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The LOWER CRETACEOUS FLORA OF THE GATES 
FORMATION FROM WESTERN CA-JADA 

The Lower Cretaceous Gates Formation (late Early Albian) of western Canada is a set of paralic 
coal-bearing s t ra ta  composed of dtstone,  sandstone and c ~ a l .  Macrofossil plants are abundant in the 
Gates Formation: most of those are impressions; others include casts and molds of tree trunks. No 
perrnineralized fossils are found. 

Examination of rnacrofossil plants from the Gates indicates that the flora consists of bryophytes 
(Marchanttolites and Thallites), Equisetites, ferns (Gleichenites of Gleicheniaceae. ..icanthopteris and 
Contopteris of Dicksoniaceae, Cladophle bis, Sphenopteris and a new genus), seed-ferns (Sagenopteris 
and a new genus), conifers (Pityocladus and Pityophyllum of Pinaceae, Athrotazites and Elatides 
of Taxodiaceae, Elatocladus), cycads (Chilinia, Ctenis, Pseudocycas and Pterophyllum and two new 
genera), Ginkgo and Ginkgoifes: leptostrobans (a new genus), Taeniopten's and angiosperrns. In 
total, 52 species from 28 genera are described, including 5 new genera, 15 new species and 3 new 
cornbinations. 

51ost plants of the Gates flora appears to have been deciduous. Only Elatides cumifolia and 
Elatocladus manchurica are convincingly evergreen. The interpreted paleoclimate is strongly seasonal 
with winter minimum ternperature possibly below -15' C. Rainfall appears to  have been abundant 
since coal deposits are cornmon in the Gates Formation. Although lotv winter minimum ternperature 
appears to be the main factor causing deciduousness of the Gates flora. ION- winter light Ievels may 
have also contributed to the deciduousness of the Gates flora, as the paleolatitude of the study area 
was situated a t  00'-60° N. 

Three floral provinces are recognized: the Arctic Province, which lacks Cheirolepidiaceae; the Equa- 
torial Province, which has Cheirolepidiaceae; and the Xntarctic Province. which also Iacks Cheirole- 
pidiaceae. Similar floras have been reported from throughout the 4rctic Province, including Montana. 
the western Interior of Canada, the Bowser Basin, Alaska. western Greenland. Spitzbergen, Siberia. 
northern Mongolia, northeastern China and the Inner Zone of Japan. The Pacific-rim areas are ex- 
cluded from the Arctic Province. Plant deciduous habit appears to have prevailed within the Arctic 
Province during the Early Cretaceous. 



PERMISSION TO USE 

In presenting this thesis in partial fulfillrnent of the requirements for a 
Postgraduate degree from the University of Saskatchewan, I agree that the Li- 
brâries of this University may make it freely available for inspection. 1 further 
agree that permission for copying of this thesis in any manner, in whole or in 
part, for scholarly purposes may be granted by the professor or professors rvho 
supervised my thesis work or, in their absence, by the Head of the Depart ment 
or the Dean of the College in which my thesis work was donc. It  is undcrstood 
that any copying o r  publication or use of this thesis or parts thereof for financial 
gain shall not be allowed without my written permission. I t  is also understood 
that due recognition shall be given to me and to the University of Saskatchewan 
in any scholarly use which may be  made of any material in my t hesis. 

Requests for permission to copy or to make other use of material in this 
thesis in whole or part should be addressed to: 

Head of the Department of Geologl 
University of Saskatchewan 

Saskatoon, Saskatchewan, Canada 
S I N  5EI 



The Lower Cretaceous Flora of the Gates Formation 
frorn Western Canada 

The Lowr  C'ret aceoiis Cistes Formation (late Early --\lbian ) of western Canada 
is a seqiience of paralic coal-bearing strata composcd of siltstone. sandstonc and 
c-oal. l[acrofossil plants are abiindant in t h e  Cistes Forniat ion: niost fossik arc 
i rnpressions: ot hers iricluclc cas ts ancl molcls of t reo t riin ks. S o  perniincralizc,l 
fossils are fou ncl. 

The Ciates flora corisist s of br>-ophytes (.\lcrrcharitiolitc.. ancl T/t«llitr.s). Eq- 
. . 

u r s c t l t c s .  krns  ( Glcichc rr itr.;. .-lcartthoptcri. ancl CBnioptc ri., of Dicksoriiaccac. 
C'l«dop/ilebis. S'pli r nopt r ris aiirl a new geniis). seccl- ferris ( Sngr ri oplc 1-ia and a 
new geniis). conifers ( Pityor.l«rli~.~ ancl Pityoph yllrr nz of Pinacrac. .-l tlirntrrritc.~ arirl 
Elnt idc.5 of Tasodiacc~ac. El(lt oclnt1rr.s). c>-cacls ( C'Il ilirr irr. C't r n is. Psi rrdocyccxs aricl 
Pter-ophyllirrn ancl two ricw- g(-ricra). Ginkgo ancl C;irrk-goitr.-: lcptostrobans ( a  ri(8 \ \ -  

gcniis). T«e~iiopt t  ri.\ aricl iiriitleritified angiospernis. I r1  total. 52 sprcics frorii 2S 
gcnrra arc clcscri hcd. i iicliirli rig 5 r i c v  Scncra. 15 ric8\\- sprcics aritl :{ rit\\- coriibiria- 
t ions. 

llost plants of t l i c b  C;;itc-s fiùra appears to lia\-e h b r i  d(~cirliioti..;. Orilj- Elntidr.. 
riiri*i/«liri ancl R~itocindrr.- ir,,rr>r./tiri.ic~~ arc corii-iticiri;l>- ci-(argiwii. 'I'lir iiit(*rpr(~t(vl 
palcocliniate hasecl on t hc Gatcs flora is st rong1'- scasoiial \vit  li wiritcr nii riiniiiiii 
tetripcrat lire possi11l~- i)rl»\r - 1.5' C. Rainfall appears to  lia\-c l,c(!ri ahiiiiclnrit siri(-(. 
coal tlcposits arc cotiirnori i t i  the Ciatcs Forniat ion. .-\lt hougli Io\\- \vi ritcr riiinirriiirii 
twiiperatiire appears to bc tlic niain factor caiisirig cli>cid~ioiisrirss of thc  C;ati*ç 
flora. loi\ wiiitcr liglit le\-els ma'. lia\-c also contributcd to tlic rlccicliiouc;ncss of 

tlic Cistes flora. as tlic paleolatitudc of tlic stiicl>- arca ivas ri! iiatcd at 50u-GOu S. 
T tirec Ear1'- Crct aceoiis floral pro~einces are rccognizccl: t lw ;\rct ic Proviiicr.. 

tvliicti lacks Cheiïolcpicliaceae: the  Ecliiatorial Pro\-iticc. 1rIiicli lias C'licirolcpitli- 
aceae: and t lie Antarct ic Proi-ince. wliicli also Iacks C'\icirolc~~itliaccac. Floras sirri- 
ilar to tlie Cistes flora have h e m  reported frorri tliroiiglioiit t lic Arctic Provincr. 
incliicling Slont ana. t lie western Interior of Canada. t lir Bowcr Basi ii of riort l i -  

u-estern C'anacla. =\laska. ivestern C;reenlancl. Spi tzbtrgcri. Silmia. iiort licrri )lori- 
golia. nortliaastcrn Ctiins ancl tlie Inner Zone of .lapan. Tlic Pacific-rini armç 
arc cscliiclcd frorn t lic .-\rct ic Pro\-incc. Plant clcciduoiis tial,i t appcars t o liai-c- 
prc\-ailc(l n.it hi r i  t lic =\rct ic Proi*incc cliiriiig t tic Earlj- C'rct x~oi i l ; .  
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Chapter 1 

Introduction 

This chapter briefly reviews previous paleobotanical work of Early Cretaceous 

within the  western Interior of North America, presents a n  overview of the global 

Early Cretaceous vegetation, and addresses the  signi ficance of t his st udy. 

1.1 Previous paleobotanical work 

Lower Cretaceous macrofloras are widespread but poorly uncicrstood in west- 

ern North America, especially in Canada. Bell's (1956) publication marks the 

beginning of systematic floral research in the  Early Cretaceous of the  western In- 

terior of Canada. The history of paleobotanical research in the  western Interior 

of North America can be roughly divided into three stages. The first is belore 

Bell's publication. During t his stage paleobotanical work was rest ricted to spo- 

radic reports of fossil plant discoveries, usually wit h simple descriptions, wi t h or 

without photo plates. Reported species were few. Principal publications, sele- 

vant to  t h e  Northern Rockÿ Moiintain area, are  Dawson (1SS6. 18'3'3), Newbcrry 



(1S91), Fontaine (1892, 1905f, i ) ,  Knowlton (1907) and Berry (1929a' b),  and  

those relevant to the Central and Southern Rocky Mountain area are Newberry 

(1861, 1898), Brown (1933), Read and Brown (1937), Arnold (1945), Andrews and 

Kern (1947) and Spackmm (1948). Al1 are cited in McCIammer and Crabtree7s 

(1989) list of fossil localities. 

The second stage is marked by Bell's (1956) publication. Bell was the first per- 

son to systematically describe the macroflora of the Lower Cretaceous of western 

Canada. He summarized previous work and studied the fossil plants that werc col- 

lected from non-marine Upper Jiirassic- Lower Cretaceous rocks at  :365 locali t ies. 

which covcred the following strata: the Kootenay Formation. the Ni kariassi ri For- 

mation, the Hazelton Group, the Tantalus Formation, the Blairmore Group. t h e  

Luscar Formation, the Bullhead Croup. the Uslika Formation, the Jackass Moun- 

tain Group, the Spence Bridge Group, the Pasayten Group, the Kingsvale Groiip. 

the Crowsnest Formation, and the Commotion Formation. Most of those materi- 

als were gathered by officers of the Geological Survey of Canada from 1883- 1995. 

and some by companies engaged in oil exploration. Bell's publication covered 

the floras from the Late Jurassic to AIbian; 140 species were described and the 

age and correlation of the relevant strata were discussed. However, Bell's work 

was limited to only the specific descriptions; generic circutnscriptions tvcre not 

given, and some of the specific diagnoses are ambiguous. Not only were some 

former existing taxonornic problems perpetuated. but sonie new ones iverr also 

introduced. 

One paleobotanical investigation of the Gates Formation was of a flora (oiily a 

species list) which was identified by Bell, Hueber and bIcGregor as the eqiiivaleiit 



flora of Lower Blairmore-Luscar-Gething " Aptian" floras (S tott? 1968). However. 

since Early to Middle Albian marine faunas occur below the Gates and in Iaterally 

equivalent beds (Stott, l982), the " Aptian" age of the Gates needs reconsiderat ion. 

The third stage followed Bell's work. During this stage, no major systematic 

study of the  Lower Cretaceous was initiated in Canada except for that of MacLeod 

and Hills (1992a) on the Bowser Basin flora from northern British Columbia. 

MacLeod and Hills (1990, 1992b) also demonstrated the stratigraphic value of 

fossil plants in the western Interior of Canada. Other recent paleobotanical stud- 

ies were restricted to rocks mainly within the United States. Crabtree (19813. 

198'7, 19SS), for example, contributed significantly to the knowledge of =Iptian 

and younger floras of the western Interior of North America. In paxticular. Mc- 

Clammer and Crabtree (1989) reevaluated the chronostratigraphic positions of 

a11 major plant megafossil collections in the Rocky Mountain regions of post- 

Barremian age. Studies by LaPasha and Miller (1983: 198-1. 198.5). and Miller 

and LaPasha (1954) on the Aptian Kootenai Formation of Montana have hclped 

to  solve some of the taxonornic problems inherent in Bell (1936) as welt as to 

dernonstrate the potential of fossil macrofloras for understanding the paleoecol- 

ogy of this period in western North America. Miller (1957) provided a similar 

overview of vegetation types of tlie northern Rocky Mountains for the Devoriian 

to Early Cretaceous interval. No systematic paleobotanical investigation lias bccn 

done in the Lower Cretaceous rocks along the foothilIs of the western lnterior of 

Canada since Bell's publication (1956). 



1.2 Lower Cretaceous floras of the world 

Mesozoic floras differ from Paleozoic floras in having different dominant groups. 

A typical Mesozoic flora is characterized by abundant cycads, conifers, gink- 

goes and  Czekanowskiales, while a typical Paleozoic flora is dominated by ly- 

copsids, articulates, ferns and seed-ferns. Although cycads, conifers, ginkgoes and 

Czekanowskiales might have originated in the  Carboniferous or earlier' they did 

not become abundant until the  Late Permian o r  early Mesozoic. 

Cycads? conifers, ginkgoes and Czekanowskiales played dominant roles in  niany 

Triassic t o  Early Cretaceous floras. Distinct floral change occurred between the 

EarIy and the  Late Cretaceous. In the Late Cretaceous many of the plants that  

determined t h e  aspect of earlier floras disappeared or decreased greatly in number 

of genera and species, or  decreased in distribution and the angiosperms becamc 

the domi nan t  grou p. Therefore, Late Cretaceous floras are frequent ly relerred to 

as the Cenophytic. A typical Cenophytic flora differs from a typical Mesophy tic 

flora in having angiosperms as its dominant group. 

Although Eariy Cretaceous floras have been reported €rom al1 over the world? 

significant research on the  Lower Cretaceous has been restricted in Northern Hemi- 

sphere; extensively researched areas including Europe and t h e  Far East ( Figiire 

1.1). Dominant groups of the Early Cretaceous floras are cycads, conifers, gink- 

goes and Czekanowskiales. Angiosperms are rare in Early Cretaceous Roras, but 

are significant in differentiating between most Early Cretaceous floras and Jurassic 

floras or  earliest Cretaceous floras which do not cont ain angiosperms. Thereforc. 

the earliest Early Cretaceous fioras are typical Mesozoic flor-as regarding thcir 

dominant groups. The  Gates Bora mainly consists of fcrns. cycads. and coriifcrs. 



A few ginkgoes and Czekanowskiales also occur in the Gates flora. Two species 

of angiosperms have been recovered from the Gates Formation. Therefore, the 

Gates flora is typical of the  Early Cretaceous floras but not the earliest. 

Early Cretaceous floras of the world can be divided into three floral provinces 

(Figure 1.1). In the Arctic Province, dominant components of the Early Creta- 

ceous floras include ferns of the Dicksoniaceae and Gleicheniaceae, cycads (Chilinin, 

Ctenis, Cutchzphyllum, Pseudocycas, Pterophyllum and iVilssonia), ginkgoes, Cze- 

kanowskiales, Pinaceae and Taxodiaceae. In the Equatorial Province, Early Creta- 

ceous floras are characterized by Weichselia, Cheirolepidiaceae, Cupressaceae. and 

cycads (Ptilophyllum, Zamites. Otozamites and Dictyozamites). In the -4ntarctic 

Province, floras are characterized by having Dicksoniaceae, Osmundaceae. Zrr- 

mites, Podocarpaceae and Araucariaceae. 

The Gates flora of the Early Albian (Figure 1.1, No. 1) lies within the Arctic 

Province. Other relevant western Canadian floras include the Bowser basiri flora 

(MacLeod and Hills, 1992a), which is Tithonian to pre-Aptian, and the Late 

Jurassic-Early Cretaceous floras described by Be11 ( 1956). The Western Canadian 

floras, together with the Montana Bora (Miller and LaPasha, 1984; Lapasha and 

iMiller, 19S5), the Alaska floras (Figure 1.1, No. 26). and the Iiome flora from the 

western Greenland (Figure 1.1, No. 8) represent the North Xmerican part of the 

Arctic Province. 

Representative Early Cretaceous fossil sites (Figure 1.1):  

1. Western Canadian floras (Berry, 1929; Bell, 1956; MacLeod and Hills; 199-a: 
Present s t  udy). 

2. Queen Charlotte flora (Ward, 1903, p. 309). 



Figure 1.1: Map showing the three Early Cretaceous floral provinces and the  
representative flora sites of the Early Cretaceous. (See t e s t  for da ta  sources) 

Montana flora (Fontaine, 1905f, i;  Miller and LaPaslia, 1954: LaPaslia and 
Miller: 1985). 

Shasta flora (Fontaine, 1905e, g, h) .  

Glen Rose flora (Watson, 197'7; Watson and Fisher: 1984). 

Mexico flora (Nathorst, 1893 listed in Berry, 19 1 L, p. 1'26). 

Potomac flora (Fontaine, 1889; Berry, 1911). 

Kome flora (Heer, 1874; 1882; 1883; Seward, 1926). 

Spitzbergen flora (Heer, 1576; Nathorst, 1897 and DeGeer, 18s- listed in 
Berry, 191 1: p. 1 17; Vassilevskaya, 1980). 

English Wealden flora (Seward, 1894, 1895; Watson. 1969, 1977, 19S2; \Vat- 
son and Sincock, 1992). 

European fioras (Al1 the floras of the European Province except those frorn 
England, Vakhrameev, 1991, p. 130). 

Peru flora (Steinmann, 1903-1904 in Berry, 191 1. p. 114). 



13. South Africa flora (Seward, 1903, 1907 listed in Berry, 1911. p. 113; Ander- 
son and Anderson, 1985). 

14. Australian flora (Douglas, 1969. 1973; Douglas and Williams. 1982). 

15. Tibet flora (Duan et al., 1977; Li, 1982; Chen and Yang, 1983). 

16. -Mongolian flora ( Krassilov, 1982). 

17. Inner Mongolian flora (Tan and Zhu, 1982) (Cited from Chen e t  al.. 1988. 
p. 118). 

18. South China flora (Li, 1948; Cao, 1983; Sze, 1942; Zhou, 19'23) (Citecl from 
Chen e t  al., 1988, p. 120). 

19. Ryoseki flora (intensively researched, detailed reference list is given in Iiimura. 
1957, p. 95). 

20. Tetori Rosa (iritensively sesearchecl, detailed refereiice list is given in Kirnu ra. 
198'1, p. 9.5). 

21. Northeast China flora (Zhang e t  al., 1980; Li, 1981; Zheng and Zhang, 1982, 
1983; Cao, 1983; Shang, 1987; Chen e t  al., 19SS). 

22. Sungari flora (Cited from Vakhrameev, 1991, p. 1Z3, Fig. 3.13). 

23. Amur flora (Vakhrameev and Doludenko, 1961; Vakhrameev and Lcbc- 
dev, 1967: Koshman, 1969: 1970; Krassilov, 1972a, 1973b) (Cited from 
Vakhrameev. 1991, p. 104). 

24. Lena flora (Vassilevskaya, 19.59, 1966: Vaçsilevskaya ancl Pavlov. 1963: Vas- 
silevskaya and A bramova, 1966; Vakhrameev, 19-58: Samylina. 1963) (Ci t d  
from Vakhrameev, 1991, p. 95) . 

25. Antarctic flora (Jefferson, 19S2; 1987). 

26. Alaska flora (Fontaine, 1905b-d; Smiley, 1966, 1967. 1969a. b. 1972: Parrish 
and Spicer, 198s). 

21. Patagonia flora (.Archangelsky and Gamerro, 1967: detailed referencc list is 
given in Vakhrameev: 1991, p. 170). 

28. India Bora (Detailed reference list is given in Vakhrameev. 1991, p. 17s). 

29. James Bay flora (Martison, 1952). 



1.3 Purposes of study 

The study area is restricted to the western Canadian part, or northern Foothills 

part, of the western lnterior of North America and includes northeastern British 

Columbia (Tumbler Ridge) and west-central Alberta area (Grande Cache and 

Cadomin) (Figure 1.2). The whole Interior extends along the eastern side of the 

Rocky Mountains from the Alaska to the Gulf of Mexico. During Early Creta- 

ceous time, the Interior was occupied by transgressing seaways from both the Gulf 

of Mexico and the Arctic Ocean from tirne to time. Those two seaways were sep- 

arated for most of the Early Cretaceous, except for a short period of coalescence 

in the Late Albian (Williams and Stelck, 197.5). 

The Lower Cretaceous rocks, representing sediments of two major niarine 

transgression-regression cycles, are widely dist ri bu ted in the Western 1 n terior 

Basin (Stott, 1952). Those rocks were deposited along the eastern side of t h e  

Rocky Mountains, that is, the western side of the Interior sea, as sequences of 

intercalated marine shales and coal-bearing strata. 

The correlation of the various stratigraphic units in the western Interior \las 

been based on lateral continuity and index fossils. Dramatic facies changes makc 

lateral correlation of the non-marine deposits very difficult . Fossils of macrofau- 

nas are not abundant within the succession, and fossiIs of microfaunas are rare in 

non-marine strata,  especially in coal-bearing strata. Palynological investigations 

are very lirnited, although Singh (1971, 1976) has dernonstrated the stratigraphic 

value of this approach. The abundant macrofossil plants witl-iin the Gates Fornia- 

tion have not been thoroughly studied. Bell's (1956) publication is the only major 

taxonornic work on the rnacrofloras of this age i n  western Canada, hiit  his \vork 



Figure 1.2: Map showing fossil locali ties. 



was preliminary and rnany taxonornic problems remaineci unsolved. It has been 

necessary to refine and reevaluate his research results. -4 number of operating 

open-cut coal mines provide excellent opportunity to collect large quanti t ies of 

fossil plants. The present research addresses this need. and provides a revision of 

part of Bell's work. 

Because of the  advantages of the  intercalations of marine shales and coal- 

bearing strata in the study area, the present study helps our understanding of the 

relationships between fossil floras and fossil faunas, which are important in t h e  

correlation of marine s t ra ta  t o  non-marine s t  rata. 

Plants are very sensitive to climate change. and it follows t hat fossil p lants  arc 

useful as paleoclimatic indicators. The present s t  udy improves our unclerstantling 

of Early Cretaceous climate change? which is of considerahle importancr to t h e  

understanding of Cretaceous extinction events and angiosperm evolu t ion.  



Chapter 2 

Geological Background 

This chapter reviews the  global Early Cretaceous paleogeograp hy, discusscs t lic 

tectonic background, sedimentary history and the age of the  Gates Format ion. and 

introduces the materials and methods used in this study. 

2.1 Tectonics 

Paleogeography 

The paleogeography of the Early Cretaceous as reconstructed by Barron e t  al. 

(1981, Pl. 5; 1981, Fig. 6; Kallam, 1985; Smith e t  al.. 1994) was significantly 

different irom the  present. North America was  still connected to Europe. as 

was South America to  Africa and Australia to Antarctica. Inclia was a n  isiarid 

continent in the southern subtropics (Figure 2.1). Sea lcvcl appears to h z t w  hccri 

much higher than at present and about 20% of the continental area \vas floodecl 

(Barron et al., 19SO), creating one of the  greatest epicontinental seas known in t h e  

P hanerozoic. Extensive marine transgression occurred on every major cont incnt .  



Figure 2.1: Paleogeographic Map of Early Cretaceous ( Albian). Modified after 
Barron el al. (1981, Pl. 5; 1987, Fig. 6), Hallam (19S5), and Smith et al. ( 1991). 
( Asterisk marks the study area; shadowed areas represent continents; dashed lines 
are floral provincial boundaries) 

The Interior seaway on t.he North American coritinent is an esaniple of those 

epicontinental seas. The  paleolatitude of the working area ( Asterisk in Figure 

2.1) is almost the sarne as the present latitude, although the orientation of the 

North American continent was slightly different from that of the present.. 

Regional Tectonics 

Convergence of the Pacific Ocean plate and the Canadian craton began in the 

Late Jurassic and continues to the present. Several large, esotic terranes collided 

with the western margin of craton and cornpressed miogeosync1ina.l st rata in an 

eastward-verging fold and thrust belt. To the east of the fold and thrust belt 



Figure 2.2: Schematic diagram showing tectonic features of Western Canada. 
Modified after Beaumont (1981, p. 302, Fig. 4). (C.R.C.C = Coast Range Crys- 
talline Core; O.N.C.C. = Omineca-Nelson CrystalIine Core: R.M. F.T. = Rocky 
blountain Fold Thrust ). 

wvas a fureland basin, the Alberta Foreland Basin. The  detailed structures of the 

Alberta Foreland Basin have been modelled by Beaumont ( 1981 ). 

The Alberta Foreland Basin was bordered on the west by the northwesterly 

trending Omineca-Nelson Crystalline Core Zone (Fig. 2.2) and on the east by t h e  

Canadian craton. Within the basin, there is an off-lapping sequence of eastward- 

tapering clastic wedges. Each represents a period of rapid telescoping and iiplift 

within the  Cordillera. The two oldest wedges are Late Jurassic through earliest 

Cretaceous in age (the Kootenay Formation, the Nikanassiii Formation: or the 

Minnes Groiip) and Early Cretaceous through mid-Crctnccous age ( t h e  Riil l  hearl 



and the Fort St. John) (Leckie, 1986a, b). The Fort St. .John Group consists 

of a set of intercalated marine shales and paralic sandstones (including the  Gates 

Formation), and records a period of recurrent pulses of mountain building in the 

Cordillera region. These pulses are part of the mid-Columbian Orogeny (Stott.  

1983). 

Basin Structure 

Witbin the Alberta foreland basin, structural units include: the Alberta Trough 

and Liard Trough (Stott. 19S2), also called the West Alberta Basin and Iieg River- 

Hay River Low, respectively (Stelck, 19'75); the Peace River Arch: the Sweetgrass 

Arc11 and the McDonald Fault (Stelck. 19'75) (Fig. 2.3). The Peace River r\rch is 

a northeasterly trending structure lying in the vicinity of Piiie and Peace ri\.crs 

in British Columbia. It  is bounded on the south by the  Alberta Trough and on 

the north by the Liard Trough. These troughs were strongly negative elements 

bordering the interior Platform. The Peace River .Arc11 was active during niucli 

of Albian time and had influence on the deposition of both t h e  Fort St. John and 

Bullhead Groups. Its up and down oscillations created the in tercalatecl sec1 Liericc 

of marine shales and coal measures in the Fort St. John Group. The Sweetgrass 

Arch parallels the Peace River Arch, on the southern border of Alberta trough. 

The McDonald Fault was  considered by Stelck (1975) to mark t h e  southern limit of 

the  Scatter deltaic complex and also the main southern limit of the conglonieratic 

facies of the Dunvegan Formation. 



Figure 2.3: Schematic diagram showing basement structures of western Canacla. 
Modified after Stelck, 1975, Text-figure 1. Note: The shown Fort St. .lotin 
Group area only includes the Peace River area, in which al1 four cycles of t h e  
Fort St. John Group are present. The whole Fort St. John G r o u p  is rnucli niore 
widespread. 



2.2 Depositional history 

According t o  Stott  (l982), t hree major clastic sequences of Lote Jurassic- 

Cretaceous age were deposited along the  western margin of the Alberta Foreland 

Basin during the  Cretaceous (Figure 2.4). Within t h e  lower sequence(the Fernie- 

Minnes Sequence), marine shdes  of t he  Fernie Formation, deposi ted during Juras- 

sic transgressions, were succeeded by prograding sandstones and mudstones of the 

Minnes Group of latest Jurassic to early Neocornian age. Later tectonic rnove- 

ment uplifted and bevelled those rocks in a northward and castward dircctiori. 

A regional erosional unconformity truncates those s t ra ta  ( Pre- Bullhead unconfor- 

rnity). 

T h e  middle sequence (The Bullhead-Fort St. John-Dunvegan Sequence) corn- 

prises sediments deposited wit hin a n  elongate embayment tiiat gradually t sans- 

gressed from boreal regions into the  mid-continent during late Neocornian ( 7 )  to 

early Cenomanian time. That  seawajr kvas bordered south of Peace River 11). a 

broad, low-lying alluvial plain, which is represented by the  carbonaceous sancl- 

stones and  shales in the Blairmore Group. Coarse clastic material consisting 

mainly of older sediments spread eastward and was trapped in the rapidly devcl- 

oping basin. The alluvial-deltaic sedirnents of the Bulltiead Gioiip wcre depositcd 

during t h e  initial transgression. Renewed subsidence wit hin tlic basi ri pciinittccl 

the gradua1 advance from boreal regions of a major  seaway that cstcnded to- 

ward the  Peace River area. Several large deltas developed along the emhajmerit. 

and were repeatedly overridden by t h e  expanding seaway. Expansion of the sea- 

way, accompanied by several up and down oscillations of tlie Peacc Rivcr Arcli. 

resultecl in t h e  devclopmcrit of four c~-clical successions i r i  wliich rnari ~ i c  slialc 
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Figure 2.4: Correlation Cha r t  of Plant-Bearing Units  of the  Northwestern Interior. 
Modified after Stott (1982, p. 13, Table l) ,  MacLeod and Hiils (1990, p. 996: Fig. 
8; 1992, p. 13, Fig. 3).  D.C. = Devils Claw, McV = McEvoy, Cur. = Currier. 
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(non plant - beari ng). 



grades laterally and vert icaliy i nto allu vial-deltaic sandstone, niuds tone, coal, and 

conglomerate. Those sedirnents are included in the Fort St. John Group arid 

Dunvegan Formation. 

The upper sequence is represented by the Smoky Groiip and Wapiti Formation. 

The Smoky Group consists of marine strata that record the two vast transgressions 

of the boreal seaway in Turonian and Santonian tirne? which coalesced with the 

Gulf of Mexico seaway. The succeeding coarse clastic sediments of the Wapiti 

Formation represent Campanian to Maastrichtian regressive deposits. 

Fort St. John Group 

The Fort St. John Group is exposed along the FoothiIIs belt of the Rocky 

Mountains in northeastern British Columbia and western Alberta. I t  also occurs 

in the subsurface of the  Interior Plains, and extends under the Liard Plateau of 

the Yukon Territory and District of Mackenzie. However, the complete four cycles 

of transgression-regression sequences wit hin the group are s h o w  only in the Peace 

River Arch area (Pine and Peace River area) (Fig. 2.3). Deposition in this area 

was related to tectonism during the Columbian Orogeny ancl was iinfluenced hy 

the up-and-down movernents of the Peace River Arch (Stott. 196S, 1982). 

The Fort St. John Group consists of four major sequences: each contains ma- 

rine shale a t  the base which grades vertically upward i n t ~  near-shore. deltaic, or 

alluvial deposits. The first marine transgression from the north began ir i  early 

Early Albiari. The Interior was inundated in late EarIy Albian tirne by a broad gulf 

of the Boreal ocean, which flooded the old Interior drainage basin some 2400 km 

inland to as far south as the present location of Calgary i n  soiit.1ici.n Al lxr ta .  (Stott. 



1965, Jeletzky, 1971). This marine transgression is represented by the widely dis- 

tributed Moosebar Formation (corresponding rocks in the northern part  of the 

basin are the Buckinghorse and the Garbutt formations), which is composed of 

marine shale and siltstone. It falls mainly within the Early Albian Arcthopfifes 

Zone (Jeletzky, 1971; Stott, 198'3). Deltaic deposits and alluvial deposits devel- 

oped to  the south of the Moosebar sea. With the northivard progradation of these 

deltas and the alluvial plain, a major regression process began. This regression 

process was recorded in the Gates Formation, of which the corresponding roçlis in  

the northern part of the basin are the Bulwell Member of the Scatter Formation. 

Overlying shales (represent ing the second marine transgression), extendi ng up- 

ward in the Middle AIbian Pseudopulchellia pattoni Zone (Jeletzky. 1972: Stott. 

1952) are assigned to the Hulcross Formation, of which t h e  corresponding rocks 

are lower middle Buckinghorse Formation and the Wildhorn Member of the Scat- 

ter Formation. Marine sandstone included in the basal Boulder Creek Formatioii. 

corresponding to the Cadotte Member of the Peace River Fororniation and the Tiis- 

sock Member of the Scatter Formation, lies within the C'astroplites Zone (Jeletzky. 

1971; Stott, 1982). 

Younger marine shales of the Hasler Formation, the midclle Bucki tighorse aricl 

the Lepine Formation, representing the third marine transgression. lie ivi t lii i i  tlic 

Late Albian Stelckiceras liardense Zone (Jeletzky, 1971: Stott. LM?). Those s h a h  

grade upward into epineritic deposits of the Goodrich Formation and the Sikanni 

Formation in the north, both composed of sandstones and dcposited during the 

Late Albian Neogastroplites Zone (Jeletzky, 19'71; Stott. LM?). 

Representatives of the  fourth relative marine transgression. t tic Cruiser Forma- 



tion and the Sully Formation of Albian to Cenomanian age: grade transitionally 

upward into the Cenomanian (eariiest Late Cretaceous) Dunvegan Formation. 

Among the four transgression-regression cycles, al1 except the first one appear 

t o  be confined to  the Peace River Arch area and to have been caused by the 

up and down oscillation of the Peace River Arch. Supporting evidence for this 

includes the observation that the  trends of maximum accumulation of the Cates 

and Boulder Creek sandstones are parallel the major structural trend related to 

the Peace River Arch (Stott, 1952; Leckie, 19S6b). 

Gates Formation 

As defined by Stott (19S2), Gates Formation refers to the lowest of three rncni- 

bers of the Commotion Formation (Fig. 2.5): ivhich was earlier defined bu Wick- 

enden and Shaw (1943) as a sequence of sandstone, shale and conglonierate tliat 

overlies the Moosebar shale in Pine River valley. The middle and upper memhrrs 

were renamed Hulcross Formation and Boulder Creek Forrriation, respectively. l ~ y  

Stott (1982). 

Lithologically, as described by Stott (19S2), the Gatcs Forriiatiori is a se t  of 

alluvial, deltaic, and epineritic sediments, which at its type locality (Pine Rivcr 

valley) consists primarily of massive- to thin-bedded fine-grained. well-sorted sand- 

stone. The basal part is characterized by fine-grained, fairly well-sorted sandstonc: 

the middle part consists of a cyclic succession of carbonaceous sandstone, mud- 

stone, siltstone, coal, and some conglornerate; the  top is typically marked hy 

thick-bedded sandstone. Informally, the Gates Formation is cornnionly di vided 

into the Torrens Lulember, the Middle Gates and ttie Kpper Cistes ( Larnberson cî. 
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al., 1991). The Torrens Member refers to the basal thick-bedded sandstone; the 

Upper Gates, the top thick-bedded sandstone; and the Middle Gates, t h e  cyclic 

succession of carbonaceous sandstone, mudstone, siltstone and coal ( Fig. 2.5 ). 

Coal seams of economic thickness occur only in the Middle Gates and are as 

thick as 10 meters. The number of economic coal seams varies fronl place to place. 

In the Quintette area, nine coal seams are recognized; only sis seanis are prcscnt 

at the Bullmoose axea (Lamberson et  al., 1991); and only two coal seanis occur 

in Grande Cache. Each coal seam is named locally, and their relationships arc 

difficult to determine. 

Sandstones of the Gates Formation are characterized by typical delta- front 

sandstones (Stott, 1982; Leckie, 19S6b) and can be traced laterally iiito coal- 

bearing beds of the delta-plain environment. Coals accumulated in st,raiidplai ri 

set ting (Kalkreuth and Leckie, 19S9), and in general, directly overlitt I>rarli r l t ~ -  

posits and occur within flood plain deposits (Stott, 196s' LOS?; Lcckie. 19S(ib). 

Terrestrial origin of parts of this formation is indicated by the abuiiclarice of car- 

bonaceous material. The well preserved delicate Bora, rootlets, fallen logs. and up- 

right sturnps are indicative of preservation in place. Studies of Cates dcposits have 

indicated that sediment supply was from the west and south\vest (Stott.  l!)üS). 

The source area was regionally extensive, and extended well into tlic Oiiiiiieca 

Crystalline Belt and eastern margins of the Intermontane Belt (Fig. 2.2) (Leckie. 

196Sa, b). 



2.3 Geological age of the Gates Formation 

Thanks to the intercalations of marine shales and paralic coal-bearirig rrieasurcs 

in the Fort St. John Group, the Gates Formation can be precisely dated by 

reference to its underlying and overlying marine strata, which have been well 

dated on the basis of both macrofaunas and microfaunas. 

The  Moosebar Formation, underlying the Gates Formation. \vas dated as Early 

to  Middle AIbian on the b a i s  of microfaunal assemblage, which includes Maryirt- 

ulinopsis collinsi Mellon St Wall, Saracenaria trollopei Mellon S: Wall, and Quadi- 

morphina albertensis Mellon St WalI (Stelck e t  al.. 1956: Mellon et al., 196:3: 

Chamney in Stott; 1968: p. 5 5 ) .  

Caldwell et al. (197s) established the Gaudryina nanush ukensis  hraminifcral 

zone, which was subdivided into six s u  bzones; the thi rd s u  bzone :\,ln ryiu i~lirr op- 

sis collinsi- Verneuilinoides cummingensis occurred in t hc Moosc bar £ k m a  tion 

of the Foothills and was considered to be the  equivalent of the late Early .Al- 

bian Arcthoplites irenensis and Arcthoplites nzcconnelli ammonite su bzones o i  t h e  

Beudanticeras a f i n e  zone (Jeletzky, 1968). 

Since .4rcthoplites cf. A. indicum Spath: Arcthoplit es belli l,lcLcarn aticl .-l i -c- 

thoplit es irenensis ( Lemuroceras) ( McLearn and Kindle, 19.50) occur in t lie ii pper 

Moosebar shale near Peace River, and fauna of the late EarIy Xlbian Arcthoplites 

spp. zone (Jeletzky, 1968) also occurs in the overlying Gates Formation (Stott. 

1982), the Gates Formation appears to be of late Early AIbian age (Stott, 19S2. 

Fig. 5) .  

Irish (in: Stott,  1982, p. 16) collected cf. Arcthoplites spp.,  and cf. Beudnu- 

ticeras sp. from the lower part of the Huicross Formation. ivhicti is a  ho\^ t h r  



Gates Formation; from the upper part of the  Hulcross Format ion. G'cr.st 1-opliies 

spp. were found. PseudopuZchellia pattoni, representative of an early Middle -41- 

bian zone, was collected from the uppermost 31 meters of the HuIcross Formation 

in the Peace River Foothills (Jeletzky, 19SO). 

Stelck et al. (1956) reported that the early MiddIe Albian EIaployhr.~~~rr~nirles.le~ 

multiplum zone (Caldwell et al., 1975) occurred in the Hulcross Forniatiori. Latci- 

paleontological research (Stelck and Leckie 198s; 1990) further confirrned tha t  the 

Hulcross Formation is of early Middle Albian age. 

In terms of contact relationships, the Gates Formation is much more clos el^. 

related with the hloosebar Formation than the Hulcross Formation. because t h e  

Moosebar shales grade continuously, vertically and latcraIly i ri t o t t i ~  (;at ( Y  1.-or- 

mation, whereas t here is always a distinct li thological change betwcen the Gates 

and the Hulcross Formation, although there is no obvious hiatus (Stott. 19S. p. 

14; Plate 4) .  On the basis of faunal information and the contact ielatioris. tlic. 

Gates Rora can be precisely determined as late Early Albian. 

2.4 Materials and Methods 

Al1 fossil materials were collected in two field trips. The first trip, made in 1990. 

covered two localities: Tumbler Ridge and Cadomin. In Tumbler Ridge. fossils 

were collected from t h e  Quintette coal mine and the BiiIImoose coal minc.  In 

Cadomin, fossils were collected from t h e  Greg River mine. The second trip. rnarlr 

in 1991, covered Grande Cache and Cadomin. Most fossils wcrr collcctrci frorii 

the Gates Formation; only a few were from the younger Boulder Creek Formation. 



The details of iossil localities are given in appendix A. A I l  t tic fossils ivcrc <-ollcc-t ( V I  

by the author, Dr. James F. Basinger, Cathy Greenwood and Loreleen Britton. 

About 5000 specimens in total were collected. 

Most fossils are preserved as impressions or compressions on fine-grainecl sarici- 

stones or siltstones. Very delicate features of some plant reniains are rarel! prct- 

served. In general, Gates fossils are not well-preserved in terrns of tlie delicatc 

structures. Some of the impressions may bear some carbon compressions; others 

are impressions, lacking organic remains. 

Differences between two types of impressions have been neglected by paleob- 

otanists. These  di fferences can be very significant when plant Ieavcs prcscri t. di f- 

ferent dorsal features frorn ventral ones. Two kinds of impressions arc recognizcd 

in this study. The first will be referred to as eu-impressions. A n  original casboii 

compression or a minera1 replica entirely rernains within rocks wliile i t s  siirhcc 

features are imprinted on the enclosing rocks, which are t h e  eu-irnpr*c?ssioris. F i l -  

impressions include bot h dorsal and ventral impressions. T lie dorsa l  a nt1 vcrit 1.a 1 

features of a leaf can be recognizcd from dorsal or ventral irnprc:ssioris. 

The second will be referred to as sub-impressions. Sub-inipi-essioris Sorm 

when plant remains have been entirely lest: leaving onIy their imprints or1 t h e  

sediment; diagenesis and geological history cause mingling of dorsal and vcritral 

features: commonly with loss of feat ures. The two parts of it subi  I i l  pi-cssiut~ L m i  1 

are identical, and present t h e  same information. It is inipossilie to i n t c r p r c t  t l ic  

dorsal and ventral features of a leaf on the basis of sub-iniprcssions.  Bot.li t 1 . l ) ~ ~  

of impression fossils are recovered from the Gates Formation. 

A few fossilized tree trunks have been found. These are  act i ial ly n i incra l -  
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filled replicas. No permineralized fossils, so far, have been found or reported 

from the Lower Cretaceous rocks in the western Interior of Canada. This fact 

might be related with the low temperatures and humid climatc of the arca duriiig 

the Early Cretaceous. Low temperatures and plentifid rain would produce an 

unsaturated CaC03 environment in the sedimentary basin. which would have  

been unfavourable to permineralizing processes. Water permeating plant remains 

would be unable to deposit minerals on ce11 walls. Those ce11 walls tvould soon 

decompose without the protection of fine mineral layers (Schopf. 197.5). \4rlieri  

the Boreal seaway coalesced with  t h e  Gulf of Mexico i c i  t l ic  Latc Crcitaccmus. 

permineralized fossils began to appear (e.g. McIver arici r\tileii back. 1994). 

Effort has been made to extract cuticles from the fossil plants. h r i t  ttiere ap- 

pears to be  no extractable cuticles preserved on the Gates n-iaterials. hloi-plio10~- 

ical analysis appears to be the only possible approach for systematic stu* of the 

Gates flora. 



Chapter 3 

The Gates Flora 

This chapter describes the fossil plants from the Cistes Forrnatioii. clisciissrs 

their distributions, and compare them with the fossil plants from other parts of 

the  world. 

Al1 specimens illustrated are deposited in the University of Saskatchewan. 

Paleobotanical Collection. A specimen number consists of t ~ v o  pa.1-ts. localit.~. 

and specimen numbers; for example, 921-7195 refers to locali ty 92 1. speciiiicii 

7195. Al1 locality numbers refer to the University of Swkatcliewan. Palcobo~ariical 

Collection. A11 localities are within the Gates Formation unless the?' arc i ridicatcd 

otherwise as within the Boulder Creek Formation. 

Efforts have been made in strict application of the lCBS (199-1) as t.li(i Imsis 

for nomenclature. Where original spelling of specific epi t hcts di ffers from t liat 

now acceptable to the ICBN (1994), spelling has been corrected wit hout furtlicr 

expIanat ion. 

Not al1 materials in synonymy lists have been seen: judgernent has becn rnatlc 

on  the basis of publis hed illustrations and descriptions: on ly t. tiosc! considcrccl 



adequately described and clearly illustrated are listed. 

Whenever the term "northwestern Interior" is used in the test. it refcrs to  t h e  

western Interior of Canada plus northern Montana. 

When a new species is established, the holotype for the species is explicitly 

indicated; other illustrated specimens of the new species are al1 paratypes. 



Division Bryophyta 

Class Hepaticae 

Order Marchant ides 

Family Marchantiaceae 

Genus 11/1archantiolites Lundblad 

Comments: According to Lundblad (1954), Marchanliolites is characterizcd by 

air-pores in the  preserved cellular structure resernbling t tiosc i r i  h l a r c l i an t i i neae  of 

the Marchantiales. There are few species being reported wi tiiin t his gcnus bctcaiisc 

of difficulty in preserving the delicate lamina of t h e  plants. The differentiatiori 

of species within the  genus is on basis of the size of thallus and the pattern of 

ce11 layers (Brown and Robison, 1976). Two species a r e  currently included within 

the genus: the type  species, M. porosus Lundblad! and M. blnimorensia ( Berry) 

Brown & Robison. Bot h were recovered [rom Early Cretaccous strata. 

.n/larchantites was proposed by Brongniart in 1849 for vegetati vr: 1 l ial l i  si rrii lm-. 

in both morphology and habit, to the  recent thalloid Hepaticae. as represetited by a 

genus such as .Marchantia (Seward, lS9S). Walton, in 19'15, claimed tliat dla i rhun-  

tites should only include one species, Marchantites sezannensi .~ Saporta. u-hicti ha 

bot h reproductive organs and vegetative thalli similar to  reccn t M n  rrhnnt in. and 

tha t  most other species included within Marchantites should be traiisferrecl 1.0 

Thallites when their affinities were uncertain (Sze e t  al., 196:3). Instcad, \Valtori 

proposed Hepaticites for fossils which showed feat ures exclusive to the hepatics 

(Hepaticae) (Harris, 1961; Sze e t  al., 1963). 

Because only t h e  vegetative thalli are recovcred  i i i  t lir Gatcs n i a t r r i a l ~ .  i t  



is impossible to compare the Gates materials with Marchnntia, and t herefore 

Marchantites is not appropriate for the Gates mâterials. Because the Gates ma- 

terials are very similar to Marchantiolites blaimorensis, which was reported by 

Brown and Robison (1976) from the area adjacent to the Gates Forrnatiori. tlic 

Gates materials appear to belong to Marchantiolites. Although it is also correct 

to assign the Gates materials to Hepaticites, Marchantiolites appears to be a more 

appropriate name than Hepaticites because Hepaticites is a form-geniis. 

Generitype: Marchantiolites porosvs Lundblad 

Marchantiolites blaimorensis (Berry) Brown & Robison 

(Pl. 1, fig. 1) 

Basionym: iClarchczntites blairrnorensis Berry, 1929, p. :34. PI. -4. figs. 1. 2. 

Thallites blaimorensis (Berry) Lundblad, 1954, p. 409: BeII. 1956. p. 46, PI. 1. 

fig. 1. 

Marchantiolites blaimorensis (Berry) Brown k Robison. 1976. p. 309. Tes t-figs. 

1, 2; LaPasha and Miller, 2985, p. 117, PI. 1, fig. 1-3: Chen  et al.. 19;SS. p. 

31, Pl. :3? fig. 1. 

Description: ThaIlus dichotomously branched at an acute angle, laminae ribbon- 

like, 5 to  15 mm wide. Medially there is a vein-like, microscopically striatecl band. 

0.5-1.5 mm wide. Although the consistency of the lamina is tliiri. tliat of the \mein- 
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like band appears very thick. Laminae typically smooth, rarely wi t h hair-like 

striae. 

Materials: Total T specimens. Locality no.: 851, 858 (Boulder Creek Fm.). 877, 

920. 

Distribution: This species has been reported from the Early Cretaceous in tlie 

Fuxin Formation of northeastern China and the northwestern Iriterior strata: t lie 

Gateç, Boulder Creek and Iiootenai formations, and the Blairmore Group (lowcr 

flora). The distribution of M. blaiai,morensis appears confined to the Aptian-.Alhian 

in the Arctic Province. 

Discussion: Marchantiolites blairmorensis was originalIy describecl as  :\/lnrchan- 

tites blairmorensis Berry (1929) .  Lundblad (1954) transferred this species to ï'11«1- 

lites because of its uncertain affinity. Bell (1956) also indicatecl that t h e  superficial 

resemblance of this species to living species of the genus Marchantin does not nec- 

essarily indicate affinity, as suggested by Berry (1929). 

Brown and Robison (1976) studied the  cuticles of this species a n d  transferred 

i t to MarchnntioliLes. MarchanLioli~es Dlairmorensis di ffers froni t llc type specics 

M. porosus in having a larger thallus than the type species. wliich is not more 

than 2.6 mm wide, and in that the former species commonly has only a single 

series of smaller cells surrounding the air pore, while in the latter t h e  cells appear 

to  form two or three rows (Brown and Robison, 1976). 

Al1 specimens of this species availabie from the Ctatcs Formation arc iinprcs- 



sions; it is impossible to  detect lamina ce11 structures. However, bccausc the Cates 

materials are morphologically identical to the type of the specics. whicii w~as rc- 

covered from the adjacent area to the Gates Formation, it is reasonablc to assign 

the Gates materials to M. blainnorensis. 

Chen et al. (1988, p. 31, Pl. 3, fig. 1) reported the occurrence of M. blrrir- 

morensis from the  Fuxin Formation of the Early Cretaceous in nort heastern China. 

Although their only photo is not clear and the width of the lamina was not pro- 

vided in their description. they claimed that their specimen was \.cr>. siniiiar to 

the Montana materials described by LaPasha and Miller (198.5): and conclucietl 

that their specirnen was in accordance with the &Montana materials in thallus form. 

branching manner and media1 band. Most likely? their specimens are conspecific 

with the Gates materials. 



Division Incertae Sedis (Bryophyta ?) 

Class/Order/Family Incertae Sedis 

Genus Thallites Walton 

Comments: According t o  Sze et al. (1963), Walton instituted this genus in 1925 

for al1 plant bodies in thalloid form, potentially including algae. bryophytes and 

even fern prothalli. The  differentiation of species within the genus is based on 

the size of the  thallus, the  branching patterns, and the size of t h e  media1 band. 

Numerous species within this genus have been reported from the  Carboniferous 

t o  Quaternary. 

Generitype: Thallit e s  erectus ( Leckenby) Walton 

Thallites sp. 

(PI. 1, figs. 2 ,  3) 

Description: Preserved lamina up to 5 cm long, dichotornoosly I~ranchetl oncc 

a t  an acute angle, laminae ribbon-like, average width about 2 m m .  masimum 3.5 

mm. Laminae have a distinct and broad midrib, which comprises about 1/:3 of 

the lamina width. The lamina on either side of the midrib is thin and filmy. 

Materials: Only one specimen. Locality no.: 555 (Boulciei Creek Fin.). 

Distribution: Boulder Creek Formation. 



Discussion: The rnorphology and size of complete thalli are unknown because 

the preserved lamina is only part of a thdlus; the size of a complete thallus may 

have been more t h a n  5 cm in length. 

Macroscopically, t his species is dist inguiçhed from iCla7~hantioliLes blai~nzoren- 

sis and Marchantites sezannensis Saporta (Seward, 1898) by i t s  small lamina 

width.  Thallites erectus (Leckenby) Walton, T. pinghsiangensis Hsu and T. zeil- 

len (Seward) Harris are different from the Gates species in their even smaller size 

of tha l lus  and profuseness of branching. There appears no suitable species tha t  

t he  Gates materials can be assigned to, yet it is not appropriate to inst i tute  a new 

species on t h e  basis of a single incomplete specirnen. 



Division Tracheophyt a 

Class Sphenopsida 

Order Equisetales 

Family Incertae Sedis 

Genus Equisetites Sternberg 

Cornments: Some authors prefer t o  use Equisetum for Equisetum- l i  ke Mesozoic 

fossils (Harris, 196 1; LaPasha and Miller, lgSS), others prefer Equiset it es (Sze e t  

al . ,  1963; Chen e t  al., 198s). Seward (1898) justified retention of Equisetites as 

follows: 

"The generic name  Equisetites was proposed by Sternberg in 1838 as a conve- 

nient designation for fossil stems bearing a close resemblance to  recent species of 

Equisetum. Some authors have preferred t o  apply the n a m e  Equiseturn to fossil 

and recent species alike. but in spite of t he  apparent identity in the external char- 

acters of the fossiI s tems with those of existing Horse-tails, and a close similarity 

as regards the  cones, t here are certain reasons for retaining S ternberg7s generic 

name. It is important to avoid such nomenclature as might appear to 

express more than the facts a d m i t . "  (Seward, lS98, p. 2.57) (Bold face is 

added by the author,  2. Wan). 

In my opinion, Equisetum-like fossils of post-Late Cretaceous can be assigned 

to Equisetum, but those of pre-Early Cretaceous had better  be  assigried to Equi- 

setites because the Late Cretaceous vegetation is quite different frorri that of t lie 

Early Cretaceous so t ha t  there a chance t ha t  pre-Early Cretaceoiis Equi.~e!urn-li kc 

fossils di ffer from Equisét um. Therefore, Equiset it e s  appears to bc niore appr-opri- 
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ate than Equisetum for the Gates materials. 

Many species are recognized on the basis of the size of stem, the lengtli of 

internode, and the number, size and morphology of teeth in a leaf-sheath. When 

only diaphragms are available, species are separated on the basis of the shape of 

diaphragms, and number and length of the spokes. The underground rhizomes 

provide little information for species recognition. Species reported range frorn 

Carboniferous to Quaternary in age (Cenozoic species are generally assigneci to 

the living genus Equisetum). 

Generitype: Equisetites muensteri Sternberg 

Equisetites montanensis (LaPasha & Miller)  comb. nov. 

(PI. figs. 1-:3) 

Basionym: Equisetum montanensis LaPasha &Miller, 198.5. Palaeon tog., A h t  . 

B, Bd. 196, p. 119, Pl. 2, figs. 7 ,  8, text-fig. 4B. 

Original Diagnosis: "Stems 2.0-4.0 mm wide, 2-3 ridges seen in surface vicw of 

compressions and about 5 prominent ridges and 5 furrows in entire sterii. iritei-riode 

length 4 cm or more; leaves about 5.0 mm long, 1.0-2.0 mm widey fused basaIl>- 

forming a leaf sheath, free part of leaf about 2.0 mm long, apex acurniriate: leaf 

sheath tightly appressed to the stem, sometimes slightly bulging but wi th  leaf 

apices appressed to stem (LaPasha and Miller, 1985, p. 119)". 

Emended Diagnosis: =lerial shoots articuiated, 2-4 mrn wicle: iritcrnocle 2 cni  



or more in length; about 5-8 ridges in an entire stem; secondary branches arising 

from the nodes. Leaves about 5 mm long, 1-2 mm wide, fused basally to form a 

Ieaf sheath, 5-8 Ieaves per sheath, free part of leaf 1-2 mm long, apex acuminate; 

leaf sheath tightly appressed to the stem, sometimes slightly bulging but wit h leaf 

apices appressed to stem. 

Tuber-bearing rhizomes articulated, 3 mm wide; internode 1-5 cm long. Tubers 

oval, ovate or globose, up to 1 cm in diameter, paired on node, their surfaces 

generally wrinkled. 

Materials: Specimens numerous. Locali ty no.: 926, 950, 9.5 1. 9.53. 

Distribution: This species has been reported from the Gates Formation and 

Kootenai Formation. Its distribution appears confined to the  Aptiari--Albian in 

the northwestern Interior of North America. 

Discussion: The Gates materials are similar to those reportecl from Montana 

by LaPasha and Miller (198-5), except the length of the interriode is shorter and 

the number of leaves in a sheath is sIightly greater than reportecl for Moritana. 

specimens. These differences are considered as normal variation witliin a species. 

-4s discussed under generic comments, Equisetites is preferred over Equiseturr2 

for the Gates materials. Therefore the species is transferred from Equisefum to 

Equisetites. The gender of Equisetum is neuter. The gender of the specific epithet 

montanensis. chosen by LaPaslia and Miller (19S5), is not  in accordance with 

Equisetum in gender but happens to be the same as that of Equiseiites. Therefore. 



the suffix of the specific epithet does not need to be changed. 

This species diKers from most other Mesozoic Equisetites by its small size. 

Among smaller Equisetiteslike species, Equisetum filum Harris (1979) is similar 

to the present species in stem size, but differs in having obtuse teeth. LaPasha 

and Miller (1985) also indicated t hat the leaves of Equisetum filum Harris were less 

extensively fused. Equisetum uirginicum Fontaine (1889) is similar in aimost wery 

aspect to the present species except that  it has a stem twice as wide. Equisetum 

marylandicum Fontaine (1889) differs from the Gates species mainly in having 

s horter leaves. 

Although no connections of aerial shoots with the underground rhizomes are 

found in the Gates material, it is concluded t hat both parts a re  from o n e  type of 

plant, because among the very numerous specimens found in the Gates Forniation. 

only one type of aerial organs, and one type of rhizome are recognized. 

Class Filicopsida 

Order Filicales 

Family Dicksoniaceae 

Genus Acanthopteris Sze ernend. Chow 

Generic Diagnosis: Frond pinnately divided; sterile pinnules pecopteroid. or  

Cladophlebidium-type; sori terminal, situated on apices of fertile pinriulcs, wrappctl 

in indusia; indusium bivalved like that of the living Dicksonia. 



Comments: Acanthopteris was instituted by  Sze in 1931 to designate pinnate 

fronds characterized by having more or less triangular pecopteroid pinnules and 

intercalated pinnules (Sze e t  al. , 1963). Chow supplemented the reproductive 

organ information in 1974, which, together with the vegetative pinnae. was sum- 

marized by GIW (1978). Since there was originally only the type species A .  

gothanii in the  genus, the generic diagnosis of Acanthopteris was not explicitly 

given and was assumed to be the same as the specific diagnosis of A .  gothanii. 

The above given generic diagnosis is summarized by the author on the b a i s  of 

GIW (1978) and Chen et al. (1981). 

Acanthopteris has been generally accepted as a natural genus in the fariiily 

Dicksoniaceae. However, Zhang et al. (1980, p. 2.50) listcd t h e  genus under  

Incertae Sedis instead of under Dicksoniaceae. They also cIaimed that the fertile 

pinnae of the genus were the same as those of Coniopteris, which was included in 

the Dicksoniaceae by them. There is inconsistency in their point of vicw. 

The genus Birkia: established by Samylina in 1972; is a synonym of .-lcnn- 

thopteris (Chen et al., 1981; Zheng and Zhang, 1983; Cao. 1983: Clicii ct al.' 

19SS). 

Iiylikipteris Harris (1961) differs from Acanthopteris in having cup-shaped in- 

dusia rather than bivalved indusia (Figure 3.1). In practice. it is difficult to s h a v  

the nature of the indusium, so that recognition of Acanthopteris is mainl? on t h e  

basis of sterile pinnae. Therefore, it is quite possible that specimens of I<ylikiptetr.i 

are included in Acanthopteris. 

Eboracia Thomas (Harris, 1961) mainly differs from Acantheopteris in having 

marginal sori rather than terminal ones (Figure 3.1). Also~ indusia of Woraci« 
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Acanthopteris 
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Kylikipteris 
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Figure 3.1: Morphology of similar fossil genera of Dicksoniaceae 

are cylindrical rather than bivalved. 

Coniopteris Brongniart differs from Acanthopteris in having sphenopteroid 

sterile pinnae rather than pecopteroid pinnae (Figure 3.1). Although Chen et  

al. (1981) indicated that the indusia of Acanthopteris were similar to those of 

Diclisonia, which has bivalved indusia, and that indusia of Coniopteris were sim- 

ilar to those of Thyrsopteris, which has cup-shaped indusia, Krnssilov (197s. p. 

'21, Pl. 8, figs. 72-81) showed that some species of Coniopteris rnay have bi- 

valved indusia, too. Therefore, the indusium of Coniopteris may be Iike that of 

Acanthopt eris. 



A concise generic definition of Acanthopteris was given by Chen e t  al. (LYSl, 

p. 46) to be: " Cladophlebidium-type sterile pinnae plus Dicksonia- type fertile 

pinnae" (translated from Chinese by the aut hor). 

Zhang et al. (1980) and Cao (1983) claimed that the fertile pinnae of Acnn- 

thopteris were of the Coniopteris type. As the indusia of Coniopteris include 

both bivdved and cup-shaped forms (Harris, 1961; Krassilov, 1978). the defini- 

tion of Acanthopteris given by Zhang et al. and Cao appears to overlap that of 

/<y1 iki p t e ris. 

It is, hereby, suggested that Iipyfikipteris Harris be restricted to plants hav- 

ing cup-shaped indusia; Acanthopteris Sze refers to bot h plants having bivalveci 

indusia and plants whose indusium nature is imperfect ly known. 

Although five species have been reported within the genus, only two of then i  

are generally accepted, A .  gothanii Sze and A .  onychioides (Vassilevskaya L Kara- 

Mursa) Zhang. Differentiation between these species is on the hasis of size of 

pinnae and pinnules, venation, and the existence of intercalated pinnules. 

Generitype: Acanthopteris gothanii Sze 

Acanthopteris gothanii Sze 

(Pl. 2, figs. 4-6; Pl. 3, figs. 1-4) 

Cladophlebis alata Fontaine sensu Fontaine, 1905d, p. 158, Pl. XXXIX: figs. 

9-11, Pl. XL; [non] Fontaine, 1889, p. 77, Pl. XIX, Fie. 5:  [non] Fontaine.  

1905h, p. 229, Pl. LXV, Figs. 17-21. 
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Coniopteris pachyphylla (Fontaine) Berry, 1929, [pro parte] p. 42, Plate VII, figs. 

1, 2 [only]. 

Coniopteris brevifolia (Fontaine) Bell, 1956, [ ~ r o  ~ a r t e ]  p. 47, PI. 1, fig. 3' Pl. 

II, figs. 1 3 P l  1 f i  1, P l  VI,  fig. 2 [only]. 

Acanthopterb gothanii Sze, 1931, p. 53, Pl. 7, figs. 2-4 (type not seen; reference 

cited frorn Chen et al., 19SS, p. 39); Sze et al., 1963, p. 12.5, PI. 46, figs. 1, 

2; GIW, 1978, p. 170, Test-fig. 3-29; Chen et al., 1981, p. -16, Pl. 1, figs. 

1-3; Yang and Sun, 1982, 5 ,  p. 559, Pl. 1, figs. 1; 2: Chen and Yang: 19S2. 

p. 577: Pl. 1, fig. 3; Cao, 2983, p. 30, Pl. II, figs. 3, 3a; Chen et al.: 198s. 

p. 39, Pl. 9, figs. 1-5, Pl. 10, figs. 1, 2, PI. 12, fig. 1. Pl. 62: figs. 5-7. 

Sphenopteris sp. "6"; DougIas, 1973, p. SI, Pl. 22, Figs. 7, 11. 

- Coniopteris frutiformis Douglas, 19'73, p. 24, Pl. 27, Pl. 2s; Figs. r ?  23,  23. 

Coniopteris inenarabilis (Hollick) Scott Sr Smiley, 1979' Pl. 2 ,  fig. 1. 

Acanthopteris alata (Fontaine) Zhang, 1980, p. 251, Pl. 158, figs- 6-7, Pl. 159. 

figs. 1-:3. 

Coniopteris hymenophylloides (Brongniart) Seward sensu LaPasha and  Miller, 

1986, [ ~ r o  parte] p. 121, PI. 4, figs. 5 ,  6, Text-fig. 5-1 [on&]: [non] Seward. 

1910, p. 367, Figs. 271, 271, 275 B;  [non] Harris, 1961, p. 1.52. Text-figs. 

53, 54; [non] Sze et al., 1963, p. 75, Pl. 24, fig. 6, Pl. 46, fig. 3. 

Sphenopteris rnaclearnii Bell sensu LaPasha and Miller, 1985, p. 1 3  1 PI. 7, figs. 

5, 6, Text-fig. 10 (D-F); [non] Bell, 1956, p. 73, Pl. XXIII, fig. 3. Pl. XXIV? 

fig. 3, Pl. XXVII, fig. 13. 



Descript ion: Frond large, a t  least tri pinnate; rachis longi tudinally ridged u p to 

2 mm broad, winged distally. Pinnae linear up to 2.5 cm long by 0.5 cm wide, 

with acuminate apices; base decurrent; pinna rachis winged. Intercalated pinnae 

morphologically same as normal pinnae. 

Pinnules up to 5 mm long and 1 mm wide, oblique, pecopteroid, variable, 

generally deltoid to linear Ianceolate, more or less curving forward; t he  posterior 

magin  convex, the anterior margin slightly concave, pinnule having acute-pointed 

apex; base decurrent , neighbouring pinnules connected at base; pinnule arising in 

katadromic order, basal pinnule decurrent on pinna rachis, forrning an intercalated 

pinnule; intercalated pinnules morphologically the same as normal pinnules: those 

on the main rachis modified into triangular shape. 

Venation pecopteroid, veins slender, 3-4 pairs of simple or once-divided lateral 

veins arising at  acute angle from the midvein. 

Fertile pinnae appearing in the upper part of frond; pinnule rnen~braric s t  rorigly 

reduced; sori subcircdar, Iarge, up to 1.5 mm in diameter, enclosed in indiisia. 

borne on ends of midveins: details of the indusia and sporangia unkriown. 

Materials: Specimens numerous. Locali ty no.: 57.5, S B ,  923, 950-9.5 1, 956, 957. 

Distribution: This species has been reported from the northwestcrn Interior 

(Bell, 1956, LaPasha and Miller, 19S5), Alaska (Fontaine, 1905d; Scott and Smiley. 

1979), northeastern China (Chen et  al., 1988) and Siberia GIW (1975). It also 

apparently occurs in the Early Cretaceous of the Antarctic Province (Dotiglas. 

1973). Its distribution appears confined to both the Arctic Province and the 



Antarctic Province frorn the Neocomian to AIbian. Occasionally it occurs i n  the 

Late Jurassic. 

Discussion: The Gates materials show apparent intercalated pinnules and/or 

pinnae. Intercalated pinnules in the upper part of the frond Iook like decurrent 

pinnules (Pl. 2, fig. 4; Pl. 3, fig. 4); in the lower part of the frond, the intercalated 

pinnule is attached to the main rachis (Pl. 2, fig. 5 A ) .  The vegetative pinnae are 

very similar to the Chinese materials figured as A. gothanii (Sze. 19:31; Sze et al.. 

1963): and there is no doubt that they are conspecific. 

One of the specimens from the Luscar Formation figured by Bell (1956. p. 

47, Pl. III, fig. 1) as Coniopteris breuijolia shows apparent intercalated pinnules 

and appears to be referrabie to A. gothanii. Furthermore, Coniopterii 6reviJolia 

(Fontaine) Bell appears to  be an invalid species name, since Bell did not esplicitly 

indicate the basionym of this species a t  the time of transfer. 

The Montana materials figured by LaPasha and Miller ( 19Y5. p. 131. PI. 7.  

figs. 5, 6) as Sphenopteris madearnii also show apparent intercalated pinnules. 

which are absent on the holotype of Sphenopteris maclearnii Bell (1956, p. 73 ,  PI. 

XXIV, fig. 2, Pl. XXVII, fig. 3);  the Montana specimens appear to be conspecific 

with A. gothanii. 

The best fertile specimen shows only part of a fertile pinna (Pl .  2. fig. 6) .  

Although the basal intercalated pinnule can not be observed, the size and  mor- 

phology of this fertile pinna fit those vegetative pinnae quite well. Sterile pin- 

nules a t  the base of this specimen are consistent with those of vegetative pinnac. 

Therefore, it is concluded that this kind of fertile pinna is also conspecific w i t h  



A.  gothanii. Similar specimens from the Luscar Formation figured by Bell (1956, 

p. 47, Pl. 1, fig. 3; Pl. II, figs. 2 ,  3; Pl. VI, fig. 2) as Coniop ter i s  brez;ifolia 

have terminal sori rather than marginal ones and appear to  be conspecific with A. 

gothanii .  The Montana materials figured by LaPasha and Miller (1983, p. 121, 

Text-fig. 5-1, Pl. 4, figs. 5,  6 )  as  Coniopteris hymenophyl loides  have terminal sori 

rather than marginal ones; they also appear to be conspecific wi th  A. gothanii. 

The Alaska materials identified by Fontaine (1905d) as Cladophlebis alata ap- 

pear to be conspecific with A .  gothani i  in terms of vegetative pinna rnorphology. 

although there are no fertile pinnae reported from Alaska. They differ [rom t h e  

type specimen of Cladophlebis alata (Fontaine, 1889; p. 77, Pl. XIX, fig. 5 )  from 

the Potomac Group in having obvious intercalated pinnules or pinnae, wliich are 

absent on the Potomac materials. 

Zhang et al. (1950) created a new combination on the hasis of t h e  Alaska 

materials and Chinese  materiais, A. alata (Fontaine) Zhang. Fertile pinnae were 

reported as of the Coniopteris type. Zhang et al. (1980) indicated that A .  alata 

differs from A. gothanii  in having larger pinnules (15-20 mm long and 2-3 mm 

wide), but they also mentioned that  this difference was not so apparent and the two 

might belong to  one species. Chen et al. (1958) indicated t h a t  t h e  delirni tations 

of those two species were not clear, and shoived that a frond of t h e  .4. n l d n  type 

formed part of the upper frond of A. gothanii. 

In addition, there appears to  be some nomenclatural problem with A .  d a t a  

(Fontaine) Zhang. The basionym of A. alata (Fontaine) Zhang is Cladophlebis 

alata Fontaine, which was typified by the Potomac material. What Zhang et al. 

(1980) referred to was probably t h e  Alaska materials, because only the Alaska 



materials were cited in their synonym list, rather than  the Potomac material. In 

fact, the Potomac material (Fontaine, 1889, p. 77, PI. XIX, Fig. 5) is differ- 

ent from the Alaska materials (Fontaine, 1905d, p. 158) in lacking intercalated 

pinnules. Therefore, A. alata (Fontaine) Zhang is an invalid combination. 

Another Alaska specimen figured by Scott and Smiley (1979, PI. 7, fig. 2 )  

as Coniopteris inenarabilis shows no difference from A. gothanii and therefore is 

treated as synonymous. 

Zhang et  al. (1980) established three necv species of Acanthoptetis. A .  a c u t n f n  

(Samylina) Zhang, A. alata (Fontaine) Zhang and A. onychioides (Vassilevskaya 

et  Kara-Mursa) Zhang. Cao (1953) instituted another new species, A. szei Cao. 

which lacked intercalated pinnules. Alt hough five species have been reported. on1 y 

two species have generally been accepted : A. gothanii Sze and -4. onychioides 

(Vassilevskaya & Kara-Mursa) Zhang; the former has intercalated pinnae. t h e  

latter does not (Sze et  al., 1963,; Zhang el aI., 1983; Cao, 1983). 

Chen et al. (1981) claimed that al1 the reported species of dcarithopterk 

including the North American, Russian, Chinese and .lapanese materials. werc 

possibly only one species. A .  golhonii. Accordingly, the differences amcng various 

species woiild represent variations found in different parts of a frond. Later on 

Chen et al. (1988) changed their point of view and indicated that Coniopleris 

onychioides Vassilevskaya 8z Kara-Mursa, the basionym of A.  ongchioides (Vas- 

silevskaya et  Kara-Mursa) Zhang, differed from A. gothanii in lacking in~ercalatcd 

pinnules in the  middle and lower part of the frond and in having a curving rachis. 

Therefore. only A .  gothanii, A .  onychioides and A. sp. are accepted as distinct 

species in this study. 



The  two specimens frorn the  Kootenay Formation figured as Coniopter-is pnchy- 

phylla (Berry, 1929, p. 42; Pl. VII, figs. 1, 2) are identical to those of A.  gothanii. 

The basionym of Coniopt eris pach yph ylla (Fontaine) Berry, Dicksonia pachyphylla 

Fontaine, is a fertile fragment from the Shasta Formation (Fontaine, 1905h, p. 234, 

PI. LXV, fig. 1). Similar fertile fragments can be found among remains of either 

A .  gothanii or some species of Coniopleris, like C. bidens (Bell) comb. nov, and 

C. simplex (Harris, 1961). Because the pinna base of the Shasta material can not 

be observed, it is uncertain if intercalated pinnule exists. Therefore, the ident i ty 

of the Shasta material can not be confirmed. 

T h e  materials from the Kootenai Formation figured as Dicksonia pach yph ylla 

Fontaine (190.5i7 p. 2SSo Pl. LXXI, figs. 5-11) appear to belong to  more than one 

species. The  specimen in Pl. LXXI, fig. 11 (Fontaine, 1905) may be conspecific 

with A .  gothanii judging from the  general shape of that specimen. but the pinna 

base is not preserved and the  information about intercalated pinnules is absent. 

Therefore? its identity can not be confirmed. 

Other fertile pinriae from the Kootenai Formation (Fontaine. 1905i, p. 2SSo 

Pl LXXI, figs. 7-10) do not show enough features to confirm their identity. The 

sterile specimen in PI. LXXI, figs. 5 ,  6 (Fontaine, 1905i) is quite different [rom -4. 

gothanii in having bifurcated pinnules, a feature that is, however, cliaracteristic 

of Coniopteris bidens (Bell) comb. nov. 

The materials from the Kootenai Formation figured as Dicksonia montanensis 

Fontaine ( lgOFji, p. 286, Pl. LX.?([, figs. 1-4) were cited by Berry ( 1929, p. 42) 

as a synonym of his Coniopteris pachyphylla (Fontaine) Berry. None of those 

specimens shows intercalated pinnules. The specimen in Pl. L X S I ,  figs, 1: 2 



(Fontaine, 1905i), which is from the upper part of a frond, does, however, show the 

existence of intercalated pinnules. The one in Pl. LXXI, figs. 3, 4, which appears 

to  be from the rniddle and lower part of a frond, does not show any intercatated 

pinnules. Considering that the rachis is curving, as shown on  Fontaine's Pl. LXXI, 

fig. 3, Dicksonia montanensis is most likely conspecific with A .  onychioidea. 

Al1 the Australian specimens figured as Sphenopteris sp. -8 and Coniopteris 

frutifomis Douglas (1973) are morphologically similar to  A. gothanii and are 

t reated as conspecific. 

Acanthopteris sp. 

(Pl. 3, fig. 5 )  

Coniopteris brevifolia (Fontaine) Bell, 1956, [pro p. 47, PI. III. fig. 2 

[ onbl .  

Sphenopteris warragulensis hicCoy sensu Douglas, 1973, p. 73, Pl. 20, figs. 1-21 

Figs. 7, 6-9. 

Description: Frond a t  least bipinnate; pinna Iinear, up to 4 cm long by 0.5 cm 

wide, apex acute, base decurrent on rachis, winged. Pinnules up to 10 mm long 

and 2 mm wide. oblique. inserted on rachis a t  acute angle, pecopteroid. variable, 

generally linear lanceolate to linear elliptic, more than 2/3 part of the posterior 

side free, about 113 part of the anterior side free; apex acute-pointed; base de- 

current, neighbouring pinnules connected at base; pinnules arising in katadromic 

order. basal pinnule decurrent to the primary pinna rachis. appcaring to lx a n  



intercalated pinnule. Venation pecopteroid, veins slender, 2-3 pairs of simple or 

once-divided lateral branches arisiog a t  acute angle from the  midvein. 

Fertile pinnules unknown. 

Materials: 3 specimens. Locality no.: 853. 

Distribution: This species has been recovered from the Gates Formation and 

T h e  Bullhead Group in the northwestern Interior and from the  Lower Cretaceous 

of Victoria, Australia. It distribution appears confined to the  Lower Cretaceous 

of both the Arctic and the Antarctic Provinces. 

Discussion: These materials are morphologically similar to veget at i ve piiinae of 

A. gothanii, but  its pinnules are about as twice large as those of A .  gotharrii. -4s 

there were no intermediate forms between A.  sp. and A. gothanii in thc Gates 

Formation, il. sp. appears to be a distinct species. Because of t h e  fragnie~itary 

nature of the  specimens and the absence of fertile materials: it is not appropriate 

t o  institute a new species. 

BuIlhead material figured as Coniopteris brevifolia (Bell, 19.56. p. 47. Pl. I I I .  

fig. 2) is rnorphologically identical with A. sp. and appears to  be conspecific. 

The Victoria specimens figured as Sphenopteris warragulensis (Douglas, 197'33) 

are morphologically identical with A .  sp and  appear to be conspecific. The  Vic- 

toria specimens include both fertile and sterile pinnae. Since the  type material 

of Sphenopten's warragulensis was not available for examination. it is uiiccstairi 

whether the Victoria specimens are correct Iy identified as Sphenop ter l s  uirirr- (19- 



.ulensis and should therefore be recornbined, or if they should represent a new 

species of Acanthopteris. 

Genus Coniopteris Brongniart 

Comments: The nomenclatural difficulties of Coniopter is  have been discussed 

in detail by Harris (1961). Coniopter is  was founded by Brongniart in 1849 for 

the sterile leaf Sphenopteris m u r r a y a n a  and for what he regarded as  its fer- 

tile leaf Tympanophora racernosa (which probably belong to another separatc 

species). Curiously. Brongniart did not include Sphenopter is  hymenophyl loides  

within the genus. Subsequently Coniopter is  was only used intermittently i i i i t i l  

Seward adopted it in 1900 since when it has been in general use. 

Seward (1910) treated the type species C. murra yana (Brongniart) Brongniart 

as a synonym of C. h y m e n o p h ~ l l o i d e s  (Brongniart) Seward, but he gave no nomcn- 

clatural reasons why C. hymenophyl loides  was employed as the binomial narne for 

the species instead of C. m u m a y a n a .  Harris (1961)  considered C. hymenophyl-  

loides and C. murrayana as two distinct species after careful comparisons. Sze et 

al. (1963) also claimed that C. hymenophyl loides  did not include C. murragana.  

Sze et al. (1963. p. 74) were incorrect in citing C. hymenophyl loides  as the 

generi type: Con,iopteris murrayana  appears to be the correct generi ty pe. 

Although Coniopteris was instituted by Brongniart in 1849 for fossii fronds 

characterized by pinnules more or less intermediate between the Pecopteris and 

Sphenopter i s  types and agreeing in the forrn of the sori with t h e  leaves of recent 

species of Dicksonia (Seward, 1910), there ivas only one species, C. cliyutn (Liiidley 



& Hut ton) Seward (1 910) t hat  possessed Pecopteris- type pinnules. This species 

was, Iater on, transferred to Kylikipteris arguta (Lindley Sr Hutton) Harris (1961). 

Therefore, the sterile pinnae of Coniopteris refer only to those of Sphenopteris 

type* 

Harris (1961) gave an emended diagnosis of Coniopteris and described the 

sori of Coniopteris as having a short placenta and a cup-shaped indusium, or 

sometimes an indusium flattened in the plane of the lamina and then more or 

less divided into upper and lower Lobes. Although Harris' emended diagnosis is 

contradictory with the original diagnosis (Seward, 19 10) in  having ciip-shaped 

indusia, instead of bivalved indusia, he did show some species of C'oniopteris 

having cup-shaped indusia (Harris, 1961, p. 145, Fig. 50-E, F; p. 1-57: Fig. 54-E. 

F). 

Sorne species of Coniopteris have been found with bivalved indusia l ike  t hose of 

the living Dicksonia (I<ra,ssilov, 1978; Chen et al., 198s). Species having flattened 

or lobed indusia (Harris, 1961, Fig. 51-1, J )  appear to be intermecliate forms 

between the  bivalved and the cup-shaped. 

.4ltliough species having bivalved indusia shoiild be included in a genus  dis- 

tinct from those having cup-shaped according to the classification criteria for 

living plants (Bower, 1926), i t  is difficult to apply such criteria in fossil plants 

because indusia of fossil plants are not always available for esaminat ion.  In fact. 

most specimens have been assigned to the genus Coniopteris simply on  t h e  ba.- 

sis of macroscopic similarity without regard for the details of their itidusia. Thc 

present trend is t o  assign the name of Dicksonia, a extant genus, t o  ttiose Iiaïing 

demonstrably bivalved indusia (Krassilov, 197s; Chen e t  al., 19SS). T hereforc. 
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Coniopteris appears to include two kinds of fossils; plants that  fit Harris' (1961) 

emended diagnosis and plants whose indusia are imperfectly known. 

Berry (1911) proposed Dicksoniopsis as a convenient name for fern fronds 

which showed an undoubted relationship with the modern ferns of Dicksoniaceae, 

but were impossible to correlate positively with any of the  existing genera of the  

subfarnily. Dicksoniopsis appears to have no major difference from Coniopteris in 

definition and is treated as a synonym of the latter. 

Differentiation among species is based on the morphology of both vegetativc 

and fertile pinnae, and on the  venation of pinnules. 

Generitype: Coniopteris m u n a y a n a  (Brongniart) Brongniart 

Coniopteris bidens (Bell) comb. nov. 

(Pl .  4: figs. 1-4) 

Dicksonia pachyphylla Fontaine, 1905i, [pro parte] p. 2SS, Pl. LXXI. figs. 5. 6 

l onlyl. 

Basionyrn: Sphenopteris bidens  Bell, 1956, Geol. Surv. Canada, Mernoir 2S.5, 

p. 71; Pl. XXXII, fig. 2, Pl. XXXIII, fig. 5. 

Original Diagnosis: "Frond, a t  least bipinnate and probably tripinnate. Penul- 

timate rachis, long, stout, about 2 mm diameter, obscurely ribbed longi tudinally. 

Ultimate pinnae, alternate to  subopposite, contiguous, linear-acuminate, inserted 

at  open angles to parent rachis. of about  eqiial breadth for more t h a n  tialf tlieir 



length, then narrowing gradually to a very acute termination, up to 7 cm or 

more long and 1 cm ivide; rachis, winged. Pinnules, oblique to rachis, alternate 

to subopposite, decurrent on wing of rachis, closely set, obovate-cuneate to suh-  

rectangular, generally bifid or obtusely bidentate or emarginate a t  broad anterior 

end; t h e  largest are occasionally trifid by emargination or division of the anterior 

lobe. A single, oblique vein enters each pinnule, gives off a posterior branch where 

pinnule connects with wing of rachis, whereas the anterior branch generally bifur- 

cates a short distance beyond; the  posterior branch of the main vein is generally 

single, terminating in a posterior. hluntly pointed lobe of the pinnule. or i r i  Iargest. 

pinnules divides once to enter the two segments of a bifid lobe. The anterior. once- 

divided branch of the main vein supplies the anterior distal lobe of tlie pinnule. 

which may have a subordinate marginal lobe at the end or the forward vein. The 

pinnules approaching the apex of a pinna are subrectangular, emarginate or bifid 

at  their extremities, each segment provided with a single branch of t h e  main ve in .  

Fertile pinnae, unknown (Bell, 1956, p. Tl)". 

Emended Diagnosis: Sterile pinnae are the same as described in tlie original 

diagnosis. 

Fertile pinnae morphologically sirnilar to vegetative ones, shorving no rcduction 

of pinnule lamina. Sori borne on the apices of pinnule lobes; sori 11p to 1 riim 

in diameter, enclosed by an indusium; details of the indusium a n d  sporarigia 

unkaown. 

Materials: Specimens more thari -10. Locality no.: 9.50, 951, 956. 



Distribution: T h e  species has been recovered from the  Gates Formation, t h e  

Kootenai Formation, and the  lower Blairmore Group. Its distribution appears 

confined to  t h e  Aptian-A1bia.n in the  northwestern Interior. 

Discussion: Sterile specimens a re  numerous, bu t  only one fertile specimen was 

found (Pl. 4, figs. 3, 4); fortunately, this fertile specimen shows connection 

between fertile pinnae and sterile pinnae. As the  fertile specirner~ (PI. -1. figs. :j. 

4) is from t h e  upper part  of a frond, most of its pinnules do  not bifurcate: this 

phenornenon is also common in sterile pinnae (Pl. 4, fig. 2 A). Wowever. t h e  

basal pair of pinnules of every fertile pinna shows the characteristic bifurcation. 

Therefore, t h e  fertile specimen (Pl.  4, figs. 3, 4) is morphologically identical with 

steriIe specimens. 

T h e  specimen figured as Dicksonia pachyphylla Fontaine (1905i. p. 'SSS, Pl. 

LXXI, figs. 5 ,  6) has bidentate pinnules in the  upper part of a pinna and unified 

pinnules in the lower part  of the  pinna. A pinnately divided pinna of C. bidens i r i  

t h e  apex of a frond can present this morphology. Therefore, Fontaine's specimen 

is considered t o  be  conspecific with C. bidens. 

Specimens included wit hin Dicksonia montanensis Fontaine ( lC303i7 p. 286. Pl. 

LXXI, figs. 1-4) a re  al1 fertile pinnae, which provide little taxonornic information 

because their fertile pinna laminae are strongly reduced. The  onIy valuablc Laso- 

nomic information is provided on Pl. LXXI, fig. 2 of Fontaine (1905i), on which 

every pinnule has a n  apical sorus except the  two basal pinnules. Each basal pin- 

nule (lobe) together with the  neighbouring pinnule (lobe) appears to  consti t u t e  



.S.? 

a bifid pinnule. a feature typical of C. bidens (Pl. 4 ,  fig. 4 B). Tlierefore, the 

Kootenai materials may belong t o  C. bidens. 

O n  the  other  hand, each of those basal bifid pinnules can also be interpretcd 

as two independent pinnules (Fontaine, 1905i, Pl. LXXI, fig. 2). in which case 

it would differ from C. bidens. Besides, the  fertile pinna laminae of t h e  Koote- 

nai specimens appear strongly reduced while those of C. bidens are not reduced. 

Therefore, a definite conclusion can not be made until more information is avail- 

able. 

Coniopteris ermolaevii (Vassilevskaya) Meng & Chen 

(Pl. 5, figs. 1-5) 

Basionym: Scieropteris ermolaevii Vassilevskaya, 1963, Pl. 23. (type not seen; 

reference cited from Chen e t  al., 1988, p. 36) 

Coniopteris breuijoiia (Fontaine) Bell, 1956, [pro ~ a r t e ]  p. 47., PI. 1, fig. 4, 5 .  

Pl. II, fig. 2, 4, PI. III, fig. 6 [only] .  

Coniopteris hymenophylloides (Brongniart) Seward sensu LaPwha and Miller. 

1985, [pro parte] p. 121, Pl. 3, fig. 6-13, Pl. 4, fig. 1-4. 7' Test-6g. 5 .  A-H 

[onZy]; MacLeod and Hills, 1992a, [ ~ r o  ~ a r t e ]  p. 20, Fig. 5 b [only] ;  [rron] 

Seward, 1910, p. 367, Figs. 271, 271, 275 B; [non]  Harris. 1961, p. 152, 

Text-figs. 53, 54; [non]  Sze e t  al., 1963, p. 75, Pl. 24, fig. 6, PI. 46, fig. 3. 

Coniopteris ermolaevii (Vassilevskaya) Meng et Chen; Chen et al.. 1988, p. 36. 

Pl. 6. fig. 9' Pl. 7. figs 1-7' Pl. S: figs 1-5. Pl. 62. figs. 2. 3 .  



Descr ip t ion :  Frond a t  least bipinnate, rachis up to 1.5 mm wide. ridged longi- 

tudinally; winged distally. Pinnae up to S cm long and 1.3 cm wide, alternate 

to subopposite, attached a t  about 45 degrees to  rachis, linear, acutely pointed; 

pinna rachis winged distally. Pinnules up to 7 mm long and 3 mm wide, alternate 

in anadromic order, oblique, decurrent, variable according to position in frond, 

elliptical t o  lanceolate, subrhomboidal, generally with narrowly rounded or acute  

apices; lobes 3 pairs in the  well-developed pinnules, oblique, rounded to bluntly 

pointed, contracted a t  base by a narrow anterior sinus and cut halfway to ceriter: 

less-developed pinnules only marginally lobed or crenulate; distal pinnules. more 

elongate, crenulate or entire. Venation sphenopteroid; veins one to each pinnule. 

giving off a simple or once divided branch to each lobe. 

Fertile pinnae morphologically similar to vegetative ones; lamiriae slightly to 

strongly reduced, having marginal sori; sorus subcircular, about 1 mm in diametcr. 

borne on the apex of each lobe, apparently enclosed in an indusiiim: tletails of 

indusia and sporangia unknown. 

Ma te r i a l s :  Specimens numerous. Locality no.: 851, S53, 874, 902. 925, 950-902, 

956, 957. 

Dis t r i bu t ion :  This species has been reported from the Kootenay Formation of 

Alberta and British Columbia, t h e  Kootenai Formation of Montana, and the Gates 

Formation; it is also reported from Siberia and northeastern China (Chen et al.. 

1985). Its distribution appears to have been restricted to the Arctic Province from 

the Late Jurassic to Early Cretaceous. 



Discussion: Coniop ter i s  e m o l a e v i i  is characterized by an anadromic branching 

pattern. Comparisons with other similar species were presented in detail by Chen 

et al. (1988). 

Most specimens assigned by Bell to  C. brevifoo[ia (Pl. 1, fig. 4, 5, PI. II ,  

fig. 2, 4, Pl. III, fig. 6.) are morphologically identical with C. ermolaeuii and 

are treated as conspecific. .4lthough Bell's materials are somewhat similar to 

those of the Potomac species Thymopteris breui[oZia Fontaine ( 1SS9, p. 121, PI. 

XXIV, figs. 5 ,  10)' the possible basionym of Coniopter is  brevifolia ( Fontaine) 

Bell, the Potomac materials appear to have katadromic order and acute pinnule 

apices, whiIe Bell's materials have anadromic order and rounded pinnule apices. 

Fontaine's materials probably are C ~ n i o p t e ~ s ,  and therefore should be transferred 

to this genus. Bell's transfer should be considered invalid, as he failed to cite the 

basionym and the type, as required by K B N  (Greuter et al., 1994). 

Most specimens assigned to C. hymenophyl loides  (e.g. LaPasha and 54 iller: l Y S .  

Pl. 3, fig. 6-13? Pl. 4, fig. 1-4, 7, text-fig. 5 ,  A-H) are also conspecific with C. 

e m o l a e v i i  . Although LaPasha and Miller (198.5) described t h e  branchitig style 

to be katadromic, their specimens and text-figures al1 show apparent anadromic 

styie, which is contradictory to Harris' description for C. hymenophyl loides  (Har- 

ris, 1961). The filiform processes of the basal pinnules, which esist t hroughou t the 

whole frond in Harris7 materials, are absent in LaPasha and Miller's materials. 

Although three Montana specimens (LaPasha and Miller,1985. PI. :3. fig. 6- 

S, text-fig. 5-A. G )  slightly differ from other normal Montana spcciniens. they 

appear to represent the Young stage of normal fronds and therefore are considerect 



to  be conspecific with other normal -Montana speciniens. 

Although LaPasha and Miller (1985) claimed that  the Montana materials 

showed continuous variation between sterile pinnule forms like t  hose treated by 

Harris (1961) as C. burejensis and C. bella (Harris 1961), curiously, tliey assigned 

t he  Montana materials to  C. hymenophylloides. C. burejensis appears to  be dif- 

ferent from the  Montana and the Gates materials in having katadromic branching 

(Harris, 1961; Krassilov, 1978; Chen e t  al., 1988). Coniopteris bella is also differ- 

ent from the Montana and the Gates materials in having opposite basal pinnules 

and aphlebiform lobes on the the first pinnule on the  basiscopic side. 

The Bowser specimen figured as C. hymenophylloides by MacLeod and Hills 

(1992a, p. 20, Fig. 5 b) shows no differences from C. ermolaevii and is treated as 

conspecific. 

Coniopteris simplex (Lindley & Hutton) Harris 

(Pl. 6, fig- 1) 

Basionym: Tympanophora simplex Lindley Qd Hutton, 153.5, The fossil fora of 

Great Britain, 3: p. 57, PI. 1'70a, London. ( type not seen, refererice cited 

from LaPasha and Millar, 1955, p. 121) 

Coniopteris benyi Bell, 1956, [pro parte] p. 49. PI- V, fig.4, PI- VI. fige 6 [o?Jg]- 

Coniopteris simplex (Lindley k Hutton)  Harris, 1961, p. 142, Test-figs. 49, 60 

A-G; LaPasha and Miller, 1985, p. 121, PI. 4, figs, 8-11, PI. 5 .  figs. 1-3. 

Text-fig. 6. 



Description: Pinnae linear lanceolate. Pinnules 7 mm long and 3 riini \videt 

inserted at right angles t o  rachis, divided into about  4 pairs of slender lobes 

which a re  almost like pinnules rather than  lobes; lobe apex round, base slightly 

contracted; veins unclear. 

Fertile pinnules unknown. 

Materials: 3 specimens. Locali ty no.: 878. 

Distribution: This species has been recovered from t h e  Early Cretaceous tloras of 

the  northwestern Interior, and the English Jurassic Yorkshire flora (Harris. 1961). 

Its distribution appears confined t o  t h e  Middle Jurassic to Lower Cretaceoiis i n  

North America and Europe. 

Discussion: Frond dissection pattern of C. simples resembles that  of C. quin- 

queloba (Phillips) Seward (1910, fig. 273 A),  but  t h e  former species appears to 

have 4 o r  more pairs of lobes on each pinnule; t he  lat ter ,  onIy 2 pairs of lobes. 

hlost speciniens of Co12iople1.i~ b e r r y i  Bell (1936) have no substnntial difl<ir- 

ences from C. simplex (Harris, 1961) and are t reated as conspecific. Tlie speci- 

men in Pl.  III, fig. 3 of Bell (1956) is only part of a fertile pinna. Because of the 

strong reduction of lamina of fertile pinnae in Coniopteris and Acanthopleris, si m- 

ilar fertile pinnae may appear  in diffcrent taxa (e.g. C. bidens and A .  go!hanii) .  

Therefore, the  identity of tliis specimen can not be confirmed. 

Bell (1956) included parts of Coniopteris pachyphylla (Beri.1. 1929. PI. \'II. 

fig. 3, 4) in C. be,rryi on the  b a i s  of resemblance of t h e  fer t ik  pinriae. Again? 



their identities can not be confirmed. 

Although the type specimen of C. benyi (Bell, 1956, Pl. V, fig. -1) tiras con- 

sidered by Harris (1961)to be conspecific with C. hymenophylloides. it is actually 

more like C. simplez because there appears no aphlebiform process on the first 

pinnule on the  basiscopic side, which is cornmon in C. hymenophylloides. 

LaPasha and Miller (1985) included C. pachyphylla (Berry, 1929) within C. 

sirnplex. Nevertheless, earlier in the same paper, C. pachyphylla had been included 

within their C. hymenophylloides, an apparent contradiction. 

Coniopteris tatungensis (Sze et al., 1963) appears to differ from C. sirnple~ in 

having acute lobe apices, while C. simplex appears to  have round lobe apices. 

Family Gleicheniaceae 

Genus Gleichenites Seward (non Goeppert) 

Comments: Gleichenites was insti tuted by Goeppert in 1836 for sorne Carboni f- 

erous plants which were later on demonstrated t o  have no close relationship ivith 

Gleicheniaceae, and were subsequently included in Sphenoyteris and ive ur-ople ris. 

Gleichenites Goeppert would then be treated as a synonyrn of Sphenopteris (Sze 

et  al., 1963). 

Seward (1910; 1926) used Gleichenites Goeppert in a quite diffcrent scnse for 

fùssil ferns with sori sirnilar to  Cleichenia. Harris (1931, p. 67)  assigned autliority 

of Gleichenites to  Seward, instead of Goeppert and  stated: "Berry ( 1924) cri t icised 

this use of Gleichenites because it is contrary t o  the rules of nomenclature and 

because he considers it unnecessary. the  fossils being in his opinion gencricall~? 



identical with Gleichenia. It has not, however, been proved tha t  the species 

described here is identical with Gleichenia, but at the same time, the material does 

not justify a revision of the nomenclature of this group. The name Gleichenites 

Seward is therefore used heren . 

Although Andrews (1955) insisted on retaining Goeppert as the authority of 

Gleichenites, he accepted the new meaning assigned to Gleichenites by Seward and 

chose Gleichenites porsildii Seward, which is consistent wi t h Seward's definition 

for Gleichenites, as the generitype. 

Although Gleichenites Seward is an ill-defined genus in terrns of nomenclature. 

Harris7 way (1931) is followed here to deal with the Gates materials. 

Generitype: Gleichenites porsildii Seward 

Gleichenites nordenskioeldii (Heer) Seward 

(Pl. 7. figs. 1, 2 )  

Basionym: Gleichenia nordenskioeldii Heer, 18'74, p. 18, Pl. VI I I .  figs. 5 :  

Pl. IX, figs. 1-4. 

Gleicheniles nordenskioeldii (Heer) Seward, 1926, p. 74, Pl. 6, figs. '72, 25. 26, 

PI. 10, fig. 97; Bell, 1956, p. 62, Pl. XV, fig. 2, Pl. XVI, fig. 3 .  PI. XVIII ,  

figs. 1, 3, 7, Pl. XIX, fig. 7, PI. XX. 

Description: Frond large, at least bipinnate; rachis up to 2 nim wide. Pinnae 

linear, a t  very open angles or normal to parent rachis, up  to 8 cm long and 1 cni  



wide, of almost equal breadth for about 3/4 of length, then tapering to aciite apex. 

Pinnules a t  wide angles or normal to pinna rachis, most commonly directed a little 

forwards, up to  6 mm long and 2.5 mm wide, lingulate, generally paraIlel-sided 

and obtuse, base attached a t  the whole width; distal pinnules: connate at base 

and form a wing to rachis. Midveins continuous to apex or bifurcated close to 

it; lateral veins up to 7 pairs in largest pinnules, commonly once divided, curving 

forward to meet magin a t  open angles. 

Fertile pinnae unknown. 

Materials: lS  specimens. Locality no.: 551, 914, 915, 925. 

Distribution: The species has been reported from only the western Interior of 

Canada and western Greenland; its distribution appears confined to t lie Early 

Cretaceous of North America and Greenland. 

Discussion: Although the Gates materials are al1 sterile pinnae, tiicy arc mor- 

phologically similar to those assigned by Bell ( 1956) to C. i~ordenskioeldii. As 

Bell's materials include both fertile and sterile pinnae which were recovered fronl 

areas (e-g. Luscar Formation) adjacent to the Gates Formation, it is reasonable 

to assign the Gates materials to G. nordenskzoeldii. 

Bell (1956) indicated t hat Cfeichenia gilberl-thompsonii Font.aine ( 1 W. p. 

232, PI. 66, fig. 11) (Bell, 19.56, p. 63, mistaken as fig. 10 of Fontaine which 

is not G. gilbert-thompsonii) is conspecific with G. nordenskioeldii. 1 agree t h a t  

both are morphologically similart but there are no fertile pinnac in  Fontaine's 



materiais. It is better to treat Fontaine's G. gilbert-thompsonii as indeterminate, 

as Seward did (1926). 

Family Incertae Sedis 

Genus Cladophlebis Brongniart 

Comments: Although Cladophlebis was instituted by Brongniart in 1849 as a 

transi tional form between Pecopteris and Neuropteris from both t h e  Paleozoic and 

Mesozoic (Sze, 1963), Brongniart did not provide any definite diagnosis for t h e  

genus. Fontaine (1889) referred to Saporta as the first who defined the features of 

the genus Cladophlebis and cited Schimper's fuller analysis of the generic features. 

Seward (1894) reviewed the  history of Cladophlebis and gave a niodi fied defini t ion 

based on that  of Schimper. 

Sze et al. (196:3, 1 

Zeiller7s of 1900, and 

"Frond pinnately divi 

1. 97) summarized Seward's definitions of 1894 and 1910: 

Halle's of 1927 and characterized Cladophlebis as follows: 

ded 2-4 tirnes; pinnules comrnonly large, more or lcss fal- 

cate; pinnules entire or toothed, attached on rachis by full base; base sornetimes 

slightly contracted or auriculate; apex acute or round; venation pinnate: niidvcin 

conspicuous, often extending to  near pinnule apex, lateral veins often bifurcate" 

(translated by the author). 

It is sometimes difficult to distinguish Cladophlebis from Pecopterzs i f  t h e  pin- 

nules of Cladophlebis are not strongly falcate. In practice, Cl(ldoph1ebis is com- 

monly assigned to Mesozoic fossils and Pecopteris is used foi Palcozoic fossils. 

Pecoptens foliage is commonly foiinci to belong to  ferns of the klarattialcs. \\hile 



Cladophlebis is more commonly found to be related t o  the Osmundaceae and ot her  

Leptosporangiatae ferns. 

Numerous species have been included within Cladophlebis. T h e  different iat ion 

of species is on the basis of the size and morphology of pinnules, venation, and 

characters of the rachis. 

Generitype: Cladophlebis albertsii (Dunker ) Brongniart 

Key t o  the Cladophlebis and  Cladophlebis-like species of the  Gates: 

3 1. Pinnule margin entire ................................. ....- 

............................. pinnule margin toot hed. C. serrata 

............ 2. lateral veins simple, curving inward C. simplexa 

....... lateral veins forked, curving outward.. -3 

3. pinnule base constricted .............................. C constricta 

........................ pinnule base not constricted 4 

4. pinnule apex round .................................... C. nordenskioeldii 

..................................... pinnule apex acute C. uirginiensis 

Cladophlebis constn'cta Fontaine 

(Pl. 6, figs. 3, 4)  

Cladophlebis constn'cta Fontaine, 1SS9, p. 68, PI. 11, fig. 11. Pl. I I I .  fig. 2. Pl. 

VI: figs. 5 .  6' S-14. Pl. ?(XI. figs. 9, 13' Pl. CLXIX. fig. 2: Fontaine. l Y O 5 i .  
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p. 297, Pl. LXXI, fig. 16; LaPasha and Miller, 1985, p. 126, PI. 6, fig. 2, 

3, Text-fig. 9 A, B; [non] Berry, 191 1, p. 249, PI. XXIX, fig. 3. 

Description: Frond large, at least bipinnate. Pinnae linear, alternate, acutely 

pointed, up to 10 cm long and 1.3 cm wide, attached a t  40 degrees or so on  parent 

rachis, basal pinnae of frond nearly normal to  parent rachis. Pinnules alternate, 

linear lanceolate t o  triangular, more or less falcate; apex acute to rounded acute; 

base more or less constricted, cut more deeply on t he  acroscopic side than on t h e  

basiscopic. Midvein rapidly diminishing in size, generally estending on l y ha1 f way 

to apex; lateral veins 5 pairs ori well-developed pinniiles, dichotornizing twicc in 

basal part of pinnule, and only once or simple when approaching the apex. liaving 

a narrow angle with the  midvein, and appearing flabellate. 

Fertile pinnules unknown. 

Materials: Specimens ntlrnerous. Locality no.: S74? 875, 877-879. 9'25, 9.50, 9.57. 

Distribution: This species has been recovered onlÿ from the Early Cretaceous 

of North America. 

Discussion: CZadophlebis constricta was instituted on t h e  basis of Potomac ma- 

terials (Fontaine, 1889). I t  is characterized hy its constricted pinnule  base and 

less forked lateral veins. Cladophlebis latifolia Fontaine (1889, p. 69; Pl. I I I ,  fig. 

1; Pl. VI, fig. 4) is similar to C. constn'cta in overall pinnule morphology but 

differs in having copiously forked lateral veins; the lower laterai veins are 3-4 tinies 

forked, the  tipper lateral veins only once bifurcate or simple. 



Berry (1911) apparently viewed C. constn'cta and  C. latifolia as a single 

species. The sole specimen that Berry assigned t o  C. constricta (Berry, L911? 

p. 249, Pl. XXIX, fig. 3) is typical of C. fatifofia. As C. constn'cta is a form- 

taxon, there is no sense to  modify its definition. Cladophlebis constn'cta and C. 

latijolia are treated as distinct in this study. 

T h e  Gates specimens are very similar to  t h e  Montana materials. T h e  variation 

of pinnule base, size and  morphology were discussed in detail by LaPalia and 

Miller (1 98.5)- 

1 wouid, however, exclude the specimen figured by Fontaine (1859: PI. IV. 

figs. 4, 4a, 4b)  as C. virginiensis t ha t  LaPasha and Miller (1985) included in their 

treatment, because the  pinnule bases of Fontaine's material are not contracted 

like the  type  specimen of C. constricta. 

In the  original diagnosis for C. constn'cta (Fontaine, 1889; p. 68): t he  espla- 

nation of Pl. I I  does not match the  figures in the plate. The e'cplanation of PI. 

II, fig. 11 should be applied to Pl. II, fig. 13; t ha t  of Pl. II, fig. Lla t o  PI. 11. fig. 

11; tha t  of Pl.  II, fig. l l b  to  Pl. II, fig. lla. 

Cladophlebis serrata sp. nov. 

(Pl. 7, figs. 3, 4) 

Basionym: Pecopteris denticdata Brongniart, 1S2S, Hist. vég. foss. p. :301. 

Pl. XCVIII, figs. 1, 2. (type not seen; reference cited from Seward? 2910. p. 

3x3) 
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Cladophlebis denticulata (Brongniart) Nat horst non Fontaine; Fontaine. 1 Y Osa. 

[ p r o  parte] p. 68, Pl. XI, figs. 3-6 [only];  [non] Cladophlebis den t i cda ta  

Fontaine, 1589, p. 71, Pl. IV, figs. 2, 2a, Pl. VII, figs. 7, ?a.. 

C. denticulata (Brongniart) Seward, 1910, [pro  ~ a r t e ]  p. 343, Figs. 257, 356-4 in 

part (right hand pinnule) [only] .  

C. dent iculata  (Brongniart) Fontaine; Harris, 196 1, p. 78, Text-figs. 25-27 (ster- 

ile pinnae); Doludenko and Svanidze, 1969, p. 13; Pl. 1. figs. 1-5. 

Todites denticulata (Brongniart) Krasser; Sze et al., 1963. p. 64' Pl. 20, fig. 3. 

4; Zhang et al., 1980, p. 234, Pl. 120, figs. 1, 2, text-fig. 172. 

Emended Diagnosis: Frond large, at  lewt bipinnate; rachis strong, u p  to 3 m m  

wide. Pinnae linear lanceolate, alternate, u p  to 9 cm long and 2.5 cm wide, closely 

spaced or just touching, attached a t  open angles on parent rachis. Pinnules. lance- 

olate, up to  20 mm long and 5 mm wide, exceptionally u p  to 25 mm long and 

S mm wide, falcate, alternate; apex acute to bltintly pointeci; margin sparsely 

serrate, fine acutely pointcd teeth directing forward, teeth becoming sn-ialler to- 

ward t h e  base of a pinnule, sometimes the basal part of the margin appcaring 

entire; a t  tached to rachis along full base, pinnules situated near the pinna base 

rarely having slightly constricted base. Midveins moderately strong; Interal vcins. 

7 pairs, commonly dichotomizing once, proximal veins may di vide tw ice, distal 

veins simple; veins reach margiii through teetli, witli each tootti host to oiic rein. 

Fertile pinnules unknown. 



Etymology: The epithet serrata originates from Latin serratus, referring to tlie 

serrate pinnule margins. 

Materials: 13 specimens. Locality no.: 875, 889, 950, 955. 

Distribution: This species has been reported from the  Triassic to Cretaceous in 

the  Northern Hemisphere. 

Discussion: The  name C. serrata sp. nov. is, hereby, instituted to  replace the 

commonly used name C. denticulata (Brongniart) Fontaine (Harris. 1961). or C. 

denticulata (Brongniart) Nathorst non Fontaine (Fontaine, 1905a, p. 6s: 69). or C'. 

denticulata (Brongniart) Seward ( IglO), which appear to  be al1 nornenclatiirally 

invalid. 

Nathorst (1876, p. 19) appears to  b e  the  first author wlio used the narnc 

Cladophiebis denticulata Brongniart. Nathorst's usage was later on  cited by 

Fontaine (1905a, p. 6s) as C. denticulata (Brongniart) Nat horst non Font ai nc. 

Fontaine interpreted Nathorst's usage or the name to be a new combination froni 

Pecopteris denticulata Brongniart. Since Nathorst did not esplicitly indicate any  

sources t hat C. denticdata Brongniart referred to, o t  her interpretat ions are pos- 

sible. Therefore, Nathorst's usage, C. denticulata (Brongniart), appears to lx 

invalid, as  indicated by t h e  ICBN (Greuter et al., 1994),. Althougli the  ICBN 

(Greuter e t  al., 1994) is enforced for publications on o r  after Jan.  1, 195.3 re- 

garding basionyrn citation, the  same principIe can be used to  judgc t h e  validity 

of publications prior to J a n .  1, 19.53. 



Fontaine (1889) instituted the name C. denticulata Fontaine as a new species 

designat ing some finely dentate "pinnules" from the Potomac Group ( Fontaine, 

1859, PI. IV, figs. 2, ?a; Pl. VII, figs. 7, Ta). Fontaine's publication is valid, 

should C. denticulata (Brongniart) Nathorst be invalid. 

Seward (1910) ignored Fontaine's publication (1889, p. 71) and created a 

new combination C. denticulata (Brongniart) Seward in 1900, which referred to 

Pecopteris denticulata Brongniart (1823, p. 57, p. 301, PI. XCVIII: figs. 1, 2 ) .  C. 

denticulata (Brongniart) Seward is obviously a later honionym of C'. dc~ l t icdn! r r  

Fontaine. 

Harris (1961) misinterpreted C. denticulata Fontaine as a new combination re- 

ferring to Pecopteris denticulata Brongniart and cited it as C. denticulata (Brong- 

niart) Fontaine. Harris also indicated that the Potomac materials were different 

from Pecopleris den t i cda ta  Brongniart. Later authors followed Harris' usage (e-g. 

Doludenko and Svanidze, 1969, p. 13). 

Therefore, C. denticulata Fontaine appears to  be t h e  valid name to refer to 

the Potomac materials as his was not a transfer of the  type, but a ncw species. 

Transfer of Pecopteris denticulata Brongniart into Cladophlebis will therefore pro- 

duce a later homonym. Article 55(a) of the ICBN (Greuter e t  al.. 1988) pro\-ides 

a solution for such a problem, allowing transfer with a new epitliet. C'ludophlebis 

serrata sp. nov. is, hereby, created t o  refer to a new combination of Pecopieris 

denticulata Brongniart. 

Cladophlebis raciborsbii (Sze e t  al., 1963) is similar to some specimens of the 

present species in  having teeth on the distal 1/3 of the  pinnule rnargin. b u t  differs 

from C. semata in having blunt teeth and twice forked lateral nerves. 



The specimens included in C. semrla ta  Samyiina (Vakhrameev and Doludenko. 

1962, p. 10;  Pi. XXI, figs. 2-3;  text-fig. 17) are sirnilar to C. se,mata in every 

aspect except the twice forked lateral veins. Cladophlebis tongusor-um Prynada 

(Vakhrameev and Doludenko, 1961; p. 71; Pl. XXII, fig. 1; Pl. XXIII, fig. 1; 

text-fig. 18) also differs from C. serrata in having twice forked lateral veins. 

Part of the Jurassic specimens from Oregon assigned by Fontaine (1905a, p. 

68, Pl. XI, figs. 3-6) to C. denticulata (Brongniart) Nathorst non Fontaine appear 

to be conspecific with C. serrata; nevertheless, others are different. 

The Late Jurassic specimens from Georgia of the former Soviet Union de- 

scribed by Doludenko and Svanidze (1963) as C. denticulata are conspecific \cith 

C. serrata. 

Chinese specimens assigned to Todites denticulata (Sze et al.. 1963, p. 64. 

Pl. 20, figs. :3: 4; Zhang et al., 1980, p. 23-1. Pl. lm0, figs. 1. 2' test-fig. 172) 

are morphologically similar to C. serrata. Because the Chinese specimens arc 

al1 sterile pinnae, designation as C. serrata appears to be more appropriate t h a n  

Todites denticulata. 

Cladophlebis simplexa sp. nov. 

(Pl. S, figs. 1, 2 )  

Cladophlebis parua Fontaine sensu Bell, 1956, [pro p. 56, Pl. XI,  fig. 3.  

PI. XII, fig. 3 .  PI. XIII, fig. 1, Pl. XV, fig. 3 [onlg]; [non] Fontaine, lY.89. 

p. 73, Pl. IV1 fig. ïo Pl. VI. figs. 1-3: [non] Berry, 191 1. p. 250. PI. XSXI. 

figs. 5. 6. 



Diagnosis: Frond large, a t  least bipinnate. P innae  linear lanceolate: alternate, 

acutely pointed, up  to 6.5 cm long and  1.5 cm wide, those holding a basal position 

nearly normal to  parent rachis, whereas t hose near apex are oblique, more o r  less 

falcate; length of pinnae variable, proximal pinnae shorter  than  distal ones: rachis 

winged. Pinnules alternate, u p  t o  9 mm long a n d  3 mm wide- pecopteroid, more 

or less decurrent,  triangular t o  long e l l i~ t i ca l ,  slightly falcate; apes  bluntly or 

more sharply pointed; base connate, fusion of adjacent  pinnules more pronounced 

distally; margin appears slight ly toot hed because of t h e  s t  rong lateral veins. \,'ci ris 

moderately thick; midvein slightly fle.uuous, thick; lateral veins 5 pairs in largest 

pinnules, fewer in small pinnules, simple, strongly ascending curved backwards. 

reaching pinnule margins at acute angles. 

Fertile pinnule unknown. 

Etymology: T h e  epi thet simplexa is used to suggest the  simple later veins. 

Materiais: 5 specimens. Locaiity no.: 855 (Boulder Creek Fin.), 952, 997. 

H o l o t y p e :  Pl. S, fig. 2; specimen no.: 855-7283. 

Distribution: This  species has been recovered from the  lower Blairniore Ciroup, 

the Hazelton Group in British Columbia, t he  Boulder Creek Formation and the 

Gates Formation. Its distribution appears confined to  the  Aptian-Albian in the 

northwestern Interior. 



Discussion: This  species is characterized by having simple and backward curving 

lateral veins. Cladophlebis suniana (Sze e t  al., 1963; p. 109) from the  Late Triassic 

of northern China  is similar to the  present species bu t  differs in having Ratly 

rounded pinnule apices and sub-oblong pinnule shape. 

Most t h e  specimens assigned t o  C. parua by Bell (19.56; p. 56; PI. XI. fig. 5:  

PI. XII, fig. 3; PI. XIII, fig. 1; PI. XV, fig. 3) are considered to be conspecific 

with C. simplexa. 

Cladophlebis paroa (Fontaine, 1889) was originaliy defined as hav ing  mostly 

once forked lateral nerves. Bell's materials are not in accordance with Fontaine's 

definition. Therefore? Fontaine's' materials are escluded from C. s implesa .  Two 

specimens (Berry, 1911; p. 250; Pl. XXXI, figs. 5 ,  6)  figured as c*. parcri anb 

similar to t h e  present species but differ in having forward curving lateral veins 

and therefore a re  excluded from C. simplexa.  

Cladophlebis uirginiensis Fontaine 

(Pl .  6 ,  fig. 2) 

Cladophlebis virginiensis Fontaine, 1889, p. 70, Pl. III, figs. 3-8, Pl. IV, fig. 1. 

3-6; LaPasha and Miller, 1985, p. 129, Pl. 6, fig. 10; [non]  C. iiirginiensis 

Fontaine sensu MacLeod and Hills, 1992 p. 17, Pl. 1: figs. 1-4. 6 .  

Cladophlebis virginiensis Fontaine emend. Berry sensu Bell, 1956, [pro parle] p. 

50, Pl .  VI figs. 1-3, Pl. VI, figs. 3-5: 7, Pl. VII, fig. 2, Pl. VLI, Pl. IX, 

fig. 4 [only]; [non] C. virginiensis Fontaine emend. Berry. 191 1. p. 248. Pi. 



XXIX, figs. 4-6. 

Description: Frond large; pinnae linear lanceolate. Pinnules linear lanceolate. 

up to 11 mm long and 4 mm wide, the ratio of length to  width to lengt h 21-3:1,  

subopposite to  alternate, conspicuously falcate, attached at almost right angles 

to  rachis; apex acutely or bluntly pointed; base attached to rachis along full base. 

Midvein rnoderately strong, almost reaching apex; lateral veins I l  pairs or so, 

ascending at low angles from midvein, commonly dichotomizing once. resulting 

branches reaching the pinnule margi n. 

Fertile pinnules unknown. 

Materials: Total 3 specimens. Locality no.: 875. 

Distr ibut ion:  The  species h a  been reported from the Early Cretaceous of Nor th  

America. 

Discussion: Cladophlebis virgitziensis was instituted on the basis of Potomac 

materials (Fontaine, 1889, p. 70, PI. i l I ,  figs. 3-8; Pl. IV, figs. 1. 3-6). and is 

characterized by having falcate pinnules, acute pinnule apex, and once-bifurcatcd 

lateral veins (basal ones may bifurcate twice). Similar species from the Potomac 

include: C. parva Fontaine (1SS9), C. falcata Fontaine (ISSS), C: oblongijolin 

Fontaine (1889), C. inclinata Fontaine (1889) and C. acuta Fontaine (1889) .  

Cladophlebis parva has a pinnule length to width to ratio close to  1:l and 

appears to be a distinct species. Berry (1911) viewed C. falcata, C. oblonyifoliu 

and C. acuta aç synonyms of C. virginiensk. The type specimens of C. virginiensis 



had pinnule length to width ratio between 2:l-3:1, which differs froni 3: 1--L:L of 

other species. Therefore, C. virginiensis should be recognized as a distinct species. 

There appear no specific differences among C. frigida (Heer) Bell (1956: p. 52, Pl. 

VII, fig. 1; PI. IX, fig. 1)' C. falcata, C. oblongifolia, C. acuta, and C. inclinata; 

these are regarded as synonyms of C. inclinata. 

A simplified key to those above species can be as  follows: 

9 1. L/W ratio > 2 1  .................................. .-. 

L/CV ratio < 2 1  .................................. C,'. parua 

. . .  
2. L/W ratio 2:l-3:l ............................... C. urrgznzenszs 

................................. L/ W ratio 3: 1-4: 1 C. inclinata 

The Potomac specimens illustrated by Berry in his emendation of C. airpinien- 

sis ( Berry: 191 1, p. 288, Pl. XXIX, figs. 4-6) are different from Fontaine's type 

materials and should be included within C. inclinata. 

Although Bell (1956) used C. virginiensis Fontaine emend. Berry instead of 

C. uirginiensis Fontaine, al1 specimens figured by Bell except one ( Bell. 19-56. PI. 

VII'  fig. 4 )  are consistent ivith Fontaine's original definition. 

LaPasha and Miller (1955) used C. virginiensis in the strict serisc followirig 

Fontaine's original definition. Their only figured specimen from Montana is con- 

specific with the Gates material, but their text-figure (LaPasha and hiiller ( 198.5. 

p. 127, text-fig. 9 F) does not show the falcate features of the species and appears 

to be inconsistent with the figured specimen (LaPasha and Miller, 1985. p. 127. 

Pl. 6. fig. 10). 

The Bowser basin materials figured as C. uirginiensis by MacLcocl and IIil ls  



(1992, p. 17, Pl. 1, figs. 1-4, 6)  differs from the  Gates materials in having twice- 

bifurcated lateral veins. MacLeod and Hills7 usage of C. virginiensia appears to 

have excluded the  type materials of this species and is difFerent from the original 

definition of this species. 

Genus Pseudophlebis gen. nov. 

Generic Diagnosis: Frond pinnately divided. Pinnules pecopteroid or cladophle- 

boid, margin entire or  toot hed; venation pi nnate, midvein obvious: lateral vei ns 

arising from midvein, bifurcating a few times, resulting veins reach pinnule rnar- 

gin, extending along the  margin and fusing with adjacent veins, fused vein to forin 

a marginal vein ring. 

Etymology: The generic name consists of Pseudo- and -phlebis: the scconcl part 

is from part of Cladophlebis, because the  new genus is similar to ClntlophlcGis iri 

pinnule morphology. 

Discussion: The new genus is distinct [rom other geriera ir i  Liaviiig a pcciiliat- 

marginal vein ring. T h e  species tha t  belong t o  the genus can be distinguished on 

t h e  basis of pinnule size, shape, margin, apex and t h e  existence of petiole. 

Generitype: Pseudophlebis gatesii sp. nov. 



Figure 3.2: Venation of Pseudophle6i.s gatesii sp. nov. 

Pseudophlebis gatesii sp. nov. 

(Pl .  s, figs. 3' 4) 

Diagnosis: Frond pinnately divided. Pinnules lanceolate, petiolate, u p  to  3 cm 

long by 1.2 c m  wide: petiolule 1.5 mm long, winged on both side; apex obtuse: 

base cordate; margin crenulate; pinnules attached a l t e r n a t e k  a t  riglit angles by 

the  short petiolule o n  parent rachis, distal pinnules may a t tach  a t  narrorc- angles 

along full base on parent rachis, dropping a t  maturity. 

Midveins slender, extending over 314 of the pinnule; lateral veins u p  to 12 

pairs, the  basal pair  of lateral veins dichotomizing three times, lateral veins in the  

lower part of a pinnule dichotomizing once or twice, lateral veins in the  iniddle 

part of a pinnule dichotomizing once, distal lateral veins maybe simple, resulting 

arms ascending at 45 degrees or so a n d  reaching sinus hetweeii teeth, and tlien 

extending along pinnule margin, fusing with adjacent arms to forni a marginal 

vein ring. 

Fertile pinnules unknown. 



Etymology: The epithet gates i i  originates from the "Gatesn (Formation). 

Materials: 16 specimens. Locdity no.: 915, 931, 925, 950, 957. 

Holotype: Pl. 8, fig. 3; specimen no.: 921-7195. 

Distribution: This species has been recovered only from the Gates Formation. 

Discussion: The relationships between the laterâl veins and rnargi~ial teeth a re  

unique in this species. Commonly, the lateral veins estend into teetli in specics of 

Cladophlebis ,  but the lateral veins of this species extend into the sinuses and then 

fused with neighbouring lateral veins along the pinnule margin (Figure 3.2). The 

pinnules near the lower part of a frond have well dcveloped petiolules. Detached 

pinnules were commonly encountered in the field. Pseudophle  bis  gnt es i i  appears 

to have been a deciduous plant. 

Genus Sphenop ter i s  (Brongniart) Sternberg 

Comments: According to Sze et al. (1963), S p h e n o p l e r i s  i vas  a subgenus nanic  

instituted by Brongniart in 1822; Sternberg promoted it to  the rank of genus in  

1825. S p h e n o p t e r i s  is a form genus whose members can be found from Paleozoic 

and Mesozoic strata. Most Paleozoic S p h e n o p t e r i s  are related to pteridosperms. 

while most !vIesozoic Sphenop ter i s  have been found to belong to truc fcrns, espe- 



cially Dicksoniaceae. 

A brief diagnosis of this genus given by Seward (1910, p. 530) is as follows: 

"The lobed lamina, contracted and often wedge-shaped a t  the base, the dichoto- 

mously branched veins radiating from t h e  base or given off from a median rih at 

an acu te  angle; t he  lamina may be divided into a few bluntly rounded lobes or 

deeply dissected into linear or cuneate segments". 

The differentiation of species within the genus is on the  b a i s  of morphology of 

pinnules and pinnae. The morphology of the  first pinnule on the basiscopic side 

of a pinna  is often important. 

Generitype: Sphenop ter i s  elegans (Brongniart) Sternberg 

Sphenop ter i s  acrodenta tn  Fontaine 

(Pl.  10, figs. 2, 3 )  

Sphenopteris acrodenta ta  Fontaine, 1SS9, p. 90. PI. XXXIV. fig. -1: 13~11. 19.56. 

p. 68, Pl. XXII, figs. 4, 6, Pl. XXII, fig. 2.  

R u B o r d i a  goeppert i i  var. latifolia Seward, 1894, p.85, PI. VI. figs. 1. la. 

R u f i r d i a  goeppert i i  (Dunker) Seward, 1894, [pro  parte] p. 76, PI. V. fig. 4 [ o n l ~ ] :  

Berry, 1911: p. 231, Pl. XXIII ,  figs. 3, 4. 

Cf. Ruffordia goeppert i i  (Dunker) Seward; Sze  e t  al., 1963, p. 69: Pl. 22. figs. 4. 

4a. 
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Description: Frond large, at  least tripinnate; rachis commonly about 1 or 1 3  

mm wide, and generally appearing canaliculate or wit h pronounced central cord, 

distally winged. Pinnae elliptical. alternate to subopposite. u p  to 3 cm long by 2 

cm wide. Pinnules obovate-cuneate to subquadrate to elliptical, up to 1.5 cm long 

and 0.5 cm wide, constricted at  base to short, stout footstalk. and more or less 

deeply divided into obtuse lobes, which are sometimes like pinnules: lobe apices 

obtuseIy rounded, minutely toothed. A single, stout vein enters each pinnule, and 

by successive dichotomous divisions results in a flabelliform pattern, the arms of 

each division running subparalle1, a vein entering each tooth. 

Materials: 5 specimens. Locality no.: 952, 938. 

Distribution: This species has been reported from the Jurassic to Early Creta- 

ceous in the Northern Hemisphere. 

Discussion: Seward (1894) found a collection of fornis interrilediate I~ct umxi S. 

acrodentata and S. goeppertii. Sphenopteris  acrodentata and S. goeppertii repre- 

sent the two extremes among those intermediate forms; pinnules of S. acrodcntata 

are barely dissected while those of S. goeppertii are strongly dissectcd. in  dcaling 

with t h e  difficulty of drawing a definite line between those two estrerne forrns, 

Seward combined both forms in Ruflordia goeppertii.  Although there were fornis 

intermediate between S. acrodentata and S. goeppertii, t hose two forrns were very 

distinct. To show the difference between the two extreme forrns, Seward con- 

sidered S. acrodentata to be a variety of Ruffordin goeppertii, nanielyl R,uflordia 



goepper t i i  var. latifolia Seward. 

Most authors (e-g. Berry, 1911; Bell, 1956; LaPaha  and Miller, 1985) continue 

to accept S.  acrodenta ta  as a distinct species and their approach is followed here 

simply because those two extreme forrns are quite distinct. In dealing with the 

definite line between those two species, it is suggested that  height of a minu t e  

tooth of S. acrodenta ta  should be less than 1/3 of a lobe of the pinnule. 

Incidently, an error exists in the labelling of figures in Berry (191 1). The 

two specimens labelled as Ruf lordia  goepper t i i  were described under Kuflordin 

a c r o d e n t a t a  (Berry, 1911, Pl. XXIII, figs. 3$ 4). The two specimens lahelled as  

R l ~ f l o r d i a  ac.r.odenta t a  ( Fontaine) Berry were described under R u  f fordia goeppertii  

(Berry, 1911, Pl. XXIII, figs. 5 ,  6). 

Sphenop ter i s  b ru lens i s  Bell 

S p h e n o p t e n S  brulensis  Bell, 19.56, p. 71, Pl.  XXXI, figs. :3, 4: LaPulia and 

Miller, 1985, p. 130, Pl. 7: figs. 1, 2, Text-fig. 10 A,  B. 

Description: Frond at  least bipinnate. Pinnae alternate, linear-acuminate. u p  to  

- cm long and 1.5 cm wide, insertcd at almost right angles to  parcn t  rachis; rachis. 

distally winged, 0.5 mm wide. Pinnules elliptic to  rliomboid, witli hluiitlj. acute to 

narrowly rounded apices, contracted at base in well-developed pinnules, more or 

less deeply cut into 3 pairs of alternate lobes in addition to the terminal lobe. Veins 

intermediate between sphenopteroid and pecopteroid; in well-developed pinnules 



a branch arises from the  midvein close to its base and bifurcates once in the  basal 

lobes; vein branches t o  remaining lobes bifurcate once or are simple. 

Fertile pinnules rnorphologically similar t o  the vegetative ones; sori borne un- 

der lateral veins, one sorus per pinnule lobe; sorus composed of numerous sporan- 

gia, up to 1 mm in diameter, details of the sporangia and indusia unknown. 

Materials: 17 vegetative specimens; locality no.: 950-952, 955, 957. 20 fertile 

specimens; locali ty no.: 932, 957. 

Distribution: This species is known from the  Neocornian to the Albian in t h c  

nort hwestern Interior. 

Discussion: Although the direct connection between the fertile pinnae and the 

vegetative pinnae has not been found. hoth are very similar in  pinnule riiorpliolog~. 

The fertile pinnae differ from Coniopteris in having non-marginal sori. .AltIiough 

the fertile pinnae are  sornewhat similar to Gleichenites, sporangial details are 

unknown. Therefore, Sphenopteris remains the  most suitable generic designation. 

Sphenopteris erecta Bell  

(Pl. 9, figs. 1-3) 

Sphenopteris (Gleichenites ?) erecta Bell, 1956, p. 65, PI. XIX,  fig. 6' PI X X  I I ,  

figs. I .  7. 



Description: Frond a t  least tripinnate. Pinnae lanceolate. up to  7 cm long and  

2.5 c m  wide, opposite to alternate, moderately spaced o r  touching, attached at 

right angles t o  parent rachis; apices acute. Pinnules pinnately lobed, alternate? 

contiguous or  nearly so, inserted a t  almost right angles t o  rachis: lanceolate. api- 

cally obtuse, basally constricted t o  midvein or  nearly so, up  to  1.3 cm long and 4 

mm wide, having up to 7-8 pairs more  less deeply-cut lobes; lobes obtuse, pinnule- 

like, suborbicular to  subovate. Midvein strong and thick; lateral veins one to each 

lobe, bifurcat ing 1-4 times, resulting branches curving backward and the ends 

reaching the lobe rriargins. 

Fertile pinnules morphologically sirnilar t o  vegetative pinnules. often appearing 

in the  upper part of the frond. Sori circular, up to  0.75 mm in dianieter. one on 

each lobe, located under lateral vein on abasial side a t  about  half way to margin. 

with numerous sporangia in each sorus; no indusium observed; details of t h e  

sporangia un known. 

Materials: Specimens numerous, No. 658 (Boulder Creek Fin.). 674. 750-752. 

Distribution: This species kas been reported from t h e  Luscar Formation and 

the  upper Blairmore Group by Bell (1956); its distribution appears to be confiiied 

t o  the  Albian in the  western Interior of Canada. 

Discussion: The Gates specimens are a little larger in size than Bell's mntcr ids  

(Bell. 1956), but there is no doubt  tha t  they al1 belong t o  one specics. .-\lthoiigh 



the  fertile pinnae are somewhat similar to Gleichenit es, sporangial detai 1s are 

unknown and cornparison is Iimited. Therefore, Sphenopteris remains t h e  most 

sui table generic designat ion. 

Sphenopteris goeppertii Dunker 

(Pl. 9, figs. 4, 5; Pl. 10, fig. 1) 

Sphenopteris goeppe.rti2 Dunker. 1846. -Monographie der Norddeutschen LV'ealden- 

bilduog, p. 4, Pl. lo  fig. 6, Pl. 9, figs. 1-3. (type not seen; reference citeci 

from LaPasha and Miller, 1985, p. 131) 

Ruflordia goeppertii (Dunker) Seward, 1894. [pro porte] p. 76. Pl. I I I .  figs. 5 .  6. 

Pl. IV' Pl. V, figs. 1-3 [only]. 

Ruflordia acrodentuta (Fontaine) Berry, 1911. p. 230, Pl. X X i i I ,  figs. 5. 6 .  

- 
Sphenopteris goeppertii Dunker; LaPasha and Millerl 1985. p. 13 1. PI. '7. fig. i . 

Text-fig. 10 G. 

Description: Frond at  least quadripinnate, broadly deltoid. Primary (?)  pinnac. 

iip to 5 cm long by 2 cni wide, ddtoid.  Secondary pinnae u p  to  l .Î cm long and 1 .Z 

cm wide, deltoid. Pinnae 1 cm long and 6 mm wide, rhomboid, commonly with two 

lateral subopposite flabellately dentate pinnules in addition to a terminal group 

of segments. Pinnules 8 mm long and 2 mm wide, narrow Rabelliform. lobccl or  

dissected into several linear segments. each segment is bluntly or aciitely pointed 

and conimonly with one or more bliint o r  morc sharply pointccl apical tcctli. \%in.; 
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thin, singIe vein entering each pinnule, dividing by successive dichotomies so as  

to provide a simple vein to each ultimate segment or tooth. 

Materials: 30 specimens. Locality no.: 575, 859: S96, 924' 950-952. 956. 

Distribution: This species has been reported from the Late Jurassic to t h e  Earli- 

Cretaceous in the Northern Hemisphere. 

Discussion: The Gates specimens of S. goepperfii closely resemhle most of t h c  

vegetative specimens described under RuRoydia goeppertii by Seward (1894; p. 

76; Pl. IV; Pl. V, figs. 1-3). Because there is no information on fertile p inna  

available Cor the Gates materials, Sphenopter-is appears to be t h e  rnost suitahlc 

generic designatiori for the Gates materials. 



Class Gyrnnospermopsida 

Order Caytoniales 

Family Incertae Sedis 

Genus Caytoniopteris gen. nov. 

Generic Diagnosis: Leaflets petiolate, possibly palrnately arranged on a petiole. 

Each leaflet having an apparent midrib; lateral veins reticulate, forn-iing narrow 

simple meshes. 

Etymology: The generic name is a combination of Caytonia and -ytet-is. 

Generitype: Caytoniopteris zuilliamsii (Newberry ) cornb. nov. 

Discussion: Earlier authors used the terms frond (Xewbcrry,  id9 1 ). ~>i~i i iu lc  

(Newberry, 1891; Fontaine, 1S90) or pinna (Berry. 191 1) in describing Sugenopte~.is- 

type leaves on the beIief tha t  Sagenopteris was a fern. Seward used t h e  worcl 

"leaflet" describing the  Caytoniales leaves (Seward. 1900) and indicatcd t hat t h e  

assignment of Sagenopteris to  the ferns lacked sufficient evidence. After discmwy 

of the fertile organs of Caytoniales (Thomas, 192.5), rnost authors followcd 'l'fionias 

in using *'leaflet3 to describe Caytoniales leaves (Berry, 1929; Harris. 1940, 1963: 

Bell, 1956; LaPasha and Miller7 1985; Kimura? 1987) on the  assurnption that 

Sagenopten's-type leaves were compound. 



Cayfoniopteris vs. Normal Sagenopteris l eaves  

The leaves of C ~ y t o n i o p t e ~ s  appear t o  be similar to  those original ly assigneci to 

Sagenopteris in their compound structure, for Bell (1956, p. SO) stated: "in C:.S.C 

No. 5337 (PI. XXXIV, fig. 2) the petiole of a leaflet may be followed downwards 

t o  junction with a t  Ieast two and apparently three other leaflets at t o p  of a stout 

axis". The "petiole" in Bell's description is equivalent to the petiolule in this 

study; his "axis", is equivalent to the petiole. 

Leaflets previously a t  tributed to Sagenopt cris include bot h sessile and t lie 

petiolate types. Although the materials of t h e  type species S. nilssoniana were not 

available for examination here, Harris (1932) redescribed this species accordinp to 

materials from East Greenland. Those Ieaflets are sessile accor-di ng t,o hic; diagram 

(Harris, 19:33: fig. 1). Species that have sessile leaflets includc: 

Sagenopt e ris nilssoniana (Brongniart) Ward 

S. mantellii (Dunker) Seward 

S. spatulata Sze 

S. undulata Nathorst 

S. ilekensis Brick 

S. efliptica Fontairie 

S. phillipsii (Brongniart) Presl. 

S. maclearnii Berry 

S. goeppertii Zign 

S. pauc$oliu (Phillips) Ward 

S. alaskensis Fontaine 

S. heterophylla Doluden ko & Svanidze 



The  number of leaflets in each leaf could be an important  feature for each 

species. Sagenopleris nilssoniana, S. apalulata and S. phillipsii were descri hed as 

tetra-foliate; S. mantellii and S. elliptica, with five leaflets in each Icaf. Lcaflct 

number in S. macleamii can be as many as nine (PI. 12, fig. 2 )  On the  other 

hand, it is quite possible t h a t  variation of Ieaflet number was a result of incomplete 

preservation. Therefore, t h e  number of leaflets in each leaf proves of limited 

practical use. 

Another group of plants,  which was attributed to Sngenopteris  Ijiit cliffers i c i  

having petiolate leaflets, is represented by S. williamsii (Newberry) Bell. Species 

included within in this group are as follows: 

Sagenopleris williamsii (Newberry) Bell 

S. colpodes Harris 

S. serrata Harris 

Caytonia orientalis E<rassilov 

T h e  existence of petiolules in these plants appears quite consistent. T h e  only 

exception is a specimen which was assigned to S. phillipsii by Harris (196:3). This 

specimeri is niinutely petiolate, differing from the otlier speciniens in llic spccics, 

which have sessile leaflets. Such minor variation of sessile to riiiniitel~. pe~iolate 

leaflets is quite possible within a genus, or even within a species. Nevertheless. 

the presence of petiolules as long as 5 cm in S. williamsii apparently suggests t hat 

S. williamsii represents a different evolutionary lineage from t hat  of Sayenople ris. 

Therefore. it is reasonable to establish a ncw genus Caytoniopter-is fur  thosc pcti- 

olate leaflets. Sagenopteris should include only plants wi t h sossi lc I'afh S .  



ss 

I t  is certain1~- a prohlcrn to  clist inguish sessile leaflets Froni pet iolate Ieaflcts 

when the  petioliiles a r e  ver!- short.  i n  my opinion. decisions can b e  macle on  tlic 

basis of two points. First of d l .  a n  obvious petiolule should not be less t han  2 

mm in length: ancl then  tlie presence of petioliiles shoulcl be  a consistent featiire 

on  al1 o r  most speci mens of a species. O t heririse. t h e  leaflets shoulcl I>e considcretl 

to  lx sessile. 

C'(~y fo~i iopter - i s  vs. Abnormal Sagenopf  cria Ieaves 

T h e  specinicn f iy re ï l  as  Srrge n o p t e r i s  phi l i ipsi i  \*ar. c u  n f a t n  Sm-a rd  ( 1!)00. 

p. 167. PI. S i - I I I .  Fig. 3 )  is siniilar t o  a leaflet of C ' ~ i y t o ~ o ~ i c i i .  but  cliffcss i t i  

lacking a mitlsit,. Tlionias ( 1925. Pl 1.3. fig. 52) inclicatecl tliat Seu-arcl's spccinit~ri 

iras a simple Icaf. a i i r l  suggcstcd t hat  it reprcseritcrl t Iic \-ogctat i \ -c .  Ic~itf of C '(lgtorii(i 

.ic rrurdii Thoriiac; I>c~-aiiw of t lici r c ~ i  t icle rcsciiiblari(-c*.. 

.\riiorig IIarric;' .;~,cciriicris of S. phlllipsii  ( IInrris. l!%%). t t i t * r~  ai-(\ a .cric>.s o f  

sriiall 1t.avc.s. mcli  ui' ivliic-li lias a short pctiole ancl a i)latlc \vIiic.li r r i z i j -  c b t i t  in. o r  

lol~cd.  1-iarris ( l!K%) clairticcl tliat tlicsc srriall Icavcs iverc r i i c d ! -  Ica\-c>s ~ ) r o ( l ~ r c ( d  

in a particrilar rcgiori of tlic stcni.  bccausc tlicir ciiticlcs wrrc iclcritic-al to t l i o ~ ~  

of riornial S. philiip.\ii. Tlicrcfore. Harris (19611) assignecl tlicsc sniall leal-cs t o  .S. 

philiipsii  var. rirn fci ln.  conspecific \vi t h Seward's spccinicii (Scivasrl. 1900. p. 167. 

PI. S i - I I I .  Fig. 3 ) .  Harris I~clievecl t l lat  S. Phil l ipsi i  var. cirr~rritri ires t Iic Ica\-cs u l  

f i y t o n i n  nn thor -d i i  ( G r - i s i t ~ o r p i n )  Thomas.  wliile T h o m a s  ( 192.5) suggestecl t liat 

it was associatcd n-i t li C'(zyf onirr .se tmrdii Thomas .  Tlic iiiconsistctic~- I ~ c t  \i-ccri 

Harris ( 1963) a n d  Thonias ( 192.5) slioulcl I I C  notccl. 

Tlicsc sniall Ica\-vs assigriccl t o  S. p h i l l i p ~ i i  \-ai.. c i ~ ~ c t r r i n  arc a11 pctiolatv aiit1 



have entire or lobed blades, which have severai major palmate veins and lack 

midribs. Morphologically~ t hese small leaves fa11 within the defini tiori of C h i -  

rop te r i s  and differs from normal Sagenop ter i s  leaves in lacking wI1-dcvcloped 

sessiIe leaflets; they also differs from C a y t o n i o p t e r i s  in lacking well-developed pcti- 

olate leaflets. C h i r o p t e r i s  is a form genus and may includes leaves of Caytoniales, 

but because Harris ( 1963) demonstrated the  cuticle resernblance between nornial 

leaves of S. phillipsii and  t hese srnall leaves, these small leaves should be includeci 

wi t hiri SagenoPt  eris.  

I disagree with  Harris' interpretation that  these small leaves wcre produceci 

in a particular region of the stem. Instead, these small leaves are most likelg 

the  young stage of normal Sagenop ter i s  leaves or poorly developed Sage  nop t  eriir 

leaves. 

Cay ton iop te r i s  vs. Other similar genera 

Chirop te r i s  is characterized by having petiolate leaves wliich are entire or lobed. 

and lack rnidribs; some species of Chirop te r i s  may have a midrib in each lobe or 

segment f Sze et al.: 1963). .A leaf of Clt i ropter is  is somewhat siniilar to a leaflct 

of Cay ton iop le r i s ,  b u t  differs in lacking a midrib. 

Lower Cretaceous specimens from the Inner Zone of Japan dcscri bcd as Teto- 

r i o p h y l l u m  ren i fomz i s  (Oishi) Kimura (1991) differ from Caytonioptcr- i s  i n  having 

pinnately arranged pinnules and in the absence of ~ n i d r i l s  in pinniilcs. 



Key for Caytoniales leaves and anaIogues: 

3 1. leaf not pinnately compound ................................. ........- 

leaf pinnately compound ................................................ Telor-iophyllurn 

... 2. leaf lobed or divided but without detachable leaflets.. Chiropler-is 

leaf divided, l e d e t  detachable.. .................................... .3 

............................................................ 3. leaflets petiolate Cc1ytoniopteri.s 

.............................................................. leaflets sessile.. Sage nopt er is  

Ca ytonioptet-is williamsii (New berry) comb. nov. 

(PI. 1 1 ,  figs. 3-5) 

Basionym: Chtropteris rÿilliamsii Newberry. lSSl Ani. J .  Sci.. 3rd.. vol. -I 1. p. 

19s: Pl. XIV? fig. 10, 11. 

Sagenopteris williamsii (Newberry) Bell, 1956, p. 80. Pl. SSSi. fig. 2. 1'1- 

XXXIII. fig. 4, Pl. XXXIV, figs. 1-3, Pl. XXXVI, fig. 1: LaPasha and 

Millero 198.5: p. 134, Pl. 10. figs. 1-6: [non] MacLeod and Hills. 1992a. p. 

41, Fig. l la .  

Original Diagnosis: "Fronds orbicular, oblong or lobed, two to four inchcs in  

diameter; petiolate, margins entire, venation radiate, dichotornoiisly forkcd alid 

somewhat reticulated" (Newberry, 1891, p. 198). 

Emended Diagnosis: Leaf palmately compound: leaflets pctiolatc. i i p  to four 



or more, palmately arranged. Blades of leaflets orbicular or  oblong, 5 to I O  cm in 

diameter, more or less symrnetrical; base broadly rounded, or truncatc or  rarely 

cordate; apex broadly rounded to more elongate-obtuse: margi n s  en t i rc. smoot hly 

curved t o  undulating. Midrib broad in basal quarter, diminishing and then disap- 

pearing above middle. Lateral veins well defined, strongly ascendirig, dichotoniiz- 

ing repeatedly and anastomosing moderately to sparingly; mean rnariniuin dis- 

tance between nerves in central parts of a blade abou t  1 mm, but variable from 

0.75 t o  1.5 mm. Petiolule u p  to  5 cm Iong and 4 mm wide: hase slightly swollcn 

and curving, having traverse striae on  surface. 

According t o  LaPasha and Miller (1985, p. 134-13.5): Adaxial cuticle: "cells 

polygonal t o  circular, walls straight, 33 p m  diameter". -4 basial cut icle: "cells 

over rnidrib axially elongate, 30-35 p m  long, 13-21 p m  wide. arranged in longi- 

tudinal files, walls straight; cells between veins polygonalo walls st raight . about 

40 pm diameter. very thin; s tomata sunken; aperture oval to circulai.. 12- 16 pni  

diameter". 

Materials: Specimens numerous. Locality no.: 57.5, 9 13, 956, 920, 95-4. 

Distribution: This species has been reported from t h e  Kootcnai Groiip of Mon- 

t ana  (Newberry, l891), Kootenai Formation of Montana (LaPasha and Miller. 

19S5), Lower Blairmore Group,  Luscar Formation of Alberta, Bulllicacl Ci roup 

and Hazelton Group of British Columbia (Bell, 1956), middlc and uppcr floras 

of Belcourt Ridge (Mellon e t  al.: 1963) and the Gates  Formation. Tlic distrihu- 

tion of the  species appears to have been restricted t o  the  Aptiari-Alhian in the  



northwestern Interior. 

T h e  only possible exception is that  Newberry's collections contains fossils from 

both t h e  Morrison and the Kootenai formations. The age of t h e  blorriçon Forrna- 

tion is Late Jurassic and the age of the  Kootenai Formation is Aptian. Because t he  

origin of Newberry's specimens cannot be accurately determined (LaPasita and 

Miller, l985), it is uncertain if Newberry's specimens were Late J urassic ( h.Iorrisori 

Formation) o r  Aptian (Kootenai Formation). Most likely, Newberry's specimens 

were from t h e  Kootenai Formation, since the  presence of t h e  species elsewhere is 

in Aptian or  younger strata. 

Discussion: The species was originally descri bed as Chiropt er-is irillirr n u i i  b>- 

Newberry (1891, p. 19S, Pl. 14, figs. 10,I l ) .  Newberry incliided ttiis plant in 

the  genus Chiropteris with much hesitation, for it differs from t h e  type spccies of 

Chiropteris in having an orbicular or elliptical blade. Fronds of Chirop/er-is a r c  

commonly flabellate and deeply lobed. T h e  venation of Newberq-'s matcrials \vere 

described by Newberry as to  be typical of Chiropleris. but it appears t h a t  Yew- 

berry erred in describing the  venation of the  plant. Alttiough Xeivbcrry clairiied 

the nervation was radiate, apparent midribs can be observed o n  both specinicns  

(Newberry, 1891, Pl. 14, figs. 10, l l ) .  Bell (1956), LaPasha and Miller (1985) 

also referred t o  t he  existence of midribs, and the Gates materials also show clear 

midribs (Pl. 11, figs. 3-5). The  existence of a nlidrib in eacti leaflet is a kel- point 

t hat  separates Caytoniopteris leaflets from Cf~iropteris leaves. 

The Potomac specimens figured as Sagenopteris ~î 'rginienszs Fori tairic. ( 1889. 

p. 150, PI. CXXXVIII, Fig. 1:3; PI. CXXXIX. Fig. 1) also cari bo rcfcrrcd 



t o  Cay ton iop tek .  Unfortunately, those two specimens are  too fragmentary to 

determine t heir specif c ident i ty. Al t hough Fontaine's Sagenopteris tirginiensis 

resembles Caytoniopteris williamsii in petiolule lengt h, the leaflet size and shape 

of Fontaine's materials are unknown, and t herefore the relations hips bet ween t hose 

two species can not be confirmed. 

T h e  specimen from Bowser Basin figured as Sagenopt eris williarrosii (Mac Leod 

a n d  Hills, 1992a) is only t h e  upper part of a leaflet blade. I t  is uncertain i f  this 

specimen is petiolate or not, but the external outline of the blade in the Bowser 

specimen appears to be elliptic (estimated 7 cm long and 2.5 c m  wide) rather 

than round as in C. williamsii, and therefore the Bowser specimen appears to be 

distinct.  

O n  the basis of available information, the following species can he transferred 

into Caytoniopteris from Sagenoplen>. 

Caytoniopteris colpodes (Harris) conib. nov 

Basionym: Sagenopteris colpodes Harris, 1964, The Yorkshire .Juras- 
sic flora. 2. Caytoniales, Cycadales and Pteridosperms. Dri t is l i  
Museum (Natural History). p. 4, Test-figs. 1-3.  

O riginal Diagnosis: "Upper leaflets almost sy mmet rical, lower part 
wi t h midri b considerably nearer the distal margin. Leaflets varying 
from small ones of broadly ovate shape and twice as long as broad to 
large ones of long lanceolate shape and five times as long as broad. 
Apex of leaflet obtuse, margins entire, base minutelp stalked. Midrib 
usually disappearing considerably below the apex. Vei n meshes O. 75- 
neariy 1.0 mm wide on Iarger leaves"(I-farris, 1964, p. 4). 

Diagnosis not emended. 



Ca ytoniopteris serrntn (Harris) comb. nov. 

Basionym: Sagenopteris s e n u t a  Harris, 1932, The fossil fiora of 
Scoresby Sound, east Greenland. Part 3: Caytoniales and Ben- 
nettitales. Meddelelser o m  Cr&zland ,  S5(5), p. 1 1 .  Pl. 1, fig. 9: 
Text-fig. 3. 

Original Diagnosis: "Leaf probably composed of four leaflets. Leaflets 
lanceolate, typically 7 cm long and 3 cm wide, apex acute, rnargins 
irregularly serrate, base contracted, with a distinct stalk. Midsib situ- 
ated in middle of leaflet, giving off veins traversing lamina at a n  angle 
of -60' to midrib. Lateral veins dichotomizing lreely but only occa- 
sionally anastomosing, adjacent veins usually about 1.2 rilm apart mid- 
way between midri b and margin. I\ilesophyll substance consisting of 
fine granules evenly distributed between veins. Resin absent" ( Harris. 
1932, p. 11). 

Diagnosis not emended. 

Caytoniopteris or-ie.rrtn1.i~ (Krassilov) comb. nov. 

Basionym: Caytonia ot-ienlalis Krassilov, 1967. Early C:setaccoiis 
flora of southern Far East near sea area and its significance for 
stratigraphy., p. 3 PI. XXXI, figs. 1-4. ,Moscow: Nauka. ( i n  
Russian) 

Emended Diagnosis: Leaflet elliptic, 6 cm long and 3 . 3  ciii wide: 
apex acute, margins entire, base contracted; petiolule 6 nini long: 
midrib extending to the apex; lateral veins reticulated. 

Discussion: Caytonia orientafis should be translerrecl into CI~yto-  
niopteris because Caytonia, as originally defined, referred to repro- 
ductive organs of Caytoniales; leaflets of C. orientalis are petiolate 
and fa11 within the definition of Caytoniopteris. 



Key to Caytoniopter is  species 

.......................................... 1. Petiolule long, up  to  5 cm C. ruilli«riisii 

3 ................................... Petiolule short, less than 1 cm ..- 

2. Margins serrate ........................................................... C. serrata 

Margins entire.. .......................................................... -3  

.............. 3. Lengt h/width 2-3:1, elliptic, midrib to apex C. o r i e ~ l n l i s  

..... Lengt h/widt h 5 :  1, lanceolate. midri b below apex. C. cotpodes 

Genus Sagenopter is  Presl 

Original Diagnosis: "Frons pinnata. pinnis ternatim rari us  binat im corn posi tis. 

Venae tenuissimae, ramosissimae, aeqtiales. in maculas irrcgularitor hcsagorioiclcas 

elongatas confluentes. Costae crassae usque ad apicem pinnularum cscurrcntcs"  

(Cited from Berry, 191 1, p. 284). 

Emended Generic Diagnosis: Leaflets sessile, palmately arranged on tlic pcti- 

ole. Each leaflet having an apparent midrib; lateral veins dichatomizing and 

reticulate. forining narrow simple meshes. 

Comments: T h e  generic cornparisons among Sagenopter is .  Cayioniopter is  and 

Chiropteris have been presented in the discussion under C n y t o n i o p ~ e r i . ~ .  As peti- 

olate leaflets are excluded from Sagenopteris ,  emendation of the generic diagnosis 

is necessary. 

Generitype: Sagenopter-is ni tssoniana ( Brongniart) Nyarcl 



Key to well-defined Sagenopteris species of Early Cretaceous: 

. . .................................................... 1. Leaflet lobed S. nlaclearnzz 

3 Leaflet rnargin entire .......................................... - 

................................ 2. Widest a t  middle of leafiet S. elliptica 

Widest in upper third of leaflet ......................... 3 

3. Midvein extending > 3/4 of leaflet length ......... S. newensis 

Midvein extending < 1/2 of leaflet lengt h.........S. oregonenszs 

Sagenopt eris maclearnii Berry 

(Pl. 12. figs. '2. :3) 

Sagenopteris maclearnii Berry, 19'29: p. 36,  Pl. 4. fig. 3 ,  P l  5' figs. S. 9: Bcll. 

1956, [pro  parte] p. 81, PI. XXIX. figs. 4, 5, Pl. XXXII.  fig. 3 [onlg]: 

LaPasha and Miller, 1985, p. 134, Pl. 9, figs. 4-10. 

Description: Leaflet sessile, ohovate in outline, 1.j-3 c m  wide arid 6-9 c t i i  loiig; 

pinnately lobed, having about T pairs of rounded lobes, separated by acute siniises, 

the  lobing being most pronounced medially and diminishing towarcl bot11 t h e  basc 

and the apex; apex may be broadly rounded or narrowly ertended; base narroivly 

cuneate. Midrib conspicuous except in upper quarter? hecoming t hin tlist~ally: 

lateral veins diverge from the rnidrib at  acute angles, curving outwt.rd, ahundantly 

reticulate and terminating in t h e  margin. 



Materials: Specimens numerous. Locality no.: S52, S74. 87.5. 877, 91.1, 9.50: 9.52. 

Distribution: This species has only been reported from the Lower Blairmore 

Group (Berry, 1929), Kootenai Formation, Luscar Formation- and the  Gates For- 

mation. Its distribution appears confined to the  Aptian-Albian in the northwest- 

ern Interior. 

Discussion: Sayenopteris maclearnii is similar to  S. newensis in shape and size 

range; and there exist intermediate forms between the two species. LaPasha and 

Miller (1985) studied the cuticle structure of both species and indicated that  

stomata in S. elliplica (actually S. newensis) are  smaller and mostlÿ sunken as 

cornpared to the larger- superficial stomata of S. macleamiir cell walls of the 

adaxial epiciermis of the former species are more sinuous than t h e  ricarlu straigtit 

walls of the  latter species. Therefore S. maclearnii appears to be a distinct species. 

Sagenopl eris newensis sp. nov. 

Basionym: Chiropteris spatulata Newberry, 1891, Am. J. Sci.. :3rd., vol. -1 1. p. 

199, Pl. XIV, fig. 1: 2. 

Sagenopteris maclearnii Berry; Bell, 1936, [pro parte] p. 81. Pl .  XXIS. fig. 3 

[ O  nlg] . 
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Sagcnopteris elliptica Fontaine sensu Bell, 1956, p. 83. PI. XXXIII? fig. 6. Pl. 

XXXVI, fig. 5 ;  LaPasha and Miller, 1985, p. 133, Pl. 8: figs. Y' 9; [non] 

Fontaine, 1889, p. 149, PI. XXVII, figs., 9: 11-17; [non] Fontaine. 19O5h: p. 

236, Pl. LXV, figs. 19, 40. 

Sagenopteris rnantellii (Dunker) Schenk sensu Krassilov, 1967, p. 1 :3S7 P 1. X X X  1. 

figs. 5-10; [non] Seward, 1894, p. 131, Pl. IX, figs. 4 ,  5 .  

Original Diagnosis: "Pinnules 1.5-2 inches long, spatulate ir i  outline. midrib 

strong, lateral nerves well defined, coarsely reticulated" (Newberry. 1S9 1. p. 199). 

Emended Diagnosis: Leaflet sessile, spatulate in outline, :3.5-5 cm long and 1.2- 

2.2 cm wide, tvith the greatest breadth of a leaf most cornmonly above the middle: 

margins entire; apex obtuse to rounded, base broadly cuneate. >liclri h st rong. 

persistent for a t  Ieast three-fourths of the leaflet; lateral veins divcrgirig froni tliC 

midrib a t  acute angles, curving outward, abundantly reticulate and terrnina~ing 

in the margin. 

Etyrnology: Because a new epithet is given to Newberry's (1591) type nmterials. 

the epithet is termed .'new". 

Materials: Specimens numerous. Locality no.: 851 , 875, 9.50. 920. 9.54. 9.56. 

Distribution: This species has been reported widely from the  Eady C'retaceoiis 

of t h e  Arctic Province. 



Discussion: Sagenopteris newensis was originally described as Chirvpteris spat- 

d a t a  by Newberry (1891). As mentioned above in the generic discussion of Cay- 

toniopteris, C. spatulata should be transferred into Sagenopteris. T h e  resulting 

binary narne Sagenopteris spatulata happens to be a later homonym of a Late 

Triassic plant from northern China (Sze, 1956). According to Article 5.5 (a)  of the 

ICBN (Greuter et al., 19S8), a new specific name must b e  given to this transferred 

species. 

Sagenopteris newensis is different from S. spatulata Sze in having an entire 

leafiet margin, the latter species having a wavy Ieaflet margin. 

The materials assigned to S. mantellii by Krassilov (1967)  differ froni spcci- 

mens descri bed as S. mantellii by  Seward (1593) in a having distinct ancl st rong 

midrib and having the greatest breadth of a leaf above t h e  middle. Krassilov's 

materials are, however, very similar to S. newensis and are treated as conspecific. 

Sagenopten's elliptica Fontaine (LYS9) differs from S. newenszs in having an 

elliptical outline, with the greatest breadth at or near the micldle of t.hc Icaflet. 

Both Bell (1956), and LaPasha and Miller (1985) described their S. elliptica as 

having the greatest breadth of a leaf above the middle; their descriptioris are: 

therefore, inconsistent with t h e  definition of S. elliptica but do match t hat of the 

S. newensis and therefore are treated as conspecific. The specimen attributed 

by Bell (1956, Pl. XXIX, figs. 3 )  to  S. rnaclearnii has an entire margin aiid is 

conspecific wit h S. newensis. 



Order Coniferales 

Family Pinaceae 

Genus Pityocladus Seward 

Comments: Pityocladus was used originally as a subgenus of Pini t ts  by Sathorst 

in 1397 designating branches bearing short shoots similar in habit to those of 

Cedrus and Lariz. Seward (1919) was the first to treat it as a generic name 

and attributed its authority to Nathorst. Andrews (1955) rightly names Seward 

as the author, although Seward gave no diagnosis and named no type species. 

Andrews ( 1970) selected Pit yocladus longifolius ( Nat horst ) Sewarcl as the type 

species, which was the first described species of the genus by Seward. Harris 

(1979) gave an appropriate diagnosis as follows: 

"Long shoots slender and woody, bearing caducous foliage leavrs and persistent 

short shoots, short shoots bearing bud scales and  foliage leaves i r i  a crowded helis .  

Foliage leaves simple, linear. single-veined; bud scales small. per~ist~ent." ( Harris. 

1979, p. 93). 

The Gates materials resemble the vegetative shoots of Pityites solrnsii Seward 

(1919, p. 374, fig. 552) in outline appearance, but  Pityites, founded by Seward 

(1919) to designate specirnens which showed a direct connection between concs 

and foliage-shoots, is not sui table for Gates materials as there are n o  reprotiucti 1-e 

parts with the Gates materials. Pityocladus appears to be the iriost appropriate 

name for the Gates materials. 

Generitype: Pityochdus longifolius (Kat horst) Seward 



Pityocladus mngnifolius sp. nov. 

(Pl. 13, fig. 3)  

Basionym: Leptostrobvs longifolius Fontaine, 1SS9, LI. S. Geol. Surv.. Mon. 

XV, p. 228, Pl. CI, Figs. 2, 3, Pl. CII, Figs. 1-4, Pl. CIII, Figs. 6-12. PI. 

CIV, Fig. 6; Fontaine, 1905k, p. 506, PL CX, fig. 11; Fontaine. 1905k. p. 

551, Pl. CXVI, fig. 1. 

Abietites longifolius (Fontaine) Berry, 1911, p. 407, Pl. LXVII, Fig. 7. 

Original Diagnosis: "Trees or shrubs with stout and long prirnary leafy branches. 

which contain the leaves attached singly and scattered along the stem. as nou- sccn 

attached to the under surface or to the  sides of the stems, but most proljabl~. orig- 

inally found spirally arranged and attached to the  stem on al1 sides. 'The pi-iniary 

Ieafy branches have lateral and terminal short shoots, o n  the cnds of which t h e  

leaves are arranged in tufts; leaves very long and narrowly linear or neecllc-shapcd. 

with their estremities in no case seen, attached by the entire bases. not narrowecl: 

rierves several, parallel, sleiider: ancl obscure ( Fontai ne. 1889, p. E S ) " .  

Emended Diagnosis: Trees or shrubs with stout and long leafy shoots: long 

shoot at least 9 cm long and S mm wide, bearing spirally arranged leaves on 

al1 sides of the long shoot. or densely covered with leaf scars i f  lcavcs clctaclicd. 

Long leafy shoots with lateral and terminal short shoots, which hcar iiiiilicroiis 

linear leaves arranged in fascicles. Leaves very long and narrowly liricar or- iicedlc- 

shaped, attached by the entire base, at least 7 cm long and 1.5 wide. apparrntly 

uninerved. 



Etymology: The new epithet is used to suggest the large size of the Icavcs. 

Materials: 3 specimens. Locality no.: 956. 

Distribution: This species has been reported from the Potomac Groiip and tlic 

Gâtes Formation. Its distribution appears confined to the Early Crctaceotis i t i  

North America. 

Discussion: Leptostrobus was instituted by Heer for strobili from Jurassic strata 

in Siberia agreeing closely in habit and in the  form of the secd corie scalcs witli 

those of Voltzia (Seward, 1919). Because al1 t h e  Potomac spccimcns incliirlrcl in 

Leptostrobus by Fontaine (1889) are vegetative shoots. Fontaine's usage of Lep- 

tosirobrs appears to be inappropriate. Berry (1911) also indicated t h a t  the Po- 

tomac rnaterials were not Leptostrobus. 

Later study showed that Leptostrobus is related to Czekanowskin and appears  

to be independent of the conifers (Harris, 1935). Czeknno,wskicl was insti t i i tecl  hy 

Heer for fascicles of long and narrow, filiforrn, leaves with a simple or occasiorially 

forked lamina born on a short supporting axis covered with broader and shorter 

scale-leaves (Seward, 1919). An important feature of Czekanowskia, the dichoto- 

mous branching of lamina, bas never been observed on the Po~oinac n o r  the Gatcs 

materials. Czekanowskia may also have more than one vciri i n  cadi Ieaf. Altliougli 

the Ieaves of the Potomac rnaterials were described by Fontaine ( 18S9) as tiavirig 

several nerves, Berry (1911) indicated that those nerves were rnost l i  kely surface 



striae. T h e  t rue  venation of the  Potomac and the  Gates  rnaterials is iiriclear. but 

most likely uninerved. Therefore, the  Potomac a n d  the  Gatn rnaterials do not 

belong to Czekanowskia. 

Berry (191 1)  was correct in assigning the  Potomac materials to  A bietites Nils- 

son, which was used as a replacement of Pinites Lindley & Huttori (Berry; 191 1). 

but  Pityocladus appears to  be  a more precise name  for both the  Potomac and 

the  Gates materials. The new combination, Pit yocladus longi~olius, happens to 

be  a later homonym of Pityoclcdus longifolius (Nathors t )  Seward ( 19 19. p. 378). 

According t o  Article 55 (a)  of t h e  ICBN (Greuter e t  al., 19SS), a new specific 

epithet is given to  this species. 

Pityocladus magnifolius sp. nov. differs from most other  specics w i ~ t i i n  tlie 

genus in having numerous leaves o n  each short shoot.  PitYocladtra rch,cnkii and 

P. kobukensis (Seward, 1919) also have numerous leaves on each short s t ioot~ but  

.q nlrn they appear t o  have narrower leaves (1  mm wide) than  P. mngnifilias ( 1 - 
wide). 

T h e  leaves of this species, if preserved separately. fa11 within t h e  size range of 

Pityophyllunz nathorstii Seward. 

Genus Pityophyllum Nathorst 

Comments: Pilyophyllum h a s  been applied to  detached leaves of rieedle-like forni 

similar to those of recent pines as well as to  long linear leavcs broader aiid flattrr 

than the  needles of Pinus (Seward, 1919). This name  appears to hc uscfiil for 

some Gates materials. 



T h e  differentiation of species within the  genus is b<a.sed on the s i x  of Icavcs 

and the  leaf base a n d  apex morphology. Sze et ai. ( 1963) gave a iiscfiil lie? to 

commonly seen species withia the genus. 

Generitype: Pityoph yllum staratschinii (Heer) Nat horst 

Pit yoph yllum staratschinii  (Heer) Nat horst 

(Pl. 13, fig. 2) 

- Basionym: Pinus staratschinii Heer? 1Sï4, p. 129. Pl. 38. figs. 6 ,  r .  

Pityophyllum cf. P. norde~rskioeldii (Heer) lirystofovich; Bell' 1956. p. 112. 1'1. 

L M ,  fig. 3, Pl. LXII, figs. 1' 4. 5. 

Pityophyllum cf. P. longifolium (Nathorst) Moeller; Bell. 1956. p. 1 13.  PI. LXVI. 

fig. 3, Pl. LXIX, fig. 1. 

Pilyophyllurri starntschinii (Heer) Nathorst: Szc ct al.. 1963. p. 279. Pl. 92. fis. 

11. 

Pityophyllum var. 1 ,  Scott and Smiley, 1979, Pl. 5, fig. 3 .  

Marskea sp. 1 ;  Chen et al., 1988, p. 89; Pl. 55,  figs. 4-8. 

Description: Leaves linear, commonly curving, clustered on short shoots, 5-8 

cm long and 3 m m  wide; maxinium width situated a t  t h e  upper par t  of a leaf: 

apex bluntly acute; base gradually contracted into a narrow stalk almost the  same 

width as the  midrib; uninerved. 



Materids: Specimens rnany. Locality no.: 901. 

Distribution: This species appears to have been distributed [rom the Jurassic 

to Early Cretaceous in the Northern Hemisphere. 

Discussion: The leaves included within the species resemble those of Psez~dolnrix. 

Although LaPage (per. cornrn. 1993) ciaimed that the morphological features OS 

such Leaves were sufficient evidence to assign them to Pseudolnrz'x. it is perhaps 

betteï to incIude them in the form genus Pityophyllum until evidence about re- 

productive organs is available. 

The two specimens from northeastern China assigned to Jlar:skeu by Clien et 

al. (1983, p. 89, Pl. 55 ,  figs. 4, 5 )  are morphologically differerit from .\.lnrskerr but 

the  same as the Gates materials. Marskea Florin (19%) waç originally dcfiriccl 

as having persistent leaves and long decurrent leaf bases. Both of these Chincse 

specimens were  preserved in detached states. Chen et al. ( 195%) must have noticed 

the morphological difference between the Chinese materials and .Clnrdea, and 

iudicated that their attribution of the Chinese materials tu . t~arsken was because 

of the cut icular resernblance between t h e  C hinese materials and  :lfarskeu. A s  

cuticles of the Gates rnaterials are not available, cornparisons of cut icle structures 

between the Gates and the Chinese materials can not b e  dorie. On the L a s i s  of 

external morphology, the Chinese materials are treated as conspeci fic wi t,li t hc 

Gates materials. 

The specimens assigned to Pityophyllum cf. P. rronlenskioeldii and Pi / ! /«p f>  tjl- 



f u n  cf. P. longifoliurn (Bell, 1956) are identical to the Cistes riiatcrials. Tlic 

so-called media1 grooves on the upper surfaces of leaves included wit liin P. cf. P. 

nordenskioeldii are, most likely, the impressions of the midrib. According to t h e  

species key given by Sze et al. (1963), P. longifoolium appears to have a larger leaf 

width (4.5-5 mm) than the Gates materials; leaves of P. nordenskioeldii appear to 

be shorter ( u p  to 55 mm) than those of the Cates ma~erials. On the b a i s  of the 

size and the falcate feature of the Gates materials, P. s taratschini i  appears to be 

the only possible choice for the Gates materials. 

The two specimens from the Luscar Formation (Bell. 19.56. PI. L S V I .  fig. 

3; Pl. LXIX, fig. 1) show that these kinds of leaves are borne on short shoots. 

Therefore, the Gates rnateriaIs are most likeiy a member of Piiiaceae. 

One Alaska specimen figured as P i l y o y h y l f u m  var. 1 (Scott and Siniley. 1979) 

is very similar to  the present species, but this specimen was ~io t  descrilxd in t h e  

publication. By examining the photo of the specimen. leaves are foiincl 1.0 II<- - 1  

or .5 in a bundle clustered on a short shoot, more or less falcate. 7-S c m  long and 

3 mm wide. apes  bluntly aciite. base gradualiy contracted to a staik. Al1 the 

features of the specimen indicate that it is co~ispecific wi th  P. star.ntschinii. 

Another Alaska specimen figured as P i t y o p h y f l u m  var. 2 (Scott and Smiley. 

1979, Pl. 5 ,  fig. 1 )  is also very similar to the Gates matcrials in es~errial ou~liric. 

but has a larger leaf width (6 mm)  than that of t h e  Gates rnaterials and thcreforr 

perhaps belongs to another species. 

The specimen figured as O[ean.dra graminaefol ium Berry (1929. p. RS. Pl. V. 

figs. 5 ,  6) is similar to the Gates materials, but the bases and apices of Berry's 

materials are not preserved and therefore their relationships witti the (;ates ma- 



terials can not be confirmed. I agree with Be11 (19.56) in his asscssiiic:~it tliat 

Berry (1929) mistook transverse wrinkles on his specimens for lateral veiris so 

that  Berry's figure 6 is baseless. 

The specimen figured as Cephalotasopsis ramosa (Fontaine, 190.5j: p. 3 1  1. PI. 

73, fig. S)  is also similar to  t he  Gates materials. Again, because t he  bases and 

apices of Fontaine's materials are  not preserved, their relationship with the  Gates 

materials can not be  confirmed. 

Farnily Taxodiaceae 

Genus Athrotazites Unger 

Comments: According to Seward (1919), this name Lvas proposed by Cngcr i r i  

1849 for cone-bearing shoots resernbling recent Ath7.ota;cis Don. Sc-Iiiitipcr tiied. 

in 1874, to  substi tute for Athrotaxites a new genus Echinostr.ob,us t o  get rid of 

the implication of relationship to  recent ilthrotaxis. \Vithout adecliiatc reasori 

Schimper altered Ungeros type species name lycopodioides to slernbergii. Setvard 

(1919) disagreed with Scliimper and suggested that  Athrwtuxitrs he retairied. aiid 

restricted its use t o  the  sense only of a natural genus. Seward's view is follo~vecl 

in this study. Miller and LaPasha (2984) indicatcd that  thcrc is rio cliffc.rcricc 

between Athrotaxites and Athrotaxopsis Fontaine ( 1SS9). and tliat t tic forriicr lias 

priority. 

Generitype: A throtaxites lycopodioides Unger 



rtthrotarites b e ~ r y i  B e l l  

(PI. 14, figs. 1-5; Pl. 15, figs. 1-5) 

Athrotaxites berryi Bell, 1956, p. 115, Pl. LVIII, fig. 5, Pl. LX. fig. 5 .  PI. 

LXI, fig. .5: Pl. LXII, figs. 2, 3, PI. LXIII, fig. 1: Pl. LXIV. figs. 1 5 ,  PI. 

LXV, fig. 7; Miller and  LaPasha, 1953, p. 773-7'79, Figs. 1-25: Miller and 

LaPasha, 1984, p. 6, Pl. 1, figs. 1-5, Pl. 2, figs. 1-9: Chen et al., 198s. p. 

79, PI. 69, figs. 4, 4a, 4b, S. 

Description: Shoots irregularly branched, most bu t  not ail brariches i n  a singlr 

plane, branches from large shoots commonlÿ at open angles. whweas t 11c sriiall 

ones are a t  more acute angles. Leaves scale-like, rhom boid, spirally arranged. 

occurring typically in a 3/S phyilotactic order; leaves about 2.5 mm long and 2 

mm wide; apex acutely pointed; veins unknown. 

Seed cones terminal on shoots, elliptical, oval to globose, up to 15 miil lorig 

and 10 mm \vide. Pollen cones terminal. elliptical, up to 10 1 ~ 1 1 1 1  lorig a114 5 i r i 1 1 1  

wide. 

Materials: Specimens numerous, found in almost every fossil site (see Appendis 

A) .  

Distribution: This species was reported from t h e  Iiootenai Format ion of klori- 

tana (Miller and Lapasha, 19S3; 19S4), t he  Lower Blairmore Group of Alberta, 

the Hazelton Group and the Bullhead Group of British Columbia (Bell. 1956). 

and the middle flora of Belcourt Ridge (3leilon ct al.. 1oCi :J ) .  Clic~i ct al. ( 1!M) 



reported the  occurrence of t h e  species from the  upper part of the  Fusin Forma- 

tion of northeastern China. Although KrassiIov (1967) reported t h e  occurrence 

of the species from the southern Primoriya near Vladivostok. Maritime Territory. 

southeastern former USSR, Miller and LaPasha (1984) indicated tha t  the  Russian 

specimens should be assigned to  a différent species. Athrotaxiles hi.7-rvi appcnrs 

to  have been distributed throughout the  Arctic Province in the Early Cretaceous. 

Discussion: This species was well-descri bed and  stiidied by hIiller and La- 

Pasha (1983, 1984). The  differences between Athrotaxites berryi and other  similar 

species, incIuding both fossil and living materials. were discusscd i r i  dctail 1 , ~ -  

Miller and LaPasha (1983, 1981). I have little t o  add to their i r i t  crpi-c*t.ai iori 

except some ecological feat ures. 

S tems a re  found either covered with leaves o r  leaf scars (Pl.  14. fig. 4) .  or  

even smooth (Pl. 14, fig. 2 )  T h e  specimen in Pl. L4, fis. 3 shows two c~iffcrcrii. 

kinds of leaf scars on a single s tem; the  leaf scars on t h e  loiver part of t Iic stciii arc 

round and closely spaced, and  appear  t o  be reformed by later growth proccss: thc  

ones on the upper part are in the  shape sirnilar to  tha t  of Ieaves. This  fact nia!- 

suggest tha t  growth was seasonai and that leaf abscission was a perioclic even t  

rather than a progressive process. In other words, those scars were' niost likely, 

caused by teaf fa11 in winter ra ther  than leaf replacement or leaf aging. Thereforc. 

Athrolaxites berryi appears to have been a deciduous plant. 

Lateral branches are always found covered wi t h leaves; t hey nlight have l i ac l  a 

habit similar to tha t  of some members of recent Taxodiaceae such as :Lletnsequoin, 

Glyptostrob us and  Taxodium, and shed leafy twigs. 



Genus Elatides Heer 

Comments: According to Seward (1919), this genus was proposed by Meer in 

1876 for shoots bearing spirally disposed falcate leaves and cones siniiiar esternally 

t o  those of Picea, Abies, and other Abietineae (Antiquated term for Pinaceae). 

Harris (1979: p. 66) restricted t h e  leaves of the genus to  those that  are "bornc 

helically and diverging radially, free part falcate and isodiametric, rhomboidal in 

section". 

-4s both falcate helically arranged isodiametric rhomboidal leaves and flat 

pseudo-distichous leaves appear in one plant in the Gates rnatcrials. Harris' diag- 

nosis needs to be modified to inciude both type of leavcs. 

Differentiation of species within Efatides is based on both vegetativc ancl rc- 

productive organs. Cuticle structure appears to  be a useful tool in distinyuisli 

similar species, although epidermal structure is known for orily four species. T h c  

differences among those four species were discussed by Miller and LaPasila in 

detail (198-1). Ilnfortunately. cuticles are not preservecl in tIic Ciatcs rnatcrials. 

Generitype: Efatides ovalis Heer 

Elntides curuifoiia (Dunker) Nathorst 

(Pl. 16,figs. 1-4; PI. 17,figs. 1-4: Pl. 22. le-\) 

Basionym: Lycopodites curvifolous Dunker, 1846, Monographie der Norcldeut- 

schen Wealdenbildung, p. 20, Pl. 7, fig. 9. ( type not seen: reference cited 

from .Jongmans and Dijkstra, 1973, p. :3%9) 



Elatides cumij'olia (Dunker) Nathorst; Seward, 1919, p. 273,  Fig. 7-13; Bell. 

1956, p. 110, Pl. LIV, figs. 1 3, 4, 5 ,  P l  LVII, figs. 4 6 ,  P .  LVIII, figs. 

1, 4, Pl. LIX, fig. 3, Pl. LX, fig. 4; Miller and LaPasha, 1954, p. 7, PI. 3 ,  

figs. 1 4 ,  Pl. 4, figs. 1-8. 

Elatides splendida Bell, 1956, [pro parte] p. 111, Pl. LI?(, fig. 4, PI. LX, figs. 2, 

3, 6, Pl. LXI, figs. 1, 4, Pl. LXIII, figs. 2, 3 [only]. 

? Abietites sp., Scott and Smiley, 1979, Pl. 5 ,  iîg. 5 .  

Description: Leafy twigs, up to 1 cm thick, branching irregularly. Leavcs di- 

morphic; one kind of leaves is isodiametric and helically arranged; the other. fiat 

and pseudo-distichously arranged. 

Flat  leaves helically attached, more or less pseudo-distichous, linear lanceolate. 

on average 7mm long and 1.5 mm wide but up to  10 mm long and 2 mm widc. 

obliq uely a t  tachecl a t  angies generally greater t hari 45 degrecs,narrowing graduallj. 

to bliintly acute apices; base decurrent to the stem forming rhomboiclal cushions; 

upper surface of a leaf commonly concave; lower surface appearing to havc a 

rounded median keel, which is also decurrent to  leaf cushions and may be absent 

in very young leaves; veins unclear. 

Isodiametric leaves spirally arranged. acicular, strongly falcate. square or rliorii- 

boidal in cross section, size range same as that  of t h e  flat leaves: apcs  acu~iiiiiatr-. 

Seed cones terminal, elliptical to oval up to 3 cm long and 1  crri wide. 

Materials: Specimcns numerous, found in almost every Iocality (sce Appcnclis 

A ) .  



Distribution: This species has been reported from the  Kootenai Formation of 

Montana (Miller and LaPasha, 1984), the Lower Blairmore Group and the Lus- 

car Formation of Alberta, the Bullhead Group, the Hazelton Group, t h e  Jackass 

Mountain Group and the Spence Bridge Group of British Columbia (Bell, 1956), 

t he  Nanushuk Group of the Alaska (Scott and Smiley, 1979) and t h e  Gates For- 

mation. This species has d s o  been reported from the  Jurassic of Si beria and 

the  Wealden flora of Spitzbergen (Seward, 1919). This species appears to have 

been clistributed in Jurassic to Early Cretaceous deposits throughout tlie Xorthern 

Hemisphere. 

Discussion: Two kinds of foliages have been found in this species. One is pseudo- 

distichously arranged flat leaves; the  ot her is spirally arranged isodiamet ric falcate 

leaves. Both kincIs of leaves are  cornmonly found o n  t h e  same specimen. Flat 

leaves are coriirrionly borne on lateral branches (Pl .  17, fig. 1 -4: Pl. 22. 1 A )  

while the isodiametric leaves are  commonly seen on stems, or leadirig branches 

(Pl. 17, fig. 1 B; Pl. 22, 1 A). tsodiametric leaves are also cornmonly seen on thc  

shoot joints (Pl.  16, fig. 1 B); in this case these isodiametric leaves might functioa 

like bud bracts in wiiiter. Such a wrapping bud mechanism was  considerecl to h c  

a feature of high latitude plants (Spicer and Chapman. 1090). 

Hundreds of specirnens have been examined. and none lias st ioar~ aiiy ci-i- 

dence of leaf abscission. However, leafy twigs may have been shed intact (blillcr 

and LaPasha, 1984), especially twigs with flat leaves: which might grow annually 

because flat leaves are never seen associated with old branches or stems. Isodi- 



ametric leaves appear to have been persistent on old branches or stertis al1 ycar 

around. 

Some leafy twigs having flat leaves were assigned by Bell t o  E. splendida Bell 

(1956) when preserved in isolation. Miller and Lapasha (19S-I) indicated t h a t  

both E. splendida and E. cur-vzfolia could be included in E. curvifolia because the 

leaf size of both species fell in same range. 

Miller and LaPasha (1984) doubted the generic identification of E. splendida 

in that  the holotype and two of the paratypes (Bell, 19.56. PI. LIX. fig. 1; Pl. 

LX. fig. 1 and PI. LXI, fig. 2 respectively) appeared to have needles that are 

narrow at the base rather than broad. agree with theni  in t ha t  those t lirec 

specimens show features inconsistent wi t h Harris' ( 1979) cle fini t ion of Nnt id r s :  

t herefore t hose three specimens are not included wi t hi n E. curvifolia. 

Two specimens of Bell (1956, Pl. LXVI, figs. 1: 4 )  have exceptioriall~. large 

leaves which are not seen in either the Montana or t h e  Gates materials: besicles. 

t h e i r  leaves appear to cliverge spirally rather t h a n  i n  two rows like t hc flat Ica\-CS 

of E. curvifolia; therefore they are excluded from E. curuifolia. 0 t h  specirnens 

included in E. splendida by Bell al1 belong to Elatides curcifolin. 

The Alaska specimen figured as ? Abietites sp. (Scott and Srnile), 1979) sllo\rs 

great resemblance to  the Gatcs materials in leaf size, rnorphology and branching 

manner and therefore is treated as conspecific. This specimen only shows vegeta- 

tive shoots; both isodiametric and flat leaves can be observed clearly in a single 

specirnen (Scott and Smiley, 1979, Pl. 5 ,  fig. 5 ) .  



Family Incertae Sedis 

Genus Elatocladus Halle 

Comments: This genus was proposed by Halle (1913) for sterile coniferous 

branches of the radial or dorsiventral type which do not show any features that  

permit them to be included in one of the genera instituted for more particular 

forms. This name is appropriate for some Gates materials. 

Generitype: Elatocladus heterophylla Halle 

Elatocladus brevi/olia (Fontaine) Bell 

(PI. 18, figs. 1-4) 

Cephalotaxopsis brevifolia Fontaine, lSS9, p. 238: PI. CV, fig. 3 ,  PI. CVI, fig. 

5 ,  Pl. CVII,  fig. 5;  Berry, 1911, p. 1379, Pl. LX, fig. 2. 

Elatocladus brevifolia (Fontaine) Bell, 1956, p. 109, Pl. LIII. fig. 2, PI. LI\;, fig. 

2, 7, Pl. LVII: fig. 1, Pl. fig. 7. 

Elatocladus brevifolia forma lata Bell, 1956, p. 110, Pl. LI);, fig. 2: PI. LX. fig. 

Description: Shoots pseudo-dichotomizing or sub-oppositely branching. Leaves. 

pseudo-distichous, alternately arranged, linear. up  to 2.3 cm long and 2 rnni widc. 

uninerved base contracted and rounded to a very short, decurrent footstalk: apes 

acute. 



Materials: 81 specimens. Locality no.: 574, 915, 950, 9.52. 

Distribution: Early Cretaceous of PJorth America. 

Discussion: T h e  Gates specimens are morphologically similar to  the Potomac 

materials called Cephalotaxopsis brevifolia by Fontaine ( 1889). Céphnlotnxopsis 

tvas originally a form genus. Berry (1939) was the first who attrihiited C1epholotn:r- 

opsis to the  Taxaceae on the basis of cuticle features of this genus. Sewarcl ( 1019). 

Florin (1958) and NCIGS (1976) agree with Berry in at tri but ing C'e / ) /~nlo tn~o~) . s i .~  

to the Taxaceae. Recognition of the  genus shoutd no t  be only on the Imsis of tlic 

morphology of vegetative shoots but also on cuticle features, because t h e  \.egeta- 

tive shoots of t he  genus are similar to  those of otlier genera such as C'ephalotn.rc~.-. 

To~reya and Taxus. 

h l t  hou& XCIGS ( 1916) gave some morphological criteria for recognition of 

Cephalotaxopsis, those criteria may be useful only when very well-preserved spcc- 

imens are available. 

Bell (1956) was reasonable t o  assign this kind of vegetativc shoot to E1c~toclndu.i 

and to institute the  new combinat ion E. brevifolia (Fontaine) Bell. alt ho~igli Iic 

did not explicitly list the basionym for E. brevifolia (Fontaine) Bell as recluired b>* 

ICBN (Greuter e t  al., 1994). However. because Be11 ( 1950;) so cornmon tj. ncglcctecl 

to  give the  sources of basionyms for new cornbinations, invalidation of al1 BeIl's 

new combinations would cause extensive nomenclatural change. w h  ich migtit learl 

to furt her confusion. Therefore, E. brevifolia (Fontai n c )  Bell is rctai ried i r i  t his 



study to  avoid nomenclatural confusion. Presumably? the basionym of E. breuifolia 

(Fontaine) Bell (1956) is Cephalotaxopszs brevifolia Fontaine ( 1889). A s  cuticles 

are not preserved in the  Gates rnaterials, E. brevifolia appears to  bc the most 

appropriate name. 

There d o  not appear to  be any external difFerences between E. brevifolia and 

E. rnontanensis Miller and LaPasha (1984) except for the branching. The two 

species differ in that the  s tomata  are arranged in regular longitudinal files in E. 

montanensis white they are not in regular files in E. brecilolia; cells of the aclasial 

epidermis are  comrnonly rounded in the former, rather t h a n  square as i r i  t h e  lattcr 

species (Miller and LaPasha, 1984). Unfortunately, the  shoot branching riianner of 

E. montanensis, which might differ from that of E. brevifolia, is unclear. Judging 

from the specimen of Miller and LaPasha (1984, Pl. 5 ,  fig. 4 ) ,  the branching 

pattern of E. montanensis does not appear to be pseudo-dichotomizing. and if so. 

would represent a significant morp hological di fference bctwe.cn t hc t rvo spcçics. 

Eiatocladus rnanchun'ca (Yokoyama) Yabe 

(Pl. 19, figs. 3 ,  4 )  

Basionym: Palissia mnnchurica Yokoyama, 1906, Joiirn. Coll. Sci . Tmp. I . in i~* .  

Tokyo, Vol. 21., Art .  9, p. 32, figs. 2, S. ( type  not scen; refcrence cited 

from Chen e t  al., 1958, p. 86)  

Elatocladus manchurica (Yokoyama) Yabe; Sze e t  al., 1963, p. 297. Pl. 9.5. fig. 

1. 2. Pl. 96. figs. 3. -1. Pl. 97. figs. 10. 11: Chcn et al.. 198s. p. S6. Pl. 49. 



figs. 6A, 7, 8, Pl. 50, figs. l A ,  2, 3A, Pl. 51, figs. 1 2, - 6  P .  52, figs. 1-3. 

Pl. 66, figs. 1-4, PI. 68, fig. 3. 

Description: Shoots thick. Leaves helically arranged and spirally diverging- 1.5- 

2 c m  long and 1.5-2 mm wide. lanceolate, decurrent, base broad, apes  acurninate; 

uninerved. 

Seed cones, cylindrical, 3-3.5 cm long and 1-1..5 c m  wide, details unknown. 

M a t e r i a l s :  Specimens many. LocaIity no.: dG.5, 874, 914. 920, 950, 953. 

Distribution: Jurassic to  Early Cretaceous in Northern Hemisphcre. 

Discussion: Elatocladus manchurica differs from E. srnittiana (Heer)  Seward 

in tha t  the latter species has spiraIly attached but  distichously diverging leaves 

(Sewarcl. 19'36) wtiile t h e  former species lias spirally diverging leaves; the  other 

possible difference is that  the former species has thick branches tvhi le  t h e  latter. 

slender branches. T h e  Gates materials appear to  belong to E. mnncllurica because 

of their thick branches and spirally diverging leaves. 

Elatocladus sp. 

(Pl. 13, fig. 1 )  

Elatocladus sp.; Chen e t  al.: 1988, p. 87; Pl. 58, figs. 1-3. 



Description: Specimen is part of a leafy twig. Leaves pseudo-dist ichously ar- 

ranged, opposite, lanceolate, up to 12 mm long and 1.5 mm wide; base rouiided, 

contracted to  a very short stalk; ra ther  gradually narrowed to  a n  acutely pointed 

apex. 

Materials: 2 specimens, No. 915, 921. 

Distribution: This species appears confined to the  Early Cretaceous of  the  .A rct ic 

Province. 

Discussion: T h e  Gates materials resemble the  specimens from northeastern 

China described as Elatocladus sp. (Chen e t  al., 19SS), but are  slighttu Iarger. 

Leaves arranged in this pattern a r e  seen only in iLletasequoirr. which is a i iat~iral  

genus in Taxodiaceae. Because the  Gates materials are vegetat ive shoots. Elnto- 

cladus appears to be appropriate name  as  recommended by Christophe1 (1976). 

Unidentified conifer seeds ? 

(Pl. 19, figs. 1: 2)  

Description: Seeds paired, borne on a 2 mm long stalk; seed obovate, 5 nirn long 

and  3 mm wide. 

Materials: 14 specimens. Locality no.: 951. 



Distribution: This species has only been recovered from the Gates Formation. 

Discussion: The  seeds are very similar in shape to  those of living Cephalotax-us. 

Unfortunately, no connection wit h leafy twigs have been found. The seeds were 

found only in one site; other plants preserved toget her wit h the seecls are Elai ides 

curvifolia and Pit yoph yllum staratschinii. 

Order Cycadales 

Family Incertae Sedis 

Genus Chilénin Lee & Yeh 

Comments: According to Chen et al. (198S), Chilinia was instituted by Lee ancl 

keh in 1964 to designate fronds sirnilar to Ctenis in gerieral i-i-iorphology. veriation 

and cuticle structures, but differing from Ctenis in having forward directecl tcetti 

al1 along the  pinna margin. Zhang (1980) reported two additional species of 

the genus and indicated that  the fronds of the genus were spirally arranged or 

clustered. 

Encephaiai.topsis, institiited by Fontaine (1889). is similar to Chifinia in  pinna 

morphology and venation. Zhang (1980) and Chen et al. ( 1YSS) riotccl tliat. bc- 

cause Fontaine's specimens were too fragmentary to  show the ivay that pinnae 

were inserted on rachis and lacked of cuticle information, it was ttiereforc diffi- 

cult to compare thein to Chzfinia. Therefore Encephalartopsis appears to l ~ e  an 



unusable genus in this study. 

Ctenis exilis Harris (1964)  appears to  be a member of Chilinia. Harris in- 

dicated that  Ctenis e d z s  differs from al1 species of Clenis in its srnall, dentate 

pinnae and realized that  it could be  separated generically from Ctenis. Because 

of the fragrnentary nature of t h e  specimens, Harris (1964) did not institute a 

new genus. Although Ctenis exi2i.s may be transferable to  Chifinia, it is dificult 

t o  compare with other species of Chilinia because of the  fragmentary nature of 

Harris' specimens. 

Two species from the Stanovy Ridge of the former Soviet Union are apparc~i t ly  

also members of Chifinia. Ctenis stanovensis Vakhrameev k Blinova ( 1971 ) is 

characterized by having less conspicuously toothed pinnae which nieasure 15- 18 

mm long and 6-7 mm wide. T h e  pinnae of Ctenis harrisii Vakhramem* & Blinova 

(1941) measuring 25 mm long and 3-5 mm wide are conspicuo~isly toothed and a 

little longer and narrower than those of Ctenis stanocensis. Both species are in 

accorcIa~-ice ivitti t he  cief riition of C'l~ilinia and should be iricludeci within C%ilinin. 

Chilinia stanouensis (Vakhr. & Blinova) comb. nov. 

Basionym: Ctenis stanovensis Vakhrameev 9t Blinova. 197 1 Pale- 
ontol. Journ.. 1, p. 91. Pl. ,Y, fig. 1; Test-fig. 1. ( In  Russian) 

Diagnosis not emended. 

Chilznia harrisii (Vakhrameev & Blinova) comb. nov. 

Basiony~n: Cten2.s hrrrr-i5ii Lakhrameev Bl i~iova~ 1'37 1. l 9 Ï  1. Pa- 



leontol. Journ., 1, p. 93, Pl. X, figs. 2. :3; Test-fig. 2. ( I n  
Russian) 

Diagnosis not emended. 

Since al1 the species wit hin the genus have once pinnately divided fronds, It is 

recommended that Chilinia be restricted to once pinnate fronds. 

Differentiation of species within the genus is based on the size and morphology 

of fronds and pinnae. A key to the species within the genus is given as follows. 

Key of Chilinia species: 

1. Pinna Iength >S cm ........................... C. magni/oLin 

-2 Pinna Iength < 5 cm .......................... - 

2. Pinna length 4-5 cm .......................... .3 

Pinna length < 4 cm .......................... 4 

3. Pinna width about 1 cm ..................... C. fusinensis 

Pinna width about 0.5 cm ................... C. elegnns 

..................... 4. Pinna length about 3 cm 5 

Pinna iength < 3 cm ............................ 6 

5 .  Pinna width  about 1.5 c m  ................... C. ctenioides 

Pinria width  0.:3 - 0.5 c m  ..................... C. harrisi i  

6. Pinna length 1.5-1.5 cm ...................... C. stanouensis 

Pinna length about 1.3 cm .................. C. sp. 

Generitype: Chilinin c t c ~ ~ i n i r l c s  Lcc & l'eh 



rnagnifolia sp. nov. 

Diagnosis: Frond large; rachis narrow. 2 m m  wide. Pinna at  least 8 cm long and 

about 1.6 c m  wide, ribbon-like, subopposite; a t tached on rachis along full pinna 

base; apex digitately dentate; lateral margins of p inna  sparsely toothed; venation 

reticulate. 

Etymology: The new epithet is used to  suggest t he  large size of the  [rond. 

Materials: 5 specimens. Locality rio.: 877, 950. 

Holotype: Pl. '20, fig. 1; specimen no.: 877-70'79. 

Distribution: This species is restricted to the Ga tes  Formation. 

Discussion: This  species is distinguished from o the r  species wit  hin Chilin iri by 

its exceptionally large pinna size. 

Chilinia sp. 

(PI. 20, fig. 3 )  

Description: Froncl small, length unknown' 2.6 cm wide; rachis thin. 1 nirii 

wide. Pinriae alternate to suboppositc. 1.3 cm long and 5 nini widc. oblong, 



having teeth al1 around pinna margin, attached to rachis along entire base. Teeth 

on the apex are more closely spaced than on the lateral margins. Venation most 

likely reticulate. 

Mater ia ls :  2 specimens. Locality no.: 931. 

Distribution: This species is restricted to the Gates Formation. 

Discussion: This species is distinguished from ot her species wi t hi n the genos by 

its small size. Although the venation system is not clear for this species. it is 

assigned to Chilinia on the basis of the overall resemblance to other mernbers of 

Ch ilin ia . 

Genus C'tenis Lindley & H u t t o n  

C o m m e n t s :  Ctenis is one of the least controversial gcnera. Cten is as cniploycci 

here basically follows Harris' translation (Harris, 1964) of Florin's diagnosis of 

1933. This genus should onIy include forms having entire p inna  niargins. 

Many species within the  genus have been reported from the Northern Hemi- 

sphere. The differentiation of species within this genus is on the b a i s  of the pinna 

size and morphology. It appears that al1 the species can b e  grossly divided into 

two groups, a linear-pinna group and an elliptical-piiina group. The linear pinna 

group is represented by the following species: 

1. Ctcrris sirlcicnulis (Phillips) Ward; Harris. 1963. p. 103. Text-figs. -1-1--1GC. 



2. C t e n i s  reedii Harris, 1964, p. 109, Text-figs. 46A. BI 47. 

The Gates species, C t e n i s  ra tunda ta  sp. nov., is a representative of the 

elliptical-pinnagroup. .A key to  well defined elliptical-pinna species is given helow. 

Key to  the Ctenzs species having elIiptica1 pinnae: 

3 2 .  Pinna base not conriate ......................................... 

.............................................. Pinna base connate C'. l y m t a  

2. Pinna apex rounded ............................................ .:3 

Pinna apex acute  ............................................... C l u r e j e n s i s  

........................................... 3. Pinna width > 2.5 cm C. roturtdatn 

Pinna width  < 2.5 cm ........................................... 3 

4. Pinna width > 1 cm .............................................. 5 

Pinna width < 1 cm .......................................... C. nana 

5 .  Pinna vein meshes in regular elongate hexagons .... Cf. s ze iana  

Pinria vein meshes in irregular polygons ................ Ci 

6. Pinna more or less oblong .................................... C. yokoyarnae 

Pinna more or less deltoid ................................... C u.watokoi 

Generitype: Ct e n i s  sulcica~ulis ( Phillips) Ward 



Cfenïs rotundata sp. nov. 

(Pl. 20, fig. 4; PI. 21, fig. 1)  

Ctenis burejensis f. typica Prynada; Samylina, 1963, [pro p. SZ, Pl. XI  

[onlyl- 

Diagnosis: Frond large, over 11 cm wide; rachis slender, 2 mm wide. Pinnae 

a t  least 5.5 cm long, 2.5 cm wide, obovate in shape, alternately to  suboppositely 

attached on t he  sides of the rachis, maximum wid th  in the  upper part of a pinna: 

apex rounded, base slight ly cont racted. Venat ion ret iculate. 

Etymology: The new epit het originates from the  Latin r.oluntl~irs. suggesting t tic 

shape of pinna apex. 

Materials: 5 specimens. Locality no.: 915, 921. 

Holotype: Pl. 21, fig. 1: specinien no.: 915-7199. 

Distribution: This species has been reported from the  Gates Formation and the 

Jurassic to  Early Cretaceous deposits of Siberia (Samylina, 1963) aiid appcars to 

have been distributcd throughout the Arctic Province from the Jurassic to Early 

Cretaceous. 

Discussion: One of the Siberiân specirnens figured as Ctenis burejensis Prynada 

by Vakhrameev and Doludenko (1961. p. 39. Pl. XXXIX. fig. 2)  is similar to 



C t e n i s  rotundata in pinna size. Differences betiveen this Siberian specimen and C. 

ro tundata  seem to be t ha t  the pinnae of this Siberian specimen have bluntly acute 

apices (Vakhrmeev  and Doludenko, 1961, p. 90, text-fig. 26) and the maximum 

width of a pinna is in t h e  lower part of the  pinna, while pinnae of C. rotundata 

has round apices and t h e  maximum width of a pinna is in the  upper part of the  

pinna. Therefore, t his Siberian specimen is distinct from C. rot undata.  

Other  specimens included within C. burejensis by Vakhrarneev and Doluden ko 

(1961, p. 89) appear to have much smaller pinna size and therefore are distinct. 

T h e  specimen described as  C. latiloba by Samylina (1963, p. 83. PI. XII[.  

fig. 1) is similar to  the new species in pinna apex and pinna width but differs in 

having rriuch longer pinna leiigth than that  of the new species and should be left 

as a distinct species. 

One specimen described as C. burejensis f. typica Prynada by Samylina ( L 963. 

p. 82; PI. XI) is similar t o  the  neiv species in pinna shape and size? and is treatetl 

as conspecific with the new species. Other specimens under C. lurejensis  j. l yy ica  

Prynada have niuch smaller pinna size and appear to  be distinct. 

Genus ikiultipinnia gen. nov. 

Generic Diagnosis: Frond a t  least bipinnate; pinnae attached on tlie sides of 

the  rachis. margin toottied? venation reticulate. 

Etymology: The generic name is a combination of Latin Mult i -  and p i n n u f u s ,  

referring to  fronds which pinnately divide more than  once. 



Generitype: Muftipinnia inten'or sp. nov. 

Discussion: This genus differs from Chilinia only in having a t  least bipinnate 

fronds. Chilinia has been found to  have spirally arranged or clustered fronds 

(Zhang, 1980; Chen e t  al., 19S8), al1 of which are once pinnate. Multipinnia is also 

very similar to  Potomac Clenopteris Brongniart of Fontaine (19S9) in ail aspects 

except for the  reticulate venation in the former genus. Nevertheless. C'tenopieris is 

not nomenclaturally valid (Harris, 1964, p. 89). iWultipinnia differs from C t e n o x -  

mites Nat  horst in having reticulate venat ion. 

Muftipinnia interior sp. nov. 

(Pl. 21, figs. 2-4) 

Diagnosis: Frond large, a t  least bipinnate. Pinna rachis subopposite to alternatc. 

at least 8 cm long. Pinnae alternate, elliptic to ovate. u p  t o  13 m m  long and 4 

mm wide, base slightly contracted and t hen winged: distal pinnae witli en t i re  

margin; basal pinnae toothed, the  posterior margin entire: the ariterior iiiargiri 

with a single large acute tooth, apex of pinna consisting of two apical tcctli. Tivo 

primary veins arise from the rachis and enter the pinna, dichotoniizing once a n d  

then reticulate. 

Etymology: The new epit het refers t.o the northwestern "Interior". 

Materials: Only one specimen. Locali ty no.: 875. 



Holotype: Pl. 31, fig. 4; specimen no.: S'75'70S2. 

Distribution: This species is restricted to  the Gates Formation. 

Discussion: Two specimens attributed by Bell (1956. p. 10s. PI. LII.  ligs. L. 

2)  to Ctenopteris insignis Fontaine are very similar to  the  new specics i c i  pinna 

morphology. Unfortunately, neither of Bell's specimens is complete. so it can not 

be determined if they are conspecific with the new species. 

Order Cycadeoidales (Bennettitales) 

F'amily Incertae Sedis 

Comrnents: Compressions and impressions of bennettitalean leaves are t h e  most 

abundant fossils of the  Cycadeoidales and have a worldwide i\/lesozoic distribution. 

The leaf geriera system which is generally accepted wts developed over the years 

by Halle (191:3)? and Harris (1949, 1369). This systein "provides little tiiore thari 

an essential handle on which to hang the specific epithet''. as statecl by \Vatsoii 

and Sincock(l992). The following key to  the leaf genera of t h e  Bcrinettitales is 

modified after Watson and Sincock(1992 j tu accommodate t h e  dassification of t h e  

Gates flora. 



Key t o  the leaf genera of the Bennettitales: 

........................................................... 1. Leaf simple (entire). !Vilssoniopleris 

. . 3 ........................... Leaf divrded pinnately.. .. 

............................................................. 2. Venation reticulate Dictyoramites 

Venation free, paralle1 or diverging.. ................................... 3 

3. Pinna rhomboid or diamond-shaped .................................. S p / t e ~ ~ o z u ~ r ~ i t e s  

......................................................... Pinna non-rhomboid.. -4 

......................................................... 4. Pinna margin toothed Neornrnit rs 

.................................................. Pinna margin non-toot hed. 3 

................................. 5. Piriiia havirig basal aiiricle. .......... ... Otozarnites 

Pinna without basal auricle ..................... .... .................... .6 

6. Lower basal angle of pinna decurrent ................................... Ptilophyllurn 

- 
Lower basal angle of pinna non-decurrent ............................. , 

- 
1.  Basal angle of pinna symmetrically contracted ..................... Zrrmites 

Basal angle of pinna never contracted ................................... S 

................................................................. S. Pinna detachable.. -9 

......................................................... Pinna non-detachable.. .10 

9. A single central stomata groove on lower surface .................. Pseudocycns 

N o  stomata groove or more t han one stomata groove ........... Cutchiphyllum 

................................................. 10. Pinna about as wide as long n o n ~ o x m i t e s  

......................................................... Pinna longer than wide Pterophyll~irn 



Genus Ptilophyllurn Morris emend- 

Original Diagnosis: "Stem - ? Fronds pinnate; pinnae closely approximated. 

linear, lanceolate, more or  less elongate, imbricate a t  t h e  base. a t tached obliquely: 

base semicircular or rounded; veins equal, slender, parallel" (Morris: in: Grant,. 

1840, captions of Plate XXI). 

Emended Diagnosis: Frond pinnate. Pinnae linear, borne on t h e  upper surface 

of rachis along fuIl pinna base, having parallel veins: base asymrnetric. basiscopic 

side decurrent  on rachis, acroscopic side rounded. 

Generitype: Ptilophy11-unr ncutifolium Morris 

Lectotype: Plate XXI, fig. 1 of Morris, in: Gran t ,  C.W. LS40, Transactions of 

the GeoIogical Society of London, 2nd ser., V. pp.  -S9-330. . 

Discussion: Ptilophyllurn was founded by Morris (in: Grant,  1S40) t o  dcsigria~c 

somc pinnate  fronds ivhich were characterized by having semicircular o r  round ancl 

imbricate p inna  bases and obliquely attached pinnae. Seward ( 19 Li) indicatcd 

t hat Halle ( 19 13) employing Ptilophyllum in Feistmantel's sense was incorrect, i.e. 

Halle (1913) a n d  Feistmantel claimed that the  decurrence of the  pinnae by thcir 

iower edges was an important distinguishing feature of P~ilophyllurn . Scirard 

(1917) expressed the opinion tha t  the pinnae of Ptilophyllum were characterized 

by tlieir a t tachment  to the  upper face of t h e  rachis; both the upper and the  lower 

angles of the pinna base were rounded. This point was shown on t h e  clear drawing 

of Morris' type-specimen (Seward. 1917. p. 518. fig. 591). 1-lalle's ( 1913) Sub- 



Znmites section was included by Seward ( 19 Lï) in his Ptiloph yllum. Seward ( 19 17) 

also mentioned that in a few cases, (which, 1 think, beIong to Otoiumites), both 

the upper and the lower angles of the pinna base were auriculate (Seward, 19 Li. 

p. 519, fig. 592, 593). 

Harris (1969) agreed that features of Seward's drawing (l917? p. 518, fig. 591 ) 

were visible on the type. However, Harris found the counterpart of the specimen 

on which Seward's drawing based, and suggested that t h e  pinna bases might be in 

fact decurrent. On the other hand, Harris defined Zamites in the sense of Halle's 

Eu-Zamites section. Halle's Sub-Zarnites section, t herefore, seenied to bc rejecteci 

from both Ptilophyllum and Zamites by Harris (1969). Although it appears that 

species coriforming to Malle's Sub-Zamites section are riot accornmodated within 

Harris' tasonomic system, Harris' approach is still accepted by most authors (e.g. 

Watson and Sincock, 1992). It is necessary, however, to create a generic category 

for Sub-Zamites type species. 

Seward (191'7) claimed that the pinna base of Ptiloyhyllunr was roiiiid ori bot11 

the  lower and upper angles while fIarris(l969) claimed that pinna base was decur- 

rent. This seems to be a contradiction. However, t h e  meaning of Ideciirrent" in 

Harris' definition probably only suggests that the pinnae are attached obliquely 

on the  rachis, so that the basiscopic side of a pinna base mipht correspondently 

extend down slightly. Among al1 Harris7 diagrams (Harris, 1969, p. 58, fig- 26, X- 

E: p. 60. fig. A ,  B; p. 62, fig. A-D; p. 65, fig. 30, A-C; p. 66, fig. A-F, H ,  I ) ,  only 

part of diagrams from one species, Ptilophyllum pecten ( Phillips) Harris (1969, p. 

66, fig. -4-F, H, 1). barely show pinna bases extending downward slightly. Harris' 

usage of t he  word "decurrent" is probably equivalent to Setvarci's "roiincled base 



anglesn. T h e  difference between Seward's definition and Harris' appears to be an 

insubstantial verbal dispute, but the  word "rounded base angles " appears to  be 

more appropriate. 

Later authors who accept Harris' ( 19 69) defini t iono howvever, generally use the 

word "decurrent" in a way different from Harris' (1969) meaning. For example. al1 

the Ptilophyllum species from the Wealden flora were claimed to have decurrent 

pinnae (Watson Sr Sincock. 1992); nevertheless, they are quite different from the 

plants described by Seward (1917) as bai-ing pinna bases witli roiirid aiigles. and 

by Harris (1969) as having "decurrent" pinna bases. 

T h e  Wealden Ptilophyllum species of Watson and  Sincock ( 1992) appear t o  be 

in accordance with Halle's (1923) definition for Ptilophyllum. wtiich is in t h e  scnse 

of Feistmantel's definition (Halle. 1913, Pl. 9, fig. 1). Feistmantel's rrcognition of 

Ptiloph yllerr~ was apparent 1'. basecl on P. acutifoliurri blorris. but. t h a t  of Scward 

(1917) was o n  P. cutchensc AIorris. Tliose two species werc establishccl at the 

same t ime  by Morris (1540) as the only species under his new genus Ptilophgllarn. 

but Morris did not designate either type species o r  holotype. I agrcc that the 

specirnen in Pl. XXI. fig. 1 (Morris. 1840) under P. ncutijdiunl lias decurrcnt 

bases. Plate XSI .  fig. 2 (4lorris. 1840). aIso under P. nclitifoliiirri. dots not provick- 

any  information about  t h e  pinna basc. Ariother spccinicii i i i ic l r i .  1'. r r ( . i i L i f o l i n i r i  

(Morris, 1840, PI. XXI, fig. 3)  shows rounded basiscopic pinna bases ratlicr tlian 

decurrent bases. It  is believed that  Feistrnantel's drawing (Halle. 191:3. PI. 9. 

fig. 1)  was on the basis of the  specimen in Morris, 1S40, PI. X S I .  Ag. 1. while 

Seward's drawing (Seward. 1917, p. 5 1s. fig. 591) must have been on t h r  hasis of 

the sole specirnen unclcr P. ctitchc n.\r ( Slorris. lS4O. Pl. SS 1. fia. -1 ) Tlirr<*forc. 



t he  dispute between Seward (1917) and Halle (1913) appears to  have arisen as a 

result of Morris' (1840) inclusion of two different kinds of fronds in orle geriiis. 

The  Gates  materials agree with Seward's Plilophyllum, whereas t tic \4kxdden 

rnaterials a r e  in  accordance with Halle's Ptiloph yllum. Those two kinds of rnate- 

rials are qui te  distinct and should not be included in one genus. 

Morphologically, a pinna base wit h "round angles" should have an  ohvious 

boundary between tissue of pinna base and t h e  rachis. This feature is well shown 

in Gates materials (PI. 23, figs. 3, 4).  T h e  structural  explanation is tha t  a pinna 

having rounded base angles is "jointed" on tlie rachis and c m  more easily I)c shed 

from the rachis under unfavourable conditions (Pl .  23.  fig. 2 ) .  This  inference also 

pertains to  o the r  Gates taxa. including Pseudocgcns. wliicti has rouiidecl pirina 

base angles similar to the Gates " Ptilophyllum" ( C~ulrhiphyllrrrn). 

For a "decurrent" pinna base there should not  be  any abrupt  change between 

tissue of p inna  base and the  rachis. The  Wealden materials show t li i l :  foriii clearl>. 

(Watson k Sincock. 1992, p. 92. text-fig.60, fig. A. B).  Structurally. a piriiiii 

tiaving a ydecurrent" base is broadly fused wi th  t h e  rachis, lorming a n  colierently 

entire s tructure.  The  Wealden materials (al1 species described ulicler Pt iloph yi- 

1um by Watson and Sincock, 1992) have never been reported as havirig detachcd 

pinnae. Watson and Sincock (1992: p. 101) also discovered that  therc  \vas rio per- 

ceptible change in the epidermis structure when pinna base passecl iiito racliis foi 

a "decurrent" base, notiiig that  "tlie exact Iimits of tlie pirina b a c s  arc. difliciilt. 

t O axer  t ai n7'. 

Given t h e  above-mentioned rnorphological definition and structural  interpreta- 

tion of the p inna  base. the differences between *'rouncled hase aiig1ris'- (IJigi-II-<! 3.3. 



Cutchiphyllwm) and "decurrent- base (Figure 3.3, Piilophyllum) reflect significant 

differences in plant structures. Because the original definit ion of Piilophyllum in- 

cluded different type of plants, i t  is necessary to split Ptiloph yllum to t wo geriera. 

It is suggested that the Ptilophyllum species conforming to Feistmantel's or Halle's 

(1913) definition continue to use the name Ptilophyllunr. Because Morris ( 1840) 

did not designate type species and holotype for Ptilophyllum, it is necessary to 

designate a type for Ptiloph yllum. Ptilophyllum acutifoliu~m Morris ( in:  Grant. 

1840) is the  only possible type species for Ptiloph yllunr. Plant XXI. fig. 1 (.\,lot-- 

ris, in: Grant, 1S40) under P. acutifoliurn is t h e  only possible specinic~i to II(! t .Ii<i 

holotype for Ptiloph yllunr. 

A new genus Cutchiphyllunt is instituted here for designat.ion of spccies con- 

forming to Seward's (19 17) defini tion of " Ptiloph yllurr~". Because t lie Cate riiateri- 

als are better preserved, Cutchiphyllum wiIl be typified upon t h e  Gates rnatcrials. 

Genus Cutchiphyllun~ gen. nov. 

Generic Diagnosis: Frond pinnate. Pinnae linear, jointed on t lie upper surface 

of rachis along the entire pinna base; base maybe slightly swoIlcn. base angles 

rounded on both acroscopic and basiscopic sicles; veins parallel. 

Etymology: The generic name originates lrorn the fossil locali ty of Ptilophylliim: 

Cutch (Morris, 1840). 

Generitype: Cutchiphyllurn canadensis sp. nov. 
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Figure 3.3: Pinna base morphology of Cutchiphyllum vs. Plilophyllum. 

Discussion: The name Cutchiphyllun is instituted for designation OC tliose for- 

mer " Ptilophyllum" species that accord wit h Seward's defini tion (1 9 17). incliiding 

Halle's Sub-Zamites. Because the pinnae of Cutchiphgl1,rrm are jointed on tlic 

rachis along the full pinna base. t h e  concept ''jointeci" is the key point scpa- 

rating Cutchiphyllum from Ptilophyllum Morris emend. Pinnae of Plerophgl1,um 

from t hose of eittier are borne on the sides of the rachis, and therefore differ 

Cutchiphyllum and Ptilophyllum Morris emend. 

Be11 (1956) apparently did not make this distinction in his assigrinlerit o f  nia- 

terials to Ptilophgllurn. Vakhrameev and DoIudcnko (in: Vakhraniccr. 1991 p. 

124) indicated that  Bell's Ptiloplryllutrc were ail Pteroplryilum. Their opinion is 

correct. with o n e  exception. The specinien in PI. XLIV. fig. 3 of Bcll (19.56) 



under Ptilophyllum arcticum (Goeppert) Seward is, indeed, a Ptilophyllurn, now 

Cutchiph yllum. 

Zamites differs from Cutchiphyllum in tha t  venation is derived from one point. 

The use of Zamites by LaPasha and Miller (1985) WIS apparently in the  sense 

of Halle's Sub-Zamites. Their Zamites arcticum Goeppert is equivalent to Bell'ç 

Ptilophyllum arcticum, and is included in Cutchiphyllum in this study. .ln addition 

to  the  morphological differences between Zamites and Cutchiphyllum, Cutchiphyi- 

lum appears to  have been widely distributed in the Arctic Province, whereas 

Zamites, appears to have been common in the  Equatorial and the  Antarctic 

provinces. Therefore, Cutchiphyllum should be treated as a separate gerius Ironi 

Zarnites. 

In terms of pinna base morphology, there is no difference between Cutchiphyi- 

h m  and Pseudocycas. Because Pseudocycas is a generally accepted genus (Setvard. 

1917; Bell, 1956; Watson and Sincock, 1992), i t  is treated as an independent genus 

in this study. Pseudocycas includes al1 species whose pinnae have a central stom- 

atal groove on the lower surface; Cutchiphyllum inciudcs t h c  specics ttiat caii not 

be assigned to  Pseudocycus (Figure 3.4). 

Geographically, Cutchiphylhm is comrnon in the Arctic Province and rare in 

the Equatorial Province, but  has never been reported Ironi the Aritarct ic Provirice. 

Ptilophyllum appears to have been common in the Equatorial Province. h lany  

specimens under Dioonitrî from North America (Fontaine, 1889: 190511; Berry. 

19 1 1 ) . cspecially, t hose from thc Potomac Group, are actually P~iiophyllurn. 
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3gure 3.4: Pinna cross section morphology of Cutchipftyllurn aricl P.wndocyc«s. 

Cutchiphyllum bisulcatum sp. nov. 

(PI. 2-1. figs. 1-4: Pl. 2% fig. 1 )  

Ptilophyllum (Anomo~arniles)  tnonl(inense (Fontaine) Bell. 1956. pnr-le] p. 

91, Pl. XLI, fig. 1 [only]. 

Diagnosis: Frond petiolate. u p  to 50 cm long and S cm wide. long elliptic in 

shape; apex rouiided; base cuiieate: prtiole 3 cm long aiid 4 r i  i d  Ilacliis -1 

nini wide; dorsal surface appearing sniooth. t h e  ventral siirfacc Iiavirig a ceritial 

ridge and two grooves, one on cacli side of the riclgc. I'iriiiac liii<bai-. (-oiiiriioiil~* 
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falcate, up to 4 cm long and 2 mm wide, alternately to  suboppositeIy jointecl 

or1 the  ventral surface of the petiole; apex acuminate; base rounded and slightly 

swollen. Dorsal surface of pinna appearing flat: ventral surface having two narrow 

furrows running parallel to  the pinna length. Veins inconspicuous, appearing to 

be  four. 

E t y m o l o g y :  The  new epithet originates from Latin sulcatus, suggesting t h e  two 

ventral furrows on pinna. 

Materials: Specimens many. Locality no.: 874, 915, 921, 9.50: 952 

H o l o t y p e :  Pl. 24, fig. 2 :  specimen no.: 9'21-(OIS. 

Distribution: This species has been recovered only from the Gates Format ion 

and the Luscar Formation. [ts distribution appears corifined to the Eai-1'- :lll~iari 

of the  western lnterior of Cariada. 

Discussion: This species is one  of the  most common f'ossils in the Clates For- 

mation. Pinnae of this species commonly produce impressions similar to those 

of Pseudocycas and it is difficult, sometimes even impossible. to distiiigiiisli t licni 

from Pseudocycas on the impressions (siib-impressions) alonc. The tuWo riari-ow 

furrows on t h e  ventral (upper) surface of a pinna typically are cast as two ridgcs 

bounding a flat central groove on the ventral (upper surface) impression. wliich is 

sornewhat similar to  the ventral (upper surface) impression of P.~eudoc.ycns. 1 r i  t he  



occurrence of conipressior~s together witli its impressions, it is not difficult to dis- 

tinguish ventral (upper surface) features of C. bisulcalum with the  dorsal (lower 

surface) features of Pseudocycas. Without t h e  preservation of compressions. a 

ventral impression is simply the  counterpart of t h e  dorsal impression. and it is 

difficult to  tell t h e  difference between Pseudocycas and Cutchiphglfll tn 0i.s'ulca~urrt 

(Figure 3.4); in this  case, specimens may bc assigned t o  either cf. Psendocijct~s 

sp. or cf. Cutchiphyllum bisulcatum. 

T h e  function a n d  nature of the  two ventral (upper  surface) ftiri-otvs arc uri- 

known. They are not par t  of the  venation and d o  not appear  to h a v e  connection 

with the  vein system. The venation does not show an>. traces on t tic ventral (iip- 

per) surfacc: four inconspicuous parallel veins are  apparent  on t h c  clorsal (lowcr) 

surface. Pinnae of Cutchiphyllum bisulcaturn appear  to have been very thick. so 

that  veins leave no mark in the  ventral (upper) surface. 

One specimen figured as " Ptiloph ylhrm (A nomozamiles) mont n iiense" Ily Bell 

(1956. p. 91. Pl. XLI. fig. 1) appears to be conspecific with the prc*sctit spccics. 

Although the two ventral ( upper surface) grooves ivere i i o ~  descril~ccl 1,)- Bcll. t licy 

can be observed on  the  photo; besides, the size of t h e  frond and t h c  falcate fcntur-c 

of its pinnae match  the  present species very well. Other specimens included I>y Bell 

(1956) within Ptilophyilum (Anornozamites) montnnense are distitict aiid appear 

to belong t o  Pterophyflum (see discussion of Pterophyllum nl ler tense) .  

Bell (19.36) did noL csplicitly indicate the basionyin for his ncw conibination 

Ptilophyllum (Anornozamites) montnnense (sic) (Fontaine) Bell. as rcquirrd hy 

the ICBN (Greuter  e t  al.. 1994). Nevertlieless, t h e  basionym is evidently Zamiles 

montanensis Fontaine ( 1 8 9 2 ) .  which differs from C. biszdcrrtvm in Iacking ttic two 



ventral (upper surface) grooves. 

Cutchiphy1lu.m canadensis sp. nov. 

(Pl. 22,  figs. 1-3; Pl. '23, figs. 1-4) 

Pseudocycas sp. A cf. Pseudocycas unjiga (Dawson) Bell, 1936, [ p o  ~ a r l e ]  p. 

98: PI. XLVI, fig. 2 [only]. 

Diagnosis: Frond large (possibly exceeding LOO cm long and 16 cm wide) .  ohlance- 

olate, once pinnate: apes  rounded: petiolate, petiole about  5.5cm long ancl S min 

wide, petiole base swollen. P innae  linear, alternately o r  su hopposi tely joi nted 

a t  almost right angles to  t h e  ventral (upper) surface of the  petiole, leaving one 

third of the  petiole visible, commonly crowded in the  lower part of the  Iroiid. bu t  

less crowded in the  upper pa r t  of the  frond, never ovedappirig, variablc i r i  size. 

t h e  largest pinnae in the uppe r  part of a froiid. 8 cri1 long arid -1 r i i i i i  ividr. pro- 

gressively narrowing and shortening towards both the froncl a p e s  and tlic Iroiid 

base, average pinna width 2-2.5 mm, abnormally wide pinnae ( u p  to 5 min widc) 

rarely present; apices acute; bases rounded and slightly swollen: niargiiial groove 

composed of revolute pinna edge on  each side of pinna, inerging at pinna apcs. 

disappearing at pinna base. 

Veiiis parallel. four, distiiict i r i  piriiia base, becoriiiiig lcss clcai towasds piniin 

apex, no evidence of vein dichotomizing. 

Pinnae shed from rachis, leaving pinna scar. Pinna scars appeasitig as ob- 

trapezoids. T h e  ventral ( ~ i p p e r  surfacc) side of the  oh-trapezoid flat. 4 miil long; 
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the dorsal (lower surface) side concave inwarcls, 1-51 nim: tfiickricss of pirinae. as 

rneasured from pinna scar, up to 2 mm. Four vein traces present in pi rina scar. 

Etymology: The new epithet originate from the country (Canada) i r i  which t lie 

new species has been found. 

Mater ia l s :  Specimens many. Loca!ity no.: Sï3 ,  877, 951, 950. 9.52. 915. 

Holo type :  Pl. '32, fig. 1: specimen no.: 874-7010. 

Dis t r ibu t ion :  This species has been reported frum the Get hing Format iori of 

British Columbia ( Bell 1%6) and t lie Cistes Formation. Its clist ri bu tiori appcars 

confined to the Aptian-Albian in the northmestern Iritm-ior. 

Discussion: This species is one of the most common elements i r i  Gates Flora. 

Pinnae appear very thick. Venation can be seen only near the pinria Lase. This 

nc\v species is ctiaracterizctl 1 ) ~ .  its large size and the riiarginal groo\*es on pinnae 

(Figure 3.4). Yone of the spccies within the genus is of tliis s i x .  

The specimen descri bed as Pseudocycas sp. A cf. Pseudocycns u njip ( Dawson j 

Bell (1956, p. 98; Pl. XLVI. fig. 2 )  appears to be conspecific. 'L'lic riiasgirial 

grooves of pinnae can be observed on the photo of that specimen and therc appears 

no central stomatal grooves. Other featiires? including gcncral sliapc and sizc. arc 

consistent with those of the new species. 

The specimen from the Kootenay Formation ( Late Jurassic) figured as Ptilo- 
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phyllum arcticum ( G o e p p e r t )  Savarcl  (Bell .  19.56, p. W. PI. '(LI\.'. fig. 3 )  is 

very s imi la r  t o  the  prescrit species in ter rns  of p innae s t r u c t u r e .  bu t  ttic Iiuot<rrla>. 

mate r ia l  is much sma11er in size t h a n  t h e  present species  (orily a b o u t  oric fiftti of 

t h e  s i ze  of the present species). 

(Pl. 25 ,  figs. 2-4) 

Diagnosis: Frond large,  probably  over  1 ni long and 9 cin witle. rihbon-like. 

p inna te ly  divided. P i n n a e  a b o u t  4.3 cm long and 2 rnni \vide. joitited 0 1 1  t h e  

ventra l  ( u p p e r  surface) sicle of t h e  rachis a long  t h e  full p i n n a  base: apes roiindec!: 

base rounded  on  bo th  acroscopic ar icl  basiscopic sides. Vetit.ral ( i ippcr )  siirfacc of 

p inna  appear ing  fat excep t  for marginal  grooves; dorsal ( lower )  surface liavirig a 

media1 r idge parallel p i n n a  length.  witli a furrow o n  eacti s ide  OS t lie iiiorlinl ridge: 

cross-section of furrow a p p e a r i n g  square .  Veins four, incorispicuous. iio ctitlcrici: 

of dichotor i i~- .  

Etymology: T h e  new e p i t h e t  originates f rom "Rocky" (Mountai r is ) .  

Materials: 3 specimens.  Locali ty  no.: 952. 

H o l o t y p e :  Pf. 25. fig. 2: specinieri rio.: 952-70S9. 

Distribution: Only  known from t h e  Gatcs Format ion.  



Discussion: This species is s imilar  in al1 aspects t o  C. cnrradensis. esccp t  for t he  

two dorsal (lower surface) grooves (Figure 3.4). Ttie two dorsal ( lowcr surface) 

grooves have  a square cross section and a r e  not evident on t tie ventral  ( i ipper) 

surface of a pinna. T h e y  are definitely not foIds between veins and  appear  unre- 

lated to the venation. Venation can not be  seen throughout a piriria. but  at t he  

pinna base four veins a r e  seeri to arise from the  rachis in a m a n n e r  like those of 

C. canadenszs. Although the na tu re  and function of these two grooves are  un- 

known. t h e  mos t  similar s t r u c t u r e  in cycads is t h e  dorsal (lower sur face)  gronive of 

Pse udocycas- type pinnae. Nevert  heIess. Pseudocycns is charact crizcd bj- or il!. one  

dorsal s t oma ta l  groove o n  each pinna (Seward. 1917: \,Vatson ,k Sincock. lW2).  

O n  t h e  basis of pinna base morphology. it is appropriate  to incliicle thcl Ciatcc; 

materials within Cutchiphyllutn. 

The Yorkshire Jurassic specimens named by Harris (19G.I) as Pnrncycns are 

also very similar to C. rocbii. The pinna of Paracyccls iras clescrilxd as: tiai.iiig 

a midrib a n d  two dorsal (lower surface) grooves, one  o n  each s ide  of ttic riiidril). 

c 7 1 h e  two dorsal (loiver surface)  graoves were proved t o  bc ttvo s ton ia ta l  haricls by 

cu t  icular arialysis. Morp hologically. Par-ncylcaç appears  to di ffcr frorii t lic Ciatc's 

materials primarily in having midribs in t he  pinnae. I f  similar midr ibs  esisted 

on  t h e  G a t e s  materials. they would bc assigned t o  Pnrncycns. I ha\-c carcfully 

checked the Gates  materials,  a n d  concliided tha t  they have no suc11 rriiclribs. Thc 

pinnac of t h e  Gates mater ia ls  appea r  thick; the  upper  surface of t h e  pinna is flat 

escept  for t h e  marginal grooves, and tliere a re  no  traces of niidri h o r  vcins: t he  

Iower surface of the pinnae shows clearly two grooves separated by a higlily-raised 



medial ridge; four veins can be observed only a t  the  pinna base. Or1 the  basis of 

those obserc'ations, the  Clates materials should not be included in Pur-acycas. 

On the other hand,  I do  not think that  the  presence of midribs in pinnae of 

Paracycas has been fully demonstrated. T h e  pinnae of the type species of Parncy- 

cas were described as "surface of pinna Bat, but with a sightly thickeiied niidrib. 

rnidrib more prominent below" (Harris, 1964, p. 67). T h e  esternal appearance 

of pinnae of Paracycas appears to be very sirnilar to that  of the  Cistes Materials. 

I t  is quite possible tha t  the midrib does not exist on those Yorkshire specimeris 

described as Paracycas. T h e  so-called midrib rnay he jiist the  niedial ridge on t h c  

lower surface of pinna. If so, the  diagnosis of Paracycas is incorrect. I'r~r.«cyca.~ 

should be conspecific wit h the  new species. Because the  \brks hirr niatcrials wcrr 

not available for me t o  examine. this hypothesis h a  not bren verifi er! in t Iiis s t  i id~..  

Genus Psevdocycas Nathorst 

Comments: Among the  forni penera in the Cycadeoidales. thc b c s ~  defiiied gcri~is 

is Pseudocycas. Pseudocycns was originally defined bu Nathorst (Seward. 1917) 

as having a double midrib bounding a central furrow. Halle in 191.5 clemon- 

strated that  the so-called double midribs were in fact elet-ated n~argins  bordcring 

a stomatal  groove. thus giving thc  appearance of two parallel vciiis (L\:atsoii and 

Sincock. 1992). T h e  actiial 1-enat ion of these pinnae lias rciiiaiiicd iiriliiio\\-ri i i i i t , i l  

t he  present stiidy. 

One specimen of Pseudocycas alberla lias pinna scars on tlic froiid rachis. 

There are  four dots in a row within each pinna scar. rcprcseriting 1-asciilai. buriclle 



traces (F igure  :3.4). Four veins enter  the  p inna  from the rachis: it is u n l i k c l ~  tt iat  

these four veins branch because the pinnae a r e  very narrotv. a n d  d o  not e s p a n d  

beyond t h e  base. T h e  significance of this ciiscovery is tha t  it demonst ra tes  t h a t  

t h e  a r rangement  and dis tr ibut ion of s t o m a t a  in  Pseuclocycas a r e  independent of 

venation. In  another words: t he  morphology of t h e  surface cells over t h e  ve ins  

does not  reflect interna1 anatomy.  The reasonable anatomical explanat ion is t h a t  

t h e  pinnae of Pseudocycas a re  very th ick  and t h e  veins are  s i tua ted  too far from 

t h e  surface t o  affect t he  developrnent of surficial cells. This inference explains why 

venat ion is never apparent  in hand specimens. I t  is believed t hat  t his phcnornenon 

is c o m m o n  t o  al1 species of Pseudocycas. 

T h e  s a m e  phenornenon also occiirs on  Cutchiph yllum bisc~lcnt il t u .  r'rrtcftiph yl- 

l um canadensis and  Czrtchipfzyllum rockii (F igu re  3-41. which a r e  ail i ~ i - y  similar 

to Pseudocycas in te rms  of venation and  p inna  base structures 

T h e  differentiation of species in Pseudocycas is primarily ori the basis of cutic- 

uiar features (Watson a n d  Sincock, 1992). Sorne species have l ~ ~ i i  dcfiriccl solelj- 

on t h e  basis of cuticular features (LaPasha a n d  Miller. 198.5). Thesc  facts riiakc 

species identification of hand  spccimens very dificii l t .  5et.erthcless. it appears  

possible to identify various species on  t h e  basis of pinna morphology. Piniia Lases 

of different species in Pseudocz~cas are very s imilar  a n d  appears Iess helpful in spc- 

cific recognition. h4acroscopic features of t h e  central  stomatal g r o o t ~  arc clifficiilt 

t o  observe in detail  and t hereforc a r e  less helpful. P inna  sizc a n d  apex morpholog'- 

appea r  impor tan t  in species identification. T h e  following kcy lias l>ccii tlct.clopccl 

as a guide  for species recognition. 



Generitype: Pse udocyccrs irtszgn i.s Yat horst 

Key for well-defined Paezldocycav species: 

3 1. Pinna length > 8 cm .......................................................... 

Pinna length < 8 cm ......................................................... 3 

............................ 2. P i n n a  length = 9 cm. width = 2-3 mm P. insigni.5 

............................ Pinna length = 10 cm. width = 2.5 mm P. dvnker- inna 

.............................. Pinna length = 11 cm, wid th  = 2 mm P. lesleyur 

........................................................ 13. Pinna width > 3 mm P. ~werr~erii 

......................................................... Pinna width < 3 mni -1 

4. Pirina lengtli = 6-7 crn. width = 1-1.5 mni ................... .....I'. .wportrrc  

.............................. Pinna length = 5 cm, width = 1.5 mm P. nii~cidri  

................................. Pinna length = 3 cm, width = 2 mm P. mnrrchrirensis 

P.r;ei~docycas alberta sp. nov. 

(Pl .  26, figs. 1-3; PI. 27, figs. 1, 2)  

Pseudocycas dunkeriana (Goeppert) Florin; Beli, 1956: p. S i ,  Pl. XLIII .  fig. 6. 

Pl. XLVII, figs. '3. 6. 

Diagnosis: Frond  large' about 100 cm long and 9 ctii widc: ribbori-likr i i i  alialw. 

petiolate; pet io le  5.5 cm long and 1 cm rvide; rachis at least Y m m  wide. Pinnac 

linear a n d  rigid. u p  to 3 cm long a n d  1.5 mm \vide: apcs aciitc: base 1-oitiiclcd 



and slightly swollen' attached along the  entire pinna base on the vcritral (uppe r  ) 

surface of the rachis; central narrow groove about 0.25 mm on the dorsal (loiver) 

surface of each pinna. Veins four, apparently unbranched. 

Etyrnology: The new epithet originates from the name of the sedirnentary basin. 

the "Alberta" Foreland Basiri. 

Mater ia l s :  Specimens many. Locality no.: 851, 874. SSÏ, 878- 

Holotype: Pl. 26, fig. 1: specimen no.: 814-7019. 

Distribution: Early Cretaceous of the western Interior of Cariacla. 

Discussion: The specimens included within P. dunkeriana bu Bell ( 19.56;) are 

conspecific with the present species. Pseudocycas duntei+ana as descri bec1 hy 

Seward ( 1917) appears to have a much larger size aiid tlierefore is distinct. 

l'.~eirdocycas doi~~lasii LaPaslia ancl hliller (198.5) is p r o h a b l ~  conspecific tvitli 

P. alberla in terms of their pinna width. which is t h e  only comparable featrirc 

between the two species. Although P. douglasii was described as h a ~ ~ i n g  a single 

vein per pinna, this important feature was never illustrated by LaPasha and hIiller 

(198.5). Their description of the single vein was probably a misinterpretation of 

the central stomatal groo\*e. Most l i l i e l ~  the Montana speciiiieii lias four vcins 

'( ausc per pinna, like the Gatcs materials. although t his cari n o t  br corilitriicd I N  : 

of the incompleteness of t h e  Montana specimen. 



1-18 

Pseudocycas sapoi-lae (Seward) Holden (Watson ancl Sincock. 199'1) is similar 

t o  the  new species but differs in having larger pinna size; anothei  important, 

difference is t h a t  the former species has cuspidate pinna apices, while t h e  Gates 

materials have  acute  pinna apices. 

Pseudocycas sp. 

(Pl. 2'7, fig. :3) 

D e s c r i p t i o n :  Frond pinnate: rachis a t  least 6 mm wide: pinnae 3 mm wide. 

length unknown: stomatal groove ver. narrow. approxirnately l / 3  mm \vitle. 

Materials: Only one specimens. Locality no.: 855 ( Boulder (I'rcek I'rii. ). 

Distribution: Recovered only from t h e  Boulder Creek Formatioii. 

D i scuss ion :  T h e  storiiatal groove of this specimen is estrenlely narrotv in corn- 

parison with the  pinna ividth. Th i s  specimen differs [rom P. alberta in Iinviiig 

much broader pinnae. 

Most specimens figured as Pseudocycas sp. A cf. P. anjig« (Bell, 1956. p. YS. 

Pl. XLIV? fig. 2; Pl. XLV? fig. 3: Pl. SLVII ,  fig. 4 )  are similar t o  t h e  prescnt 

species, but  differ in having riarrower pinnae (2-2.5 m m ) .  The  specimen figurecl 

as Pseudocycas sp. B cf. P. unjiga (Bell, 1956, p. 99. PI. XLIV. fig. 1 )  is also 

similar to  t h e  present species, but  differs in having wicler pinnae (-L--C.5 m m ) .  



Because of the fragirientary nature, further cornparisons with othcr spccics of 

Pseudocycas are not possible. 

Genus Pterophyllum Brongniart 

Comments: The name Pterophyllun~ was Erst applied bu Brongniart in 182.5 to 

fronds which were subsequently removed by Nat horst in 1881 to .-l tr orrtotnnziies 

(Seward, 1917). Pterophyllum originally included fronds of both t h e  Pterwphyllnm 

and  Anomozamites types. Thomas and Bancroft ( 19 113) indicated t hat  .-l n o m o x -  

rnites Schimper was as independent genus on t h e  basis of cuticle structural differ- 

ences. T h e  preserit usage of Ptcr-ophyllurn appears t o  be consistent to t h e  later lise 

of Pterophyllurn by Brongniart in id28 (Seward, 1.f 17: Harris. 1 W)). i-c.. spccies 

conforming to Anomozamztes are exciuded from Pterophyllirrn. I t  was  Anclrews 

( 19.55) who selected P. longzfolivm Brongniart as t h e  type spccies. 

Thomas ( 1930) indicated t hat certain Paleozoic leaves placed in Pîcr*oph!/l- 

lum had non-Bennettitalean cuticles and ought therefore to  be exducleci from t hc 

genus,  This was fully surnniarizecl toget her wi t h morphological k a t  lires in Harris 

( l9;E). 

Harris (1969) presented an emended diagnosis for Pterophyfltr nr ivli ich is still 

generally accepted, and discussed the  rnorphological differences bct~veen P l c i o -  

ph yllum and ot her Bennettitalean form genera. Harris' ( l96Y) definition was de- 

signed t o  restrict the use of Pterophyllum to leaves having syndctoclieilic stoniata 

(agreeing wit h Cycadeoidales). Harris' defini tion ( 1969, p. 9'1) is follou-cd i n  t lie 

present study. 



Numerous species have been reported wit hin the  genus. Tlie different iatiori of 

species is on the  basis of both t h e  pinna morpliology as tvell as cuticular st  ructores. 

In the absence of cuticles, it is difficult to compare rnany species. A key to  the 

Gates species of Pterophylhm is given as follo\vs. 

Generitype: Pterophyllum longifolium Brongniart 

I<ey to  the Cates Plerophyllurn: 

3 1. Pinna length < 1 cm .................................... 

Pinna length > 1 cm ................................... 4 

............................ '2. Pinna width about '3 mm P. plicntum 

Pinna  wid tb  about 1 nîni ............................ 3 

................................................ 3. Pinna sessile P. snlallifoliu rrl 

.......................................... Pinna  petiolate P. sp. 1 

4. Pinna width > 4 mm .................................. P. sp. 2 

Pinna  tvidth < 4 mm .................................. 5 

.................................. 3 .  Pinna  lengt h < 2 cni P. rrc tnngirhrr  

................................ Pinna lengt h > 2 cm.. P. alberteme 



Pterophyllu-m albertense sp. nov. 

(Pl .  21. figs. 4-6) 

Basionym: Zamites montanensis Fontaine, 1891 , U.S. Nat.  hlus.. Proc.. Vol. 

15, p. 494, Pl. LXXXIV, Fig. 4. 

Ptilophgllum (Anomozarnites) montanense (Fontaine) Bell, 19.56: [ ~ r o  ~ a r l e ]  p. 

91, Pl. XL, fig. 2; PI. XLI:  figs. 2. 3; PI. XLVII? fig. 1 [onlg]. 

Original Diagnosis: "The leaf (compound) is narrowly elliptical in outline and 

small. it is abruptly pinnate, wi th  a stout rigid midrib. The lower Icaflcts arc 

lancet-shaped, short. remote. and  stand a t  right angles with the  niidrib. In as- 

cending towards the  t ip of the  conipound leaf. the leaflets become linear i r i  shapc 

and are more closely approsimate. utitil they touch. They are also ~ioti-falcatc. 

and toward the  end of the leaf a r e  obliquely attached t o  the  midrib. T h e  leafiets 

of the  central part  of the  leaf a r e  longest. giving the elliptical outliric. Sen-es. 

three in number, strong. parallel with each other and t h e  niargiiis of the lcallc~s' 

(Fontaine. 1S91. p. 494). 

Emended Diagnosis: Frond pinnate, oblong, obtuse at base and apes; rachis 1.5 

mm wide. Pinnae normal or openly oblique to rachis. al tcrnatc to siiboppositc, 

linear, up to  23 mm long and 2 m m  wide, attached on the  latcral sidcs of the  

rachis; a p e s  acute. Veins parallel, usually four: unbranched. 

Etymology: The new epithet originates from the name of the sedimentary basin. 

the "Alberta" Foreland Basin. 



Materials: 15 specimens. Locality no.: Sa?, 853, 874. 875. 914, 95 1. 

Distribution: This  species has been reported from the  Kootenai Formation of 

both Alberta and British Columbia, the Nikanassin Formation of Alberta. the 

Hazelton Group of British Columbia (Bell, 1956), and the middle flora of Belcourt 

Ridge (Mellon e t  al., 1963). T h e  age of the middle flora of Belcourt Ridge is 

probably equivalent t o  the Gates. T h e  species appears to  have been distributecl 

from the Late Jurassic to  the Albian in the  northwestern Interior. 

Discussion: As ment ioned above in the  discussion of C'utchiph y l l r ~ m  bi.sidcnt irrrr .  

Bell did not specify type and basionym in his transfer. as reqiiired bj. the  ICBN 

(Greuter et al.: 1994). and thcrefore Ptilophyllum 'rlnornozrrrnit e s )  montanense  

(Fontaine) Bell would be an invalid species name. Yevertheless. t h e  basionym of 

Ptilophyllum (il nomoramiLes) montanense (Fontaine) Bell is iiios t likely Zurrrit es 

montanensis Fontaine ( 1 8 9 1 ) .  because other species published bj- Fontaine with 

ttic specific epi thet  bsmontanensis" are  not related t o  the  present species at all. 

The type specimen of Zarnites montanensis Fontaine (1891. Pl. L S S X I V .  Fig. 

4) appears t o  be  conspecific with both  Bell's rnaterials and the Gates  rnaterials. 

These materials a r e  apparently neit her Zamites, because t heir pinna bases are not 

cont racted, nor Pt ilophyllum because t heir pinna bases are not deciirreiit . 'i'hesc 

materials apparently belorig to  Pte.rophyll.unz, and thercfore transfcr is ncccssary. 

Transfer of Za.mites montanensis t o  Pterophyllu m happcns to  prod lice a later 

homonym of Pterophyllum montanense IinowIton. According t h e  Article 5.5 (a )  



1.53 

of the ICBN (Greuter et al.. 19SS): P. albertense is instituted for ttic present new 

combinat ion. 

Pterophyllum plicatum Bell 

(Pl.  28, figs. 4, 5 )  

Plerophyllum plicatum Bell, 1956. p. 93, Pl. XL, fig. 4,  Pl. XLI1. figs. 1. 5 ,  Pl. 

XLIII, figs. 2, 5 .  

Pterophyllum rectangdare Bell, 19.56: [pro parte] p. 92, Pl. X L I I ,  fig. 3 [onlY]. 

Description: Frond 6 cm long aiid 1 cm wide; rachis slender. 0.5 niiii \vide. 

Pinnae up to 6 mm long and 2 mm wide, attached along t h e  full pinria base on 

the rachis; apex rounded. Veins four, parallel, inconspicuous. Space between veins 

marked by a fold that gives a conspicuous, plicated appearancc to th<! piniia. 

Materials: Only 1 specimen. Locality rio.: 9.52. 

Distribution: This species has been reported from the Bullhead Group of British 

Columbia, the Luscar Formation of Alberta (Bell, 1956) and the C:atcs Format ion. 

The species appears to have heen confined to the Aptian-Albian withiri t h e  western 

Interior of Canada. 

Discussion: The Gates specimen is fully in accordance with the  original definition 

of the species (Bell, 1956). 



Pterophyllunr rectangulare Be11 

(Pl.  2s. figs. 1-3) 

Pterophyilum rectangvlare Bell, 1956, [pro partelp. 92, Pl. XLII, figs. -1' 6 [on- / ] -  

Description: Frond petiolate, pinnate, with elongate rectangular-elliptical blade. 

truncate a t  base and summit ;  petiole up to 2 mm wide. Pinnae more o r  Iess rect- 

angular? about 3 cm wide and 10 cm long, attached a t  right angles or nearly so. 

except near summit where obliquely ascending a n d  a t  base where lowest pair is 

slightly descending, alternate to subopposite, free except near front1 apex where 

pinnae are basally connate, up to 1.5 mm long and  3 m m  wide. decreasing very 

gradually in length distally~ abruptly and obtuselp rounded at apes. \ ,+ i r is  corn- 

monly four, inconspicuous, or  moderately defined, parallel. rascl>- foikecl. 

Materials: 23 specimens. Locality no.: 892, 8.57 (Boulder C'reek Fm.). 9.70. 914. 

9.52. 

Distribution: This spccies lias been rcported from the Luscar Formation of 

Alberta, the  Bullhead Group, Hazelton Group and  Jackass Mountain Group of 

British Columbia (Bell, 1956) and t h e  Gates Formation. It appears to have  hecri 

distributecl from the Neocornian to Albian in the western Interior of Canada. 

Discussion: One specimen included within P. rec tangdnre  Bell (1C1.56. p. 92: Pl. 

XLII?  fig. 3)  is inconsistent with the type (Bell, 19.56, p. 92: Pl. SLII .  fig. 4 )  ancl 

appears to  belong to P. nlbertense according to  Frond size and piiiiin iiiorplioloç~.. 



Pteroph yllum smallifoliunt sp. nov. 

(Pl. 28, figs. 6, 7) 

Descr ipt ion:  Frond sessile, linear, 7.5 cm long and 1.3- 1.5 cm wide: base wetlge- 

shaped; rachis 1 mm thick. Pinnae 6-7' mm long and 1 mm wide. alternatel? to  

suboppositely attached on the lateral side of the rachis; apex rounded. Veins not 

apparent. 

Etymology:  The  new epithet is used to suggest t h e  small pinna size of t h e  new 

species. 

Materials: 4 specimens. Locality no.: 952 

Holotype:  Pl. 28, fig. 7 ;  specimen no.: 952-7183. 

Dis t r ibu t ion :  Recovered only from the Gates Formation. 

Discussion: The  new species is distinguished Erom al1 ottier kiiown species by its 

small size. The specimen assigned to Ptzlophyllum arcticum (Goeppert) Scwarcl 

by Be11 (1956, p. 94. Pl. XLIII. fig. 3) is similar t o  the new species in size but  

differs in having a short petiole. Pterophyllum sp. 1 is also similar to the new 

species in size but difrers in  having a n  even longer petiole. 



Pter-ophyllunz sp. 1 

(P l .  29, fig. 1) 

Description: Frond petiolate, base wedge-shaped, length unknown, 11 mm wide: 

rachis 1 mm wide; petiole 12 mm long and 1.5 mm wide. P innae  5.5 mm long, 1 

mm wide, a l ternately t o  suboppositely at tached on  t h e  lateral side of t h e  rachis: 

apex  rounded. Veins riot apparent .  

Materials: Only  1 specimen. LocaIity no.: 952. 

Distribution: Recovered only from the Gates Formation. 

Discussion: The present species is characterized by its siuall sin. and pctiolatc 

leaf; it differs from t h e  specimen assigned to Ptilophyllum n 1-ct icum ( Goeppert  ) 

Seward (Bell, 1956, p. 94, Pl. XLIII, fig. 3 )  in having a longer petiolc. Sincc t h e  

only specimen (PI. 29, fig. 1) is only the lotver par t  of a leaf. i t  is inappropriate  

t o  ins t i tu te  a tiew nanie for it. 

Pterophyllum sp. 2 

(P l .  29. figs. 2, 3) 

Description: Frond pinnate. Pinnae u p  to 2 cm long. -5 m m  wide. th ick .  opposite 

to subopposite attached on the two sides of the rachis; apex rounded. Veins 5-6. 

commonlÿ  separated by conspictiously folds. 



Materials: 7 specimens. Locality no.: 696. 

Distribution: Only found in t h e  Ga te s  Formation 

Discussion: The present species is characterized by its conspicuously folding of 

pinna surface. Because al1 the specimens found are  fragmeritary, i t is inappropriate 

t o  ins t i tu te  a new narne for it. 

Order Czekanowskiales 

Family Incertae Sedis 

Genus P h ~ e n i p h ~ l l u m  gen. nov. 

Generic Diagnosis: Leaves fnscicled like those of Phoenicopsis. oblanceolate to 

wedged-shaped? sessile, distal margin toot  hed. Veins subparallel, incoiispicuous. 

Etymology: The generic nanie originates from t h e  first half of Phoenicopsis to 

suggest t h e  close relationship between Phoenicopsis and Phoeniphyllurii. 

Generitype: Phoeniphyllum tumblericurn sp. nov. 

Discussion: Phoeniphyllum is believed t o  be similar t o  Phoenicopsis in almost 

every aspect eacept  t hat  Phoeniphyllum has toothed pinna rnargin. The fascicled 

leaves were observed in t h e  ficld. but collecting of thosc fascicl(xl Icavcs as a \\-liolc 



failed because of the fragile nature of rocks. 

Phoeniphyllum tumblericum sp. nov. 

(Pl. 31: fig. 10; Pl. 13, fig. 1) 

Diagnosis: Leaves fascicled: asymmetrical, oblanceolate to  wedge-shaped, u p  t o  

10 cni long and 2 c m  wide. ha~ring a sub-media1 groove. distally dentate: teeth. 

acuminately pointed, directing forivard. Veins subparallel. possi bly dichotornizing 

once, each resulting vein branch entering a tooth; 

E t y m o l o g y :  T h e  new epithet refers t o  the  fossil locality of the riew species: 

Tumbler Ridge. 

Materials: 12 specimens. Locality no.: 9 15. 921. 

H o l o t y p e :  Pl. 3 l .  fis. 10: specimen rio.: 915-7108. 

Distribution: This species is specific t o  the  Gates Formation. 

Discussion: T h e  asymmetrical shape of the  holotype may have resulted frotn its 

position within the fascicle, and therefore is not considered of taxonomie value. 

Some smaller leaves having entire margins (Pl. 13, fig. 1 ) '  wit h routided ilpices 

cleft in the  middle. may be leaves which were situated in different positions within 

the fascicle. 



Order Ginkgoales 

Family Ginkgoaceae 

Genus Ginkgo Linnaeus 

Comments: Diagnosis of t h e  genus presented by Sze et  al. (196:3) is folloived in  

t he  present study. Harris e t  ai. (1974) dropped t h e  name Cinkgoites because it 

!vas not  used i n  a corisistent way (see discussion of Ginkgoites). XI1 Ginkgo-like 

fossils have been included by Harris et al. (1974) in the  genus Gznkgo. 

It is t rue  that t h e  common usage of Ginkgoi tes  is ill-defined. but incliiding al1 

Ginkgo-like fossils in the  recent genus Ginkgo will cause confusion. becairçc some 

fossils a re  found t o  be  qui te  different from recent Ginkgo. as noteci t>y Florin in 

1936 and some fossils a re  imperfectly known. 

I would like t o  !irnit the use of Ginkgo t o  those specimeris ~vliich show rcscn-i- 

blance wit h recent Ginkgo biioln in both  morphology and ctiticular structures. 

Although cuticles a re  not available on t h e  Gates  materials. i t  is possihlc. tu  riior- 

phologicaliy compare the  Gates  materials t o  some well-stuclied Ginkgo species 

wliich ha\.e been reported frorn areas adjacent t o  the  Cfates Formation. 

Generitype: Ginkgo biloba Linnaeiis 

Ginkgo pluripartita (Schimper) Heer 

(Pl. 31 ,  figs. 1-5) 

Basionym: Baiera pirrripnrt i ta Scliimper. 1869. Trai t 6 d e  palc:orltologir v6gi.talc 



ou la flore du monde primitif. J. B. Bailliére e t  tils. Paris, 1: p 

31, fig. 12. ( type not seen: reference cited from LaPasha and Mi 

p. 137). 

1 GO 

. 423, Pl. 

Iler, 19S.5. 

Ginkgozles pluripartita (Schimper) Seward, 1926, p. 93. Pl. 9. figs. 65. 66. 71. 

74, 83, 83A, S4, 86. 

Ginkgo pluripartita (Schimper) Heer; Bell, p. 83, Pl. XXXVI, figs. 2, 3, Pl. 

XXXVII, figs. 2, 3, Pl. XXXVIII, fig. 1; Brown. 197.52 p. 724, Tcst-figs. 

lA, C, D; LaPasha and Miller, 1985, p. 137, Pl. 1 3 ,  figs. 4-8. Pl. 14. figs. 

1-3; Chen e t  al., 19SS, p. 67, Pl. 6.5, fig. 1. 

Description: Leaves petiolate; petiole up  to 3 cm long and 1.5 mrn wide: laniina 

up t o  3 . 5  cm long and 6 cm wide, more or less hemispherical, divided more or less 

deeply from summit to lower half of lamina into basically four primary segments, 

t h e  two outside primary segments may be divided again. bot iiot so deeply as 

the  primary division; base truncate, more or less concavc. Segments of lamina al1 

obtusel- rounded to rounded-truncate. Veins strong, subparallel i i i  niid-region. 

concentration about 1G per cm, dichotomizing generally once or twice. 

Materials: Specimens numerous. Locality no.: 950. 9.5 1, 9.57. 

Distribution: The species appears to have been distributcd from t hc Latc Jiiras- 

sic to  Early Cretaceous in the Northern Hemisphere. 

Discussion: The cuticles of this species wcre well-studicd 11'. Brown ( 197.5) and 



LaPasha and Miller (1983) frorn niaterials from the Iiootenai Formatiori of hlon- 

tana. T h e  morphological resemblance of the  Gates materials to  the Montana 

materials strongly suggests that t hey are conspecific. 

T h e  differences between G. plu ripartita and  o t  her sim i lar species n-ere disciissed 

in detail by Brown (1975), LaPasha and Miller (19S5). 

Genus Ginkgoites Seward emend. Florin 

Comments: Ginkgoites rvas insti t u ted  for fossil lea\.es which wct-c helicvcd to 

be generically identical with Ginkgo o r  very closely allied (Seward. 1919). Se- 

ward's  primary purpose for adopting Ginkgoites was t o  get aroiincl troiiblcsomc 

taxonornic problems caused by absence of necessary inforniatiori about cti t iclcs 

and/or  reproductive organs. Semard d id  not indicate the  type for his nerrr genus. 

Andrews ( 19%) selected Cinkgoites oborata (Natliorst ) Seward as t lie typc ici his 

"Indes of Generic Names of Fossil Plants". 

Florin's work in 7936 demonstrated that some of the  C;inkgoites dit1 have qui te 

diffcsc~it cuticle s tructure fcom the recent Ginkgo. He iised Ginkyoiiés for both 

species which he judged differed significantly frorn Ginkgo a n d  those species rvhich 

were too imperfectly known, rnostly because their cuticles wcrc uni nvcst igatccl. 

Florin's usage of Ginkgoites mised t h e  sense of forrn genus witli ttiat of natriral 

genus. Although accepted by many authors,  such a usage is prohlr'n-iatic and 

confusing. I t  is preferred to rctain Cinkgoites as a forrn genus i n  thc sclisc of 

Seward's ( 19 19) definition, which includes Florin's irnperfectly kriotr~i spcci~ilens. 

Ginkgo-like leaves proven to  be diffcrent from recent Ginkgo slioiilcl pcrliaps hc 



iiicluded in a new genus. Because of poor preservation. this joh can not be donc 

on the basis of the Gates materials. In the present study, the name Ginkgoites 

is employed in the sense of Florin's definition of 1936 because there appears no 

other better way to deal the  problem. 

Harris et al. (19'74) tried to avoid confusion by dropping the name Giitkgoites 

and included al1 t h e  Ginkgo-like leaves in the recent genus Ginkgo. Harris et al.'s 

( 1974) approach does not appear to be helpful in clarifying t h e  confusion between 

form-genus and oatural genus. 

Generitype: Ginkgoites obouata (Nat horst) Seward 

Ginkgoit es  cascadensis Brown 

(Pl. 31, figs. 6-9) 

Ginkgoites cascadensis Brown, 1975, p. 727, Text-fig. 2. 

Description: Leaves petiolate: petiole up to 8 cm long and 2 r i i i i i  wiclc: Inniina 

hemispherical, the base generally truncate, divided more or less decplj- froiii sum- 

mit to half of the lamina or beyond into sir  prirnary segments, each of ivhich may 

divide again into 2-4 secondary segments. Ultimate segments al1 obtusely rounded 

to rounded- t runcate. each 3-4 mm wide. Veins, st rong, s u  bparal lel. concentration 

almost 18 per cm, dicliotomizing generally once' rarely twicc, ivitliin scgiiierit arca. 

Materials: Specimens numerous. Locali ty no.: 5.52, 87.5. 9.50. 9.5 1. 0.57. 



Distribution: This species has only been reported [rom the  blorrison Forma- 

tion on Montana (Brown, 1975) and the Gates Formation. It appears to have 

been distributed from the Late Jurassic to Early Cretaceous in the nort hwestern 

Interior. 

Discussion: T h e  present speciniens differ from those of Ginliyo plun'par-tita in 

having a much longer petiole and greater number of subdivisions of thc leaf lam- 

ina. T h e  Gates materials are identical to the type specimen of Girtkgoites cascn- 

densis Brown (1975, p. E S ,  Test-Fig. LA), althougti the petiole of C'inkgoites 

cascndensis was described as 2 crn in length by Brown ( 197.5). Xevcrtheless. nei- 

ther the  holotype nor other specimens on which Ginkgoites cnscrzdr nsis  ivas  bascc1 

showed a cornpletc petiole, so that  the actual length of the petiole \va-; prohably 

unknown by Brown (1975). The  Gates materials reveal a petiole as long as 8 cm. 

T h e  cuticles of the type material for this species were well-studiecl by Brown 

( l9ï.j): generic cornparisons wi t h  Ginkgo and specific corn parisons wi t h ot h e r  

sim i lai. Ginkgoiles species were cliscussed in detail by Brown ( 197.5). Ginkgoit es  

is eniployed in the sense of a natural genus in  this case. 

Class/Order/Family Incertae Sedis 

Genus Taenioplwis Brongniart 

Comments: This name was instituted by Brongniart in 1878 for simple linear 

or broadly linear Ieaves with a prominent midrib from which sccoriciar>- \.ei~is arc: 



given off (Seward, 1910). 

Cuticle s tudies  of Taeniopten's- t y p e  specimens from GreenIancl by Harris ( 1 %E) 

showed t h a t  t hey  belonged t o  several very different genera, including Mar-ratiop- 

sis, Nilssoniopteris, Macrotaeniopteris, Doratophyllum and  Nilssonia. Specimens 

whose cuticles a r e  unknown were s t i l l  included within Taeniopteris (Harris, 1932). 

Although Taeniopteris was originally referred to  simple leaves, it h a  been 

ciifficuit t o  distinguish simple leaves from compound leaves because of the frag- 

mentary  n a t u r e  of fossil plants. In  practice? Taeniopteris is used to refcr to al1 

ribbon-shaped leaves with a midrib a n d  p inna te  venation without  considering if 

t h e  leaves a r e  s imple  o r  compound. Therefore? Taeniopteris, in  fact. inclucles bot  h 

s imple  and compound leaves. 

Surnerous species have been reported wit hin t he  genus. The di fferentiation of 

species is o n  t h e  basis of leaf shape  a n d  t h e  density of lateral \-ci ris. 

Generitype: Taeniopteris vittnta Brongniar t  

Taeniopteris can rrtor.~nsis (Dawson) Be11 

(Pl. 29, fig. 4)  

Angiopteridium canmorense Dawson. 189'2, p. 83, text-fig. 2-  

7'aeniopter.i.~ cctnmor-ensis (Dawson) Bell. 19.56. p. 75, Pl. X S X I I  1. fig. 1. 

Description: Pinnae lanceolate. averaging 6.5 c m  long and 1.5 cm [vide. sessile. 

narrowly a t t ached  on rachis: apex acute;  base roundcd. 'clid\-ci11 stout..  LI^ 1.0 2 



16.5 

mm wide  a t  base, reaching pinna apex: lateral veins almost normal to niidvein. di- 

chotomizing once near the  rnidvein, resulting venation dense, concentration about  

26/cm at t h e  pinna margin. 

Materials: 8 specimens. Locality no.: 856 (Boulder Creek Fm.), 950. 952. 

Distribution: The Late Jurassic to Early Cretaceous of the northwestern Inte- 

rior. 

Discussion: The type material of the species (Dawson. 1892. test-fig. '2) is 

apparently a compound leal: pinnae are oppositely attached on t h e  rachis. The 

Cates  specirnens are preserved as detached pinnae and thereforc it can not be 

confirmed tha t  the pinnae from the  Gates were attactied oppositelj- or1 t h e  rachis. 

Although pinnae of the  Gates specimens are  slightly larger in size tlian those of 

the holotype, both the  type  material and t h e  Gates materials apyear  consistent 

in shape. length to width ratio (4:1), and are  considered conspecific. 

Taeniopt e n s  gatesensis sp. nov. 

(Pl. 29. fig. 5;  Pl. 30) 

Diagnosis: Pinnae petiolate. oblanceolate, averaging 26 cm long and :3.6 cm wide: 

apex varying from acute t o  mucronate: base oblique: petiolc about  3.5 cm long 

and up  to 5 mm wide. Midvein stout,  reaching apex of pinna: lateral veins alniost 

normal to midvein. simple o r  dichotomizing once ncas thc rnicl\.c.iii or haIf\r.;il- fson-i 



the midvein, resulting venation dense, concentration abolit 2d/crn a t  the pinna 

margin. 

Etymology: T h e  new epithet  originates [rom the "Gatesy (Formation). 

Materials: Specimens numerous. Locality no.: 553, 874, 950-9.52. 

Holotype: PL. 30; specimen no.: 952-7136. 

Distribution: Found only in the Gates Formation. 

Discussion: .A single complete specimen and numeroiis fragments from tlic Cates 

Formation a r e  available. The new species is characterizcd bj. petiolatc piririae. 

large size and high concentration of lateral veins. I t  is uncertain i f  the Gates 

materials are simple leaves or compound leaves. To keep corisistericy of descrip- 

tions rvithin Taeniopteris canmorensis, the  word .'pinnaeY is used in the diagnosis 

instead of *-leaf" . Most species wi th in  Taeniopteri were instit uted on  t h e  ba- 

sis of pinna fragments, such as T .  r.ichlhofcnii (Schenk) Sze (Sze ct al., 1963). 

Therefore, t hose species names are unusable in the present st udy. 

Few species within Tamiopteris are described on compIete spccimens. but everi 

so appear incomparable to t h e  Gates materials. Taeniopteris canmorensis di ffers 

from T. gdesensis in having smaller sessile pinnae. 



Class Angiospermopsida 

Subclass Dicotyledonea 

Order/Family/Genus Incertae Sedis 

Comments: A few specimens of angiosperms have been recovered from t h e  Gatcs 

Formation. Two of them are complete leaves and appear t o  belong t o  t h e  same 

species. Other two specimens are fragmentary, but they appear to represent two 

different species. Therefure, the total number of angiospermous species wit hin the 

Gates Formation is estimated as 3. 

Unident ified angiospermous leaf 1. 

(PI. 37, figs. 1, 2)  

Description: Leaf smail, petiolate; blade round. 22 mni long ancl 1.5 mrn wide: 

petioIe winged, 8 m m  long, tapering toward the b a c  uritiI almost tlic saiiic ti.idt 11 

as midrib. Midrib reaching t h e  middk of t he  blade; lateral veiris are iiriciear but  

appear reticulate. 

Materials: 2 specirnens. Locality no.: 925, 952. 

Distribution: Recovered onIy fron-i the Gates Formation. 

Discussion: The present specimens are like angiosperm leaves more than  those 

of any other plant groups, and appear to represent a uiicicsçrilwd spccics. :\s i t  is 



difficult t o  determine the  generic attribution of the specimens, they are treated as 

unidentified angiospermous leaves in this study. In terms of esternal  morphology. 

t he  Cates materials are very similar to a specimen reported by Crabtree (1987, 

Fig. 38). 

Unidentifieci angiospermous leaf 2. 

(Pl. 132, fig. :3) 

Description: Leaf elongate elliptical, greatest breadth about  niidpoirit. 3 cm 

wicle. 10 cm long apex acuminate: base unknown. kiidrib reaches apes. 

Materials: 1 specimen. Locality no.: 952. 

Distribution: Recovered only from t h e  Gates Forniatioii. 

Discussion: In terms of esternal rnorphology and size, this  leaf resembles t h e  

Blairmore specimen assigned to Dicotylophyllum sp. by Bell ( 1956, p. 1:3S, Pl. 

LXXXIV, fig. 1). It is difficult to make any definite cornparison between the two 

because of poor preservation. 

The Gates materials a re  also very similar to !Wagnolinephyllurrr sp. of Crabtree 

( 1987. Fig. 33). 



Unidentified angiospermous leaf 3. 

(Pl. :32, fig. 4)  

Description: Leaf shape unknown; venation reticulate. cornples. with several 

vein orders. 

Materials: 1 specimen. Locality no.: 921. 

Distribution: Recovered only frorn the  Gates Formation. 

Discussion: The specimen is only a leaf fragment. Reticulate venation of th i s  

type is seen in some >lesozoic ferns Iike Hausmania, Clathr-op! cria and Dictyoph yl- 

lum as well as in angiosperms. Because of the fragmentary riat urc  of t lie speci nien, 

furt her evaluation is impossible. 



Chapter 4 

Early Cretaceous Floras of the 

Int erior 

This chapter discusses the deciduous habits of t he  Early Circtaceo~is tloras in  

the northwestern Interior, analyzes the paleoclimates on the basis of floral habits 

and other evidence, and then demonstrates the stratigraphie signi ficance of tlic 

floras in the correlation of plant-bearing strata in t.he northwestern I r i  terior. 

In interpreting paleoclimate on the basis of pre-Cenomanian floras. two difficul- 

tics are encouiitered. The first is t ha t  living floras are coinnionly doriiiiiatcd by an- 

giosperms, while the pre-Cenomanian floras are dominated by non-angiospermous 

groups; therefore, there are few grounds for cornparisons betwecn pre-Ccnonianiaii 

floras and Iiving floras. The second is that plants of t h e  pre-lenomanian Rora may 

have had different habits from t hose of the living floras even i f  the- helong to the 

same taxonomic group, such as cycads. 

hlorphological or physiognoniic anaiysis on recent plants lias bccri used as a n  

effective method to interpret paleoclimates on the basis of angiosper~n-dorninatcd 
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floras (e.g. Wolfe: 1978: 1979: 1980; 1987; Basinger et al.: 1994). -4s such  paleocii- 

matic interpretations have relied on analogy to living floras, the methods are  best 

applied to post-.4lbian angiosperrn-dominated floras. Cornparisons between pre- 

Cenomanian non-angiosperm plants and their living analogues are  possible only 

when t h e  habits of the fossil plants are  well known and even then uncertainty rnay 

be great.  

4.1 Early Cretaceous Climate of the Interior 

4.1.1 Deciduousness of the Gates Flora 

Habits of the Gates Ferns 

Most true ferns of t h e  Gates flora belong t o  Dicksoniaceae (inclusive of Thyr- 

sopterideae and Dicksonieae) (Bower. 1926). Some ferns of t h e  Gates fiora a r e  

related t o  Gleicheniaceae. 

hlodern iriernbers of t h e  Dicksoniaceae are  distri huted t hroiighout t.ropica1 and 

temperate areas. They var- from low creeping stocks to lofty tree-ferns (Borner. 

1926). Distribution of t h e  Early Cretaceous Dicksoniaceae is quite different from 

tha t  of the living. The Early Cretaceous species of Dicksoniaceae have beeii 

abundantly reported from throughout the  Xrctic Province. including t h e  north- 

western Interior. northern slope of t h e  Alaska (Scott and Srniley. 1070), Siberia 

and nort heastern Chi na. The Early Cretaceous species of Dickson iaceae have 

also been reported in abundance from the  Antarctic Province. In the  Equatorial 

Province, Dicksoniaceae has only been reported from those areas adjacent to t k  

Arctic Province (e.g. Crabtree. 1983: Fontaine, 19S9) and a r e  niissing frorii niost 



of the Equatorial Province. 

Unfortunately, the habits of the  Gates Dicksoniaceae are not well known. In 

fact , there are no sat isfactory reports regarding habits of the Lower Cretaceous 

Dicksoniaceae from anywhere within the  Arctic Province. Because tree fcrns have 

never been reported fronl the Cates Formation or equivalent strata in t h e  Arctic 

Provirice, the  Gates Dicksoniaceae were most IikeIy shrubs, with fronds arising 

from underground rhizomes. Recause living ferns having underground rhizomes 

are widely distributed al1 over t h e  world. the  Early Cretaceous Dicksoniaceac 

may be a poor indicator of climate zones. LaPasha and  Miller ( 1954) apparently 

interpreted the  Lower Cretaceous Dicksoniaceae of Montana as haviiig similar 

habits to living Dicksoniaceae and concluded that  the  temperatures were probably 

moderate, with rare or no freezing periods. I t  is prcsently unclear ~vhettier thc 

Gates Dicksoniaceae grew seasonally o r  al1 year around. or whether perliaps Early 

Cretaceous Dicksoniaceae of the high paleolati tude  had clirnate tolerariccs t liat 

differed from modern species. 

3~loclei.n riienilxrs of the Gleiclieniaceae are distri buted t hroughout the  t ropics 

and are absent from the nortliern temperate zone. Creeping habit is conInion for 

these ferns. Although little is knorvn about the habits of the  Cates Gleicheniaceae. 

they appear not to have been comparable wi t h  living Gleicheniaceac regardirig 

their d imate  tolerance. Faunal evidence indicates t h a t  the Early Cretaceous coral 

reef northern boundary was situated in the middle of Tesas, far south of t h e  Arctic 

Province ( Iiauffman. 1984). Typical tropical deposits li ke red beds and carbonates 

a re  missing from the Gates Formation and indeed from al1 Lotver Crctaccoiis 

s trata in t h e  northwestern Interior ( the  Late Albian is escluclecl). It  is iitilikel!. 



that  the Early Cretaceous climate of the northwestern tnterior tvas as warm as 

present tropics, so that the Gleicheniaceae, like the Dicksoniaceae. appears to 

have inhabited a wider range of climatic conditions than do living rilembers of the 

family. 

Pseudophlebis gatesii is very peculiar arnong the Early Cretaceous ferns in  

havirlg petioiate pinnules which appear to have been detachable from t h e  rachis. 

as detached pinnules are often seen in the Gates Formation. It appears that 

Pseudophlebis gatesii grew seasonally and that  the  fronds fell apart . shcddirig 

pinnules in a decicluous manner. 

Habits of the  Gates Gynlnosperms 

Al1 species of Caytoniales appear to have been deciduous. Lcavcs of Cq-to- 

niales have had well-developed petioles. and feaflets of Sagermptcris  werc detach- 

able from their petioles. Caytoniopteris in particular has a well de\-eloped long 

petiolule on each leaflet which is slightly swollen a t  base and morphological1~- 

sirnilar to recent deciduous I>road leaves of the angiosperms. I t  is believed tha t  

members of the Caytoniales were al1 dcciduous. 

Al1 remains of ginkgoes recovered t'rom the Gates are detached Icaves. Becaiisc 

these leaves are morphologically very similar to  the Living Ciinkyo b i loh .  it is 

reasonable to assume that they had sirnilar deciduous habits. 

Leaves of Phoeniphyllurn were observed borne in fascicles on short shoots. as 

are t hose of Czekano wskia and Phoenicopsis. i t  is generallj- acceptctl t hat t l iq .  

had sirnilar deciduous habits? as do some other gymnosperms wi th fascicleci leavcs 

on short shoots. such as Pseudolnrix and Larix. 



Zhang (1'380) and Chen et al. (1988) observed the racliate arrangement of 

several Chilinia leaves and inferred that they might be clustered on the end of the 

stem. Chen et  al. (1988) also reported the fascicled habit of Ctenis leaves. Xe\.- 

ertheless, pinnae of Chilinia and Ctenis appear un-detachable from their rachis. 

It is not known if fronds of Chilinia and Ctenis were deciduous. If C'hilinirt and 

Ctenis were evergreen plants. their petioles would have remained attached to the 

stem like living Cycas. Such stems fully covered with persistent petiolcs havc 

been extensively reported from the Equatorial Province and have beeii gcricrallj. 

referred to Cycadeo idea. Since Cycadeoidea- type fossi 1s have never been reportecl 

from the Lower Cretaceous of the northwestern Interior, fronds of Chilinia and 

C'ter~is irere likely borne on  some othcr type of stem. and rnay ive11 have I>ceri 

deciduous. 

Multipinnia differs from Chilinia and Ctenis mainly in haring lroncls nt icast 

bipinnate. It is believed that Multipinnia kvas similar to C'hiliniu ancl C'te~li..; in  

having a deciduous habit. 

Bcrinettitaleans of the Gates i~iclude two kinds of plants: one hns srnall 1ea1.e~. 

such as Pterophyllunc piicuturn, which is about 10 cm long: the ot her lias large 

leaves, such as Cutchiphyllum canadensis, which is more than 100 cm long. The 

srnaIl-sized bennettitalcans include al1 the species of Plel-ophyllurn: soine spccics 

of Gates Pterophyllum have  petiolate leaves while others havc sessile leaves. Pin- 

nae of Pterwphyflurrz appear un-detachable from their rachis, but al1 ;.lie Gates 

Pterophyllum have beeri found in a detached state witti  Icaf base intact. It is 

believed that the small-sized bennettitaleans had a decicluoiis habi t  sin-iilar to t h e  

Earlÿ Cretaceous deciduous plant ,  the vine-likc ATilssonicr frorri t h c s  'Lttori f3as in  



of Japan (Kimura and Sekido, 197.5). 

The large-sized bennettitaleans include al1 the species of CUtchiphyllum and 

Pseudocycas in the Gates flora. They have petiolate, pinnate leavcs. some up to 2 

meters in length. Pinnae of these large-sized bennettitaleans are jointed ori their 

rachis, and are detachable from the rachis. It is believed that these large-sized 

bennettitaleans dropped their pinnae from the rachis and petioles from the stem 

in winter, because complete detached pet ioles of Cutchiph yllun and Pseudocycas 

have been commonly seen in the  Gateç Formation (PI. 2'2. fig. 13: Pl. 27. fig. 1). 

The conifers of the Gates f o r a  are mainly composed of rnernbersof tlic Piriaccat. 

(Pityophyllurn staratschinii and Pityocludus magnifolius) and Tasodiaceae ( Elalides 

cur~vi/olia and Athrotarit es berryi). Elatocladus brevqolia, Elut ocladus rnur~c i~  l ~ r i c u  

and Elatocladns sp. are form-taxa, but possibly also belong to Tasodiaceae. 

The Gates Pityoph$lum sta ratschinii are al1 detached leaves. i v  hicli were fas- 

cicled on short shoots in the manner of Pseudolarix: it is believed t Lat t,li~>-. too. 

were. deciduous. Pityocladus rnagnifolius has both long and short shoots: needle 

leaves are loiind aggregatcd on short shoots, while long shoots are full? covered 

with leaf scars. While some of t hese features are found in evergrecri taxa. the- 

are more typical of a deciduous habit. 

Elatides curvifolia, has dimorphic leaves and was probably evergreen. lts falcate 

Ieaves were isodiametric in cross section and are consistent with rnany evergreen 

Pinaceae and Tasodiaceae elements, some of which resist low ternperatui-es i r i  

winter. as their srnaller surface to volume ratio would help to  reduce frost tlraright 

(Woodward, 1987). The falcate leaves of Elatides cvruifolia are hclically arranged 

and appressed on the stem to furthcr reduce evaporation. These falcatr isonieti-ic 



leaves appear  t o  be persistent on  stems, because no leaf scars or detachecl falcatc 

leaves have been observed from t h e  Gates materials. Flat leaves of Eldides c u m -  

ijolia are  pseudo-distichous in arrangement and may have been less hardy than 

falcate isometric leaves. These flat leaves are typically borne on tivigs ~vhicli ma- 

have been shed as intact leafy twigs, as they a re  extremcly abundant  as fossils. 

.-!throtasites ber-ryi on the other  hand appears t o  be both a leaf dropper and 

a shoot dropper in winter; its deciduous habit has been discuss in  detail togetlier 

with its description. 

Leaves of Elatocladus breuifolia anci Elatocladus sp. have rouriclecl hases. wliicli 

are  contracted to very short  petioles. A s  leafy shoots are most cornmonly inconi- 

plete. they most likely dropped both leaves and leafj- shoots i n  iviiitcr. 

Elatocladus rnanchunca appears to have been evergreeri. as leavcs are firmly 

attached to  twigs along the  full width of the  base. It probahlx hacl a habit similar 

to  tha t  of Elatides curoifoliu. 

Sumnlary of the Habits of the Gates Flora 

Ln summary? plants of the Gates flora can be dividecl into the  lollowirig groups: 

1. True ferns: which includes Filicopsida. T h e  habits of the  t s r i c  k r n s  of the 

Gates flora are not weil-known. Because many seed plants of t h e  Gatcs For- 

mation were deciduous. it is likely t hat the  Gates  truc kriis grcw scasotially. 

too. 

2. Deciduous non-needle-leaved, which include ginkgoes. Czekanowskiales, 

Pterophyllum, Caytoniales, Cycadales. Tuenioptcr i .~  and --L-riiclent i fier1 ari- 

giospcrm leaf 1.'. Most plants of this groiip have tj-pical d w i d  iioiis Ica1 i i r r s  



and  were Li kely deciduous. 

3. Deciduous needle-leaved, which include Pityocladus. Pityophyflum. Athro- 

taxites berryi, Elatocladus b revifolia, Elatocladus sp.. C u t  chiph yilu m and 

Pseudocycas. Note: Pinnae ofCutchiphyllum a n d  Pseudocycas a re  comparecl 

with needle-leaved conifers. Plants of this group are al1 typical deciduous 

plants. 

4. Evergreen needle-leaved, which include Efatides caniifofia and E ldo-  

cladus manchurica. 

4.1.2 The Climate reflected by the Gates Flora 

There  is no sedimentary evidence of seasonal drought in the Earlx C'retaceoiis 

northwestern Interior basin. O n  the  contrary, thick and abundarit coal deposi ts 

a r e  clearly indicative of humid ciimate and abundant  rairi faIl. The decidiioiis 

habit of the  Gates  flora appears not t o  be  an  aclaption to  seasonal droiight. 

Çeasoriality of light can causc deciduousness in high Intitiide floras. The pale- 

olat i tude of t h e  s tudy  area  can be estimated a t  between JOD-60' N on the  basis 

of reconstructions of Hallam (19S5), Barron e t  al. (1981, 1987): and Smith e t  al. 

( 1 9 4 )  This  is roughly equivalent t o  the  present la t i tude of approximately 53' X. 

CVinter darkness above t h e  Arctic Circle (6.5'-70° N )  woiild certainly contributc 

to  polar deciduousness ( Axelrod. 1984: LVolE. 1987; Basingcr et al.. 199-1 ). At 5O0- 

60' N,  the  Gates  flora wouid still be effected by low winter ligtit levcls: ,LIcivcr 

a n d  Basinger ( 1993) predicted deciduousness at t hese paleolati tildes based upon 

their s tudy of the  Paleocene Ravenscrag flora a t  5S0 5 .  I-io\vcvcr. sonii: cviclence 



suggests t ha t  additional factors may have contributed to tlie Ciatcs cfecid~iousiiess. 

Firstly, because the  Montana Aptian flora is very similar t o  t h e  Gates  flora. 

it is believed tha t  t h e  climates of these two areas were very sirnilar. with little 

change from the  Aptian through to Middle Albian throughout t h e  northwestern 

Interior. By the  Late Albian, there was a distinct climate change in the  western 

Interior as indicated by drast ic  vegetational change. As a n  esample ,  the tree 

fern Tempskya has been found to  extend frorn Arizona to  northern Montana in 

the  Late Albian (Ash and  Read, 1976); commonly seen Aptian-Midcllc Alhian 

elements such as Caytoniales. ginkgoes and  Czekanoivskiales. are missi ng in  t lie 

Late Albian. This  cl imate change was local to the  Interior. and appears  rclatetl to  

the joining of t he  seaways from the  Gulf of Mexico and the  .Arctic Occari. Bec-aiistr 

the  paleolatitude of t he  Interior changed li t t le from the  Xptian to t h e  Late Xlbiari. 

day length conditions should not  have changed. It is assunled tliat t rec ferns like 

T e m p s k ~ a  were non-deciduous pIants and  grew al1 year arotind. T h e  replacement 

of the  deciduous Montana Aptian f o r a  by a non-decidiioiis Late Albian flora 

appears to  have bcen caused by temperature increase. That is to sa'. that  ivintcr 

light levels a t  t he  paleolati t ude of Montana permi t ted the  non-clecid tioi~s plants to 

grow were t h e  climate t o  be warm enough. Therefore, temperatiire appears most. 

likely t h e  key factor t ha t  contributed t o  deciduousness in t h e  ,Ifontana Aptian 

flora. 

T h e  s tudy area \vas si tuated about 10' polewarcl of tlie hloiitaria lossil sitrs. 

The  winter temperature of t h e  stucly a rea  in p rc - l a t c  Albiar~ tirnc \\roulcl Iia\.e 

been somewhat lower than t h a t  of Montana because of the latitudinal ternpcraturc 

gradient, and  therefore. wouid have. in and  of itself. caused cleciduousncss of tlie 



Gates flora. Of course. winter day lengt h in the  s tudy area was certainlu shortcr 

than t h a t  in Montana and  would have had some influence on the  Gates flora. but 

low minimum temperature appears to have been the  overriding factor t ha t  caused 

the  deciduousness of the  Gates flora. 

Secondly, it is apparent tha t  deciduousness was a feature cornmon throughout 

the  Arctic Province. and climate throughout the  regiorl may have been similar. In 

Asia, southeast area of the  Arctic Province extended into what is now northeast 

China, with paleolatitude between 40' t o  45' N on t h e  b a i s  of reconstruction 

(Hallam, 198.5; Barron et  al., 1981: l9S7: Smith  e t  al.. 1994). Dcciduousncss of 

the  Lower Cretaceous floras of northeast China  wotild not have been caused by 

seasonality of light a t  tha t  latitude. Keittier does drought esplain deciduo~is~icss. 

as sedimentary evidence indicated that t h e  climate was huniid in the  Early Cre- 

taceous (Chen et  al., 198s). Low temperature appears the oiily possible factor 

causi ng deciduousness of t hese C hinese floras. 

Ariother piece of evidence is the Early Cretaceous floral zonation in Japan. 

The Iiouridary hetween t h e  .Arctic Province and the  Equatorial Province spIits t h e  

Japariese Archipelago along a line almost perpendicular t o  latitude. I t  appcars 

tha t  this  boundary was determined not by t h e  seasonality of light. which would 

result in a boundary more nearly parallel to  latitude. 

It is difficult to determine the precise temperature of the  Albian climate in 

t h e  Iriterior. because the  Gates flora is so different from rnodcrri vegetatiori tliat 

there is littIe basis for direct comparison. It  is known tlmt cliffcrciit plants have 

quite different abilities to resist Iow temperature. .4ccording to  Woodward ( 19Sï). 

broad-leaved evergreen living angjosperms are unable to  siin-ivc minimum tcni- 



perature below about - l.ju Cl  alt hougli the precise physiological iiatiirr ol  t llis lirii- 

itation is unclear; when the minimum temperature falls below about - 1.5' C. the 

characteristic vegetation becomes broad-leaved winter deciduous. Reprcseritatives 

of both evergreen and deciduous living conifers are able to survive minimum tem- 

perature below -40' Cl although it is clear that  frost resistance of non-deciduous 

conifers is widely variable. Thiis frost resistance of conifers, whether evergreen or 

deciduous is impossible to estimate. 

According to Woodward (1987), low temperature causcs two possihle cffccts 

on living plants. ce11 membrane injury and frost drought. It appears that the ce11 

membrane is the primary site of both chilling (temperatures greater than 0' C and 

less than 10' C)  and freezing injury. Ce11 membrane injury rnay lead to leakagc of 

ions and amino acids, quickly followed by ce11 death. Frost drotiglit is c a u s d  11y 

formation of extracellular ice within a leaf when ternpesat~ire drops below OU C': 

the  formation of ice removes liquid water from cells so that soliite coricci~tratiori 

increases: in addition, the vapour pressure over ice is lowcr than over licluicl  water 

at tlic sariie teriiperattire. Iricreases in solute conceritratiori will lx! accoiiipanied 

by large changes in pH and in ionic strengt h, leading to irrevci.sil>lc. clctiat,iiratiori 

of proteins and other macromolecular structures. It follo\vs tliat freczing injiisjr 

could be a significant end result. The deciduousness of tlic Gates ilora appcars to 

be an adaption to  deal with such freezing injury. 

The gerieral absence of broad-leaved evergreen gymIiospcrnis such as cycarls 

in the Gates flora may be a result of the same physiological coristrairits tlint 

limit distribution of broad-lcaved evergreen angiospcrnis coda'-. I f  so. tlicrc tvas 

most probably some period of frcezing during the wintcr. and riiiriirriiint tviiit(~i. 



teniperature below -15' C may ttierelore have existed. 

4.1.3 The Climate reflected by other evidence 

Considerable geological evidence indicates that the Early Cretaceous repre- 

serits a period of warm global temperatures and absence of permanent ice at  low 

elevat ion anj-where on the Eart h. Evidence surnmarized by Crowley and North 

(1991) includes latitudinal poleward displacement of invertebrates (coral reefs, 

large forarnini fera, gastropods, rudist bivalves, ammonites and beleni~ioids ). the 

presence of dinosaurs above the Arctic Circle. and the high temperature (1.5' 

C higher thaii the preseiit) of intermediate-deep ocean watcrs bascc1 on osygen 

isotope records. 

However, there is some data that indicates that parts of the Eartti were cool 

during the Early Cretaceous. Reports of apparently ice-raftetl dcposits i n  Iiigli- 

latitude regions during the Late Jurassic and t h e  Ear l~ .  Cretaceous Iiave bccii 

iised to suggcst that freezing conditions occurred near t h e  poles and that glaciers 

riiay possibly have esisted periodicalIy (Frakes e t  al.. 1992). Crawley and Xorth 

(1991) also indicated that there were some problems ivith the osygen isotope mea- 

surements because many published records have riot becri sufficicrit 1). csar11 i iicd 

to test for aiteration effects (diagenesis), which significantly nlodify osygcii iso- 

tope values. Also the depth habitat of some of the measurcd organisms (e.g.. 

belemnoids) is not well known; osygeri isotope values can tary witli depth, aiid 

are afso significantly modified in coastal regions. Man- of t h c  osygen isotope 

measurements listed by Barron and Washington (1982) arc f'roni slinlloiv-ivatcr 

marine realms. Bakker ( 197.5, 19230) argued t hat dinosaurs wcre \ v n ~ - n i -  I~loorlwI 



and therefore might have been able to toleratc cool win t c r s .  Soiric cliiiosniirs iiiaj. 

also have migrated seasonally to  warmer climates ( Axelrod, 19s-1: Parrisli et al.. 

1987). 

There a re  no published oxygen isotope records within the  northwestern Iritiirior 

in the Lower Cretaceous. Fauna of the Fort St .  John Group have no relationship 

rvi th t hose froni the Gulf of hlexico because t here were no connections for most 

of the Early Cretaceous between the two seaways. Therefore. it is unknown if  the 

climate of t h e  EarIy Cretacecus would have allowed warni-loviiig fauiia to cst.cricl 

poIeward. Dinosaur footprints occur in Gates rocks a t  Graride Cactie aiirl have 

been seen in coal niines during the  present study. but sniall to iiitcrriiediate-sized 

reptiles l ike turtles are apparently absent from the  nort hwesterii Intei-ioi- i r i  thc 

Early Cretaceous (pre-Late N b i a n ) .  

4.1.4 Summary of the Interior Climate 

In conclusion. sumrncrs of the E a r l ~ *  Cretaceous (pre- Late Xlbiari) in thc  iiorth- 

western hiterior appears ivarrri and hurnid. with abundarit rai ri fall. \Vinter tem- 

peratures iikely dropped below Ireezing, at least periodicall~.. to a point that 

would inhibit development of broad-leaved evergreen gl-rnnosperinotis rcgetntiori. 

Existing evidence from both plants and animals and oxygcn isotope records argiic 

against prolonged deep frost. hIini mum winter tempcratiire nia). have  bcen as lorv 

as -1.5" C t o  -%O0? but cold month criean temperature wcre prolably rnuçh liiglicr. 

perhaps close 0' C. 



4.2 Floral assemblages of the Interior 

As stated earlier in the  section on "Geological age of the  Gates Formation", 

the age of the Gates Formation can be precisely deterrnined as late Early AI- 

bian. The advantage of intercalated coal-bearing s t ra ta  and marine shales in the 

study area will help to build u p  Early Cretaceous floral assemblages, which are 

stratigraphicaily significant in the  correlation of the plant- bearing s t ra ta  in the 

nort hwestern Interior. 

4.2.1 The Aptian assemblage 

T h e  Aptian assemblage of t h e  northwestern Interior is represented by the  C;ct.h- 

ing flora of British Columbia (Bell, 19.56) and the  liooteriai flora froin Montaiin 

(Miller and Lapasha: 1955; LaPasha and Miller. 1985). The Apt  ian assrrnblagc 

is characterized by the follotving features. 

1. Absence of angiosperms. 

2 .  &lain body of the assemblage consisting of the  following elements: 

( a )  Acanthoptetis gothanii (Neocornian-Albian) 

(b)  Coniopteris emoiaeuii  (Late J urassic- Early Cretaceous) 

( c )  Cladophlebis virginiensis (Early Cretaceoiis) 

( d )  Caytoniopteris wiliiarnsii ( Aptian-hIidclle Albian) 

(e) Sagenopteris macleamii (Aptian-Middle Albian) 

( f )  Sayenopteris nevettsis ( Aptian-Middle Albian) 

(g) PLerophyllum ulbertense (Late Jurassic-Early Cretaccoiis) 

( h )  Ptiiophylium arcticum ( Late Jurassic- Eariy Cretaccous) 

( i  ) Elatides curuifolia (Jurassic-Early Cretaceoiis) 

( j  ) Athrotaxites bemji  (Early Cretaceous) 

( k )  Ginkgoes 



3 .  Podozumites. which is comnion in earlier s t ra ta?  is rare i n  thc. Aptiari asseni- 
blage. 

According to Retallack and Dilcher (19S6), angiosperrns occurred i i i  the coastal 

plain of eastern North Americaduring the  latest Barreniian o r  carly :\ptian, rcach- 

ing California by the  Albian or perhaps as early as .4ptian. Reports of angiosperm 

macrofossils from the  northwestern Interior earlier than  the Albian are al1 unre- 

liable. The presence of Phyllites sp. in the  Gething flora in Bell's (1956) fig. 

1 appears  to be a mistake, because the species  vas indicated to  occur witliiri 

the Luscar Formation in both the  species description ancl plate captions in Bell's 

original test (1956. p. 139). MacLeod and  Hills (1990; 1992b) appcar to have 

inherited the mistake in Bell's publication in illustrated the  Cotliirig flora as a n  

angiosperm- bearing flora. 

Culmites sp.? which occurs in the K o o t e n -  Forrnatiori ( 1.at.r .Jiii.assic) (Bell. 

1936). is only a stem having longitudinal striae. Its attribution to  t , l i ~  arigiospcrni 

is inappropriate. 

Definite presence of angiosperms in t h e  northwestern Interios includes the 

*'Unidentified angiospermous leaves 1 and 2'' from the  Gates Formation. Plzyllites 

sp. from the  Luscar Formation arid Sapidopsis angusta from t hc  Lowcr Blairmorc 

Group (Bell. 19.56)' which appear al1 to b e  Early Albian. 

Crabt ree  (1987) also reported the earliest presence of arigiosperiiis of th<. nortli- 

western Interior from t h e  Gates Formation. The Gates Formation \vas rrgardcd 

by Crabt ree  (1987) as lower Middle Albian in reference to t h e  earlier ivorks of Bell 

(1956), Mellon et  al. (1963). Stot t  (1960, 1968) and Singh (1971). 

On the b a i s  of the t,hrec above features of tlic Aptiati assc~iil)lagc. tlic Iloras 



from the  following floras are  considered to be Aptian: tlic liootenai Formation. 

the Gething Formation. lower part of the  Luscar Formation. Lower part of the  

lower Blairmore Group, and  the  Hazelton Group (Skeena beds) (Figure 2.4). 

The Skeena beds were dated by MacLeod and Hills (1990, Fig. 9 )  as  Xcoco- 

mian. although this is inconsistent with their assignment of rnost Skecna beds to  

the Xptian-Albian in their Fig. S. 

T h e  Bowser flora from the  Devils Claw, McEvoy, and Currier formations was  

determined as pre-Albian (MacLeod and Hills, 1990, 1002a. 1992b). In lact. the 

only typical Aptian element in the Bowser flora, Caytoniopteris (Soyer~opteris)  

urflliarrrsii, appears t o  be misidenti fied (see discussion of C. willict rrtsii). Chdophlebis 

uirgir~iensis of the  Bowser flora is different from both the type niaterials of tliis 

species and  the  Gates specimens assigned to  this species in t h e  present study. 

Elafides cuniifolia appears  to  have ranged from the Jurassic to  the Early Creta-  

ceous, a n d  therefore is of Iittle biostratigraphic significance. C o n i o p ~ e i i s  h yme no- 

phylloides of the  Bowser flora appears to  be  the  same as Conioptci-is errnoinevii 

of the Aptiari assemblage: it also is long ranging, [rom the Latc Jiirassic to t h e  

Early Cretaceous. 

Many other elements of the  Bowser flora suggest tliat the  Bowser flora is in 

fact pre--4ptian. rather than  pre-Albian. Nilssonia brongninrtii of tlie Bowser 

flora occurs in Neocornian s t ra ta  of the  Hazelton Group and Taritalils Formation 

( Bell. 1956). C'ladophl~bis heter-ophylla and  Cytenis borcalzs of t hc Bowscr fioi-a 

have been documented in the  Late Jurassic Iiootenay Format i o n  ( Bcll. 19.56). 

!Vil.ssonia schaumbz~rgensis of the  Bowser flora has bcen reportcd froni prc-.Aptian 

strata  of t h e  Kootenay Formation and the  Hazelton Grou p. :Vilssorr i c ~  t en iticn d i s  
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and Baiera furcata of the Bowser flora (MacLeod and Hills. 199%. I I )  are siriiilar 

to  specimens described as Nilssonia cf. N. tenuicaulis and Baiera  cf. B. furcata 

from pre-Aptian s t ra ta  of the Hazelton Croup,  the Tantalus Formation and t he  

Kootenay Formation (Bell, 1956). 

MacLeod and  Hills (1992a, b )  made worldwide stratigraphic analysis ori some 

selected elements of the Bowser Rora in their determination of the age of the  

Bowser flora as Ti  thonian to  pre- Albian. Inherent in such worldwide st ratigraphic 

analysis is the  assumption that  al1 plants of a species were conternporancoris and 

become extinct simuItaneously througliout their geograpliical regiori. Due to plant 

migration and regional variation. this assumption ma! not hold ail tlic tinic. 

7 -  I herefore, worldwide biostrat igrap hic  corn parison based on fossi l plarits rii-. be  

less precise. Nevert heless. wit hin a single region or sedimentary basiri suc11 as the 

northwestern Interior, the migration time of plants is negligible. Therefore. in 

determining t h e  age of the northwestern lnterior floras, comparison is in  t h e  first 

instance restricted to  within the northwestern lnterior Basin. It is  espcctetl that  

siich coniparison will produce more precise results t h a n  worldwide stratigraphic 

analysis. Alt hough the Bowser Basiti does not belong to the nortliivestern interior. 

the  northwestern Interior basin appears t o  be  the  closest area and bot fi basins 

belong to a single floral province, the Arctic Province. Tlierefore comparison 

between the nort hwestern tnterior floras and t he  Bowser Basi n Boras is considered 

to be appropriate. 



4.2.2 Early Albian assemblage 

The Early Albian assemblage of the northwestern Interior is well represented by 

the Gates flora. The Albian assemblage is characterized by the following katures. 

1. Preserice of 2-13 species of angiosperms. 

2. klaiii body of the assemblage includes most of the  principal Aptian assem- 
blage elements: 

( a )  Acanthopteris gothanii (Neocornian-Albian) 

(b )  Coniopteris ennolaevii (Late Jurassic-Early Cretaceous) 

(c) C1ad0~hlebi.s virginiensis ( Earl y Cretaceous ) 

(d )  Cnytoniopt eris u;illiarnsii (.Apt ian-Middle A lbian) 

(e) Sayenopteris maclearitii (.-Iptian-Middle -4lbian) 

( f )  Sagenopter-is neiuertsis (.-lptian-Middle Albiari) 

(,O) Pterophyllum albert ense ( Late J urassic- Early Cretaccoiis ) 

(h)  Elatides curvifolia ( Jurassic- Eariy Cretaceous) 

( i )  A throtaxites benyi  (Early Cretaceous) 

( j)  Ginkgoes 

3. Presence of elements specific to t h e  Early Albian: 

(a) C'oitiop!~ ris bide 12s 

( b )  Sphenopterz's erectn 

( c )  Pseudophlebis gateîii 

( d )  Cutchiphyllum bisulcatum 

( e )  Cutchiphyllum canadensis 

( f ) C,utchiph yl1u.m rockii 

( g )  Chiltnia magnifolia 

( h )  !LFultipinnia inie7-ior 

( i ) Phoeniphyllum tumblericum 

4. Podozamites, which is common in Triassic and Jurassic strata. is absent in 
tlie Early Albian assemblage. 



On the  basis of features of the  Early Albiari assemblage. thc  cquii-alc.~it floras of 

the Early Albian assemblage include those from t h e  upper part of the Lower Blair- 

more Group, the upper part of the Luscar Formation and the  Jackass Xlountain 

G roup. 

Althougti Be11 (1956) did not recover any angiosperms from the  Jackass Moun- 

tain Group, Crabtree (L987) reported the presence of 2 species, ivtiich makes the 

Jackass Mountain Group more likely to be of an Early Albian in age, rather than 

Aptian as reported by Be11 (1956) and EvIacLeod and Hills (1990, 199%. 199-b). 

T h e  Albian Spence Bridge flora summarized by MacLeod and  t-lills (1990. Fig. 

9: 1992b. Fig. 3 )  appears to be distinct from the Spence Bridge fîora of Bell 

( 9 . 6 ) .  Bell's (19.56) Spence Bridge flora consists of Late .Jurassic elcmcnts and 

lacks angiosperms. and therefore appears to be pre- Apt iari i i i  agc ( 1-'igure 2.4). 

MacLeod and Hills list about  10 species of angiosperms in their Spcricc Bridge 

flora, which are characteristic of the Late Albian assemblage. or  a t  lcast, .\Iiclcllc 

Albian. Because MacLeod and Hills did not  give the source of  ha^ Spcncc Bridgc 

flora. furthcr coriiparison is iriipossible. 

4.2.3 Middle Albian assemblage 

Well-dated Middle Albian s t ra ta  in the study arca include t h e  1-Iiilcross For- 

mation and the lower Boulder Creek Formation (Stelck and Leckie. 1 WOa). Xev-  

er t  heless, t tiere are n o  well-studied Middle Albian floras in t h e  ~ i u r t  l iuestcr~i  [ r i -  

terior. blellon e t  al. (1963, youngest flora) reported a species list for the Boiiltler 

Creek flora. In comparison with the Early -4lbian assemblage. t h c  Boulder C'reck 

flora shows little change in floral composition except for t h e  angiosperms. wliicli 



increased t o  8 species. The Middle Albian assemblage cari bc cliaraçtcrized as 

follows: 

1. Presence of about 8 species of angiosperms. 

2. Main body of the Middle Albian assemblage is similar to  tha t  of the Early 
Albian in having: 

(a) C,'laclophlebis cf. C. viryirtiensis 

(b)  Caytoniopteris williamsii 

( c )  Sagenopteris cf. S. maclearnii (Apt  ian-Middle Albian ) 

(d)  Ptilophyllum aff. P. ncontanense, whicli may be similar to Pfer.opl~ylluni 
albertense 

( e )  Elnt ides cf. E. curvifolia (Jurassic- Early Cretaceous) 

( f )  Ginkgoes 

3. T h e  Middle Albiari assemblage also differs from the  Early Al biari asscmhlage 
in lacking those elenients specific to  the  Early Albian assernl~lage P I U S  t h e  
following species: 

( a )  A canthopteris gothanii (Neocornian- Albian) 

(b) Coniopteris errnolaevii (Late Jurassic- Early Cretaceous) 

(c) Sagenopteris newensis (Aptian-Middle Albian) 

( d  ) .-l lhrotazites bervyi (Early Cretaceous) 

Tliere appears no abrupt change between the Early and the Middle .A l l> i a r i  

assemblages. T h e  most important difference between the  t,wo asscrn blages is L h a t  

r l  

t here are more angiosperms in t h e  Middle Albian assemblage. I herefore? i t is 

possible tha t  equivaIent s t ra ta  include the  uppermost beds of some otherwise typ- 

ical Early AIbian units Iike t h e  lo~ver Blairmore Group and the .Jackass hlouritairi 

Group, and t h e  lowermost beds of some typical Latc Albian units l i k e  t h e  Pasaytcri 

Group and t h e  Kingsvale Croup.  



4.2.4 Late  Albian assemblage 

Major climatic change within the  Interior occurred when t h e  Inter ior  seaway 

from t h e  north coalesced with that from t h e  Gulf of Mexico. This change w a ~  

manifest by t h e  extensive distribution of t h e  t ree fern Ternpskya withiri t h e  lnterior 

from Arizona and  New Mexico to northern Montana ( Ash a n d  Read ,  1976, p. 7. 

fig. 3).  T h e  cl imate of the Late Albian is believed to have been significantly 

warmer than  the Ear ly  Albian, possible frost free, bu t  it is unknown how Iar 

nor th  t h e  influence of t h e  warm climate affected vegetation. as t he re  is a n  abserice 

of sufficient paleobotanical da ta .  

The upper Blairniore flora (Bell. 1956) was dominated by angiospcrnis (up 

t o  1.5 species); o ther  e lements  of the  Bora a re  qui te  diffcrerit frorn thosc of tlic 

Early-Middle Albian assemblages. Cladophlebis uirginiensis is t h e  only element 

common t o  both  t h e  upper  Blairmore flora and  t h e  Earlu-llidcllc Albian asscni- 

blages. Because of t h e  form-taxon na ture  of Cladophlebis .virgirri~ rrsis aiicl  i t s  Iorig 

stratigraphie range. its presence i r i  t he  upper  Blairmore flora is of Ii t t le strati-  

graphie sigriificance. O t her well-deFiiied, easily recognized =\ plian- .\I iddlc Al hian 

elements  are missing from the  Upper Blairmore flora, including: 

Acanthopteris gothani i  

Coniopter is  e n n o l a e  uii 

Caytoniopter is  .williamsii 

Sagenopt eris  maclearnii  

Sageno pt en's nemensis 

Pt eroph yllurn albertense 

Elatides curuifolin 



8. il th rotasites b e m j i  

9. Ginkgoes 

Therefore, the upper Blairmore flora appears t o  be younger than the Middle 

Albian. On the  other hand, t h e  upper Blairmore Group is quite different from the 

overlying Dunvegan Formation (Cenomanian), in which angiosperms are as many 

as 43 species (Bell. 1963). Therefore, it is reasonable to assign a Late Albian age 

to the  upper Blairmore Aora. 

The  Crowsnest flora and the  Cornmotion flora described by Beil ( 1 Y.'jG;) consist 

of onIg a few plants taxa, of which al1 a re  angiosperms escept one, so ttlat the 

age of these beds can be rio older than Late Albian. However. t h e  *iipper flora-. 

(flora 3 )  from the Commotion Formation of Belcourt Ridge rcportcd b!. .\leIlon 

et al. (1962) is different from the Commotion flora described by Bell ( 1956) i r i  

having many Aptian-Middle Albian elements. A possible esplariation is tliat Bell's 

Commotion flora was from t h e  uppermost beds of the Commotion Forriiatiori. 0 1 1  

t h e  other hand. one or both of these .'Commotion3 floras m a i  actually represent. 

differerit ancl niisideritified strata. 

The Pasayten and Kingsvale floras are basically similar to  t h e  upper Blairniore 

flora, but  t here is one Xptian-Early Albian elernent. Sngenopter-i.+ rteuxnsis. in 

these floras. Therefore, the  Pasayten and Kingsvale groups arc largcly of Latc 

Albian age. althougli the lowermost beds of the  Pasayten ancl liirigsvale might he 

the Middle Albian. 



Chapter 5 

Early Cretaceous Floral 

Provinces 

This chapter discusses the  Early Cretaceous global floral provinces. A new 

scheme of floral provinces is proposed: provincial boundaries a re  disçuc;sed in dc- 

tail. 

Vakhran-ieev was t h e  only paleobotanist t o  systemat ica l l~ .  sttitly t lie global 

distribution of Jurassic and Cretaceous florriç (Vakhrameev. 198s: 199 1). He 

distinguished four paleofloristic provinces for the  Early Cretaceous: the  Siberio- 

Canadian province. t h e  European-Sinian province. the Equat orial provin cc. a n d  

the  Nota1 province (Meyen, 1987, p. 319, fig. 90). Vakhrarncev ( 1991) later 

referred to these four provinces as regions, and subdividecl tliese rcgions irito 

several provinces. In the loliowing discussion. the  four regions of Vakhrarneev 

will be referred to  as provinces, a n d  his provinces in each region will be referred 

to as sub-provinces to accommodate the more custornarj- usage of -.province". 

Vakhrameev's publication (1991 ) is the most cornpletc summar>- of glotml .Jiirassic 



and Cretaceous floras. Nevertheless. Vakhrameev's recognition of four pro\-inces 

is problematic. 

First of all, the boundaries of Vakhrameev's four provinces are niore or less 

parallel to paleolatitude and  appear to be based in part on the  assiimption t hat 

climate across continents was influenced mainly by latitudinal temperature gra- 

dients (Frakes e t  al., 1992). Of course, latitude would have had an  important 

influence on plant distribution, but  other influences, like land and sea distribution 

and ocean currents, also significantly influenced plant dist ri bii t ion. The Early 

Cretaceous floral zonation of t h e  Japanese archipelago is a good esample of the  

effects of such non-latitudinal influences- Kimura and Hirata ( 197.5) secogriized 

two types of Early Cretaceous floras in Japan: the  Ryoseki flora of tlic easterri or  

outer  side opening into the Pacific Ocean, which is simiiar t o  the  European floras; 

and the  Tetori flora of the inner or western side. Although the  l'etori flora h a s  

mixed features of both the Kyoseki flora and the  Siberian floras. it is more like the  

Siberian floras than the Ryoseki flora. as there are no typical Ryoscki taxa like 

t.bt nelopsis srporteci in the Tetori fiora. Vakhrameev ( 199 1 ) was the orily paleob- 

otanist who insisted that  the Tetori flora was a special plant conlnlunity of t h e  

Euro-Sinian province; other paleobotanists have considered it to  be comparable 

t o  the Siberian floras (e.g., Kimura and Hirata. 1975; Chen et al.. l9d8: MacLeod 

and Hills, 199-b). 

Sloarl and Barron ( 1990) have shown, on the basis of their global clirtiate 

simulation, t liat zonation as Vakhrameev claimed was 1111li kely bccause of t h e  

large sizes of the  continents. They predicated that  continental interiors would 

have experienced more seasonal e'tt remes t han margi na1 areas. C'oritras t I~ct wcen 



t he  Ryoseki a n d  Tetori floras is compatible ivith this interpretation. On t h e  eastern 

side of t h e  Pacific Ocean, this phenornenon is not so obvious because of absence 

of floristic da ta .  I t  is known that  t h e  Queen Charlotte flora (listed t>y Ward in 

1905, p. 209; Berry, 1911, p. 123), t h e  northernmost known Pacific-rim Early 

Cretaceous flora, is more like the  Equatorial floras rather than the Arctic floras. 

It is possible tha t  the  whole of the Pacific-rim might have hosted floras sirnilar 

t o  those of t h e  Equatorial Province because the latitudinal temperature gradient 

might have been overwhelmed by the  warm ocean currents. 

Secondly, t h e  cri teria for recognition of Vakhrameev's four provi riccs a re  not 

clearly stated. T h e  difference bctween the  European-Siniari provi~ice and  the  

Equatorial province is unclear. In fact. there appears no conspicitous floral change 

across this boundary. It  is also difficult to  understand why the Sota l  Province 

should include Patagonia and India, which produce floras different from t h e  Xus- 

t ralian floras. 

In this study. provinces are primarily recognized on the  b a i s  of t l ie  prescnce 

aiid abserice of Clieirolepidiaceae ( fienelopsis and/or Classopollk). .-\ccordi ngly. 

only three floral provinces are liere recognized in the  Early Crctaccous (Figure 

3.1): 

The Arctic Province, which does not  have Cheirolepidiaceae and is situated 

to the  hiorth of the  Equatorial Province. 

The Equatorial Province, which has Cheirolepidiaceae. 

The Antarctic Province, which does not have Cheirolepidiaceae a n d  is situ- 

ated to  t h e  South of the Equatorial Province. 
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Although this provincial scheme prcsents a good overview on tlie global flo- 

ral zonation, it  relies on the correct recognition of the Equatorial Province. In 

practice, more detailed analysis is needed, especially when floras are [rom near 

provincial boundaries and may not be typical of any singIc3 province. The fol- 

lowing elements are selected as typical of the  Equatorial Province ( in  order o l  

irn port ance) : 

Cheirolepidiaceae (Frenelopsis and/or ClassopolZis) 

Weichselia, Cycadeoidea 

C upressaceae. 

Ten2pskyu and ot her tree krns. 

Pt ilo ph yllu ln, Zamit es, Dict yozani t  es, and Ot orclmit es. 

5.1 The Arctic Province 

The Arctic province mainly includes Alaska. the northwestern Interior of Sorth 

.-lriierica. C;reerilancl. Spitzhergeri. Sibcria, nortliern Mongolia, riorttieastern China 

and the Inner Zone of Japan (Figure 2.1). The Pacific-r-iiii arca is ~scludecI  froni 

the Arctic province. The Arctic province is characterized by having ttic following 

feat ures: 

1. Typicaf eIements which are common in the Arctic Province. but are rare or 
absent in ci t her of the other tivo provinces. include: 

Equisetit e s  

Dicksoniaceae 

.4canthopteris gotfianii 

I naceae P 

Tasodi aceae 



( f )  Chilinia 

(g) Cu tchiph yllum 

(h) Ginkgo ,  Ginkgoites and Baiera. 

(i) Czekanows kiales 

2. Elements which are absent from , or at least very rare in, the Arct ic Province. 
include: 

(a) m i c h s e l i a  

(b )  Cheirolepidiaceae, Cupressaceae, Podocarpaceae and .Araucariaceae. 

( c )  Ptilophyllum, Z a m i t e s  and Otoramites. 

(d) Cgcadeoideo. 

( e )  Te.mpskya and other tree ferns. 

3 .  Floras in the  provirice are diverse. 

* .  Deciduous habit prevailed wi thin the province (Spiccr and ParrisIl. 1YS6: 
Chen e t  al.' 1988: this report). Climate appeared to have heen seasonal. 
wit h the possi bility of wiriter frost. 

5.1.1 Boundary on the North American continent 

Few fossil plants are reported from the Queen Charlotte Islands (listecl by 

a l  i n  1 p. 0 :  B r  1 .  p. 125). T h e  prcsencc of Ginkgo appears 

to indicate a resemblance of the Queen Charlotte flora to the tioras of t h e  Arc- 

tic Province, but  other evidence also indicates a resemblance t o  the Equatorial 

Province. Dicksoniaceae appears to be absent from the Q u e e n  C'liarlottc Rom: 

Zami tes  terr uinernis of the Queeri Charlotte flora \vas rcportcd froni tlic Shasta 

Formation (Fontaine. 1905h). Other plants of t h e  Qiieen Charlotte Islands flora 

are less indicative. Yevertheless, the general inipression of the flora is that  it 

is much more like the Equatorial than Arctic floras. C;irdyn is conirnon in the 

Arct ic- but rare presence in the  Equatorial floras is q u i  tc  possi ljle. ospccial l?- foi 



floras adjacent to  the  boundary. as for exampIe the  presence of Buier-CL in  t h c  Po- 

tomac flora (Berry, 1911) and Ginkgo in English Wealden flora (Watson.  1969). 

The Bowser flora is basically similar to  the Gates 0ora  (MacLeod a n d  Hills. 1990: 

1992a, b) in terms of the major groups within t h e  flora. Therefore. in Worth 

America the  western boundary of t h e  Arctic Province can be drawn between the  

Queen Charlotte Islands and the  Bowser Basin. 

To t h e  southwest, the boundary between the  Arctic Province a n d  t h e  Ecluato- 

rial Province can be drawn somewhere between t h e  Shas ta  Formation of northcrn 

California (Fontaine, 190.5h) and t h e  Montana Apt ian fiora (Miller a n d  LaPasha. 

1954; LaPasha and Miller. 19S.5). T h e  Shasta flora appears different from the  

Gates flora i r i  lacking ginkgoes and in  having Cgcadeoiderr. the so-callecl Dioorzitca 

( = Pt i l~ph~ l lu~rn ) ,  and Zarnites. Qcadeoidea is cornmon in tlie Potomac flora 

(Berry, 191 1): the  Wealden flora (Seward, 1894. 189.5: h'atson and Si ric-od. 19'32) 

and central U.S.A. (Weiland, 1906). T h e  so-called Dioonites is the  sarne as nian- 

plants descri bed as Ptiloph yllum in t lie Wealden flora. Diooniles dunke ria n u s  of 

the  Skiasta Forniatioii \vas also tound in the Glen Rose beds of Texas (Fontaine. 

l90Jh);  Dioorrites buchianus of the S hasta was also reportecl froni t hc  Potomac 

flora (Berry, 1911, p. 332). Both t h e  Glen Rose a n d  Potoiiiac flora arc  typical 

of the  Equatorial Province. Various mernbers of the  Cheirolepidiaceae and Cg- 

cadeoidea from the  Glen Rose Formation of Texas indicate their affinity to t h e  

Equatorial Province (Berry. 1911: Watson. 1977; LVatson and Fisher. 1084). 

The boundary between the Arctic and the Equatorial provinces in the Xorth 

American continent can therefore b e  drawn between the  scaway from Giilf of 

r - Mexico t o  the  south and the northwestern Interior seaway to tlie t ior th .  1 tiat is. 



between the Cilen Rose beds of Tesas and t h e  Montana Aptian beds. 

The Aptian flora of t h e  Lakota Formation from the  Black Hills of western 

South  Dakota, studied mainly by Ward a n d  listed iri  Berry (191 1. p. 137): is 

qui te  different from those of the  Gates, t h e  Bullhead Group (Bell, 19.56) or  t h e  

Kootenai Formation (LaPasha and Miller, 1985; Miller and LaPasha, 1984) in 

having Cgcadeoideu. which is the  dominant element in the  flora. Other  features 

of t h e  Equatorial Province seen in the  Lakota flora include the  absence of Dickso- 

niaceae and ginkgoes and  the  presence of Zarnites. The presence of C'zekrtrro wskiu 

was considered questionable by Ward a n d  appears to be unlikelj. to me. There 

is no doubt tha t  the  Aptian flora of the  Black Hills belongs to  the Ecluatorial 

Pro\+irice, and t tiat there are no elenients transitiorial bctwcen the  I3lack 1-Iills 

flora and the  other  northwestern Interior floras? although tliey are  in  sucli close 

proximity. There  appears t o  be very Little latitude difference between the  Koote- 

nai Formation of Montana and  the Lakota Formation of Black Hilis. Continental 

topography appears t o  be the  main factor causing such an abrupt  cliangc. 

l'lie boundary between the  Arctic and t h e  Equatorial pro\.inccs can be dratvn. 

therefore, between t h e  Kooteriai area of Montana and the  Black Mills du ring t h e  

Aptian. 

The Albian flora from the  Black Hills, listed in Berry ( 191 1. p. 1-L 1 ) was frorn 

the upper part of the  Lakota Formation, called by Cobban and Reeside (19.52) 

t h e  Fuson Formation. T h e  Fuson flora appears to  be approxiniately the samc age 

as the  Gates flora in tha t  both fioras have few angiosperrns. Ç o b b a ~ i  and Iteeside 

( 1952) at tr ibuted the  Fuson Formation t o  t h e  Aptian on the basis of cornparison 

with the Canadian floras (Bell. 19.56: Berry. 1919). Xerertlielcss. t h r i  1-tison flora 



is so  different from the  lotver Blairmore flora as to  make cornparison meaningless. 

Although Cycadeoidea, the dominant element of the Lakota Aora did not occur in 

t h e  Fuson, other typical Equatorial elements, such as Weichsefia. occur within the 

Fuson flora, and there is an absence of Arctic sphenopterids and ginkgoes. Lep- 

tostrobus is typical element of the Arctic Province. T h e  Fuson specimens figured 

as Leytosti-obus alalus \Vard as iisted by Berry (191 1, p. 141) are not available 

for examination. Nevertheless, Potomac specimens referred t o  CU Leploslrobus by 

Fontaine ( 1889, 1905k) are al1 Pityocladus. Because the  Fuson flora was descrihed 

by Fontaine and LVard. it may be predicated that their Lrpiosti.oLir.~ d n i e r  from 

the  Fuson flora also belongs to Pityocladus. In addition. presence of Leptoslrohus 

in t lie Fuson Forniation appears unli kely to me. Therefore, the bouriclary bctwecn 

the  Arctic and the  Equatorial provinces changed little through the Aptian and 

Albian. 

T h e  Potomac ffora (Fontaine, 1889; Berry, 191 1 ) is a typicallv Eqiiatorial flora 

in spi te  of the occasional presence of some Arctic elerncnts siicli as B«itr-rr and 

Piriaceae. Typical Equatorial elements of the Potomac flora include: Ternpskya. 

Cycadeoidea. Dioonites (sanie as Plilophyllum), Zamitea, and C hcirolcpidiaceae. 

T h e  James Bay flora (klartison, 1952) appears to  have belonged t O the Equa- 

torial Province. although tliere are some mised features of botli the hrc t ic  and 

the  Equatorial provinces. Pi~yophyllum, a common element of Arctic Province. is 

abundant  and widespread in the .James Bay flora. Brachyph y11 urri. inost l i  kely a 

member of Cheirolepidiaceae is common in the James Bay flora. Therefore, James 

Bay flora appears be have been in close proximity t o  the  houiidary bctween the 

Arctic and the Equatorial provinces. 



T h e  Kome flora of Greenland (Heer. 1874: 1SS.2: 1SS3; Se~varcl. 19'16) cari bc 

included within the  Arctic Province, although the Kome flora has mised features 

of both the  Arctic Province and Equatorial Province. Most t a s a  of t h e  Iiome 

flora are typical Arctic elements, including Czekanowskia? Ginkgo, Gleiclienin. 

and Sphenopteris. The usage of Zamites in the Greenland flora (Heer, 18'71) is in 

Halle's Sub-Zarnit es  sense: t herefore. t hose Zamites are equi valent to Cutchiph yl- 

lum. T h e  specimen described as Cycas steenstrupii is most likely Cu~chiphyllum 

bzsulcatum or Pseudocycas sp. However, the presence of two typical Equatorial ele- 

ments, Frenelopsis and Cupressinocladus. suggests tha t  the E;onie Rora mlist have 

been si tuated near the provincial boundary between the Arctic arid Equatorial 

provinces. 

T h e  Spitzbergen flora as listed by Berry (191 1, p. 116) appears to be siniilar 

to the  Xrctic fioras but can not be considered typical: the dominant groiip in 

the Aora appears to  be Pinaceae. a cornmon element in the Arctic floras. Otlier 

elenients of the  Spitzbergen Rora are of little significance in floral geograpl-iy. 

5.1.2 Boundary on the European-Asian continent 

The Ural Mountains appear to approsimate the  boundary bcttvccri tlic Arctic 

and Equatorial provinces wit hin the European-hsian cont ineiit. T h e  varioiis floras 

to  the  west of the  Ural were summarized by Vakhrameev (1991). 'I'liose floras 

have many features i n  common, including the occurrence of Cheirolcpidiaceac. 

the fern Weichselia, and Cycadeoidea. Generally speaking, these Europeari floras 

are more like t h e  Equatorial type, but there are soine hrct ic  elcriients l ike  G'irrkgo. 

as the European floras are adjacent to the provincial hoti~idary. I'alyriological 



investigations also suggested the  existence of such a boundary (Herngreen and 

Chnolova, 1981). 

The Mongolia flora (Krassilov, 1982) has elements indicative of the  Arctic 

Province, including Czekanowskiales. There are also some Equatorial elements like 

O t o ~ a m i t e s  and  C.'ycadeoidea in the  Mongolia flora. Vakhrameev ( 199 1 ) discussed 

the  trmsit ional  features of the  Mongolia floras and at tr ibuted Mongolia to  his 

Euro-Sinian province. In this study, the boundary is drawn across Mongolia. ivith 

northern Mongolia at t r ibuted to  the  Arctic Province, and southern Xlongolia. to  

the  Equatorial. 

The  boundary between the  Arctic and Equatorial provinces within the  .-\sian 

continent is essentially the  boundary between the northern and the  southern floral 

areas of China  (Guo, 1956; Chen e t  al., 1988). T h e  eastern boundary of the  Arctic 

Province splits Japan;  t h e  Tetori-type floras from the  western side of .lapan belong 

to  t h e  Arctic Province: the  Ryoseki-type Aoras from the  eastern side of Japan 

beloiig to  t h e  Equatorial Province (Iiirnura. 19S0, p. 398: 1984. p. $39: 1987. p. 

94). 

The  main  factors tha t  governed the distribution of the  Japanese floras ap- 

peared t o  have been paleogeography. This point may not be easy to  see in the  far 

east region without reconstruction of paleogeographic relationships. According to  

Vakhrameev ( 19SG), there was a deep marginal sea during tlie Aptian b e t w e n  

Japanese archipelago and  t h e  main land Asia (Figure 2.1). This marginal sen 

\vas connected with the  Arctic Ocean through a narrow channel called the  Xnyui 

Strait ,  and therefore this marginal sea is somewhat similar to  the  northwcstern 

Interior seaway. This paleogeographic feature may ive11 es  plain tlic distribution 



of the Tetori-type floras, which were influenced by this polar seaway. and the 

Ryoseki-type floras, where climate was controlled by the Pacific Oceaii. 

5.2 The Equatorial Province 

The Equatorial Province includes most of the continental USA, Europe, South 

.4merical Africa, the Middle East region, India: southern Mongolia. most of China, 

eastern side of Japan and the Pacific-rim areas. The province is characterized by 

having the t'ollowing features: 

1. Typical elernents which are common in the Equatorial Pro\-i iice. hiit are rare 
in either of the other two provinces, include: 

( a )  Weichselia 

( b )  Cheirolepidiaceae, Cupressaceae. 

(c) Ptzlophgllum, Z a m i l e s  and Otoramites .  

(d )  Cycadeoidea. 

( e )  Tempsk?ju and other tree ferns. 

2, Elerrients which arc absent from . or at least rare in the Eqiia.torial Province. 
iiicl ucle: 

(a) Typical elements of the Arctic Province. 

(b)  Typical elements of the Antarct ic Province encep t Zn rnilrs. 

3. Floras adjacent to the other two provinces rnay have some Typical elements 
of other two provinces 

4. Climate of the province was quite warm and appeared to be frost free. hIost 
areas of the province were dry. Plants are either evcrgreeri i i i  Iiurtiitl envi- 
ronments, or possibly deciduous because of drought. 

Vakhrameev (1991) included the southern ends of the African and South Amer- 

ican continents together with India within the Nota1 province. In fact? tliere ap- 

pear to be no abrupt floral compositional changes from the eqiiator to t lie Antarc- 

tic Proviiice. Sincc ttie typical elcments. including Cheirolepidiaceae. occiir i n  tlic 



Patagonia dora (cited from Vakhrameev, 1991, p. l ' i O ) ,  and CVeichaelia occurs 

in the  India floras (cited from Vakhrameev, 1991, p. 178): South America and 

India are  bet ter  included within the Equatoriai Province. Becausc Zamites and 

Dictyozamites have been abundantly reported from South Africa (.Anderson and 

Anderson, l1)8.5). and typical elements of the Antarctic Province such as ginkgoes 

and Acanthopteris gothanii are absent, South Africa is better included within the  

EquatoriaI Province. 

5.3 The Antarctic Province 

T h e  Antarctic Province includes the  Antarctic and Australiari c o i i t i ~ i c ~ r i t s .  Ttic 

province is characterized by having the  following features: 

1. Typical elernents which are common in the Antarctic Pro\-iiice. but  are rare 
or absent in either of the other two provinces. include: 

(a) Equisctites 

( h ) Dicksort incecze 

(c )  Acanthopteris gothanii 

(d)  Podocarpaceae and Araucariaceae. 

(e) Zamites (= Ptilophyllum of Douglas, 1969: 1973). 

( f )  Ginkgo, Ginkgoites and Baiern. 

(g)  Tree ferns. 

2. Elemerits tvhich are absent from , or rare in the  Antarctic Province, includc: 

( a )  Weichselia 

( b )  Cheirolepidiaceae, Cupressaceae, Pinaceae and Taxodiaccae. 

3. Floras in the  province are diverse. 

4. Both evergreen (e.g. araucarians, cycads, t ree ferns) ancl deciduous o r  semi- 
deciduous forms (e.g. pteridosperrns and Ginkgoales) appcar to lra\.c been 
reprcscntecl. C'liniatc was apparcntly tvsrnier t h a n  tliat of thc Arct  ic. 



Few fioras have been reported [rom the Antarctic Province. Jefferson (1982) 

reported some fossil forests composed of silicified trunks froni the Lower Creta- 

ceous of .Alexander Island, Antarct ica. The well-preserved growt h patterns of 

those trunks are different from those of modern high-latitude trees and are clos- 

est to soriie species of living trees growing in warm temperate areas with a long 

growing season. 

The Victoria flora reported by Douglas (1969, 1973), and Douglas and Williams 

(198'3) is representative of the Xntarctic Province. The Victoria flora appears to 

be a diverse fossiI flora. iriclucli ng cryptograms, pteridosperms. Cycadales. Cy- 

cadeoiclales~ Ginkgoales. Coriiferales and angiosperms. The cliniate has beeri in- 

terpreted as was warm- to  cool- temperate, relatii-ely equable ancl tri t 11 riioderate 

seasonality and no widespread winter freezing (Douglas and Williams. 1982). 

Bennettitateans of the  Victoria flora are common, but monotonous: o n l ~ -  one  

genus. with 11 species. w a s  recognized by Douglas (1969, 1973). It niust be noted 

ttiat ihiiglas' ( L9W. p. 1 1.5) usage of Plilopltgilurn is incorrect: al1 1 1 species of 

Ptilophyllum belong to Zamit  es. 

It appears that the  d i m a t e  of the Antarctic as a whole tvas tvarrnci. t h a n  that 

of the Arctic, because tree ferns were able to survive there. This temperature 

difference could have been ca~ised by different pat terns of l a n d - s e a  clistri but ion in  

t h e  south polar regions. The Antarctic Province appears open toward the Equa- 

torial oceans. but the Arctic Proilince was basically separateci to t tic Ecluatorial 

oceans. 



Conclusions 

Examination of macrofossil plants from the Gates Formation indicates tha t  

the  flora consisted of bryophytes ( ,Uarchantiolites and Ttzallites). Equisetites. 

k r n s  ( C;leichcniie.s of Gleicheniaceae. .4canthopter.i.s aritl C'o~~ioptc  ri:. of Dickso- 

niaceae. Cladophlebis. Pseudophlebis gen. nov.. and SpI~enr ip~rr i .~ ) .  scrcl-ferris 

(Sagenopteris and Caytoniopteris gen. nov. ). conifers ( Pit yoc1ndu.s and  Pi!yoPhyi- 

lum of Pinaceae, ilthrotaxites and Elalides of Tasodiaceae. ElaLoclarlrrs). c ~ x a d s  

(Multipinnia gen. nov., Chilinia, Ctenis,  Cutchiphyllum geri. no\-. Pseudocycas 

ancl P !el-oyh yllam). Ginkgo and Cinkgoites; leptost robans ( Phoc niph yllum gen. 

rio\..). Tut uioptr ris and a~igiosper~tis.  

In total,  52 species from 2s genera are described. including 15 iiew spccies aiid 3 

new combinations. The new species are: Cladophlebis simplcxa. C'ladophle6is se  1.- 

rata. Pseudophlebis gafesii. Sagenopieris newensis. Pityophyllum rnagn i j~ l i t~s .  anci 

Ptemphyllunl alber-tertse. Chilinici rnagnifolin. Ctenis r-ottrndn~a, .\Iirltipinnia intc- 

rior. C'utchiph y l l u n ~  bisulcat urn, Cutchiphyllurrz ctlncrc!err.~is. CirIctl iph yllir n t  1-ockii. 

Pseudocycas alberta, Phoeniphyllum tumblericum, and Taeuioptti-i.5 ytrtesensis. 

The new combinat ions are: Equisetites rnotttane~z~is. ConiopIr r i s  6irlc Ir.*.. C'rry- 

toniopteris williamsii. 

.\lest plants of t h e  Gatcs flora appears to have hecn clecidi~oiis. Oril>- L'l(~Iides 



curuzfolia a n d  Elatocladus manchu~ica are convincingly evergseen. 'The interpreted 

paleoclimate is strongly seasonal wi t h winter minimum temperat lire possi hl y hr- 

low -15' C. Rainfall appears to have been abundant, because coal deposits are 

thick and extensive in the Gates Formation. Although low winter minimum tem- 

perature appears to  be the main factor causing deciduousness of the Gates Bora. 

daylight shortage may have also contributed to  the  deciduousness of the Gates  

flora, as the  paleoiatitude of the  study area was 50'-60' K. 

The age of the  Gares flora can be determined as Early Albiaii oii the basis 

of faunal evidence. \Yi t h in the  northwestern Interior. four floral assern blages. 

rarigi ~ i g  from the Aptian to Late Al bian, a r e  recognizccl. Floral assemblages froni 

the  Aptian t o  Middle Albian changed very litt le in their compositions: the most 

O bvious change is the increase of angiosperms. Dramat ic floral change occ 11 rretl 

between t h e  Middle and the Late Albian, when non-angiospermoiis 1Iiclclle :Ilbian 

clenlents n-ere replaced by angiospermous Late Albian elemen ts. St rata cclui\.alerit 

to t fic. Gatcs F-oriiiation iiiclcicle the upper part of the Lo\ver Blairmot-c G r o u  p. 

the upper part  of the Luscar Formation and  the  .Jackass Mountain Group. 

Globally, three floral provinces are recognized in this study. Tlicy are t h e  Arc- 

tic Province: which lacks Clieirolepidiaceae, the  The Eqiiatorial Province. IV hich 

has abundant  Cheirolepicliaceae, and t h e  Antarctic Province. w tiicli also lacks 

Cheirolepiciiaceac. The Ciates flora is typical of the Arctic Pi-oi-incc. Siniilar flo- 

ras have been reported from throughout t h e  Arctic Province. inclticling .\loritana. 

the  western Iriterior of Canada, the Bowser Basin? Alaska. westcrri Greenland, 

Spitzbergen, Si beria, northern Mongolia, northeastern China arid the Liiricr Zonc 

of Japan. A deciduotiç habit appears to  have prevailed within the  Arctic Pro\.incc. 



Climate appears to have been strongly seasonal, wi t h the probabili t .  of wi n te r  

fros t . 

The Equatorial Province includes most of USA, Europe, South America, Xfrica. 

Middle East region, India, southern Mongolia, most of China, the  eastern side of 

.Japan and the  Pacific-rim areas. Dry, warm climate prevailed in most of the 

Equatorial Province. 

The Antarctic Province included Antarctica and Australia: dorninant plants 

were Araucariaceae. Podocarpaceae, gin kgoes and cj.cads. Lcptost1-obaris arltl 

Cheirolepidiaceae are absent. Climate of the  Antarctic Province appcars to h a ~ ~ c  

been huniid and soniewhat warrner than that  of t h e  Arctic. 
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Appendix A 

Fossil Sites 

Fossils collected in the summer of 1990 are as follows: 

No. 8.50 Quintette Coal Limited, Mesa Pit,  close to coal seams D+E in Cates 
Formation. 

No. 851-853 Quintette Coal Limited, Wolverine Pit, in Gates Foi-niation. 

50. 8.5.5-862 Qiiintett.e Coal Lin-iited, Wolverine Pit, in Boulder Creek Formation. 

So. à6:3-d65 Quintette Cod  Limited, Uiolveririe Pit: in Gatcs Formation. 

No. 566-843 Quintette CoaI Limited, Mesa Pit ,  in Boulder Creek Formation. 

Yo. 874 Bullmoose Corporation, froni above E coal seani in the Gate Formation. 

O 87.5 Bullmoose Corporation. from between C and D coal seams in the Gates 
Format ion. 

Yo. 876-7s Bullnioose C'orporatio~i. fi-on1 abo1.e A coal scaiii i n  tlic Cistes For-- 
mat ion. 

No. Sig-896 From section 1 in Quintette Coal Lirnited. \\:olvcriiic. Pit in the 
Gates Format ion. 

No. 597-913 From section II in Quintette Coal Limited by tlic main roxl in the 
Gates Formation. 

No. 914 Quintette Coal Limitecl, by the main road cut in the Cates Forrriatiori. 

So. 9 1.5 Quiiitctte C'oal Limited. Shikano Pit, from the Gates Formation. 

o .  916-919 Quintette Coal Limited. from section I I I  by the main road in the 
Gates Formation. 

';o. 9'21-926 Cardinal River CoaIs Lirnited. in the Ciates I;oi.rnatiori i i i  Luscar. 



Fossils collected in the sunlmer of 1991 are as follows: 

So. 9.50 Snioky River Coals Limited. in the  Gates close to No.-! coal seam at  
Mine 12 in Grande Cache. 

No. 951 Smoky River Coals Limited, in the Gates a t  Mine 9 in Grande Cache. 

No. 952-953 Cardinal River Coals Limited, in the strata about 50 rneters above 
the Jewel Coal Seam in the Gates Formation, in t h e  50--4-4 Pit. 

Xo. 954-955 Gregg River Coals Limited, in the  Gates Formation in PQ1. 

No. 956-9.57 Gregg River Coals Limited, in t he  Gates Formation in 1-111. 

No. 95s Cardinal River Liniited, in t he  Gates Formation in 50-B--1 Pit. 



Appendix B 

Plates 



Plate 1 

Fig. 1. Jarchnntiolites bhziimorensis (Berry) Brown % Robison. 

1. Bi fiircating, st rap-shaped t hallus wit h midrib. Xo. S58-7:3651 X 1. 

Figs. 2 ,  3. Thallites sp. 

2. Bifurcating. strap-shaped t hallus wit h midrib. No. 858-Z360. 'i:'. 

3. Strap-shaped t hallus shoiving miclri b. 90. 85S-7360, S2 



Plate 1 



Plate 2 

Figs. 1-3. Equise tites monLanensis  (LaPasha k Miller) comb. nov. 

I .  Articulatecl stem with branches. No. 950-7357. 1 3 .  

2. .-lïticiilated stem with  leaf sheaths. No. 930-7358. X3. 

3. Ar t  icrilated tiiber-bearing rhizome. 30. 926-7324. 113. 

Figs. 4-6. .-lcnnthopteris gothani i  Sze. 

4. L-pper part of [rond. showing intercalatecl pinnule. ?;o. 95 1-71334. Xl. 

5 .  Lowcr part of froncl, showing moclifiecl intercalatccl pinnule  (--1). So. 9.50-7329. 
53. 

6. Fertile pitiria. So. 9.5S-7;3:39. X 3 .  



Plate 2 



Plate 3 

Figs. 1-4. .-lcanthopteris gothanii Sze. 

1. Tripinnate portion of frond. No. 956-7337, XI .  

2. Frond witli conspicuous intercalated pinna ( A ) .  No. 950-7337. S 1. 

3. Close-up of an intercalated pinna ( A ) ,  So .  950-7127. .Y-. 

-1. Intermediate forms between pinnae and  pinnules. No. 950-;:US. S2. 

Fig. 5.  .-tcnnthopteris sp. 

5 .  Bipinnate portion of frond. So. S.33-7130. X2. 



Plate 3 



Plate 4 

Figs. 1-4. C~'oniopteris bidens (Bell) comb.  nov. 

1. Bipinnate port ion of frond, shoming bifiircate pinnules. 30. 95 1-7351 X2. 

2. Pinnae showing non-bifurcate pinnules ( -A) .  No. 98 l-'ï:H?? M. 

13. Fertile pinna. 50. 951-ï:3U7 X2. 

-1. Close-up of Fig. 3:  showing terminal sorus ( A )  and bifiircate basal pinnules 
( B ) .  30. 951-7:3-19. X4. 



Plate 4 



Plate 5 

Figs. 1-5. f iniopteris  errnolnecii (Vassil.) Meng & C h e n .  

1. Sterile pinna: note rounded to bluntly pointed lobes? No. Sï8-73-LI. '(2. 

2- Sterile pinnae: n o t e  rounded lobes. No. 87S-734ï0 XZ. 

3. Ferrile pintiae: n o t e  t h a t  t h e  reverse  p i n n a  ( A )  is less rediicecl. So. S51-735-1. 
S2. 

4. Sterile pinnae: note bluntly pointecl lobes. Yo. d78-7346. X2. 

5 .  Close-iip of a fertile pinna. showing terniinal  sori. So. 8.51-73.56. S5. 



Plate 5 



Plate 6 

Fig. 1. Coniopteris simples (Lindley cE: Hut ton )  Harris. 

1. Bipinnate  portion of froncl. No. 950-712'7. X3. 

Fig. 2. C'lndophlebis ciryinie nsis Fontaine. 

2. Pinna, 30. 875-7162. X2. 

Figs. 3, 4. C1~rfopftl~bi.i constr lcfn Fontaine. 

3. Bipinnate  portion of froncl. showing smaller pinnules. .\;o. 9.52-'7100. 1'1. 

4. Bipirinate port ion of froncl. showing larger pinnules. So. %2-700-1. S2. 



Plate 6 



Plate 7 

Figs. 1, 2. C&ichenites nordenskioeldii (Heer) Se~varcl. 

1 .  Bipinnate portion of froncl. 50. 8.51-727s. X1. 

2. Close-up of another bipinnate portion of frond. Mo. 92.5-721:3. X2. 

Figs. 3, 4. C'latl0~h1rbi.s serrata sp. nov. 

3. Bipinnate portion of frond: showing sligtitly contracted bases of pinnules. 30. 
930-1010. ,\i 1. 

-1. Bipinnate portion of frontl: showing fiil1 bases of pinnules. note serratc niargin 
in dista1 half of pinnules. No. 8'74-7022. 1 2 .  



Plate 7 



Plate 8 

Figs. 1, 2. Cladophlebis sinrplexn sp. nov. 

L. Pinna showing pinnule venation. No. 853-7286, X3. 

2. Bipinnate portion of Eroncl. No. S.55-7253. X3. 

Figs. 3, 4. Pseudophlçbis gnter i i  sp. nov. 

3. Distal part of a pinna. 30. 021-719.5. X3. 

4. Prosinial part of a pinna. 50. 915-7146. SZ. 



Plate 8 



Plate 9 

Figs. 1-3. Sphenopteris erecta Bell. 

1. Bipinnate portion of frond. wit.h both fertile ( A )  a n d  sterile ( B )  pinniilcs. So. 
9.70- 12S2. X 1. 

2. Fertile pinna. No. 950-7274. X'2. 

:3. Fertile pinnae. showing both  entire ancl Lobecl pinnules. S o .  958-7275. SI. 

Figs. 4, 5. Sphenoptcr-i.5 goeppertii  Diinker. 

4. Tripinnate portion of froncl. No. 9.56-7326. X'1. 

S. Close-iip of a t r ip inna te  portion of froncl. Xo. 956-T32.5. X 3 .  



Plate 9 



Plate 10 

Fig. 1. Sphenopteris go~pper t i i  Dunker.  

1. Tripirinate portion of frond. showing less lobed pinnules. Xo. 956-7:319. .Y?. 

Figs. 2, 3. Sphenopteris acrodentntc~ Fontaine. 

2. Bipinnate portion of frond. 5'0. 9.58-73413. '(2. 

3 .  Close-iip of  a bipinnate port ion of frontl. No. 952-7309. S6. 

Fig. 4. Sphenopter-is bruiens is  Bell. 

4. Çterile bipinnate portion of froritI. No. 935-7999. ,Y?. 



Plate 10 



Plate 11 

Figs. 1, 2. Sphenopter is  br-ulensis Bell. 

I .  Fertile bipinnate portion of froncl: Xo. 952-7324. XI .  

2. Close-iip of fertile bipinnate portion of frond, No. 95s-731.5. X 3 .  

Figs. 3-5. C.'zytoniopteris icilliamsii (Xewberry) comb. nov. 

3 .  Complete leaflet: the white-coloured area on the left is a minera1 stairi. So. 
9'20-70.58. X 1. 

-1. Small leaflet. possi bl!- unniature or aberrant. 30. 95-1-7037. .\; 1. 

5 .  Anot her complete leaflet. So. 9 1 4 - ~ 3 9 .  XI .  



Plate 11 



Plate 12 

Figs. 1, 4-6. Sayenopteris newisrzsis sp. nov. 

1. Four paln-iately attached sessile leaflets. No. 950-1040, .Y2  

-1. Five  paImately attached sessile leaflets on a petiole. 30. 95-I-'7013 1. S 1. 

5 .  Two attachecl leaflets, So. 9.54-10-18. X2. 

6. Detachecl leaflet. Yo. 0.54-7060. S 1. 

Fi ,as. 2 ,  3. .5'clgr noplcr is  mnclenr-nii Berr>-. 

2. S i n e  palniately at tachecl leaflets. So. $52-70.51. X2. 

13. Dctachetl lcaflet. 30. 87.3-70.50. S 2 .  



Plate 12 



Plate 13 

Fig. 1A. Elatoclndus sp. 

1.-1. Leafy twig: .\'o. 921-7103. S2. 

Fig. 1B. Phoeniph yllunt ~urnllericum sp. nov. 

1B. Cipper par t  of a leaf. 30. 92 L-7103' XZ. 

Fig. 2 .  Pityoclndu.s nragni/oliu.s sp. no\-. 

2. Twig. ivitli large terminal fascicle of leaves. No. 986-700 1. X 1. 



Plate 13 



Plate 14 

Figs. 1-5. -4th~-otcrsites berryi Bell. 

1. Leab- twigs. So. 926-ï'240. X1. 

2. L e a b  twigs borne on leafless axis: No. 95:3-7007. X2. 

3. Branch coverecl with leaf scars; leaf scars on  t lie t ipper  part ( A )  are ellipt ical: 
leaf scars on the  lower part ( B )  are round. So. 9.50-7167. X3. 

1. Close-up of Fig. 5 .  showing leaf scars. 50. d53-T00:3. X10. 

5 .  Branch coverecl wit h leaf scars. Xo. S.73-700:3. S2.5. 



Plate 14 



Plate 15 

Figs. 1-5. clthrotasites berryi  Bell. 

Detachecl pollen cones. No. 957-7256, X 1 ..5. 

Round terminal seecl cone. So.  9.57-'ï2.58, KZ. 

Terminal pollen cone. So. 957-72:39. Y-l. 

Rouncl seed cone borne terminally o n  shoot branch. Mo. 865-7237. 1 2 .  

C'l-Iindrical seed cone. So. 957-7260. 1-2. 



Plate 15 



Plate 16 

Figs. 1-4. Eldides cul-cifolia (Ditnker) Nat horst. 

1. Leafi- tn- igs bearinz primarily flat leaves, No. 957-7227'. X 1. 

2. Leal- twigs bearing falcate leaves. Xo. 952-7224. X I .  

3. Cpper part  of leab twigs with ialcate leaves. Xo. 876-iX30, XI 

-4. Close-iip of Fig. 1: note tha t  both Rat leaves ( A )  and t'alcate leaves ( B )  esist 
o n  the  same  shoot. No. 957-7227? X2. 



Plate 16 



Plate 17 

Figs. 1-4. Elatides curvifolia (Dunker)  Yatliorst. 

1. Leah- twigs. showirig both flat leaves (-4) and falcate Ieaves ( B )  on the sanie 
branch. Xo. 954-7226. X2. 

2. .\lain branch wi th  falcate leaves, No. 950-7234, S2, 

13. Close-up of Fig. 2. showing falcate Ica\-est No. 950-7234. Nd. 

4. Terminal seed cone. Xo. 921-7222. S2. 



Plate 17 



Plate 18 

Figs. 1-4. Elutocladus brecilolin (Fontaine) Bell. 

1. Leafy twig. shotving hrancliing pattern, Yo. 950-7245: 'i 1 

'2. L e a k  twip. termi na1 brandi  pse~ido- bi furcate. So. 9 3 -  72.55. 1 2 .  

3. L e a b  twig wit h relativelu small leaves? 90. 874-72.5:3. X'2. 

-1. Leab twig. note t h e  contractecl leaf bases. No. 952-725 1. X2. 



Plate 18 



Plate 19 

Figs. 1, 2. tlnidentified conifer seeds ? 

1.  I-nitlentifiecl seeds preserved toget her wit li Elntides cur-oi/olici (Dun ker) r a t  horst  
ancl Pityophyllum stnratschinii ( Heer) Na t  horst. No. 951-7259. .Y?. 

2. Close-up of Fig. I. No. 9.51-72.59. X6. 

Figs. 3, 4. Elntocladus rnanchuric(i (Yokoyama) leabc. 

:3. Les-. twig wit h cylindrical seecl cones. 30. 920-7205). .\( 1. 

-1. Leaf!. twig. s howi ng helically a r r a n ~ e c l  leaves. So. S7-1- 72 Li3. X 1. 



Plate 19 



Plate 20 

Figs. 1, 2. Chifinia mngnifolin sp. no\.. 

1 .  Cpper  part  of frond. No. 877-7019. SI. 

2. Cppe r  part  of pinnae. showing cligitate teetli. Xo. 950-50Sl. SI. 

Fig. 3. Chil inia sp. 

:5.  Oncc pinnate froncl. ?;o. 92 1-707-5. XL. 

Fig. 4. C'tenis rotundat,r sp .  no\-. 

1. Once pinnate froncl. piniia lmsc (rontractetl. So. 92 1-7198. S 1. 



Plate 20 



Plate 21 

Fig. 1. C'teni.5 rotunchta sp. nov. 

1. Once pinnate  frond, pinria apex rouncl: lower part  of t h e  frond is mineral- 
stained. (.A) inclicating the frond rachis. Xo. 915-7199. X1. 

Figs. 2-4. .\ldtipinriin interior- sp. nov. 

2. Close-iip of Fig. -1. shorving peniiltimate pinnae and ho th  eiitire ancl clentatc 
piiiiiac. S o .  8'7.5-7033';3. X 1 .S. 

3 Close-iip of Fig. '1. shorving pinna \-enation and  niargirial tcetli. 30. d75-7082. 
X6. 

-1. Bipinriatc portion of froncl. No. 875-7082. S1.3. 
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Plate 22 

Fig. 1 A. Elntides c~urc~olin (Dun k e r )  Sat horst. 

1 .\. Branchlets having flat leaveç arisirig from branches covered ivi t ti falcatc 
leaves, Yo. S74-1010. X0.6. 

Figs. IB, 2, 3. Cutchiphyllurn canadcnsi.i; sp. nov. 

I B. Central  portions of a Ieaves. So. 874-7010. XO.6. 

2. Loivcr part of leaf. No. 952-7204. X 1. 

3. Basal part of leaf. showing s~volleri basc of pctiole. ?;o. 9.52-TSSd. SI. 
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Plate 23 

Figs. 1-4. C'utchiphyflum cunndensis sp. nov. 

1. ~~liclclle part of a leaf with having aberrant .  wide pinna (.-1). So.  9.52-770:3. 
X l -  

2. Rachis covereci wi th  pinna scars. No. 952-7208. X 3 .  

:3. Lower part of a leaf. sho~ving pinna apices ancl bases attaclied to ventral 
(rtpper) surface of rachis. Xo. 932-7205. X-. 

-1. kIidclle part of a leaf. showing pinna bases attachecl to ventral (upper)  surface 
of rachis. S o .  952-7204. X2. 
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Plate 24 

Figs. 1-4. Ci~tchiphyllun lisulcatum sp. nov. 

1. Lotver part of a leaf, Xo. 915-YO 17. X2. 

2. L-pper part of a Ieaf? 30. 921-7018. X-. 

1 .  Lcaf shoning the  two ventral grooves on each pinna. .\'o. 921-7013. Y?. 

-1. Close-~ip of n pinna. showing two ventral grooves. Yo. 87-C-70Z3. ' i - 5 .  



Plate 24 



Plate 25 

Fig. 1 .  C'utchiphyllt~in bisulccit urn s p .  nov. 

1. Petiolate leaf. 30. 9-52-70 12. -\i 1. 

Figs. 2-4. Cutch iph ylli~rn rockii sp. nov. 

'1. Miclcile part of a leaf. sliotving pinnae attached t o  ventral ( t ippcr )  surface of 
rachis So. 0.52-70S9. S 1. 

3 .  Close-up of Fig. 7. slio\ving t lie two dorsal (lotver surface) grooves and t lie 
ttvo marginal ventral (iipper surface) grool-es on each piiina. 30. 952-ÏOS9. 
x2. 

-1. Leaf showing the two dorsal (lower surface) groo\-es or1 eacti pinna. So. 9.52- 
1091. S2. 
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Plate 26 

Figs. 1-3. Pseudocycas alberta sp. nov. 

1. llpper par t  of a leaf. 30. S'7-4-7019' ?il. 

2 .  Lower par t  of a leaf. Xo. S.5 1-7030. X1 

3. Leaf s h o ~ v i n g  t h e  clorsal (lower surface) groove on ever-  pinna: note tliat the 
specinien is a clorsal impression. 30. SI-l-7025. SI. 
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Plate 27 

Figs. 1, 2. Pseudocgcas niberta sp. nov. 

1. Petiolate leaves. (.A) indicatina a n  intact,  swollen base of petiolc. 30. 87-4- - 
i0.72. X1. 

2. Leaf shotv ing  the pinna bases and the  clorsal grooLVes. Xo. S3 1-7027. 1 2 .  

I .  I-pper par t  of lcaf: riote t h t  pinnac arc attacliccl to t h c  sides of t l i c x  rachis .  
$0. 91-L-7lSS. Sl. 

6. Lotvcr ~ m r t  of lcaf: riote rliat t l i c  ieaf is scssile. aricl  that 1,irinar. rire ar taciic~cl 

to t hc sicles of t hc rachis.  So. S7-Lï'l90. S 1. 
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Plate 28 

Figs. 1-3. Pterophgllum rectangulare Bell. 

1 .  Lower part of leaf, So. 952-7174, X1. 

2. l 'pper part of leaf. 'l'o. 930-7167. X1.5. 

:3. Petiolate leaf, 30. 9.52-7186: X1. 

Figs. 4, 5.  Ptrroph!jllarrr plicntum Bel 1. 

4. Sessile Ieaf. So. 952-7 191. K l  . 

5 .  Cotinterpart of Fig. -1. 50. 952-7006. X2. 
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Plate 29 

Fig. 1. Pterophgllum sp. 1 

1. Loiver par t  of leaf. showing t h e  petiole, So. 952-ïlS1. X2. 

Figs. 2, 3. Pteroplzyllum s p .  2 

2. Loiver par t  of leaf. 30. 896-7192. X l .  

13. L-pper pa r t  of leaf. No. S96-7193. S1. 

Fig. 4. Tueniopteris cnnrnorensis ( Dan-son) Bell. 

-1. Cornpletc sessiIe pinna. s h o ~ v i n ~  intact base. Xo. 9.5'3-7287. 1 2 . 3 .  

Fig. 5 .  TUT tiiop/éris gn/e.iccnsi..; sp. riov. 

5 .  1Iitldic part  of p inna .  So. 950-7 l:l5. S 1. 
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Plate 30 

Trreniopterls gde.q~nsi .5  sp, nov. 

Coinpiete petiolate pinna. 30. 952-7133: X0.S. 
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Plate 31 

Figs. 1-5. Ginkgo piuripnrt i tn (Schimper) Heer. 

1. C'omplete leaf. No. 951-7120: X1. 

2. C'oniplete leaf, 30. 9-51-71 1:3. X1. 

13. C'ornplete Ieaf, 50. 9.51-71 1'2, X1. 

-4. Complete Ieaf. No. 9-51-71 16. X 1. 

5 .  Lower par t  of lcaf. 50. 9.51-7 118. SI. 

Figs. 6-9. C;inkyoites cnscctdensis Broivn. 

6. Leaf. So.  !l51-7169. S1. 

- 
t .  Lcaf. So. S32-7L 1-4. I l .  

S. C'onipletc pctiole. So. 95s-7 179- S 1 . 

9. Leaf. So. !)rc)S-71ÏG. S 1. 

Fia. 10. Phomiphgllirrrr ~ t ~ r n 6 l ~ r ~ i c r r r n  sp. rio\.. 

10. Leaf sliotr-iiig forivarcl pointing teet h. Xo. 9 15-7 108. S 1. 
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Plate 32 

Figs. 1-2. Unident ifiecl angiosperm leaf 1. 

1. Complete petioiate leaf, So. 92-5-7266. )il. 

2. Leaf blade, Xo. 952-7201. X1. 

Fig. 3. Lynidentifiecl angiosperm leaf 2. 

:3. Cpper part of leaf. So. 952-1262. Xl.5.  

Fig. 4. Cnitlent.ifiec1 arijiosperm leal 3 .  

1. Fragment of leaf. ?;o. 92 t -7265. X2. 
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