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ABSTRACT

The strata of the Smoky Tower locality, Alberta,
contain two distinct meqaflbras, a molluscan fauna ?nd at

I
least one microflora. The locality was studied from

several approaches based on this diVersityﬂ'

Over 900 specimens collected from a volcanic tuff
horizon at the locality resulted in the identification of
rnine species,‘figared in the text, the majority of which
aré conifers. A revision of fossil Thujopposites,
Glyptostrobus and Metasequoia is made based on these
speéimens and ones from other localities. Séladopitophyllum
canadense is reported as the first North American record
of attached needles of a Sciadopitys-like conifer.

A review of the diStinguishiﬁg characteristics of
f;ssil'Taxodium,_Sequoia, Metasequoic and Glyptostrobus
shows more difficulty is encountered in the separation of
the genera than previously thought (Chaney, 1951). 1In
addition to the revision of the descriptions of these
genera, the form genus Taxodiophyllum is proposed for
taxodiaceous remains not assignable‘to-a specific genus.

Over 300 specimens from the siltstone megaflora,
located above the tuff horizon, show that this horizon is
almost devoid of conifers and dominated by anéiospéfm leaf
remains and remains of aquatic plants. The gene%a

Ceretdiphylium, 2elkobq (or Ulmus), Viburnum and Equisetum
% .7 : .

¢ iv
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from this horizon are illustrated apd diséugééd. Tﬁé
molluscan\fauna'and the microflora ar% shown to" yleld
elements comparable wlth those fronm o, her Paleocene
localities.

Collections from the volcanlc tuff horizon 111ustrate
a lateral distribution of remains of Varjous genera whiCh
is unique _to" Tertlary localities heret®fore descrlbed%

This distribution is illustrated and Various causSesg "are o
- '~“

discussed. A possible environmentai‘ﬂoﬂel is pgeéented *y.

N . \' _;"Zﬂ

and discussed.

- ! -

5 = L
Pota531um -Argon analysis run op tWo samples of

sanidine and one sample of b10t1te from the tuff horlzon

" yielded radiometric dates of 62.5, 1.8 ang 61.5 mllllon

yYears respectively. Based on these dat®s ang on the

s ) _
identities of the fossils from the vafigusshorians_it
1s concluded that the fossil bearing p€ls of the Smoky

Tower locality are Paleocene in age,

e
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PREFACE

Where now s&tand spruce and aspen

Amid ftelds of waving grain,

Once rose a mighty forest,

Near an infant mountain range,

Whose smoking towers belched forth ash
Which fell as snow-white rain, .

To blanket all the forest floor

Where leaves and twigs had lain. L -

And as Time traveled onward,

The 'mighty forest was no more;

Yet it left behind a memory )
Locked within that forest floor. )
The snow-white ash had turned to- stone,
And the -leaves which it contained
Beecame black carbon sthouettes,
Foréver to remazn , .

The giant trees with spreading boughs
Enjoy the North no more.

The Redwoods and the Ginkgos

Now adorn.a distant shore. “y
Yet their memory lingers onward

As a poem with ageless rhyme -

Black writings on a snow-white page

In the endless book of Time.

The Smoky Tower foesils
Will everafter last;

60 million year remindeprs
©Of Alberta's ancient Past.

)



o . h CHAPTER 1

fNTRODUCTION = - . “ .

The Smoky Tower localltv has ,been known since the early

Y

1960'9 when the Atlantic RlChfleld 0il COmpany beqan

i

xcavatlon in the vicinity in assoc1ation with installation
lof several oil wells. The fossillferous beds were exposed
durlnq thls excavation and the associated access road
rconstructlon Because of the avallablllty of the aesthetic-
ally attractlve fossil plants, they were soon collected in
quantlty bv the inhabitants of the area. |

;Dhrlng the summers of 1955 and 1966 collections were

A,'made by the Alberta Provincial Museum and Archivea_staﬁf,
Edmonton, 'and a‘collection of approximatelv-350 specimens
; is now housed there. In the spring of 1970 the museum made
available this collection to the University.for study, and
1t was -at thls\t%me that the author began hlq\studles of thé °
material - During the summers of 1970 1971, ‘and 1972 a
dollectrpn of approximately 1300 spec1mens from the Smoky

Tower loéallty was made, This collectlon, the museum's,

L
& .
and abéut 50 specimens loaned by various, prlvate 1n61V1duals
[ i
"in Grandé’Pralrle, Alberta; formed’ the. nucleus for the
|‘>

L

research§project ' g
A Thé prlmary empha51s of the study is a svstematlc

analy81s of the two meqafloras that occur at the outcrop,

a1

with parflcular\attehtion aiven to the\lower flora, and




] ) | ']'

spe01f1cally to the family Taxodlaceae, which is well
represente@ in the latter. The stratlgraphy, selectlve
depositidn,/redio-thdnologyr.and paleqecology_of the
locality ere treated as accessory'topics._ . | e

All botanica%“terms, when not specifically‘defined
within the thesis text, are used as defined in Swartz
(1971) . All specimens flgured ln the text ‘are dep051ted
unless stated to the contrary in the figure descrlptlons
on the pages facing the figures, in the paleobotanical
collection, Department of Bofanv, Universif§ of Alberta,

Edmonton.

iy



. . CHAPTER 2 .

+ i3
\":

. $HEQGRAPHY AND STRATIGRAPHY
/

The Smoky Tower Locality is approximately 80 miles
south and east of Crande Prairie, Alberta. ﬁ're specific—
ally, it, is located between mile 66 and-mile 67 of the

| Goodwin-Hinton Forestry Trunk Road south of Goodwin (Text-

Fig. 1). The precise lggal description of the locality (as

~may Pe seen on the sign in Figure.'l) is LSD 10- 6 - 63 - 2 -

.

W6 .

4

figure 1 also shows a general v1ew of the locality,

with the photoqr&ph taken looklna east. The tuff bed

]
containing the majof conlferous flara is 1nd1cated bv the

letter T, while the plant fgssil bearlng siltstone horxizon

is indiéatedhbf S in 'the sdme figure. The hill in Figure 1
is flanked on either side by hills of a similar size, both

'contalnlng the f03511 bearing strata."However, the tuff

,‘horlzon in- the adjacent hlllS has proven to be almost

"totally barren of foss11 remalns. )

. \)"\

Text-Flcure 2 shows a part1a1 sectlon of the eXposure

Lo

\

'w1th the p051t10n of the various f05511 bearing strata‘f

.,

1ndlcated in the approprlate places. The detall of

sectlon was taken from the area marked SS in. quure The*

exposed strgia are not sufficientlv exten51ve to‘enabl

b e
1

l

,{
", ‘stratlgraphlc correlatrons to be made. Therefore, onl a
|

.- limited sectlon suff1c1e*t tg snow the relative p051tlon of
3 ;"';‘. g'ﬁ‘“ P%L ¢ : ’

[ S o e

v-f'»

e ¥



n o 4
the plant-bearing bheds s (& iven.
Fxaminat ion of the drilling loags for the 0oil well shown

in the toreqround in Fiqure 1 enabled the fossil bearing

strata to be formally located in the stratigraphic (‘olumn.'1

~
Examination of the data from these logs shows that the plant |
fossil bearing tuff hnd.is 4902 feect above the base of thoe
Wapiti formntion. This is not inconsjstent with the lower
Palecocene aqge determined by radiometric mecans for the
bentonite in the tuff horizon. No cvidence of the earlier
Knechills Tuff appears in the loas, but as 1Qﬁqinn was
started at a depth of 756 feet, it is pOSﬂiGIO that the
Kneehills Tuff would be-found in the unlogqged upper portion
of the well. It is of course also possible that the Knee-
hills Tuff bed, whiéh ds a significant marker bed in south-
ern and central Albefta (Irish, 1970), does not extend to

. ,

the arca of this localitv. .

The lateral extent of the fossil bearing beds is
3

t

unknown at+this time. The only other known outcrop of the
tuff ﬁorizon occurs approximately one:half mile farther
south on the forestryv tfunk roadd on the east side of the
road. A short access road was constructed in this area,

. exposing a verv limited ougcrop of the tuff horizon. A
small callectidbn was made from this érea, but in aeneral the

fossils are not well preserved and the matrix is badly

'y

! The drilling log and its interpretations are officially
recorded in the "Schedule of Wells Drilled for 0Oil and Gas.
- Province of Alberta,” 1963, published by the 0il and Gas
Conservation Roard, Calgarv, Alherta.
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(4}
weathered.  The few specimens from this secondary site

which are mentioned or fiqured in the systematic portion of

[}
’

this thesis will be labeled as coming from "Locality R" .,
Dr. J. Campbell, Research Council of Alberta, stated
(personal communication) that test drillings 3-5 miles ecast
-
of the Pocality failed to give any cvidence of the tuff
tayer, and also that 6utcrnps alona the Smoky River, west of
the locality (Text-Fiq. 1) do not show anv evidence of the
.fossil bearinq\tuff-{gybr. Based on these ohsorﬁations it
may bo‘concluded tﬁap fho:tuff bed has a fairly limited
lateral extensinn: dhe ‘either to dgpositional or later
crosional factors. -However, only intensive drilling and

surveyina of the area will provide precise information on

the extent of the horizon.

\
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FIGURES 1-3.

Fiqg.

Fig.

Fig.

1.

3.

.View of the Smoky Tower locality looking east.

Large letters A - D indicate lateral positions
alona the tuff horizop. They correspond to the
positions indicated by the same letters in Figs.
126-127, and in Text-Fiqg. 6; SS represents the
area at which the séﬁtion shown in Text-Fiq. 2 was
measured; T indicatés the fossil bearing tuff
horizon; S indicates the fossil bearina silt-
stone horizon. The sign on the well head reads: .

RICHFIELD
R.O. CORP SINCLAIR A LATOR 10~6-63-2

LSD 10-6-63-2-W6

Specimen S3806 - material from the sil&stone
horizon showing various fossil taxa. EC indicates
an Equisctuhi cross section; C indicates a Cerci-
diphyllum leaf; T indicates Typha-like mopocot
leaf fragments; V indicates a Viburnum leaf.

X 0.5 !

J _
Specimen S2733A - material from the tuff horizon
showing two Ginkgo leaves with varving dearees of
lobing and a fraoment of a Platanus leaf. X 0.6
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TEXT-FIGURE 2. A partial section of the Smoky Tower
‘ " locality, Alberta.



‘ CHAPTER 3

: MATERIALS AND METHODS '

/ Materials ( s

C

Fossil Material - The fossil material at the S%oky Tower E
lbcality was fdund in three distinct horizons and will be
treated descriptively and procedurally as separate entities.
The lowéét of the three horizons, known as the tuff layer
(Téxt—Fig. 2), consists of pockets of silicified voléanic
ash grading into unconsolidated bentonite. Highly carbon-
ized plant compressions are in ev}dence throughout the
stratum, but it is only possible to Qorﬁfﬁiﬁh those in
vlenses of consolidated, silicified bentoqitic tuff. Tﬁé
silicified matrix exhibits a conchoidal fracture, and,fhere—
fore it is only in rare.instahces that both an impressioﬁ
and compression of the same fossil arg o?%ained. |

Because of the wh@te matrix, the caébonized remains are
readily visible (Fig. 3). However, higher magnification
shows that the degree of preservation is not as good as the
superficial observation WOulé indidate. In the case of ¥
angiosperm leaves usually only primary and secondary ﬁy
venetion is oSservablef-with only the rare occurrence of

smaller veins. Fortunately, the majority of the fgpra is

.
fia

gymnospermous, and taxonomy here is more dependent upon leaf’

shape, size, attachment and position; all of which éte.
: 3
10 .

*an



J

fore carried out using more dilute solutions, and it was

11

-

readily discernible in the specimens. .
As has been the case in many other Tertiary floras,

e.g. the Florissant flora (MacGinite, 1953) .and the Genesee

N

flora (Chandrasekharam, 1972), where preservation is
. .

i

associated with Yolcanic ash, there is often an absence of A
' ]
! . . A
e s
preserved cuticle. Such is tHe case with the tuff flora at ‘@

the Smoky Tower locality, and all techniques attempted for

the recovery of cuticle wére unguccessful. This phenoménon
has often been attributed to the alkaline nature of éhe rock
matrix which causes deqrédation of cqtic%ef Chandrasekharam .
(1972) noted that the cuticle of Cercidiphylluh was ‘
completely ;emovéd in one week by a 2% solution of'sod{um

hydroxide. In terms of solutions in nature‘ﬁoweYer, 2% is

still extremely alkaline. Further experiments were there-

found that by using a 0.01% solution of sodium hydroxide the

e
cuticle was completely removed from Metaseaquoia in a period

of ten monthé.‘ A similar egperimehtfwith Sciadopitys
needles showed total removal in just over one year.

To further test the hvpothesis that an alkaline matrix
might be responsible for thé disappearance of cuticleg,
samples of the bentoniteF;urroundypq the'foss4liferous tuff
were suspended in diétilled w;ter havinq a leof 7. The pH
of the suspension was then checked ;mnediately, and
subseguently at weekly intervals fé}%a period of a month.
The iﬁitial check yielded a pH of just under 7.1 (less

alkaline than the 0.01% test solution by a factor greater
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than ten thousand), while checks durima the progressive time -
period showed no alteratien. This experiment, then, did show
the Matrix to be slightly alkaline, but it is egperimentally
impossible to say whether such a low concentration of
hydroxide ions woqld ever cause the degradation of cuticle.
It may be concluded from the expetiments that ;f alkalinitv
is requnsible for the 1;ck of cuticle, it was not
accompllshed in recent years It is of course possible
that the pH was much hlgher at the time of the ash
deposition, and has subsequently been lowered either by-
leaching or by neutraiization by natural acids.

The other megafossil bearina stratum, labeled Calcar-
-eous Siltstone in Text~Figufe 2, contains a flora high in
anqlosperm leaf remains and v1rtuallv dev01d of conifers.
The coloratlon of the matrix here ranges- from dark grav to
buff, and thus provides 1ess contrast with the fossils than
1n the white tuff layer- (Figs. 2, 3). .The ﬁatrix displays
well-def1ned parallel bedding planes, but the deqree of
consolidation is extremely variable Wlth the result that
many specimens are extremely fragile. Preservetlon is
better than in the tuff layer, with many anqlosperm leaves
showitig good tertiary venaf&on (Fig. 115). Alt ouqh there
is no evidence of inclusion of volcanic ash in the matrix,

‘ the plant remains, as in the tuff layer, are totally devoid
of cuticle.

Bet&eenjthe two plant meqafbssil beds is a thin leyer'

of coaly shale varying from 1;4 inches in ‘thickhess§. This
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layer contains a rich, thouagh not extremely Qiverse, micro-

flora which will be discussed in the next chapter. This

»

flora shows little if any correlation with the megafloras
above and below it. Using techniques described later both
megaflora horizons were examined for microfossils and found

almost totally devoid of them.

Living Material - In many instances, accura&ﬂ&identification

of fossil materials of this age can only be made by direct
comparison with extant material. This is especially true

when an attempt is made, as in ‘this th951s, to delineate

\

. genera and species almost entlrely on veqetatlve remalns
|4

It 15 fortunate that the qreenhouqes of the University of

.

Alberta have an excellent collectgpn of younq conifers, and

.

-

thorough use was made of this materlal. In addition, it

was possible to study and sample maturéylivinq specimens of

L

Seqﬁéia, Metasequota, and Tazodium igsthe University of
L T

Ccalifornia, Berkeley, and mature Cr%gtomgria‘at the' Botanic
v 14 A o - ‘

' ' : S .
Garden, University of Washington. . In‘addition, herbarium
materlal representlnq various taxodiacébu§‘genera was
Y

received from the Arnold Arboretum, Nelv York Botanlc Garden,

and the;Unéver51ty_of Californla,kgerkeley.

Methods

Because of-the‘COnchoidal}fractpre of the volcanic
tuff, entire leaf‘specimens were initially seldom exposed.

Thus it became neceSsary to expose the fossils remaining
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embedded in the matrix by mechanical means. The most satis-
factory method wao found to be a jeweler's Vibrograver, using
a standard diamond point for the coarse work and ; ohono—
oraph needle attachment for the more delicaif completion
(Kummel and Raup, 1965, pp 267-270). Varigga methods for &
obtai;inovcuticular samples'(Abbott, 1950; Cridland.and
zilliams, 1966; Chandrasekharam, 1972) were tried wifhout
success. Similar methods were aétempted on fhe\upper mega-
fossil horizon as well as bulk maceration, but again with

negative results.

,Paiynological Technigues - Attempts were maae to recover'
microfossils from both the plant megafoséil horizons and
froﬁ the coaly shale lying between them. Recoverv of micro-
fossils in oeneral reduires three basic steps; breakdown of
.the matrix (either physically or chemioally),to free the
encased miorofossils, removal of unwanted chemical residues
_(either inherent or’ created by the first step) and prepar-
ation of the cleanod, isolated micfofossils for“microécopic
examinafion and photography. Por’thé purposes éf the :
remainder of the'discﬁssion, the‘terﬁ micfofossils shall,
include two'groups! (1) palynomorphs, includino spores and
pollen .grains, and (2) other microfossils, includinq_faunal
remains (shell fragments, operé¢ula, etc.), oogonia of Chara
(Gyrogonztes) and other algal remalns. Components of the ',
latter group are much less resistant to strong ox1dants, and .

the matrlces were ‘therefore handled in a dlfferent fashlon ga

 While slightly modified techricues were‘used in

BN Sty



Coaly shale wai broken into pea-sized pieces and a»geq

Y gram sample was weighed out. The sample wes/placed.in a

'ff polyurethane hedker. The saﬁple was then'coveréd with

20% hydrochloric acid and dllowed to etand for one:heur

to'remove any carbonates. |

‘ZMvAffer carbonate removal the sample was rinsed and cbvered;
. with 52% hydrefluoric acid for al24 hoﬁr period to'remeQe
"silieates.

,j&. After thorough rinsing in distilled water‘end dilute

/' hydrochloric acid the sample was covered with Schulz's

N SRR reegent for the final oxidation of the remainina pieces

WQLK of primarily carbonaceous material.. For the particular ///,
NI ’ . - '

. " sample, 2-3 hours was sufficient. ‘ ' =

g;yAfter rinsing to neutrality. the'material was placed in

Y

. 2% sodium hydre¢xide. This step is drltlcal, as -the

exines of theApalxnomorphs will beq1n to b etched it

N
k)

left too lonq 1n a ba51c solutlon. Therefbre, every
three mlnuses a sample was checked under the mlcrqfcope,

and as soon as qralns could‘be observed free from the

3

i [}itarry residue from the Schulz's reaction, the material

3was diluted tO'neutrality} For thevparticular sample in

\Questlon, 51x mlnutes proved adequa@e; 'It might be noted

here that it is the oplnion of so palvaologlsts

P
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(personal"communications) that this length ©f time in a

basic solutlon w111 completelv dissolve some the niore

delicate gralns or change the ornamentation of moxe
registant ones. ‘To guard against this po!!ibility, a
portion of a sample was removed and diluted after each

minute, but later comparison with the six minute samples

-

v showed no observable difference.
R \ \ ‘ , \
5. The material was then wet-sieved through a

series coﬁsietg
inag of 300, 125, 63 and 45 micron mesh. The material
collected on eac¢h sieve (and that passinag through all f?//

them) was then stored in distilled Water made slightly
ac1d w1th HC1l to dlscourage water-mold growth.

6. For preparatlon of permanent slldes the mater1a1 was

stalned and mountTd A variety of methode were' tr1ed
at thlS stage, but the optlmum results were obtalned as

. 1

follows. Equal parts of a 1% solutlon of aqueous
safranrn and a 1%. solutlon of Blsmarck Brown were mixed.
and then dlluted 1: 100 with distilled water. Two drops
of ‘this staln were placed on a cover slip (6 ;;22 mm
proved é551est to handle) with one, drop of the material
(pH neutrallzqd) contalnlnq the palynomorphs and one

dro? of polyv1ny1 alcohol (the exact percentaqe of

the alcohol waq not measured but best results were

obtalned with a,solution about the consis ency of Karo
"\ syrup) These were mixed toqether and spread evenly

acrOSSJthefcover sllpa The cover Sllp was, then placed
- . /
_on a warmlnq tray:to drv, after‘whlch 1t was mounted

Lot
=
7.
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with Permount on a glass slide.
In addition to the safranin-Bismarck Bfoun‘staining
combination, the t&o components were . tried separate?y. 1
Basic fuchsin, which reouires dehydration in a seties\of

alcohol baths, was also tried. The safranin-Bismarck Brown

- combination gave the best results because it stained the

grains in such a wav that they showed the best detail when

- photographed. 1In addition it was noted that inpm&nyv

instances bisaccate grains subjected to this combination
. L]

of stains‘absorbed:the red safranin on their bladders and
the yellow of the Bismarck Brown on their central bodies

When photographed with a green filter this allowed for

better differentiation of bladders. 'This‘wasﬁdesirable as

the relation of these to the certral bodiesj8f7&inged
graingis an important taxonomic character

[

Other Microfossils - Preparation of material for swretrieval™

 of other microfossils necessitated omission of.the use of

the strong oxidizing agents used in the previous procedure.

\

Two methodS'were\therefore~tried In the flr 'the . e

RET
K

‘material was merely powdered and ‘wet- 31eved through the ‘;*ﬁf

o

1 sameamesh series. Samples from the: two coarser meshes ‘were .
1

then examlned under a dlssectlng microscope for megaspores,

‘Chara oogonla, etc. In the second method materlal (about

pea—sized chunks as 1n the 1n1t1a1 procedure) was placed

in’a beaker of‘"Quaternary o", a deterqent; and slowlv

b011ed.‘ Thls accompllshed breakdown of the matrlx wlthout

v1olent oxldatlon.- The materlal was then rlnsed wet- 51eved
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and searched in a similar mannecr. Neither of these methods

vielded any results when tried with materials from all

. three laye&s. I

Paiynomorphs,in Megafossil-Layers - Modifications of the

previouslyv mentioned ptoquQre were tried on samples from
the two meqafoséil horizon8: In the case of the volcanic
tuff layor it was poqslble to treat qampleq of the uncon-

\

qolldated bentonl&g wlthout any initial breakdown procedures.

A sample was thorouthy qquended in distilled water using

“

_“a Warlnq blendeJ

! Thé\re$ult1nq suspension was allowed to

settle fon two hours}uaftﬁr which the liquid portion,
containing“much of the Gerxiffne clay, was decanted and
discarded. ¢he remaindér ygs/éuspended in a sol%tion of
zinc chloride having & specific gravity of 1.9 and allowed
to separate. The;floatinq Javer, which contained the
¢

\ organic material was remOVeh and treated in the same manner
as the original proceaure starting at step four. Unfortun—
ately the final preparatlo"fﬁ!lded almost no palvnomorphs

The upper plant meqafossil matrix was treated in a

manner similar to the coaly shale, with the oqusxon of step

\.

three (Schulz's;;QQdéqg) which proved unpecessary. Here
~again the resulﬁsﬁééig negative. A glance at the strati-
graphy of the remainder of the outcrop (Text-Fig. 2) shows
numerous other layers of ceal #né coalv shale. Cursory

1

-»examlnations of several of trese indicated that some of them

‘could well yield 51qniﬁia‘nt'results, but thev are not
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\

: f
included within the scope of this thesis.

K~Ar Anaf&sis - Approximately 30_peunds of bentonite from
the plant megafossil horizon were processed to obtain
vquantiﬁies of biotite'end.sanidine large enough for K-Ar
analysis. The raw bentonlte was thoroughly suspended in
Qater using a Waring blender. The resulting slurry was
repeatedly washed and decanted until the majority of the
fine clay minerals were removed. The remaining coarser
mineral portion (approximately 4 lbs.i wa; dried with |
acetone and dry-sieved through a 45 migron sieve. The
fraction retained on fhe sieve was procedsed through a
magnetic separator and the two fractionst placed in
appropriately labeled containers. At this stage the
mdterial was turned over to Professor H. Baadsgaard of the
Department of Geology for final purification and analysis.
Information on the theofy and procedures»fdr this final
analysis may.be obtained from Dalrymple and Lanphere (1969)ﬂ
.Living Materials - Forﬂgeﬁeral comparison of gross morphe-
loqé of the foegil materiél\yith extant species, direct
observation of herbarium ﬁaterial was generally satisfactory.
For some taxodiaceoue genera and a few angiosperm species
venation and mode of:attachment was somewhat 6bscured, and
for these cases‘it pfoved desirable to ciear, stain and
mount specimens of the.living material for compafison. -For

this comp;fison ‘the procedure described by Chandrasekharam

(1972, pp 16-17) was employed with a minor varlatlon.
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ﬁ T¢ dﬁkgélate'tho microflora (pollen and spores) with

sPFF~ J r?Pt;i‘:
:ojeé «q’g js

] g"‘ = :
coéresﬂhndiﬁb extant species. For this a small amount of

ted by th? members of the megafloras, it

 to prepﬁre mounts of some palynomorphs of

the extant pollen (either from herbarium sheets or living
greenhouse plant33 was placed on a microscope slide with
two drops of aniline oil and‘one drop of 0.01% crystal
violet. This was gently heated until the stain was taken up
by the pollen gfhins and the o0il was clear. The slide was
-successively flooded with xylene and blotted until the oil

was all replaced. The pollen was then covered with Permount

and a coverslip, and the slides dried.

Statistiéal Analysis - To accurately determine the floristic

composition of eaqh plant megafossil horizon and to enagle

a suitable study of interspecific and intergeneric variation

to be cargied out, the mass collecting technique was

employed in optaining the material to be described. To

insure the success of the first objective it is necessarylto

eliminate as much subiectivity in specimen collection as

) possible to obtain as truly random sample of the flogg as
possible. If this is done it is possible to obtéin
significant figures on the relative occurrence of the
included species. However, the success of this method is
dependent on the assumption thatAthe fos;ils themselves Ere

randomly deposited.: Fossils contained in the fossiliferous

siltstone layer gave no indication of neggei this
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generalization, and specimen countsﬂand percentages are
thus given and analyzed in the systpmatic ﬁection of this
study. However, it became quickly evident in the course of
collecting that the fossils contained in the volcanic tuff
horizon were very selectively deposited, and thus then
technique of purely random sampling of this horizon was

.abandoned early in the study.

The, second objective, study of interspecific variatioh)

does not depend on the randomness of the sample but rather
on its thoroughness. To augment the fossil samples, as
large a represeﬁtation of extant material as feasible was
studied for the relevant dgenera. These were analyzed for
size, shape, phyllotaxy, and mode éf attachment. The
statistical results of these studies are presented in the
appropriate sections of the systematics chapter.

The same two objectives may be applied to the stati-
stical analysis of a microflora. The randomness may be
obtained by counting a given number of fields randomly
chosen for a given slide of fossil material. As the primary
emphasis of the thesis is a study of the megafloras, no
attempt was made to do a detailed study of the intertaxon
variation‘of the palynomorphs. The relative freauencies of
the taxa encountered are presented in the appropriate

portion of the systematics chapter.

/ 7
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>



CHAPTER 4

SYSTEMATICS

Infroduction - Within the oufcrops of Lhe Smokyv Towef
locality are at least three separate fossil floras, two
containing megafossils énd one vielding microfossils.
Although there is a relafionship“existinq between them which
will be discussed in a later chapter, they are distinct
1ithologic units and will be treated as such. The mega-
floras will be treated in detail, while the mlcroflora will
be briefly described, *listing and ill;stratinq thé genera
and‘specieé found.

The taxonomy and nomenclature of COmprqssion floras ha§
long presented many problems for investicators in that field.
The very nature of the material,leaves‘the investigator on
the horns 6f.a dilemma. On one hand there is ﬁhe justifiable
practice of identifying fossil fraaments - sometimes only
a single fragment - and assigning them names. The practice
is justified by the concept that a p031tive1v 1dent1f1ed
specimen, even representing only{g frgg?ent of a plant oraan,
can be useful in ‘making stratigraphic correlations. This
approach was used most frequently in the first half of this'
century. It is well documented bv workers such as Berry
(1916, 1924, 1935), Hollick (1930, 1936), Knowlton (1902,
1922), and Bell (1949).

The other major approach iéhds to view the fossil
T .
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material as representing organs or fraaments of organs\of
entire botanical entities and populations of entities in
which the organisms are subject to interspecific variation.
Proponents of this philosophy usually assign entYties to
taxa only when statistically significa;t numbers of specimens
are available. They treat those with sparse representation
as either probable members of a previously well documented
taxon, or as an entity unsuitable for formal identification
(designated as Incertae sedis). This philosophy has been
the dominant one in recent years, and has been espoused by
such workers a; MacGinite (1969), Axelrod (1962, 1964), and
fhandrasekharam (1972). Not all wquefs can be categorized
in the prechinq manner and sevfral of the more recent major
workers in systematic paleobotqny—have used an approach
! ‘

-which combines certain features of both previouslyv mentioned
schools. These include Dorf,6 (1942), Brown (1962), and
Becker (1969). //

This hybrid approach/ﬁs based on the principle that
the fossils represent ogé;ns of biological entities. How-
ever, it is recognizedgéhat stratigraphic value méy still be
placed on a fraament if it possesses recoanizable characters,
and thus such individual specimens may also be assigned .
names, even if their botanical affinities are'in doubt;

In thlS dlssertatlon the mainqprlnc1ple of the latter
approaches, that the fossils reprggent organs of b1010q1ca1

entities and are thus subject to the varlablllty such a

definition implies, will be followed. However, it will be
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modified with two other considerations. The first of these
r ]

is the recognition of form and organ genera as set forth in
the International Code of Botanical Nomenclature (Stafleu,
1972, Dpivision II, Article 3). Such genera are recognized
if the natural affinities of.tné fossil material remain in
doubt. 1In aecordance with this, entitaies fepresented by
only one or few specimens, if well preserved and readily

~

characterized, are assigned to appropriate taxa. i

The second consideration involves the endings of
generic names for fossil material. " The .trend among -many
paleobotanists has been to assign fossil material te genera
ef extant plants without any change in the generic name.
The arquments presented in favor of this are (1) that a more‘
natural classification’! is possible, and (2) that all
characteristics of the f05511 materlal;are already accounted
for within the diagnosis of the extant genus, and thus a
new name is unnecessary. It is the opinion of the author
that these two arguments.are not entirely valid, and that

N ,
they do not justify the inclusion of fossil material in

I

generd of extant plants without change'in the generic name.

¢

Regarding the first argument, the creation of a more

natural classification, it is the author's position that in

! As is lucidly pointed out by Davis and Heywood (1963, pp 8-
9), "natural classification" may be interpreted as either
.phenetlc naturalness or as phylogenetic naturalness. When
used in this thesis natural classification shall imply
phylogenetic relationshlps unless otherwise stated at the
'partlcular instance. -
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addition to tryinq to achieve phylogenetic naturalness in
cla591flcatlon, one’ must also consider the usefulness and
clarlty of the system. It is perhaps understandable to
adopt the system of using names bf genera of extant plants
for fossils when dealing with such genera as‘Ginkgb in
which there is only one extant species. To many plant taxo-
nomists G. adiantoides (Unger) Heer and (. laramiensis Ward
will be readllv recognizable ae hames belonging to extinct
plants. However, with genera such as gcer, having 14
species in the northeastern United States alone (Fernald,
1950), only spec1f1c authorities would recoanize A. bolanderi
Lesquereux as a name de51ghat1ng a fossil spec1es. 

The second arqument, that all characteristics Qf the

. fossil material are included within the diagnosis of the
extant genus; is true as a simple statement of fact. How-
ever, except for a few unique‘cases, the fossil material (by
virtue of its fraémentary nature and preservation) does not
demonstrate many of the tharacters which are. taxonomically
‘impertant in the delimitation'of the genus.

| As an example, many anqlosperms %re identified (or
keyed out in texts) on the ba51s of reproductlve organs.
‘The fact that a given fossil leaf, for example Acer
. bolanderz, is the same as leaves found in representatlves.of
the genus of extant maples becomes . less 1mportant when it is
realized that no data are available on such characters as

reproductive structures or xylotomy which might indicate the

two are quite distinct taxonomically. Thus, the similarity;
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of a fossil leaf (or other plant organ) to an extant counter-
part does not,tindeed cannot? be takgn\as evidence thaf the
entire extinct and extant organisms are identical (at tHP .
generic‘level). To do so denies the paleobotanically proven
- fact that different plant structures evolve at diffe:ént
rates in certain organisms and negates the possibility that
the majority of the organs of a agiven plant may have evolved

into generic uniqueness‘in.a given number of million years
while one organ remained unchanged. With this in mind it is
"apparent to this author that it is neither .logical nor
natural to place such a fossil within a genus of extant
\plants where many characteristics and organs are known. It
would appear that this situation is an example of what,waé
envisioned when provision was made.for-organ and form qenefa
in the nomenclatorial code. = |

FIn keeping with;thgwaforementioned philosophy, all new
genera described in this thesis and thought to be closely
allied to genera of extant plants will be given names with
endings differing from those of the extant correlative. It."
may be argued that this policy, if uniformly adopted, Qould
~ add greatly to the number of names in_use, and thus édd
confusion to the already copious body of iiterature.' This,
however, seems to be less objectionable than the possible
inaccuracy\and lack of clarity incurred by iﬁclﬁsiop of

- fossil material representing §ingle”p1ant orgaﬁs withip
‘geneE? of extant plants representing entirevoréanisms, or at

least several organs of a single oxganism.

.oa .
P g’
. ?
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No specific classification will be used in the section
dealing with the microflora. For the two megafloras, the
system of Engler-.and Prantl as presented in Willis (1966) is

used for angipsperms. Gymnosperms are classified according

to Dallimore and Jackson (1966) and all other vascular plants
are classified according to the sys}#m given by Smith (1955).
Some deviation from these systems is'inevitable, but

instances of this will be discussed in the appropriate

portions of the text.

Volcanic Tuff Flora

This flora is the lower (Text-Figs. 1, 2) and older of
the two megafloras found at the Smoky Toﬁer locality. It is
predomjnantly coniferous in composition (greater than 75%),
but e?act percentaages for individual taxa have nof been
presented for the reasons stated in the statistical portion
of the preceding chapﬁér. The remains appear ﬁo represent
flofas‘that érewﬁat different times. ‘The evidence suéports
the conclusion that the fossil Equisetum found in the layer
(and jncluded in the systematic descriptions) grew after

initial deposition of the volcanic ash, and succeeds the

~ time when leaves of the coniferous génera were. deposited.
. _

Systemafic List of the Flora -~ Numbers in brackets in the
following list represent the total number of specimens from

various sources used for the sﬁudy. . - R |
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Class: Equisetinae
Family: Equisetaceae

Equisetum arcticum Heer (107)

Ciass: Qymnospermae
| Order' Ginkgoales
3 Ginkgo adiantoides (Unger) Heer (38)
. order: Coniferaleg
Family: Cupressaceae
. ThuJopposztes interruptus (Newberry) nov.
E ' i : | ' f genJ et nov. comb
B T T (92)
Fahlry 801adop1tyaceae
S% Sczadopztophyllum canadense Christophel
leaves, attached (11)
. leaves upattached (79)
Family: faxodiéceae |
qg“ Glypgdstrqbus nordenskioldii (Heét) Brown
" ‘ (437)
Metasequqia ogcidentalis (Eewbefry) Chahey
| - (136) '
Class: Angiospermée
Sub-class: Dicotyledonae
Family: Cercidiphyllaceée

Cercidiphylium sp. (12)

! Dalllmore and Jackson (1966) do not recognize this family,
but place Sczadopttye in the Taxodlaceae. ’
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Family: Platanaceae
Platanus raynoldsii Newbéff?‘(20$

family: Ulmacgaeﬂ )
éelkova sp. (16)

, ' ' Incertae sedis (32)

\
{

Class: Equisétinae
vy

Family: Equisetacéae
¢ . S
L Equisetum arcticum Heér (1866)
N ,

Ip frequency based on numbers of specimens were
. presented for this flora, Equisetum would prove to be by
far the dominant menber. Examination of the material points
up two important facts: (1) dnly underground (ive. rhizoma-

tous and tuberous) material 'is present, and (2) this

~
~

mater%al;unlikejgggér plant remainsw;nﬁghe’horizon, runs

through the matf%& at all angles and iA.all directions, in .
many cases piérping foliar remains of other genera’(Fig.

89). "These facts indiéate thgt"the growth of Equisetum was

sécondqry to the deposition of the remaining flor& and the

'ubolcanic ash itself. The presence of a layer pf coal

idirectly ébove'the.rhizométous Equisétﬁm-beari g bed tempts

y’ong td make‘a éompa#iéon Qith the‘stigmariaﬁ u derclays‘f,

“found béneéth(the coal seams in Pennsylvanian age deposits. . .

‘Descriptipn - Recent aﬁthors,(Brown, 1962; Graham, 1965;
Becker, 1969)'h5ve’recoqnized?the'poss;bie;interspecifid
. variation in Equisetum,and~have~p1aced tOgethe:'remainé ;;;/”,

. . 3 . ! . .
* Lb . o . ” . « * - -_ . g
L, T : O -
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which show some variabil}%v-infeigher Equigetum sp. or .into
E. arct{cum Heer. These itheridators do not recoonize the
numerous species erected earlier by Hollick (1936),

‘ Lesquereaux‘(1883l and Bell (1949). The specimene'represent—
.ed at the Smoky Tower locality fit:dnto the original
description of E. arcticum Heer and the quantity of material
allews the circumscripbien»of the diagnosis to be‘expanded.
The rhizomatous portions exhibit max imum diameters of 2.0 cm
with the average being aboet 1.5 cm..T The larqest intact
“rhizome recovered (Fig. 11) is just over 49 cm in lenath

and 1ncludes 4 nodes bEarlnq tubers.

Tubers were found to average 3.8 ém in-length, having an
obovare shape with a diStinctlyfconstricted‘proximal
ettachment (Figs. ,3: 7, 10). The average maximum diemeter
was found to be approx1matelv 1.5 cm, while the greatest
'number observed attached to a 51nqle node was 51x{!’Numerous
scars were observed on many spec1mens (Figs. 5, 8, 10) to a
max1mum of 14.' Nodes bearing tubers often were shown to |
produoe roots (Figs. 5, 8?;19 the samejmannervas‘extaht | “
speoies._'Some sma;lér rhiiomes with‘onlvproots at‘fhe nodes
- were also collected (Fiq..4f _.&he.larger rhizomes consist-
,ently exhlblted r1bb1ng (Flgs. 5, 8, 10) and preserved nodal
~p1ates (Flg. 9) all showed evidence .of hav1ng either 12 or
'"13 vaséular bundles.faIn two speczmens the 1nternodal cross-—
':sectlon was seen (Flg.i%). In both cases 12 vallecular canals
-and thlrteen partltlons were observed |

In a monograph of the sub-genus Htppochaete, Hauke

’ S - EE T hh ;»‘, . - .
D . ‘ Al . : .
P L, ; S - o .

4
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(1963) discussed 1n dreat detail the taxonomlcally 51gn1f1c—

ant characters of the 1ncluded spe01es and also’ llsted 12

characters whlch could be used in constructlng a phylogeny

.of extant species. ‘It is interesting to note that only two

of these characgeristics,.axis size and rhizome'surface
(smooth vs. rough or ridged), Eould,be applied to the
fossil matetial.‘ Even these‘characteristics,are of‘little
aid in interpreting.the'material,‘in,that largedaxis‘size

(a relative measurement) is considered primitive by Hauke

‘while a ribbed rhizome is considered advanced. Thus it is

impossible not only to make anv phyloqenetlc 1nterpretat10n

from thls type of material, but it is also obv1oUs that the

majorlty of characters consldered taxonomlcally 51qn1flcant

g

are not observable in compre551on f0531ls of this tvpe.
This comblnatlon of axis size and ribbing found in the

fOSSll material would also tend to cast some doubt on thelr
usaqe by Hauke in relatlon to' phylogenetic 1nterpretatlon of
extant species. L -

T o |
Remarks - As noted earller, all specxmens obs&rved fall

w1th1n the limits of the . dlagnOSIS by Heer ‘for E. arctzcum'

and are sxmllar to spec1mens flgured and descrlbed by Bell

(1949) and- Becker (1969) . Based on: the 1nternal structure

: exhlblted by the Smokv Tower specxmens 1t would be p0551ble N

to ‘emend the dlagn091s. However, as ‘the taxon has assumed

the role of a good organ species representlna a falrlv large

"grange of qross morphologltal features, there appears to“be~

E

'hvno advantaaean 1ncrea31nq the spe01f1city of the dlagn051s.,

‘__:-

P

Y
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FIGURES d4-11. . | RPN
|

¢
Figs. 4-11. FEquisetum arcticum Heer from the tuff horizon.

Fig. 4. Specimen S1642 - small rhizome showing roots at
* the node. X 3

4 i

Fig. 5. Specimen P67.1.8 - a node showing one larage attach-
- ed tuber and numerous root and tuber scars. X 2

Fig. 6. Specimen S3164A - an internodal cross section’ of
a rhizome, showing the probable pith and valle-
cular canals. X 3.5

Fig. 7. Specimen P67.1.33 - portion of a rhizome showing
a node with two attached tubers; deposited in the
Alberta Provincial Museum and Archives collection,
Edmonton. X 1.4 .

Fig. 8. Specimen S3108 - rhizome showing internodal rib-
bing and two attached tubers. X 2.5 ')

Fig. 9. Specimen P67.1.81 - nodal plate showing probable
ring of vascular bundles; deposited in the Alberta
Provincial Museum and Archives cojldection. X 2.8

]
| 0D
Fig. 10. Specimen S$2894,- rhizome showing internodal
ribbing and two attached ‘tubers. X 1.4

1

Fig. 11. Specimen P67.1.1 - single rhizome showing several
nodes and internodes with tubers attached at the
nodes; deposited in the Alberta Provincizl Museum
and Archives collection. X 0.3 ‘

»
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As is shawn by Hauke's criteria for determining species of
Equiaetum, the comparative values of E. arect7icum in terms of
intergeneric differences and comparisons with the moderﬁ
flora are negligible. The value of the species therefore
lies primarily in'that it provides a basis for correlations

with other fossil localities.

, \
\ .

~

ORDFR: GINKGOALES
Ginkgo adiantoides (Unger) Heer 1878

Description - Among the 38 specimens studied from the Smoky
Tower locality, it was possible to observe almost all of
the variations in leaf shape observed in (inkgo biloba by
Chémberlaiﬁ (1935 - Fig. 206). Lobing variés from non-
existant to deeply lobed (Figs. 12-15) and in,qenéfal out-
line, from cuneate (Fig. 15) to approaching reniform, which
is the commonest shape in the extant species. WWhen present,
petioles are seen to be well developed, almost eaualina the
length of the lamina in smaller specimens (Fia. 16) and
almost twice that length in some more mature sbec%mens
(specimen S3409A - unfiqured). Venation was also found to
be gonsistent with that observable in the extant species.
Parallel venation with open dichotomies (Fig. 17) was
observed in all specimens in which venation is preserved.

-

2

Remarks - As with all other taxa (excludina Equisetum) found

in the volcanic tuff stratum, those specimens found
N .

% ’ -
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in situ' were extremely localized in their lateral distri-
bution (Text-Fig. 6). In one instance several lecaves found
in a single piece of tuff (Fig. 3) ‘eihibit the varying
deqrees of polymorphism discussed earlier.

In recent years much speculation has been undertaken in

regard to the evolution{within the genus and the taxonomic

f

variation. The observation has been made that the cuneate

shapc+dominated in the Cretaceous specimens hile the reni-
. _,_./—

form shape first appeared in the Paleocene, although some
specimens of this age and younger (including the extant (\
A G. biloba) still persisted in a cuneate variety (Brown,
1939, 1962). Brown summarized his feelinas on the taanomy
of the fossil Ginkgo specimens with the following statement
(1962, p. 47): |

"As the first well-developed reniform leaves of Ginkgo
appear in the Paleocene, I favor restriction of ¢.
adiantoides to the Cenozoic. This species, however,
like G. biloba, may include leaves havina the form
of the Cretaceous G. laramiensis and the Jurassic
G. digitata. When, therefore, these kinds only are
found in a Paleocene or later collection, they can,
nevertheless, be identified as G. adiantoides, on
the presumption that thev are such variants.
Certainly less harm, if any, is'done by this practice

" than, for example; to identify simple, undivided
cuneate Ginkgo leaves, wherever found, whether in
Mesozoic or Cenozoic strata, or even on the living

- tree, as G. laramiensig."”

As observed by some earlier workers (Berry, 1535, Dorf,
\

1942), the supposed difference attributed to G. Zaramiensis

1s only observable where large suites of fossils are at

1'a large cuantity of material, brought down bv erosion and
the otiginal road construction 4s included in the study
but not listed as in situ.



hand. However, the validity of the species G. laramiensis

is not the central focal point of the iséﬁe. While most

paleobotanists and taxonomists will agree that lumping all

cuneate leaves from the Jurassic to the present in one
\é‘species is absurd, it is equally unreasonable to separate
Cretaceous and Paleocene specimens which are identical
merely on their stratigraphic occurrence. Larae numbers of
plant species are foﬁnd which span\the Cretaceous-Tertiary
bowndary without change, and thus it does not appear to do
"less harm" by assuming Ginkgb did not span this boundary
than by assumipg it did.

In an extensive study of the evolutionarv trends in the
genus Ginkgo, Tralau (1968) observed that some of the
Cretaceous specimens in which cuticles were present could be
shown to differ slightly from the Paleocene ones by the
presence of papillae on the subsidiary .cells around

.

stomates. He also observed that one Eocene specimen differ-

ed from the extant forms in stomatal characters, while'ﬁost
other.uppgr Cretaceous and Tertiary forms were well wiﬁhin
tﬁe'bounds of variability shown epide ‘L&yTby G. biloba.
An additional significaﬁt fact menggo' d\by Tralau was that
the majority o specimens and taxa Qit affinities to Ginkgo
from the Cret#ceous and Tertiary did not have cuticles
preserved, and thus it was impossibler(e¥éludiﬁg some lower
Cretaceous specimens) to distinguish them satisfactorily.
Based on T:aiau's study‘and on observations of specimens

from various localities it is the opinion of this author that

-/
/
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FIGURES 12-17.

Figs. 12-17. Ginkgo adiantoides (Unger) Heer from the tuff

Fig. 12.
Fig. 13.
Fig. 14.

Fig. 15.
Fig. Y6.

Fig. 17.

horizon.

Specimen S2738A - small leaf showing no lobing.
X 2.2 '

Specimen S2738B - small leaf showina slight
lobing. X 1.7 ' .

Specimen S2733A - leaf showing slight lobing and
a shape approaching reniform. X 1.4

- Specimen P67.1.142 - leaf showing moderate lobing

and definite cuneate shape; deposited in the
Alberta Provincial Museum and Archives collection,
Edmonton. X 1

Specimen P67.1.79 - leaf showina a petiole of
approximately the same length as the leaf lamina;
deposited in the Alberta Provincial Museum and
Archives collection, Edmonton. X 2.1

-

Specimen S1918A - portion of a leaf showing the
dichotomizing veins near the leaf margin. X 8

.
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unless the diagnosis is emended to include definite cuticul-
ar vafiants, the ;pecies G. laramiensis would be besﬁ placed
in synonomy with ¢. adiantoides due to the lack of signific-
ant characters of a general né;ure £hat distinguish the two.
The specimens from the Smoky Tower locality are définitely ;d
Tertiary, and thus assignabhle to (. adiantoides no matter :
whose taxonomic philosophy is"followed. - However, as a
general principle, it would appear tﬁat more confusionAJ
might be caused by assigning noncuticularized, cuneate
Ginkgo leaves from a‘isfality 65-70 million vears 'old to,

G. laramiensis because of their age than to assign them to

G. adiantoides on the basis of their morphology.

ORDER: CONIFERALES

e R

FAMILY;‘CUPRESSACEAE'
Genus: Thujopposites aen. nov.

|

Diagnosis - Branchlets flat, linear, opposite, and deciduous;
subtended by pairs of persiétent, opppsite cupressoid leaves.
JLeaves four-ranked, appressed, withriaterals having acute
apices and upper and lower rénked leaves being mucronate.

Leaf tetrads show no indication-of spiraiinq,'with the ﬁid-
veins of the upper and lower ranked leavéé fdrming contir.uous,
straight rows along the branchlets. : Lérqer axes naked with
the exception of the oppbsitetpairs of  scale le;ves‘shbtend—

L3

ing positions of dehisced branchlets.

LN
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Thujopposétes interruptus (Newberry)
. . .
Christophel comb. nov.

1
L
,

o . §
Thuja interruptus Newb., 1868, Ann. N.Y. Lyc. Nat.

Hist., Vol. IX, p. 42.
Libocedrus €abiniana Heef, 1871, p.v34.
" Thuites interruptus (Newbe#ry) Bell, 1949, p. 52.

Libocedrus interruptus (Newberry) Pabst, 1963.°

Diagnosis - Branchlets flat, linear, oﬁposite, and decid-

- » €
uous; subtended by pairs of persistent, opposite cupressoid
leaves averaging 8«10 mm in length. Leaves four-ranked, and

-

appressed. Lateral leaves averaging 6-9 mm in length with
acute apices. Upper and lower ranked leaves mucrénate,
averaging 6-10 mm in length and 5-7 mm in width at the base.
Heavy midrib.prom;nent on uéper énd lower ranks of leaves
giying the appearance of a cﬁntinudus line along the branch-
let (Fig. 22). Larger branches n%ked, excepting paired
leaves subtending areas of dehisced branchlets (Fig. 19). -
Average distance between branchlets is 25-28 mm when measured
on mature branches where dehiscence has already occurred.
Holotfpe - The same specimen as the basionym, Thuja inter-
rupta Newberry.
Hypotypes - S-1820 (Figs;/ 21, 22) and §-3451A (Fig. 19)
deposited'ih the paleobotanical collection,
Department of Botany, University of Alberta, -

4

Edmonton.
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Description and Discussion -~ The new genus and comhination

are based 'on Thuja interrupta Newberry which is the nomen-
clatorial basionym for the comb. nov. The original species

diagnosis (as quoted in Newberry, 1898, pp 25-26) reads as

‘
ll S:

‘%J
"Branchlets flat, narrow, linear,. plnna\e, opp051te,
except at the summit of the branch, soméwhat remote,
connected only by the slender woody axis on which the
leaves of the branchlets are not decurrent; leaves
in four rows appressed, those of the upper and lower
ranks orbicular or obovate, shortly mucronate, lateral
ones longer, subulate, terminating in awnlike points;
larger branches naked or bearlng closely appressed
linear scalelike leaves

The above diagnosis has begn emended here to inciudé the
deciduous nature of the branchlets and some measurements of
leaf size which ére not inconsistent with those of the
species listed in synonomy. While the original diadgnosis
stated that branches are not opposite at the apex, it
appears that Newberry's observations‘were based on specimens
where apical branching waé obscured, due in some measuré'to
the density of the branchlets in that regidn{ In all séeci-
mens observed from:the Smoky Tower locality, even ultimate
pranchleﬁs are opposite (Fig. 18). | :

Pabst (1968) reviewed the material preQ%ously placed
in Thuja interrupta, and based on aéditional maﬁérial{trom'
the Chuckanut Formatibn in Washington, piacedfthe entire 
compféx in the genus Liboéedrus.lfﬁerbdeéision‘was‘bgéed,
in paré,.oh a'sfudy of‘the extant incense cedar of

California and Oregon and the Chilean cedar of South America.

It is interesting to note that while Pabst considered both

:l‘\ ! .
&

e
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V. |
of these species to belong to the genus Libocedrus, many o

other authors (Florin, 1963, and Dallimore and Jackson, 1966)
considered them distinct enouqh to belong in sepafate genera -
(Calocedrus and Austrocedrus respectively)

The author had the opportunity to study Pabst's mater1a1
while visiting the Unlver31ty of Berkeley, California, apd
reached the conclusion that the Chuckanut material was as
similar to thd extant g@pus Thujd as it was to any of the
others just mentioned. The foliar specimens ahd the oy

rapparent reproductive structures can be definitely claséed

as cupressoid, but not positively placed with a genus of
exg"ﬁ% plants.

! The decision to establish a new genus was based on the
abdve—qentioned observations. The fatt that Florin (1963)
refused to separate the closely allied genera of the
Cupressaceae in his consideration"of their distribution in
time and space also indicates the'potential value of a new
organ genus for this type of material. While the leaves
most closely resemble Thuja in their size and shape,
precedenf'has been set for the creation of a new genus based
op opposi%i’arrangement 6f'vegetative unite. An analogous
situation existed in the Taxodiaceae with the cfeatipg-of
the genus Metasequoia Miki. Thus'the new‘paﬁe indicates the
similariﬁy of the leaf.size and Shepe'to Thuja (particularly
"to Thuja .plicata as can be seen in'Figures 20 ‘and 23), and
qlso indicates the opp031te nature of the branchlets not

5

found in extant members of the genus. The generlc ending

s
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. for the new name is in keeping with thé'principlés stated in-
! the oPéning pages 6f this chapter}

ﬁd reproductive structures assignable to the taxon have
been fqund at the.Smoky Tower locality. Héwevér, in af
vge;sbnai communication, Mr. H. Schorn, University of

- California, Berkeley, has described a specimen from the
Tertiary,of Wash¥ngton which has vegetative remains definite-
ly assignable to the taxon and also what appear to be female
‘cones attached showing opposite arrangement of scales. Such
vevidence wouid add definite strength to the validity of the
genus, and it is hoped that further study of the material
-can be made. | ‘

Chaney and Axelrod (1959) made a thorough- study of the |
&iobene beds of the Columbia Platééu in which the Cupress?
aceae was wéll'representea.' of tﬂé_four genéta disggssed a

.and figured by them, however, none shows. evidence of
opposite arrangement, and from this it c&n be deduced that

T\ either the genus Thujopposites did not extend that far

geographicaily or that the genus had evolved or become

*

e#tinct by that time. To the best of this author's know-

3

ledge, no reports o{;the genus are found in the literature

of material vounger than Paleodene age.

v
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Frcﬁgﬁs'ié %o .
T,

\

Fig. 18.

Fig. 19.

Fig. 20.

Fig; 2.

Fig. 22.

Fig. 23,

- facing leaves. X 3.

Specimen S1960A - Thujopposites tinterruptus
(Newberry) comb. nov. showing the opposite pattern

‘of branching extending ‘to the apex of the axis.

X 1.5. .

A

Spé:imen“s3451A - hypofype of T. interpuptus 'QF

showing the opposite pairs of leaves remaining on .

major. axes ‘after branchlet dehiscence. X 1.3

Branch of extant Thuja plicata (red cedar) showing
* the alternate/ arrangement of branchlets and sub-
tending scales after branchlet.dehiscence. X 1.3

. . ,

Specimen S1820 - hypotype of Thujopposites interr-
uptus showing the oppdsite arrangement of branches
and leaves. X \,5 ‘

N\

‘ ) . .
Specimen S1820 - enlarged view of Fig. 21 showing
the decussate leaf \arrangement and the almost
continuous dark 1inghforme 'by the midribs of

\

\ \-
\

branchlet arrangement ang, attenuated bases of the

i R \ .- ) -A
Enlarged view of Fig. ZQQSfowing alternating

leaves on the major axis\\ X 4 \
S N
‘, \\ \ c
- \... )

Ao
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FAMILY: SCIADOPITYACEAR!

Seifadopithyllum canadenae Christophel”

Generic diagnosis - Foliar shoots bearing whorls of lancecol-
~ate leaves with a distinct dark line running the lenqth of
the leaf in the position of a midrib. FEach whorl is sub-
tended by a group ¢f scale leaves also apparontiy arranged
in a whorl. Lateral branches, when present, are short,
having the appearance of a spur shoot, with whorls of the

two types of leaves at the tip. Between qroups of whorls

. . : .
other scale leaves occur in a loose spiral on longer shoots.

Species diagnosis - Foliar shoots bearing whorls of from
8-12 lanceolate leavca‘ranqinq 6-16 cm in length and 2-5 mm
in width at the widest portion of the leaf. These whorls are -
" subtended by a group of scale leaves ranging in length 1-3
mm. NLar the shoot apex, whorls of leaves 'are spaced 6-11

mm apart. Lateral branches, when present, show a maximum

length of 12 mm béfore production of the first set of leaf

o

! pallimore and Jackson, whose classification is being used
here for conifers, do not ayree with placing genera related
to Sctiadopitye in a separate family. However, various
authors, including Arnoldi', Buchholz, and Florin have at .
various times supported separation of this group from the
Taxodiaceae. For reasons stated later, in 'the chapfer, -
this viewpoint is supported by the author. .

? Much of the descriptive material is either taken directly
" or paraphrased from the original article describing the
genus {Christophel, 1973). However, as the taxon is based
entirelyton material from the volcanic tuff horizon of the
Smoky Tower locality, much of that paper is included here
for the sake of the completeness of the thesis. MText-

" Fiq. 3 and Figs. 24-32 are taken directly from that paper,
though are renumbered to fit the thesis sequence.
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whorls. Spirally arranaged scale leaves are placed 1-2 mm

apart along the vertical axis. These scale/lecaves are the

same size as those borne in apparent whorls below the long

leaves.

Holotype - Specimen S3016 (Fia. 24) which is deposited in
the palecobotanical collection, Department of

- Botany, University of Alberta, Fdmonton.

Paratypes - Specimen S2890 (Fig. 28), specimen S2874B (Fig. '

35), and specimen S3064B (Figs. 33, 34) which

are deposited ip the same paleobotanical

collection as the holotype.

Description and Affinities - Prior to the publication of the
diagnostic paper (Christophel, 1973) numerous detached
leaves of Sciadopitophullum canadense had been collected at
the locality. Lack of cuticular material allowed specula-
tion when qonsiderinq the affinities of the material to
include the podocarps, the pines, Sciadopitys, and even the
sedges. Based on only the detached leaves, little thought
-was given to Sciadopitya afflnltles, because one of the
obvioug morpholodical features of this genus is the presence
of bifurcate leaf tips, which is cléarly?absent in the
fossil material (Fig. 29). Discovery of:specimens showing
attached lgaves in the summer of 1971 suggested a strong )
relationship with Seiadopitys, and a comparative study with
living and herbarium material was bequn.

Needles from a forty-year-old herbarium sheet (Fig.. 30)

,
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showed not oniv a tendency for the bifurcate leaf tips to
become obscure, but also for the stomatal qroove to become
considerablv darkened, givina the impression of a sinqgle
median vascular trace (Fig. 32). Although this was the
'oldest sheet examined, it is interesting to note that the
number of obscured tips and the darkenina of the stomatal
furrowhincreased with the.aqe of the herbarium sheet. Even .
living material showed a étrikinq variety in apex morphology.
For example, Fig. 31 (A) shows a youna needle, Fig. 31 (B)
a mature needle, and Fig. 31 (C) a dehisced needle approxi-
mately two weeks after abscission. Only in the mature,

\] *
attached needle is the bifurcate tip an obvious character-~
istic.

A comparison of the fossil tvpe specimen and a young
shoot from a herba%ium specimen of Sciadeopitys verticillata
shows an obvious ;im;laritv in their aross morphology (Figs.
24, 25). Close observation of their respective leaf
attachments shows even strong similarities (1) in the
spacing of the épirally arranged scale leaves on the main
‘shoots, (2) ‘in the apparent whorled nature of the loﬁa
leaves and the subtending scale leaves, and (3) in the
linear spacina between groups of leaf whorls (Figs. 26, 27).
The brevity of this sbacing is also significant in inter-
preting the apparent lateral "shart shoots" encountered-:n
some specimens (Figs. 28, 35, 36). N

Young lateral shoots of both fossil and extant speci-.

. . &
mens may have the appearance of spur shoots such as those

N, < ,
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found in ghe genera Ginkge and Lariz. They differ from
true spur shoots, however, in that thev maintain successive
whorls of leaves as the shoot increases in lenqgth and they
display internodal growth of the same magnitude as mainv
shoots. Thus, although the specimens in Fig. 28, Fig. 35,
and Fig. 36 appear to have spur shoots, these would probably
all have the appearanée of the shoot shown in Fig. 24 if
they had matured. The whorl of leaves directly subtendiﬁq
a new lateral shoot has the tendency in the gxtant species
to abscise soon after lateral shoot production. This
tendency could not only account for the absence of leaf
whorls on the main axis of the séecimen in Fig. 28, but
could also explain the large quantities of detached leaves
found at the localitv. It is true th;t in the extant
Sciadopitys the branch buds produced in the axils.of scale
leaves develop at a much more acute angle than illustrated
by Sciadopitophyllum, the average angle in the former being
38-48 degrees, while in the latter 75-85 dearees. It is
also worth noting that the éxtant species shows a marked
tendency to retaiﬂ'thg flange of scale leaves below the
newly developéd bud, while this is not true in the fossil
material. However, though both of these points may be used
to justify placing the fossil material in a genus other than
Seiadopitys, they do not appear critical enough to negate
the possibility of a close relationship to Seiadopitys.

One specfﬁén (Figs. 33, 34) was mentioned in the

original p&bér*(Christophel, 1973) because of its variation

7
67
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in leaf position. Unlike the extant genus, and all other

specimens of Seiadopitophyllum éollected tovdate, this
specimen shows long leaves attached singly along the mbjor
axis in an apparent spiral fashion. 1In addition, théj
specimen shows the typical whorled arréngement (Fig. 33,
letter W) of long leaves at either a node or on a short
shoot. The letter B in Fig. 34 shows an apparent short
shoot bud, which in\this case is also subtended by a long
needle instead of either a flange or single scale leaf as
found in the other fossil material. This specimen is then
open’to three ﬁossibie.interpretations.. It may be inter-
preted (1) to represent a unique genetic vgriant within the
population, (2) to indicate a possible ancestral character
which haé been lost, repressed, or modified in the extant
genus, or (3) as giving‘evidence that thé fossil material
is not as closely related to the genus Sciadopitys as was
postulated in the original description of the genus.

& As only one specimen showing these somewhat different
characteristics was recoveréd,*all three interpretations
must be seriously considered. However, the third possibil-
ity se?ms least likely, in that the characteristics by
which this specimen differs from the other material of
Setadopitophyllum are not great enough to taxonomically
isolate it from them. |

The genus Sciadopitytes Goepperf and Menge (1883) was
used to describe isolated leaves which showed a Sciadobitgéi

like epidermal pattern. Aall spe¢ies of this genus reviewed
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by Florin (1922) were also isolated leaves from which
epidermal structures were obtained and described. The new
material of Sctadopitophyllum differs from that‘descfibed
previously for Sciadopitytes in that (1) leaves are found
attached to axes, (2) no bifurcate tips are present, and
(3) cutitular remains are completely lacking. For these
reasons, it is difficult to justify combining Sciadopito-
phyllum and Sciadopifytes. In recent years many paleo- Y
botanists have erected new species within the génus Setado-
pitys éor remains found in late Cretaceous ér younger strata.
Many of these, such as S. marcodurensis Weyland, Kilpper,
and Berendt (1967), are also based on similar epidermal
strﬁctures and are thus more juséifiably placed in tbe.genus.
The obvious similarities of both Sciadopitophyilum and
Sciadopitytes to the extant. Seiadopitys, however, leave
little doubt about the tlose relationships of the three
genera. i

In the originél paper (Christophel, 1973) note was made
of a possible associatipn between Cryptomeritesﬂand Setado-
pitophylium at the typé locality. Since that time, however, -
an extensive study of the supposed Cryptomerites has shown
it to be the cryptomerioid foliage of Glyptostrobus.
Glyptostrobus; often found in the fossil record in associ-
ation with Cerecidiphyllum-.and Metasequoia, is a monotypic
genué restricted to £BE\§iinese coast and thus a member of

the relict Sino-Japanese flora which also includes Seiado-

pitys and Cryptomeria.
™
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Based on morphological similarities discussed above and
on ecological associations, it appears there is sufficient
evidence to place Seiadopitophyllum in the Sciadopityaceae
which already contains Seiadopitytes and Sciadopitys. Plac-
iog Seiadopitophyllum on a distribution map with the two
latter genera (Text-Fig. 3, Seiadopitophyllum indicated by a
solid triangle) indicates a more holarctic distribution for

the family from the Cretaceous on. This might be expected

from a study of its ecological and floristic associates.

Characteristics of the Family ~ Since the extant species
Sciadopztys verticillata Siebold and Zuccarini (1841) was
described, its relationship in regard to other conifers has
been in question. 1In his classic work on cuticle analysis
Florin (1931) showed both in stomatal distribution and
structure that Sc{adopitys was distidotiy different from

other members of the Taxodiaceae, and proposed that it might

be wise to separate it into a distincty family. However,

32 years later (1963) in his equally classic work on conifer

distribution he included them in the Taxodiaceae with hardly
a comment. Pilger, in Engler and brantl (1926) circumvented
the~prob1em by placing the genus in a'separate subfamily .

(the Sciadopltinae) within the Taxodlaceae. Buchholz (1931)

discussed suspensor development in the genus and also came

to the conclusion that 1t dlffers slqnlficantly ‘from other

taxodiaceous members. More recent work on its embryology
(Doyle and Brennan, 1971) states this difference succinctly.

"In practically all the examples already referred to

L4
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. A\ s
[Taxodiaceae] the occurrence of cleavage has been
associated with embryological advance. Sctiadopitys
adds to its .special characters by being a complete
exception to this general condition. , The develop-
ment of the proembryo closely resewbles that of the
simplest podocarps such as Podocarpus aqndinus.  There
are five post-fertilization mitoses before first
membrane formation followed by the usual internal
mitosis affecting commonly all the nuclei (Tahara,
1937). 1In the mature proembryo the E group contains
many cells, up to 20 or more, and is multistoried
and tapering. This represents quite a primitive
embryogeny. Nevertheless, not onlv is cleavage
present - (Buchholz, 1931) but it is present in an
advanced condition showing a 'primary suspensor'
stage as in one type-in the Taxodiaceae."

| Recent work on guard-cell morphology in the Taxodiaceae
(Boulter; 1969) at both the light and scannina electron
microscope K;vel shows that Sciadopitys also differs from
all other taxodiaceous genera in the lignification of the
guard cells as well as in general stomatal structure.

'The general morphology of the vegetative portions of
the plant hasvbeen discussed earlier, and the striking
differences with the other texodiaceous genera can be seen
from thlS. In particular, the long leaves, thought by many
to represent a short shoot or the lateral fusion of two
simple needles, have been ontogenet;cally examined by Roth
(1962) and shown to represent a unique form of meristema:ic

[y

growth which shows no indication tﬁet the dquble vasculature
indeed rebresenﬁe the lateral fusion of separate simple
1eaves. She does not, however, rule out the possieility
of the leaf representing a modlfled shoot._

Greouss (1955) makes note of the fact that, xylotomlc—
ally, the genus is almost identical to members of the Podo-

cerpaceae rather thar> the Taxodiaceae. This is shown most
kl L3

=N
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dramatically in the crossfield pitting, where the diagnostic
‘taxodioid form of pit is absent in Sciadopitys, its place
being taken by a single large pit extending across thé field
as in Phyllocladus. Gregquss escapes taxonomic complexities,
however, by including éhe genus in both the Taxodiaceae and
the Podocarpaceae in his svstematic ke;q‘ ,

The pollen grain with a thin exine‘and typical germinal
papillav(Taxodium, Cryptomeria, Athrotazus, Sequoia, Meta-
sequoia) is absent in Sciadopitys; The latter has a spher-
oid to oQoid grain with a heavilv sculptured exine. Thus,
in most of the characteristics which may Pe considered
taxonomically significant, Sciadopitys varies distinctly
from the taxodiaceous type.

Despite this large vo%ume of evidence, modern taxono-:
~ mists persist in including the genus in the Taxodiaceae.
Lawrence“(1966) places it there with a footnote to¢the
effect that there ié some difference of opinion. pallimore
and Jackson (1966) do not even mention the possibility of
separation into another familv. In the opinion of tﬁe\
author, the evidence oé the generic uniauéhess is oQér¥
whelming, and a separate famiiy, containing theAqenera
Sai&dopitys, Seéiadopitytes, and Sciadopitophyllum is nét
only justified,'but nécéssary if any credence is to be g.ven

to current taxonomic criteria.
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FIGURES 24-27.

Fig.

Fig.

Fig.

Fig.

24.

25.

26.

27.

il

Specimen S3016 - holotype of Sciadopitophyllum
canadense Christophel showing a young shoot with
three ‘whorls of long leaves, each subtended by a
group of scale leaves. X 0, 75

A young shoot of Setadopitys vert{cJZZata from
herbarium sheet #A10452 of the Arnold Arboretum,
Harvard University. Three whorls of long leaves
are shown. X 1 f

Specimen S3016 - an enlarged view of Fig; 2q ‘
showing the attachment of the leaf whorls. Arrows
indicate loosely spiraled scale leaves. X 2

An enlarged view of Fig. 25 showing the attachment
of leaves. Arrows indicate loosely spiraled scale
leaves. X 2
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FIGURES 28-32.

S

Fig. 28.

Fig. 29.

- Fig. 30.

Fig. 31.

Fig.. 32.

, midline.. X 2

Specimen S2890A - paratype of Setadopitophyllum

canadense showing two young shoots on alternate \
sides of the axis; also shows leaf attachment and

a central bud. X 0.5 , '

Specimen S1645 - shows an enlarged leaf apex of
S. canadense; a dark carbopized line runs the

' .length of ‘the needle and is comparable to the

stomatal furrow position of Seiadopitys verticil-
lata. X 2.5 : ‘

[N

Herbarium sheet #16452 from the Arnold”Arboretum;‘
collected in 1933; shows a main branch and two

lateral branches. X 0.25 o

Leaf apices of Sciadopitys vertieillata showing
() the tip of a young leaf with little bifurcation
visible, (B) the tip of a mature leaf showing

pronounced bifurcation, and (C) the tip 6f a

detached leaf (two weeks after abscission) showing
no noticeable bifurcation and a definite dark

B )

Enlarged leaf apéx of S. verticillata from Arnold
Arboretum sheet #10452, showina no trace of a -
bifurcate tip and a pronounced blackened midline. = .

"X 2
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FIGURES 33-36.

Figs. 33-36. Sciadepitophyllum eanadense Christophel

Fiqg. 33. Specimen S3064B - paratype of 7. canadenae with a
portion of axis showing whorls of lona lecaves
(letter W) and also long leaves spiraled along
the main axis. X 1. :
%
Fig. 34. Specimen S3064B - highef'.magnification of Fig. 33
\ showing a laterad bud (Iéttor B) and spiraled
long leaves. W 2.
,““1‘1,\

Fig. 35. Specimen 82874B-~ portion of an axis bearing a
lateral thot with a whorl of long lraves; a qcaln
leaf appcarn opposite the lateral shoot. X 1.

Fig. 36. Specimen S3013B - lateral brénch showing apparent
whorled attachment of the long leaves. X 3.1
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FAMILY: TAXODIACEAL

A

Mcetascquora ooeidental s, (Newberrv) Chaney

In 1951 chaney undertook a thorouah revision of certain

genera of taxodiaceous plants, with the major emphasis being
Yy \

placed on a comparison with the relatively newly discovered
genus Mctasequota. In t;is discussion he dosignatod two
new combinations within tho qenus, M. vvvfdvnfaifn and M.
cuncata. The former was considered to be.a primarily
Tertiary species, while the latter was pfimarily Cretaceous.
The material from the Smoky Towexr localitv, somewhat inter-
mediate in its morpholoqy, is aséfqned to M. ocecetdentali:
for reasons stated later in thé text.

A

A total of 136 specimens was studied from the Smoky
.
Tower localitv. Many of these, as with most oiher genera,
were found to have a restricted lateral distribution in the
tuff layer. This distribution is discussed in Chapter 5.
No reprodﬁctive structures were found. Thus the sgructures
used for species identifications were leaves attached to
branches. Seventy-five specimens were measured and studied

for statistical‘&omparison. ‘ ]

This study showed that the average deciduous shdot'

' A deciduous shoot is defined for this study as being one
which consists of a single axis and shaws no evidence of
branching. In most instances this term may be equated with
the term "short shoot" used by many authors. TIn a thorough
morphological study it was pointed out by Bocher (1964) that
"long shoot" and "short shoot" were not descriptive terms
(in relation to Metasequoia glyptostroboides), but rather
developinental ones. Thus they are not really appropriate
in a distusdion of fossil material, and deciduous shoot has
been chosen as 'a.more descriptive term.

fe



\ ‘ . o . ‘
"contains 10-24 pairs of obposite to subopposite leaves. The

average number is 14 pairs. Maximum needle lenaoth is 20 mm

‘ " \'}
with the averaae being 8 mm. Maximum needle width is 3 'mm”
with the average beind 1.1 mm. The averaae L/W ratio proved

A

"tb bo.aust over 6:1, and the average axillarv leaf angle was
shown to be 68 deqrees; A random sample of 200 needles was

»
examined for their apical configurations. Of these 78
showed no weli defined apex while 85 showed a definite
mucronate tip, and 40 possessed what appeared to be complete
tips but lacked mucra.

Based on terms used in the literature for the descripi%
tion of thénéquria foliaqe three csteqories, ovéte, obovate,
and linear were chosen. When classification according to
these cateqories was attempted, it was determined that 39
could not be adequately placed inlany of the three cateqor—r
ies, 76 would be classed as ohbovate, 54 as linear, and 31
as ovate.

In addition té the quantitative measurements, certain
aualitative ohservations were also made. As mav be seen in
Fig. 39( the general shape dishlayed éy the branches and
leaves of a given specimen mav be characterized as bluﬁt,
This confiquration is probably related to the L/W ratio of
the leaves and the leaf shape. Because it is difficult to
describe, the éifference.in shape may be best shown bv a
comparison with other fossil specimens (Fiags. 37, 38) énd
a specimen of the extant spécies, M. gZyptostroboidés (Fia.

40). Additional features exhibited by the Smoky : Tower
‘ )

-
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} | ‘ .
material included the twisted nature of the/petiole typical

of the genus (Fig. 49), bulbous clusters of scale leaves at |
the base of deciduous shoots (Fig. 42), and persistent

leaves subtending branchés (Fig. 39).

'
Discussion - In a study of Chaney's 1951 paper, two
bbservationslreqafdinq Metasoquofa are apparent. The first .
is that fossil specimens belonqinq.to this genus are readily
diétlnquishqple froﬁ those of other taxodiaceous genera.
This subject will be dealt with more fully at the conclusion
of the deséription of the familv. The second observation is
that tﬂeré are two distinct foésil species of Metqsequofa in
North America, and that they have well-defined characterist-
ics By which they can be distinguished. Doubt has been
cast on this conclusion by other workers (Chandrasekharam,
1972), and it i% the opinion of the author that reexamina-
' .

tion of the material used by Chaney as well‘aé that from
Genes&g and the Smoky Tower locality indicate that only one
species is present.

In reference to the difference between Metésequofa
Aoccidentalis and‘M. cuneata, Chaney (1951, pp 229-230)

+

stated the following:

“Nowhere as common as M. occidentalis, its [M. cuneatal
characters are less fully known; well preserved foliage
may be distinguished from that of Tertiary species by
the obovate shape of many of the needles; most shoots

I have studied have fewer needles than those of M.
oceidentalis, and their divergence from the stem is
less commonly at or near right’ angles."

Bell (1957) emended Chaney's diagnosis for M. cuneata and in

a discussion which followed listed the following four
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LY

crideria (p. 31) by which this species may be distinquished

from M.« oecidentalisa:

"However, the writer considers that M. cuneata differs
from M. occidentalis in the following cha:iacters:

(1) the short shoots were much less freely deciduous;
(2) presgnt lack of evidence for scale-like leaves

at the base of the short shoots, similar to those so

commonly found in M. oceidentalis; (3) the leaves of
M. cuneata in the axils of which the short shoots
occpr are generally persistent; «(4) the leaves of P

long shoots are commonly curved somewhat backwards
giving the foliage a more lax appearance than that of -
M. occidentalis,....”

If these differences are examined in light of the Smoky
Tower material, some ptrikincfinadequacies in their diaqnos—
tic characteristics becgme apparent. With respect to needle
shape, in his descriptipn of M. occiQentaZis (pp 226-227)
Chaney states: "Leaves/linear, of nearly the same width

/ .
throughout...", whi in his description of ‘M. cuneata (p.
g {

’

n

229) he states: "Leayes typically slender-oblanceolate,...’.
The Smoky Tower matexial shows 38% of the needles oblance-
olate (though not necessarily slender) and 27% linear, thus
making it impossible to use leaf shape as a criterion.

In relation to number of pairs of leaves per deciduous
shoot, Chaney states that M. occidentalis has 20 or more
while M. cuneata possesses 15-20. Smoky Tower Metasequoia
shows 12-24, thus making this crlterlon somewhat auestlon;
able. Chaney's final characteristic is that the Cretaceous

species, M. cuneata, has a lower anale ‘of leaf divergence.

?
-

By this criterion the Smoky Tower Metasequoia would be
classed as M. cuneata with its.average anqle of 68 degrees.

It is interdsting to note, that in his discussion Chaney
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indicates that this angle is a point of difference‘ketween
M. cuncata and M. occidentalis. However, in the épeFies
diagnoses Chaney uses identical phraseologv to'describe.the
angle of divergence for each of the two species.

Looking at the first_of Bell's criteria we immediately
run into difficulties. The degree to which a plant is
deciduous is not a character which may be readily used
taxonomically. It is much more a function of the environ-
ment, as has heen frequently observed by the author on
specimens of M. glyptostroboides growing in various
conditions in the areenhouses at the University of Aiberta.
A striking example of this feature was observed b? the
author on a trip to the campus of the University of |
California, Berkelev, in December of 1972. At this time the
Bay area experienced the most severe frost it_haa known in
40-50 years. Within the space of three days, one particular
Metas;;yoia not only lost all of its deciduous shoots, but
each of these dropped all of its needles at the same time.
Thus,va paleobotanist discoverinag the remains of Metasequotia
from this particular area and season would call the specigs
extrémelv "freely deciduous”.

‘Bell's second criterion has been successfully refuted

by Chandrasekharam (1972, p. 45) based on Genesee material.

- The Smoky Tower material definitelv shows the presence of

basal scale f%aves as well, but preserved reasonably in only
about 30% of the specimens. Thus it is not a character upon

which ready reliance may be placed. BRell's third criterion
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is again more closely environmental than taxonomic. Even

if considered a good taxonomic character, it may be seen

that both material from Genesee and Smoky Tower have persist-
ent subtending leaves (Figs. 37; 39).

The fourth and final criterion used by Bell is the
laxness. of the needles of the long ehoots.‘ As may be seen
in Fig. 49, the needlee of the long shoots of the Smoky
Tower material bend back to a certain extent, but the degree
of laxness is subjective. In fairness to Bell it mav be
said that the specimens illust;ated in his 1957 paper as
M. cuneata do indeed recurve and have a definite lax
appearance. However, the inclusion of these specimens in
- the genus Metasequoialis very doubtful and tends to elimin-
ate this feature as a diagnostic eharacteristic for Meta-
sequoia.

Based on the preceding discuseion of the Smoky Tower
Specimene of Metasequoiaiaﬁd their comparison to the species
characteristics given by Chanev and Bell, one ef three
pessible hypotheses may be made. (1) Because'the degree of
'similarity.to M. é;%eata is higher, the Smoky Tower material
should be regarded as a Paleocene record of that species.
(2) Because there is a definite degree of overlap in
~eharaeterist;cs bereen the Smoky Tower speciﬁens apd
Chaney's two sﬁecies, the Smoky Tower material could well
reg;esent an intermediate sﬁeqies, or (3) finally, if the ,
intermediate nature of the material supports the hypothesis
that the basis for separation of Meéasequoia cuneata and
: A -

. o '5‘ ?

4
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M. bccidqntalié is not valid, Fhen one or both of these
species is not acceptable.

Using solely the descriptions and characteristics
stated‘by‘Chaney and.BeI}, it would appear that although a
majority of their characters favor placement in M. cuneata,
the érebonderance of evidence supports the view that the
Smoky Tower material is indeed intermediate. To evaluate
the:second and third hypotheses, however, it is necessary to
éxéﬁhne the specimens upon which the species are based.

In making the new/combination, Metasequoia occidentalis,
Chaney gave abundant evidence for its similarity to the
living species. A comparison of Figs. 38, 40 and also of
Figs. 47, 48~serve to illustrate éhis point well. It is
the description of M. cuneata and the specimens that are
included in the species thqt produce taxonomic problems.

In the following discussion it should be emphasized that
every specimen listed in synoﬂomy by Chaney and 1ater by
Bell has not been examined as a part of this study. Only
‘the material figured by the two authors will be critically
discussed. This decision is based on the assumption that
‘the authors considered the specimens thev figured to be
typical of the'speéies. | , ]

Chaney illustrated. six specimens (1951, p. 260, Plate
111, Figs. 1-6) to repreéent the characteristicé of his new

. combination, M. cuneata. Using the two characters of leaf‘

base'and mode of attachment which these specimens show,

Chaney'placed them in his new combination (Chaney, 1951,
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Plate 11, Figs. 5,3). Previously these specimens from
Point of the Rocks, Wyﬁming, were called Séquoia brevifolia
by Knowltoh. For the following reasons they are more
appropriately left in the genus‘Sequoia'than placed in Meta-
sequoia. In both specimens the leaf bases do not narrow
appreciably to form a distinctépetiole. Theyldo not bend
obliquely to the base of the né*t leaf, and at best they are
subopposite, rather than distinctly decussate. The same |
general statement may be made for the specimen Chaney
figured as #2 from the same locali£y.- The specimen figured
as Plate 11, #6 is not clear enough to make a definitive
decision about its characteristics. The author did not have
other specimens from Marmarth, North Dakota, from which tb
. draw conc1USions.. The specimens figured in Plate 11, Fiqs.
1, 4 are the only ones which may be assigned to the genus
Metasequoia with any degree of confidence. A comparison of
these with Fig;. 43, 45, 46, and 49 of this thes%s will show
that they fall well within the limits of either M. occident-
alis or M. glyptostroboides.. Thus none of the specimens
flgured by Chaney for his new combination, Metasequoza
cuneata, give substant1a1 ev1dence justifying the new
combination.

There are ﬁinﬁ‘specimens‘figuréd by Bell (1957) té
support His eménded‘diagnosis*rﬁ ..cuneatd (Plate XI, Fids.
3,5, 6; Plate XII, qusg 1-3; Pi\girXqu, Fig. 2; Plate
XVII, Fips. L, 7). . As with many of the specimens figured

by Chaney, the major problem here is justifying their

.
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inclusion in the genus Metasequoia, let alone their assign-
meht to the emended species, M.'cuneata. Oof all fhose speci-
mens figureq, only the gne illustrated by Plate XVII, Fig. 1
can be placed with confideﬁce in the genus Metasequoia.

This is base@ on the observable oppbsite nature of the
}eaves and the oblique‘orientation of the leaf base. It is
to Bell's credit that he eliminated much of the'synonomy
listed by Chaney, replacing these specimens in the genus
Sequoia. Unfortunately, Bell makes no mention of the number
of spécimens studied, and it is:impossible éo detefmine the
siqnifipance of the one Metasequoza-like specimen figured.
Based on the characteristics of the genus Metasequoia
-espoused By Chaney and Bell, it‘is possible to include only
the Spepimens shown by Chaney (1951,IP1ate 11, Figs. 1, 4),
the specimen,shown by Belk (1957, Plate XVAT, Fig; l); and
the one shown by Dorf (1938, Plate 1, Fig.'io - Sequoia
" nordenskioldii). and possibly Dorf (1942, Plate 6, Figs. 4-
11 - Sequoia dakotensis) within. the genus;’ ansideringfthe
wide variation showﬁ in leaf and shoot-morppoloqy by fhe
extant species M: glyptostroboides (Figs. 40, 45, 46, 47,
all of the same plant) and by M. occidentalis (Figs. 41-44),
‘1t seems unreasonable to establish a new spe01es for these
few isolated spec1mens. C;Yeful examlnatlon of the Meta-
sequoia fouﬁdhat the Smoky Tower locality (Paleocene) shows
that the description for Méfaseqyéia‘occidentalis (Newbérry)

Chaney is not Sufficienﬁly broad tojéncompass the

! The »specimeq in Fig. 44 is Cretaceous, and flgured by Dor,f
(1942, Plate'6, Fig. 6) as Sequoza dakotenszs. .

’

¥

2
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characteristics shown by all Metasequoia fossil remains.
Therefore it is proposed tyat the diagnosis’ of M. occident-

alis be emended to include!this material, and that the few

/specimens described as M. cuneata which‘have been shown to
be w1th1n the limits of the emended specific dlagn051s be

lplaced in synonomy. - \

%gtasequoia occidentalis (Newberry) Chaney

/

Sequoia nordenskioldi ({) Heer, Dorf, 1938, Carn. Inst.
Wash. Publ. 508, Plate 1, Fig. 10.

? Sequoia dakbténsis Brown, Dorf, 1942, Carn. Inst.
Wash. 508, Pt. II, Plate 6, Figs. 4—11,

Metasequoia cuneata (Newberry) Chaney, 1951, Amer.
Phil. Soc. Trans. 40, pt. 3, Plate 11, Figs. 1,4.

? Paratazodium wiggineii Arnold and Lowther‘ 1955,
Amer. J. Bot. 42: 522-528. Figs. 1-12.

Metasequota cuneata (Newberrvy) Chanev pars, Rell, 1957,
Geol. Surv. Can., Memoir 293, Plate 17, Fiq. 1.

Sequoia oceidentalis (Newberry) Weide, 1962, Feddes
Repert. 66(3): 159-192. Plategl-@p°

(2

Original Description - (Newberry, 1863, p. 516 for g@xodium
oceidentale)

"'Branchlets terete, leavés numerous, crowded, qenerally
opposite, se§51le, ‘or very short-petloled one-nerved,

- 'This taxon is placed in sysonomy ‘with some hesitation (thus
the preceding questidﬂ mafrk) . The authors of the paper do
not mention the institution at' which the type material is
stored and the decision to place it in synonomy is based on
the figures in the paper and their description. An attempt
is belng made to locate the type material, and after doing
"®his a reevaluation of the position of ‘the “taxon will be
made. : : . .

2A discussion of the reasons for placina this taxon in
synonomy may be found in"Becker (1969, p. 66). The nominal
paper is llsted in- the blblloqraphy under Schwarz and. Welde,
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flat, rounded at both ends."

\

New Combination Description - (Chaney, 1951, pp 226-227,

Metasequoia occidentalis) .

I'Ls

¥

"FOLIAGE SHOOTS bearing monomorphic, acicular leaves
except at base where they form a stout, scaly tuft; -
of two types, long shoots which are persistent and
develop into branches, and short shoots which are
deciduous. LONG SHOOTS bearing needles up to 2.4 cm.
long and 2 mm. broad; needles decussately attached

- and rotated into flat sprays prior to the development

of short shoots in their axils, at which stage they
show a return toward diametrically opposed position,
and become widely spaced as the shoot lengthens and
short shoots develop; not all pairs of leaves on long
shoots have developed; if one short shoot of a pair’
fails to develop or is shed, a long shoot needle may
persist on the stem opposite the short shoot which has: -
developed; subtending needles commonly deciduous

during or after short shoot growth. SHORT SHOOTS
slender, straight or curving, up to 6 cm. long,
bearing at maturity 20 or more closelv spaced pairs

of leaves, decussately attached but always rotated

into distichous position except at the tip of growing
shoots, longest at middle of shoot and gradually. '
shortening to form a rounded apex; commonly shed
separately. LEAVES linear of nearly the same width
throughout, abruptly rounded at base and narrowed to

a short petiole, bluntly rounded at apex with a
mucronate tip which is not compoply preserved; at
middle of shoot length ranges 6 to 15 mm., width
.from 1 to 2 mm.; approximate av ge dimensions at
middle of shoot 11 mm. by 1.4 mm.;’ closely ‘spaced on
shoots, branching off at anglets commonly approaching

90 degrees, and seldom as low as 45 degrees; obliquely
attached on decurrent bases which are prominent and -
extended obliquely down shoot to next pair of ngedles;
many needles may be missing from shoots; midvein well
defined: a dark spot at base of leaf may result from
absence there of chlorophyll (judging from similar
areas on modern leaves). PISTILLATE CONES globose |
to ovoid, in some cases oblate oreelonqateaprobably !
as a result of compression; ranging in diameter from
1.1 to 2.2 cm. for closed cones, up to 3.4 for open .
‘cones, averaging about 1.5 cm.;.decjduous on elongate,’
commonly curving, leafless shoots from 2.1 to 6 cm. g
long, l»mm. in’diameter,or rarely up to 2 mm. in the
case of specimens which may be crushed; cone shoots
have in all cases been shed before preservation; a
group of scaly .leaves may be seen at the base of well

" preserved cone shoots; done scales peltate, decussately
- L, _ . . . .

\ ) . b .
! : : L
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EMENDED DIAGNOSIS:?

. Branchlets and deci

Vi oo T13

‘ !
attached ‘elongated transyersely, concave with a
medium! depre551on from which lines radiate to~marq1n,
10 to 22 in number, averaging 12-16 on smaller cones,
18~20 on larger. SEEDS elongate, with curving wings
notched distally, up to 5 mm. long and 4.mm: broad
over all. STAMINATE CONES borne on_specialized shoots;
only detached shoots have been fourfds up to 8.5 cm.
long, but'association of groups on similarly oriented
shoots suggests thelr attachment on panicles like

. those of the living species; borne laterally in decuss-

ate pairs whj end to be rotated into a single lane,
in some ianigces more than one cone may develop

each side; in axils of slender foliage leaves Wthh are
rarely ‘persistent; young cones globular, up to 2 mm. /
.in diameter, becoming ovoid at maturity, up to 5 mm.
long, 3 mm. in diameter; scald.,obscure, decussately
arranged."” : o : o

r .
FOLIAGE SHOOTS beariflg dimorphic leaves, acicular
except near the sho base where they are scale-like
and usially aggregated in a bulbous cluster; shoots
of two types, persistent and deciduous. PERSISTENT
SHOOTS bearing needles up to 5 cm. long and 3.5 mm.
broad; needles generally decussately attached and
rotated into flat sprays, but may appear sub-opposite -°
or spirally arranqegg.particularly near thesapex.
' ous shoots develop in the axils

of leaves, qenerallyfln opp091te pairs; subtending
leaves may or may not persist.? DECIDUOUS SHOOTS
ranging up to 9 cm. 1n‘§Ength QearlnSZlO—BO,pairs
of 'leaves, generally .dec ssately form but usually
otated into a distichous podsition, otherwise appear-

g sub-opposite or spiraled. Leaves generally more
closely arranged than on persistent shoots. A LEAVES
linear, obovate, or ovate, rounded at the base, usually
petiolate, bluntly rounded at the apex with a- mucron--
ate tip, w1th ideal preservation, otherwise apex more
or less acutely taperlnq without ev1dence of a Fucra.

L
e

L § 1s/suggested bv thlS author that "medlum is incorrect-

2

ly used here for "median".

. Unfortunately Chaney makes no.distinction between a diagno-
sis.and a description. A shortened, formal, emended diag-
nosis is presented here w1th a more. qeneral descrlptlon
followinq., . : _ N

.:3 An excellent account of branch development may ‘be found’ in

Chandrasekharam, ;972 complete w1th illustrations.

%

L
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Leaf length ranging to a maxime of 3 em. and width
varying from 0.5 to 3 mm.; branching from the shoot
at anales between 90 deqgrees and 45 dnqroon, mord
commonly nearer the former; attached on decurrent
bases which extend oblicquely down the stem to the
next leaf, exhibiting a dearee of twisting: a dark
spot appearing at the base of the leaf which may be
comparable to that of the extant species. PISTILLATE
CONES qglobose to ovoid, occasional)lly clongate; ranqg-
ing in diameter from 1-2.5 cm, for closed conesg, up
to 3.5 em. for open cones; deciduous on lowr stalks
up to 15 em. in length; cone scalbs peltate, decuss-
ately attached, often clongated transversely, concave
with a median depression. SEEDS elongate, with curve’
ing wings notched distally, up to 5 mm. lona and 4 mm.
broad over all.!' STAMINATE CONES borne on simple or
compound branching axes,® the fertile portions most
commonly found detached, in which statce they mav
reach a maximum of 9 cm.; cones are borne¢ in the axils
Af successively opposite pairs of leaves, globular

to ovoid in shape and reaching a maximum of about

5-6 mm. in lenqgth and 3 mm. in diameter; scalcy,

when distinauishable, decussately arranqed.

.

Description and Discussion of Fmendation - Based on a studvy
. . A ]
"of the morphological ranae of variance exhibited by the

extant Mcetascquotla gizp cotroboides and the fooqll Qpecxov
M, ocecddentalis from various localities (Fiqs. 41, 43-46) it

is deemed reasonable that th0~diﬂ%nOSiS of the latter he

T, . y
sufficiently broadened to allow for these variants and to

. ’ ) A ? . .
include those mambhers of Cretaceous floras (including .

“

cuneata) which fall within tht generic 1imitation§. Char -

3 I3 ' N : .o --
_acters previously listed as ‘distinquishiwa M. cuneata and

~x

! As no well preserved specimens of seeds attributable to M,
cuneata are known, and as no additional seed material of
M. occidentalio was examinpd Chaney's’ diaanosis of the
seeds’ is left unemended.

? Whereas -Chaney surmised ‘the disposition of seed cones on
branching systems, it is now documented bv material from
the Geneseé locality, an account of which appears in
Chandrasekharem (19.72).



’
other taxa listed in synonomy with the new diagnosis from

M. veeldental iz can be demonstrated as present in recent

.
and extant material. These characters includea .obovate
leaves (visible in M. oeeddentalis, Figs. 42, 44), paucity
of leaves on short shoots (visible in M. uvn(dvnfalfn, Figs.
43, 44), and sub-opposite or nearly spiral leaf arranagement

(visible in M. g/yptostroboides, Fias. 45, 46, and M.

cecidentalia, Fia. 42, apex).
N

s

The material of Metaseoweoria from the Smoky Tower
}ocnlitv mav be seen to differ from material of similar aqge
(Genesee locality) and from the extant species in some
qross morphological features. These include the relative
lénqth of leaves subtendina deciduous shoot and aeneral L/W
ratios of leaves on d%cidqus shoots. Leaves subtending
branches in gho extant species and in the Genesee material
are typically much lonaer than leaves on the axillary
branch (Figs. 40, 48). This diffq‘ence is much less
noticeable in the Smoky Tower Mctasecquora (Fia. 39). The
leaf L/W ratios of M, occcordentalia and M. aluptostroborides
(Fias. 37, 38, 4O)Iaro also much-higher than the Smoky Tower
matérial (Eia:i391; jThgse differences mav bé due to the
“relative immaturi#i;éfiéhQ smoky Towgr specimens (as
illustrated by theiberv\younq leaves at the tips of most
shoots (Fias. 39, 42)] or to a‘variation in the.phenotype
expressed in the Smoky Tower population. In either case,

these variants (thch;fall intermediate between the old

M. occidentalio and M. cuneata) fall within the range of the

f
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FIGURES 37-40.

Fig. 37. Specimen S162 - Metaseguoia vectdental s (Newberry)
Chaney from Genesee, Alberta, showing the opposite
arrangement of branches and leaves. X 1.5

Fig. 38. Specimen 3525 - paratype of M. occidentalis from
the Dugout Sulch, John Day Basin, Oreqon;
deposited in the paleobotanical collection,
University of California, Berkeley. X 1.5

Fig. 39. Specimen S1924B -~ M. ccceidentalis from the Smoky
Tower locality, Alberta, showing the opposite
arrangement of leaves and the obovate shape of

" some needles. X 1.3 :
/
Fig. 40. Specimen of extant Metascquoia gluptostrobeides

showing the opposite nature of the branchlets and
leaves. X 1

.
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FIGURES 41-46.

Figs.

Fig.

Fig.

Fig.

Fi&S

Fig.

Fig.

A\

41-44

41.

42.

©43.

44.

45.

46.

Metasequota uvufdvn(ul‘% (Newberry) Chaney

\

Specimen #90 - from the John Day Basin, Oregon;
a deciduous shoot showing basal scale leaves and

12

"opposigg long leaves; deposited in the Paleoc
1

botanic Museum, University of Oreqon, Fugene.
X 2
Specimen S1949 - deciduous shoot from the Smoky

Tower locality, Alberta, showing basal scale
leaves and opposite paiés of long leaves. X 2

Specimen S3402A - deciduous shoot from Genesee,
Alberta, showing basal scale leaves and opposite
long leaves. X 2

Specimen 2463 - deciduous shoot from the Upper
Cretaceous of Wyomin&. Figured by Dorf (1942,
Plate 6, Fig. 6) as Sequoia dakotensis Brownj
opposite to subopposite leaves are visible;
deposited in the paleobotanical collection,
University of California, Ber%eley. X 2

Deciduous twig of extant Metasequoia glyptostrob-
oides (abaxial surface) showing basal scale leaves,
and subopposite arrangement af long leaves. X 3

Adaxial view of Fig. 45 showina the same features.
X 3 4
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FIGURES 47-49. ‘ . on

Fig. 47.
Fig. 48.
49.

Fig.

Enlarged view of Fig. 40 (Metasequotia glyptostrob-
oides) showing the very long leaves subtending the
opposite branchlets. X 2.8
. ’

Spec1men S$3151 - branching system of Mctasequoia
oceidentalis from Genesee, Alberta, showing the
very long leaves subtending the opposite branch-
letsl. X 3

o

Ay

Metaseauoia occldentalis from the Smoky Tower
locality, Alberta, showing the twisting, obllque
nature of the petiole (B); unnumbered specimen is
deposited in the private collection of Mr. B.
Tiemons, Grande Prairie, Alberta. X 5.2

~
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emended d1a&3051s and are not considered great enough (1n
llqht’of the }arlatlon exhibited bv the single extant
species) to warrant taxonomic recognition.

It might be argued from the preceding discussion of
the genus that the fossil rebre§entatives now lumped into
the single species M. occeidentalis show shfficient variation
among fhemselves and sufficient similarity to the extant
species to be taxonomically combined with .i'c. Howe\}er,‘lthe ¥ 4
arquments presented at the beginning of tﬁe svstematic

portion of this thesis for taxonomic separation of fossil

) and living species are applicable here and ttws the

synthesis of the two taxa is not supported.

Glyptostrobus nordenskioldii (Heer) Brown 1962

~ Glyptostr®bus dakotensis Brown. 1936. Journ. Wash.
"¥# Acad. Sgi. 26(9): 355-356. Figs. 2-4 (including..
all synOhomies listed).

Glyptost;obus oregonensts Brown. 1936. Journ. Wash.
Acad. Sci. 26(9): 356-358. Fig. 1 (including
all synonomieq listed).

Glyptostrobus dakotenszs Brown. Pabst. 1968. U.
Cal. Publ. 2 Geol. Sci. 76: 50-51. Plate 12,
Figs. 1-3. ~
4 , ) .
Juniferus washingtonensis Pabst. 1968. U. Cal. Publ.
Geol. Sci. 76: 51. Plate 10, Figs. 7, 8. Plate
11, Figs. 1, 3,.4. = =,

Glyptostrobus oregonensis Brown. Becker. 1969
Palaeontoqraphlca. Abt. B. Bd. 127. Plate 7,
Figs. 21-27. . . -

?‘

Descrlptlon '~ By far the rost abundant Plant megafossils

(excluﬂ;ng Equzeetum) found -at the Smoky Tower locallty are

* e
Ea

y

i
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those now assigﬁed to the genus dlyptostrobus._ while the
list of specimens studied indicates a total of 437 for this
taxon, it would have heen poseible to raise that number to
‘over 1OOD'if all specimens found at thenlotality had been
numbered and added to‘the collection.
- The Smoky Tower material contains specimens of all
three foliar types listed by Brown: (1936) - cupressoid,
cryptomeroxd and taxodioid.! 1In addition to specimens

show1ng warious comblnatlons of these leaf types, eeed

cones, cone scales, and possible pollen,cones were collected.

)

' The commonest fof&aqe type is one exhibiting a leaf \\

morphology which might be termed crypto-cupressoid, being

L 4

intermediate in both size and shape (Figs. 50; 55, Text-

Fig. 4). These are usually found as brancﬁin%?systehs‘
: # |
P rather than individual de01duous brancblets (Fig. 50) .

- 11
* /

i

Their leaves generallv exhibit a splqgl phyliotaxy, but some-’

times they are preserved in a manner whlch glves the j' o

appearance of hav1ng a deflnlte two- ranked arrangement N :

(Fig. 55). . 1 2’11«’
i 4

.-

/t/ /|n, ‘o ‘
‘ Other&sﬁec1meh' that?show a deflnlte taxod101d Yeaf

&

type were also fcqnd (Fl@ﬁ 85), as were many showing

the tran51tlona1 characterlstlcs (FlgS. 57, 59).

- .q v

! Examination of the Smoky Tower fbcallty material shows’
that much of the foliage, rather than fitting. into one of
‘these three standard categories, is intermediate. There- '
fore, the terms crypto~taxodioid and chpto—cupre3501d
will be used in this thesis "to describe specimens of
intermediate morphology. Examples of all flve tyggs are
shown in Text-Fig. 4. :

A : 4

L
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CUPRESSOID

CRYPTO- ..
TAXODIOID

CRYPTO- . CRYPTOMEROID

-~ TAXODIOID

s

TEXT-FIGURE 4.

. GLYPTOST

ROBUS Leaf Types. 7
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The base of‘branphlets exhibiting'taxodioid or crypto-
taxodipid foliage often has scale leaves, arranged spirally.
These spirals vary in tightness from extremely loose to very
compact and appear'bulbOUS,(Figs. 57, 59).
Two hundred leaves of the crypto—cupressoid'variety
were measured, and it was found that the width measured at

the widest point varied from 1.0 - 2.5 hmvwith the mean

being 1.8 mm. The lenqth varies’ from 3.0 - 7.0 mm with the
~average being 5.4 mm. The average L/W ratio proved to be

'3.2:1. Of the 200 leaves examined, 158 proved to be widest

~ (3

at the middle, while 32 would be classed as obovate, with

their greatest width near the apex:‘ one hundred and forty-

»
-

five of the 200 leaves show a tendency for the leaf tip to

recurve towar

- -

the axie,(Fig. 50, Letter R). This feature,

o

were examined and similar observations made. The maximum

width varles from 1.8 - 3. 0 mm with the'mean belng 2.2 mm.

, The length varies from 8 0 - 19.0 mm w1th the mean belng

1
o\

13 4 mmt The mean'L/W ratlo was found to be 6.5: 1

W«Seventv—elght 1eaves wexe observed to be relatlvelv unlform

. in width (excludlng the taperlhg apex), allow1ng them to be

termed 11near (or’ lanceolate), W 11e 18 show a deflnlte

‘w1den1ng toward the base and are ovate. The 100 crypto-;

o

. \
_'taxodlold 1eaves dxverge from the axes at angles ranglng

.from 9Q- degrees gz 18 degrees, w;th the mean belnq 37

, S , .
. . . .
: : . . ., - . oo !

. T : . . : TN o
b . . " Nt
S » Ea :
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A

dagrees. No pronounced'degree_of leaf-tip recnrvation was
observed in this leaf type. However, of the 82% ot the
leaves examined which‘shov good preservation of the 1eaf'
tip, almost h;lf show what could be interpreted as a nucron—
ate tip (Fig. 65, letter M).

Difficulty was encountered in makino quantitative
observations on the scale leaves at the base of individual

}

branchlets due in part to preservdtion and in part’ to their

degree of compaction. It may be noted, however, thathyhenv/'
found in a loose spiral they are similar in size and shapes
to the crypto cupresso;d varlety dlSCUSSed earller If
there 15 any 51gn1f1cance to be noted it would be that

the scale leaves nearest the base are shorter and dlsplay

a lower L/W ratlo. The additional observatlon may be made»

: that on a glven shoot (Figs. 57, 59) it is p0551ble to.

observe a tran51t10n from scale leaves ‘through crypto—

cupre5501d leaves to crypto—taxodlold leaves rn.éxmore." -5
ShAs A

acropetal pdsltlon on the maln axis. This observatiOn,

v

which helps “to’ explaln this author S use of combinations of

discussion. :
- _ X _ : '
'While reproductive material was relatively scarce ab

v

\
Brown's leaf typ\s, w1llpbe expande *upon in the following ° E
3
3

?

the' Smoky Tower locallty, 8 spec1mens representlnq Glupto—

sﬁra%us seed cones were recovered These ranged from very

. 76) to mature, fully opened cones . (qu. 72) .

Af% éﬁo&'fhie woody, lmbrlcated cone scales w1th@§ecurved

spﬁ;e-llke bract t1ps whlch typlfy ‘the seed cones of the ' -
. . | L -
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denus; Where attacﬁment\is observed, it can be seen that \
the cones were boroe terﬁinally.on branches beariné‘cupress—'
oid or crypto—cupressoid leaves (Figs.: 67; 72, 74). All

P, . . N " :
cones collectéd were borne singly, with one exception where -
1 LAl
two cones were found on a 51ﬁgle branching systed’(qu. 73).

Even in‘thls case, however, each cone had a separate, leafy
. O :
stalk. . o . | . a
N .

Five specimens were collected shpwipd detached seed

cone scales which are tentatiéely aséigned here to Glypto-

\

strobus. These are roughly triangular in shape with ‘an

acute base and an apex.showing 3-7 shallow;‘narrow lobesY

t

<
In appearance they are similar to coﬁe sc?les, of the extant

species, G. pensilis Koch. The size and shage of the fossil
- ®©, . U . . .y
cone scales a¥e comparable with scales»sséll fttached to <

mature cones (qu. 71) - . ' :

Glx spe01mens ‘were collected which showed numerous "y .-

1

cupressoid 1eaf~bear1na Shoots with bulbous aplces (Fig. 75)

that,maY~I§Present pOIlegycones. Dalllmore and Jackson fA.' -=

/

(1966) state that the pollen cones’ of Glyptostrobus are

51m11ar to those of Ta@odzum The po' nes of extant

Taxodzum do not however, bear a stro; jblance t theu% ~-[

f05511 mater1a1 descrlbed here due to the compound pature LA

P

—_—

[

|v. .:.1"' ‘

of Tamodzum 8 cone—bearlng axes.,ﬁHowever, éiilna ion.of
pollen cones from herbarlum materlal of: Glyp o8

t; bus

Een8t21s (Fiqg. 77) and“hlso that flgured by‘cther WOrkers ‘ﬂ*«‘

¢ 7

for both G.‘penszlzs ipd G. oregonenszs BroWn (Becket, 1939,

-

Plate 7, Flgs. 21 28) indicates that d?yptoétrobus has pollen

]
< : ‘ . L . o . . ‘ !
R U . , L : » R

."'.n’

v, o
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cones ‘more similar to Sequeia where cones are borne singly

on thetips of axes having cupressodd leaves (Fiqg. 79).

s

This begnq the case, the gmoky Tower material could well

represent pollen cone fragments of ¢/yptostrobus, as may be
seen by comparing Fiqé; ‘75 and 77. However, as no pollen
was found 1n association with‘thoso fossil spruc£uros, it is
possible that the material reéresonts foliar buds of crypto-
cupressoid branches similar to those scen in Fig. 50,

letter B.

'y
Discussion - At the @u?senq—time two distinct species are
recognized for ¢l/yptostrobus compression remains in North
America. These are . nordenskioldii (Heer) Brown and

]

G. oregonensis Brown.. The former extends from the Upper
Crétaceous through the Eocene and the légter is a Miocene
species. A European speéﬁes, G. europaeus (Brongn.) Heer is
widely recognized from Miocene deposits and is considered

to diffgr significantly from the Ameriqan counterparts
(Brown, }936, 1962). All of these are very similar Eo the
extant species, .G. penailis Koch.,

.In no instance known to this ‘author do the two North
American species over-lap stratigraphically. Thus all three
species are well separated either geographicallygor strati-
'graphically, and no immediate ﬁrobléms arise from keeping
them as distinct nomenclatorial entities. However, a close
examination of the two North American species, G. nordenski -

oldii and G. oregonensis shows that the similarities far out-

weigh the differences. Furthermore, the geoloaically older
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gpecios, . nordenskioldii, bears at least as much similar-
ity to the extant species, . penesil/is, if not more, than
does . oregonensis, Beca‘fe of the morpholoqgical
similarities betweenid. nordenskioldis and (. oregonensis,
which Qill be discussed in detail in the folléwinq pages, it
is proposed to combine the two species.

Although . orcgonensis was described in 1936, and .
nordenskioldi? was described in 1963, . nordenckioldii was
a new combination based on Secquoia nordenskioldii Heer 1871
and' thus this name has priority. Q{ nordenskioldii (Heer)
Brown is, therefore, k pt'as the n&he for all North American
Tertiary compression ssils previously described, and
G. oregonensis Brown is placed in synonomy.

The Smoky Tower material assignable to ¢. nordenskioldif
provides strong evidence for this conbination of all North
American glyptostroboid fossil material. Comparison of

crypto-taxodioid foliage from thé Smoky Tower locality (Fig.
52) with that from the type 1oca1ity of G. oregone;:is (Fig.
53) shows that there are strfkinq similarities in leqf
shape, size, and angle of attachment. Similar comparisons
based upon cfypto—cupressoid>foliage from the same localit-
ies (Figs. 55, 56) lead to the same conclusion. None of the
seed cones }ound at the Smoky Tower locality were at the
same developmental stage as those studied fxrom the Miocene

' rs
Eof Oregon, and thus direct comparison was impossible.

Indirect comparisop or comparison of cones at different

stages of development did yield some positive conclusions.

C
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A cone from the extant species, Glypteostrobus pensflis (Fiqg.

71) , was compared to_one at a similar stage of dove?gpment

1
from the Srmoky Tower locality (Fig. 72) and found to be
\oxtremely similar in scale size, shape, and mode of attach-
ment. Also, a younger cone of (. pensilis (Fig. 69) was
compared with the matn}ial‘of G. orcgonensia (Figs. 66, 68,
70) and found toyaqree-in basic characteristics. These
similarities suggest tha£ the seed cones of . nordenskioldit
and G. oregonensgs are very similar.
Further qﬁégarison of the Smoky Tower material to that

of the extant species, (. pgnsilis shows many other similar-
ities. Shoots with cupressoid leavesAwere found in both

A}
groups to produce shoots bearing crypto-taxodioid foliage with

no leaves of intermediate types (Figs. 50, 51). Likewise,
the variaﬁility ih the number and phyllotaxy of the scale
leaves at the base of crypto-taxodioid deciduous shoots
mentioned earlier f&r the Smoky Tower material was éiso
found to be present in the extant C. pensilis (Figs. 62, 63).
Similarly, the size, shape, and decurrent base of the
crypto-taxodioid foliage was found comparable (Figs. 61, 64,
65). Even the mucronate needle tips on the shoots of Smoky
Towér material were found present in roughly the same
percentage in herbarium material. The abové'Sbservations
support the obvious conclusion that 6. peﬁsilis and the
Smoky Tower Glyptostrobus are very closely related.

Material described from other localities as Glypto-

strobus nordenskioldii is also comparable to the Smoky Tower
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[
specimens. Chandrasekharam (1972) described eight specimens

from the Genesee locality which he tentatively placed in the
species. No reproductive.structures were found associated
with this maéerial, however, anqg Same hnsiténby was expressg-
ed in identifying the Specimens as «“lyptostrobus. Comparif
son of oné of the Genesee Specimens (Fiq. 54) with those of
Glyptostrobus from other localities f%iqs. 52, 53) shows
a definite similarity in leaf size and shape, and in general
shoot appearance. In addition, collectively the Genesee
material'exhibits all of the leaf types shown to be found in

Glyptostrobus (Text—Fié. 4), leaving little doubt as to the

validity of the identification by Chandrasekharam.

Formation of northwestern Washington was also examined.

s

~ 60a) . The presence of a cone scale (Fig. 60) is the main

Within this flora Pabst identified specimens belonging to
the genera Tazxodium, Glyptostrobus (G. dakotenstis Brown),
and Junipepys. Based on the specimens figured in the 1968
paper and thoée additional Specimens: housed in the éaleo—
botanical collection, University of California, Berkeley,

from the same collection, it is the opinion of this autgor

that only specimens of the genus Glyptostrobus demonstrate

suitable characteristics for confident identification. The
material identified as G. dakotensig kv Pabst compares

favorably to the Smbky Tower material, and is thus consider-

t

ed a synonym of ¢, nordenskioldiz, The most prevalent

foliar types are cupressoid and crypto-cupressoid (Figs. 60,

¥
¥ -7 s
»
LI

P

A
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basis for Pabst's identification (Pabst, 1968 p, 50).

\

Interestingly enough, a far more conv1nc1nq qpeclmen in the
Berkeley collection originated frbm the same 1oca11ty (Fig«
78) . It shows several attached cones with definite glypto-

stroboid affinities, and makes a much stronger case 'for the

i
¢ g

identification.!
. .3

In the same paper Pabst describes a néw spééﬁes of
conifer; Juniperus mashingtnnenéisl‘*ﬁhe descriptio‘.ﬁ:
based on both foliage and seeds suﬁposedly esqlgnabléﬁto
Juniperus. However, the spec1men ﬁlgured as the holotype
(pabst, 1968, Plate 11, F;q. 4) and other flgured spe01mens
belonging to this taxon (Pabst, 1968, Plate ll FlgS 1, 3),
and which supposedly show seeds, illustrate'no positive

# attachment between the vegetative and repfbductive parts.
More important, the foliage in these sgeciméns is identical
with that identified as Glyptostrobus daiotensis and shown
with an accompanying glyptostroboid cone scaie‘(Fig! 60) .

In addition, Pabst states in the text (p. 50) that "the

plant [GZyptostrobus]'is deciduous, with slender twigsl

L ]

! pabst's 1968 paper was published posthumously and represents
work done by her for her doctoral dissertation prior to her
death in 1963. The paper was compiled by Drs. R.W. Chaney
and W,L. Fry and Mr. H. Schorn of the University of Calif-
ornlﬂ Berkeley. 1In personal communications with the lat-~
ter two workers it was found ‘that some of the original
specimens described in the thesis could not be located at
the time that the paper was published, and thus some of
the original author's statements had to be accepted with-
out documentation. Any dbservations and conclusions in
this thesis that are at variance with Pabst's 1968 paper
are probably the result of difficulties ountered by the
compilators in 1nterpret1nq and documentlng the orlglnal
work. £

) [ . o
A (O

e

¢
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bearing two types of leaves; one short and oppressed,
similar to Juniperus foliage..... " _This statement is‘teken
. - ' K'Y

as an acknowledgement of the similafity of the tWo genera.
_ Becauee ef the difficulties stated in the'footnote on the
preceding page, it is impossible to say that Juniperuszas
not a member of the Chuckanuyt flora. However, the specimens
observed by this auther‘and figured bynPabst (1968) do not
justify placement in that genus and are herein synonomized "
wite-Glyptostrobusvnoraenskioldii.

pabst also notes the presence of Tazodium in the Chuck- . -
anut flora. In the text she mentions numerous cones and
twigs of this gerfus as being the dominant members of the
flora at one of the localities. The figured specimens show
only three dec1duous shoots bearing taxodioid foliage (Flg
60a, taken from Pabst, 1968, Plate 9, Fig. 3). 1In the text
(p. 49), Pabst cites Chaney's (1951) Figs. 1-2 of Plates

9, 10 as evidence fo¥ Tazodium in the Chuckanut Formation.

Here agaln, however, the figures referred to show only

/.‘\ “

vegetative shoots with taxodioid follage ”Qn thiS/ﬁlnamal (
evidence it seems unwise to accept Taxodtum as\a_valld \\\\\\
nember of this flora, partlcularly since another qenﬂs ...............

possessing taxodioid foliage, GZyptostrobus, has been well .

documented as being present. /’

Conclusions - Perhaps the most abundant remains at the Smoky
Tower locallty have provén to be GZyptostrobus nordenskioldit
(Heer) Brown. Identlflcatlon is based on the presence of

all major forms of g;yptostrob01d leaves, seed cones at -

»
-
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various stages of maturity, cone scales, and the presence of

» )

possible pollen cones.

A comparison of the Smoky Tower material with .other
specimens of (. norqenskioldi{, the Miocene species, ¢.
oregonensis, and herbarium and fresh material of the extant
species (. pensilis shows very close similérities among all
of them. These characteristics have’led this author to the
conclusion that all the fossil matetial shbuld be included
within one species. On the basis of priority, the valid
specles is then ¢. nordenskioldii, and G. oregonensis is
placea in synonomy.

The awthor's study of other material already cited
with similar morphological characteristics from the Chuck-
anut Formatlon of Washington (Figs. 60, 60a, 78) has led
to the conclusion that much of this material placed by
Pabst in the species Glyptostrogus dakotensis and
Juniperus washingtonensis,. shoeld also be placed in synonomy

¢
with Glyptostrobus nordenskioldii.

.

Relations within the Taxodiaceae - In 1951 Professor Chaney
. published an excellent historical account of some genera of

the Taxodlaceae in North America. In addltlon Ye/Jhe

o)

A2

historxcal review, he made sweeptng taxonomlc changes to

incorporate the recently discovered genus Metasequoia into
|

the literature. But most important. he devised a system for
separatlng the fossil Taxodium, Sequoza and Metasequoia of
North America. Unfortunately thlS latter system, which has

proven excellent for many spec1mens and many floras, has
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FIGURES 50-56.

Fig.

Fig.

Fig.

Fid.

Fig.

Fig.

Fig.

Fig.

50.

Specimen P67.1.83B - Glyptostrobue nordenskioldii
from the tuff horizon showina the production of a

'shoot bearing crypto-taxodioid fdliage from a bud

(letter B) of a branch bearing ckypto-cupressoid
foliage; letter R indicates a recurved leaf apex
typical of the Smoky Tower material; depodited in
the Alberta Provincial Museum and Archives
collection, Edmonton. X 2.6

—e?

Specimen of extant Glyptostrobus pensilis showing
the same features shown by ¢. nordenskioldii in
Fig. 50; letter B indicates a bud. X 2.5

52~-56. CGlyptostrobug nordenskioldii (Heer) Brown

52.

Specimen S2876B ~-.crypto-taxodioid foliage from
the tuff horizon; many leaves also display mucronate
tips. X 1.6

Specimen 2885 - crypto-taxodioid foliage (formerly
G. oregonensis) from the Miocene of Oregon;
deposited in the paleobotanical collection,
University of California, Berkeley. X 1.6

¥

Specimen S$3152 - a shoot from the Genesee locality
showing crypto-taxodioid foliage. X 1.3

Specimen P66.8.37A - crypto-cupressopid foliage
from the tuff horizon preserved in such a manner
as to give the appearance of opposite leaves;
deposited in'the Alberta Provincial Museum and
ArcHives collection, Efmonton. X 2.5 '

i
-

Specimen 2885 - crypto-cupressoid foliage (former-
ly G. oregonensis) from the Miocene of Oregon;
deposited in the paleobotafiical collection,
University of California, Berkeley. X 2.1

~ ‘):,.3‘.

(&
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FIGURES 57-60a.

. Fig.

Fig.

"Fig.

Fig.

JFig.

57.

58.

59.

60.

60a.

§pecimen S2771 - a shoot of Glyptostrobus norden-
‘skioldii with numerous branchlets showina a
progression from cupressoid leaves at the base of
each branchlet through crypto-taxodioid foliage
near their apices. X 1.2 .

¢ >

Specimen of extant Glyptostrobus pensilis showing
branches bearing primarily taxodioid leaves; from
herbarium sheet #232838, University of California,
Berkeley. X .8

a

Specimen S2932A - shoot of Glyptostrobus norden-

. skioldii from the tuff horizon showing the

progression from cupressoid basal foliage to
apical crypto-taxodioid foliage on each branchlet.
X 1.6 .

Specimen 10543 ~ Glyptostrobus nordenskioldii from
the Chuckanut Formation, Washington, showing a twig
and a seed cone scale; deposited in theé paleo- '
.botanical collection, University of California,
Berkeley. X 4 -

LN

Specimen 10541 - a taxodioid branchlet from the
Chuckanut Formation, Washington; deposited in the
. paleobotanical collectionx University of

3 ,

€alifornia, Berkeley. X
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FIGURES 61-65.

Fig.

Fig.

Fig.
Fiqg.

Fig.

61.
|

62.

63.

64.

65.

-

Specimeh of extant Glyétostrobus pensilis showing
branches with crypto-taxodioid leaves and without
basal cupressoid leaves; from herbarium sheet

$#232838 deposited at the University of California,

Berkeley. X 1.4

-~

Specimen of extant (. pensilis showing the
variation in compaction of “cupressoid (scale)
leaves at the base of branches; from herbarium
sheet #258434 deposited at the University of
California, Berkeley. X 3 '

Enlarged view of the base of a branch of Glypto-

strobus pensilis showing several tiers of cupress-.

oid leaves; from herbarium sheet #258434 deposited
at the University of California, Berkeley. X 9

Enlarged view of Fig. 62 showing closely packed
basal cupressoid leaves and the ‘pronounced mucron-
ate tip (letter M) typical of many crypto-taxod-
ioid leaves. . X 3

Specimen S1857 - crypto-taxodioid foliage of G.
nordenskioldii showing the typical mucrohate
leaf tip (letter T). X 5 e

[

\
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FIGURES 66-70. \

Figs. 66-70. <lyptoatrobus seed cones.

Fig. 66.

Fig. 67.

Fig. 68.

Fig. 69.

Specimen 2881 - &. nordenckicldi7 (formerly «.
oregonensis) from the Miocene of Oreqon; shows
mature sced cones on branches possessing crypto-
cupressoid foliaqge; deposited in the palcobotani-
cal collection, University of California, -
Berkeley. X 1.25

Specimen P67.1.114 - fairly mature seed cone of

G. nordenskioldii from the tuff horizon, Smoky
Tower locality, showing cupressoid and crypto-
cupressoid foliage on adjacent branches; deposited
in the Alberta Provincial Museum and Archives
collection, Edmonton. X 1.3

Specimen 2886 - . nordenskioldii (formerlv .
oregonengtis) from the Miocene of Oregon;
deposited in the paleobotanical collection,
Universi}y of California, Berkelev. X 1.5

4

Seed cone of extant 4. pensilis showing cupressoid
and tryptomeroid foliage on adjacent branches;

Srom herbarium sheet #363140 deposited at the
ntversity of California, Berkeley. X 1.5

Specimen 2887 - G. nordenskioldii (formerly .
oregonengtg) from the Miocene of Oregon, showing
the typical imbricate cone scales and spinose
bract tips; deposited in the paleobotanical
collection, University of California, Berkeley.
X1.9
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FIGURES 71-74.

-

Fig. 71. Seed cone of extant (lyptoatrobus pensilis from
herbarium sheet #363140, University of california,
Berkeley; shows the thick, imbricate cone scales
of a mature cone and the cupressoid leaves of

the cone stalk. X 3
»

Fig. 72. Specimen S2773 - mature seed cone of ¢lyptostrobius
nordenskioldi7 (Heer) Brown from the Smoky Tower
locality showing the thick, imbricate cone scales.
and the cupressoid leaves of the cone stalk. .X 3

Fig. 73. Specimen P66.8.55 - two mature seed cones of ¢.
nordenskiold7i borne on individual scaly ‘stalks,
but part of the same branching system; deposited
in the Alberta Provincial Museum and Archives
collection, Edmonton. X 3.8 . :

Fig. 74. Specimen P67.1.114 - enlarged view of Fig. 67
’ showing attachment of the seed cone to a branch-
ing svstem bearing crypto-cupressoid leaves;
deposited in the Alberta Provincial Museém and
Archives collection, Edmonton. X 3.1 °
Y
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FIGURES 75-79.

Fig.

Fig.

Fig.

Fig.

Fig.

75.

76.

78.

79.

Specimen P66.8.33C ~ Glyptostrobus shoots from
the tuff horizon showina bulbous apices which
may be pollen cones; deposited in the Alberta
Provincial Museum and Archives collection,
Edmonton. X 2.2

Specimen S1620 - a twig of Glyptostrobus from the
tuff horizon showing a probable young seed cone.
X 2.2

Twigs of extant Clyptostrobus pe%silis showing
pollen cones at the ends of branches having
cupressoid leaves; from herbarium sheet #243828,
University of California, Berkeley. X 2.3

Sgecimen of Glyptostrobus nordenskioldii from the
CHuckanut Formation, Washington, showing attached
seed cones; unhumbered specimen deposited in the
paleobotanical collection, University of
California, Berkeley. X 3

Specimen 3547 - Sequoia affinis Lesquereux from
Florissant, Colorado, showing pollen cones;
deposited in the paleobotanical collection,
University of California, Berkeley. X 2
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associated with it gertain assumptions and omissions which

)

render its usefulness questionable when ealing with many

~

fossils.

Parhaps the most obvious omission of the identification

1

system devised in Chaney's 1951 paper is thé‘exclusion of

the genus, Glyptostrobus. It is to Chaney'ﬁ credit that -

5\

bl

)

he recognized the genus as being present in the floras under.

consideratioh, as is obvious from the following statement

(Chaney, 1951, p. 177):

"The genus CGlyptostrobus will be omitted from this
discussion, largely because the material represent-
ing this genus may be more readily recognized, and
has not been so generally confused. Brown has
pointed out the distinguishing characters of
Glyptostrobus, and has.made a satisfactory revision
of the American fossil species assigned to this genus
(1936) ."

Unfortunately,’;LPwn (1936) does not make as clear a case

N

for the uniqueness of Glyptostrobus as might be gathered

L 4

from Chaney's remark. On pages 354-355 Brown states:

"Although the living species, Glyptostrobus
pensilis, can now be distinguighed readily from
species of Tarodium and other coniferous genera,
the detection and separation df the fossi%'
representatives of Glyptostrobus is fraught with
considerable uncertainty. This is particularly
true when foliage only is available. In the
living species this may be of three kinds -
cupressoid, taxodioid, .and -cryptomeroid, in
allusion to the typical foliage, respectively, &
of Cupressus, Taxodium, and Cryptomeria. A given
fossil shoot or twig with this range might therer
fore merit any one of four interpretations, let’
alone being confused with other genera, such as
Sequotia, Cunninghamia, Torreya, Juniperus, Tsuga,
etc. Because of the uncertainty concerqénq the

* identity of such twigs as are ordinarily*preserved
in shale and sandstone, those recorded fossil '
species of Glyptostrobus based upon foliage alone
will not be discussed here but will be regarded as
doubtful identifications." ¥

!

-;.‘“w’
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Chaney has summarized the distingﬁishing characters for the
three genera in tabular form on page 180 of his 1951 paper.
Three of the five characters listed for their separation
are foliar. Based on thé above quotation from grown'(1936)
these three éharacteristics are not valid unless Glypto—:?.x'
stroius also is considered: For ﬁgé/burpose of comparison, ,3
Chaney's table, with an additional column for Glyptostrobus
has been reprqduced for this thesis (Text-Fig. 5). 1In the
following paragraphs each of the five characters will be
reexamined in the light of the Smoky Tower material: and
further stu?%ss made by this author and others subsequent
to Chaney'sf@;rk. |
.‘,' - Ji
1. Long shaots - it may be seen that even with the inclusion
of Glyptostrobus, the only genus showing any difference in
this category is Metasequoia. However, based upon examin-
ation of shoots from the extant species, M. giéptqstroéoides,
some speciméns of M. ocecidentalis (discussed earlier in this
chapter), and material shown by Beck (1969, Fig. 18), it
may- be noted that oeccasionally M;tasequoia also displays
some degree of spiral phyilotaxy and alternate shoot
éroddctioh near the gpex of an axis. ;t hould also be
mentioned here.thatychaney specifically eItitled his table
"Distinguishing Characters of Fossil Specimens". However,
if we are to accept these fossils as members of extant
genéra (wﬁich indeed has been done for all genera included
in the table excebéihg Metasequoia), then we must assume

that the initial assignment to this genus was based on

£
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comparison with the extant species. Therefore, characteristics
of the extant species relevant to the categories of the
&able must also be considered here, as they represent forms
which we might expect to occur in the fossil record.

Objection to the terms "long shoot" and "short shoot" have
already been raiéed earlier in the chapter based upon living
material. They are used here in conjunction with the

fossils only to allow Chaney's table to be reproduced and

studied in the terms he used.

2. Short shoots - Under this category Chaney lists five
characteristics. The first pf these, stem thickness, is a
relative measure, and, because of variable thicknesses
observed in Glyptostrobus axes, it is of questionable value.
The seepnd characteristic, phyllotaxy, has as questionable
a vélue as it did for the long shoots, since Metasequoia
will on occasion appear sub-opposite or spiral (pérticular-
ly near the apex), and Taxodium will often appear sub-
opposite, and not spiraled (Figs. 80, 83). The third
chargpteristic, leaf disposition, id’ really directly
connected to the sgcdnd characteristic, and subject to the
same variability. The §oﬁrth characteristic;vleaf type and
shape, is one which is‘unfortunatély not nearly as élear—

" cut as the‘éable would have the»reader'believe. Tq begin
with, Metasequoia is ndt.monomorphic, but dimorphic, having
definite clusters of scéle leaves at the base of deciduous
shoots. Scale leaves were not really considered in'ény_of

the columns on Chaney's table. Therefore, to be accurate,
_ &

-
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\
the number efyleaf types for ea®h genus in Chaney's chert
must be increased by one. (lyptostrobus, as has been
discussed and as is shown in Text-Fig. 4, has leaves which
may be termed polymorphic. Strictly speaking, Metasequoia
is the only genus which is strictlx dimorphic and not |
polymorphic in that the other genera all produce leaves of
intermediate types. "

The final characteristic, persisteig@ of the shoot, is
not a good taxonomic character bzsause it is, to a large
degree, a funotlon of the environment. In‘addltlon,

Sequoia, listed by Chaney as having persistent shoots,

(1951, p. 178), "In the case of the living S. sempervirens,

.....short shoots may remain on the tree for three or four

o3
years;" does occasionally hecome deciduous. Chaney's

uncertainty is amplified'by'therpening phrase of the same

i s
paraqraph )ust quoted - "The deciduOus foliar units of all
‘three genera....." Thus this cﬁg%acte; is not one readily
usable. . 'y : e
. . ,g.-,'*]
LIPO

3. Leaves .- For this category Chaney llstsrseven criteria.
The first is not a "dlstlngulshlng,cha;acter", ‘as the

'origlnal table title would suggest, in that all genera are
described in the same_term,.ac1eu1ar. The second character-
istie, presence or. absence bf a petiole, is basically

correct as descrlbed by Chaney, with the added GZyptostroQ
bus not usually narrow1ng‘£t the base and not possessing a

petiole. As is shown by the spédcimens in Figs. 52, 64,

however, this character is definitely variable, and
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definitely dependent gh preservation. Thus the characLer
is godd only after averaging large numbers.of specimens.

The third characteristic, possession of é“mucronate
tip, may be treated in the same fashion as the first.
characteristic. That is to say, aS‘Arﬂgfh and Lowthar g
(1955) have pointed out that Taxodium may pos;ess a mucron-
ate tip, and as Glyptostrobus may also (Fig. 64M)’, the |
character is uniform in all genera and not useful for
differentiation.

The fourth character, angle of leaf divergence, has
“been thoroughly discussed for both Metasequoia and Glypto- -
strobﬁs éaflier in thé text. 1In this difcuSSion it is
shown thaf in both instanceé the angle is_muéﬁ more variable
than the chart would indicate. Characters five and six,
midrib appearance and basal dark spot, respectively, are
highly dependent on preservation. The former is too
subjective to be useful, and the latter is valuable only as
an infrequently ;ccurring supporting charactef. When a
dark spot is present; it #dds weight to placement of the
specimen in Metasequoia, but its absence (as is the cémmon
éondition.in”alllfogr geﬁeré) has_no meaning as far as
identification is concerhed.

The-fiﬂal characteristic,‘mode_of\}éaf attachment, is
§6néidered by Chaney;.and"by some lateryworkers (chandrasek-‘
héram, 1972) tovbe very'important.‘ EXaminatioﬁ of numerous
fossil and extant specimens has’ledyfhis author to thg” s
conclusion that the chﬁgacter's main“impdrtance‘is“that'it 
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ids in elimination of one or two genera but it is not a
)
[character thateallows positive identification. For example,

it can be stated that a leaf obliquely attached to the stem
and to some degree"obliquely trending down the stem will

f“% not be the leaf of Tazodium or Glyptostrobus. By the’ ‘same
g ‘token, a leaf squarely joined and trendlng patallel to the
stem w1ll not ‘be the leaf of Metasequoia. One might expect
that a sduarely joihed; parallel baselwould also make
'placement in Sequoia unlikely. However, observation of
herbarium material has shown that even the slight compress-—
ion received in a plant press oftentimes "untwists" the o

}i .J' leaf base, leaving it similar in aébearance to Taxodium and
Glyptostrobus. As this is the case in slightly pressed
SR specimens, it'is‘impossible to judge the potential effect
\"‘i gﬁ'the_compressicn undergone in the formation of,most

o ”fft‘fcesils.. As is stated eaflier in the chapter in atquoﬂition
l“_’ﬁ;from Brown (1936), it iswvirtcelly’impossible to distinguish
K ; \;f the follage of Taxodium and the taxodlold follage of GZypto-
= :hi st;obua.. _This author has looked -at over 1000 Spec1mens of

- o
--------- ’

these two genera, and his observations support those of

T
. N : : ‘o
f .

Brown. 4 ‘ ] %

4. "pistiMate" (seed) cones - The characteristics listec
- for thlS category are basxcally correct, and may be. used
'\Laccordinglv. ‘However, several areas of caution must be g

{
\
‘y Vf—} N
f i
)

:observed GZyptbétrobusxcones differ from all others_in

'l
{‘that they have non-peltate, imbricate éone scales. However,

1 L a Giyptastrobus cone by 1tse1f, or on' i%? scaled stalk, may, -

¢
. Tl Lo
. .



“be easily confused with a cone of Cryptomeria, which'is

almost ideﬁtical‘ Similarly, when attached cones of Meta—
t ’.) .

‘'sequoia may he ea51ly 1dent1f1ed by their long, naked

stalks. When<detached from their stalks..however, the only

. _
majofﬁcharacteristic separating them from those of Sequoia

is the.decussate rather than spiral arrangement of cone

scales. This can be a very difficult feature to assess,

particularly in‘light of the'geous Parataroé.um Arnoldxand
Lowthar f1955), which exhibits a cone scdle attachment that
is morphologically intermediate. 1In addition, in spite of
the fact that Chaney stated that no”attachment for Taxodi;m
cones has beeninoted in the fossil record, the footnote to

his tabie, mentioning that the extant species have cones

borne on stalks similar to Sequoza, should alért the’

experlenced obﬁerver that a single cone attached to a short
stalk collected at a new locality could well be Taxodium,

and not necessarlly'Sequoza. The per51stence of the scales,

‘as with the short shoots,‘is‘not a good taxonomic

\

character.

. ‘/.,a" i - '
5. "Staminate" (pollen)'cones - The chief value‘of this

category, as was}the case wrth mode of leaf attachment is

1

r'ito separate the four genera into groups. Sequoza and-

'-GZyptastrobus may be separated readlly from[the other two

genera but are practicallv 1ndlst1ngulshab1# from each

1'other (Flgs. 77, 79) , In the same.waXL.Metasequoza and

Tazodtumvare_51m11ar( separable only by the dgcussate or

S
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spiral nature of specialized shoots. FEven their separation
is made less significant by the prcsence of Paratareodinm in
the fogsil record. |

Having thus quest}oned'the validity of many of the
distinguishing characters used by Chaney ana questioned the
stability of othors,?ié{is necessary to consider the posi-
tive aspects of dlqtlnqulqhinq between the four genera
llstod in the table (Text Fig. 5).  There are two important

premlqeé which must .be mentioned before any specific

i

‘detalls arejbon51dered. These are (1) that poqltlvo 1dont—
ificafion can!be mad%‘only.where a qtatlstlcally significant
number of specimens.is available except wpere exceptional
,preéervatlon 1s encountwr\?, and (2; that identifications
must be based on agreement of an aqgregate of character-
istics,'and not on one single characteristic. An addition—
al consideration which cannot be emphasized too often is
that we are dealing with a group of plants which span 60
million years of time. )“a family such as the Taxodeaceae,
whOSé extant genera andcﬁbecies overlap in many character-
istics, it must be expetted that during these 60 million -
yéars,_evo}u;}gg’has produced many different combinations
of these oiériappfﬁg qggractéristics. Therefore, there is

-

no one criterion or set of criteria that can be applied for

2

identification of a glven fossil or a group of fossils.
LI 1"

In the following paragraphq a genus by genus summary is

presented, llstinq?the &ore conStant characteristics which

may be used in’ idept' icatlon. It is in no way a key that
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* !
can be applied for the separation of the genera per se apd

is Retter interpreted as a set of q@idelines to be used in
association with comparative herbari material and other,

satisfactorily identified fossil specimens.
4 | *

1. Mectasequoia - Branches are usually borne in opposite .
pairs, subténded by a pair of opposite leaves. The ieaves
are regularly dimor@hic, consisting of acicular, mucronate
leaves along most of\éhe axis and clusters of scale leaves
at the base of deciduous Qhooté. The leaves are usually
borne in a decussate arrangement, often appearing sub-
opposite. The léaf bases are attached obliquely and

trend obliquely dowﬁ the stem. Seeé cones are borne on

long naked stalks with peltate cone scales. Pollen cones

are borne on specialized shoots.

2. Sequoia ~ Branches are borne alternately. The leaves
are mucfonate, ranging from flattened acicular (as in
Metasequoia) to scale-like, with various interﬁediéte
forms beiﬁg commons. The ;eaves are borne spirally, with a
subopposité\appea:anéé‘common. The leaf basés are attached
.
obliquely in most cases, with a tendency to trend obliquely
down the stem. Preservdtion may give the impression'of
squarely jqined bases téending down the stem in a near
parallel fashion. Seed cones are borne on scaly axes with
peltate cone scales. Po;len cones are borne terminally on.

. "

unspecialized axes.
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~' 3, Puxddium,~ Branches are borne alternately. The lecaves

i Ay 4 f R

e;a& s

BT Y e

4'ig&§ﬁ*3{€g@1a. Thay are borne spirally but often appear

R | »‘fv"“{:’&“‘—;_s’ #

IR L IE A
- 5O9b-oppo

ate, ranging from flattened acicular to scale-like

> 4

Bite. Leaf bases are attached squarely and trend

down the stem parallel to the axis. Seed cones usually are

unattached, but when attached they are si&\lar to Sequota.

Pollen cones arc borne on specialized axes.
4

4. Glyptosirobus - Branches are borne alternately with a
possible sub-opposite appearance. The leaves are mucronateg,
polymorphic, with cryptz/foodioid and crypto-cupressoid
types most commonly occﬁrrinq (Text-Fig. 5). Leaf bases
are attached squarely, treﬁdinq dowﬁward parallel to the
axis of the stem. Seed cones are borne terminally on short,
scaly stalks. Cone scales are non-peltate, imbricate,

with spinose projections from the scale bracts. Pollen

cones are borne on unspecialized shoots as in Sequoia.
I’

The above criteria, when used in cohjunction with;
comparative fbssil and extant material, are useful only on
large; moderately or better preéerved suites of fossils,
Unfortunately, a genus of taxodiaceous plants will often
be rep;esented by only a few specimens,in‘avéiven flora.
It is the opinion of this author, as substantiated by the
preceding pages, that such material cannot be accurately
identified at the generic level except in extremely rare

cases of ideal.preservation. This situation should cause

no problems if its ramifications are realized by all workerg

.
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in the field, and such material. consequently identified as
Incertae sedis. Unfortunately{this i& not the case, as is
witnessed by the many tentativé~identifications based on
fragmentary specimeﬁs found in the literature.

To attempt to eliminaté such possible misidentifications
and the misinterpretations based on them, it is proposed in
this thesis to create a new form genus for taxodiaceou%
foliar remains which cannot be positively assigned to
specific genera. The artificiality of the genus is under-
stood by its author, and justified by the ratipnalizatioh
that such a genus is a better repository for material where
identification is uncertain than a previously well-

established genus, placement in which might lead to erron-

eous paleoecological and phytogeographic conclusions.

Taxodiophyllum gen. nNoOV.

Generic Diagnosis - Foliar shoots bearing leaves in either
spiral or sub-opposite manner. Leaves taxodioid, crypto-
taxodioid, cryptomeroid, crypto-cupressoid, or cupressoid,
with or without mucra present. Leaf bqfe attached either
squarely or obliquely and trending down the stem either

slightly obliduely or parallel to the shoot axis.. Leaves
acicular, 1anceoia§e, ovate, linear or obovate. .

Type species - Taxodiophyllum cordillarum Christophel sp.

$oVv. . N
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Tazodiophyllum cordillarum Sp. nov.

A}
Tarodium dubium (Sternberg) Heer. Chandrasekharam,
1972. Unpubl. thesis. Plate 39, fig. 244; Plate
7, Fig. 39,40.
rarodium dubium (Sternberg) Heer. Mathews and
Brooke, 1971. Syesis. Vol. 4, Figs. 5,6.

Sequoia affinis Lesquereux. Mathews and Brooke.
1971. Syesis. Vol. 4, Figs. 7-9.
Species diagnosis - Foliar shoots bearing from 12-50 leaves
arranged in either a spiral or sub-opposite manner. Leaves
taxodlioid, crypto-taxodioid, cryptomeroid, crypto-cupressoid,
or cupressoid, rangind in maximum width of the leaf from
0.1l mm - 4 mm and in‘length from 1.0 -~ 40.0 mm; with or
without mucra. Leaf base attached either obliquelv or
squarely and trending in an oblique to paral}gl fashion
dowﬁ‘the axis. Leaves acicular, lanceolate, ovate, obovate,
linear or spatulate.
Holotype - Specimen S1040 (Figs.'81, 84) which is deposited
in the éaleobotanical collection, Department of
Botany, Univefsity of Alberta, Edmonton.

Locality - Genesee, Alberta (Chandrasekharam, 1972)

Discussion - The specimen listed as the holotype of the
species was described as Taxodium dubiuﬁ by‘Chandrasekhaiam
in 1972. At this time he stated that due to the small
numbei of specimens collected, the identification was some-
what questionabié. The main criterion used by that author

to distinguish the specimeﬁé from Glyptostrobus was the

’
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bulbous disposition of scale leaves found on some of the
deciduous sheots. However, a study of fossil and e*tant
Glyptostrobus made earlier and presented in thise thesis has
Jshown that the range of dispdsition of scale leaves in
Glyptostrobus includes a form displaying a tight Séiral
(somewhat bulbous) at the base. Therefore, as only eight
specimens were collected, it seéms that placing the material
in the genus Taxodiophyllum is much safer.

Similarly, the material from Quilchena, British
Columbia (Mathews and Brooke, 1971), is placed in the genus
due to the fragmentary nature of the material and the
paucity of specimens. It is beyond the scope of this thesis:
to make a thorough search of the literature for possible
additiénal synonomies. It is hoped, however, that future
workers will use the new genus for specimens where identifi-
cation is questionable. The diagnosis has been made

particularly flexible to accomodate and encourage its use

on a diversity of specimens.

Summary - Within the family, Taxodiaceae, four genera,
Metasequoia, Sequoia, razodium, and Glyptostrobus show a high
degree of similarity in both extant and extinct species. In
1951 Chaney presented a thorough review of the first thfee of
these genera and suggestedie list of criteria for distin-
guishing betweeh.their-fossil epecies.

Based upon a thorough g:ﬁdy of the members of -the
Taxodlaceae present at the Smoky Tower 1oca11ty and upon

further studies of extant mater1a1 and f05511 materlal from
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ofher localities, this:author has undeftaken a reexamin-
ation of Chaney's criteria with the inclusion of the genus
Glypfostrobus. This reexamination has shown that the
’dist;nguishing characters are not nearly as constaht as
indicated by Chaney in 1951, and that a large amount of

~overlap, particularly in vegétative characteristics, is
evident in both fossil and extant specimens. Because of
this it is concluded that it is not possible to construct
a list of constant criteria for the identification of the
four genera. Confident identification can only be made
when a large suite of the material is at hand ané when it is
judqed on the basis of many criteria and compared to extant
material. Implicit in this conclusion is the concept that
the fossil material being dealt with spans a time period of
over 60 million years, and ﬁhat the evolutionary changes
possible in this time period must SE taken into consider-
ation. An excellent examplé of this possible evolutionary
variation is the-genus Parataxodium Arnold and Lowthar‘
(1955) . While tentativel? placed in synonomy with Meta-
sequota océidentalis in this thesis pending further examin-
‘ ation of the material, it shows a range of characteristics
that overlapiboth Metasequoia and Taxodium.
In the past, identification of these genera has often
been made.on'relatively few specimens showing ill-defined .
‘characteriétics. “In an attempt to avoidvthé possible paleo-
ecological and phytogeographical errors based bh such |

identification, th& new genus, Tazodiophyllum, has been
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FIGURES 80-85.

Fig.

80.

Fig., 81.

Fig.

Fig.

Fig.

Fig.

82.

83.

84.

85.

;
Specimen of extant Taxodium dubium from the
University of Alberta greephouses, showing a
deciduous shoot with leaf arrangement either
subopposite or opposite. X 1.5

Specimen 51040 - holotype of Taxodiophyllum
cordillarum sp. nov. from Genesee, Alberta. X 3

|
Specimen P67.1.145 - a deciduous shoot of Glypto-
strobus nordenskioldii from the tuff horizon
showing pronounced taxodioid leaves; deposited

in the Alberta Provincial Museum and Archives
collection, Edmonton. X 2

Enlarged view of Fig. 80 showing the subopposite
arrangement of some leaf pairs and the parallel

‘nature of the leaf base in reference to the shoot

axis. X 4

Specimen S1040 - enlarged view of Fig. 81 showing

the position and nature of the leaf bases. X 5.5

Specimen P67.1.145 - enlarged view of Fig. 82
showing leaf attachment. X 4
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proposed for specimens of uncértain affinities. While
admittedly artificial, this genus is hoped to provide a
place of ‘assignment (either temporary or permanent) for
limited or questionable taxodiaceous remains.

Class: Angio

‘éyrmae
Sub-class: Dicotyledonae
Familv: Cerxcidiphyllaceae

Cercidiphyllum sp. (Figs. 86, 87)

Description - Twelve specimens which could bé assigned with
confidence to the genus wefe collected. Identification was
_based on the presence and pésition of the three major
primary veins, general leaf shape, nature of the margin and
the preéesence or absence of glands. Comparison with the
excellent collection of Cercidiphyllum from the Genesee
locality supported the identification.
. Leaves ranged from 2.0 -‘7.5 cm in maximum length and

from 1.7 - 7.8 cm in maximum width. Of the 12 specimens,

two exhibited a cordate base, while others ranged from

‘\\\\\~igffijfi>to obtuse.

Discussion - An exhaustive study of Cercidiphyllum by
¢ ChandraSekha:am (1972). resulted in division of known fossil'
méteria1~(of Cretaceoué orfPaieogené age) iﬁto three
species.’ MuchAof this work was made possiblevby the
i‘exéellent p:eservétion enCOunteféd in specimens of Cercidi-

phyllum from the Genesee locaiity. Unfortuhately, material

-

w2



125

assignable fo this genus from the Smoky Tower locality
lacked‘this remarkable preservation; and many of the
criteria for spegific assignment used by Chandrasekharam °
weré unavailable to the author. 1In a personal communication,
Dr. Chandrasekharam expressed the opinion that the‘majority
of the specimgns probably represented Cerqidiphyllum
flexuosum (Hollick) Chandrasekharam based‘o; the arcuate
nature of the primary veins and on the margin (Fig. 86).
However, ceftain specimens were mbére likely"represehtafive
of (. genesevianum Chandrasekharam (Fig. 87) and it was ‘
also possible ghat the third recognized‘species, C. cuneatumv7
'(ﬁewberry) Chandrasekharam was also present. In the final
analysis, however, he agreed with the auther that assignment

beyond the generic level was undesirable because of the ,

poor preservation and the paucity. of specimens.

Family: Platanaceae

Platanus raynoldsit Newberfy (Figs. 88-91)

“

Desé%iption - Leaves found at'fhe-Smoky.Tower locéiity

range from ovate in’the smaller specimens to tri-lobed in
T the larger oneg (Fig. 88). The margin is undulate with
glands .observable on some of the teeth. The base, when
present, ranges.from truncate.tb cordéte with 2-3 small

lobes occasionéllv“cbservable at the base (Figs. 90, 91).

Discussion - The 32 speciméhs\whigh were collected from the
Smoky Tower locality and assignable to this genus make this
\ .

the angiosperm genus with the highest recorded frequency at

A |
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the locality. While no entire‘specimens were collected,

L]

the characteristic lobing‘combined‘iﬁ

U

the typical major
venation and size allowed the specimens to be assigned to
the genus with confiaeﬁce. Brown (1962) placed a large

number of specimens of different genera and species in

synonomj with P. raynoldsiti. The major leaf characteristics

"(i.e. venation, margin, and major lobing) correspond closely

in the Smoky Tower material with that figured by Brown

(1962) and also later by Chandrasekharam (1972). It is
C

‘1nterest1ng to note, however, that the’ basalfﬁobes prominent

in some specimens from the Skay Tower locality (Figs. 90,
91; are not mentioneﬁ or figured fer this species by Brown.
The only specimens figured by Brown (1962) for the genus
Platanus which do show the basal iobing feeture were placed
by him in the epecies P. nobilis Newberry. i£ his descrip-
’ !

tions and discussions of the two species, however, he fails
to mention whether he considered;fﬁﬁs a distinguishing BN
feature. Furthermore, he did figure a specimen of the
extant Platanus oceidentalis Llnneaeus (Brown, 1962, Plate
29, Flg 2) which illustrates the basal lobing,,but did not
mention it as differing from P. raynoldii in this character-
istic. o

' In discussions. w1th Professor H. MacGinite of the

Unrversxty of California, Berkeley, in December, 1972, the

" opinion was put forth by that worker that the fossxl

spe01es of the genus Platanus are in need of rev1sion based'~‘

.on studies of the varlatlon observable in the extant spec1es

.; v,; B :L A. "' . >/f/J.
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&

FIGURES."86-91.

‘f'\'}

»
o

Fig. 86.

‘ /
Fig. 87:

]

Specimen,S1640 - Cerczdzphyllum sp. showing
irregular—serrations, palmate. major venation and
irregular tertiary_ venation. X 1.3 -

| Specimen P67.1.07 - Cercidiphyllum sp. showing

palmate major venation and definite marginal
glands:. deposited in the Alberta Provincial
Museum and Archives collection, Edmonton. X 1.7

Figs. 88-91. PZatanus raynoldsii Newberry from the tuff

Fig. 88,

Fig. 89.

Fig. 90.

'Fig. 91,

horizon.. . 5

Specimen S1646B - shows three major apical lobes

typical of a mature leaf of the taxon. X 0.7

Specimen S3046B - 'shows central area of a large
leaf with an Equisetum rhizome growing through
it, X 1,

i3

Specimen P67.2.27 - shows the base of a large
leaf with several basal lobes near the petiole;
deposited in the Alberta Provincial Museum and
Archives collection, Edmonton. X .85

Spec1men S2775 - base of. leaf show1nq dlstlnct
basal lobes. X lpS

l

\
ol
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of the genus. As such a study was not within the scope of
this qhesis, assignment of the Smoky Tower épecimens of
Platanua raynoldsii is made with some hesifancy. As is
pointed\iut by Chandrasekharam (1972, p. 138) Platanus
raynoldsii seems to agree in its general characteristics

‘with ghe extant P. cuncata Willd. Until more detailed
comparisons of P. éuncata and P, ooridénta?fn in all their

‘variants are made with the fossil material, the status of

fossil species of Platanus remain uncertain. A

Family: Ulmaceae

Zelkova sp. (Figs. 92-94)

Description - The leaves rande in length from §.Q -~ 6.5 cm
and in maximum width from 2.0 ~ 4.5 cm. _The margins show.
doubly serrate teeth (Fig. 93) and in general the leaves
display craspedodroﬁous secondéry veins‘and have a generally
asymmetrical outline. All specimeng encountered appear
coriaceous and show a definite %rrgﬁularity in the dis-

. {
placement of secondary veins.

Discussionit Th? definite ulmaceous affinities of the
specimens from the Smoky Tower locality are shown by the
natqreqof the téeth (acuminate on both basal and apical
sides), by thg craspedodromqys secondary vefns, and by the
"slight asymmetry of the leaérshape. The 16 specimens
collected which are referable toi:his gehus make it the
secgnd most common angiosperm leaf fossil épcountered in the

tuff horizon.
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Differentiation between fossil representatives of
Ulmue and Zelkova is often difficult. The gencral character-
istic most often used is the nature of the marginal
serration (Brown, 1962). Ulmua usually displays reqularly N\
doubly-serrate teeth, while Zolkova has uniserrate tecth
with occasional double serrations. The Smoky Tower material
generally displays both single and double serrations on any
given specimen, and therefore fits best with the genus
Zelkova. A comparison with other fossil ulmaceous specimens
described in the Iiterature shows that the best comparisons
can be made with Zelkova orcgoniana (Knowlton) Brown
(Becker, 1961, Plate 18, Fias. 13-18) . Favorable compari-
sons may also be drawn with the extant Zelkova serrata
Makino (Brodn, 1962; Becker, 1961) which is restricted in
its distribﬁtion to eastern Asia.

.Fhotoggaphs of F%?‘ 92 and of other'Specimens were sent
to Df. J.‘ﬁolfe, United States Geological Survey, for an
opinion. In his reply, Dr. Wolfe stated: . -

“"From the illusé}ation, your leaf appears to be

somewhat more primitive than Zelkova, in that
the secondary veins are more irreqularly spaced....
Your leaf represents (insofar as I can tell
without seeing fourth and higher .order venation)
either an extinct genus or a primitive memher of
Zelkova."
Because of the lack of preservation of higher orders of
venation, as mentioned by Wolfe, and also because of the
paucity of specimens, it is the opinion of the author that

it would be unwise to consider creation of a new genus or

even specific assignment. Thus, the dlmaceous remains from -
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the Smoky Tower locality will be. identified as Zelkova sp.
until such time as more definitive material is found or more

definite distinquishiné criteria are established.
I'ncertae sedis )

The positive affinities of the specimens shown in Figs.
95-102 are at present unknown. They will be discussed

\

Eeparately by figure number. -

Fig. 95

In addition to the figured specimen, four others were
recovered from the Smoky Tower locality. Wwhile the structure
is obviously reproductive, preservation is too poor for
positive identification. The two most obvious possibilities
are (1) that the specimens represent the cones of a Lycopod-
ium-like plant or (2) that they represent the reproductive
structures of amentiferous angiosperms. The first possibil-
ity is supported by the sporophyll-like appearance of the
units attached to the main a*is (Fig. 95, letter T). Their
relationship to the axes and their shape is reminiscent of~
the sporophyll morphology of an extant Lycopodium. The lack
of vegetative remains assignable to Lycopodium weakens this
possibility, however. The second possibility, that of .
angiospermous affinities, is supported by the number of
unidentifiable angiosperms represented by leaf remains which
might possess this type of reproductive structure.

One structure was sacrificed by m;cerating a portion

of it and making an acetate peel of the remainder. The

.-

‘!-
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maceration yielded no spores or other helpful material, and
the peel did not reveal any other distinquishiﬁg features.
The maximum length of the specimens ranged from 2.5 - 5.5 ‘em
which puts the structures well within reasonable size ranq&

<

for either a Lycopodium cone or a catkin.

Figs. 96, 98’

Seven specimens of a similar nature were recovered from
the locality. The figured specimen shows a branch with what
appears to be one entire and one partial; naked spur
shoot. The entire shoot is 42 mm long and 12 mm at its_/f
maximum width. The preservation of the partial shoot
fragment on the same specimen (Fig. 98) shows detail that
compares favorably with a specimen identified as a Ginkgco
spur shoot by Becker (1969, Plate 5, Fig. 1). The presence
of numerous Ginkgo leaves in the flora adds support to this
possibility, but as no leaves were ever found attached, and

as other conifers with possible spur shoots were present, no

formal assignment could be made.

-

Fig. 97
This specimen represents the only definitely compouné
éngiosperm leaf collected. Of the three leaflets shown, in
the figure, the one on the left is best preserved. It has
a maximum length of 44 mm and a maximum width of 19 mm. The
leaflets show pinnatevvenatioh, possess an entire margin,

£

and are craspedodromous. Further detail could not be

\

observed because of poor preservation.



>

133

FIQURES 92-95,

Figs. 92-94. Zelkova sp. from the tuff horizon, Smoky
Tower locality.

Fig. 92. Specimen P66.8.68 - deposited in the Alberta
Provincial Museum and Archives collection,
Edmonton. X 3

Fig. 93. Specimen P66.8.68 - enlarged view of another

leaf showing the double serrations on the right
e and the tertiary venation pattern; deposited in
the Alberta Provincial Museum and Archives
collection, Edmonton. X 5.6

Fig. 94. Specimen showing several related similar leaves;
unnumbered specimen deposited in the private
collection of Mr. B. Tiemons, Grande Prairie,
Alberta. X 1.8

Fig. 95. Specimen S2757 - Incertac sedis; a reproductive
» structure similar to either Lycopodium (letter T
shows upturned tip of one of the units, reminisc-
ent of a Lycopodium sporophyll) or to an amenti-
ferous catkin. X 2.8
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Fig. 99
This specimen has a maximum width of 52 mm and an
|
estimated maximum length of¢75 -~ 90 mm. The venation .is
pinnate wieh strong craspededromous secondaries with regular-
ly looping tertiaries. fhe margin is coarsely dentate with
large glands visible aé the apex of eech tooth. Five pairs
of subopposite secondary veins are visible. Despite the
good preservation shown by the portion of the leaf present,
the absence of both the base and the tip makes identific-

ation impossible. It may be seen that the specimen was

found in association with Thujopposites interruptus.

Fig. 100
Tbis specimen fepresents the only complete, entiré

margined leaf recovered from the tuff horizon of the Smoky
Tower locality. It has pinnate venation, with irregqular
secondaries which exhibit a craspe@o—camptodfomous disposi-
tion. The maximum ieﬁgth (including what appears to be a
drip-tip) is 88 mm while the maximum width is 62 mm. In
general this speqimen ig’quite similar to one other entire
margined.ieaf ffemithe ﬁuff horizon with the exception that
the latter haélregulérly'opposite secondary veins while

this specimen has ifregularly alternate ones.

. '  Fig. 101

~¥y ;
Three leaves similar to the figured specimen were

fecove:ed from the tuff horizon. All spec¢imens show a

definite cordate base, irregularly serrate dentition,

/

‘ . o
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FIGURES 96-100.

Figs. 96-100. Incertae sedis from phé tuff horizon, Smoky

Fig.

Fig.

Fig.

Fiqg.

Fig.

96.

97.

98.

99.

100.

Tower locality.

Specimen $1835 - branch with two naked spur
shoots; similar to specimen described as Ginkgo
spur shoot by Becker (1969). X 1.4

Specimen S3422A - compound angiosperm leaf show-
ing an entire margin on each leaflet and nearly
opposite, pinnate primary venation. X 1.7

Specimen S1835 - enlarged view of Fig. 96 showing
the tightly packed spiral of probable leaf bases.
X 4

{
Specimen $1944 - angiosperm leaf showing a
serrate margin; twig of Thujopposites interruptus
visible on the right. X 1 :

Entire margined angiosperm leaf with a drip-tip;
numberless specimen deposited in the private
collection of Mr. B. Tiemons, Grande Prairie,
Alberta. X 1.3
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;craspedodrdmous venation with regularly spaced secondaries
and irtegular tertiaries. The figured specimen has a

max imum length of 82 mm and a maximum width of 66 mm which
occurs approximately one-third of the distance from the base.
All three specimens compare favorably %jth the|generg Vitis
and Ampelopsis of the family Vitaceae gg figured by Brown
(1962) . However, a large enough‘suite of speciméns_was not

present for definite identification, nor was preservation

that good.

Fig. 102'

Only one specimen of this nature was recovéred. The
leaf has a maximuﬁ width of 67 mm and a-maximum length of
110 mm (e;cluding the short petiole). The margin is
coarsely serrate and the venation pattern shows a strong
mid-rib with alternate craspedo—camptodromous secondaries.
The apices of the coarse marginal teeth appear glandular, »

and the apex of the leaf is élongated into what might be

termed a drip-tip.

Siltstone Flora

Approximately fiye_feet above the tuff beq cggtaining
the coniferous flora just described is a layer of siltstone
3-4 feet in thickness which .contains another fossil flora
(Text-Figs. 1, 2). Unlike the tuff flora, this one is
compésed‘primarily of angioéperm leaf remains and the

4

remains of vascular cryptogams. The matrix is somewhat
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FIGURES 101-104.

Fig. 101.

4

Fig. 102.

Fig. 103.

Fig. 104.

Specimen S3434B - Incertae sedis from the tuff
horizon; possibly belonging to the Vitaceae.
X 1.25

L

Specimen P67.1.61 -~ Incertae sedis from the tuff
horizop. X 0.9 '

£ .

Specimen S3892 - Glyptostrobus nordenskioldii
(Heer) Brown from the siltstone horizon, Site B;
probable seed cones shown on the right of the
specimen. X 1.25 “

Specimen S$3841 - Azolla sp. from the siltstone
horizon. X 5
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darker, 1eaving slightly less contrasf with the carbonized

bips (Fiq. 2) than found in-the tuff horizon (Fig. }).\

\\Howe er, preservation is slightly better, with some tertlary

,W

aﬁa-higher orders of venation being visible. The diversity
of this fldra was not realized until late in the study, and

thus many angiosperm leaves, which may later proveﬂpresent

at the 51te 1n statistically slgnlflcant quantltles, are

.

either omltted from thls thesis or treated as Incertae sedzs

"

because of the small number of specimens collected Follow-
1ng—&s-a_lls£ of éhe genera collected, w1th the number of
each varlety\éQaced“in parentheses and the approximate
percentage .of fkpra fghlow1ng Collecting indicated that

the lateral distribution evident in'the tuff horizon was

N

not present in the‘311%stone horlzonﬁd‘However, the occur-

rence and depos1tlon\of Equgsetum shown in the tuff horizon

was also found here. Eecause\gf this and the large number

. L. oo, \, s .
of, angiosperm remains not jidentified, the percentages of the
various taxa in the flora alculefed may nst be truly

¢

representative in Splte of Ehe random dlstrlbut1on evldent.

N\ o
\\ \

Class: Equisetinae
_Family:Aﬁﬁpisetaceae
E R .

Equisgtum'arctieumuHeer (64) 29%
‘ .Class:vFilicihae S \
family: Salviniaeeae

Azolla sp. (10) 4% N .
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Incertae séﬁ&& (14) 6% _ .
v : A
Class: Gymnospermae
Family: Taxodiaceae
Glyptostrobus nordenskioldii Heer (4). 0% (specimens

found at site B)

Bl

‘Class: Angiospermae
Sub—Class:‘Monocotyledoneae
Inoertae sedis (37) 16% -

Sub-Class: DicotYledonae.
Family: Cercidiphyllaceae - I
Cer0td1phyllum sp. (45) 20%
‘Famlly Caprlfollaceae
Viburnum sp. (14) 6%
Family: Ulmaceae |

o +

Incertae sédisv(15) 73 _ N -

e

Inceriae sedis - (20) 9% '
oo ' ' , R
A T S .’ » ’ ;

6 Class: quféﬁTINAE

)

Family: Equisg ceae

i

, EQ??SétﬁP arcticum r c | - .
Descfiption - Specimens ré@resenting almogk all: orgens
associated W1th plants of the genus Equzsetum were found -in
the slltstone horlzon. Unllke the tuff horlzon, the. 311t—-
stone beds are rich 1n aerial remalns as well as those

L

belonglng to underground portlons of the plant Numerous

P BN

, .
o L. . .
0.
o . .
o
'
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de?achod leaf-sheaths (Fig. 10%) were found as were sections
ofkstom with the leaf-shecaths still in place (Fiq. 106).
Nodal plates collected exhibited dark arcas in the position
occupied by vascular bundles in extant plants (Fias. 108,
110). These dark areas varied in number from 13 - 17, with
Athe most common numbor.hoinq 15 (Fig. 110). Some internodal
cross sections were Also preserved, and these have what
appecared to be 10 arcas ropreéontinq vallecular canals (Fiq.
165). Underdround portions of axes were cpllected which
have attached tubers {Fig. 107). The largest qumbor of
tubers observed was 10, with the average béinq 7.

Numerous structures were found cdetached, vet associated
with Fquisetum remains, which bear é striking resemblance to
old, dried strobili (Fig. 111). These structufes exhibit
P—QO pairs of what appear to be peltate sporangiophores
(Figl 111, lettér P). Peeling and maceration techniques
failed to yield additional evidence for this interpretation

4 ¢
or to shed any light on the ;aentity of the specimens. As

none have actually been found attached to Fquisetum veget-

ative remains, the interpretation will have to remain

3

tentative.
1 2

’

Discussion - Earlier in the chaptar, under thefheading "Tuff

*

Flora", the parameters of Equisetum arcticum Heer were
discussed in detail. As with the specimens from the tuff

horizon, those from the siltstone fit within Heer's

diagnosis in regard to general size, shape, and tuber



144

FIGURES 105-111. /

Figs.

Fiqg.

Fiqg.

Fig.

Fig.

Fiqg.

Fig.

Fiq.

105-111. Equiactum arcticum Heer from the siltstone

105.

106.

107.

108.

109.

110.

111.

horizon, Smoky Tower locality.
Specimen S1969B - unattached lecaf-shcaths. X 1.8

Specimen S3801B - aerial axis showing ribbing
and an attached leaf-sheath with 9 teeth. X 2.5

Specimen S3224 - cross section of a rhizome node
showing portions of 7 tubers. X 1.8

Specimen S3891 - nodal plate showing the apparent

.'position of 18 vascular bundles. X 5~

Specimen S3725B - internodal cross section
apparently showing 13 valecular canals and a pith
cavity. X 8 ~

Specimen S3803A - double nodal .plate with the
left plate showing the apparent position of 15
vascular bundles. X 4

Specimen S$3798A - possible shrivelled strobilus
showingr peltate sporangiophores (letter P). X 2
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morphology. While features not encompassed in Heer's
diagnosis are present in the material from the siltstone-
horizon (e.q. nodal anatomy, possible reproductive
structures), they are not taxonomically significant enough
to warrant creation of a new species or emendation of Heer's
diagnosis for K. arcticum.

It is interesting to note that like the Equisetum in
the tuff horizon, underground axes are found running at a
variety ofjgngles to the bedding plane in the siltstone
horizon. This would appear to indicate growth after
initial deposit of some of the sediments involved. This

concept is discussed more thoroughly in another portion of

the text (pp

-~

—

Class: FILICINAE
Family: Salviniaceae

104) i

Azolla sp. (Fig.

Description - Fraqmentgd stems ranging from 2 - 4.5 cm in
length, branching pinnately, and possessing bilobed leaves
were collected from the siltstone horizon. The lobes of
the leav;s average 2.0 mm in length and just over 1.0 mm
in width. The remains were found in overlappin§ patches,
and thus individual leaf shapes and sizes were not deter-
minable for much of the material. No reproductive

structures were found.

Qiscuséidn - None of the 10 specimens found.showed either
N 5.7‘..‘

.t
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micro or megaspore complexes as were found in comparable
material from Genesee, Alberta (Chandrasekharam, 1972, pp
25-27). The Genesee material was placed in the exganded
species Asolla aschopfii thch had originally beenééreated
for reproductive material. Although the Smoky Tower
vegetative material is very similar in size and shape to
the vegetative portions of the Geneseebmaterial, the lack
of reproductive material makes it impossible to assign it
to the same species. The Smoky Tower Azolla is therefore
left as Azolla sp. until such time as reproductive
structures are recovered or more vegetative details are

obtained.

Intertae sedtis ;g
(3 i L I3 - » /‘}
Description - Fourteen additional specimens definitely </

\
}

assignable to the Filicinae were recovered from the silt-
" stone horizon of the Smoky Towef locality. They represent \
fragments of sterile fronds (Fig. 112) made up of from 5-13 |
pairs of primary pinnae, each consisting of 10-16 pairs of
imbricated pinnules. The specimen shown in Fig. 112
illustrates the degree to which the pinnules overlap, and
this, coupled with the coarseness of the matrix makes
taxonomic identification very difficult. For example, it

~ is impossible to say whether of not the pinna shown by the

letter P in Fig. 112 is composed of pinnules or represents

a single unit. The figured specimen has an over-all



148

maximum length of 9 cm and a maximum diameter (basal entire
pinna shown) of 5.5 cm, which also represents the maximum

length of a primary pinna.

Discussion - Identification of ferns on pufely vegetative
remains is often difficult. The material found in the
siltstone horizon bears a distinct rescmblance to the
material collected at the Genesee locality (Chandrasekharam,
1972) and which was identified as Woodwardia arctica Heaf.
However, as Brown (1962).pointed‘out, this genus bears a

. éiose resemblance to the genus Onoélea; the only difference
being the entire margin on the latter as opposed to a
serrate margin on the pinnules of Woo(fgrdia. While
definite serrations appear bn some of the specimens, others,
such as the one figured, are difficult to interpret. It is
even possible that more than one taxon is represented by
the 14 specimens. Because of the general uncertainty
surrounding their identification, the 14 speéimens are

placed in Incertae sedis pending the discovery of fertile

material or more diagnostic sterile material.

Class: GYMNOSPERMAE
Family: Taxodiaceae

Glyptostrobus nordenskioldi Heer

Didcussion - Four specimens were collected from the silt-
stone horizon at site "B" which are believed assignable to
N #

the genus Glyptostrobus. One specimen, shown in Fig. 103

F
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has associated with it structures which appear to be glypto-
stroboid seed cones, thus strengthening the identification.
These four specimens represent the only gymnosperm remains
found -in the siltstone horizon. It isﬂinterestinq to note
that these four, as well as specimens bearing fragments of
Equisctum; were collected from a very limited outcrop of
the horizon approximately 0.7 miles southeast of the main
collecting area (site "B"). This could lead to interesting
conclusions regarding the lateral variation of taxa within
the siltstone horizon, but the limited nature of this other
outcrop, in addition to the badly weathered condition of
the specimens collected there, makes a more thorouqh.study

of this aspect impractical.

Class: ANGIOSPERMAE

A ]
Sub-Class: Monoocotyledoneae

r

Incertae sedis

One of the most common members'of the siltstone horizon
flora, yet one of the most difficult'to characterize and
identify 1s a type of plant remain resembllnq broken leaves
of an aquatic monocot such as Typha. Spec1mens are commonly
found mixed with other genera, Aften with preaks or folds
(Fig. 2, letter T). Of the 37 specimens collected, none
showed either a proximal or a distal end, or gave any
indication of tapering. The lafgest specimen recovered -had

.

a maximum length o£‘16.5 cm and a maximum width of 2.2 cm
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with no more thaﬁ a 0.2 cm variance in‘twidth throughout.
The only detail preserved is dark lines running parallel
along the length of the specimens in a.position and of a
size expected for\the veins of an aquatic monocot.

As Becker (1969, p. 70) pointed out, without entire
plants, fragments of fossil specimens of the genera Typha,
Phragmites, and A}undo could be easily confused. Because
of this, and the péor preservation thus far encéuntered'in
similar specimens from the éiltstone horizon, the specimens
are not assigned to a taxon at this time. Perhaps the most
significant point is that all three’genera mentioned by
Becker are found as shore-line constituents of rather quiet
Lodies 2f water in the modern-day environment. Therefore,
the presence of relatively large quantltles of specimens
possibly as51gnab1e to one of the three genera is consist-
ent with the hypothesized depositional environment for the

1ocality.at the time of the formation of the siltstone

horizon.

Sub-Class: Dicotyledoneae
Family: Cercidiphyliaceae

. Cerctdiphyllum sp.

L

The 45 speciméns assignable to this genus are remark-
ably similar in over-all morphology. While their maximum
length varies from 12 mm .to 48 mm and the maximum width
from 10 mm to 47 mm, the overall shape, venation, and

.marginal serration-:remains constant (Figs. 115, 116). " One
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of the few variations encountered was in the nature of the
base. Some specfmens show a‘definite truncation of the base
with the inner primaries arising within the truncation (Fig.
116), while most show an obtuse or nearly cordate base
(Fig. 115).

Personal communications with D;q‘A. Chandrasekharam,
who monographed the genus in 1972, indicated that that
author agreed with the opinion that all 45 specimens are
probably members of a single species. This differs from the
Cercidiphyllum collected from the tuff horizon, which is
thought by this author (and supported Ey Chandrasekharam)
to contain two, and possibly all three‘of the species
delimifed in Chandrasekharam's 1972 work. As much.of that
work was based on extrewgly fine details of venation and
statistics compiled fromﬁhundreds of specimens, it is not
possible to confidently assign the more poorly preserved
and scarcer Smoky Tower siitstone material to a given

species, and identification has been left at the generic

level.

Family: CAPRIFOLIACEAE

Viburnum sp.

Description - Of the 14 specimens collected from the silt-
stone horizon, 9 compared favorably with specimens shown by
Brown (1962, Plate 64, Figs. 1-3, 5, 7-11, 6) and identified

as either Viburnum asperum Newberry or as an ancestral form

-
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\

comparable, are similar enough to the first 9 to be also

of the,species} The other five, while not directiy
included. The leaves range from ovate to spatulate in
shape with a maximum length varying from 1.5 - 8.5 cm and a
maximum width of 0.9 - 6.0 cm. All specimens are pinnately
veined with a strong midrib. Venation is craspedodromous,

with the margin being singly or doubly serrate.

Discussion - It is interesting to Aote that the specimen
shown in Fig. 113 bears a striking resemhlance to the
specimen shown in Fig. 6, Platev64, by Brgwn (1962) and
labeled by him as being "a probable ancestor of Viburnum &
asperuh". * The slightly asymmetricallshape of this leaf
gives a general appearance similar to many members of the
Ulmaceae.

Phofographs of the specimen shown in Fig. 117 were éent
to Dr. J. Wolfe,vbnited States Geological Survey, Menlo
Park, California, for confirmation of identification. Dr.
Wolfe (personal communication) stated that while he agreed
vthgt the'specimehs wére identicai with those histdrically
identified as Viburnum asperum, it was his opinion that
these specimens could well represent primitive members of

 the q1maceae based. on the nature of the marginal teeth and
the venétion. Because of the opinion stated by Wolfe, and
also taking into consideration the earlier ogservation on

the specimen listed by Brown as ancestral, some doubt

- u S
must be cast on the correctness of the placement of
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specimens previously identified as viburnum asperum in the

genus Viburnum and perhaps even in the Caprifo}iaceae. Only

e leaves of the modern genera involved

a thorough study of

!
will aﬂigg/a tive statement to be made regarding the

fossil specimehs. ‘ :
: /

Family: Ulmaceée

‘ Incertae sedis
. !

If all the partial fragments probably assignable to

: A
this family were counted, this would be the commonest angio-

: £
sperm taxon in the siltstone horizon at the Smoky Tower

locality. As it is, the 15 specimens complete enough to

make an identification are still not preserved well enough
or in sufficient quantity to identify them at the generic

tpvel. The specimen shown in Fig. 114 has the typical

ulmaceous venation and marginal teeth, and is very similar
in appearance to a specimen figured by Becker (1969, Plate
21, Fig. 11b) and identified‘as‘ZeZkova ungert Kovats.

‘ cher soeciméns illustrated by Becker in the same plate are
jdentified as other species Of‘ZeZkova and Ulmus. The «

close 51m11ar1ty of all of these spec1mens makes it

impractical to assign the Smoky Tower’ 511tstone spec1mens

to a definite genus and species until a larger collection

with perhaps better oreservation is at hand. .

3 .
Dlscu531on - While it may be seen that relatlvely few

defln;te 1dent1f1cat10ns were made on the siltstone flora

H "3’ -
<

i.
f.

g

[’
i
!

a
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FIGURES 112-117.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

112.

113.

114.

115.

116.

117.

Specimen S3733A -~ unidentified fern from the silt-
stone horizon; letter P indicates area where it

is impossible to distinguish pinnae from pinnules.
X 1.8

Specimen S3806 - enlarged view of Fig. 2 showing
a probable Viburnum ¥af. X 4
|

“Specimen S3250A - unidentified ulmaceous leaf

‘from the siltstone horizon. X 4

Specimen $3058 - Cercidiphyllum leaf (possibly
C.” flexuosum) from the siltstone horizon; upper
left portion of the leaf shows particularly good
higher orders of venation. X 2 .

Specimen $3252 - Cercidiphyllium leaf (possibly
C. flexuosum) from the siltstone horizon;
jllustrates a variety with a truncated base in
which major primary veins originate. X 2.5

Specimen S3739A - probable Viburnum leaf from
the siltstone horizon. X 1

iy
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from the Smoky“ﬁower locality;Jthe general differences
between it and the tuff flotra are’ nonetheless striking. A
domlnantly coniferous flora has been replaced in a relative-
ly (geologically) short period of time by a domlnantly,
angiospermous flora. TnDugh not 'yet formally identified, it
would appear that a more diverse flora is.present in the
‘siltstone horizon. It is hoped that further collection and
a thorough comparetive study of the comparab}e extant
species will shed more light on the complexity of this
flora. The possible significance of the.differencesfbetWeen
' the siltstone flora and the tuff flora will be discussed in

the concluding chapter.

' \ - Microflora .
\ - .

The numerous coai'seams encountered at the Smoky.fower
locality were all subjected to verious techniques (pp 10-16)
in an attempt to obtain nicrofossils for study andv
correlation with the megaroras. Particuler‘attention was

paid to those seams llthologlcally closest to the beds

.containing the f0551l megafloras), and of these one in

.partlcular_(Text-Flgm 2, Coal #2) yielBed wey ‘preserved
S o1 o |

microfossils. o
:A tnorough pa}ynological stud' was not one %fltne
major objectives of thistthesis.. herefore, ‘only the most
typical and stratigraphically signif _ent.palynomorphs
encountered are flgured and- only d superf1c1a1 taxonomlc

' treatment is glven them. Prlor to the exam;natlon of the

.



fossil palynomorphs, representat ive pollen of the extant
counterparts ol the megafloral elements were examined.
Subsequent study of the fossil ‘pollen and spores showed
almost a zero correlation between péllen types of the
macrofloral elements and the fossil pqllon‘typos actually
encountered. Phaotoqraphs of the major palynomorph types

encountered were sent to Dr. S.K. Srivastava, Chevron 0il

Field Research Company, for identification. Unless specif-~

. A i L.

g

ically Stated;an

1 tentative identifications made in this
PR e Sy - .

[ A
bA. . s

thesis regfggégtjfhc mﬁ%uél opinions of Dr. Srivastava and
the authop.i - .

Féllo&inq is' a list of the palynomorphs with their
relative frequencies (percentaqes). For this study a total
of fifty fields from five different microscope slides was
studied.

Laevigatoasporites sp. (32%) Engelhardtioiditcs sp. (9%)

Lycosporites sp. (6%) Bisaccate grains (21%) )

Tricolpitea sp. (9%) Miscellaneous (21%)

Aquilapollenitea sp. (2%)

>

Laeviqftnnporitrn sp.

This genus 'is considered by many to be a catch-all
taxon for bhoth well preserved monolete grains and also
many other morphs whose exines have been altered in some
artificial manner. The two figured specimens (Figs. 124,
125) show the typical reniform shape with the single

aperture. While this type of spore is found in some
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groups of ferns, no taxonomic conclusions may be drawn from
the fossil specimens. Although this genus represents the
most frequent microfossil cngountered in the coal sample,
the possible artificiality of the genus makes it signific-~

ance neqgligible.

o
1
Lycospor: r‘:‘. Sp.

As the name implies; this fossil spore bears a qreat
similarity to the spores of extant lLycopedium, particular-
ly diagnostic is the outer meéhranous appearing portion of
the exine. Presence of lycopeodium~like spores would become |
much more significant should the reproductive structures
(Fig. 95) from the tuff flora prove to be identifiable as
Lyecopodium. The spore shown in Fig. 119 shows a suture of

much the same shape and dimensions of that found in extant

Lycopodium spores.

Tricolpiteas parvus Stanley

As the name suqgests, this is a morphological genus
based on the obvious tricolpate nature of the palynemorph
(Fig. 120). The speciés was erected by Stanley (1965) and
is common in uppermost Cretaceous and Paleocene microfloras.
No definite correlation with an extant taxon is suggested.

»

Tricolpites vulgarie (Pierce) Srivastava
| 4

Only three grains Assignable to thig species were
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observed in the fields counted. The generic designation is

again obvious, while this particular species is identified

on the basis of its larger size and less pebbled exine

(Fig. 121). Srivastava (1969) found this to be a common

angiosperm grain in the Mgestrictian deposits of Alberta,

but the species al8o commonly ranges into the Paleocene.

Aquilapolleites echifatua (Mschedlishvili)

Rouse and Srivastava

Seven specimens referable to this taxon were recovered
from the #2 coal seam (TexE*Fiq. 2) at th@ Smoky Tower '
locality. Identification was made by Dr. S.K. Srivastava
(pérsonal communication). However, comparison of illustrat-
ed specimens (Rouse and ,Srivastava, 1972; Fig. 48) with the
Smoky Tower material (Fig. 118) has led the author to agree
with Srivastava's identification. As Rouse and S’&vastava
indicate, this species is found in Cretaceous-Paléocene
boundary sediments. 1Its affinities are unknown.

Engelhardtioidites teniupolue (Anderson) Srivastava

This genus and species were revised by Srivastava
(1972) based on specimens found in Paleocene deposits in
Alabama. The major feature differentiating it from other
similar triporite graing (e.g. Momipites) is the lack of

.

prominent, protruding lips around the pores (Fid. 122).

The suggested taxonomic affinity is tc Engelhardtia, a genus

i



160

/

|
*

in the Juglandaccae found in south-castern Asia and Central

America.

Bisaccate grains

While making up a large portion of the microflofa,
bisaccate grains are difficult to identify, and thus neither
Srivastava or the author made‘an attempt at generic or
specific identification. The specimen shown in Fig. 123 is
probably assignable to Podocarpites, and is relatively
infrequent in the coal seam studied. Most of the specimens
making tip the 21% of the flora which is bisaccate are

probably assignable to genera of the Pinaceae.

/

Discussion - All specimens recovered which were identifi-

N
Ao

able at tﬁe species level have ranges extending across the
Cretaceous-Paleocene boundary. It is the opinion of
Srivastava (personal communiéation) that the flora probably
represents a stratum comparable to the Wodehousea spinata
Zone (Srivastava, 1970) above the Kneehills tuff. This .
opinion is based on the abundance of Engelhardtioidites
teniupolus and the presence of Aquilapollenites ;chinatug,
which is not known to occur above this zone. The obvious
lack of the nominal taxon, Wodehousea spinata weakens this
opinion.q Wwhile the well log for the Smoky Tower locality
does not show the Kneépills.quf horiéon, making it
impossible to stratigraphically prove the correlation, the

age suggested by this position is not inconsistent with the

-

) »

o
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FIGURES 118-125.

Fig. 118-125. Spores and;pollén grains from Coal #2 (Text-
. Fig. ,2) at the Smoky Tower locality, Alberta.

“-,

Fig. 118. Aquilapollpﬁitns echinatus from slide S10-301.
| X 2660. :

-

Fig. 119. Lycosporites sp. from slide S10-303. X 1850.

Fig. 120. 7Tricolpites parvus from slide S10-301, X 3100.

Fig. 121.. Tricolpites vulgaris from slide S10-306. X 2350.

Fig. 122. Engelhardtioidites tentupolus from slide S10-302.
X 1350.

Fig. 123. Podocarpites sp. from slide S10-305. X 720.
’

Fig. 124. Laevigatospotrites sp. from slide S10-301. X 1}00.

Fig. 125. Laevigatosporites sp. from slide S10-301. X 1100.
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information at hand on the age of the Smoky Tower strata.

Molluscan Fauna

In addition to the flora already discussed, the silt-
Stone horizon (Text-Fig. 2) also contains a limited gastro-
pod fauna. With major assistance from Dr. C. R. Stelck,
Department of Geology, University of Alberta, tentative
identifications were made for the specimens collected.
Identifications were based on the descript}ons and illustra-

\
tions found in works on similar freshwater faunas (Russell,
1929, 1932, 1964, 1967; Tozer, 1956; Henderson, 1935).
- Among specimens exaﬁined, ones comparable to the followinq~
taxa were tentatively identified: rioplax ncbrascenéis,
Valvata filosa, Oreoheliz rotundata, Reesidella protea,
Physa canadensis, Sphaerium fowler:. Noné of these taxa
have extremely restricted ranges, and all are found in
strata of an age comparable with the Paleocene age assigned
to the Smoky Tower locality and discussed in the next
chapter. Many of the specimens were badly crushed, and as
the identifications are only tentative, no specimens are
figured within the thesis,

In addition to the siltstope fauna, the'blocky sand-
stone just below this horizon (Text-Fig. 2) was found to

contain'pglecypod remains. These were comparable to Unio

. :
stantoni and are also known to occur in Paleocene strata.

.

- Conclusions - The strata of the Smoky Tower locality have
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yielded two distinct macrofioras; a moll&scan fauna, and‘at
least one microflora. The identifications of those
assemblages, as discussed in the preceding pages, provide
evidence for various stratigraphic and paleoecological

conclusions which will be more thoroughly discussed in the

final chapter.



CHAPTER 5
COMPARATIVE FLORISTICS AND AGE OF THE FOSSIL BEDS

Comparison of Smoky Tower Megafloras - From the svstematic
treatment in the preceding chapter, the two megafloras at
ﬁﬁ the Smoky Tower locality can be seen to overlap very little
3% in gross composition. For the sake ¢f comparison the
.\ elements identifiédble to genera from éach of the horizons

are listed below:

-

Tuff Horizon | Siltstone Horizon
Sciadopitophyllum Equisetum
Metasequotia Azolla
Glyptostrobus Glyptostrobus ?
“Thujopposites h Cercidiphyllum
"Equisetum ' Zelkova or Ulmus
Ginkgo

Cercidiphyllum

Platanus

Zelkova

The primary difference between the two é;cfés is the
striking abundance of coniferous remains in the lower tuff

horizon and the lack of them ;P the siltstone horizon. The
165
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4. Glyptostrobus specimens listed in the.siltstone.hbrizon were
found at ‘site "B" and their credentials as members of the
major flora may bé questioned.

Thus Cercidiphyllum and possibly Zelknv& become the
only arborescent genera found which are common to both
horizons. FEven this overlap is not as significant as it
might appear at first. In the opinion of Dr. A. Chand?ések-
haram, two and possibly all three of the species of Cercidi-
phyllum proposed by him (1972) for the Genesee flora are
present in tﬁe tuff horizon of the Smoky Tower lbcality.
However, while quantitatively more abundant, the Cercidi-
phyllum remains from the s{ltstone horizon are systematical-
ly more restricted, probably representina only one species,
Cereidiphyllum fiexuosum.

Similérly, the ulmaceous remains of the siltstone
horizon, while quantitatively much moie frecuent, are, in
the opinion of Dr. J. Wolfe (personal communication)
certainly not the samé species as represehted bv the
specimens of the, tuff horiéon, and. probablv an entirelv
different thus. Thus tﬁe only positive correlation of
remains of arbotrescent plants between the two horizons is
represented by Cercidiphyllum flexuosum and its identific-
atidn is tentgtive.' L ~ .

.Though EMisetum arcticum Heer is present in both

»
————

" horizons the variable positiol of its remains with'reépect
. g . .9 .
to the bedding plane in each of the horizons would. indicate

thé% its deposition was probably seconaary to that of the

\\
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major floras of the horizons. It is intefestinq to note,
however, that while only underqround portions of Equisetum
are found in the tuff horizon, both underground and aerial
portions are present in the siltstone. This would seem to
support the hypothesis that a much slower rate .of deposition
of sedimehts occurred to form the siltstono laver. While
the underground portions of Fqu{setum grew through the ash
deposits which later formed the tuff layer, thev probably
did so after the ash deposition was complete, and thus no
aerial portions are preserved in the tuff. Following ‘
similar logic, while the Equisetum in the siltstone layer
grew after the initial deposition of some of the sediment
and associated leaves (és indicated by the position of
preservation relative to the other fossils and by the fact
that several angiospermous leaf remaing have been pierced
by the EQuisetum rhizomes) deposition of the same sediment
must have oontinued, as aerial aXes, leaf—sheaths, and
pogsible reproductive structures are aiso preserved in the
same horizon. , |

While the above observations mav seem unrelated to a
comparison of the two floras, they actually emphasize an
important point. Basea on these observations of Fouisetum,
1t is highly" probable that the entire flora represented by
the tuff layer is far more restrlcted both in the 1enqth
of time of deposltlon and the area from which Sedlments

were derived adjacent to the area of deposition than the

siltstone horizon. In contrast, the upper siltstone horizon -

{
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may represént the center of a wide and long~term

depositional area, and thus contain elements from ecological-

\
|

ly different regions.

At first glance ‘the lists of genera found in the two

horizons would tend to indicate broad environmental changes,

going from a predominantly.coniferous forest to a habitat

almost devoid of conifers and dominated by angiosperms.

However, closer examination of the depositional

factors

which may have been in effect shows that the over-all

environmental, and conseauently floristic, conditions for

the region mav not have been as drastically different as

the fossils preserved in each of the two horizons would

indicate. Considering the possible differences

in

deposition it is possible that a comparison of the tuff

flora with the siltstone flora may be similar to comparing

the inhabitants of a microhabitat #ith those of

1

encompassing macrohabitat.

T

the

Lateral Distribution Within the uff /Horizon - During the

early staqes of collecting at the émoky Tower locality,

hen the tuff horizon was v1§1ble as a lateral band alonc N

the exposed hlll face (Flg 1, letter %), it became

apparent that the various organ genera were located in

specific areas within the outcrop, and not randomly

distributed as might be expected. For example,
‘4complet10n of the first exploratory collectlng,
be stated w1th confidence that collections made

the reglon designated A in Fig. 1 would contain

after -

o] ,
it could
near

primarily
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specimens of Thujopposites and Glyptostrobus, while it -
could be said with'oqual confidence that collections made
in the area of B (Fig. 1) would contain primarily detached
needles of Sciadopitophyllﬂm and GZyptostﬁobﬁs. At D in
the same figure, one could confidently e;pect to cellect
Metasequoia and the occasional (inkgo leaf. Extensive
collecting during the remainder of that season demonstrated

that not only was there a distinct lateral restriction,

b

but also as collections were made deeper into the hillside,
Various genera either expanded their range or deciined.
Fer example, collections ﬁade in mid-summer yielded the
first attached speciﬁens of Sciadopitophyllum in an area
approx1mately 6 feet to the right of p01nt A (Fig. 1).

The enthusiasm accompanylng this discovery resulted in
exten31ve excavation in thls area. It was soon dlscovered
however, that the area from which specimens were obtained
was extremely limiteg, covering approximately 13 saquare »
feet. The tuff in<this area vielded only 8 specimens.
Because of this distfibutional phenomenon, permission was
obtained to use a bulldozer in the area for more exténsive
colleetion} As a result of thié excavation, . a pogtion of
the outcrop indicated by the letters A through. C in Fig. 1
and A throuch G (excluding D} in Text-Fig.: 6 wasvexpésed.
The distributions of various genera within“this afea'may

also be seen in Text-Fiqg. 6 with the correSpondlnq area

also shown in Figs. 126, 127 -

-

}
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PIGURES 1262127,

Fig.

O

Fiqg.

126.

127.

The Smoky Tower locality, facing cast, after
bulldozinqg, operations. Letters A-D correspond

to the same positions indicated by those letters
in Figs. 1 and 127 and in Text-Figq. 6. A1
scediments overlying the tuff Norizon wWere removad
in the area between letterk A and C. Coal #2
(Text-Fiaq. 2) may be seen just below letter D,
which represents an arca where the bulldozer was
not used.

AN
View of the Smoky Tower locality ¥Yrom above after
bulldozing. Letters A, B, F, and F correspond to
the positions marked by the same letters in Figs.
1 and 126 and Text-Fia. 6. The arca enclosed by
the letters represents the arca in whic sedi#
ments were removed down to the volcanic tuff
layer, which is visible as the white arcas to
the right of letter B.

N\
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To ﬂhmwhrizn the results of this distributional study,
it may be seen that the only genus found uniformly in the
whole Studvsaroa was olyptostrobus. A1l other aenera were
restricted to specific arcas. It should bo noted here (sea
Text-Fia. 6) that there are onlv'a limited number of anaio-

sperm leaf remains shown on the map. Most angiosperms

-

discussed in the systematics chapter were not collected ™

s7tw. In the initial exposure of the locality by the oil
company and government road builders much material was

-t

pushed to either =ide of the hill and at the base of it.

Obviously no conclusions in terms of lateral distribution

{

can be made from this material, but nevertheless it did

»

vyield many fine specimens for taxonomic consideration. <<

While the unicue lateral distribution shown bv the
fossils in the tuff horigon is easilv described, its inter-
pretation is an entirely different matter. As mentioned
earlier in relation to the arranaehent and disposition of
Fquisctum remaifs within the horizon, it is possible to
speculate a relatively rapid rate of sedimeﬁtation for this
horizon. Acceptina this speculation, it would follow that
the time and area of depositinn of the plant remains fourd
within the layer riuht also ke more limited than usual.

As MacCinitef(l969) stated, it is possible for various
strea;:side nlants to have their remains carried several
miles by water without appreciahl- harming them. ,This beina

. *
the case, it would be expected that either a rahdop mixture

.

miaht occur, or that a definite sorting and qradina of

3



\ 174
various genera would be accomplished by the water prior to
‘fing} deposition. FExperiment® carried out: by the author in
a closed system holding approximately 200 gallons and havina
a controllable water source showed that twigs and branches

 from ctasequoia, <i/‘upfu."vfr(;bu:r, Sedadopitus, Thuja, and
G}nkgm, when placed in the system and sulMjected to varidus
rates of water flow,”settled randorl: and not in isolated
areas. -when various aﬁaiosperm remains were added to this

-mixtyrﬂ and also tested separatelv, it was f;und that they
usuallyv settled selectively, which may have been due to
either the greater surface area or the greater mass.

Results of this experiment %eem to indicate several

possible interpretationsﬂof the unicue lateral distribution
of leaf remains in the tuff horizon. The first hvpothesisA
-
is that the specimens of the various genera were not -
deposited by a sinale movina 'body of water, and that the
general depositional- basin was not subject to appreciable
water currents. Both conditions hypothesized are hased on
the experimental evidence that agitation‘of a bodv of water
containina vegetative plant remains tended to mix them
thoroughly.
_ Excluding this possibility for the deposition
encohntéred, the most likelv remainina hvpothesis in the
opinion of the author is that the depositinnal area was
relatiYelv small and that the water was guiet. Glupto-"

strobus auite oossiblv was prevalent around this quiet bodv

(this is not inconsistent with the environment in which tﬁg

\



175
extant Glyptostrobus is found) as is indicated by its
- frequency and uniform distribution in the beds. Other
genera found in the beds may possiblv have grown very ncar
the arca of deposition, a%g\thus the pockets of their
rzmains could actually rep}esent the former position of
individual plants or populations of plants. The leaves and
twigs éould have fallen~directly from the paréntal source
and settled almost immediatelx into the depositional basin.
Some, however, mav have been carried short distances by
separate slow-moving water sources and settled almost
immediately upon reaching the debositional basin. As
Barghoorn (1951) proverlv pointed out, environmental inter-
pretations based on suites of fossil plants must be made
with extreme caution. Manv factors available to students
of extant plant distmibutions are unavailable to"the paleo-~
botanist, and thus éonclusions at best are tentat{ve. .It
is with this in mind that thé \‘prece'dinq interpretation

of the unique lateral distribution of plant remains in the

tuff horizon of Ehe Smoky Tower'ibcality has been made.

Age of the Florés - Several methods for the determination
of the aage of sediments are available'to a. student of
Tertiary paleobotany. These include direct age determin-
ation based onJradiometric*daﬁinq, and-relative aqe‘dete:—'
mination based on stratiqraphy, microfossils, and mega-
fossilsl_ An excellent oppbrtu?ity for direct age deter-

- mination was available at the Smoky Tower locality. The
L . :
tuff horizon consists of pockets of silicified matrix

2

- £
] - .

»
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interspersed in a layer of unconsolidated bentonite.
Pdrification of samples of bentonite (Chapter‘3) vielded
clean, unaltered samples of biotite and sanidine. Potassium-
Argon analy51s was done on two dlfferent samples of qanldxne
ird one sample of biotite bv Professor H. Badsgqaard of the
Department of Geology, Universitv of Alberta. The two ea
sanidine samples yielded dates of 62.5 and 61.8 million i
vears, and the biotite sample vielded a date of 60.5 mi]ﬂidn.
Dr. Badsgaard (perspnal communication) stated that based oa
his calculations and knowledge of the,enuipmeng used he
felt that the dates were accurate within 1;5-2.0 million
vears. While the variations in éhé‘%hrgs samples run and
the expressed margin of error maké a prec1se date 1mp0€51ble
to state at this time, the information does support the
hypothesis that the flora in the tuff hori;on is of éaleo—
cene age. |

Of the 1nd1rect methods of age determlnatlon available,

-

the exposod section avallahle at the localitv was too

»

limited to allow Stratigraphicg correlatlon.with larder, well

known formations. Those microfossils discussed in the

preceding chapter which are identifiable have too great a

»

stratigraphic ftange to make them useful in makihg a .Precise

age determlnatlon. Their ranqes, however . are not i&conslqt~
»

ent with the Paleocene age assianed tc the

The spec1mens of the megaflora“that cou
to spec1es support, but do not conclu51velv determlne, the

aqe of the horﬁ?ons to be Paleocene. Metasequoia
. Y

\

‘ %
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o(‘(?'l'(lr'nx‘.(z/fs, CereidiphylTum flexuosum, Ginkgo adiantoides
and Thujopposites interruptus all have broad stratigraphic
ranges extending from the uppermost Cretaceous thg)uqh the
Paleogene. All, however, are d[mlnant members of prev1ously
documented Paleocene floras (Brown, 1962; Chandrasekharamy
1972) . | More important, however, is the fact that none of
the positively ioentified species at the Smokv Tower local-
ity are included inzthe list of species which are the "best
indices of Lancian age" (Dorf, 1942, p. 122). The one
species from the Smoky Tower localifty apparently restricted
to the Paleocene, Platanus raynoldsii, is sufficiently
tentative in its identification not to be useful as an
indicator of a Paleocene ege.

The fresh water pelecypod and gastropod fauna found in
the_blocky sandstone and the calcareous slltstone horizons
at the Smoky Tower locality, provide evidenice similar to the
two megafloras. -All identifiable members of the fauna have
been réported from the Paleocene, but most, if not all, of
them have ranges extending from the Cretacedus throughmthe

!

Paleogene.

In a llke manner, theQdata from the drllllng log of the
0il well at the locality supports but does not prove a
Paleocene .age for ghe fossil bearing strata.’ The over .four
thousand feet of sediments between the base of the Wa;iti
Formation shown on the drilling log and the fpSSlllferous

strata is not an unreallstlc thlckness to reach into the

Paleocene Paskapoo Formation. However, the lack of a

-

;‘%%:\\ o : o o . o :, ;
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definitive higher marker hifizon (such as the Kneehilis
Tuff) makes it impossible to prove.

The results of the various methods of age determin-
ation, when taken together, support the suagestion that the
etrata of the Smoky Tower 1ocality’are of Paleocene aae.
Acceptance of this is done with‘the understanding that
‘assumptions and qualifications stated by various workers
(Dorf, 1942; MacGinite, 1969) regarding age correlations
besed on fossil plant remains arée validf and conclusions
drawn from such correlations in this thesis are done with
this in mind.

.
Ecological Interpretations - As was eloauently stated by

Barghoorn ‘1951) , extreme caution muet be exercised in

" drawing ecological inferences from fossil plant assemblages.
This is particularly true in the €ase-of floras such as

the Smoky.Tower floras, where a relatively small number of
positively identifiable species are at hand. All ecological
interpretations or correlations_made between fossil assembl-
ages and present day ones are made with the assump;ion in
mind that organisms and communities'ef-organisms interacted
'Qiﬁh the environments of the past "in tﬁe-same wayv aswﬁhev do

today.

»Looking,first at the flora conteinedrin the tuff’

i

horlzon, it can be seeh that the modern counterpartq of the

genera represented there; 304ad0vztn . Mctascquo1a, ulypto-

strobus, Ginkgo, Cerczdzphullum, and Zelkova, are presentlv

'Certa*n spec1es of

restrlcted to eastern Asia and Japan.‘s
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‘pneumatophores), the natural habitat of CGlyptostrobus wds
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4

the present, day counterparts of the other genera represented

inithe tuff horizon; Thuja, Platanus, ahd Foulaetum, are
alse found in the same geoqraphic area, but are not nccess-
arily restricted to it. Chu and Cooper (1950) reported on
the native habitat of Metasequoia and stated that Cercidi-
phyllum was found growing in association with it. In Japan

Cercidiphyllum is found growina in habitats adjacent to

those supporting Sciadopitys. ™While some authorities

' 4

‘question whether G7inkgo actually exists in a native state

-

anymore (Dallimore and Jackson, 1966), the environment in

which it is cultlvated in China is certainly comparable to

*e

the native home of Metasequoia. )

rd

As is the case for Ginkgo, it is thought that only
cultivated stands of Glyptbstr:bus now exist. These stands
are found in wet, swampy areas, at low elevations in
southern cn?ga (Brown, }936), and it mayv be speculated

that, in lidﬁ% of this, and also considerina the morpholog-

ical similarity to Taxodium disticum (e.g. production of

-
s

'likely torbe similar to the cultivated one. It should be

: - ~ . .
noted, however, that some species of.Taxodium (also capable

of pneumatophore prodﬁction) are found at higher elevations
and in ‘slightly drier regimes?; Thus, infe%ences on the
hative habitat of GZyptostrébus; partiqﬁlé}ibﬂinfthe pesé,
must be left open to some queStiiP

If the assumptlon that the plants reprg;ented by the

f0551ls in the tuff horizon grew under similar condlt;Ons to

Pl

.
s . N
7 ' , SR S
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those of the extant spccies is accepted, then it may be
suggested that the 1ocaiitv Had a warm temperate climate
with high summer rainfall and generallv frostless winters
similaf to the climate of the Shu-hsa valley in China, the
present home of the only native stasds of Metasequoia.
Coupliﬂq this hypothesis with the hypothesized depositionar
environment discussed earlier in the chapter, it is possible

to construct-a model for the Smoky Tower lOCalitv'at the
"time -of the tuff deposition. )

;he central area of deposition was probablv a swampy\
low-1lying area w1t} quptostrobue being the dominant* N
arborescenz species. This idea is supported Qy the general

distribution of glyptostroboid.remains throughout the

lateral extent of the horizon. This small swémpy area was

: \ o4
_probablv surrounded by a hiqher) beéter df;gned area which {v
"was populated bv ThuJoppoeztes, Ncé}seouoza, Seiadopito- R
phylium, Gznkgo and the other asséslated dsgefa _ It is

i

T ‘(
also possible that these other genera arew On small 1501ated [

1

/

hllls W1th1n the’ swamgy area.. If the body of watef was

qulet as hdﬁ béemﬂhy;g&ﬁe51zed it is auite pos51ble that
transport bf the wema;és of the upland denera was accomplish~ ° '
ed elthe;?fy thsféeci&éoup tw1qs and leaves falling directly -

"into the depbsitional basin or by their being carried bv
- V '

run-of f follow1ng prec1p1tatzon . and settllnq almost

ﬁlmmedlatelv. The coal seams dsrectly above and below the
\

. tuff horizon add credence to. thlS hypothe51zed swamp envlron—

ment\at the time of ash deposition. Above the upﬁér coal .

.
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seam (coal #2, Text-Fig. 2) the presence of a medium grained
sandstone fining into a shale or ailtstone indicates a
possibly deeper anq Iess stagnant depositional environment .
This is also supported by the fresh water pelecypod and
gastropod fauna which begins in the sandstone and continues
upward through the siltstone. The upper portion of this
siltstone contains the,siltstone flora (Text~Fig. . 2). This

consists of a heterogenous mixture of woody angiosperm leaf

" remains (many fragmentary) and herbaceous aguatic remains,

. / .
which would tend to suggest the possibility that the

depositional environment may p0581b1y have included deeper
and certainly less- staqnant water, and that the plant

- ' 3 -
remains may have been transported by a more rapidly moving

water from a more distaft‘sqgrce. The lack of conifeérous
D

" remains in, the slltstone flora may be taken as indicatinq

either a major cllmatlc change that was unfavorable to their
growth in the area, or else aslan 1nd1cat10n that the a;eas \
env1ronmentally suitable to the& were no longer near' enough
to the basin of Qiposition so that their rema%ns could be

incorporated in the sediments.

Comparison with Other“Major'Floras~—AWhile“most SE-the
genera making upgthe‘twa floras of thé'Smokﬁ*ToWer locality
are documented from other PaleOCene floras, the partlcular
make-up and proportlons of them wppear to be unloue. Geo—
graphlcally and poselbly gehloqlcally the most comparable

flora 1s the Genesee flora, found roughly 250 m11es south

and east of the Smoky Tower locallty (Chandrasekharam, 1972)
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If the two floras of the Smoky Tower .localitv are treated

as one, then the Genesee and Smoky Tower localities are

-

highly similar. They have in common; Metasequoia, Cercidi-
phylium, PZata@us, Glyptostrobus, and Azolla. The Metasequ;.
Oia:CercidiphyZZum coﬁbinafiqns found at both localities

and also found‘in modern-day central China indicate a

somewhat similar.eqyironmental situation. It is interesting

R : ‘
to note, however, that in addition to the differing pro-

portions of the two cenera at the two sites, the Metasequoia
remains are‘also auite dissimilar. Aé poihted out.in.the
systematic section, thé differences aré not deemed areat

enouqﬁ for separation at the specific level. The relatively
larae quantity of dripstips on Cercidiphnrllum leaves at . the
Genesee locélity, as opposed to their absence at the, Smokv |

Tower locality, may indicate a areater degree '0f precipita- |
]

tion at the former site. ‘ ' \

-

Brown (1962) gives an extensive account of the upper= \
most Cretaceous and Paleocene strata in various parts of !

North'ﬁmerica‘as well as in other areas.- In that paper’ - j
. T ¢ . . ' .
(pp 38-39) Brown listed the various aenera of plants studied’

. by him; and the localities at which'thqy occu;L, Examination

N ' . : ’ o ’ B A. .‘ " . ‘ - ! . '
of this: 1list shows that localities from the Fort Union

' Formation of North and South Dakota and Mortana, taken
B g - v ‘

[y

collectively compare - favorably with the Smokv prer'lbcality' :_l
© v strata. While the Fort Union loc li%ies; collective%y, show“;f

. ) . ‘('\.RA . ‘, . ) ! o a ,".“
more diversity, the major genera (éxceptinq Sei{adopitophyllum)

represented at the Smdky~Tower localitv,' are 'al]l found within
} ‘ . = I . .
g _ S

s

: 7
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it. These genera include Metascquaia, Glyptostrobus, Ginkgo,

' -

Cercidiphyllum, ThujOFpOﬂf;CS (Thuja),_aﬁd Platanus. A
similar, favorable comparison ﬁay beﬂmade with the Wvoming
and Colorado outcrops of the Ferris Formation, which appaf~
ently includes the Tertiary-Cretaceous bQundary, evidencéd
by dinosaur remains and Lancian (upper Cretaceous) equiv-
alent plant fossils found in the lower portions of the

Formation (Dorf, 1942) and mammalian and tvpicallv Tertiary

-+ sl
-

plant remains found in higher pqrtions of the Fo mation >

P

(Brown, 1962). Further comparisons with other localities
. Y 4
and formations listed by Brown as Paleocene show lesser

-

degrees of positive cofrelat}on, but some correlation appears

A

to exist in most instances.. From these observatiqns_ip may.
be concluded that the floras of the SmokQ Tower locality %
o -
represent a suite of Paleocene plant.feméins, compar ing
favorably with other majof Paleocene floras, yet unigue in

both the lateral distribution of its componeQﬁs in the tuff
-~ . " r

bed, and in1the‘pérticular coﬁbinééions ané propbrtibné 6%%_ .
genera exhibited in the two horizons. Rédiometrié data,-‘
thoﬁgh somewhét limited at present, supports a Paleocéne’
éde'for the Smoky Tover florasf'.
¢

Summarv

Following is a list of the major points discussed in
.-tKQithesis:  - | \ T '
l,\S?ntained %thin the‘st:ataréfhthe Smok§ Tower lggality
;e,two disé@nét megafloras, é fresh water ﬁgllﬁscan ‘

) o R ) ‘ f
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o

fauna, and at least one distinct microflora, making it

possible to study the locality from a numbe(\of

approaches.

One of the megafloras, the tuff flora, is-

situated in sil?b}fied pockets of a la?er‘of unconsolid-

ated béntonite, making KZAr dating for thee stratum

possible..

2. Equiéetum remains from both megafloras, identified as

E. arcticum Heer, are present in the form of both under-

ground and aerial remains. The,presence of preserved

\ :
nodal and internodal cross sections in both hérizons,

and the. presence of possible reproductive structufes in -

t

the, siltstone horizon represent new informAtion about

the species.

The orientation of the rhizomatous portions
: . =

of thMwEouisetum at various anales to the beddind plane

|

-

suggests that thE‘Equisetum most likely”qrew after

initial deposition of sedlments

' '
i

l |

3. Abundant.vegetative remains in the tuff hOrlzon of A

*

'materlal prev1ous£§ 1dent1f1ed as Thuia 1nterrupta / i,ﬁ

/

allowed a thorough study of the -taxon to be made. ThHis

f

JRSr O

study, suppiemented by studies of similar remains froom

AN

other 1oca11t1es.‘resu1ted in
qenus Thqupposztes and the nel“‘ohbihation Thujopposites
interruptus whlch are .used ' to 9ame hateridl with ’

1eaf151ze ana shape to Thuva and similar ieaf
g

u»“a

CaZocgdrus

' , .
'nd brahch~

narranqement (oppoqlte) to Ltbocedrxs, Aus#roeedrus, and,

N
1]
e !

4.,Collect10ns from the tuff horlzon vielded material ‘which

. i R - SR '
PR . N -3 . . Y ' L . ©
RS : , : 4
° )

|



7. Critical examination of Chaney's review of fossil Sequota
Mctascquoia, and Tarodium (1951) shows that separation
a

placed in synonomy.

of foésil material of these taxa must also take into
consideration the genus ¢lypteatrobus. Chanev's
"distinduishinq charactorigtics for tﬁe fossil genera"”
are reexamined in Lidht of more recent work, and“}evised
where necessary (with emph@sis on inclusion of the genus
Glyptostrobus). The conclusion is goached that
identification of foss{l remains of the four~aenera is

more complex than reallized in 1951, and that a larqge

suite of fossils showing numerous characteristics is

necessary to identify fossil veaetative remains of the

material. To discourage misidentification of material
{ i

not displaying sufficient characteristics, the form
genus, Taxodiophyllum is propbsed for remains of a

taxodiaceous nature, yet.not identifiable %“o the generic

level. \ 2 » ‘;

A study of the flora of thq siltstone horizon shows an

almost total lack of~conife; remains and, a dominance of

-

angiosperm -remains. Numerous herbaceous aquatic remains

sugaest a depositional environment sgmewhat different
¢ i
from the tuff horizon. .

Brief examination of the microflora found jin the coal

- F
seam between the two megaflora horizons shows a ratherég
taxonomically limited assemblage, with most members
s
identified as species known from Paleocene deposits, -
’ . .

186
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N

.

10. Ex?minatibn of the lateral distribution of the fossil

11.

12.

‘respectively.

genera found in the tuff horizon shows an isolat®¥on of

q
many genera which is uniaue amonq known Tertiary local-

ities. It is suaqgested that this may be due to a rapld

AN

'rate of sediment deposition 1nto a basin w1th a limited

’G

source of plant material. Thus the isolated areas of

- Ccertain fossils may represent very limited populations

of these taxa, the remains of which were deposited and
incorporated iAto the sédiments.very near the site of
their actual growth.

Potassium-Argon énalyses, run on two samples of sanidine
and one sample of biétite from the tuff hsfiéon, yielded

radiometric dates of 62.5, 61.8, and 60.5 million years

el

Based on comparison of the Smoky Tower . floras with other

'

fossil floras, examination of the strathraphy of the
localltv:‘ldentlflcatlon of the fossil fauna, and
results of the K-Ar data obtained JIrom the bentonite,
it is concluded that the fossil bearing beds of the

Smoky Tower localitv are Paleocene in age.



Abbott,

Arnold,

BIBLIOGRAPHY

s

.M.L.  1950. A paleobotanical transfer method.
Journ. Paleontoelogy 24: 619-621. . .
C.A. and J.S. Lowthar. 1955. A new Cretaceous
conifer from northern Alaska. Amer. J. Bot. 42(6):
522-528.

Axelrod,‘D.IJ 1962. A Pliocene Sequgﬁadendroﬁ forest from

western Nevada. Univ. Cal. Publ. Geol. Sci. 39(3).

Axelrod, D.I. 1964. The Miocene Trapper Creek flora of

southern Idaho. Univ. Cal. Geol. Sci. 51.

4

Barghoorn, E.S. 1951. Age and environment: a survey of

-North American Tertiary floras in relation to
paleoecology. Journ. Paleontol. 25(6): 736-744.

Beck, C.B. 1969. Problems of ‘generic delimitation in

\

Becker,

Becker,

paleobotany. Proc. North American Paleontological
Convenf¥ion: 173-193. -

H.F. 1961. Oligocene plants, upper Ruby River o
Basin, Montana. Geol. Soc. America. Memoir 82

H.F. 1969, Fossil plants of the Tertlary Beaver-
head Basing in squthwestern Montana. Paleonto-
.graphica Abt. B, 127: 1-142, ’

Bell, W.A. 1949. Uppermost Cretaceous and Paleocene floras

of western Alberta. Geol. Survey, Canada, Bull. 13.

Bell, W.A. 1957. Flora of the* Upper Cretaceobus Nanaimo

Berry,

‘Berry,

Berry,

Group ofi Vancouver Island, British Columbia. Geol.
Survey, Canada, Memoir 293.

’
A

E.W. 1916. The[lower Eocene floras of southeastern
North America. /U.S. Geol. Survey Prof..Papey 91.

E.W. 1924. The Middle and Upper Eocene floras of
southeastern North America. U.S. Geol. Survey Prof.
Paper 92. ' :

E.W. 1935. A'preliminary contribution to the
floras of the Whitemud and Ravenscrag Formations.
-Geol’, ‘Survey Canada Memoir 182.

Bocher;, T.W. 1964 Mdrphology of the vegetative body of -

[ 4

tm;_\

Metasequqia glyptostroboides. Dansk Botanisk .
Arkiv. Bd.. 24(1) 7~70. -
‘ * !Q ) \

*® 2"

iy



o 189

Boulter, M.C. 1970. Lpgnlfled guard cell. thlckenlngs
the leaves of some modern and fossil species of-
Taxodiaceae (Gymnospermae). Biol. J. Linn. Soc.
2: 41-46. - : o x

Brown, R.W. 1936. Paleobotany.- ﬂhe genus GZJPtO&%POqu
in America. Journ. Wash. Acad. Sci. 26(9): &
353-357. .

Brown, R.W. 1939, Fossgil plants from the Colgate Member
of the Fox Hills sandstone and adjacent strita. 7
U.S. Geol. Survey Prof. Paper ‘189-I: 239- 215 v

,Brown, R.W. 1962. Paleocene flora of the Rocky MUUntalns
and Great Plains. U.S. Geol.. Survey, Prof. Paper

375. .
. I | -
Buchholz, J.T. 1931. The .suspensopn' of Sczagopttys. 'S
Bot. Gaz. 42(3): 243-262. . . o o
' ~
Chamberlain, C.J.  1935. Gymnosperfas Structure and o
Evolution. University of Chaicago Press.
Chicago. ' .

[

Chand;aéekharam? A. 1972. Megafdssil flora of Genesee,
Alberta. Unpubl. Ph.D. Thesis. Department of

Botany, University of Alberta. .
’ ) ., K
Chaney,:-R.W. 1951. A revision of fossil Sequota .~>

‘and Taxodium in western North America based on .

‘the recent discovery of Metasequoza Am. Phil.
Soc. Trans. 40: 171-263. :

Chaney, R.W. and D.I. Axelrod. 1959. Miocene floras
of the Columbia Plateau. Carnegie Inst. Wash,
- Publ. 617. »

Christophel, D.C. 1973. Sciadopitophyllum canadense
gen. et sp. nov.: @ new conifer from western

Alberta. Amer. J. Bot. 60(1): 61-66.

»

Chu, Kwei-ling, and W.S. Cooper. 1950. An ecological
reconnaissance in the native home of
Me aequoza gZyptostrobozdes Ecology 31:
26 27 o :

Cridland, A.A. nd J.L. Williams. 1966. Plastic and
epoxy transfers of fossil plant compressions.
Bull. Torr. Bot. Club 93: 311-322. T

Dalllmore W. and A.B. Jacksoﬂ 1966.. A handbook of
Conlferae and Ginkgoaceae. Rivis. rison.
Edward Arnold Ltd. London. ' . - )

o - : I
LA : , .



\ -, 190
Dalrymple, G.B., and M.A. Lanphere. 1969. “Pbtassium#argSn
dating. W.H. Freeman and.Company. San Franci;Co.'

Davis, P.H..and V.H. Heywood. 1963. Principles of Angio-
sperm Taxpnomy. Oliver and Boyd. Edinburgh and
London. . o

t \ 3

Dorf, E. 1942. Upper Cretaceous floras of the Rocky ,
Mountain region. Carnegie Inst. Wash. Pub. 508.

\

Doyle, J. ansJ& Brennan. .1971. Cleavage Polyembryony in
Conifers and Taxads - A survey l. Podocarps, Taxads
and Taxodioids. Sci. Proc. Rgvy. Dublin Soc. Ser. A.
4(6) 57-88.

Fernald, M.L. 1950. Gray's Manual of Botany. Eighth Ed.
American Book Company. New York.

Florin, R. - 1922. On the geological hlstory of the
Sciadopitinae. Svensk Bot. Tidskr. 16(2).

Florin, R. 1931. Untersuchungen zur Stammesgeschlcte der

Coniferales und Cordaitales. L. Sv. Vet-akad. Handl.

10. .

Florin, R. 1963. The distribution of conifer and taxad
genera in time and ~space. Acta Horti Berg. Band
20: No. 4. ' ‘ g
Goeppert, H.R. and A: Menge. 1883. Die Flora der Bern-
steins. Vol.-I. Danzig. 1-63. '

f o

, + Graham, A. 1965. ‘The' Sucker Creek and Trout Creek Miocene
~J . floras of southeastern Oreqon. Res. Ser., 9, Kent
State Univa Bull. 147. ‘ e

Greguss, P. 1955, Identification of living Gymnosperms on
" the ba31s of xylotomy. Akadémiai Kiado. Budapest.

Hauke, R.L. 1963 A taxonomlc monograph of the genus
Equzsetum subgenus Hippochaete. Nova Hedwigia 8:
1- 123 o

Heer, 0. 1866. Uber den versteinerten Wald von Atanekerd-

luk in Nordgrénland. Naturf. Gesell. Ziirich -

Vierteljahrschr. v. 11.

TN

r

Heer, 6{ 1871." Flora fossllis arctica. Vol. 2. ziirich,
Sw1tzer1and

Henderson, J. 1935, Fossil non—manlne Mollusca of North .

_ America. Geol.. Soc. Amer Spec Pap. 3.

-

o . o , L™



191

! .
Hollick, A. 1930. The Upper Cretaceous floras of Alaska.
U.S. Geol. Survey Prof. Paper 159. .
. [N
Hollick, A. Al936. The Tertlarv floras of Alaska U.S.
Geol. Survey Prof. Paper 182.

Irish, E.J.W. . 1970. ( The Edmonton Group of southcentral
Alberta. Bull. Can. Pet. Geol. 18(2): 125-155.
Knowlton, F.H. 1902. The fossil flora of the John Day
: Basin. WU.S. Geol. Survey Bull. 204.

Knowl ton, F.H.; 1922. The Laramie Flora of the Denver .
Basin, U.S. Geol. Survey Prof. Paper 130.
\ o , . )
Kummel, B., and D. Raup. 1965. Handbook of paleontological
techniques. W.H. Freeman and Company. San Francisco.

. : L .
Lawrence, G.H.M. 1951. -Taxonomy of vascular plants.
MacMillan Company. New York.

Lesquereux, L. 1883. Contribution to the fossil flora of
the Western Territories, pt. III. The Cretaceousi

- and Tertiary floras. U.S. Geol. Survey Terr. 8.

MacGinite, H.D. 1953. Fossil plants of the Florissant
Beds, Colorado. Carnegie Inst. Wash. Publ. 559.

MacGinite, H.D. 1969. The Eocene Green River flora of
_ . northwestern Colorado and northeastern Utah. Univ-
: . ersity Cal. Publ. Geol. Sci. V. 83.

/ .
Mathews, R.W. and R.C. Brodke. 1971. Fossil Taxodiaceae .
and new angiosperm macrofossils from Quilchena,
British Columbla Syesis 4: 209-216.

Newberry, J.S. 1863. Descrlptlons of fossil plants
collected by Mr. George Gibbs, Geologist of the U.S.
Northwest Boundary Commission, under Mr. Archibald
Campbell, U.S. Commissioner. - Boston Journ. Nat.
Hist. 9: 1-76. . ‘

Newberry, J.S. 1868. Notes on the later extinct floras of
North America, with descriptidns of some new species
of fossil plants from the Cretaceous and Tertiary -
strata.. Lyceum Nat. Hlstbry,New York .Ann. 9: 1-76.

-Newberry, J.S. 1898. The 1ater extinct floras of. North
: America. ‘U.S. Geol, Survey Mon. 35. .

Pabst, M.B. 1968. The flora of the Chuckanut Formation of
northwestern’ Washlngton.' U. Cal. Publ. Geol. Sci.
Vol. 76.



192

Pilger, R. 1926. Taxodiaceae. In Engler and Prantl,
Die naturlichen Pflanzenfamilien. EAd. Q;J}3: 342~
360. Leipzig. S

Roth, I. 1962. Histogenese und-morphologische Deutung der
Doppelnadeln von Sciadopitys. Flora Allg. Bot.
Zeltunq 152(1) 1-23.

Rouse,‘G.E. and S.K. Srivastava. 1972. Palynological
Zonation of Cretaceous and early Tertiaryjrocks of
the- Bonnet Plume Formation,'northeasternd&ukon,
Canada. Can. Journ. Earth Sci. 9(9): 1163-1179.

. Russell, L.S. 1929. Upper Cretaceous and Lower Tertiary
Gastropoda from Alberta. Trans. Roy. Soc. Can.
3rd Ser. Vvol. 23, Sect. 4. :

Russell, L.S. 1932, The  Cretaceous-Tertiary transition
of Alberta. Trans. Roy. Soc. Can.-3rd. Ser. Vo. 26.
Sect. 4. ' : .

)

Russell, L.S. 1964. (retaceous non-marine faunas of north-
western North America. Royal Ontario Museum, U.
Toréntgt\kgfe Sci. Contrib. 61.

Russell, L.S. 1967. Unionidae from the Cretaceous and
Tertiary of Alherta and Montana. Journ. Paleontol.
41(5). . -

Schwarz, 0. and H. Weide. 1962. Systematische Revision
der Gattung Sequoia Endl. Feddes Repert. 66(3):
159-192.

Slebold P,F. von, and J.G. _Zuccarini. 1841. Flora Jap.
TN JI: 101, 102.

smith, G.M. 1955, CryptOgamic Botany. Vol. II. Ed. 2,
McGraw-Hlll, New York. _ - [ -~

Srivastava, S.K. 1970. Pollen biostratigraphy and paleo—
’ ecology of the Edmonton Formation -(Maastrichtian),
Alberta, Canada. Palaeogeogr., Palaeoclimatol.,
and Palaeocecol. 7[ 221-276.
Srivastava, S,K. 1972. Some spores and pollen from the
Paleocene Oak Hifll Member of the Naheola Formation,
- Alabama (U.S.A.). Rev. Palaeobot. Palynol. 14: -
- 217-285." , T % :
Stafleu, F.A., C.E.B. Bonner, R. McVaugh, R.D. Meikle, R.C.
Rolline, R. Ross, J.M. Schopf, G.M. Schulze, R.. de
. Velmorin, and E.G. Voss. 1972. 1International code
’ of botanical nomenclature. A. Oosthoek's Uitgever-
,> .smaatschappij N.V. -Utrecht, Netherlands.
: )

.

"\";‘



.

/ { 193

N .
Lo [

. ,‘. , ' i K
Stanley, E.A. 1965. Upper Creétaceous ahd galeocene plant

microfossils and Paleocene Dinoflagellates and
hystrlchOSpherlds from northwestern South Dakota.
Bull. Am. Paleontol.: 49f 177-384.

-"Swartz, D. 1971. CgQllegiate Dictionary of Botany. Ronald

'Press-Compan New York.

¢
Tozer E.T. ¢ 1956. Up ermost Cretaceous and Paleocene non-

marine molluscdn faunas of western Alberta. Geol.
Survey Canada. VMemoir 280.

Lo
. 0
-

Tralau, H. 1968, Fvolutlonary t/Fndq in the genus Gznkgo.

Lethaia 1(1): 63-101.

/
Weyland, H., K. Kilpper, and W. Berendt. 1967. Kritische
Untersuchungen zur Kutikularanalyse tertiarer
Blatter VII. Palaeontographica Abt. B, 120: 151-168.

Willis, J.C. 19Qﬁ;"A dictionary of the flowering plants
. and ferfis. Ed. 7. Cambridge University Press.
London.



\ |

—_ .
has been’ i(Qt.if ied as the first record of attachéd
[ R '
- N - . . A . . .
needles of A s Dadop i tys-like conifer in North Americ.a.
[ \ v ’
The nnmo\ﬂn{anpf(n}hy[/um conadenae s given for the.
new material. A comgariﬁon of this mdterial with other
» » .
1 - -«
Setadopitya-like fossils deseribed in the literature,
A
as well as a study of coxtant Sefadopitue, has led to the

A

conclusion that this qroup of plnntn is distinct cnough
to be separated fxom the Taxodiaceae - and placed in its

own familv, the Sciadopitaceac.

(W]
.

Numoroué specimens of Metgoequoia collected fronm the tuff
horizon show characters ijterwediate to Wr{aivquofa
cuncata (Newberrv)(ﬂﬁﬁunrand M. eocidentalis (Newberry)
Chéney. A comparative study of this material, other

. ~ .
matyrial previoysly assiqned to both species, and

materlal of extant Metageouoia ShoOWws that all the fossil

e

-material is 91m11ar enouah. to bhe placed in one species.
Thé¥diaqnosis'of v pgeifdentalls (Newbherry) Chaney is
emended to include characters disﬁlaved by the Smoky
Tower material, épd M. cuneata 1is placed in svnonomy.
6. Tpe mostﬁcomndkispecies p}esent in the tﬁff horizon i}
Glyptostrobus ndrdennk{nldfi (A;Er) Brown. A study of
this ‘material, similar material from other localities,
matérial pgeviowllv identified as 7. orcgonenatis arown,
‘and material of the extant specieé 6. renailie leads
to the conclusion that the fossil material is similar

enongh to be place 1n one species. Based on prihrlty,

this species is G. nordenskioldii, and . oregnnensis'is
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