂurhinipi?es identified by Leffingwell (1971) may be
Caryapollenites inelegans, and- therefore ;ndicative of the P5 Zone. Iﬁ the upper
Gillette coals (Roland coal), C. .veripit\es. b;comw_'dominant in the overall asscniblage
which can be corfela@ with the P6 Zone of Nichols and Ot (1978) "Also at this
level, many specws of Momipites terminate’ their upward ranges, or become greatly
reduced in number. Nichols and Ott (1978) stated, however, that P6 Zone strata are
likely present only in the western part of Wyoming, and therefore may not be :
present A‘in Leffingwell’s study a..rea..w

Boundaries between the P3 and P4. Zones,’and P4 and PS5 ibncs are ciifficult’ to
discern from Leffmgwells (1971) distributions, but may correspond to the I coal and

Canyon coal, respectively (Figure 24).
,



VIII SUMMARY AND CONCLUSIONS
The Momipltes—Caryapolleniles palynofioral lineage ‘has proven to be extnwlv '

useful in zonmg the Paleocene strata throughout the western interior of North

'Amcrica. From the initial work of Nichols and Ou (1978) in the Wind River‘ Basin

5\ i

in Wyommg. modnflcauons of the lineage wabllshed by them have been used in
zomngyNorth American Paleocene strata. One such modification has been found useful
for the central Alberta Plains. Division of the Paleocene strata ‘of the Scollard and
Paskapoo Formatxons ‘into six zones is based on the ranges of Species of Momipite.s.

Caryapollenites and other stratngr:ph:cally important specxe&

The P1 Zone, extendmg from the base of the Nevns seam (Cretaceous-Tertxary

: boundary) to the Ardley seam is characterized by Wodehou.seia Sfimbriata. P2 Zone,

from the Ardley seam to the top of the Scollard Formation is identified by .the first

. appearances of three Momipites species. The basenof the P3 Zone is placed at the base

of the pélynologicz{ui' barren- basal Pa{ksapoo Formation sandstones. The first

recoverable sample (approximately 15 m above the base of the formation) contains

diverse Momipites, the first Caryapollenites species, Aquilapolle'rzltés spinulosus and

\,

N ‘ :
Tiliaepollenites danei. P4 and PS5 Zones display a diversification of Caryapollenites

‘with the PS5 Zone further characterized by Pistillipollenites mcgregorii and

Insulapollenites rugulatus. The base of the P6 Zone is defined by the termination of

. the l'xpwa“rd ranges of three Momipites species (M. waltmanensis, M. triorbicularis, and

M. actinus), following the termination of Momipites leffingwellii at the base of the

’ P5 Zone.

\

In contrast to the P1 Zone of Wyoming, the Alberta P1 Zone lacks Momiﬁtes
+ The pre nce of this mterval devo:d of Momipites in Alberta, ongmally ldenufned by
Newman and Tsch\dy (Jacobson and NlChOlS, 1982) from the northern Umted States,
may be a reflection of climatic dlfferences between Wyommg and Alberta,

immediately followmg the termxnal Cretaceous event. The ‘climatic difference also
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ﬁndoubtedly played a rdlg m the paucity of Caryapollenites specimens in the upper

4

. Paleocene of Alberta. |
| ¢

This Momipites-Caryapollenites palynofloral lineage has also allowed for detailed

borrelations throughout Alberta. Comparisons with the palynostratigraphic findings of

"‘Sweet (in Jerzykiewicz and Sweet, 1986a) in the &ntral Alberta Foothills indicate

that the Coalspur Formation (Foothills) is coeval with the Scollard Formation (Plains), -

‘a'nd that the basal Paskapoo strata in both regibns, are also approximately coeval.

Southern Alberta palynostratigraphy by Sweet (in,Jerzykiewicz and Sweet, 1986b) "
shows that the lower Porcupine Hills Formation is correlative to the upper Scollard

Formation, and that the uppermost Porcupine Hills is older than the youngest Paskapoo

of the Red Deer Rivér valley. , ‘

Utilization of a Momipites—Caryaé&lenites palynofloral lineage in this study _has
‘enablgd construction of a f ramework - for Paleocene zonation in central Alberta. A
complet? description of all the palynoflo;a will fu'rther'enh:‘moe.this fx;amework and

help in delineating the paleoecological setting ‘during this time.
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) & SYSI'EM ATIC PALYNOLOGY

Dlvmm. ANTHOPHYTA

Clas DICOTYLEDONAE T
Flinily: JUGLANDACEAE
Genux Momlpues Wodehouse, 1933 emend. Nxchols. 1973
1933 Momipites Wodehouse, p! S11.
1937 Engelhardtiapollenites Raatz, p. 20 (nom. nud.).
‘195(5 Engelhdrdtioidites Potonie’, Thomson and Thie'rgan, p. 51
i953, Triatriopollenites Thothson and Pflug, p. 76 (partim).
11960 Engelhardtioidites Potonie’, Thomson and Thiergart ex Potonic’, p. 118.
1971 Maceopolipollenites Leffingwell, p. 29. |

1973 Momipites Wodehouse emend. Nichols, p. 106.

Type speaex Momipites corylotdes gw)odehouse. 1933 .
Momtpites lefﬂngWellii Nichols and Ott, 1978
. Plate 4, Figures 1,2

1971 Momtpttes tenuipolus auct. non Anderson - Leffmgwell p. ‘31, pl. 7, fig. 4.
1978 Momipites lefflngwelllt Nichols and Ou, p. 103, pl. 1, figs. 27-30..

Description: Triporate pollen, oblate, amb angular to ‘semi—lobatc wit_h straight w0
concave sides énd well rounded c(o;nersQ ‘Pores Qtriate, exopores circular to meridionally
,elongate, 1w?2 'mic'rons in diameter, endopores 6 to 10 microns in diameter. Exine 1

micron thick at equators, endexine not extending to aperture§ but ending at the

endopores to form the atria, ektexine thickcning slighﬂy at the exopores. Surface with

-~
fine, evenly spaced. agmnules (fmely granulate) Exine thinned at one pole in a

- crcumpolar ring surroundmg a polar 1s1and of exine of normal thickness, circumpolar

ring 1 to 3 microns wide, varying in shape from circular to rounded triangular.

67
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o . ‘ . %{ P R \M;w
Size: Diameter 17.4 (21.6) 25.3 microns ALY & .,
Spe(l,imens measured 24 ; ) Y % ‘
Discussion: Anderson's (1960) specimen of M. tenuipolus differs in‘shap;c and polar
strﬁcture from M. fe}ﬂngwallﬂ. ‘However, some illustrated specimens of Anderson

(1960) have concave sides and display both polar thinning as well as a poorly

4

defined island. The specimens assigned to M. tenulpolus by Leffingwell (1971) belong'

to M. léfﬂngvfellli. This species belongs. to the Annellus Group of Mowpttés of
Nichols and Ott (1978). | |
Occurrence: Zones P2 to P4, Scollard and Paskapoo Formz‘ations (P;leooene) central
Alberta Plains (this study). Assemblage B, Tullock and Lebo Members, Fort Union
Formation (Paleocent) Powder River Basin, Wyoming (Leffingwell, 1971). Zones P1
to P3, Fort Union Formation (Paleocene) Wind River Basin, Wyoming (Nichols and
Ott, 1978). ~

Momi;ité; wyoming;mis Nichols and O, 19‘7'8

Plate 4, Figures S, 6 |

1969 Momipites inequalis auct. non Agderson - Sneadv, p- 38, pl. 6, fig 5.
1978 Momipiies w‘yomihgen.s‘is Nichols and Ott, p. 100, pl. 1, figs. 1-4.
chnpnon. Triporate pollen, oblate, amb semi-angular with convex mt.erpona Pores

atrjate, exopores cxrcular to mendxonally elongate, 1 to 2 microns in diameter,

~ endopores 6 to 10 microns in diameter. Exine 1 micron thick .at the equator, endexine

not extending to aperttlxrw’ but’ending at the endopores to form the atria, ektexine
th‘ickening slightly towards the exopores. Surface with fine, evenly spaced granules
(f(inely granulate). Eﬁne of even thickness at both poles, lacking any structural
mo&if ication. ' '

Size: Diameter 20.2 (24.3) 26‘.9 microns

' Specimens measured 48



o ’ . !
. ‘ Momipites waltmanensis Nichals and Qn, 1978
¥ ‘ ¥

'\l‘ v ¥

‘ /"z , 69
Dlscum:m. This species displays the sin)mplwt mdrbhology. having convex interporia and_
lacking structure at the poles. It resembles M. coryloidea—Wodehom- 1933, from the

~

Eocene and modern Engelhardtia and Alj,'aroa. but is smaller than the Eooenc form

~and larger than the moderg species. It is sxmnyr to Anderson's (1960) M. inequalis

which differs in having unequal sides and 2 more angular amb. Snead’s (1969)

- illustrated specimen of M. inequalis is M¢ wyomingensis. ' | -

Occurrence: Zones P2 to P6, Scollard and Paskapoo Formations (Paleocene) central
Alberta i’lains (this swdy). Assemblages B and C, Scollard and Paskapo; Formations
(Paleocene) central Alberta Plains (Snead, 1969). P3 Zone, Porcupine- Hills Formation
(Paleocene) Big Hill Spfings/Cochranq. southern Alberta Plains (Mclntlre et-al., 1984).
Members D and E, Willow Creek and Porcupine Hills Formations (lower to middle
Paleocene) southern Alberta Plains (Jerzykiewicz and, Sweet, 1986b). Lance Formation

(upper Maestrichtian) Wyoming (Farabee and Canright, 1986). Zones P2 to P6, Fort-

Ufnon Fdrmatxon (Paleocene) Wind River Basin, Wyommg (Nnchols and O, 1978)
¢

3 % .

Plate 4, Figures 3, 4
1978 Momipites waltmanen:is Nichols and Ott, p. 102, pl 2, figs. -5-8.

Dmcnptnon. Triporate pollen, oblate, amb angular t0 semi-lobate with straight to

.concave mterpona and Well rounded corners. Pores atriate, exopores c1rcular 0

meridionally elongate, 1 to 2 microns in giamgwr,'endopores 6 to 10 microns in

diameter. Exine 1 micron thick at th;}quawr, endexine not extendin@) apertures

_but endihg at the éndopores o form the, atria; ektexine thickening slightly towards

the exopores. Surface with fine, evenly spaced granules (fmely grauﬁatc) Exine of
even thickness at poles, lackmg any structural modification.
Size: Diameter 18.7 (21.3) 25.1 microns

Specimens measured - 49.
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Dmcumm. This species is characterized by concave in'terporia' and a lack of structural "

/l
modlfrcatxon makmg 1t drstmct from other specms of Momzpites T
¢

Accordmg to Nichols and (197~8) Momi y erofoveolatus (Stanley) Nrchols,
1973 differs from M. waumanensis in havmg a smaller srze nand foveolate sculpture
Ko .

Howwer. the sxze range of M ma:rofoveolatus (15-22. nucrons) clearl} falls wrthm

®

the dxmenslons of M waltmanen.sis (16 25 mlcrons) recorded bﬁ Nxchols and Ott

, (1978) pﬁ the foveolate sculpture on Stanleys (1965) specrmens could be due 0

corrcsxon. -Moreover it is drffncult to dxscern from Stanleys (1965) photOgraphs as <10 -

‘whether ‘the sculptllre is foveolate or granulate Unnl the holotype of

»

M. microiovwlatus is restudxed the questlon of synonymy with- M. Waltmarwms wrll

remain’ uncertam M waltmanen.m belongs to the Corylordes Group. of Momtpues

CE |
L

| (Nrchols, 1973)

[ ‘ . ot

Occumnce Zones P2 0 P5 Scollard and Paskapoo Formatrons (Paleocene) central

0

w

‘Alberta Plams (this study), " P3 Zone, Porcupme Hills Formatroa (Paleocene) Cochrane, ‘

southern‘ Alberta Plains (Mclntyre et al., 1984)‘ Members D and E, erlow Creek and S

Porcupme Hxlls Formatxons (lower eo middie Paleocene) soutlé‘n Alberta Pla:ns

' . (Jerzyluewncz and Syyeet, 1986b). Zones P2 10 P6, Fort Umon Form ion (Paleocene)

(R

Wind Rlver Basm, Wyomlhg (Nlchols and Ote 1978)

© 4
o Momlpites ventiﬂuminis Nrchols ‘anﬁ Ott, 1978
e | . ST
. A,,’_.Plate4 Fxgum78 o T
‘ 1978 Momip! vtntiﬂuminis NlChOIS and Ott, p 102 pl 1, flgs. 9-14

L2

Deecnpuon. Tnporatc pqllen oblate. amb serm-angular wrth convex mterpona Pores ‘ :5'1,

7
- atriate,’ exopom mrcular to-. merrdlonally elongatat'l to 2 m.tcrons m dxameter, '

A

endopom 6 to 10 nucrons in dxameter Exrne l mlcron thrck at the equator endexme B

] . .
_ -not e,nendmg - apertures but endmg at the enr*opores t form the atrla, ektexme
3 3 ‘

thxckemng slxghtly,towan‘ls the exopores. Surface thh flne, evenly spawd granules

N



(finely~granulate). E‘xine thinned on one hemisphere forming three circular spots
. ,»" . . & ‘ . . i " .
7‘ approximately 3 t0.4 microns in diameter, ‘focated on the interporial radii about the

e ) | . . : e ,
. Size: Diameter 23.3 (26.2) 28.2 microns’
Specimens me‘aslzréd 30

‘Discussion: The three cxrcular spots around one pole and convex mtérpona are the "

| most d1st1ngu1sh1ng chractenstrcs of M. venttfluminis lt differs from M. rotundus

“(Leffingwell) Nichols, . 1973 whlch is larger (24- 34 mrcron's) and from B
) /

‘f‘M triorbicularis whrch has concave to stﬂlght m?porTa.
5 ﬁ o ) .
Fredenksen and Chnswpher (1978) hd(e tra%rreg M 3ventfﬂuminis‘ to the ‘

genus Pltcazopollis However, tlns specnes lacks ‘the plncae asocrated wnh the- thmned_

.areas, characterlstrc of the genus leatopollis and the author agress with Nichols: and
e,

> On (1978) who have retained M »vemiﬂuminzs rn the genus Momipites
‘Oci:uri‘ence Zones P3 o P6, Paskapdo Formanon (Paleooene) central Alberta Plains B
(this study). - P3 Zone. Porcupxne H)lls Formatron (Paleocene) Big Hrll

-\Spnngs/Cochrane,,southern Alberta Plams (Mclntyre et al 1984) P3 Zone, Porcupme

Hills Foﬂrl’at@n (Palebcenf) souchern Alberta Pﬁrns ({l*erzyklewylcz and Sweet, 1986b)
Zogs to P6 Fort t’mon Formatxon (Paleocene) Wind Rwer Basin, Wyommg
O ! .

(Nlchols and Ott 1978). -

.
[3

7% . Momipites annellus Nichols and Ow, 1978,
L = - Plate 4, Figures 9,10 ™
“ *

' 1978 Momipltes annellus Nlchols and f)v:t,/p 103, pl 1 fxgs. 22 25

TR

n

Descnlmon. Tnporate pol.len, éblate amb serm-angular wrth convex mte,rpona Pores o

"’T atnatel exoposres c:rcular to mendlonally elongate, 1 to 2 nnerons m dlamemr,

“

endopores 6 0 TO rmcrons in, dlameter Exme‘-"’f

e by
not extendlng to aperturos. but endmg at the .end!pores td”%?n the a?ﬁa, ektexme

B ’oqﬁ-'\( 3L

L&

‘"'cron thégk at- thr‘ﬁuator endexme



»

slightly thrckened to rds the exopores Surface wrth fme, evenly spaced granules
(fmely granulaé' Exine tlnnned at one pole in a c1rcumpolar rmg surroundmg a :
,poler island of exine of normal thrcrkness, circumpolar rmg approxrmately 1t3
» microns wide. | 4
- Size: -Diameter 241 (26 9) 284 microns | o - .
‘ Specrmons measured 35 |
Drscumron. Thrs specres closely resembles M. tenutpolu.s (Anderson,,al%o) whrch
however dlsplays an irregular, thxn pola.r area, but never a true well-defined polar
1sland of normal exine thrckneﬁ (Nrchols and Ott, 1978). M. annellu.s differs from

N b ]

M amplus (Leff mgwell) Nrchols 1973, which is much larger (28.7 to 37.3 mxcrons)

4

and from M. Zefﬁngwelld which is: smaller and has stralght to concave. sides.

M marylandicus (Groot.and Groot) Nlchols, 1973, differs in belng much smaller

: M. annellu.s belon%to the Annellus Group of ‘Momipites (Nrchols and Ott, 1978)

Occurrence: Zones P3 1w 1?6 Paskapoo Formatxon (Paleocene) central Alberra Plains
(this study). P3 Zone, Porcupine Hills ForQ}gnon (Paleocene) Blg Hlll Spnngs,

~
southern Alberta Plaxns (Mclntyre et al, 1984). Zones P3 to P6, Fort Union

Formatron (Paleocen'e) Wrnd'R.wer Basin, Wyoming (Nichols and Ott, 1978).
¥ R '
Momipites triorbicularis (l.effingw;ll) Nichols, 1973

Plate 4, Figures 11, 12

o

o7 Macebpou,‘,ozzehtte?i}ior‘bzcym Leffingwell, p. 30, pl. 7, figs. Sa-b.

1973 Momipttes trtorbicularis Nrchols p 107, pl. “1, figs. 15 7. 0 P
chnplanpor;ete pollen, oblate amb angular to semr-loba' with straight to '
concavc srdes and well ronndgd corner& Pores atnate, exopores ,'rcular to mendlona.lly

elongate 1 to 2 microns in drameter. endOpores 6 to 10 macrons in dmmeter Exme 1

mrcron thick at equ‘tors. endexmepnot extendlng to the apertum but" endrng .at t.he

endopores ‘to form the atna, ektexrne tlnckemng shghtly towards the exopores. Surface
-4

‘i”_- X
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: 737

‘with fine, evenly Sp'ace:r" g‘;anules (f‘inely granulatc) Exine thinned on one hcmisphere‘

'formmg three circular spots 3‘ to 4 microns in dnametcr that are located on’ ﬁxc
¢

v

mterponal radii about- the pole
Size: Diametcr 20.5 (23.5) 26.1 microns o R E

Speclmens measured 18. ' o -

Discumon. M. trlorbicularis dlf{ers from both M. vemifluminls and M. rotundu.s

(Leffingwell) Nichols, 1973, 1;1 ;oemg ‘smaller and‘ havxng copcave mtcrporm. It is
: .

most similar to M. waltmanensis but differs markedly in the development of the ' / '

three polar thin spots.. ' | .Y

) -'*Occurrenws: Zones P3 o P5 Paskapoo Formanon (Paleocene) ccntral Alberta’ P(lams o
&(thls sfudy) Assemblage C, Lebo and Tongue Rwér Membcrs, Fort Unxon Formanon

»

(Paleocene) Powder River ‘Basm. Wyormng (Leffmgwell 1971) Zones P3 to PS, Fort |

/
:Unfon Forrnatron (Paleocene) Wind RJVCI‘ Basm. Wyoning (Nichols and Ott %9 78).

- A

Momipites actinus Nichols'and Ott, 1978
Plate 4, Flgures 13, 14

1978 Momzpztes actinus’ Nlchols and Ott P ?03 pl 1, figs. 18-21.

£
chnptlon. Triporate pollen, oblate, amb angular to semi- lobate wrth stralght to

concave interporia and well rounded corners. Pores atriate, ¥xopores cu'cular_ to

N
¢

meridionally elongat‘e,,l to ‘2 microns. in ’d:ameter. enddpo ‘6 to .l.Oynmicrons‘ in
. dianleter. Exine 1 micron “thick at the "equa;or. endexine ot cxtending vto the apertureej“
‘but ending at. the endopOres"to form the atria thexine' thickening ;lightly wwards,
L the exopores. Surface w;th fine, evenly spawd granules (finely granu}ate) Emne

t.lnnned at one pole formmg a trlradlaw area that m&mbles a trilete mark‘ thh rays
: y .

[3

dlrected along the 1nterpona1 radn
Sme. Dlameter 23.0 (264) 300 microns . | gl@ . o

’ Spéctmens measured 28
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Dlscumlm. This species. dxffers from M leboen.sis (Leffmgwellr}- Nichols, 1973 whrch
is larger (27 w© ‘31 micronsy with convex interporia. It resernbles ‘M. t'riletipqllerti;es
~ (Rouse) Nichols, 1973, .\'vhi‘chl also has concave interporia but differs,in being smaller
(20 w0 23 microns). M. actinus is distinet from M. tHradiatus Nichols, 1973, the latter
'having a thickened 'triradiate structure with rays directed towards the pores rather
than arong the mterponal radii. Nrchols and Ot (1978) remark upoh the umque

taxonomrc character of M. actinus in that no convex counterpart is present in the

¢

Wmd vaer asemblage '
Occurrence Zones PZ. PS.&Skapoo Formanon (Paleocene) central Alberta Plains

(this study) Zones P3 to- P4 Fort Umon Formatnon (Paleooene)med Rrver Basrn.

L)

'. Wyoming (Nachols and Ott, 1978). (
B

o o N ‘
Yoo . @ o
Ay ’& o Geunx Cizr-yapollenjtes Raatz ex Potonie’, 1980 emend Krutzsch, 1961
1934 Caryae? poUenit*;ﬁ’otome and Vemtz p 21 (nom nud) S ' B
1937 Caryapollenﬁes Raatz,”p 19( nud)z . ‘ >_ St ‘
- S R
- 1960 Caryapollemtes ‘Raatz ex Potome p 123 ﬂ ' L & 'F'“fg o \
- 1961 Caryapollenites Potonié’\ emend. Krutzsch, p. 310 ‘ T
. B e
- ‘ A [
’l‘ype specres: Caryapollenites simplex (Potonre) Raatz, W "
Caryapollenites prodromus Nrchols and Ott, 1978 |
SO L Plate s, Fxgures 1, 2 o 5 K

1978 Caryapollenites prodromus Nrchols and @, p 105 pl 2 frgs. 1- §
Deacr;ptrop. Trrporate pollen, oblate, subangular with straxght to sllghtly concave or
" convex sides,‘and ,v::}ll rounded corners. At least one pore located off the equator

.. Pores atr'iatev, exopo

cmcular to mendronally elougate 2 microns i'n dlameter o \

5 endopores 10 mxcrons in drameter Exme 11w?2 m1¢rons thick at the ,equator,

' endexrne not extendmg to apertures but endmg at the endopores to form the atria.

L u ~



" ‘Wyoming (Nichols.and Ott, 1978). . . ~

\

Surface with fine, wid‘ﬂ‘).r'spaced'granulw (finely granulate). Exine at one: pole
thmned in a crrcumpolar fing - surroundmg a polar rsl’d of exme of normal

thickness, circumpolar nng o 4 mxcrons wnde ranging in outline from circular 10 -

rounded 'trianguiar. : ) : L
Sige: Diameter 23.0 (27.3) 317 microns ~ . o )
;ﬁ Specimens measured 50 \ TN o RS

i
¥ /s

“Drscumon. This species departs ’the most from the morphology of modern Carya.

®

Although Nichols and Ot (1978) describe C. prodromus as displaying s‘"“gh‘ o

f

'shghtly concave interporia,’ durmg the present study a few 1dent1cal specrmens gvere

@

i found with sllghtly -convex mterpona, Wthh have- been thcluded in this specres It

seems that th‘e-.m Fim ponant charactenstrc of this species is the drsplacemeyof at

f - R

least one pore f ro% the equator sQ that it lrw in one hemrsphere displaying a weak-

heteropoﬁm:y Great care must be taken in 1dent1fymg thrs Weak hetempolanty, and

adrstrngursmng thxs specm from M .annellus. The observer mrusi decrde as to whether‘

) J,he heteropolanty is real or if it is a prwervatronal feature
\D—

Occurre\noe. Zones P3 to P6, Paskapoo Formation (Paleooene) central Alberta. Plarns

: (ﬂns study). Zones P3 to P6, Fort Union Formarrqn (Paleocene) Wind River Basin,;,g’

3

.
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K “, N : o Plat ”,‘5, anure 3

1978 Caryapollenites lmparalis Nichols aid” Ott, p. 105, pl. 2, flgs 4-6.
Description: Tnporatc pollen, oblate, subangular thh stranght 0 ,convex sxdm and - r 2
well rounded corners. Two or more porw (nsually &ﬁy two) located off thg equabor «

. S ~t
Pores atnate, exopores cucular to mendlonally elong,ate, 2 mlcronsk-; : dxa,meter, ‘

..

\

cndopo% 10 microns in dlameter Exine 1 to 2 mxcrons thlck 'Gthxme not e &1
‘\.:

to"the aperturas but endmg at the endopores to form the atna Surfacc thh flne, "

widely spaced granules (fmely granulate) Exme of even thxcknes at bo;h poles ‘

~ Size: Diameter 25. lkﬂé) 31.2 microns

v Specunens mg 50-

Dnscumon. TI;:s spec;::s 1§3charactenzed ;)y the subequatonal posmon of the two por&s -

and d& lack of polar modification. The, two subequatorial pores are” not completely in '

one hemxsphcre, but the amb is bro - y. md;ntatnons at the pore posmons. ) -
b

L S
n having more pronounced heteropolarity and

C. imparali.s ditfers’ from C. p'odrom
: e 2

, lacking polar modificatio'n.
Occurrence: Zones P4 to P6, Paskapoo Formatlon (Paleocene) central Alberta Plams _

y (thls study) Zones P4 to P6, Fort Umo’ormauon (Paleocene) Wmd Rw ”’

Wyommg (Nlchols and Ott, 1978) , . )
. . .» . ) ": V "——‘_‘ B : T
’ @g . ‘ . ‘:w “‘7‘.?‘
L oy s Caryapﬂlenites wodehou.sei Nichols and Ott, 1%8 e AT
B .. 7 - Plate 5 Flgurw 4, 5 o RS “\*
1978 Caryapollenites wodehousel Nlchols%nd ott, p. 106, pl. 2, flgs. 9-11. -
Dwmptlon. Tnporatz pollen, oblate subangular ‘With straxg%t to codVex sides and
, well-rounded corners. TWo or - mom (usually only two) pom Ibcated off the equator, .
e

outhne not ennm. but at least one pore mdentmg the equatonal margin. Por&s atriate,

exopores cucnlar to menq;onalry clongau: 2 m1crons in diameter, endoporos 10
. . ¢ . . . W ) -
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micrbns in diameter. Exine 1 to 2 microns thick, endexine not extending to ‘apertures

\

but ending at endopores o form the atria. Surface wrth fine; widley spaced granules &

W,

(fmely granulate) Ex\!\tb@t’od at one pcue in a circumpolar ‘ting surroundmg a
polar island of exrne of n.ormal thlcknes. cxrcumpolar nng 24 mncrons w:de.
varymg in outine from cxrcular to anular | |
sifke: lf)rameter 25.1 (29 3) 32, 5 microns -

| Specimens’ measured'* 18 |

Dnscummn. This species is srmlar to C. prodro;nus with reepect to polar modification,

bq,t drffers m the degree of heterOpolanty It resembles C imparalis whxch however .

‘ dlffersun ankmg p01ar mod flcatlo&y The’ p&ts§ of Cs wodehousei am d‘;fp a%d but “‘»‘5‘3” «e_"wa
. LA, : :

+%=nat completely 1nto one hemxsphere One pore is onm the equatdr. andther one hes ’ .

partl n -one hemsphem dlsplaymg a notched amb and the third pore is completcly

in one hemrsphere M. amplus (Lefffrngwell) \hchols 1973, is’ similar in size and
o
, shape, but differs in havrng the pores on the equator. ) e

Occurrence: Zones P4 to P6, Paskapoo Formatxon (Paleocene) central’ Alberta Plains. . -

(this study) Zones P4 1 P6, Fort Union Formatlon (Paleocene) Wind River Basm,

-

Wy:mxng (Nrchols and Ott 1978). ‘ I - . P
’ O-’w ‘
yapollenites inelegans Nichols and Ot, 1978 ' :
g | Plate 4, Figures 6, 7 ' |
1978 Caryapollenites inelegan.s Nxchols and Ort, p 105, pl 2; figs.- 7, 8.
k\Dcscnptxon. Triporate pollen, oblate, amb well rounded tnang\llar to almost circlar
and unbroken by apertures. All' pores located entlrely' in one he'nmphere Pores atnate
o although the atna may be obscure in polar vrew Exopores crrcula.. 2w 3 mncrons Jin 5
: drameter, endopores qval and. equatonally elongate 10 microns in gre test diameter.
. Exine 1 to 2- mla'ons "thrck ,endexine not extendmg 0. the apertures bu\ endmg at the

" endgporw to form the atria. Surfaee with fme, wrdely spaced granules (fmely
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granulate). Exine of .even thickness at both poles, laclt.ingmpolar modification.

Size: Diameter 25.3 (29.1) 33.0 microns

Specimens measured 10
Discussion: This species is characterized by complete heteropolarity (pores are located

entirtlj ‘in one hemisphere) and the lack ‘ polar modification. The amb is entire

without indentations at the pore pgsitions. This factor distinguishes it fro

C. imparalis. The specimen amig‘ried to C. virldifluminipites (Wodehouse)

K
Webster, 1946, and 1llustrated by Leffmgwell (1971 pl. 6, fig. 4) exhibi w,eak“ _

!if."’"'l :

polar modlflcauon but not a true c1rcumpolar ring. Besides, C. vtﬁdiﬂumini%s is
-
conmderably larger (36 to 39 microns) than Leffmgwells .Specimen. Nxchols and Ott

(1978) suspecttthat this specnnen as well as others illustrated by Wilson and. Webster

& g .
(1946 fig. 13) may belong to C. inelegans. , o SN :

-

Occurrence: Zones PS and P6, Paskapoo Formation (Paleocene) Central Alberta Plai;xs.
(thi\s,sﬁdy)’. Zones PS5 and 126} Fort Union Formation (Paleocene) Wind River Basin,
Wyoming. Nichols and Ott (1978)

. S Family: TILIACEAE \ . o
Genux Tiliaepollemtes Potonie’, 1931 ex Potonie’ and Vemtz, 1934

: 1931 Tiliaepollenites Potonie’, p 556 (nom. nud.).

1934 Tgliaepéllenites Potonie’ ex Potonie’ and Venitz, p. 37.

1937 Tiliapollenites Raatz, p. 37. .. - . L
1953 Intratriporopollenites Thomson\and Pflug, p. 87. ’ ’ S
Type speces: Tiliaepollenites instructus Potonie’, 1931 ex Potonie’ and Venitz, 1934
RO ¥ iliaepollenites danei (Anderson) n. comb. ’ ‘
Plate 6,

A

ey 7



Description: Triporate pollen, circular in equatorin'l.outline. Pores longitudinally
elongate with thickenod‘tnargins.i Endexine curving inwards at the pores and slightly
thickened. Exine thtin, 0.5 microns’in thickness and /‘increar::jng to 1 nli:oron‘ at the ;
pores. Ornamemtation finely reticulate. | |

“3Size: Diameter 23.8 (26.1) 28.2 microns
iy | -
Specimens measured » 50 , -

Discussion: The thin exine, small size and very fine reticulate ornamentation are

B

. diagnostic of Tiliaepollenites.

Occumnce Zones P3 w P6, Paskapoo Formauon (Paleooene) central Albcm Plams

(this study).- Zone C, Paskapoo Formation (Paleocene) central' Alberta Plains (Snead,,
1969). Zone P3, Porcupme Hllls Formatxon (Paleocene) southern Alberta *Plains

(McIntyre et al., 1984). Ravenscrag Formation (middle to upper Paleooenc) southern
‘ cSaslgamhewan (SWeot, 1978). Nacmpenw Formation (lowermost -~Pnlecocne) San Juan’

W %

| Basin, New Mexico ('Anderson, 1960). B - W7

N - I
N L l': % 9‘, . ‘ T @ 9 ‘:-."‘.' .
7 - . "fd ' K ‘
| ' Family: GENTIANACE#] -
e ‘ Genus: PLstllltpollenit 1'9‘62"
1962 Ptstillipollenites Rouse, p. 206. . .
. \
» : - ) r
-

Typs species Pistillipollenites mcgregorii Rouse, 1962
‘ Pmtfi‘lpollenite;s mcgregorii” Rouse, 1962
Plate 6, Figures 11, 12 |
1962 Pistilllnollé;zités mcgregoril- Rouse, vp. 206, pl. 1, figs. 8-‘ *';
Descnpnon. Triponate"‘pollen, circnlar © b;oadlf snbtriangula:r! in outline. Pores Amay
Be elongated mendlonally “True colp1 -not deveIOped but may be represcnted by
depressed weak exinal areas, usually bordered by gemmae Ennc 2 to 3 microns thxck

, with ornamentation obscunng the dxstmctlon of cktexme and endcxme Outcr surface
. . o ¢

9



o

- : 0

. C 9
o R )

of exine (excluding:ﬁemmac) varies from smooth, b finely reticulate to punctate.

Ornamentauon copsists of gemmae varymg in number, size varymg from 1 w0 6 -

microns, gemmae are dome-shaped with a constncted base appeanng to sit in’ a ‘slight

depression.

Size: Dlameter 21.0 (24.5) 30.0 microns ~ -

Specimens measured 50 ¢ ‘ ’

Dmcumon. The gemmate ornamcncatnon is very characteristic of thxs species. A detmled

. description of P. mcgregorii has. been gnven by Rouse and Snvastava (1970) Elsik

(1968) proposed”an emendatxon of the genus to mclude tncolpoida_Ee and tricolpoidorate

pollen, howeven this was not accepted by Rouse'and Srivastava (1970).

i

Pistillipollenites was restricted only to triporate specimens.

Occurrence: Zones PS and Pol Formation (Paleocene) central Alberta Plains *
i .

.., sy o

(this study).,%Ravenscfag Formeti.oix (up’per Paleocene) sou;heni .,Saskatche'w‘an“"(Sweet,

S +
1978). Burrard Formatmn (mid- Eocene) Vancouver. British Columbla (Rnuse. 1%2)
Yy, [ ﬁa 2

D g .

Kitsilano Formation (Eocene) southern British Columbia (Hopkins, 1969) Eureka ]
 Sound and .Beaufort Forhatxons (upper Paleocene and Eocene) ‘Canadxan Arctic '
(Doernkamr; ‘et al., 1976). ZonesaP$ and _P6,i Fort Union Fc;rmatien (Paleoee;le) Wind
River Baein Wyeming (Nichols and Ott, 1978). flockdﬂe Lignite (uppe; Paleocene)

Texas (Elsxk 1968). Elko Formation (Eocene) Nevada (Wingate, 1983). Yakut Province

(Eocené) beena, USSR (Kulkova, 1968). European occurrences (see Krutzsch and
. f '

Vanhoor_ne, 1971) L

-

80



ANGIOSPERM POLLEN OF UNCERTAIN FAMILIAL AFFINITY

. " “I r&?‘ t ’.:’ . ’
Genus Retitrescolpites Sah, 1967 ‘< )

1967 Retitrescolpites Sa‘h; p. 56.

1969 Albertipollis Srivastava, p. 54. . “ Py

( Type species Retitrescolpites typicus Sah, 1967
b Retitrescolpites bathyreticulatus (Stanley) n. comb. .

y’b o Plate 6, Figure 4

1965 Tricolpues bathyreticulatus Stanley, p. 320, pl. 47; f:gs 18 23.° a4

’

chilpuon. Tricolpate pollen, oblate, circular’ in . polar view with colpl ga‘bmg. .

%
Emieaune 0.5 to 1 micron thxck Ektexine retxculate with large xrregularly ghaped ¥

lumma up to 3 rmcrons in dlameter Mun retipilate with capxtate plla murni’ low 05
mictons hlgh Colpi stralght and gaping, furrow margm smooth |
Size: Dxameter 23.0 (25.6) 28.2 microns S :
Specimens measured S / ’ R o N
Dlscu.«mon. This specie$ can be gsily distinguished from R. ankulolgminosu.s (Ahdersén)

Frederiksen, 1979, which has high membranous, r'n_u'ri.‘ (

Occurrence: P2 Zone, Scollard “Formation (Paleocene) central Alberta Plains (this

: o : ; . %
study). Scollard Formation (lower Paleocene) Red De‘er" River valley, central Albcm

. Formauon (Paleoogne) South Dakota (Stanley, 1965)

fUmon Formauon (Palcoeene) Montana (Nbffan aﬁg

L

% 4
¢ 3." ;,., o

-~ . . ‘e

Plains (Russell and Singh, 1978) Tullock and Cannonbau Members, Fort Umon 'M .

Tallock: andL"bo é""mb"g'

a " < éﬁ' &
Members, Fort Umon Format:on (Paleogene) Mon% @



" Retitrescolpites angulolu minosus '(Andermn‘)ﬁ |

Plate 6, Figurob‘. s

[

1960 Tricolpites anguloluminosus Anderson, p. 26, pl; Liame15-17, pl. 8, S P

figs. 17, 18. . 3 Y

2% . o

1979 Retitrescol pites anguloluminosus (Anderson) Fr n, p. 139, pl. 1, fig. 13.

Descrption: Tricolpate nollen, spherical, colpi gaping hnd reaching one-half to

two-thirds the distance to the pole. Exine reticulate with about 2 mijcron wide lumina
. AN

~
A

and moYe than 1 micron high.'membranous, narrow muri. Luinina angula\'i\._\' typically
peritagonal and not opening into the furrowo..,{-‘urrows bordered by muri which form
a margo. Lumina sometimes increasing in size near the furroW». '.

Size: Diameter 23.0 (25.1) 27.4 microns

Specimens measured 4 .
: : ) » 1 ‘
Dlscusnon. This species can be distinguished from R. bathyreticulatus by its high
. o

mcmbranous muri and angular, umformly shaped lu.a@ Accordmg to Norton and

Hall (1969) R. anguloluminosus differs from R. bathyreticulaius in having muri
~
which are not retipilate. :

Occurrence: Zone f?2, Scollard Formation (P;leocen,e) central Alberta \P‘iains_,‘(this’
study). Scollard Formation (16wer Paleocene) Red Deei River valley, central A(berta
~ Plains’ (Russell and Smgh 1978). Tullock and Lebo Membcrs, Fort Union:Formation
: (Paleoane) Monmna (No/non and H(].l f969) Tullock and Lebo Members, Fort Umon,
»FOrmauon (Pal,eoa:ne) Montana (Oltz, 1969) Asemblage B, Tullock and Lebo '
J" Membem; fopt Umon lf’ormanon (Paleocene) Powder River Basxn, Wyommg

ST S R
ﬁxf{aﬂ{weu 1971) Ojo AIdmo and Nacmnento Formauons (IOWermost Paleooene) San %

5

'ﬁlad ﬁasm New Mexico (Anderson. 1960) Moreno Formatxon (uppermost

Maestnchtmn)' San Joaquin Valley, California (Chmura, 1973%  Upper Moreno -

Formation (lowermost Paleocene) Catifornia (Dtugg, 1967). ‘ .

3



1971 Insulapollenltes lAffxngwell p. 48.

W ame
.

‘ Genus In.sulapollenites Leffingwell, 1971 i
- .

Typ species Insulapollenites rugulatus Leffingwell, 1971
fn:ulapollenites rugulatus Leffingwell, 1971

Plate 6, Figure 6 -

1962 Unclassified pollen Groot and Groot, p. 170, pl. 31, figs. 10, 11. N

1971 Insulapollenites rugulatus Leffingwell, p. 48, pl. 9, figs. 11, 12.

Ll

Dac‘riptiOm‘”Parasyncolpate polleni oblate, triangular in polar view with rounded

apices. Colpi bifurcating near the poles and at the angles of the amb to form islands,

polar islands triangular and 10 microns in diameter, islands at the ‘angles of the agmb

diamond-shaped. Exine 1.5 microns thick in the equatorial interapical areas, 1 micron

thick at the angle of the amb. Sculpture coarsely rugulate io the “interapical areaé.
. -

v

K]

" which produce morphologlcally similar pollen

~becoming _retic‘ulate to very fine reticulate within ,3 to 5 microns from. the. colpi.
qufatorial islands very finely reticulate, one polar island very finely reticulate, the

opposite island smooth to scabrate.

Size: Diem’eter 25.1 (29.6) 36.6 microns. o .

Specimens measured 4
wpd
Disr:uahan. Tlns species seems very characteristic of uppermost Paleocene strata based on

-
/«/

this study, and that of N:chols arid Ott (1978) alt.hough, it is 'usually not very = )

bundant However, aocordmg o beffnngwell (1971 py 1, 2), Insulapollenites”

. rugulatus make; its entrance & the base of Amemblage C (xm!dle of Lebo Member)

Whlch is most likely of mddle Paleocene ‘age in the Powder River Basxia

The natural afflmty of Imulapollenites may be thh\ Sapmdaceae of Myrtaceae

0

Occurrence. Zo(nes PS and P6, Paskapoo Formation (Paleocene) central Alberta Plains

-t

(this ‘study). Ravenscrag Formation (gpper Paleocene) southem ‘Saskatchewan (Sweet,



-~
.

1978) Asemblage C Lebo and “Tongue Rlver Members, Fort Umon Formauon

v (Paleocene) Powde{ Rlver Basm. Wyommg (Leff mgwell 1971) Zones PS and P6

: l;ort Union Formanon (Paleocene) Wmd River Basm. Wyomxng (Nnchols and On,

B 1978). Bnghtseat Form‘mon (upper Paleocene) Maryland (Groot and Groot. 1962)

i
7.
. K

e

-~ - m_ Genug Wodehou.scia Stanley, 1961

\;

1961 WodehouseiaStanley,pl% . o

"1961‘1{r£htofoviana Samo:lovxtch in, Samonlovmh and Mtchedlmhvxln p. 232

[ S . Tt

"v,l961 Regina Samonlovxtch in Sa oﬂovxtch and Mtchedlxshvnlx. P 240
1961 Deplexipollls Chlonova, P 81 S - .' cy -

Type.Species: Wodehousela spinata Stanley, 1961

' | W\odehouseia spinata Stanley,;f T961
<‘ . = . Plate 5 Fxgure 8
.1961 Wodehouseia spinata Stanley, p. 157 pl 1 flgs. 1-12.
1961 Kryshtofoviana vera Sammlovxtch in Samoxlovmch and ‘Vltchedhshvnll. p 233,
" \p}} 75 figs. 1a-d, 2, 3a—c T |

i l961 .peplexipollis ooculatus Chlonova, p- 81 L. 13, figs. .96 96&

Deccnphon. Tetraporate pollen, bxlaterally sym%-emcal Equatonal pollen profxle :

‘ cn‘cumscnblng longest gollen ans, oblate m subobfate A.permres bxmgemmate two
pores on each surface, elliptical, 2 x 5 microns in size, mset apprommately one-third
of, and at right angles tolthe longess pollen axis. Wall double layered. composed of \)
endexme whlch forms a central body, and” stratlfxed ektexme whlch forms a carmate
.flange Sculpture of ektexlne mlcroretxculate with mternal rod-like thxckemngs md

external spmw distributed along. and restncted to the f lange Equatona.l reglon v

- mxcropunctate Central body mlcroretlculate with the excepuon of 10 or 11 large

" spines, apprommately 11 xmcrons long” randomly distributed on’ each surface oy

8



P

7
e
/

“ Size: Length of central body 33.3 (39.3) 46.1 microns

l

L

7

/

- ‘

'Width _g‘f- central body 15.9 (20.0) 28.2 microns = . - / R

Overanl%. length 38.4 (47.5) 55.3 microns
Ove;all width 30.5. (35 6) 392 microns B
Drscumun. Wrggms (1976) defined brnlgemmate aperture in refemng to_an apertune,
pore ‘or colpus that occurs as ‘two parrs on any ngen pollen grain. This term was:
\ -
mxroduced partxcularly for the genus Wodehouseia : /* - '

', Stanley (1961) 1nst1tuted Wodehouseia for tetraporate palynomorphs posesmg a

flange. thh grang and- spmae for ornamentatron Stanley 9%61) suggwted that the

genus may have zoologxcal rather than botanical affi inities, Chlonova (1961) suggwted

an af‘fmxty of W spinata wrth Impatiens (Balsaminaceae) or Jollydora (Connaraceae)

,
Samorlovxtch (1961) Siiggesied a relatronshxp of Wodehauseia to the genera Justica,

Adhazoda. or Beloperone (Acanthaoeae) Superf 1erally these genera are similar to

Wodehouseia however Lefflngwell et dl. (1970) demonstrated fundamental drffe’rencw '

in the wall structure which precluded any relatronshrp to these taxa. Accordlng 0 k

Leffrngwell et al. (1970) the plants that produced Wodehouseta pollen became extinct,

“but were defmltely “of angrospermous ongxn. Thrs deductlon ‘was based on the exine °

g specres ranges a short mterval above the Cretaceous-Tertiary boundary Wodehouseia 1s'

structue. whrch involved a tectum cons1st1ng of a- frnely retxculate or ‘punctate sexme '

on the flange and mrcropunctate on the body At present, the otamcal affmrty‘ of

this genus is rnterpreted only as angrospermous (Farabee and

Srivastava (1970) utilized w. s;_iflata in zoning the Pper Edmonton Group of

b 'theRed Deer River valley. Leffingwell (1971) was“ the first to recogmze that this -

greatly drversrfred and abundant in the Mawtrxchtran strata of more northerly

localrues (Wxggms. 1976) and also occurs in the Paleooene, but in much less

LIS

,numbers. ,No'specr_mens of Wodehousgia have been identified from localrtreq southwest

Specrmens measured 25 ,‘ ' . o



!

of Colorado (Newman 1965). ' o O . <

Occurrence Basal Pl Zone. Scéllard Formauon (Maestnchtlan and basal Paleocene)

central Alberta Plains’ (thxs study) ScollarG\Formayon (Maestnchtmn) Red Deer Rwer .

valley, cqltral Alberta Plains (Snvastava 1‘966 to 1970; Snead 1969; Rusell ‘and Smgh. |

3

1978 Lerbekmo et al. 1979). Scollard Formation (Mawtnchtnan and'basal— Paleocene)
- Red Deer River vaney, central Alberta Plains (Sweet and Hxlls. .191§4) Collspur .
Formatxon (Maestm:lman and basal Paleooene) central Albem ‘Foothills (Lerbekmo et

al, in pres) Frenchman and Ravenscrag Formations (Maestnchnan and basal

. ———— —

Paleooene) southern ‘Sas?kawhewan (Sweet 1978, Jarzen 1982) Northwest Termorm

kS

and Yukon, Canada (Maestnchtxan) (Rouse and Snvastava 1972, Hopknns 1973,

>

Mclntyre 1974). Kanguk and Eureka Sound Formatxons (Maestnchtlan and basa.l

" Paleocene) Canadian Arctic (Doernkamp et al, 1976). Eureka Sound Formation (upper -

* Maestrichtian) Ellef Ringnes lsland, Canadian Arctic (Felix and Burbridge, 1973). Hell

Creek Formation (Maestrichtian) South Dakota (Star;ley 1961, 1965), Montana (Norton

~

"and Hall ‘1967, 1969; Oitz, 1969). Lance and Fort Union' Formations (Maestrichtian
and basal Paleocene) Powder -River Basin, Wyomlng--(Lel‘angwell. 1971).: Lance
Formation (Maéstrichtian) Wyoming (Farabee and Canright, 1986). Kemp Clay and

Kincaid Formations (Maestrichtian and basal Danian) Texas (Evitt, 1973).  Siberia ~

" «(Maestrichtian and Paleocene) U.S.S.R. (Samoilovitch and Mtchedlishvili 1961, -

* Chlonova 1961, Bratzeva 1965,.1967).

+ Wodehousela ﬂmbrla“tanley 1961 .
”~ -
: Plate 6, Figure 9°

v

1961 Wodehou.seia ﬂmbrlata Stanley, p. 160, pl. 2, fxgs. 1 8.

Descnptlon. Tetraporate pollen, blla‘terally symmemcal Equatonal proflle

. circumscribing longest pollemans, suboblate. Apertures blmgemmate, two pores _on‘each\

- surface, elliptical, 4 x 8 ‘microns in sjz'e,' inset approximately one-th"irjd of, and at
. . ﬂ : \ ,



¢

n’*w‘.

nght angles to. the longest pollen axls. Wall double layered composed of endexme

3 » which forms a .carinate flange Sculpture of ektexme punctanretrculate with, elongate .

\\',

1

AY

spmes. but’ remf“orced with harr—llke f 1mbrlae

"Size: Lepgth of central .body 435 (45.3) 499 m1crons

' Width of céntral body 12.0 (19.1) 22.3 microns

Overall length 60.2: L69 .6) 799 ‘microns

_Overall width 44.0 (§9.0) 74.2 microns B

Speamens measured 6

_'/ which forms ‘a constricted or "dumbbel]” shaped central body; and stratified ektexine

Dnscusnm. W fimbriata is readxly dxstrngulshable from W. spinata by the presence of

fimbriae on the flange, by the absence of splnes on both surfaces of the body, and

it's larger size. u

Wxgglns (1976) in his. complete review of Wodahouseia from Alaskm@xd not -

find W flmbrtata, but instead identified w. f‘ imbriata %ubsp. constricta Wiggins, 1976,

and W exceLsa (Samoilovitch) Wrggms. 1976. W. fimbriata differs from W.; excelsa in -

whxch the flange is adequately supported by elongate spine columns, and from w.

ﬂmbriata subsp. constricta which has const gcted flange at “the longxtudmal ends.

Canada are restncted to the lowermost Paleocene. Sr‘lvastavas (1969 p- 1310) report of

-

It seems that all occurrenoes of W. fimbriata from the northern U.S. and

o

W fimbriata in the Maestnchtxan from central Alberta is erroneous as he recorded. it

from strata above the Nevis seam. However, he d:d recognize the unportance of this

species unmedlately above the Cretaceous-Tertxary boundary (Snvastava, 1970)

- Occurrence: P1 Zone (Scollard Formatxon) central Alberta Plains (this study‘) Scollard

. Formation (basal Paleocene) Red Deer River valley, central Alberta Plains (Snvastava

1970) Scollard Formmon (basal Paleooene) Red Deer Rlver valley, central Alberta

Plains (Rusell and Slngh 1978, Lerbekmo et al. 1979) Coalspur Formation (basa.l

Paleoqene) central- Alberta’ Foothills (Lerbekmo et al., in press).

4

Ravenscrag Formation
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(basal Paleocene) southern Saskatchewan (Jarzen. 1982) Eureka Sodnd Forntation ‘.
(basal Paleocene) Canadnan Arctic (Doernkamp et al., 197)5) - Fort Unxon Formation

~ (basal Paleocene) South Dakota (Stanley 1961 '19155) Slbena (Maestnchuan w0 S Y

' Paleocene) USSR (Samonlovxtch and Mtchedhshvm. 1961) o S

K S . \" -
o R ‘ L .
Genus: Kurtzipites Anderson, 1960 emend LeffmgWeu 1971
- 1960 Kurtzipites Andérson, p p) N o .
1965 Aentgmapouts Stanley, p. 311. : v ’
- T .
1969 Corlaripites Srivastava, P49 : - ’ o

1970 Aquilapollenites (Fibulapollis) Chlonova in Kedves and K1raly, p. 87.

?
1971 Kurl'zlpites Anderson emend. Leffmgwell P 50.

Type Species Kurtzipites trispissatus Anderson, 1960 . _
e _ Kurtzipites trispissatys Anderson, 1960

\ | P‘late'6, Figure 2 |
Q’A19_6o Kurtzipites trispissatus. Anderson, p. 25, ’ figs. 1517,
1965 Aenzgmapozzls palyfé'rmis. Stanley, p. 312, pl. 46, figs. 22-25.
1966 Aquilopollenites minutus Srivastava, p. 542, pl. 10, figs. 2, 3.
1969 Corlaripites aliens Srivistava, p. 50, pl. 1, fig. 1.
| Descnpuon. Brevitricolpotate pollen, oblate,‘ subtriangular, sides convex &nd apices
shghtly protruded. Colp1 short on narrowly rounded corners, length from colpx tip. to .
equator about one-quarter of amb radxu&\&é atriate. ,Nexme smooth and thlckened-
- at polar extremities’ of oolpl, formmg dark spots about. 4 zmcrons in dlameter Sexme
very thm,‘ tectate. Sculpture appears finely granulate in transmxtted light but is
. tevealed as finely splntllcse ‘under _SEM (Srivastava, 1981.:)1.' 2, figs. 1-6).
Size: Diameter l9.2 (23.3) .26.1 microns ' : SRR

Specimens measured 50 .



Discussion: This 'snecies' is characterized by circular, dark spotsi at the polar extremities

- of short colpi

) Snvastavn (1981) revxsed the genus Kurtzipites, placmg Corlaripttes Snvastava.
Fibulapollts Chlonova and Ae mapollis Stanley into s)fnonymy thh I{unzi/pites
Certain specxmens cvscnbed as Porocolpopollenltcs of Elslk (1968) from ‘the Paleocene
in Texas may also be asmgnable to Kurtzipites (Farabee and Cannght, 1986) .
. Occurrence: Zones P1 to P3, Scollard and Pasknpoo Formanons (Paleocene) central
Alberta Planns (this study)c Horseshoe Canyon, Whitemud and Scollnrd Fo,;manons
(Campaman to Maestrichtian) Red Deer River valley, oentral Alberta Plaxns (Snvastava
'1967 1969, 1970) ques A and B, Scollard Formation (Maesmchtmn toPaleocene)
central Alberta Plains (Snead, 1969). - Coalspur Fofmation (Maes;nclman Q Paleooene)
central Alberta Foothxlls (Jerzykxewxcz and .Sweet, 1986a); aFnenchman and’ Ravenscrag
Formatxons (Mawmchtxan to Paleooene) Morgan Creek, southern Saskatchewan (Jarzen,
1977). Assemblages A and B, Lanee Formatlon, Lebo and Tullde 'Members, Fort Union
»" .E°’ma‘_’9’,’ (Mnqunenggnmgo_?gleooene) Powde_r _R“_’,e_!, Basxn. Wyomlng ('Leffmgwell |
_J971).  Lance and Fort Union Formations (l\)lae"strichtian to_Paleocene_)_ South Dakota
(Stanley, 1965). Hell ;'Creek \and Fori"Union Formations '(Maestriohtian to Paledcene)
Montana (Norton and Hall, 196{) Hell Creek Formatxon and Tullock Member. Fort
Umon Formatlon (Mawtnahtmn 0 Paleocene)-Montana (Oltz, 1969). Ojo Aclamo :

»

Formation (Maestnchtmn to Paleocene) San Juan Basm, New Mexico (Anderson. 1960)

Kemp Clay and Kincaid Formatlons[\(Maeestnchtxan to Paleo.cene) T_exas,(Evm, 1973).

M . * v
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' Size: Diameter 20.2 (23.6).28.7 microns

kurtzipites annulatus N“n. 1969
B ' Plate 6, Figure 3'

1969 Kurtzipltes annulatus Norton in Norton and Hall, p. 39, pl. §, fig. 13.

@

L]

.1969 Kurtzipttes . Snead, p. 52, pl. 5, figs. 15, 16. . A ‘ .

1971 Kurtzipites sp. Leffingwell, p. 51, -pl. 10, ﬁgs. 6. 7. ) |

1971 Kurtzipites cf. K. trispassatus (Anderson) - R.H. Tschudy. p "86, pl. 4, fig. 20.
1977 Kurtzipltes sp Jarzen. p 48, pl. 1, fig. 12. )

Descnptlon. Brevxtricolporate pollen, oblate. amb subtramgular, with convex sldes.

»

Colpi short on narrowly ‘rounded corners, length f#om colp: tip to amb one-quarter of
0. T

amb radius. Po.res atriate. Nexirie thickened cotmpletely around the.equitorial pore.

sexine very thin. Sculpture finely granulate. e

By

Spedmem measured 50_

Dlscmm. This spec1es 1s distinct from other. forms of Kurtzipites in that the

v ' nexinous thnckemngs completeély surround the pore. unlxke K. trispa.uaz(u in wmch the

thnckenmgs are in the form of a dark spot at the polar extrem.tty of short colp:.
Owumnoef Zones P1 to P3, Scollard and Paskafioo Formations (Paleocene) central
Albera Plam?)(thxs study). ‘Zone B, Scollard Formatlon (Mawtnchnan to Paleocene)

central Alberta Plains (Snead 1969). Frenchman and Ravenscrag Formations

"(Maestrichtign=to Paleocene) Morgan Creek, southern S\askaeehewon (Jarzen, 1977).

Ffenchman Formation (Maestrichtian) nouthern Saskatchewan (Sweet, i978).

avepsbrag For,matlon (Paleocene) southern Saskatchewan (Jarzen. 1982) Amemblages

\-

"'A and B, Lance Formauon, Lebo and Tullock Members, Fon Union Formation
(Maestrichtian t Paleocene) Powder River Basin, Wyoming (Leff ingwell,- 1971). Lance -

Formation (Maestrichtian) Wyoming (Farabee and Canright, 1986). Hell Creek and

Fort Union Formations fMaestrichtian to Paleocene) Montana \p@orton and Hall 1969,

RH Tschudy 1971) Hell ’Creek Formation and Tullock Membcr Fort Union
k)
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| ):ormat'ion (Mnestﬁcil'tion to ‘Palc()cene) Montana \4)1&.“1969).l o ‘ e
-. Kurtztpltos crcularis (Nonon)' Srivastava, ‘1981 X -7 “
. late .“ Fxgurelll .
196§ Monutpttes drclrl.r Norton in Norton' and Haﬁ p. 37, pl. §, fig.'8. -

1971 Kurtztpm: .rlmplex Leffwell, p. 51, pl.. 10, fngs. 2- 4b‘ )

M convex sides. Colpi

short on narrowly rounded corners, length from colpf’ txps to equator one-quarter 1
one- half amb radius. "Pores atriate. Nexine of even thickness, sexine very thin.*
Sculpture fmoly granulate, | *
Siz: Dismeter 20.0 (23.3) 26.4 microns
“ Specin:ens moasured 29 R

Discussion: K. circularls is distinct from other forms of Kurtzipites in the absence of
nexinous thickenings at the polar- extremities of the colpi.

Occurrence:  Zones P1 and P2, Scollard Formation (Paleocene) central Alben;n Plains
(this st[u_dy).‘ Asemblaées A and B, Lance Formation, Tullock and‘ Lebo Members,
Fort Union Formation ‘(iviawtr,ichtian to Paleocene) Powder River Basin, Wyoming
(Leff ingwell,”1971). Hell Creek and Fort Unios Formations (Maestnichtiqn to _
Paleocene) Montana (Norton and Hall, 1969). Hell Creek Formation, Tullock and Lebo

Members, Fort Union Formation (Maestrichtian to- Paleocene) Montana (Oltz, 1969).

- [N
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Genux Aqutlapollenues Rouse, 1957 émend. Funkhouser. 1961
1957 Aquilapollenites Rouse, p. 370. '
1958 Pentapollenites Krutzsch, p.‘520.
1961 Aqullapollenites Rouse emend. Funkhouser, p. 193. .
1961 Triprojectacites Mtchedlishwrili in Samoilovitch ot al, p. 203. (Supergroup)
1961 Triprojectus Mtchedlishvili in Samoilovitch et al., p. 204. |
1961 Aquilapollenltes Rouse eme‘nc‘i. 'Mtghedl‘ishviliA in S:a:qoilovitch et al., p. 209.
1961 Iruegricorpus Mtchedlishvili in S8amoilovitch et al., p. 217. ‘
1961 Mandcicorpus Mwhedlishvili m Samoilovitch ég al., p. 218.
1961 Parviproje'c"tus M‘tchedlishvili‘ in Samoilovitch et al., p. 225.
1961 Projectapoﬂtes.Mtchedliihvili in Samoilovitch et al., p. 227.
1961 Trioerrzpollis Chlonova, p. 85. j )
1961 Tran.sluceﬁtipollls. Chlonova p. 89. : |
1961 Accuratipollis Chlonova, p. 91.
1961 Taurocephalus Sunpson. p. 440.
1968b Aquilapollenites Rouse emend. Funkhouscr restr. Snvastava. p. 668
1968b Mancicorpus Mtchedlishvili in Samoxlovnch er al. emend. Srivastava, p. 695.°
Typc species Aquilapollenitcs quadrllobus Rouse, 1957
= . Aquilapollenites sptnulosus Funkhouser. 1961
Plate 6, ,ﬂ"rgures 7, 8
1961 Aquilapollenites spinulosus ‘Funkbouser, p. 194, pl. 1, figs. 4-6.
iption: Isopolar, tridemicol'pa{e. Body, With three. oquatorial protrusions and‘ two
pola protrusion's: diarneter of polar protru‘sions -approxirnately equal to the diameter of
polar protrusions. Demicolpi.‘ located within the concavities between the equatorial and
4

polar protrusrons wnh smooth, narrow. thickened bands panllelmg each demxcolpt

i
Remainder of body covered with randomly spaced spinules 05 to 1 micron long, and

A



[

-

.

1 w 2 microns apart, spinules on the equatorial prouusioris curving back towards the
w '
polts. ' - ’ :
Sige: Overall length 26.1 (35.1) "41.0 microns

. ¢
Width of polar protrusxons 9.5 (11 8) 15.1 microns
Length of equawrhl protruslons 12.5 (16.3) 21.0 microns
,W1dth of equawriluprotrunons 7.7 (9 §) 12.8 microns %
Width of bod’y-azs (15.4) 18.1 microns

Specimens meuured .25' ' oo

h i

Discussion: The propmed subdivision of Aquilapollenites by Mqhedlish{liii (in
Samoilovitch et al, 1961) and Srivastava (1968) are not acceptable for two reasons: a)
the genera are not clearly distinct from each other and b) Aquilapollenites would be
dcpnved of it's type specnes (BD Tschudy and Leopold, 1971). Mandcorpus would
usurp the type species A. quadruobus.

" A. splnulosus differs from A. attenuatus in having shorter equatorial

.

[ .
protrusions, no punctae, and the spinules are not grouped into definite areas. There is

__a question also, as to whether Aquilapollenites should be defined as tricolpate, or

: W . . ) .
tridemicolpate. Certain species clearly show the colpi- extending about the polar

" protrusion wheras other species do not show this feature precisely. A polar view of

- the specimen is necéssary to distinguish this fact.

A. spiwlasus is the only well—docpmented' species- of Aquilapollenites from the
middle Paleooene of the western interior of North America. 7
Occurrence: Zones P3 to P6, Paskapoo Formatlon (Paleocene) central Alberta Plains
(this study). Zone C, Paskapoo Formation (Paleocene) central ‘Alberta Plains (Snead,
1969). Paskapoo Formation (Paleocene) Red:-Deer River valley, central Alberta Plains
(Russell and Singh, 1978)/‘P‘orcupin¢[ Hills Formation (Paleocene) southern ,Aiberta

Plains. (McIntyre et al., 1984). P3 Zone, Porcupine Hills Formation (Paleocene)

southern Alberta Plains (Jerzykiewicz and Sweet, 158617). Paskapoo Formation
. R “ .
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" (Paleocene) central wﬁ(ﬁhm Foothills (Jcrzykiewicz.and Sweet, 1986a). Ravenscrag
Formation (Paleocene) southern Shskatchewan (Sweet, 197)8).. Fort Union Formation
(Paleocene) Wybming (Funkhouser, 196‘1).. Sentinental Buijs Member. Fort Unioﬁ
Formation ' (Paleocene) North Dakota; Tongue River Member, Fort Union Formation

(Paleocene) North Dakota; Coalmount Formation (Paleoceng) Colopado; Hell Creek

Formation (Maestrichtian) Monmna (Tschudy and Leopold, 1‘971). Zonu P3 to P6,

" Fort Union Formation (Palco?ené) Wind River Basin, Wyoming (Nichols and Omt,

1978).
d
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p. 67 \ |

Figres 1 and f

(Fig. 1 CH-4-82, 56.2 m\136.0 X 97.2)

(Fig. 2 CH-3-82, 81.3-mJp43 X 108.6) |
p. 69 °

"t

Figures 3 and
(Fig. 3
(Fig. 4

N

05-1-6, 20.8 X 97. St
70

Figures 5 and
(Fig. S

(Fig. 6 0S-1-2, 10.8 X 100.6)

Figures 7 and 8) Momipites ventiftuminis Nichols and Ott : p.
(Fig. 7 ON-2-2 (10-30 micron fraction), 13.7 X 101.0) :

(Fig. 8 0S-1-7, 43.6 X 97.4) ,
Figures 9 and 10) Momipites .annellus Nichols and Ot ' p- 71
CH-3-82, 124.6 m, 36.7 X 96.9) . | ‘

+(Fig.
(Flg 10 J-LC-5, 32.3 X 973)
12) Momipites triorbicularis (Leffingwell) Nichols and Ott

and

CH-2-82, 27.0 m, 22.0 X 109.0)
CH-3-82, 132.3 m, 29.3 X 108.9)
7 p.- 73

Figures 11
(Fig. 11

(Fig. 12
14) Momipites actinus Nichols and Ott

Figures 13 and ‘
(Fig. 13 CH-3-82, 124.)6{/W X 105.1)
. J-LC-4, 36.8 X1 ‘

(Fig. 14
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PLATES -
* (All figures X1000)

Figures 1 and 2) Caryapollenites prodromus Nichols and Ott
(Fig. 1 ON-2-4, 26.4 X.102.7) ,
(Fig. 2 CH-4-82, 562 m, 109 X 106.1)

AN . - L4
A} \

Figure 3)-Caryapollenites imparalis. Nichols and Ott ‘

(Fig. 3 CH-3-82, 62.25 m, 43.7 X 106.9)

Figures. 4 and 5) Caryapollenites wodehousey Nichols and Ott
(Fig. 4 CH-3-83, 132.6 m, 7.0 X 103.0)
(Fig. 5 CH-2-82, 270 m, 33.0 X 108.0)

Figures 6 and 7) Caryapollenites inelegans Nichols and Ott
(Fig. 6 0S-1-2, 360 X 972)
(Fig. 7 ON-2-2 (10-30 micron fraction), 47.0 X 102.9)

Figure 8) Wodehousela spinata Stanley
(Fig. 8 CH-4-82, 112.2 m, 441 X 97.1)

Figure 9) Wodehousela fimbriata Stanley

(Fig. ‘9 AR(1)}-2, 27.8 X 96.0, specimen courtesy C. Singh)

. 74

. 76

. 76
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. 84

. 86
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i PLATE 6

(A1l figures X1000)

Figure 1) Kurtzipitee circularis (Norton and Hall) Srivastava
(Fig. 1 CH-3-82, 221.0 m, 326 ¥ 99.3)

—

Figure 2) Kurtzipites trispissatus Anderson
(Fig. 2 CH-2-82, 1409 m, 27.5 X 99.7)

Figure 3) Kurtzipites annulatus Norton and Hall
(Fig: 3. CH-2-82, 1409 m, 394 X 97.8) N

Figure 4) Retitrescolpites’ bathyreticulanu (Sumley) n. comb:
(Fig. 4 HV-19, 42. 25 m, 22.3 X 95.8, specimen courtesy C. Singh)

Figure S) Retitrescolpites anguloluminosus (Anderson) -Frederiksen
(Fxg S HV-19, 4225 m, 4.9 X 94.1, specxmen courtesy C. Singh)

Figure 6) Insulapollenites rugulatus LeffingwelP‘
(Fig. 6 CR-1-1, 10.2 X 104.7)

Figures 7 and 8) Aquilapollenites spinulosus Funkhouser
(Fig. 7 CH-3-82, 96.15 m, 26.7 X 105.0)
(Fig. 8 CH-3-82, 96.15 m, 25.7 X 96.9)

Figures 9 and 10) Tiliaepollenites danei (Anderson) n. comb.
(Fig. 9 J-LC-S, 46.2 X 99.1) \
(Fig. 10 CH-3-82, 96.15 m, 33.8 X 93.0)

Figures 11 and 12) Pistillipollenites mcgregorii Rouse
(Fig. 11 076-54, 356 ft, 16.4 X 95.4)
(Fig. 12 CH-3-82, 63.75 m, 5.4 X 102.6)
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- APPENDIX A ./ ' Ty

DETAILED ANALYSES OF SAMPLED LOCALITIES

_* PLAINS (X)REHOLES (Tables 1 to 4, Flgure 15)

at 1581 m but are absent ‘at’ 1575 m, thh common Wodehouseia spinaza at

'CH-2-82 (Haynw) (Taggleggl Fxgure 15)

The Cretaoeous—’]‘ernary boundary thhxn ‘CH-2-82 (Haynw) oocurs in the

t

. 1nterval from 15%5 m to 1581 m. Specunens of Aquilapollenites spp are abundant

1570 m The coal at this level is therefore 1nterpreted as tne Nevxs seam oOn thm
) basxs, with the b0undary located . at it’s base (Sweet and Hllls. -1984), This

’ distribut_ion in CH-2—82 confirms the . sae=ce of W. spinata for a short 1ntenva1
" above the extinction of Aquilapollervres s (Leffingwell 1971, Sweet a‘nd"Hills
. 1984). Sweet and Hills (1984) have als. .ﬂennfxed A. rettculatus as occumn§

c01nc1dent thh W spinata for thxs short interval above the boundary.

The P1 Zone -extends fizom the Cretaceous-Tertlary boundary to the base of

the Ardley seam identified at a depth of 143.0.m. This coal seam can be 1denuf1ed

\

by the dxstxnctwe sequence of coal and bentonmc partings (Campbell 1967). Thxs P1

Zone is charactenzed by Wodehouseia ﬁmbnata. Momipites wyomingensis fxrst =

‘appears at: 1375 m mdlcatxng the P2 Zone. Thns zone conunues up to the base of

the Paskapoo Formatxon which is- 1dent1f1ed as. the fu'st thick sandswne unit above
the»Ardley seam (beson, 1977). The Sc_ollard/Paskapoo contact is plaoed- at 109.0 m.
The flrst Available palynology sample above the basal Pasknpoo sandstone is at

81 7 m, thus there is an 1nterva1 of 27 m of sandstone w1th no palynologlcal

4
ot

ntrol. Ry _ ‘
" The P4 Zone is first represented'in ’CH-2-82‘by the appearanoe of

Tiliaepollenites danel at 28.0 m (uppermost P3 Zone) then at 27.0 m by the

presence of C. imparalis This P4 Zone assemblage contxnues to the top of the core.

S
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‘

" CH-3-82 (Lacombe) (Table 2, Flgure 15)
| - In CH- 3 82 (Lacombe) the Nev1s seam is identified at a depth of 2448 m

based on the extmct:on of Aqutlapollenttes spp.. ’I‘he Ardley seam is xdentlfxed at

- 233, 65 m. Momlpites wyomingensis fu'st appears at 221.0 m 1nd1cat1ng the P2 Zon@ '

in whnch the upper Ardley coals are Very well developed, as in CH- 2- 82.

- An unusual s1tuatxon is encountered ‘in_ defining the Scollard/Paskapoo wntaet :
in CH-3-‘82. A channel sandstone sequence is: present from a depth of 2(.)5: m t
186 m, capped_by a small coal seam, and the -question': aris_ee as to whether this.is a

. baéal Paskapoo sandstone, or--a Scollard channel (a channel sandstone interbedded with-

T
~.

Ardley coals) Thns sxtuanon illustrates the d1ff1cult1es in apglymg the outcrop
nomenclature of Gibson (1977) to the subsurface If the coal at 186.0 m is.
mterpreted to be an Ardley coal, then the sandstone 1s in the Scollard Formation
"Otherwxse, by defxnmon, this lower sandstone is basal Paskapoo Formatxon The
palynology of thlsx coal unfortunately, is equxvocal as it does not 1splay any |
: charactenstxc P2 nor P3 Zone specm, there are no species of Momipttes, nor is
Aquilapollenttes spinulosus presenL Therefore, the. base of the Paskapoo Formation is
placed at the .base of this lower sandstone unit.. Above the second sandstone wquenoe
m CH-3-82," a diverse P3 Zone asemblage is present at 150.4 ‘m. Followmg this at
1326 m, Caryapollenites imparalls and C. wodehousei appear, charactenstlc of the P4

Zone. These uppermost P3 and P4 Zones are rcpresented by a much flner grained

interval above the basal Paskapoo sandstones. Thts finer gramed» mterva.l is
charactenzed by small fining u upward sequences capped by carbonaceous beds.

N In CH-3-82, the appearance of Pistillipollenites mcgregoril at 2 depth of *
727 m, cotresponding 'wﬂith the termination. of the range of Momipites le}‘;ﬂrtg‘wellii,

dlstmgunshes the PS Zone. Tlus PS Zone assemblage is present to ‘the top of the

) core, with the continued dxversxty of Momipites spp 1llustrat1ng that the P6 Zone 1s

-8
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not encountered. The‘refore. within  CH-3-82, a com.plete P throu‘gh, PS5 zonation is
present. - ' ' . B
CH-482 (Clive) (Table 3, Figure 15) L ' s

The situation present in- CH-4-82 (Clive) is anomilous in- that the interval @

from the top of the Battle Formatxon 10 the Ardley ‘seam is. reduced and the Nevxs
seam is mot present. Thxs “lnterval in this core is only 17 m, even les than that
recorded by Lerbekmo -and ‘Coulter (1985) for a similar sifﬁt_)o; at their Wood Lake
sectien; Within this inferval. there is no coal nor carbonaceous shele. instead three
"small sand sequences are present Frbrﬁ the palynology, the semple at '1125 m is
I\@estnchtmn due w0 the occurrenoe of dxverse Aquilapollenites The sample at
. 109.8 m contains Wodehousela spinata, the 109.6 m sample is barren, and at 1080
m, W ﬁmbrlata 1s present mdxcatxve of the Pl Zone. The Cretaceous-Tertxary\ |
boundary thus hes in the interval from 1125 m w 108.0 m. Since 1‘098 m
.contams w. spina:a but lacks Aquilapollenites it is mterpreted as Paleocene. and the
boundary placed at the base of the'mndstone-sequence at 112.? m. This series of
channel sandstones lS likely to heve eroded vaw_é’ﬁr tl.xe: Nev_ie seam,’ replacing this
inter.val with'smaller saddstode_'units, an explanation invoked by Lerbekmo and
Coulter (1985). | » . |
.The Ardley seam  is identified .at 108.7 m. The P2 Zone is further: identified

by the Wmm of Momipites wyomingensis and M. waltmanensis at depths of |

85 m and '85.6 m respectively. The contact between the Scollard and Paskapoo
| Formauons is placed at 850 m. A P3. Zone assemblage is preeent at 57.8 m. There/(
a‘re; only 75 m of 'Paleocene strata -present yw1thm CH-4-82, and the Paskapoo

Formation ' is predoxﬂinantly’sandstone and no -younger than P3 zone in age.
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CH-65-1 (Wizard Lake) (Table 4, Figure 15)

*(It should be noted that the origi'ndIA geophysrcal log of the Wizard- Lake

corehole was unavarlable, and therefore the lrtholog from Snead (1969) was
i‘ employed to 1llustrate the sample levels).

' ‘In CH-65-1 (Wizard Lake) the, Nevis seam is at-the mmple depth of WL 31.
The Nevis: sea_m"in CH-2-§2 and CH-65-1 is thicker than usual. Normally, ..this seam
is on the pcale of that encounterd in CH~3—82 “or it may be ‘no more-than a
carbonaoeous uhale bed. The Ardley scam however is th;x; a situation noted by
‘Holter et al. (1975) for the Ardley seam northward away from the Red Deer River

" valley. The P2 Zone is identified at sample-WL-18 by the presence of Momipites
lefﬂngwellli. This Azone is also.'characterized by abundantlka‘crtzipite.‘f‘ sp;:a., ar’:d an
occurrence of "fztitrexolpites angulolleminaru.{. A i’3 Zone asmemblage is present in
sample WL-8, and the 'prmnoe' of Tutaepoaentzgs danel in mmpl_e WL-2 from the ”
very top of the core indicates an upper 'P3 Zone dge." No opecies of Caryapollertites
.‘Were ident_ified. |
PLAINS OUTCROPS (Tables -5 to 7, Figure 25)

The five outcrop localities studied for paiynology in this report range in age

. from upper P3 at Hand Hills, to lower PS5 at Crestomere. A detaxled palynologrcal
account of each locahty follows.

The Hand Hills are an outher of Paskapoo Formatron located northeast of
Drumheller Thrs area is isolated from other ouu:rop, making correlatlons rather
diff icult. Fortunatety, the Battle Formatxon is exposed near the base of thrs o)cher,
and a thrck'coal seam above the Battle has been tentatively correlated as the Ardley
seam (Allan and Sanderson 1945, Campbeli 1967, Gibson 1977, Lerbekmo 1985). A
palynologrcal sample from a road exposure near the top of the Hand Hills, above

the coal seam, yrelded an asemblage of drverse Momipites spp. and Tiliaeppllenites

.’_‘:v"u . \\\
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danei (Table 5) No spemmens of Caryapollenites were .identified, thenefore these

L
3

v

. uppermost strata of the Hand Hills are mterpreted as upper P3 Zone in age These

strata correlate approxlmately to a level eqmvalent to the upperm(st strat.a wnhxn

'CH-65-1 (Wizard Lake) (Flgure 15).

v Outcrop at the Joffne Bndge locahty is well-known for its’ mammal and

"these two fossiliferous levels, no .differentiation in the palynofloral asemblages was

megafloral foml remains (Stockey and Crane, 1985?. A location just upstream from
the Joffre Bridge is believed to be Erickson’s Landing, a site a;udied for its"
vertebrate_ fossils by Brown (1914). Higher ‘stratigraphically (approximately 20 m), is
a prollfxc fossil leaf layer A fortuxtous roadside exposure provided access to these

beds for palynological exammatlon Due to the small straugraphxc separatxon between

identified (Figure 25). . .

Iy

The assemblage from Joffre is comprisedbf diverse Momipites spp.,

" Caryapollenites wodehousei, C. imparalis. Tiliaepollenites danel and Kurtzipites

annulatus which is indicative of a P4 Zone age (Table 5). The presence of

K. annulatus is diagnostic in that this species persists into lower P4 Zone assemblages

- "but terminates by upper P4 time.

The Delburne road outcrop. to the south of Joffre Bndge, is about 100 m

~ higher topographxcally, yet dxsplays a similar palynological assemblage to that of the

Joffre locality, excluding Kurtzipites annulatus (Table 5). This suggests, at least, an

- =upper P4 Zone age for this locality. The Delburne site 13 one of the highest

wpographxcally in the general area. Over the stratxgraphxc mterval of approxunately
100 m from-_Joffre to Delburne, a greater di_fferen;iation in palynofl.ora_l amemblages
might be expected However, poor recovery and the lack of suxtable sedxmenm for

palynology has hampered the recognition of pombly younger strata. This asemblage

- is therefore . of\ P4 Zone age or younger. -

The Blmdman and Burbank localities are wen-known for their megafloral and

116



vencr‘:rate fossils (Stockey and Crane 1984, I;‘ij 1984a, b). These exposures are |,
“located upstream from the Joffre Bﬁdge. on the Red Deer River at the cdr_xfluenee of
the Blindman and Red Deer rivers. This locality ‘exhibits an asem?_lage simjlar to the
assemblage igierrtifie;l from Delburne, suggesting ﬁpper P4 Zone (Table 6).

The Crestomere \ locality, west of Ponoka, is the farthest west and

' % :
- youngest of the central Plai

outcrop localities studied. The pdyr;ot"lpral_ asen_:blage"_
contains P_Ls‘ttllipolienites’ mcgregoril and Imulepoikrfites rugulatus, Which are
. characteristic. of the PS5 -Zone (Tab_l_e: 7). Also, there is a full suite of Momipites spp.
wrth the exception of M. lefﬂregwellii, which :further confirms PS5, but excludes a
P6 Zone. age. This locality is therefore younger than Blir’adman/‘_Burba‘ﬁk,'.'and is_
cernlatr; to the \rppermost strata presenr in Cl-i-3-82 (Figure. 15).

A The ages of these omcrop localmes is further evxdenoe for the erosxon of
. ’upper Paskapoo Formanon strata to the east. leavxng only older strata downstream

along the Red Deer River valley. This has also been 1llustrated' by mammal :

paleontology. (Krausé, 1978) as has been discussed earlier.
‘ , | .

OBED-MARSH (Tables, 8 to 10, Figures 16 and 26) ‘: K

All outcrop localities in the Obed- Marsh area exhltnt similar palynoflora.l
assemblages. These include the four road cut exposures along the access corridor
(Figure 5) (Table 8), and the two exposures of the Obed No.'1 and ‘No. 2 seams at
the active minesite (Tables 9 and 10). - ’ » ‘

The Apalynofloral assemblage consxsts."o'f a eonrpiete suite of Caryapollenites
spp. and Memip!t_es Spp. Eexeept M leffingwellll), with PLstillipollenites mcgregorli
and Insulapollenites rugularus. The don:fi:ant' species are Momi;:{tes wyomingensis and
M. ventiftuminis, ‘which seems 1o be characterisitrc ‘of the PS Zone assemblage from

_ Obed-Marsh. This essembla'ge‘ persists downward to the lower road exposure, which

- also cont#ins P. mcgregoril (Figure 26). According to topographic maps, this road
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exposure (OM-2.5) 'ix;wf;;ﬁ‘éximnely 150 m below the level of the Obed No. 1 coal
seam 'at.tt}e mingsite,;.\‘fj-’l‘his implies a minimum thickress of 150 m for P5 Zonme

strata in the westerﬂ central Plains adjacent to. the disturbed belt, ,‘ -

The two corgholes from the Obed Block have allowed ‘for the examination of
all five coal seams within the Obed-Marsh ‘coal zone (Tables 11 and 12) (Figure
16). Placement - of the PS/P6 mnal boundqry at the top of Obed No. 2 conl seam is
based. upon the absence of Momipttes triorblcularis M waltmanen.d.s and M. actlnu.s
from the P6 Zone. These specxes.aré present in the assemblages within the Obed
No. 2 seam, but appear to tcrniixi‘ate sim\altaneously it the ;op of this coal 'seinm. Due
to the very limited geographic extent of jstrata above: ihe Obed No. 2 seam, P6 Zone
' strata.are iikely restricted to the immediat: .vicinity of Obed-Marsh block, ad‘jacen_t o
the Foothill.s. Basis for further division of the P6 Zone assexﬁblaée is not evident.'
and no P6 Zone strata have been identified elsewhcm (eastwards) in the Plains
(Flgure 17). | .

From well-log data in thebObéd-MarSh are;? the uppermost coal seam of tHhé
Coal?»pur Formation, the Val d’Or, zhas been identified .in thc‘subsurface ‘adjacent to,
the Foothills. Aocordmg to these data, approxxmately 700 m of Paskapoo Formation.
strata are present between the top of the Val d’Or seam and the Obed "No. 1 seam.
lncludmg the' 280 m of Paleocene strata in the Coalspur Formanon (Ierzyknewxcz.
1985) and the 135 ‘m within the Obed Marsh coa.l zone (Umon 0il, 1979), the wtal
thxcknw of Paleocene strata adjacent to the dxsturbed belt is apronmately 1115 m, -

vencompasmg a complete P1 through PS5, and '» =ast pr7-ia]l P6 .zonauon. This is in

contrast to 6n1y 200 m of P1 through P4 a=d p:-..: PS Zane strata present in

. CH-3-82 in the Red Deer River valley.
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' /
ARC COREHOLE 4-82 1-29-41-24W4
— SCOLLARD FM ———} PASKAPOO FM
o 200 N0 Q0.
o 28853558258
(NE )
Wodehouseia spinata \ O
Wodehousela timbriate !
Retitrescoipites anguloluminosus \ ’
R. bathyreticulstus ?
Kurtzipites circularls (I
K. trispassatus O il O
K. annulatus NeR ool O
Momipites leftingwellil : ol
M. waitmanensis o) O
M. wyomingensis ] O
M. triorbiculeris /
M. actinus )
M. anneflis ®)
M. ventitiuminis '
Aquilspollenites spinulosus : " Yo
Caryapollenites prodromus + OO0
P1 P2 P3
OCCURRENCES: SINGLE |  COMMON (11:20) @

~  RARE(2-10) O ABUNDANT(GT20) @ .

TABLE 3

-
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SAMPLE NO FEOYewy

K Wodehousela fimbriata
Retitrescoipites snguloluminosus
R. bathyreticuletus '
Kurtzipites circularis .
K. trispassatus
K. annulatus )

. Momipites leffingwelili

. waltmanensis

wyomingensis

. triorbicularls = -

. actinus

. snnellus

. ventifiuminis

Aquilspolienites spinulosus

Caryapollenites prodromus

Tilisepolienites danei

EEEEXX

* ARC COREHOLE 65- 1
WIZARD LAKE 4-8-48-27Wa

“— SCOLLARD FM — PASKAPOO FM.

W O @ N -

' .
O 1
|

-O
O__
00O
o0 -
--000

T

}P1

P2

P3

OCCURRENCES : SINGLE |

(11-20) @

|
1

RARE (2-10) O ANT (GT 20) @ °

TABLE 4
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‘ : M. ve

OCClBRENCES SINGLE !

CG\MKN(H.?O) Q-

. w
' ot
' e .
o Oy
. w9
JOFFRE R
x & T
W @ ]
§5 %5' o g
- O = oS
. SAMPLE'NO 1 2 3467 345 14 3
. R : & g
K. annulatus Ol O ! SRR N
_Momipites leffingwellli SN 1O e
M. waltmanensis OO 110 O 4" 1 O
M. wyomingensis. OO0 O10] O Ol @
M. triorbicularls I ? L 10
‘M. actinus e 10 b
M. annellus f o K BEy O
luminis. o I A N R
Aquitapollenites spinulosus O ' O O e O |
Caryapolienites prodromus @O
i Tillaepollenites danel () O o) o oy o)
C. Imparsits. - > SO0 o) o
C. wodehousel ok ‘
C. inejegans
Plctllllpollonltu mcgrogorll :
Im_ulapollonltn rugulatus o
P4-—-P3—

RARE(?—10) O ABLN)ANT (GT 20) 0

| TABL7E5&'5 |
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BLINDMAN . JRBANK

‘SAMPLENO 2345 124586 78"

K. annulatus
Momipites leffingwellil
. waltmanensis fol
. wyomingensis ’
. trlorbicularis ' N
. actinus ,, R R
. annellus
. ventiftuminis O .
 Aqullapolienites spinulosus . | O
O

o

000

1]

o _
0000

TEERXE

Caryapollenites prodromus
Tiiaepolienites danel o O
C. imparalis o |
C. wodehousel
C. inelegans . ; o .
Pistillipoltenites mcgregorll - T : .-
Insulapollenites rugulatus * ' ‘ L

000 -

_000 00 0O
= =00 Q-

— P4—
OCCLRRENCES SINGLE | comoN(nzof'o
RARE(Z-IO) o] ABLNDANT (GT 200 @

SaBES
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ttl!!’t

SAMPLE NO

Momlpltn Iomngwollll
. waltmanensis

. wyomingensis

. triorbicularis

. actinus '

. annelius

. ventifluminis

‘ Aqullapoilonm: splnulosus
‘ _J_Cérnpoll.onnn prodromus
" Tillsepolienites danel

C. Imparalis
C, wodohouul
. C. lnologgm '

Plc tillip ollen!to $ mcgregoril

In:ulapollonlrn rugulatus

'occunasnces SINGLE |

P

-

o

‘CRESTOMERE

12478910

O
@) OOO
_ v
O.
00 |
S
oo |
. YoRu @)
I.
- P5—

.COMMON:(11-20) @
RARE(Z-IO) O  ABUNDANT (GT 20) 0

| TABLE 7
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SAMPLE NO

OBED-MARSH
ACCESS CORRIDOR OUTCROP

OM-06
123

OM-1.6
1.2 3 K

OoM-1.7
3456

OM-2.5

Momipites Ioﬂlngwollll
. waltmanensis _ '
wyomlngansls

. triorblcularis

. actinus

. annellus

. ventifluminis

‘ Agquilapolienites spinu
Carylpqllonltu prodro ] '_ .

- G Impcml;

C. wodehouse/

C. inelegans

Plstillipollenites mc ér,,oyorll’
Insulapollenites rugulatus

O
o

0

1
0

I
I
OO

—0®

] &

1 2 3-45

000 -@ -

O___.
- 00 -

@O
OJON

O
o -

cxwmmms&mwl
RARE (2-10) O ABUNDANT (GT 20) ®

TABLE 8

COMMON (11-20) @

P5
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L C. inelegans

SAMPLE NO

OBED MINE SECTION
ON-1

Momipites leftingwelill
M. waitmanensis
M. wyomingensis
" M. triorblcularls
M. actinus
M. annellus
M. ventifiuminis
Aquilapolienites spinulosus
Caryapollenites prodromus
Tillsepolienites danel ©
C. imparalis
C. wodehousel

7

Pistillipolienites mcgregoril
Insulapolienites rugulatus

234567891112

R I Y
0000000000

P5

OCCURRENCES : SINGLE |

RARE(2—10) O ABUNDANT (GT 20) @

CO!VMON(H-20) o

iTABLE 9
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SAMPLE NO

)

OBED MINE SECTION
ON2

Momipites Iomn_gwollll
. waltmanensis

. wyomingensis

. triorbicularls

. actinus

. annelius
..ventifluminis
Aquilapolienites spinulosus )}
Caryapolienites prodromus )
Tillsepolienites danel

C. Imparalis

C. wodehouse! ‘

C. inelegans , toee
Plstillipolienite ; mcgregorli

Insulapolienites rugulatus -

1234568 9101112

0000000 dee
f— o _ -

»

OCCURRENCES: SINGLE !

P5
COMMON (11-20) @

.RARE (2-10) O ABUNDANT (GT 20) @

TABLE 10

TN

+
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APPENDIX B |
ACCESS TO SAMPLED LOCALITIES *

v

\

”

L4

'PLAINS COREHOLES (Figure 15) L, o :

" The three corehd}es dnted 1982, _were the product of the Alberta Research (
Counc11 Coal Geology Group Dnllmg Program These three cores are housed in their
entirety at the Alberta Research Councrl, Mxneral Core Research Facility -in Edmonton,
| and are_ available for investlgation. Cores are the property of the Alberta Research

' : : : :
Council, Geological Survey, ahd all inquiries regarding these cores should be directed

to' this Group. ¢

Each core is- aocompamed by a complete suite of geophysxcal logs. Upon

| descrxbmg these cores, depths were re-adjusted thh respect t the geophysical logs, and

therefore the palynology sample depths shown in Figure 15 may not precisely

correspond to the sampled lit.hoiogy. ‘Accurucy has been emphasized ’witlh respect to

depth- of the sample .rather than - the lithology from Lvhic,h. the sample was taken.
For the Wizard Lake core (65 1), neither the original core nor geophysical logs

were avanlable Therefore Snead’s (1969) original sample dwlgnatrons were retained,

-

and the original litholog used o)

PLAINS OUTCROP (Figure 25) | |
Hand Hil]s (LSD 1-21"-30-17W4 Map Sheet 82 P/9, Elevation 3375 ft) (Plate 7)

'I'he Hand Hills"are an outlier .of Paskapoo Formatlon xmmedmtely northeast of
Drumheller. These hills' are clearly vxsxble to-the east of Highway 56 on the way w0
Drumhel.ler.-

N
.The exact location of the sampled section is north on the gravel rcad from

Delia towards Hand Hills. Near the top, just before the television tower, a sharp left

~ turn onto a hidden gravel road leads down the northwest side of Hand Hills.. The
: _ ) \
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" exposure.

v

»

section is on the west side of the road and is very easy to spot. The entire section is

_aipproximawly 25 m thick. This is presumably the same location discussed by Fox

(1987) with respect to fossil mammals. ‘ {
{ ‘ o

* Joffre Bridge (LSD 16-12-38-26W4, Map Sheet 83 A/S, Elevation 2750 ft) (Plawf 9)

A fortﬁitous road exposure, provided for the lntcrpational .Or‘gn,niution of
PaléoBotany Conference in ‘the Fall -of '1984, allowed access to both the fossil leaf
locality and strata equivalent to Erickson’s Landing mammal site. This le;af horizon is
presently under jnvestigaﬁon py Ruth St‘ockey (Depqrtment of Botany, University of
Alberta); howe‘ver,-the lower exposure (mammal ho;izon) is small. |

This road exposure'is on Highway 11 east from Red Deer toward the Joffre

- Bridge. The exposure is.on the south side of the highway, approximately half a

kilometer west of the bridge as the road begins to drop into the Red Deer River .

valley. The exact location of Erickson’s’ Landing (Brown, 1914) is clearly visible just

. ‘ , S A
upstream of the bridge, on the north side of the river, directly nortih of this road
B -

Délburne (LSD 4-3-38-26W4, Map Sheet 83 A/d, Elevation 3250 ft) (Plate 8)

* This is a r,oadcut.on secondary Highway 595 from Red Deer w.De'lburne. IS

although the town of Delburne itself is 30.km east of this:exposum. The road

X

exposure is on: the north side of the vhighw‘ay, approximately 11 km“ cast of Red Deer.

i

This is the only such exposure in the area, and is therefore very easily spotted.
Unfortunately, the lithologies present in this‘exposure are very poor for palynology.

On the basis of elevation, this iocality should be much younger than Joffre Bridge,

4

yet there is very little differentiation in the palynofloral amemblagcs.

“J
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Burbank (LSD 12-18-37-26W4, Map Sheet 83 A/S, Elevation 2725 ft) (Plate 11)
This outcrop is in the bank of the Red Deer River, approximately 0.5 km
downstream from the confluence of the Blindman and Red Deer rivers. To access this

. : { :
locality, proceed south from Blackfalds, turning east on the road to Joffre and then
8 ‘ . * ,
south on the Burbank turnoff. A small, unmarked gravel road leads to- a park/picnic

area which allows easy access to the banks of the river.

- e -

Blindman ¢SD 15-13-39-27W4, Map Sheet 83 A/5, Elevation 2750 ft) (Plate 12) o
This fossil locality is approximately f.O km upstream from the Burbank site on
the B]indman River, and may be ac?esed by the same rouge menti\oned previously.
Thé exposure is on ;he east bani( of Fhe Blindm;n River, on a meander loop nga{ the
mouth of the riv.er. The train trestle _is visible just upstream of this site.
Crestom/(cm‘»f(LSD 16-26-42-28W4, Map Sheet 83A/2, Elevation 2952 ft) (Plate 10)
This site is approxir;xately 1.0 km south of the "metropolis” of Crestomere, on
secondary highway 792. Crestomere itself is located “on Highway 53, 17 ‘kmiwm of

Ponoka. This exposure is vegetated, however suitable strata are availa\:le for

palynology. Due to the vegetation, this locality may be easily ovﬂooked.
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omzxnums_u1 (Figures 16 and 26)
Am‘,Corridor‘l.Eq.‘xp&um (Figure 26, Phate 14)
OM-0.6 LSD 5-24-53-24WS5  Elevation 4330 ft
OM-1.6 LSD 14-13-53-24WS5  Elevation 4350 ft |
OM-1.7 LSD 10-13-53-24WS Elevation 4350 ft |
'OM-2.5 LSD 2-13-53-24W5  ‘Efevation 4100 ‘ft )
All exposu;es at Obed-Marsh are on property((i% the Obed Mountain Coal Company, T
subsidiary of Unocal Limited. Permission must Abe obtained before il\)vestigating these
Qtsites. |
The access corridor to the mine begins at Highway 16 (Yellowhead Highw.ay).
approximately 19 kilometers east of Hinton, at the Dalehurst c&mpgite. The entrance
t the mine is clearly marked at the highway. The corridor exposures are designax'ted
by their 'dimano? a';vay frlom the mine offices (ie. OM-1.7, is approximately
1.7 kilometers down the access corridor from ‘the mine offices). ‘All four of tt;cse
cuts expose strata onl both sides of the access corridor, and three of the four
descriptiogs are from eiposunes op the east side of the corridor (.exoept OM-2.5). From -
the mine office, the access corridor goes down into the Athabésﬁa River valley, and

therefore strata exposed at O@e likely to be older than those eiposed at

' OM-0.6. However, the palynology does not illustrate this clearly.

* -~ -

\

Obed Mine Exposures (Figure 16, Plate 13)
ON-1 LSD 5-27-53-24WS$S  Elevation 45?0 ft
ON-2 LSD' 10-27-53-24WS5 Elevation 4610 ft
These two exposures are from the highwall at the active minesite. The designation
- ON-1 refers to the Obed North Block, Obed No. 1 Seam, while ON-2 refers to Obed

No. 2 Seam.

o



137

" Obed Coreholes (Fijure 16) |
Obed 76-54 LSD 7-8-53-24WS5S .

Obed 76-21 LSD 12-15-53-24WS .

L)

Both coreholes are’ from the original exploratory drilling program carried out by

»

Unocal (then Union Oil- Company of Canada) in 1976. These cores are housed at the °

EQergy Resources Conservation Board, Core Research Facility jn Calggl Unfortunately,

the coal seams. were removed by Unocal in their preliminary coal characterization

.
[

studies. However abundant carbonaceous strata above and below the coal seams were

available for palynological sampling: ’ ) N
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Plate 7. Hand Hills outcrop locality. Atrow -pointing to Jacob's
saff (1.5 m). View is to the northwest.

*

Plate 8. Delburne outcrop locality. Arrow pointing to Jacob's
saff (1.5 m) (upper left-hand corner). View is to the north.






Plate 9. Joffre Bridge locality. Lower arrow points to approximate
level of mammal fossils (equivalent to Erickson’s Landing);
upper arrow illustrates the level of the 'prolific fossil leaf- o
layer (Crane and Stockey, 1984) (looking west on Highway 11,
immediately west of Joffre Bridge). : : .

.

Plate 10. Crestomere outcrop locality. Arrow points to Jacob's ;
staff (1.5 m) (upper left-hand corner). View is to the west.

|






Plate 11. Burbank outcrop locality, on the Red Deer River. View is
to the vast, immediately downstream from the confluence with
. the Blindman -River (no scale).
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_ Plate 12: Blindman River ouu:rop locahty View is of the east bank of

the Blindman River, immediately upstream from the confluence wnth
 the Red Deer River (no scale). -
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Plate 13. View of the open pit at the Obed-Marsh mine. Lowermost '
coal seam is the Obed No. 1 seam, with the Obed No. 2 seam—evident——————
at the top right of the photo. Interburden between the two seams’ ' :
: 'is approximately 17 m (photo of mineface from Obed North pit).

i

"Plate 14. Photo illustrating road cuts along the access corridor

0 the Obed-Marsh minesite. Exposure in the -middle of the photo
is section OM-1.7, with OM-1.6 evident further up the road ~
(view is northwest, looking towards the minesite): ' B
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| | APPENDIX C
LABORATORY PROCEDURES, SLIDE EXAMINATION AND REPOSITORY

’

SAMPLE PREPARATION

9

« (1964). This procedure has been 'in use at the Palynology Laboratory of the Alberta

The technique used in" macerating the sam:‘le/fdllows. closely that used by Singh
Research Council since that time witﬁ minor, helpful modifications employed to
enhance pals?no{porph recovery. A complete outlin/e_ of the present procedure is given.

- . e \

 PREPARATION OF SHALE SAMPLES

Samplel.ay-out’ Crush 20 grams of sqmplé. This allows a larger surface area for the

-~

“

hy‘drochlpric acid to react ﬁpon. Place the sainple' in a labelled palgene ‘container.‘
Hydrochloric acd treatment of calcareous mmpla This is to dissolve the carbonates in
af calcareous sample. Dampen the sample with water. To dimolx;e the carbonates, slowly
" ad}’ ‘cqpo‘cntra.te;d ‘hydrochloric acid to \tlhe' sainple. If thevsax‘nple starts to overflow the
_“j;'étbbﬁtiiner due to the reaction,.add a few drops of alcohol to break the foam. Dilute a
sample with Wat:er if the reaction is too viblent. The reaction is complete }Qhen the
addi;ion of more acid causes no effervescence. | |
Neutralize the sample. Wash with distilled water and centrifuge at 1500 rpm
| for 3 minutes to dpncentrate. Decant the water ’and, repeat the procedure twice mém.
| Hydroﬂuor‘ic acid treatment: This is }o disov?’ the silicate bonds and release the
' qrganic matter. The ssample is treated. with concentrated hydrofluoric acid (49%) for a
. 24 hour period. Neutralize. | .
Hydrochloric acld treatment: This treatment is to dimolve ‘the fluoride ‘precipi.tatu.
'Con;:entrafet.i hydrochloric acid- A;%) is‘added‘ to ‘the sainplc for § mihutes. .Neuiraliu.
Om This is to oﬁdize or transform the partially decompﬁsed cigﬁnic debris into

.alkali-soluble humic acids, therebyb deleting unwanted organic matter and .producing

146 -
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' ultimately a palynomorph-rich residue. Scimlze soluti‘on. a dilute mixture of nitric aﬁd |
and potasium chlorate is used to oxidize the ‘sample. Stir occasionally and check the |
m&nplc for a color change (appronmately 5 minutes). Neutralize.
Alkall tnatmen; To remove the unwanted organic matter (humxc compounds), potassium
carbonate (K2C03-5%) is added to the sample for approximately 3 minutes. Sieve the
sample with a _100.mesh sieve (149 micron) and pan. The sample reinainihg oh the
sieve is checked for megaspores, and the mat?riai passing through is collected and
ce;atrifi;ged.' |
Heavy lquid separation: A solution' of zMc br‘omjde:with a specific gravity of 2.0 is
used to separate the organic and mineral fractions of ths sample. Pour ohe test tube of
zinc bromide into the sample-and bring -the sediments into suspension. Divide‘t.he N .
suspended residue into two test tubes and fill w1th zinc bromlde Centrifuge for at LrD |
least 10 minutes. Allow tzst tubw to sit until a true separauon is dxstmct between the
float (organic) and mineral fraction. The mnddlg of the test tube should be clear
w1thout any suspen?ed material. |

_Scoop up the organxc float fraction and wash ‘with 10% hydrochloric aem This
is o prevent prec:pxtates from formmg in a reaction between the zinc bromide and |
dxstxl.led water. Neutnhze

Darvan #4: Darvan #4 is a low -sudsmg soap that helps to dlsperse the fine particles

-
v

in the sample. Short centrifuging keeps the fine debris in suspension and allows
decanting of unwanted particles. Fill each test tube half way wifh Darvan and f111 the
rest | with water. Centrifuge for one minute at 1800 rpm. Decant tfxe v)ater and repeat
the pfocedu‘re until the supernatant liquid is clear. (This sfep is optional).

. Staining: The spores and pollen are stained with Safranin-O for 10 minutes.
.Approximatelyl 6 drops of stain' are added to‘the residue. Neutralize. ‘
"Mouaﬂngz The sample m sieved with a ix;icfo-nl_eqh'sieve (10 microns)ko obtain -a final

moﬁn_t of selective particle size. Three drops of Elvanol are .placed on a cover slip. The



residue is gently.mixed with the Elv?nol and ‘sprbead to the outer edges of the cover -
slip. The coverslip is dryed on a hot plate, inverted and placed on a clean Jabelled
slide with Canada Balsam. The slide is dryed for approximately seven dﬂys in an oven

. (temperature at 65 degrees Celsius). A glyoeritle{phenol mixture is added tﬁ the residue
vialé for storage. ‘ —
PREPARAﬂbN OF COAL SAMPLES .

Sample lay-out: Crush 15 gra;ms of sample into small Apieces (1 mm in. size). Placel the

samiple into a labelled 600 milliter beaker. Dampen with water.

' Hycb‘oM add tresment. If the sample contains a large amount of clastic( mateﬁal.

- the san;}i)le shoul.d be treated witﬁ hydrof{uoric aci;i prior t,o oxidation. Hydrofluoric
acid ;rq’atment shouid be carried out after the alkali treatment if the sample is a low
ash qoa‘l,, Neutralize. ‘ ‘
l‘)ry' Schulze (oxidation).. Add 15 grams of potassium chlorate and 150 milliliters of
* nitric ‘:acid. to the sample. Test ‘the sample for exte:t of oxidation By adding'a:few
drops of 5% potassium carbonate to a few drops of sample. The sample will turn a

‘d;ark color if it is completely oxidized (approximately 20 minutes). If oxidation is
incompleté, no color change v;riu be visible and th? sarhple should remain in Schulze
solution for a longer time. | »

After the sample has been oxidized, wash it through a 200 mesh (75 micron)
.phosphor-bronie sieve .'with water. It is difficult to wash by centrifuge in the pres?noe
of Schulze solution ss internal reactions going on within the larger coal fragments
cause the'pbarticles to float and make it difficult to decant the. mpefnatant Jiquid.

Discard the -75 micron fraction as mcstof the spores are not releaked from the larger
coal fragments until ti'eate;i»-‘with'base. Wash the sample into.t nalgene container with
base . (5% potasiumr carbonate),. This is done as a stan.dard procedure only if the sample

has not been treated with hydroflﬁoric acid. If the sample has already beén treated

{as



L)

with hydrofluonc acid, sieving would differentially remove those spores released from
the clamc fractions. In this case, centrifuge and save the f l.oal f ractnon

Alkall treatment: Add 150 milliliters of 5% potassium carbotnte to the sample. If the
feaction is slow, heat the sample on a hot plate for 30 minutes. As a check for
‘cor‘npletion of reaction, wash the sample through a 100 m'eahn‘eve (149 microns).
Retain the minus fraction. If there ii a large proprtiqn of sample mmni;xing on the
sieve that will not' break down with further base treatment, heat the sample ix;n a
‘water bath with Schﬁlze solut}on. Combine the plus and minus&actions, centrifuge
the diluted "sample and wash with water until the supernatant is clear. Treat the
mmple with hydrofluoric acid. Neutralxu )

.ﬂevlng’ Sieve the sample with a 100 mesh (149 rmcron) and pan The sample
remaining on the sieve is Checked for megaspores and the material- pasing t,hrough is
. collected a;xd centrifuged. A |

Staining: The residue is stained with Safranin-O and the slides are prepared.

PREPARATION OF CHEMICALS
lhrm 4. (a mono—calcxum salt of polymenzed alkzl—aryl sulfomc acid) Dissolve 12

grams of Darvan in 100 milliliters of dxstxlled water.

Elwmal. (polyvinol alcohol) Dissolve the elvanol poWdér in distilled water. Boil until

. the liquid is clear (viscosity of the liquid will be thinner than glycerine). Fiiter with "

s

No. 1 Whatman filter paper. .
Hydrochloric add:v'(HCl'IO%) Combine 10 milliliters of conoentr.ated hydrochloric acid
(38%) ahd 90 milliliters of distilled water :to produce. 100 milliliters of 10% '
hydrochloric acid.’ |

Potassium Carbondc (K203 5%) Combine 200 grams of anhydrous potassium
carbonate and 3800 milliliters of distilled” water! Filter with No. 1 Whatman filter

paper.

" 149
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, ‘ . a
Sqfranin-O: Combine 2.25 grams of Sat; ranin-O powder. 225 milliliten of ethyl alcohol j\
(95%) and 225 milliliters of distilled watef‘ Filter wnth No 1 \vtman filter Puper . 3&/
~Schulu solutlon: Combine 600 milliliters of concer;trated nitric acid (70%), 300
| milliliters of distilled water arfid 30 grams of pot{ﬂgm chm (KC103).
Zinc bomldc' Combme 300 milliliters of dxsnlled water MW ‘milliliters of
concentrated zinc bromide (Y\:). The specific gravxty should equal 2.0 (hydrometer
reading). Filter (vacuum filter\method) with No. 50 Whatman filter paper to remove
the impurities and precipitates. ' -
'. - . ‘ —

SLIDE EXAMINATION AND PHOTOGRAPHY .

All slides were scanned using an l;,rnst Leitz Wetzlar microscope. Slides were |
examined at’ 40X power, and cocrdinates of _ idontifed specimens given as V

-

horizontal/vertical (eg. 3.0 X 103.0) in order to be able the specimens at a -

A\
)

' later date. 'In the scanning procedure, a complete horizontafgean of the slide was
made, the slide moved vemcally one complete fleld of view, and "the horizontal scan
repeated Due to the abundant number of sl1des utilized for r.hns study. only those
specxes which were deemed stratlgraphxc‘ally mportant were 1dent1f1ed and their
coordinates recorded. / |

A specimen in excellent preservational mode. was markéd with a red felt tio
marker imn:ediately on the slide. That specimeo'was ‘then photographed using a. Carl
Zeiss *photomicrascope, undef oil immersion with interference (phase) contrast. Said
microscope is pfopeny of the Palynologj Group, Alberta Research Council.

R4

SLIDE LABELLING AND REPOSITORY
All slides in this study are labelled with the author’s name. In the case of
the coreholes, following the author’s Qamo is the corehole- designation (ie. CH-2-82)

followed by the sample depth (eg. Demchuk, CH-2-82, 100.0 m). In the case of outcrop

. ~
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localities, the abbreviated name of the outcrop is given with thé sample number (eg.
Demchuk, BM-1-1). The exceptions a%'ythe samples from ‘the Wizard Lake c:re, ‘which
bear the originar désignation given by Snead (1969) (eg. WL-JI). In some cases; a
sample has been micro-sieved. If this is so, the sieve f raction iras been noted on the
lab|el of that sfide (eg. Derrrefruk. CH-2-82, 100.0 m, 10-30 micron fraction).

All slides from this study ere property of the Arbem Geological Survey, Alberta
Research Council in Edmonton, Alberta. Under normal crrcumstances, the slides would :
be housed in the palynology slide reposrtory of the Alberta Research Councrl _under the
supervrsron of Dr. Chartanya Srngh However. due to the recent retirement of Dr.
Singh, and the premature break sup of the Palynology Group of the Alberta Research

Council, the slides will remain in the possesion of the author for future scientific .

reference.



