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o ) Mass co]1ect1ons from the Ashnola 10ca1ity, near Pr1nceton,<.>i.f o

QdBritish.Coluana have revea1ed a far more exténs1ve and d1verse prra

'j'fthan prev1ous1y recognized P]ant parts have beeh permlnera11zed with | RN
'tiisi1icates and are fOUnd in-an outcropvof 1nterbed ed chert and coal IThe' e
‘ N .. 0. R \ ”‘..‘,\- .
*,age of the Ashno]a 10ca11ty-1s estab11shed a§ Middle Eocene on the bas1S'," :

'J,_of numerous K Ar dates from assoc1atedrstrata and pa]ynolog1ca1 data » @’:; ;flx}
RS -filﬂ%V. f.‘; A comparxson of the Ashno]a locaiity w1th other permwnera11zat1on S .f"? b
P . R .o . . Vo L N - ol ‘;L :

J:Tﬂ5]ota11t1es establ1shes the Ashnola flora as one of the most d1verse

‘"

',,»assemblages of wel] preserved perm1nera112ed p]ants yet d1§Eovered in the S

\‘1 - fi}ﬂ. ‘earIy Tertxary xPJnus arno]d11 R. s1m11kameenens1s, ahd -a semﬁaquat1c

'd1coty1edon,‘Eorh1za arnp1d11,.wh1ch have been descr1bed prev1ous]y by

;M1l]er (]973) and Rob1son and- Person (1973);1are re exam‘ned g The: presentlv‘

. L Astudy 1nc1udes br1ef desértpt1ons of three ferns 1nc1uding Denhstaedt1ops1s'A
i R A
e .aerenchymata, taxod101d reproducttve and vegetat1ve rema1ns asswgnab]e to ]
. - 3 4 o

o ‘Metaseguo1a, poY]en'tpnes of .the genus Panus,vand leaf rema1ns of saba101d Lo .

e s wl

T
- palms A rEport of d1verse reproductive and vegetative ang1ospermous organs

s a]so Jncluded Of greatest 1ntérest are numerous f]ewers whose f1ne o R

'¢£preservat1on a]]ows ass1ghment not on]y to thé Rosaeeae but to spec1f1c PRSP SR

trfbes wath1n the fam11y.- Th1s 1s the ear]west record of rosaceous flora]

: anatomy a%d proV1des va]uable 1nformation on evolutwon with1n the Rosaceae
_‘* The Ashnola flora is’ sim11ar to compression 16Ca11ties 1n the area I R
“1" c°"ta1"7ﬂ9 a combinat1on of temperate and subtrop1cal e]ements Reasons_f.fn'

for th1s m1x1ng are proposed and the confus1on that thwsaassemb1age has L ~5u_

-
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CHAPTER 1
- lNTRbbUCTION
. | ' S _
Material from th shnola locality was mags collected -
fduring the summers of l9?b and 19?5 and has yielded large |
quantities of permineralized megafossils. The. locality is
found on the east bank of the Similkd‘een River approximately
5 miles south of‘rrinceton. southern British Columbia. and
forms ‘an outéroﬁ‘of interbedded chert and coal that extends
across- the river to form a partial dike.v The plants are
permineralized with, and are- found embedded in. the silicates
:'which form the cherty 1ayers.‘ Although ‘the age of the Allenby~
’»'Formation. of which the Ashnola locality is a part “has been_
'questioned in the past. recent evidence indicates a Middle
Eocene age. | L
Compressed megafossils and dispersed palynomorphs are
common “in Tertiary sediments and provide information about
'external morphology and paleofloristics. but they . can con—
tribute little to our understanding of internel anatdhy,
‘organ development. ‘or reproductive mechanisms of Tertiary
.plants. By contrast. permineralized plants showing internal

N

structure can provide this latter information.4 Permineraliza- L
ition fossils are, however; quite uncommon in the Tertiary andk |
ﬂ'with the exception of permineralized wood. only a few specimens‘t

" have been foundvat any one locality. It will be seen "that the
' Ashnola lbcality contains the most diverse flora of well-‘
Apreserved permineralized megafossils yet discovered in the“"

:eearly Tertiary




Only in the last 10 years has the potential of the
Ashnola locality been recognized. Unlike most highly pro-
“ductlve megafossil localities. the locality went unnotlced

by amateur collectors, largely because the fossils are not
'immediately'obvloue on the chert surface and are virtually
1mpossibletto detect on a freshly:broken‘and'unweathered
face. If not cut and treated with hydrofluoric acid to
reveal the entonbed plants, the blocks of chert are anything
but\aesthetlcally pleasing. , ar

’Arnold and ‘Boneham were first :o exploit the Ashnola

locality and a palynological study was made by Boneham
~(1968). Materlal from their collection was made available -
,to Miller (1973).'who described Pinus arnoldii and Pinus

7slmilkameenensis. and to Robison and Person (1973), . who

described a semi-aquatic dicotyledon called Eorhiza arnoldii.

‘These authors also reported the presence of two or three ferns

- 1nclud1ng Dennstaedt10281s aerenchymata Aqﬁold and Daugherty

Cl96b). dicot stems. an ascomycete fungus. fragments of one

_or more moss gametophytes. and a few seeds of unknown S

-:affinity ' The diversity found during the present study has.

‘however. far exceeded that previously recognized.“ ‘
The primary objective of this thesis is to present an

t. of this diversity and to present detailed reports of

'some of the Bore conspicuous elements of. the flora. Included
in these reports are male cones of the Taxodiaceae and
Pinaceae, fern rhizomes and petloles.vand petioles and
lamina of a sabaloid palm. of greatest 1nterest were'd

‘numerous flowers whose preservation is fine enough to allow




H
an aaslgnnont fo not only the Rosaceae, but to-specific
trlbee~rithin the family. Thli is the earliest known

- réoord of rosaceous floral structure and has provided
valuabdle informatlon on floral evolution within the Rosaceae.

i | ‘ Paleoecology will bve discussed in, reference to both the

i ] LS
‘ : florule of the Ashnola locality and to the flora of the

Allendby Formation 1n'general. Subtropical forms such as
the eabaloid palms which are the first palms repor.'! from

/l the Allenby Formation, together with pines and other temp-
'erate forms show a complex mixing of northern (Arcto-
Tertiary) and southarn (Neotropical Tertiary) elementsg of
thes flora of ‘Eocene North America. Causes of this mixing
‘will be explored and the confusion that the resulting
assemblage‘introduced into early attempts at age determina— *

tion of the. Allenbx Formation will be reviewed ‘

Tertiary Fossil Remains

Fossil renaine of Tertiary vegetation occur primarily
753-compreeeed}megefosSilS'and’dispersed palynomorphe..
,Although these fossils provide ug with information -on

‘ external morphology and paleofloristics. they refeal llttle

‘W'L' l ' of internal structure or’ reproductlve mechanlsms. _ o

7 ‘_ Our understanding'of evolutionary relationships amon ‘

o —plants is based primarily upon- characteristics of reproduz/
-tive struoturee and deVelopment and to a lesser degree on
vegetative oharacteristics.' Our modern schemes ofrclass-

“ ification are’' constructed by evaluating these characteristics.
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Because the more delicate apd somewhat ephemeral reproductive

orguha are geldom found in the compressed state, claaulflica-
’

tions based on fossil genera have been conatructed primarily .

on vegetative re%xuroa. As we know it is very difficult to
~
accurately assign a taxonomic position to liviog genera
unless both vegetative. and reproductive organg are known.
This dlfriculty is compounded for fogsil plant remains
because of the fragmentary, often incomplete naturdéof the
fossil record and the fact that different plant structures
for a given genus may evolve at different rates. Chpistophel
emphgsized\this latter point when he stated (1973. pP- 26)f
«e+.the similarity of a fosgsil leaf (or other plant
organ) to an extant counterpart does not, indeed-
cannot, be taken as evidence that the entire extinct
and extant organisms are identical (at the generic
level): To do so denies the paleobotanically proven
fact that different glant Structurcs evolve at :
different rates in certain organisms and negates the

possibility that the majority of the organs of a .

given pldnt may have evolved into generic uniqueness

in a given number of million years while ‘one organ

remained unchanged." ,

An example of differing rates of evolution can be found
in the Juglandaceae .of the lower Tertiary, where “}eaves of
the geperé Juglans and Carya were found attached to vory
similar feproductive organs (Chaney, 1949b). Although these
two genera were differentiated vegetatively by the Eocene,

distinct rep;oductive morphology'had not yet appeared, On
\ .

the other hand pollen grains and fruits of Engelmannia are
common in lower Tertiary sediments; but leaves of this genus
have not been recognized Wrom these‘same strata (Dilcher,

(1973). It is apparent that reproductive organs of

'Engelmannia had evolved by the early Tertjary, but leaf

L o b e e ot 4 =
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structure had not yet changed to its, present state.g ,_j }léé
The examples given show that this approach applles to .

both isolated reproductlve and vegetative organs. However.c

'31nce modern systems of cla351flcatlons are princ1pally

»dengved from reproductive characters. conclu81ons of

taxonomlc\efflnlty are more reliable 1f based on reproductive
organs. = . T' ‘

™

The adoptlon of this phllosophy expressed by Chrlstophel

leads one to- restrlct the - appllcatlon of modern generic namesg

‘to those f05311 plants that are qulte well known vegetatlvely

-

and reproductively. Isolated organs are ass1gned to form—

 and organpgenera. This allows for the class1flcation of

'1solated organs w1thout creatlng the erroneous 1mpress1on

that a modern genus,‘w1th all of- its characterlstics, ex1sted

'at some tlme 1n the past. v : S S

r

Workers such as Berry (1916 1924). Knowlton (1902
1922), HOlllck (1930, 1936). and Bell (1949) had'not accepted

“such a view and. aSSLgned modern generic names to vegetative B
-remalns. partlcularly those of leaves. on the ba31s of grOSs

}structural s1mllarit1es. Annng other-: mlsconceptions. this

approach resulted 1n a bellef that Cretaceous and lower

Tertlary floras contalned hlgh percentages of apparently

vhlghly evolved anglosperms.' Recent nork by WOlfe (1969).
”-chkey Ql973). and Dilcher (1973, l97h) has largely dis- Wr;&
;pelled this belief for they have been able to show that :

learge numbers of plant megaf0331ls were mlsldentlfied by 7';

the early workers. Although workers such as Dllcher, WOlfe.
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VA“n_from reproductlve struetures.v Even 1f art1f101al clasS1f1ca- .

Bt TP 1 ot e g VT TR 2

;i arlsing from,&pe{asSignment of modern generlc names to
"‘incompletely knowﬂ foss1 plants based on’ vegetative
_remalns <%here Stlll exii@g the problem of properly 1n}er—'

_;:pretlng these vegetatlve remalns in the absence of ev1dence

”tlon schemes based on 1eaf structure are’ constructed the
uncertalﬁty of the p031t10n of the:ixtlnct genera in natural B
systems of clas51flcatlon remalns._as long. as llttle or .

qlnothlng is knodn of their reproducflve characterlstlcs.f_ﬁ"

Unllke compressed megafoss1ls, permlneralized (petrifled)
iplants are able to‘prov1de 1nformatlon about 1nterna1 struc-

>pture .and reproductlve morphology.. Permlnerallzed specimens 5;

“*oTten reveal many dellcate vegetatlve and reproductlve

-'f‘organs of both woody and herbaceous plantseshow1ng superb

fstructural detall. Thls 1s due 1n par% to condltlons present

;at the tlme of dep081tion. The Ashnola chegt llke the

'7'Rhyn1e chert Amerlcan coal balls, and the Deccan Inter—. ,

o trappean cherts. was probably dep081ted in a. very still 3

“water env1ronment (see Locallty-Formatlon) ‘ Thls type of o

de9081tlona1 env1ronment would allow an accumulatlcn of -

' "dmore dellcate plant parts in additlon to more res&stant

<organs.. The permlnerallzatlon of the accumulateddebrisn"
'effectlvely protects the ‘more dellcate plant parts from
.F’destructlon by compre331on. Thus, they not onlyraccumulate
rdintact. ‘but are retalned in a recognlzable state after - 51\
;'fOSSIlizatlon. Only in permlnerallzed plants are detailed |
anatbmlcal studles p0381b1e.- The. gradual accumulatlon of
'3} plant oigans also permlts the preservatlon of many develop- giﬁ

A)_o



'mental stages of those organs. whlch prov1des an opportunlty

-«

‘for developmental studles.,
SR

)

The ﬁact that so few Tertlary petrlfactlon localltles

_'are known makes work in. thls area of critlcal 1nterest.

".'Slnce nearly all knowledge of Tertlary vegetatlon has been

derlved from compressed megafoss1ls. exceedlngly 11ttle ls ‘
known of reproductlve characteristlcs and the 1nterna1
‘structure of : these plants. The Ashnola chert has great

= potentlal 1n%thls area because of the great diver31ty of

~petr1f1ed reproductlve and vegetatlve structures.- Unfortun—>

4

’ately. the rarlty of Tertlary permlnerallzed plants.‘ln

,addltlon to the lack of knowledge in comparatlve anatomy of

.lllvmng plants. makes the study of mater1al such as the

3

Ashnola chert very dlfflcult.r It is also dlfflcult to make

s

:,comparlsons of permlnerallzed and compressed organs&%%ﬁxternal.

’morphology is not lmmedlately avallable in" the former,.whlle,iu o

£
e

'_anatomlcal detail . is unavallable in the 1atter. . '&°4

| Phe - compllatlon of 1nformatlon from other Tertlary
llﬂlocalltles containing petrifled plants whlch follows
“;emphas1zes that permlnerallzed plants in: the Tertlary are
'“exceedingly rare and that llttle is presently known about
“them. ‘The fact that so llttle informatlon has been obtalned
from Tertlary plants preserved as petr1factlons places the ﬁv

lAshnola ch\rt in a positlon of. con31derable 1mport§nce.'7ﬁ

xTertiarwaernlneralizationyLocalities e

'1bonsid5?§ngfthelgreat valué of permineralized plants,

. : L.

- - . [

©
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.r\ -“ﬂr it is very unfortunate that so few localities have been"}-'.r
| discovered in Tertiary starta.. W1th the exception of o
petrified wood. whrch occurs frequently 1n the Terti ry as‘tf»""
isolated fragments, rarely more than a few spec1mens%;}ep i
reported from ar single locality. -‘f’i ﬂ-bcgg_ | ‘ “
. Permineralized lignite or degraded peat. such as- that ‘
described by Ting (1972) from the Paleocene ff North Dakotars'
has been found.ﬂbut preservation 1s leSS than\ideal due to~:
degradation prior to preservation.x Ting descrlbed the pre-j
| servation as ‘comparable\to that of Carboniferous coal ‘ﬂfd‘

balls" and that 1t was "the first reported finding of such

material in North America“.ﬂ Unfortunately, the s1lic1f1ed

peat is not extensive. for the material occurred as a lens >f7;”

only 15 cm. thick and l ‘m. long.. ThlS cannot be compared tof‘
the extent of the Ashnola locality. where over 3 tons of
material have been recovered to date without effecting any
appreciable change in the outcrop.L It is also apparent.-"”““im
from photographs of the North Dakota material (Ting, 1972, \
p. 165). that superior preservation lS found 1n the Ashnola
\:,:{' chert. Preservation. however, is sufficiently good in Ting s,
| &aterial to 1dent1fy roots, wood fragments. fern sporangia.ff'
and seeds- R : - R | 'fQ | :
An assemblage of structurally preserved roots from a

permineralized 3011 was’ described by Wheeler (1972) as- part. :

_he Miocene Taper Hill Flora of Colorado.' Apparently

there was little else recognizable w1thintthe nodules. ,
‘ One of’the more interesting fossil localities is the o



.f”nut beds of the. London Clay. which have been thoroughly
~descr1hed by Ried and Chandler 1n 1933 ) The seeds and .

s

| s~fru1ts of the London Clay flora. which make up the largest_'f
'fcqmponent of the assemblage,.haVe been permineralized with .

A :1ron pyrites and occur in marine sediments. Ried and

_ Chandler explained the formatlon of the beds by the raTting

S

- -8
of vegetation from rivers into the sea, where.different

v:lftypes of organs WOuld become waterlogged. sink. and become

4concentrated at various distances from shore.4 External

o ;morphology and_gross sxructure are readily seen in these

"A:fossils, but there 1s a lack of vegetative material with

?.;?problem often found in compresslons. ' There is also a lack B

7'of developmental stages present for esséntially all seeds

'nand fruits fouﬁg were. mature.a' _f’ f;if‘ ".'“f

Plant—containing nodules have been described from Japan

;w:by Sxopes and - Fugii (l9ll) The nodules are also found in

.marine sediments and may have been formed in a manner similar

- .wto that of the,London Clay deposits. but contarn a greater

”*variety of plant organs than the London Clay beds. Dis~u

.'COVeries from this locality 1nclude the gynoecium of a R

Ffflower that was described by Stopes (1910) as possibly PR

"liliaceous.; The Japanese material 1s limited both in ;n*?
:J~quant1ty and in the quality of preservation.}ggea“7‘ i
The nut béds of the Eocene, Glarno Formation of Oregon

Hfmay be - classified as’ casts ‘and. molds rather than permineral-
‘xﬁiiZed_fossils.; Scott\£1954). however. found some degree of

-

. ‘which to- associate them. Thls is a reversal of . the kind ofgflff”



tfperhaps the best known of Tertlary perminer"
ifThe Deccan Traps are. an ext@nsive series o'

ti'cover an area of more than 200,000. square

vlkjilgf---_.f - "a&w‘

' structure visible. These nut beds may have ‘been: formed by .

. rafting as were the London Clay nut - beds. but a basic

difference 1s the formation of the Clarno nut beds in E
lacustrine environment. o ;1;»;

The chert beds . of the Deccan Intertrappean Series of

:_India are quite comparable to those of the Ashnola locality
‘.in both strgcture and age and. until the present study. con—eV‘
f:tained the most extenSive petrifaction floras known in the
_ Tertiary. It is felt that.a detailed description of the
-'vf>Ind1an material is required if floral comparisons with the

prshnola material are to be attempted.

. : e
S AN

: .')fmheiﬁeccahfintertrabbeanjseriesvA"'\;n

The Deccan Intertrappean SerleS'orrindia represents

lization floras.;i'ﬁ
volcanics that A

ilee with a

'”;5‘maximum thickness of about 2100 meters (Rao.‘l936) _ Thin -

sedimentary layers are found between successive lava flows

| of the LOWG? (about 450 meters) and Upper (about 150 meters)ii;i*f

"Traps and are called the Lower and Upper Intertrappean Series'fiif
‘Vit respectively (Blanford 186?; Rao. 1936) The Middle Traps .
"L_;@(about 1200 meters) are devoid of Intertrappeans.:-- ‘

The Intertrappeans were formed in hollows on the 1ava

- isheets and contain lacustrine or marsh deposits,_and the '
'”1”‘nature of the fossil remains reflects this type of déposi-

| 7~tiona1 environment.' These sedimentary beds are not 1arge.-"
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,feach having a lateral extent of no more than three to four

Tmiles and a thickness of % to 3. meters (Prakash 1960; rki“
":fLakhanpal l9?0b) Y o G

:‘ Early workers such as Malcolmson (1837). Hislop and
Hunter (1855) , and Oldham (1871) concluded ‘that the}Traps

“were of aﬂ“early Tertiary age. basing thelr conclus1ons on

'foss}l evidence.v Although an Upper Cretaceous age was later :

: prdposed on éhe baSLS of stratlgraphic correlation w1th

~assoc1ated Mesozoic strata (Medllcott and Blanford 1879;;V;

- Wadla. 1919; Holland 1926). recent work has supported an'

~early Tertlary (Eocene) age for the Lower Traps (WOOdward,._i:,.
L 1908; Sahni 193# 1941 Sahni and Rode, 1934, 1943; Rao,: o
_;fl935= Crookshank et al 193?; Rao ‘and- Rao. 1939, Prakash,,gf

1960- Lakhanpal l970a)

@

-

and less well known than that of the Lower Intertrappeans.-u'f

_;Rao (1936). believed that the dlfferences betWeen the floras
”of the Upper and Lower Intertrappeans and the extent of the

’*lava flows comprising the Traps 1ndicate ‘a Miocene age for

‘.‘_. .

"”the Upper Intertrappeans.-

. / o .
The flora of the Deccan Intertrappeans is very rich and 5

ivaried. with almost eoo specles reported to date. It must
tfwbe remembered however. that the Traps are extensive beds

”*:and extend through con51derable tlme as well as’ space.‘ The

*'1fflarge number of localities with a variety of species is, to:

7’a great degree. responsible for the diverslty.? In addltlon’ﬁ

”“-,to elements of space and time. ecolcgical factors have

o : , -
The flora of the Upper Intertrappeans is less extensive

. -



o - 12
" ‘resulted in considerable differences among the individﬁal
aflqrules. adding to the diversity of the composite flora.
_At Rajahmundry. plant remains are exclusively aquatic and
Vpconeist basically of Chara.and Other algal forms indicative
ajof estuarine conditions APia, Rao. and Rao, l937a b; Rao
a.nd Rao. 1939; Rao and Rao, 1940) . Aquatics'are also’
found at Sausar. but unlike Raaahmundry. the flora has the
aspect of fresh water lakes or marshes. Included in the
flora are charophytes and other algae (Sahni and Rao, 19&3).
Azolla (Sahni. 1941, and some other pteridophytes :

-

(Lakhanpal. l9?0b) The richest of all known localities .
in the Deccan IntertrappEans is that of Mohgaon Kalan. |
This«locality appears to rep;esent an ancient margh that
contains. in addition to aquatics such as algae. bryophytes.

L and water ferns. onifers. dicots.,and ‘monocots: of which - N

- there is a'bredominance of palms. Comﬁrehensive lists of -

species from Mohgaon Kalan. as well as- from all other known,

1oca1ities in the Deccan Intertrappeans. can be found in o

“'Sahni - (1931). Prakash (1960). Lakhanpal (1970v), and Rao

and'Achuthan (1971). These three localities. Rajahmundry..'

Sausar. and Mohgaon Kalan. have yielded an abundance of

S good~material. but material from the numerous other localities;
rarely consists of more than . handful of specimens. ' '
P Considering both spacial and temporal differences. as
well as differences in habitat and floral composition among
1ocalities, it does not seem reasonable to support the '

,ﬁ proga\ition of a. single massive flora. IndiVidual localities
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" app to have‘their qrn.unique'fIUFEET—and should be -
| tr as such and not collectively (Lakhanpal - 1970b).

Ir identifications of specimens from the Intertrappeans
are correctl then the fossil florasxapparently had much theji
same aspect as do the modern floras of that region and*of

' tropical ‘South America (Prakash, 1960; Lakhanpal. l9?0b)
The presence of __pg (Sahni and Rode. 1937: Chitaley. l9o;b '

Musa (Jain. l964a b) and Heliconiaites (Trivedi and Verma,

1972) of the Musaceae. and certain palms indicates a tropical
'climate (Lakhanpal l9?0b) Petrified woods lack distinct

" seasonal growth rings as well. There are some more temp—

v erate forms such as Sparggni found in the fossil floras
,(Lakhanpal 1970b). but their presence has not, yet been t~f‘.-

..explained.'“f'ﬁ’i,:‘L o e A ff

At both the Ra ',ry and Sausar localities are found o
) basically aquatic forms such as algae; therefore. neither

fcompares favorably to the Ashnola locality which is composed

’primarily of vascular'plants which gre_ adjacent to the .

- depositional area. The depositio : environment of the
l'Ashnola lOcality compares most favorably, theu to the
-Qf“Mohgaon Kalan locality.. Mohgaon Kalan is also the only _
;}Intertrappean.locality that can be con81dered comparable to
v7-7the Ashnola locality in degree of. diversity and quality of
A4greservation. However. a direct comparison of plants found dif'
‘,'in the two localities ls imp0891ble. for the flora of Ashnola.-
as will be seen. is- composed primarily of warm temperate to_‘

subtropical forms which show no similarity to the ba81cally
-tropical elements of Mohgaon Kalan . R '
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The Clarno Chert- ' (

The Clarno chert of Oregon is found in the Middle
Eocene, Clarno Fornation and %s relatively similar in
appearance to the. Aehnola chert. There is ‘some basis for )
believing that both the Clarno and Ashnola chert beda are
in some way related (see Geology—Locality) The Clarno and
Green Rlver Formations have long been known to containvin
‘¢ fabundance of silicified wood as well as fern.stems (Arnold.
1945, 1952). Arnold snd Daugherty (1963, 1964) were first
- to report’on‘the Clarno“chgrt, which was found helow a

lava sheet and above a le-meter thick ash bed. The chert

is 1ight grey, a color imparted by quantities of ash within
the matrix, and forms a bed less than one meter thick., As.

result.of their study. two ferns ‘were described from the

'described frOm the 1 ality by Brown (l975) JThe Clarno_f
;Vchert was.the~first pet faction locality containing an
".abundance of well—preserved erbaceous plants to be found
in ‘the Tertiary of . North Americ\z As yet, however. the
'diversity of the flora has not been proven great.’

_° Permineralized plants of the Tertiary have, due to
their rarity. offered 1ittle to our understanding of Tertiary

.vegetation.v This is unlike the Carboniferous. where much
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of ‘our knowledge of Upper Paleordic plant structure, both
‘ vegetative and reproductive, is based ‘on the coal-ball
floras. The value of the information derived from these
Paleozoic petrifaction floras is quite apparent. It is
,expected then. that' the discovery and investigation of
such floras in the Tertiary could likewise contribute a‘//
wealth of knowledge of Cenozoic plant structure and reproduc-

tive mechanisms.

'MThe Ashnola Locality g - :

The Ashnola locality is the first locality found in
North America that offers an extensive survey of permineral-
izead Tertiary plants. Al% other‘Tertiary permineralized beds
located in North America are linited by the quality of pre-
' servation, the abundance of material, or the diversity of
the flora; In these respects. the Ashnola chert is rivaled
only by the cherts of the Deccan Intertrappean Series.
The Ashnola locality was first described by Boneham
(1968). who reported the presence of -pine cones and needles
"~and rhizomes of ennstaedtiogsis aerenchyggta Arnold and
~Dautherty (1968) . The pine cones and needles were described
F-by Miller (19?3) as Pinus arnoldii and . P. Similkameenensis,

"'5respectively. A semiaquatic dicotyledonous rhizome, Eorhiza
'fvarnoldii. was described at the same time- by Robison and.
lPerson (1973) These same reports indicate the presence of

diwoody stems of two or more dicots. ferns. bryophyte remains.l

v;unidentified seeds. and an ascomycete fungus." The diversity
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found in the present study is much greater than previously
suspected. In both abundance of material and duallty of
presérvation, the Ashnola locality ig comparablé to the
best coal-ball localities of fhe Carﬁoniferous. and it is
possible\that thq Ashnola loéality will provide.an'uhder-

standing of Tertiary fossil floras in a way'%hat some coal-

' ball localities.have helped in our understanding of

Carboniferous floras.



CHAPTER 2
GEOGRAFHY and GEOLOGY

’

Geographj

The Ashnola locality is found.on thgreast bank of the
Similkameen,River approximately 5 miles S.S.w,.of the town
~ of Princeton, British Columbia. The locality is'slightly
more than 2 miles S.S.W. ofAthe abandoned town of Allenby
and\almost.directly across the river from the abandoned
mining camp of Ashnola (Princeton Map Sheet 92 H_/? 1:150,000°
U.T.M. Grid-Ref. 783 224). Boneham (1968) referred to this
as 10cality "I“ during his palynologlcal studies, but it is
’”here named the Ashnola 1oca11ty (‘see Fig 1).

" The town of Prlnceton is found to. be at the approximate
center_of a,emall. natural basin which contalns a consider-
~aclé thickness of sedimentary rocks (see Geology). These
sedlments were determihed by Camsell (1907) to extend

;approximately lb miles north to south and from_ 3% to 5 miles-

. east to west " The Ashnola locality is found near the

:southern limit of the sediments. The soft nature of the
Tertiary deposits as’ Opposed to the very resistant Triassic
volcanlcs which surround and underlie “the basin provides for
'fan abrupt top0graphic change upon entering the Princeton
basin. Dawson (18?9, p. 49B) described this change as he
;entered the basin from the southwest:

. "These (Mesozoic volcanics) are now’ succeeded by

8ofter igneols and sedimentary beds of the Tertiary,
‘and the whole aspect of the country at the same time

1?7



Fig. 1.

Map of the Princeton area showing the Ashnola
locality in relation to the Tertiary sediments

of the Princetan basin and local geographlc
features. (Afte haw, 1952)

.‘
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ﬁ_ffpchanges for’ the better. The valley widens, and the
" brook (Whipsaw Creek) cuts. ‘rapidly down to a lower
level,,runnlng ‘between high terraced banks w1th
occas1onal cliffs of voloanlc rocks."»

There are no volcanlc cllffs at the Ashnola locallty,

but here the Slmllkameen Rlver does flow at the foot of a
'steep embankment on_ the ‘eastern. slde of the broad deep H

valley cut by the rlver. On the west bank. opposxte the

?locallty. is a flat and open fleld now ‘used for agrlcultural

-
purpqses. that probably represents earller rlver qhannels

and,flood plaln. “The Ashnola chert is apparently more
ireslStant than most other rocks 1n the area. for. 1t forms
a‘partial dlke across the rlver whlle surroundlng strata'
'-have.long ‘since been eroded by‘the water (see Flg. 2)
'“Although thére is-: llttle glaclal drift at th Ashnolan
\plocallty, large quantlties of the materlal blanket most of}
_th//apea and solid rock is usually only exposed by stream'
_cuts.f Camsell (1907) notes that thls drlft 1mparts "an
appearance of falrly mature eros1on, g1v1ng to the hllls
in the belt a rounded and graded outline" a characterlstlc‘
'.that is a consplcuous feature o! the Interlor Plateau of
'Brltlsh Columbla,_ontO'which the Prlnceton basin abuts
.along its- northern margin. ’
The Prlnceton basin is foun&ibetween two forks of the

. Cascade Range and is contalned on the west and south by the.

.

true Cascades (lncludlng the Hozameen and Hope Mountains),‘

Sy 4

and on the east by the eastern Cascades or Okanagan Range. -

To the north, the.oountry opens out into theﬂGreat_Interlor

. Plateau (Camsell.ﬁl907)- Qf_-"-i s o :

S 20

O
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Fig. 2- :Vlew of the Ashnola locallty looking northwest .
- " from the east bank of the Similkameen. River. . The

P outcrop: ‘of interbedded chert and coal extends lnto'the
" river to form a- pﬁrtlal dlke.

-
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The elevatlon of the Ashnola locallty is sllghtly
"fmore than ?OO meters. whlch 1s about 100 meters ‘above the »
'townSLte of Prlnceton. The nearby hllls approach 1300 meters.v

’and altltude gradually 1ncreases to the south, east, and west.‘
Geoiogy :
. \.,

The flrst geologlcal studles of south—central Brltlsh

’[Columbla were made by Bauerman in 1859~1861. although this

‘ _:work was not publlshed unt11 1884 Bauerman recognized the r L

-presence of‘Tertlary deposits in a number of the natural
bas1ns of the area.v 'Among. these-  were the depos1ts of the
Prlnceton area, or Vermillon Forks as it was known at that .
time. c | | |

A later study. although publlshed before that of

’Bauerman. was completed by Dawson (1879) Unlike Bauerman.

.'Dawson showed consxderable 1nterest in the Tertlary bas1ns_.

. - and has prov1ded a‘detalled report on the geology-of the

vPrinceton area. , N
4 Camsell (1907. 1915) considerably extended the study
fbegun by Bauerman and Dawson. Camsell attempted to - glve a
h@story of the formation of the Princeton basin as well asd‘
a descrlptlon of the present structure._'Later studies were
made by Rice (1947). Shaw (1952), and ‘Hills (1962 l965a b).
_ The Tertlary dep031ts of the Prlncetnn basin 11e‘
,unconformably on - the Tr1a381c volcanics of" the Nlcola Group,

named by Dawson in 1879 The Nlcola Group-ls also-found to

"‘underlle a\number of other Tertxary basins in the area such
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" as the Tulameen and Merritt ba31ns (Dawson. 18?9; Boneham.
)751968) - These Tria381c basement rocks have suffered distor—:“
‘ tion and severe eros1on. likely due to uplift during the
-:Upper Cretaceous (Camsell 1907..Shaw. 1952) Some sedimentsu

'«_ of a Lower Cretaceous age are present in the vicinity of the;

lPrinceton baSin, but there appears to have been no dep031tion"“‘"
~iof sedimentary rocks 1n the area during the Upper Cretaceous.
. - Regional subsxdence must have occurred durlng the early
;Tertlary to create the ~many basins. of the area whlch now_
,'contain depes1ts of this age. This explanation accounts for
the volcanism at the beginning of this period and for the' .
| great thlckness of the deposits 1n a basin such -as the 3 **:

Princeton. where there are pOSSlbly 2500 meters of beds.

L Other poss1ble causes such as valley damming by lava flows

cannot account for such a thickness of beds (Shaw. 1952) .’
;The early Tertlary sediments have since\been folded and "
vfaulted, With dips ranging from lO to- 45 This is
: probably a result of uplift respons1bl//for the creation
‘of the Cascade MOuntains durlng thewlate Tertiary.l

v Both,volcanic and sedimentary beds were recognized as

part of the Tertiary deposits of the Princeton basin by
‘ Dawson (1879) and Camsell (1907) Rlce (1947) described
the Prlnceton lavas as forming the bulk of the Tertiary

8

'dep031ts and. as existing both above and below the sedimentary
X

beds.- Shaw (1952) first gave a fairly detailed description )

of the deposits and recognized three formations within the"

'Princeton basin. They were. 1n ascending order, the Lower

e

-
i
....v///
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’;véicanié“rormatidn (1400 meters thick), the Allenby Forma-.
| “;tidn (1100 meters thick). named. after an outcrop near the !p_
;:r.town of Allenby. and the Upper Volcanic Formation (150 meters
. thick) (see Fig. 3) h A ' '
’ The Tertlary sediments. the Allenby Formation. covﬁr
an area of approx1mately 40 square miles. extending about o
1k miles north to south and 34.to 5 mlles ‘east to west.. The
4Ashnola locallty.-as noted in the previous chapter. lies:ﬁ

_'near the southern llmits of the Allenby Formation.l Boneham

'”(1968) was the firs to study ‘the Aghnola. locality and
.determlned its stra 'graphic position as 550 meters above
A<the Prlnceton—Black coal seam. or about 850 meters above .
the base of ‘the Allenby Formatlon. S |
‘ ' That the Ashnola locallty is a part of the Allenby
TﬂFormatlon,}and ndt a part of more recent unconfonmable
';sediments. has been establlshed. The p0331b111ty»of uncon-
\formltles within the Allenby Formatlon has been considered
by Rice (1947). Shaw (1952), Russell (l958),}and Hllls (1962; |
A”l965a) ThlS uncertalnty was| due to. “the dlscrepencies in E
nwproposed ages of the sedlments based -on 1dent1f1catlons of '
fmegafos31ls. On the bas1s of ev1dence from structure.
tacomp031tion of the sedlments. and palynology. however."
l_these same authors consxdered such a situation unllkely.
'tThere are late Tertlary sedlments in the basin. however.,N
: Mathews and Rouse (1963) made a- study of these deposits
»T and found them.to ‘be. late Mlocene or early Pllocene in- age.h"’

nearly\flatlying,pand scattered over a_wide areafin~southern-‘



'_‘E.‘ig. 3.. Stratlgraphlc relat:.onsh:.ps of Tertiary deposits
- of the. Prlnceton basin.

[



| | 27
e _..Alglu;V‘lU‘m“y‘[:-.-f:ij:':.-'-::-:s‘-f'-"-i‘i-"f

- Late Tertiary |
- Deposits

I

e—-A shrgla Locality

~ _Allenby [
- Formation | pszEsy 0
IR == Princeton-Black -
qF Upper Volcanic'
&l .Formation

ST I OIS Wtk Bl B ~—

Lower Volcanic | |V2~5V'% g Coal ™. -
- Formation - | |Y/zw/< .0 T
SRR I o -S«\and_stone

=3 :Conglom,evrate

. N 1 --,‘,,"\_ﬁ’,',"f.'-s;i‘_;'_‘:‘_"u Volcanic Rock.
Nicola Group Mooy =
(Triassic) 7 [&fid . 1em = 150 meters

- . . &



28

'BritiSh Columbia{ Outcrops of these deposits. however, have

not been recognized in the vicinity of the Ashnola locality.

'?alynological studies by Boneham (l§68) have shown that

there Was no significant difference between the Ashnola.
locality and other localities of the Allenby Formation that

would indicate an unconformity. of great importance is the

discovery Of an abundance of Pistillipollenitesvmacgregorii

'Rouse at the Ashnola loCality by BOneham‘(l968). This

spec1es has been reported from the Allenby Formation by
Rouse>(l962); Mathews and Rouse (1963)._Hills (1962, 65b).
and Hills and Baadsgaard (1967), and is considered_to be an

'indeX'fossil for the Lower and Middle Eocene (Rouse and

Srivastava. 19?0)

A more detailed account of the stratigraphy of the
Princeton basxn will serve to clarify the. position of the
Ashnola locality relat&ve to other beds of the Allenby
Formation as well as to the numerous localities that have

been sampled for radiometric dating..

Volcanic Formations of the- Princeton Ba31n -

: Rice (194?) described Tertiary volcanic deposits above

“ ‘and below sediments in the Princeton basin. Shaw (1952)

" named these the Upper and Lower Volcanic Formations. The '

\\\~::)Triassic volcanic%}of the Nicola Group, and are overlain

‘Lower: Volcanic Formation outcrops at the southern and
western margins of the basin and is there found at its’

greatest thickness. ‘These’ volcanics overlay principally

- by the Allenby Formation in the northern and eastern parts

>
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of the“basin.' The Allenby Formation and the Lower Volcanic
<'Formation appear to .be conformable (Rice, 1947; Shaw, 1952
Hills, 1962 1965b). The Lower Volcanics wedge out toward
the north—east and are not found at the northern and eastern
limits of the Tertiary deposits. In this area, however, are
" found rocks of the Upper Volcanic Formation.“ This formation
finds its greatest thickness ih the east and apparently
‘'wedges. out ‘toward the center of the basin.

Hills (1962) reinvestigated the Princeton volcanics and
found that both Rice (19&7) and Shaw (1952) were in error in
'placlng the Upper Volcanic Formation above the Allenby Forma-
tion. Hills (1962. 965b) has established that many of the
-outcropping volcanics are actually underlying the Allenby
:Formation and are possxbly a part of the Lower Volcanics.
Hills also refers to a number of. smaller volcanic outcrops,”yvm°
that were apparently included in the Upper Volcanic "Férma-
tion. but which may be late'TertiaryL;n age. Thus. the -
Upper Volcanic Formation of Shaw (1952) does hot exist.as

such.

Late Tertiary Volcanic Deposits -

' Although not directly involv1ng the Ashnola locality, -
late Tertiary deposits are found in parts of the ‘basin .and
vmay be respon31ble to some degree for mlsinterpretations of
‘the age of the Allenby Formation (see Discuss1on) lThese
once extensive deposits have also shielded the early .

_Tertiary sediments from severe erosion during the Pleistocene.

Late Tertiary deposits are found in the northern and -
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;o
eastern parts of the basin and were called the post Oligo’ege
of Plateau Volcanics by Camsell (1907). but were apparently
lumped together with older volcanic rocks to become the
‘Upper Volcanic Formation by Shaw (1952). Hills (1962)
recognized late Tertiary deposits when he reviewed the
status of the Upper Volcanic Formation‘/gft dia not provide
- a description of them.’ -Mathews_and Rouse (1963) found these
flatélying deposits soattered over much of.southern British_
Columbia and believe. as Camsell did ‘that'they represent
lavas that once covered the entire area. Three K-Ar dates
obtained from- these rocks (Mathews and Rouse. 1963) indicate
a latevMiocene or early Pliocene age. o
Camsell (1907) proposed that these once extensive
lavas protected the underlying rocks from serious erosion
during the Pleistocene Glaciation. They were.—however..
nearly completely destroyed themselves and now . often appear
_ as caps on the tops of the higher hills. where they form
.outcrops too small to map. The result. after glaciation.
‘1s a much greater thickness of the decomposed rocks of the
B Allenby Formation than would have been poss1ble without such

i:"protection.b >

"'mentary beds Within or conformably beneath the volcanic
rocks. These authors feel that a number of. plant fossils
from these beds were collected by early- workers and 1ncluded
ein a larger collection from the early Tertiary Allenby :

_?ormation,- Thls error may have been respon31ble. in part,"

af\MaIKews and Rouse (1963) also found occa31onal gedi-

J
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for the late Tertiary age assignment early workers gave to

1

the Allenby Formation.

Allenby Formation - .

Sediments of the Allenby Formation were first named
and described in detail by Shaw, who states (1952, p.8):

"The Allenby Formation consists predominantly of
massive, ;crossbedded granule- and pebble-conglomerate,
sandstone, and massive and thinly bedded shale, with
inter calated beds of coal, carbonaceous siltstone and
shale, and bentonite. All size gradations between
conglomerate and siltstone are represented, but
granule-conglomerate. and coarse sandstone seem to
predominate.” : ‘

. Shaw (1952) noted that the coarser conglomerates were
confined to the lowermost strata, below the major coal

zoneé. although less coarse conglomerafes can be found

throughout the Allenby Formation. Thgsé lowermost con-

glomerates were found by Hills (1965a) to contain high

'percgntages of volcanic detritus of a local origin, Hills
also noted some volcanic flows in this zone.
The composition of sediments was recogniied by Rice

(1947) and Shaw.(1952) as being primarily granitic in

‘; origin,'and Shaw (1952, p.;8)>states:

"The volcanic content has undoubtedly been provided

by the nearby large areas of the deminantly volcanic
- Nicola group and Cretaceous volcanic rocks that now
. occupy lesser areas." '

From a more detailed study of the mineral composition

of the Allenby Formation as well as of the surrounding

o volcanics, Hiiis (1965a) determined the provenance of the

*

Allenby'sedimehts to be the Osprey Lake Intrusion which
lies to the north of the Princeton deposits and actually
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contacdts the Allenby Formation on the northern margin,
Hills (1965a) also found evidence for a paleocurrent flow
from the north or northwest.

The existence of unconformities within -the sediments ‘
of the Princeton basin was considered unlikely by Rice
(1947), SHaw (1952), Russell (1958), and Hills (1962, 1965a).
However, stratigraphic zonation, based on the nature of the
sediments of the Allenby Formation, was indicated by Shaw
(1952) and Hills (1962, i965a, b). The lowermost sediments
are primarily conglomerates, and finer grain sediments are
more dqminant in the bulk of the upbér sediments, although
there is another zone of conglomerates in the uppermost
 strata. |
Coal has been mined from exposures near the Pringeton
- townsite since the early part of this century. Although
severai seams have been exploited, the Princeton-Black Seam
has been found to be the thickest and most extensive (Rige;
1947; Shaw, 1952). The mapping of this coal seam as well
as the drilling of boreholes in search of coal have proved
véry valuable stratigraphically. The Princeton-Black Seam
is the lowest occurrence of mineable coal in the stratigraphic
sequence and has been used by Hills (19§2. 1965b) to'divide
the Allenby Formation into an upper and a lower unit. The
‘"sediments below the Priﬁceton—Black Seam are over 300 meters
' thick and consist basically of coarser conglomerates and
sandstones. Above the Princeton-Black Seam are over 600

meters of basically shaley strata. Hills (1965b) notes that
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sandstonl'ienses'inerease in:frequency and»thiekneSSgupward

T SRR o : : . B
in thls upper unlt. 'Since the PrinCeton—Blackaeam is

ea31ly recognlzed and its extent falrly ‘well known,' .,
rlocalltles wlthln the Allenby Formatlon are often assigned

/
Seam

(::<5 stratigraphio7position'relativefto‘theAPrincetonTBlack'

The Ashnola locallty was found to be about 550- meters

"above the Prlnceton Black Seam and 850 meters above’the ‘

_base of thf Allenby Formatlon by Boneham (1968) Although
‘the locallty is near the topqof the Allenby Formatlon. there

are no conglomerates as5001ated wlth 1t., A dense, black

'shale lies on top of the Ashnola beds.(and a sandy shale 13

,-m

=, found beneath. Most a35001ated strata have become cpvered

. lf\.r1
&' by slumplng. but those that are v131ble are comprlsed

baslcally of sandstone.4 There 1s a lack of mlneable coal
" in the Ashnola area as well as 1n the northern and - eastern
- parts of the ba31n. all of whlch represent the uppermost "
‘1strata of the Allenby ForAatlon. The fact that such an
~extens1ve coal dep031t at the Ashnola locallty ex1sts 1n a.
”.zone generally dev01d of 31zable coal _seams would 1ndlcate
that the Ashnola locallty represents a local phenomenon and
.such depos;tlon was not w1despread. : . '
Statlgraphic\zonatlon has also.been recognlzed w1thin

,.'the Allenby Formatlon by Hills (l965b) and Boneham (1968)

.

on the ba31s of varylng abundance ‘of pollen and spore types.v‘

.Although specles vary in abundance. there are no abrupt

‘ changes 1n floral comp051t10n that would - 1ndlcate an
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| ‘W'/i;‘basin.f‘ N
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.unconformlty. Hllls (l965b) llsts a lower Blsaccate Zone

'__(60 meters thlck), an Azolla primaeva Zone (250 meters thick)

" the Prlnceton Black Coal Zone (uO meters thlck). and a .

. .
1st1111.ollen1tes macgzegoril Zone whlch can be subd1v1ded

7

.1nto an upper. blsaccate (600 t meters thlck), and a lower.,i

Taxodium (60 meters thlck) domlnance subzone. Boneham (1968)»
ba81cally dlsagrees w1th Hl}ls 1nterpretatlon. but supports
the ‘idea of zonatlon w1th1n the Allenby Formatlon.- it .

, ¢
should be’ noted that Hllls based hlS work -on collectlons

'made prlmarlly wlthln 60 meters above and 300 ﬁeters below

{

prlmarlly studled samples taken above the Prlnceton‘Black

g Coal Zone. The only zone in Wthh both Hllls * and. Boneham s

' .studles have overlapped is @the -Taxodlum dom}.na.nce sub—

zZoNe. Of this subzone Boneham states (1968 p. 33):

"Apparently the only stratlgraphlc -zone Hllls and I
‘agree-upor 1s hls Taxodium domlnapce subzone

Boneham goes on to say that he could not substantlate the
presence of Hills' 1ower zones due to the 1ack of. repre-'

sentative sampling. It appears that Hills .may have over-

'1nterpreted results from hls 81ngle sample in the upper zone

of the Prlnceton basln and: hlS determlnatlon of zonatlon -
in- the Tulameen (Coalmont) ba81n. However, con51deratlon
of the flndlngs of both Hills and Boneham ‘should give a

-

reasonably accurate appraisal of zonatlon in the Prlnceton

S ‘ /-‘: .
The Ashnola locallty is well into HlllS Pistillipole

lenites-macgregorll. blsaccate dominance subzone; “"Although-

a
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Boneham re;ectsJ}he exlstence of thls subzone on the basis

_ of a general lack of P. macgregorll and bisaccate grains, P.

“

_macgregorll is eXCeedlngly abundant at the Ashnola locality

(Boneham. 1968) and remains of Pinus form'a large compénent

of the locality's megafoss1l flora. It is likely that

m1croecolog1cal factors were cauSLng varlablllty whlch
W

"makes Hills f;ndlngs and the flora of the Ashnola locallty,

}apparently 1ncompatab1e w1th Boneham s results. The

o dlfferences 1n comp031tlon are not sufflclent to suggest an

unconformlty between the Ashnpla locallty and other localltles7'

j[;n ‘the basin.

{Age -

v;ThéiAshpqlgpgbeaxify

Dlrect ev1dence for the age of the Ashnola chert was

presented by Boneham (1968) in the form of Plstllllpollenltes'

‘macgregorii Rouse. a palynomorph characterlstlc of the Mlddle

Eocene (Rouse and Srlvastava, 1970), Although no radlometrlc
dates have been determlned for the outcrop. ‘many dates,,
1nd1cat1ng a Mlddle Eocene age, have been recorded for

other depos1ts w1thin the Allenby Formatlon as. well as for“

‘localltles within the Upper and Lower Volcanlc Formatlons

4and volcanics from other basins in southern Brltlsh Columbla

3

(see Table l) : Slnce the Ashnola locallty has been

‘;eségblfshed as a part of the Allenby Formation, and there

"~-have been no unconformlties found w1th1n the Allenby

Formatlon or between the volcanlc and sedimentary depositst

Yol
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of.the baSin.‘these’radiometric dates will be»considered as .

representatlve of the age of the Ashnola. chert.

Eariy workers belleved ~although frequently w1th

’3reservatlon, that the dep031ts of the Princeton bas1n,_as

well aS'those ‘of other basins in the area,:werevof 1ate

:Tertiary age (G.M. Dawson, 1879} J.W. Dawson; L8?9. 1890;

Scudder, 18?9,.1895; Camsell 1907, Rlce, 1947, Shaw, 1952)

-(See Boneham, 1968)

vadence for an Eocene'age was first.presented‘by-

- Russell (1935) and Gazin (1953) in the form of Tillodont-

t_age fOr the Prlnceton dep031ts. ‘

.

f.mammal’remains, but the fragmentary nature of these f0531ls

‘dld not permlt a conclus1ve age determlnatlon.

Both palynologlcal and radlometrlc ev1dence became

- -available- durlng’the 1960 s and establlshed a Mlddle Eocene

2

Some’ degree of comparablllty among the mlcrofloras of o

theiAllenby, Burrard K1t311ano. McIntosh Green River, and

- Fort Unlon Formatlons were recorded by Rouse and Mathews

(1961), Rouse (1962), and HlllS (l965b) - Rouse (l962)-notes

">that all except the Fort Unlon Formation.:whlch is Paleoceneg

i

are I‘eg‘d as Middle. Eobene. o o
\ L
- Pis llpollenltes macgregorii Rouse (1962) » which

flappears to be characterlstic of the Mlddle Eocene (Rouse

and Srlvastata, L970). has been reported from the Allenby o

.Formatlon by Rouse (1962). Mathews and Rouse (1963). Hllls

(1962 l965b). Hills and Baadsgaard (196?), and Boneham'

”e(1968)_ As noted prev10usly. Boneham found thls spe01es
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in abundance at«the Ashnola locality. ‘

| Potassium—Argon (K-Ar) dates were recorded. by Rouse and.
Mathews (l961).vMathews (1963). Hills: (l965b), and Hills .and
Baadsgaard (1967) -~ The results of these reports are found '
V-in Table 1.» Those determinations of Hills and- Baadsgaard
'f(l967) were published from Hills thesis (1965) Where- |
results from the two publications differ. the dates: recorded"
by Hills and Baadsgaard (196?) are used. A few of the
'isamples of Hllls (1965b) and Hills, and Baadsgaard (1967)
“have yielded ages which are either far greater or,uin one
Acase, much less than the mean. - This is attributed to'A

°-contam1nation by older rocks in the former, and\to the use

:;of glass shards. which do not appear to retain Argon well,

-

:1n the 1atter. _ o

f The Sunday Creek and Sunday Summit localities are found
Z-about 20 miles south of ‘the . town of Princeton. and. are'.
believed to be in the uppermost part of the Lower Volcanic
rzFormation, or ‘at the base of the Allenby Formation where o
the sedlments are 1nterbedded w1th volcanics:(Rice. 19#7;
Hills and Baadsgaard 1967) All localities other than the
I-Sunday Creek Sunday Summit Princeton. and Allenby Iocalities.;
are found in other Tertiary deposits such as. those of the ‘.'
Kamloops group (McAbee, Quilchena. Tranquille. Battle Bluff,
Savona Mountain), Tulameen or’ Coalmont basin (Collins Gulch).
and Smithers area (Driftwood Creek) | |

“The large number of radiometric dates from a wide

' range of rock types and localities show excellent agreement
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ﬁg,and leave llttle doubt as to the true age of the Tertlary
| deposits.: A mean value for the age of the Prlnceton

‘%gdep031ts is 49 m. y.;_whlch places the Allenby Formatlon .

<~

-

7}Correlatlon of Tertlary Dep091ts of Southern Brltlsh Columbla -

e\%lose approx1matlon of the age of the Allenby

Formatl,nVWLth the ages of other Tertlary dep051ts &n

ﬁsouthern Brltlsh Columbla supports ‘the theorles of earlier -

nvestlgators such as Camsell (1907), Penhallow (190?). and
R1Ce (1947) that the Kamloops group and Prlnceton group are

-v,the same age.;

e, .

Palynologlcal data is also 1n agreement with such ‘

ppcorrelatlon. Palynomorphs are generally more readlly
.davallable than megaf0331ls and are often more useful in
':stratlgraphlc correlatlég% Rouse (in Rouse and Mathews.
'vl961) ‘used both mega— and mlcrof0331ls and found that the
;sPrlnceton. Tranqullle and Rock Creek beds were synchronous.vy'
'Hllls (1965b) apparently was able to flnd ‘some . correlation'%
- .among all Tertlary beds that he sampled from Princeton to

Bl

as¢far north as Smithers. o ER .

ve

Although these Tertlary dep051ts are found in 1solatedﬂ=

' areas over much of south-central Britlsh Columbla and are

of an equal age. it is unlikely that they were at one tlme
contlnuous over the entire area. Some_of the beds,of the

Coldwater and Kamloops groups appear to have been'more

'_exten81ve at qu t1me, but those of the Prlnceton basin

'liwere probably never much more extensive than they are at

(-
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Tab;e_l.j PdtassiuméArgoh dates Of‘toﬁer Terfiafyvetrate from'

\southern British Columbla.: A1l radiometrlc analyses?'

:were made by H Baadsgaard Dept..of Geology.
- Univ. of Alberta., '
lR&M - Rouse and Mathews (1961)

M - Mathews (1963)(from Hills, 1965b) Pae
H&B - Hills and Baadsgaard (19 ?) S



? Author
R&M
R&M
~ R&M
~ R&M

'", :*;H&B_“f

H&B

H&B 1.“ ) |

H&B.
HEB
A H&B;

'ifH&B"n‘
. H&B -

~H&B“ :
 HeB
H&B

1H&B  :w

H&B -

H&B_'
H&B

H&B

 H&B.

HeB

H&B

1

Material

Biotite

'Biotite
' Biotite .
‘Bjotite,

Biotife>
BiOtité

Biotite
Biotite

Andesine

Oxyhornblende
_ Oxyhornblende . -
" Biotite.

‘Andesine
Sahiaiﬁém>wsu,hm

Glass Shards

'Biotite = .

AndQSineg
Sanidine

‘Saﬁidine

Andesine

‘Biotite
Sanidine

bligDClaseb

:Sanidiﬁe‘-’

- Biotite
‘&:Biotite~
"Sanidine

-/

; L°ca1ity

»pfinceth
Tranquille

Savona Mountain

Rock Creek

Kettle River

N

Sunéay Sﬁmmit

‘Sunday ‘Summit
'Sundayfsﬁmmit_

McAbee
 “m6Abee'
quiichEna 
Quilchena
. Al;enﬁy' K
- Allenby

- T‘Sunday Creek

Sunday Creek
McAbee

.- McAbee
A'MCAbee

Battle Bluff -
- Béttle Bluff
.Battle Bluﬁf
,%attle Bluff

ﬁollinS.Gulch

e

oy

riftwood Creek

4o

Date (m.y_)

48 -
49
b5
49 '

48
46

53
48 -

50
48
52
50
48
79
22
50
-
47.4
50
51
57,756 -
67, 56
os1
50
50
L8
47
126
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”thedpresent (Hills, 1965b) The‘orogenic movements which )
1n1tiated dep031tlon in the eaciy Tertlary apparently had
'the effect of creating numerous. 1solated bas1ns over a

w1de area.

Structure - _’ . | |
As noted earller. the Ashnola locallty forms a 10 meker
thlck outcrop of 1nterbedded chert and coal that 1s exposed .
“on the east bank of the Simllkameen Rlver and extends 1nto '
the rlver to form a partlal dlke.i Boneham (1968) determlnedy
the strlke to. be N 27°E and the d1p. 34° N. The ‘beds outcrop
B for a” short dlstance up the bank and it was notlced that
they are folded rather sharply some 12 meters above the
" water's edge. o ‘ o» ' |

Boneham measured each layer of chert and coal (see
,Flg. 2) and sampled each for palynolog1cal ana1y31s.. The
validity of hls numberlng indiv1dual layers 1s here questloned.
u for the thlckness of layers 1s hlghly varlable. Many chert
or coal 1ayers are found to anastomose and the 1ntervening L

~

layer is termlnated at that p01nt. There arey however.
several exceptlonally thlck layers of chert and'coal that
‘were ide tlflable throughout their- entlre exposure._ With :
these laﬁers as markers, it was p0351b1e toniv1de the o
outcrop into 9 1ntervals, ach 3- 1% meters thick. and con=-
_ta1n1ng a number of layers of chert and coal. Each of khe ‘?'
9 intervais is separated from others by a broad and con- -

tinuous 1ayer of coal. These 9 unlts are relatlvely easily

recognizable throughout the outcrop. while numbers applled
A . . ,
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" was llkewise small j.tarea.

v 3 ‘ . 42

‘to individual layers w111 vary w1th posltlon on the outcrop

1’ believe that* this system of numberlng better reflects

-

intervals of chert formatlon and gives a more accurate
descrlptlon_of 1ayer1ng ‘of the chert and‘coal, i

4

, Formation - : o . } ‘}

The outcfﬁp/EEtEEds\;nto the Slmllkameen Rlver for
somewhat less than half the stream w1dth and then dlsappears
into the rlver bed. On the opp031te side of the rlver 1s .
flat, bottom land whlch presumably represents former river
channels and flood plain. There is no trac@ of outcrdpplng

B

rock on the west bank. The chert beds apparently do not

,extend far beneath the river, for Boneham (1968) notes that

there lS no trace of chert in the well log of Blakemore

Borehold #l. whlch was sunk’ almost dlrectly across the '

'rlver from the Ashnola locallty. Thls led Boneham to

belleve that the beds were very restrlgted in lateral
exten\\and that the bog in whlch qpe dep031ts accumulated-
Boneham (1968, P 37) has rev1ewed poss1ble theorles
for the orlgln of chert deposrts and has lumped them into
two groups:
"One group clalms that the chert is contemporaneously
. deposited with other sedlments. The other group
maintains that chert 1s a postdepds1tlonal replacement
of the host rock. S :
An in1t1al 1nspection of the chert of the Ashnola locallty

dlsposes of the latter group. for there are plant remains-

preserved in it and thus could not be a result of post—
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dep051tiona1 replacement.

' A revaew of 31milar occurrences of plant bearing cherts
]reveals ‘that they have requlrements in common for their
formatlon. “There must be a source of 3111cates. which is
'_generally belleved to be hot mlneral springs or geysers'
 often aséﬁklated w1th volcanlc act1v1ty ' The SLILceous
waters must be contalned in a relatlvely quiet body‘of D
water and be prec1p1tated to form a 8111ca gel coverlng
._the bottom of the bog or marsh.' Pre01pitat10n could be
accompllshed by exce881ve evaporatlon which would create
a supersaturated condltlon (Arnol&k/ﬂd Daugherty, 1963),
or by a change in pH Correns (1950) has shown that a
change 1n pH from 9 to 5 Wlll result in the precipltatlon

_of 2/3 of dlssolved 31llcates from a concentrated solutlon.
:V The s1lléates 1nf11trate the top layers of debrls ‘and mud
.at the bottom of the marsh and. with time and the‘expulsionA
of water, forms chert. Although Slllleled woods and other
re81stant plany/organs ‘can. be found w1th some frequency in
the fossil. record, Sillleled herbaceous forms and more‘
delicate organs are uncommon and almost restrlcted to beds
V‘formed in the above manner.;cf; ' | ‘

_ The rhythmlc dep081t10n of chert and coal as found at
‘ythe Ashnola locallty is a very rare occurrence, with the
only other known 1nstance be1ng in the Devonlan durlng the

. formatlon of ‘the Rhynle chert of Scotland.' Kldston and L'angv~
.”‘(1917. p. 764) have pr0posed the follow1ng explanat1on for -

hthe formatlon of the Rhyn1e beds:' '
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"The whole’ hlstory of the formation of “the Rhynie
‘Chert zone, at least of that portion from which our
specimens were taken can be clearly read. ... By the
decay of the underground parts of Rhynia and the
falling down of withered stems (for this plant had
no leaves) a bed of peat was gradually formed varying
from an inch to a foot in thickness. The peat was
then flooded and :‘a layer of sand deposited on its
surfacé. Again the Rhynia covered the surface, and
this process of the formation of beds of peat, - ‘with
the deposition of thin layers of sand, went’ ‘on till
a total thlckness Qf 8 feet had accumulated. '

After the formatlon of 8 feet of alternatlng peat and
sand local phy51cal conditions must have altered, for
" ~water with silica in solution, possibly dlscharged
- from fumaroles and geysers. poured over the peat bed
"and sealed it up." o .

Of thls type of dep031t10n Taliaferro (1933, P. 50)
states:. . o o L -

"The cause of the rhythmlc banding of cherts and
“shales has been discusséd many times and the only
two hypotheses which have survived the test of : ,
critical examination are those of 00101dal segregation -
and perlodlc supersaturatlon.” .o :

Boneham (1968 p 38) elaborates and applles this to
the Ashnola. locality:vv'

"Tallaferro goes on to explain what he means. by
colloidal" segregatlon. Essentially this can only
happen.in. sea water since the colloidal particles of
silica must be electrically charged by the dlssolved
salts present in sea water before these silica-
particles will clump in large enough aggregates to
pre01p1tate. There is no evidence that sea water was
present in the Princeton Basin during Allenby time.
Innundation of the swamp or peat bog by hot water
rich in silicic acid from nearby volcanic sources
. .seems to be the-most likely origin of the silica.
- This water was probably hot enough to kill the
,vegetatlon of the bog. As the hot water mixed with
the acidic water of the bog some of the silica pre-
cipitated. When the water cooled, it became super-
saturated with silica and more of it precipitated.
“With the gradual cooling of the water,, plants were
' ‘able to establish themselves and so form another
layer of peat on top of the chert layer. There are
-.1gneous rocks below the tuffs within the Allenby

‘,.
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Pormation. Volcanic activity must have been prevalent
durlng Allenby time, so there may have been hot springs
~in ‘the Prinéeton Basin."” : N

The cherts of the Eocene, Clarno Formation of Oregon
may be compafabke to the Ashnola cherts also. Although not
found rhythmically interbedded with coal, the Clarno chert
appears‘to represent the soil of an ancient marsh in which
permineralization was the result of the precipitation of
‘silicate from mineral-rich hot springs (Arnold and
Daugherty, (1963). Arnold and Daugherty (1963, p. 216)
| proposed that:

"The high evaporation .,rate coupled with the impeded

outflow of the water in the marsh resulted in a build-

up of gilica in the mucklike soil, leading to develop-
ment of silica gel. ... Solidification of the mineral-
. saturated soil and plant parts was the final stage of
- the process of ¥fossilization which was brought about
by the weight of a sheet of lava which finally covered .
the marsh. This resulted in expulsion of enough water
to precipitate and harden the siliceous residue into
. chert, and at the same time effectively protect the
"deposit from er051on.
'There may be some. relatlonshlp between the Clarno and
Ashnola cherts. Their general appearance is similar,
although the Clarno chert has a hlgh ash content which

1mparts a greyish color. Both 1oca11t1es are roughly the

oy

saﬁe'age'and are found in a similar geographical position,
and may have been formed as a ‘result of the same uplift and
sub81dence.' It is unlikely that such rare occurrences as
;these-chert beds would occur 001nc1dentally in such close

'ty in space as well as tlme. 'In addition, an

ant element 1n the floras of both the Clarno and

ola‘cherts~is Dennstaedt10p51s_aerenchymata Arnold and

13
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Daugherty (196&). and it is possible that furthcf research
will reveal more similarities‘in floral compositian.

The presence of thick beds of ash below and lava flows
above the Clarno chert (Arnold and Daugherty, 1963) indicates
a‘brief develapment of a flora during a fairly unstable
period of-volcanism. 1In this way, the Clarno chert appears
most similar to the Deccan Intertrappean Series of India.
The Intertrappeans are thin sedimentary layers "trapped”
between sheets of lava. It is possible'that the Inter-
trappeans were formed in much the same way as Arnold and
Daugherty (1963) described for the Clarno chert.

Boneham's (1968) conclusions as to the formatloh\of
the Ashnola«chert ;ayers coincide generally with ‘the
observations presented here. . The Eocene marsh of the
Ashnola locality ~ have suffered periodic inundation
with mineral-rich wééér. The lignite layers of Ashnola are
apparently relatively pure and without silicaté, S0 Arnold
and Daugherty s (1963) proposal for a contlnual 1nflux of

“

minerals and a gradual aécumulatlon of silicates in th®—

muck of the ancient, Clarno marsh is not applicable to the

Ashnola locality. ’ o éﬁ L.

~ The Ashnola marsh was apparently springyfed and of

low kinetic energy, for there are apparently no -inorganic.
sedlments in any of the chert or coal layers save one chert.
layer. This is unlike the Rhynie locality where Kidston and

Lang (1917) report quantities of sand beiné depoéited on

“top, of successive léyers of peat.

s
I

s
» &
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In some of the chert layers at Ashnola there is .
S
preserved a con51devable thlckness bf well- preserved plant
materlal. Thls may 1ndxcate a rapld accumulatlon of debris.

- a slow rate of decomp031t10n, or obth. A slow rate of

de (o) p031t10n would llkely mean a01d1c condltlons 1n the

gmarsh and support Boneham & proposal for the pre01p1tat10n |
of a 51llca gel through the m1x1ng of mlneral water w1th -
“ the ater of an a01d bog.o The rapldlty w1th whlch per~,-
',mlnera"lzatlon took place is ev1dent ‘in. the hlgh degree of“
: pres rvatlon of even the most dellcate tlssues ‘ |
i y the Ashnola and Rhynle localitles show rhythmlc
_ beddlng of chert and coal but a floral COmparlson of the

Utwo is 1mp0331ble ‘due to the vast dlfference in age. Thls

type of formatlon allows for cons1derable accumulatlon of

'jwell-preserved'mauerlal that contrlbutes to a dlvef31ty

‘ unmatched 1n the Zlarno and ntertrappean beds wheére. only

‘a 51ngle layer of chert is found at any one locallty.' The

v,varlous layers of Cfert record changes 1n domlnance, ‘with'

the abundance of some forms varylng greatly. This allows
,_many plants to bé studled more thoroughly than otherW1se
 may have been p0331ble 1f only one layer were avallable for
study. It is also p0551b1e that seasonal dlfferences .‘ ’
reflected by the 1nc1uded plant parts. may be found among
the layers‘of chert. Such an assumptlon is. supported by
the observationDOf well developed.growth rlngs 1n the
--tw1gs and wood fragments of woody dlcots and conlfers.

As yet.\the Ashnola locallty has, in the Tertlary. proved

gﬁ;ﬂ‘ ] ‘ :.:: o iy
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to. be unique  in" the abundance of materlal the dlver31ty
of the flora,ﬂand the quallty of preservatlon. In these'.
respects. 1t ﬁs p0331b1e to say that the Ashndualocallty
is comparable  to -the best db’i ball localities of the
Carbonlferous._ : : "\ SR
;_ . | \A |
Other ‘Chert Beds in the Princeton Area - o
’ The questlon arlses as to the p0551b111ty of flndlng
bther-. chert beds 1n the Prlnceton baS1n,jor perhaps 1n

nelghborlng bas1ns.'s1nce hot sprlngs such as those belleved

respon31ble for the Ashnola chert may have been common 1n

the area. That other chert beds occur in the Allenby

Formation was noted by G.M. Dawson in 1879 Hav1ng no,
knowledge of the Ashnola chert Dawson dlscovere fossilifer-‘

ousvchert at Vermlllon Bluff located on the Tulameen Rlver

-about 3 mlles west of the town: of Prlnceton. The beds of

this cllff are of a- red to yellow hue. whlch has ‘been

1mparted by the combustlon of a llgnlte seam, but the

~51llceous beds have re31sted serloﬁs metamorphlsm. Dawson

| (1879, p. 131B) descrlbes the cllff as follows: fﬂ

"On a closer examlnatlon of - thxs sectld@, however. ‘it
“appears that the beds have originally differed in '
_character from those usually. found, and 1t becomes,
-apparent that. they ‘have been laid down in the bed of
‘a lake, into which very copious ‘mineral springs have
issued. The deposit of the springs has been chiefly
siliceous, but there is much calcareous mafter, and
the water: probably also contained “iron, and other:
substances, 2all of which are now mingled with. greater,
or less quantities or ordlnary sediment. ...

-%_ The rocks as they now appear consist broadly of sand~_

~§ stones, shaly argillites and ‘silicedus layers,: with =
 some siliceous limestones toward ‘the base of the_ :
- section, in thin beds.' The beds more dlrectly resultlng
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from the siliceous deposit of the springs are very
"varied in character. Black chert-like layers occur,
but generally do not continue far horizontally. Other
beds, 31m11ar 1n texture.'are mottled w1th red due ..

are seen to be s11101f1ed grass stems,'whlch ‘have
been included in the mass. Orte of these materials,
fmlcroscoplcally examined proved to censist of-dull
~ amorphous.silica through-which cloudy flecks were -
scattered, and occasional larger opaque patches,
‘coloured with iron oxide. The base also held minute
crystals of calcite, irregularly distributed, on
obtuse rhombohedrons, perfectly formed, and almost.
‘resembling cubes. The mass must have been deposited
originally in a gelatingus state, about the stems-of
.milky £halcedony, turning to crystalline quartz toward
the canter of each. The stems have in great part
» ‘decayell away before the final conSOlidation of the
_mass nd have collapsed irregularly -in the tubes, -
- .+ thotigh still showing the structure of cellular tissues
‘ and spiral vessels wunder the mlcroscope.s In other
_ layers. ‘a .grey pdrous material 1s not uncommon, and
~in many cases appears to be almost entlrely made up of
silicified vegetable’ fragments. of whlch the forms can
scarcely be deflned " : :

| ‘The.chert of this locality has not Beén studied in any.
;sﬂbséquent'invegtigation.of thevPrincetoh baéin,-including_
éﬁe preseﬁthone.v It is my beliefithat'a study of this:
ﬂjchert may prove, hlghly rewardlng. "Dawson's loéality and

the Ashnola 1oca11ty show that" proger condltlons for chert

Jformatlon were present in the Princeton bas1n at All§g~‘":
'tlme,.and 1t ;g qulte pos31ble that other 1oca?§t1
_be found. ' wy

‘«3 I



‘ CHAPTER 3
MATERIALS and METHODS

Materials - . ..bl’ B

Chert blocks were mass collected from the Ashnola

' locallty in July of 1974 by W.N. Stewart G. W Rothwell

“and the author and 1n August of 19?5 by W.N. Stewart G W.
'vRothwell R.L. Denn;g,ﬂand M.S. Brosier. _Prlor to these
collectlons, small'amounts of‘material ‘were ‘taken from’the'
plocallty by C A. Arnold and R, F Boneham 1n the early 1960 s
and by WiN. Stewart G.wW., Rothwell and M.S. Bros1er durlng ’
'an exploratory trlp in May of 1974 Materlal collected by' -
Arnold and Boneham was. later made avallable to C. N Mlller
(1973) and C R. Roblson ‘and C. P, Person (1973) A1l
materlal from the May. 197& and July, 19?5 collectlons has
been dep031ted in the Unlver51ty of Alberta Paleobotanlcale

~

Collectlon.' The bulk of the materlal from the collectlon

Voféhugust 1975 Was taken to_Ohio Unlver31ty by G. W. Rothwell,.

~with a lesser amount brought 3 the Un1vers1ty of Alberta.
The structure and extent of the 1oca11ty has been
discussed in detall in the previous chapter. The outcrop
con81sts of approx1mately lO meters of 1nterbedded chert
and coal (Flg. 4) over 30 layers of chert. have . been
f‘recognlzed by Boneham (1968), but they have been grouped
vlnto 9 unlts. numbered fr&m the bottom to the top, in the’
'_pres/ht study. For mOSt of the blocks. no attempt was made
‘to determlne and recordrthelr pre01se,or1g;n wlth the outcrop.

50
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) They were prled from the outcrop or plcked up at 1ts base
‘and for about 1Q0 meters downstream where they ‘had been
'transported subsequent to weatherlng free. Collectlons
:were made, however, from each ‘of the 9 unlts 1n/order to
determine whether or not floral zonation exlsted w1th1n

' e'the outcrop. ¢ . ‘ ' ‘

- ’Unweathered blocks of chert vary from llght grey to
;black in color. . Weathered faces assume a grey to buff color
w1th plant materlal vi31ble on the surface (Flg 5) It
was suspected, and later conflrmed durlng preparatlons of
the blocks, that those llghtest 1n color did not contaln o
much of the orlglnal organlc resadues ‘and had to be thin-

f.sectloned for: study._ The opaque. black blocks, on the
other hand.ucontalned cons1derable organlc material and were:
easily peeled (see Methods) Another supp051tlon that
proved correct was: that these llghter blocks contalned
plant parts that were on the whole 1ess well preserved %han"
did the dark blocks. whlch 1s probably due to the greater |

"length of time requlred for permlnerallzatlon as lndlcated
‘by the loss of organlc matter.- For these reasons. efforts

were concentrated on - the collection of the darkest chert.

Care- w@s taken. however. to obtain representatlve samples

>
‘E?

of all types of chert

The texture of the rock was also found useful in the

:?sorting of material in the fleld.\ R1ch blocks Wlth good
"'ation tended to occur in somewhat irregular shapes

rahly broken faces were gldssy black. Pieces contalnlng



Fig.vﬂ,v Closeup of the outcrop showing layers of blocky
’ . chert 1nterbedded with coal,

QFlg. 5‘/_A block of Ashnola chert w1th plants ev1dent on
. _"the surface (dark, circular marklngs)

it
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malnly decomposed peaty material tended to be blocky and
}freshly broken surfaoes had a- black. but dull. appearance.
giving the 1mpression of a coarser texture.
| It was found ‘that the darkest blocks of chert came
;rfrom the- lower levels of the outcrop. whlle those of the
upper layers were qulte pale. ‘Most materlal then. was

‘chosen from the lower chert layers. In the event that '
;cons1derable lateral varlatlon may occur w1th1n any one
'»'layer..chert blocks were retrleved from the greatest

phorlzontal extent accessable. ( | '

All layers of chert have been fractured one or more‘.
tlmes 31nce dep0s1t10n. These cracks now contaln blue,
whlte} or red 31llceous in- filllngs. Frequently this
.:fracturlng and subsequent cementing has reduced the chert
'to'brecc1a “that contalns so dlsrupted a f0331l assemblage B
~as to be useless.f : | | |
‘, | Fortunately the layers of chert have ‘been broken up
‘pgby recent weatherlng and blocks of various 81zes are easily

‘obtalned.’ Blocks of chert are qulte hard and dlfflcult to
‘break and any attempt to do - so causes the chert to shatter -
i'and thus reduce 1ts value for study. | ‘ l
Hj Slnce few of the blocks had been: expOSed and weathered
3long enough to reveal “the plants contalned.:a large pro-_
' portlon of the collectlon was taken w1th little 1dea of
,what was to be found w1thin. The characters descrlbed
,above are by no means rules. for well-preserved and

vvaluable plants can be found in blocks of a w1de range of

rx
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'color,.shape, size.ﬂand texture 'Whenvmasswcollecting.
however,‘it iS-desirable‘to obtain large‘quantities'of the
‘most productlve materlal. ard by followxng these guldelines.
it is p0331b1e to return with a minlmum of "waste ‘rock.
( Ypon initial. observatlon, the plant fragments appear
to be’ preserved in a matrlx of s111c1f1ed mud. However,
fupon closer examlnatlon, 1t can be seen that thls back—*=‘n
ground materlal 1s composed of small- fragments of wood;
releaves. pollen gralns. and other organic debrls. There

1s an apparent lack of 1norgan1c detrltal material. of any

R klnd.- Preserved plant organs probably fell dlrectly 1nto

thls organlc debris’ shortly befo§€ or during s111c1flcatlon.

s The sillcates only penetrated the top several 1nches of

debrls on the bottom of the an01ent marsh and formed a
layer of chert which lay on a thlckness of peat that would
later be compressed to llgnlte. -There appears to have been
"11ttle or no compactlon of the 1nfiltrated layer. for plant
parts show almost no eV1dence of crushlng or dlstortion.
- and the partlcles of the organlc matrlx are qulte loosely
arranged. The 1ack of" 1norgan1c material 1ndlcates anv;é;:
"absence of stream flow 1nto the marsh. Thus,(plant organs
; found in the chert represent parts of a. plant community
that grew adJacent to the dep031t10nal area._'oome of . the
-rhlzomes and roots possess rootlets that ramlfy through the
-matrlx and have been preserved in 31tu.

| The Clarno chert appears slmllar to the Ashnola chert o

71n the nature and quallty of preservatlon. As noted
: P

c
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previously, the color of the Clarnb-chert is grey due to .

the presence of volcanic ash. The cherts of the Decéan
o
Intertrappean serles. however. generally compare less

v'_favorably w1th the Ashnola’ chert. A large number of the

localities yield only small quantlties of material showing
poorl& preserV%d rlant parts. althongh there is an, abundance‘
of 'material fOund at RaJahmundry, Sausar. and Mohgaon Kalan. '
At these three locallties there 1s a great diversity of
,well—preserved plant parts. However.'there is usually not

an adeduate amount of the'original organic material remaining
in the specimens from even these rlch localities to allow
:-the preparation of acceptable cellulose acetate peels. Thin
sectlons must be. made in order to study spec1mens and Serlal

‘sections are not ea81ly prepared. Serial photographs. u31ng

.,

' neflented light, and camera luc1da draW1ngs of specimens
exposed by progressave grindlng. techniques pract1Ced
'“frequently (Chitaley. 1955 Prakash 1956 Verma 1956
Paradkar, 1973). cannot- prov1de necessary detail nor stand
critical”examination.. In general the quality and nature of-,
preservation,is_COmparable to that of thew grey chert" of
the Ashnola locality.f-’ T

All spe01mens figured 1n the text are dep051ted in

the paleobotanical collection in the Department of Botony.

Univer31ty of Alberta. Edmonton.'

. Methods

Blocks of chert are first examined for surface evidence



_treated in the same manner.
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of embedded plant material. If plant‘parts:are vigivle,

blocks are cut in order that cross sections of axes widl

most frequently be obtained. If there are no plant organs
to be seen, or if those that'are seen give no indication of
their orientation. then blocks are cut such that the saw
kerf is perpendicular to the beddlng plane. Blocks are

cut into_slabs approximately 2 em. in thickness.

As noted under “Materials" the Ashnola chert is:found

"in a range of color from grey to black. The varlation in

color is caused by dlfferences in the amount of the origlnal
organlc residues remaining in thelspecimens. As a result

of these differences, grey and black samples danubt be

' Speclmens Ain grey blocks. wthh lack organic re31dues.

must be thin sectloned for stud§ Thln slices are.cut

.from slabs;w1th.a trim saw,_f;xed to glass slides With_

thermal plastic, and»hand'ground until translucent;r
Black blocks. however. retain. much of their organlc'

material and lend themselves well to study by a modlflcatlon

'”of the cellulose acetate peel technlque of Joy. Wlllls. and

Lacey (1956) Modlflcatlons of this technlque 1nclude
7/

etchlng spe01mens in full strength,}commer01al grade (48%)

'hydrofluorlc ac1d (HF) for 60 to. 120 seconds ‘and then

'neutrallzlng in a saturated aqueous solutlon of - sodium :

blcarbonate (NaHCOB) It was desirable to leave the
specimens submersed in NaHCO3 for at 1east 15 minutes in

order that most of'the HF be removed prior;tokhandling. .
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CeXluloge acetate film of .003 inches thickness was found
most suitable, for it resists tearing more so than thinner
film, buttis itself thin encugh tc ailow critical micro-
scopic examination under oil. Prior to mounting on
microscope slides, peels may be demineralized in full
strength HF for one minute, neutralized, rinsed, and dried.
Peels can be.mocnted in Harleco Synt¥etic Resin (HSR) or
tPermcuﬁt. and are comparable in quality to'the finest ground
thin seétions._ _ LA -

Bulk maceration with full strength HF was attempted
by Miller (1973) in an effort to retrieve Pine needles from
the matrlx, but- was found to be completely unsuccessful
The.31llceous matrix ls apparently all that holds the
organic residues together, and the removal of this matrix

results in a total‘lose of structure. This technique,

however.‘is useful in obtaining palynomorphs (Boneham, 1968).

.Any“attempts thus far.to fracture the blocks along the
'surfaces ) leaveé or other‘crgahs in'hopes'of;finding
planes of least resietance have-proveh unsuCCessfuls Blocks
‘fracture along anclent fra - lines that are now in- fllled
w1th 3111cates, or fracture ébhqh01dally, show1ng no

respect for the-plant parts‘contalned,

fxd

¥}



CHAPTER &4

SYSTEMATICS

Class: Filicopsida
Order:* Filicales -
Family: Polypodiaceae
Sub-family: Dennstaedtioideae

Dennstaedtiopsis aerenchymata Arnold and Daugherty (Figs. 6-18)

DESCRIPTION -‘Rhizomes and petiples of this polypodlaceous
fern are common in tn:rchert. occasionally being the dominant
‘form of vegetation present. but usually found as a minor
ol component 1n a58001at10n with other types of plants._ ‘
Identification was based on compadNsons with materlal
- des¢ribed by Arnold and Daugherty (1964), which is the
only other report of thls spe01es.;
‘The solenostellc.rhlzomes (Fig. 7) are cylindrical,
5-12 mm in’diameter. possess aerenchymatous tiSsge—in both
the pith and cortex, and are covered with melticellular

hairs (Fig. 8)

* Petioles (Fig. 9) are naked, possess
aerenchyma & arise singly and at widely spaced intervalg.
Each petiole has a single trace, which Arnold and Daugherty

deScrlbed as hav1ng vthe shape oﬁ an 1gverted bowl w1th

bulbous base and flared rlmj“ gl&ﬁtlets are ofteg associ-

ated w1th the ppo&uctlon o_'getxoles (Flgs 12 177 R

4 Xylem elements gre mostly scalariform; ﬁut splrally
}thickened elements WQre reported‘in prdtnxylem cells by ®
. Arnold and Dhugherty (l96h) :—Xylém maturatlon is exarch

- - LI ; 59 '
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with several clusters of protoxylem cellsg tound around the
metaxyleh. From these protoxylem pointg arise the root
traces (Fig. 7). To both the interior and exterior of the
xylem are identical series of tissue zones (Fig. 18).
Immediately adjacent to the xylem is a phloem zone. A
siné}e layer of cells of the peric&cle separates the phloem
from\the endodermis and is distinguishable from the former
by the darker conténts of the cells and from the laﬁter by
the vast difference in size. The cells of the endodermis
are minute and often not recognizable. A layer of weakly
developed sclerenchyma just a few ceils thick separates the
endodermis from the aerenchyma. The aerenchyma is composed
of radially elongate air spaces separated by uniseriate
partitions. Interior to the inner aerenchyma is a solid
pith of vertically elongate cells. Ngxt to the outer
aerenchyma is a thin band\of éolid, parenchymatous cortex
followed by a very weakly aévelopgd outer léyer of
sclerenchyma. A soft, outer cortex only a few cells thick

lies exterior to this and is covered by an epidermis bearing

simple, multicellular hairs of a vargable density.

DISCUSSION - The identification of Dennstaedtiopsis

aerenchymata by Arnold and Daugherty (1964) was based

'solely on vegetative features, so a definite affinity with

3
the extant genus Dennstaedtia could not be determined. As -
in the Clarno materiai, no sPorangia or well—preserved

laminae were found, although laminae without recognizable

structure are occasionally'found attached to midribs (Fig. 11).

~~
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: ngher portlons of the fronds must have uhdergone decay T *‘

prlor to 1nf11tratlon However,-Arnold and Daugherty found

that marked vegetative 31mllar1t1es exlst between the fos31l

and Dennstaedtla and state (1964 p. 68)1.

"The accumulated ev1dence, incomplete though 1t is, .
“does seem, however, to point quite convincingly to a . )
place- in the subfamily Dennstaedtioideae of the . . o,
.'Polypodlaceae Relationship with any particular ' B
‘genus is less certaln, though there are unmistakable -
_‘resemblances with certaln species of Dennstaedtla.".

The most apparent dlfference between ‘the’ fossil and

Dennstaedtia is an ada ion can aquatlc habltat

ES
.(aerenchyma) exhlblted by the former that is unknown 1n_

=

‘11v1ng Dennstaedtla. However Kaplan (1970) ‘has found

that leaf anatomy may vary greatly even among populatlonSf
of a- 31ngle spec1es. This dlfferencey.then, may»be_ofr “

mlnor 51gn1f1cances

TN

Order: }Filicalesf

Incertae sedis -

"~ Fern A (Figs. 22-25)

DESCRIPTION - Petloles of this fern.are ov01d ;ﬁith'an

-ag?x1al groove A sclerenchymatous hypodermls surrounds'

;a solld.cortex.- The stele is comprlsed of two. hlppocampus— - f.\
-shaped .traces and 1s referred to- as the Onoclea typefof |

: stelar conflguratlon by Ogura (19?2) (Flgs. 20—25); The

traces fuse at more dlstal levels (Fig. 25) ~ No rhizomes

or lamlnate plnnules have been found.‘

Ed
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\ DISCUSSION - Ogura (1972) has. found that the Onoclea type

"of stelar conflguratlon occq&s in the Aspidiaceae (Matteu001a,

Athyrlum,.D1p1a21um, Onoclea. W00ds1a Peranema, Hypodematlum.'

'Cystopteris. etc ) and 1n a few spe01es of the Pteridaceae

-(Gnychlum Pterls, Adlantum)

The most. dlstal portLOns of these petloles, where the

traces ‘have’ fused appear very s1m11ar to the smallest

Mof Dennstaedtrgﬂs}s’aerenchymata., This is

'é’,ly true where the preservatlon is poor. but under
condltlons of good preservatlon they are dlstlngulshable
*by such characters as the greatergdegree of . endodermal wall
thlckenlng 1n the unldentlfled fern.' Thls fern 1s not

common in the chert and does not appear to be assoc1ated

: w1th Dennstaedtlopsis.’

I3

- Fern B (Figs. 19-21)

“VDESCRIPTION - Both large petloles and rhlzomes of thls fern.'
. are represented but none of the more. distal ;portions of

rthe fronds have been found. Preservatlon of the rhlzome
1s poor ‘and has not permltted an accurate descrlptlon

'beyond 1dent1fy1ng it as a dlctyostele (Fig. 19). FPetioles,

S on the other'hand are.. well—preserved and clearly show an
‘outer, sclerenchymatous layer surroundlng a prlmarlly »
aerenchymatous cortex (Flgs& 20 and 21). The stele is
composed of several bundles. each surrounded by 1ts own

“"'endodermls. These.bundles_are assembled 1n_a ‘bowl- shaped

.>.
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’Figs. 7. - 11, ‘Dennstaedt'op51s aerenchymata. .(h.=

hairs; 1 lamina; m = midrib; r = root;
.rt = root race.y L -
Fig.'7. Cross section of a rhizome show1ng general

- features. Note. rogt traceSxand departlng
'rootsuq P1194 F bot X 8.

', : : Fig:'8. Cross section of rhlzome show1ng ‘cortex
©  and epidermis. Note multlcellular epldermal
hairs. P1194 C top X 22, . .

Fig. 9. Cross sectlon of 1arge petlole show1ng gen—V
' eral features. Note the recurved, adaxial
arms of the vascular strand. -P1194 C top X 13.

Fig. 10. Midrib attached to. the dlstal portlon of a
petlole. P£1233 C bot X 34.

 Fig.'l1. Midrib with attached lamina. . This illus- .
: ) trates the pdor quality of, preservatlon in K
this portlon of the frond. . P1247 E bot X 34.

/






- Figs.

‘Fig.

12 -

,;Fig.»
 Pig. .

. Flg.

‘Fig.

Fig.

Fig.

18.

~'benﬁstaedtiop§is aerenchymata. Serial sec~ .
. tions of a rhizome showing. the production

of a leaf and a’; tlet. Fig.~17 has

V~,been taken from a Second specimen due to

decrea51ng quality of preservation in a si-

L :‘mllar portlon of the rhlzome used for’
SRR FlQS. 12 - 1e6.

'Cross sedtlon of the” rhlzome showlng the

still intact vascular cylinder. Note(the
exparnision of vascular tissue on the upper

- side of: the. stele. P1233 A21 X 6.

The vascular cyllnder has opened in the

“region where the enlargement occurred. The

trace is departlng to the left P1223 A6
X 6 . :

As the gap 1n the vascular cylinder w1dens,..
a plantlet trace begins to form as a bulge

" in the developing leaf .trace, This and the
following two figures were. taken from op~

posite sides of the saw kerfi to Figs. 12
and .13. "For this reason Figs: 12 and 13
appear as mirror’ 1mages to Figs. 14 ~ 16.
P1223 Bl X 6. i . : <

The stele_of the plantlet is nearly free -

- from the parent rhizome. 'Note root pro-.
“duction by the'plantlet; P1223 B7 X 6.

The plantlet is now departlng, bit the qual-

ity of preservation is deterloratlng.v Serial
- sectioning of thls spec1men was dlscontlnued
. P1223 B21 X 6.

The series is- contlnued by a second spec1men»i
showing ‘leaf trace departure. The vascular
cylinder of the rhizome 1s now closed P1194'

.G top X 6.

Dennstaedtiopsis. aerenchymata. Cross section

of the vascular cylinder of a rhizome. (a = .
aerenchyma, e = endodermis, pc = pericycle,
ph = phloem, scl. = sclerenchyma, x = xylem).
P1204 K bot X 58. o -
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configuration. The two bundles forming the mouth of the
bowl”(adaxial traces) are considerably larger than the
‘others and possess a recurved. adaxial.arn.' Other traces
‘are bar- or C shaped. ?hls type of stelar eonfiguration

is known as the Asgldlum-type, (ogura. 1972).

DISCUSSION - The Aspldlum type of. stelar conflguration is

: found in the Aspidiaceae (Dqupterls, Polystlchum Aspldlum.

Acrophorus, Elaphogl §§um- Bolbitis, Egenolfla, etc.) and

" the Blechnaceae (Blechnum Doodia, Brainea) WoodWardia. etc. )'

(Ogura. 1972).: Rhlzomes thh dlctyosteles'of various types
.are comnon in both famllies. ‘ 'A‘

Ogura (1972) has' proposed that the Onoclea type of
stele gave rise to the Aspldlum-type by a prollferatlon of
"traces. In fact, tthe most dlstalﬂportions of the latter
'type, where the smaller, medial.traCes have fused to the
Iarger. adaxlal ones," actually appear to have the - Onoclea-
type of conflguratlon. It is poss1b1e,_then.~that Fern A.
.which is only represented by small petioles, may be the
1rd1stal portlons of petloles of Fern B. As yet, there is
L;ttle ev1dence to support or negate thls primarily due
to the 1nfrequency with whlch these‘%orms_are found. They
have not yet been found a33001ated with one another, and
aerenehyma_has not»been seen in Fern A, so they are here

treated as separate entities.



Class: Coniferopsida -
Order:  Coniferales
Family: Pinaceae

Pinus:(Eigs.’26-53)

Remains of Plnus can be found in nearly every chert

Alayer and have “been the subJect of a detalled study by

Mlller.(1973) ' MLller proposed the names Pinus arnoldil

'jand‘gt s1m11kameenen31s for reproductlve and vegetat1Ve

remains respectlvely. Although there is only one type of
each organ present Mlller found that vegetatlve and
reproductlve organs appeared to represent dlfferent
subgenera of- the genus Pinus and was reluctant to place'

them in the same spec1es. ’

<

Finus arnoldii

| DESCRIPTION - This species is based on seed cones tnat
measure 5 - 6 cm in length and 2 - 2.5 cm in diameter. The
wood of the vascular cylinder has an abundance of resin .
canals and“an indiStinet growth ring. The cortex is com-

prised of three’layers- an inner, parenchymatous layer

- of small cells. a mlddle cortex of large parenchyma cells

and resin canals; and an outer 1ayer of sclerot;c cells
Bract and scale traces arise as a complek Which

'-divides into the respective traces in the outer cortex



Figs. 19 - 21,

Fig.
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Fig.
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Fig..

Figs. 22 -

22,

Fig.

~Fig.

Fig.

19.

20.

21,

25,

23.

24,

25.

Oorder Filicalesa Incertae sedisc (Fern B).

‘Cross section of a rhizome producing leaves.
.Two petiolar steles are seen in the right

and left regions of the rhizome while a pe-'
tiole has recently departed above. Note
that aerenchyma is not apparent in the most_

‘proximal portions of the petiole, but well
- developed aerenchyma is found in more distal

regions. P1247 C top X 5.

- Cross section of a petiole showing well

developed aerenchyma and a dissected stele.
Note the recurved arms of the two adaxial
bundles. Pl247 B bot X 15.

Cross section of a ﬂitiole showing fusion:
of a small, median vascular bundle to an

adaxial bundle. P1247 D top X 15.

Oxder F&llcaks, Inceftaé sedis (Fern A).

Cross section of a petlole showing general
features. Note the two hippocampus - sha-
ped traces and the absence of: aerenchyma.
P1179 D top-X 28

Cross section of a small. petlole.» P 1182
I bot X 39. , o ‘ S

Cross section of a very'Shall'éetlolé'whiéh’
is still supplied by two vascular traces. '
P1182 I bot X 63. .

L —

Cross section of a very small petiocle show-

ing fusion of the abaxial margins of the

_traces.  P1l182 J top ‘X .70.



3



of the cqne akis. . The bract trace retains its terete shﬁpe

as it dlvexgeé‘fromxthe compound trace and passes 1nt0u;g?

s e 0

raCem’r‘hé scale trace; however, loses its circular out¥

and becomes ﬁiat%ened upon enterlng the scale and eventuall

+

e

" divides into 10 to 15 tracesg

The bracts are h .5 mm; }ong and.® are free of the scale
for its entire length (Flg 28) - The ovullferoﬁf scales
are 16 - 20 mm long and 4, 5 - 6%9 mm”W1de and hav;’Z
adax1al seed cav1t1es near, the base ‘and an inflated apex
with an apophysis and an umbOH(Flg. 28).

»Seeds have  been discovered both in cones (Fig. 30,32),
.and in a dispersed state (Fig.'Bl). A wing (Fig. 32) is |

present before dispersal, but has not been.found on isolated

seeds.

&

DISCUSSION - That the cones are attrlbutable to the genus
Pinus was determined by Miller (1973) on the basis of the
presence of an 1nflated apex and umbo and the restriction
of resin canals of the scale base to the abaxial side of

the vascular\tlssue.

* - Miller had more dlfflculty in relating Plnus arnoldii -

‘with an extant subgenus or sectlon.‘ The inflated scale
apex and dorsal umbo are suggestlve of the subgenus Plnus.

although ‘a few species of the sectlon Parrxa, subgenus -

- Strobus. have similar-features.‘ Internal structure including

the nature of. the outer cortex is similar to the subsectlons

Contortae. Oocarpae, and levestre of the section Plnus,

. subgenus’ Pinus. However, most species of the Contoztae

\
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and OQocarpac produce serotinous, asymmetrical cones and

P. arnoldii appears to have had necither featuré. Miller
chose species of the subnection Sylvestres as those to

1

which P. arnoldii snowed most similarity.
Mil¥fer notes, however, that P. arncldii does show
external similarity to certair species of the section
&@Parrxa:of the subgenus Strobus. in both cases cones are
long and -cylindrical and scales have an inflated apex and
dorsal umbo. Miller doubts a close relationship between
F. arnoldii and species of the section Farrya since P.
.arnoldii has small seeds, large pith cells, a small gép
left by the departure of the bract-scale trace complex,
and thé branching of this complex in the outer cortex
rather than the “inner cortex as in the extant speéies.
Miller,'thén assigned P. arnoldii to the subsection

Sylvestres, section Pinus, subgenus Pinus, but acknowledged

“the possibility of other affinities,

“ ’ : » . | '0) Q

Pinus similkameenensis

P

DESCRIPTION - Smallﬂaﬁd lafge stems, short shoots and
needles, and roots assignable to phis'spedies are abundant
in the chert and are inVariably.present when cones of P.’

arnoldii are found.

.. ' ' 7 . 4 .
Needles and Short Shoots - Needles are approximately 0.5 mm -

wide, have a single vasgg&§m,trace.'and are borne in fascicles

of- five (Figs. 46, 48). Miller determined their length to be

A
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at least 2.3 cm, but could find no intact'leaVes,rso their
actual length was probably much_greater (possibly several
times that length). | . o

The vascular bundle is surrounded by transfus1on

‘tissue External to thls is a. promlnant endodermis.

Mesophyll is composed of - very 1rregularly shaped cells —é;

w1th dentate walls.~ Beneath the epldermls 1s a l - 2 cell

'thlck layer of hypodermal flbers. Two resin canals are

“found on the dorsal slde'of the‘leaf and are usually*

v - -
external. " Stomata are ‘absent fro the dorsal surface,

but are'present_in rows on-both entral surfaces (Mlller.
1973). -

Dwarf shoots are 1.0 - l 5 mm in. dlameter and about
2.0 mm long.' Mlller could find no needle clusters w1th

intact fas01cle sheaths and presumed that they were

"dec1duous as they .are in modern specles of the subgenus

:Strobus. Some fasc1cles retalnlng thelr sheaths have been

found in the present study (Figs. 45, 46). Theslmmaturlty

of. the needles attached to these fascicles lends support

- to Mlller 'S premlse that the sheaths were d801duous

,wbod'; Bothivertical‘and horizontal resin canaIs are

: present and both are surrounded by thin- walled eplthellal
Zcells (Flgs. 35 37) _Rays are unlserlate and 1 - 8 cells
_tall or, - where a’ resln canal 1s lnvolved blserlate and

10 .- 16 cells tall (Flg 38)" Trachelds have uni- or

blserlate 01rcular bordered plts on thé radlal walls

’ (Flg 39) and smaller. scatteréd c1rcular bordered plts on
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lthe radiaXk walls (Fig 39) and smaller, scattered circular
"bordered pits on the tangentlal walls (Flg. 38) In the
cross—fleld, ray parenchyma cells were found by Mlller to
possess 1 -4 circular, 51mple pits (Flg 40). In the B
_ present study I have also found fenestrlform pitting in
the cross—fleldM(Flg. L1). Ray tracheids (Fig. 42) are
present but notccmmon}~,They haue'smooth‘walls and small
,circular bordered»pits. | - g |
"The cortex has'been‘preserved in a number of the
smaller stems and it is pos31ble to recognlze phloem and®
cork ZOnes.' Mlller has followed dwarf shoot traces through
fthe cortex to the bases of dwarf shoots. Although there
vhave been no dwgrf sthts found attached to the twigs,
_ev1dence presentgﬂ by%ydllér is strongly suggestive of
~ their former connectlo:ii ' '
- Roots - Plnaceous roots are often found in. a85001at10n

w1th remalns of P arnoldll and P. s1mllkameenen31s

(Flgs u3, 44) ‘These roots are di-, . tri-, and tetrarch
.and,range»in size from 3 mm to 3 cm in diameter. Wood and

corter is frequently very well preserved. Resin canals

(Fig. bh) are abundant %pd are llned with thin-walled

eplthellal cells., Many roots possess lateral roots stlll ;%gi

*, iy, . ¥

in attachment (Flg L43) and have been preserved in 31tu.
The presence of res1n canals with thln—walled eplthelial‘i

~cells allows: these roots to be referred to the genus Plnus.

b At
On the bas1s of ﬁssoc1at10n w;th remalns of P. 51mllkameen-

o~

\ensls and of there being no other types of pinaceous remains

i
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present, these roots are assigned to P. similkameenensis

* (since the position of F. arnoldii is presently in question

and all ther pinaceous vegetative remains have been referred

to P. similkameenensis, it is best to assign the roots to .

P. similkameenensis). 7 o “o

i
DISCUSSION - It appears that all vegetative organs belong
to a single species “Some of the wood that I have examlned

appears to ‘differ from that which Miller examined in- that

'cross—fleld plttlng is fenestriform rather than belng

composed of smaller, cichlar'pits However, there is as
yvet no other ev1dence for there being two types of wood
present and I suspect that this dlfference reflects natural

variability in the wood of P. similkameenensis The dis-

covery of fenestriform pits does alter the 1nterpretatlon
of the wood proposed by Miller (1973)

Both.needles and wood were 1dent1fied as belonging to
thedsubgenus Strobus.‘ Mlller found the needles to be

anatomlcally 1nseparable from those of certaln llVlng .

spec1es of the secglon ‘Strobus (Plnus montlcola, P.

parv1flora,_§. puece,'g. stroviformis, and P. strobus)

Harlow (1931) described the needies of these species as

vhav1ng a generallzed structure “from whach other quinate

‘needle,types haNe evolved The presence of such a needle_

» -
type. inﬂP. _similkameenensis of anene age 1ends support

to Harlow's (1931) theory _ U fﬁ I

The fossil, wood was. referred to the subgenus Strobus

L . -

=
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(Miller, 1973) on the basis of smooth-walled ray tracheids
. . . _ o

and of pitting on the tangential walls of the fracheids,
The only point of dissimilarity is the much greater number
of ray tracheids found in the modern spec1es Within the

1
subgenus atrobus, Mlller 1dent1f1ed the ‘wood as belonglng

ol

to the section Parrxa. He-fqund_thermaaor_dlfferehce
between members of the section Strobus and the fossil to
Abelthe‘lack”of fenes&;iform_pits_in the cross-field of the
‘latter. A | ‘ «
These findings led Miller té descrlbe the vegetatlve

remalns of P. 31m11kameenen51s as hav1ng a comblnatlon of

features of both sections Strobus and Parrxa of the subgenus

Strobus. With the dlscovery_of fenestriform pits in P.

similkameenensis, a much closer relationship to the section
Strobus_islestablished. ‘Variability in the cross-field

pitting in P. 31mllkameenensis may prove to be normal in’

.

“modern spec1es upon further 1nvest1gat10n of extant plne.

“or it may 1ndlcate that. vegetatively. E. similkaneenensis-

.sand perhaps the section Strobus were less well defihed'in
R Y

avthe Eoeene.'

Y

Relatlonships betweeQwPlnus arnoldii and P ‘similkameenensis -

}Slnce Miller (1973) could find only one type of each organ‘

‘

:present in his samples, he belleved that they may all belong
to a. slngle spe01es. Mlller states that (19?3, p. 117):

"Such a spec1es would thus have features that are .
-generally regarded as dlstinctlve of the two main :
subdivisions of the genus, and this mixing f  characters
* ‘would further imply .that the subgenera Finus and. Strobus
- may. not have ex1sted as separate llnes of spe01a11zation
- in the Eocene. ‘ 4

s I
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HoweVer. Miller could not. place the organs 1nto one
species because an organic connection is lacklng a%d he
was not able to make an extensive survey of the Ashnola
locallty to determlne if other types of " organs were to be
found elsewhere 'in the outcrop. If two spec1es of giggg
were 1n the v1cln1ty, two txpes of;atwleast sne.orgaﬁ'woold ,'

'“bewekpecfed to occur in the chert. As yet I have found no

’ PR . ,“ -F - - . . 4
e organiC'Gonnectlon, but there is still only one type of
“eaoh‘organ known. This is strong evidence for combining

. P. arnoldii and P. similkameenensis into a single species. -

Furtheremore} Miller did notice a resemblance between E..
» - arnOldii'and certain species of the subgénus Strobus.
Although ev1dence for a single spe01es is galnlng, I believe

it 1s not p0551b1e yet £o unite P. arnold11 and E.

ther speculatlon about the relatlon—
».

proof that .,arnoldll end E. 51mllkameenens13 are the same

.v,‘" €
species. : . iC S . : - ‘

Ea
s

| Pinus sp.
E :;:;1.“\"\- S -

o Ly 7 N R
A 1

DESCRIPTION - Plnaceous pollen cones occasgonally occur in

assoc1at10n w1th Tremains of Plnus Agnoldll and-P

51m11kameenensls. The cones are ovo 3§and about- 5 mm in
.Hlength and 3 mm in dlameter (Flgs. 4§% 50). Each mlcro-'
L2 ’ .
\\; _sporophyll-bears-two,abax1el pollen sacs;that“are,usuelly

~,empty,LEut some still contaihgpollén.(?ig:'5;).¢ ?ollenl ‘

4».,* o i )

P
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grains are blsaccate and of the Plnus type (Flgs. 52. 53)<f
Preservatlon does not appear to be good enough to allow an

'anatomlcal study of the cone axls and mlcrOSporophylls.
DISCUSSION - That these conesfbelong toetbe genus Pinus is
1nd1cated by the type of pollen gralns present.’ However,
1dent1flcatlon w1th1n tne ‘genus must awalt detalled study.

Attachment of these coggs to a53001ated twigs of P.

‘

‘slmllkameenensls has not yet been found but the close

a35001at10n of these remains: and the absence of other types
of plnaceous remalns in “the chert strongly suggests the
;-p0ssab11;ty.\ If they are found to belong to P 'similka-

Tegk pollen cones may provide an 1nslg%t 1nto

';]}s‘betzgen . arnoldll ‘and P samllkameenenSLS.‘
T
that all these organs may represent one

spec1es 1sﬂfmportant, for it would represent one of the

. most completely known spe01es of f0531l d@nlfers. L . .Egh;

Fapily: . Tanodiaceae-

Metasequoia sp. (Figs. 54-73)

~é€§§“ Taxodlaceous remalns are frequent in- the chert and

Sbcur as wood fragments. twigs, leaves.'an ollen cones. -

,»Whlle only one type of each organ is present the dlfferent
¥

organs show a combinatlon of features found in two modern

genera. Both pollen cones and wood show aff1n1t1es to

" fextant Metasegu01a. but the" leaves are anatgmlcally most



similar’ to Taxodium. : .

e

V'.]‘; . ) . . , . .

"Pollen Cones

DESCRIPTION - Taxodlaceous male cones are numerous and have

been studled in some detail by Rothwell (1975) , and much

of the follow1ng descrlptlon has been adopted frem his work.

'The cones are 3.1 - 5.0 mm, in length and 1.8 - 3.0 mm in

dlameter and bear numerous. splrally arranged sporoPhylls
subtended by 1mbr1cate. scale—llke leaves. Sub!%quent to
the publlcatlon of ‘the above mentloned ‘abstracey, Rothwell

(personal communlcatlon) found that?the subtendlng leaves _

‘were decussately arranged and that thls paﬁ%?rn dld not

persigst in the sporophylls Each mlcrosporophyll‘bears D

'three sporangla filled with spher01d paplllate pollen

,(?1E 57). Pollen grains are from 23 to 28 um in dlameter.

Alﬁhough mlcrosporophylls are generally not well preserved
and céilular detall has not been avallable. a 51ng1e; large.”

mucalage duct ls clearly ev1dent in each (Flg. 55)

~

M . . . . e
. DISCUSSION - I %tlally Rothwell (1975) belleved that the

fossll .cones were comparable to. Metasequ01a. Sequ01a, and

Sequ01adendron.; He has slnce determlned that features of

_ scale leaf arranﬁment nature of m1cr§%¥r&ywand the’

‘ number of mlcrosporangla per m1crosporophyll make the f0331l .

;;

/* f\cones almOSt Ldentlcal to cones of Metasequ01a glyptostro-

)

"’Umdes .

e

[s)
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Figs. 26"~ 28. Pinus arnoldii. (b = bract, rc = resin
S canal, sa = scale apex, sb = spine base,
'sc = seed cavity, tc = scale trace complex)é

Fig.'26. Cross section- at approximately the middle
of the cone showing general features.
P1040 c t0p X 4.5.

Fig. 279 Closeup of the cone axis of ‘the specimen
illustrated in Fig. 26. Note the departure
of -two scale trace complexes to the left
'P1040 C top X. 10. ‘ .

Fig. 28. Longltud}nal sect10nuthrough bracts and-

J <.+ scales of f tone showing the inflated scale

~ . ~apex and dorsal umbo. Note the former point

i " of attachment of a spine. . The object pro-
jecting from this point into the matrix may .
be the splne, but attachment has not been
.demonstrated P1143 A X 9.






Figs.

29 -~

Fig.

Fig.

Fig.

Fig.

32.

Pinus arnoldii. (b = bract,. s = scale,
sc = seed cavity, w = wing.)

Obliqué longitudinal section of a cone
showing general features. P1143 A X 3.

Cross section of a cone with a seed. P1210
I Bot X 3.6. ‘

Seed in a dispersed state. 'No wing was
found attached to this seed. P1143 E bot.
X 26. '

CioseUp-of the seed shown in Fig. 30.
Note the attached wing. P1210 I bot X 15.

-






Figs.

33 -~

Fig.
Fig.

Fig.

Fig.

“,and the scar left by the abscis

'

Pinus similkameenensis. (sss = short shaqot
Scar, sst = short shoot trace.) . A

Cross section of a large, decortiéated'axis{ﬁi
P1193 A X 2.4. U

Pith region of the stem shown in Fig. 33.
P1193 A X 42, *

Portion of secondary wdod showing the dis-
tribution of resin canals. Note the thin-
walled epithe. al cells lining the resin
Ccanals. P1193 A x 23. -

Cross section of a twig. Note e departure
of a short shoot trace on the Jower right
ion of a
short shoot on the left. P1210 G bot X 15,
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Figs.

37 ~

Fig.

Fig.

Fig.

Fid.

Fig.

Fig.

39.

42.

" Pinus 'similkameenansis. Tangential and

radial sections of wood. (hrc = horizontal
resin canal, tp = tangential pit, vrc =

vertical resin canal).

Tangential section showinag heterogeneous

ray structure. P1101 I X 38.

Enlarced portion (tangential) of Fig. 37. .
Note the thin-walled epithelial cells

lining the horizontal resin canals. Note
also the pitting on the tangential walls

of the tracheids. P1101 I X 138.

Radial Section showing general features.

. P1101 I X 38.

Radial section showing crxoss-field pitting.
The small, circular pits of this specimen
closely resemble the pits figured by Miller -
(1973). 'P1143 E top22 X 235.°

Radial section showing cross—field pitting..
Note .the large, fenestriform pits exhibited
by this specimen. P1101 I X 340.

Radial section showing ray tracheids on, the

‘margins of a,ray. ©P1101 I X 320.
. RS . V
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- .48, xPlnus 51m11kameenen51s.<‘(fsl=;fanicle ' '
' “sheath) P ‘ ‘ o '

.. Fig. 430 ;Cross sectlon ‘of a 1arge root. The at—m;
T 777 Caéhment of lateral-roots-suggests that
. roots: of - thls klna were preserved 1n sxtu.fu
:-P1143 A X 3.5. . e
Fig.j44.ﬂ,Tr1arch rootlet w1th a small amount of sec—'
“w . " ondary .developmént..” Néte the resin canals
" at :the tlps oﬁqeach prlmary xylem»arm.*.
4P1257 Il bat X 24., v -"“w
3.Fig..45;:4 ongltudlnal ‘sedtion of.a. young fascxcle of
R pine needles showing ‘the- attached fascrcle
_.sheath. Pll43 F X 10.,,. .
i Fig." 46. 'Cross section of a young. fasc1cle of plne
- B needles .showing . the, qulnate arrangement and
. the surroundlng fa501cle sheath P1070 C top
\32- o Lo - ,
Fig. 47. 'Longltudlnal sectlon of an, older fasc1c1e of'
: . ' pine needles show1ng the. absence of a fasc1c1e f
I sheath., P1143 E top X 14 , ;' S

Fig. 48. Cross séction of ‘an older fasc1c1e of pine
‘ ‘needles ‘'showing ‘the absence of a’ fascicle
, sheath. -This section pasSed very near the
EREE basé of .the fascicle and would have included
S ~a fascicle sheath. had one, been present P1143
D - bot X 51

.-






Figs.

49 -.

Fig.

. Fig.

Fig.
Fig.

Fig.

52.

53,

. 3 R J\.
Pinus, sp. (ms = microsporophyll, ps =

"ﬂpollen sac.) s )

Cross sections of three pollen cones.

~ P1173 B bot X 20.

w
Obllque‘longltudlnal section of a pollen
cgne showing general features. Note the "
presence of twa pollen sacs per mlcrosporﬂ .

‘ophyll PX254 Bobot X 24.

Cross sectlon of a pollen cone contalnlng
pollen grains. P1143 D bot X 40. Q

nlargement of the pollenxsacs found in the
specimen shown irr Fig. 51. P1143 D bot X
90. . .

Single pollen grain showing distinct cofpus
-and sacci. P1143 D bot X 850.

<






. 9

Wood . )
s

D“SCRIPTION - Taxodlaceous wood referable to this genus is

common in the chert as fragments of very large stems, with

1mpercept1ble curvature of the annualvgrowth rings. and as:ﬁﬂ
.alntact tw1gs.; In cross section (Flg. 58) the wood is seen |

_to lack true res1n ducts, although there are frequently
rows of traumatlc resin cysts. . Promlnent annual rings are 2
formed by an abrupt change in tracheld 31ze and llgnlfica-
‘{ '..n tion from sprlng to summBr ‘wood. Trachelds are angular in
.cross sectlon and about 70 um at their grtatest dlameter.'
-i Rays are uniserdiate, w1th occa31opal paired’ cells in

the body of the ray (Figs. 63, 66)," and are very tall

. , (Flg. 63) - Up to 80 cells have been counted in some of

< C the tallest rays. Ray trachelds have not been recognlzed.,;?.ff

In- the cross- fleld are 2 to L "'taxodioid plts (Flg. 60)

' w1th elllptlcal. obllque apertures. '

) : Wood parenchyma-as com\Jn (Flg. 59).‘and hquzontal

' walls of these~cells are’ smooth or what 1s descrlbed by
Greguss (1955) as "1ndlstinctly beadllke“‘(Fig 66)

) Circular bordered pits on the radlal walls of the

tracheids are unlserlate to triserlate -and opp031teA
(Fig, 59).- The dlameter of these plts. 1nclud1ng the
oorder; is approx1mately ‘20 um. Crassulae are dlscernlble
(Plg. 6?). especmally where palred plts occur. Smaller

' . clrcular bordered plts may eccur -on the tangentlal walls

of both early and late wood trachelds (Fig. 65) . Tyloses

__——;;’/////are found in some tracheids (Flg. 62).



DISCUSSION - The id:ntification of this wood as taxodioid
rests primarily upon the anatomical descriptions of: woods

of the Coniferae by Greguss (1955) Although Greguss may

be criticized for the vagueness of his keys and for the
construction of his. phylogenetic schemes. his descriptions ff
are ba31cally accurate. Caution should be used however. i

" in that Greguss usually had only fragments of the trunks

" of;mature trees at hand. .and any attempt at’ comparison

w1th his material should be: i (:gﬁ%gabwood of a similar '
origin. Little is known ;‘lﬂf‘ggéggéhg.ee.among the WOOdspr”;

_of trunks. roots, and twigs‘and the use of wood- from .

different organs may confuse assignments. RSO

A distinctive feature of the Taxodiaceae which . is
found in the fossil 1is the Presence of smooth tangential
walls,of the’ ray cells (Greguss. 1955) ' This feature. '
Greguss notes, is also fOund in the Podocarpaceae and-
Araucariaceae. but characteristics of the horizontal and
radial walls of the ray ceLls and of cross-field pitting _
readily distinguish these two families from the Taxodiaceae.'
Other featuifs of the Taxodiaceae that are present in the
fossil are distinct growth rings and growth ring delimita-"
tions. angularity of the tracheids in cross section.
absence of reuin ducts except for occasional traumatic
cysts. tall uniseriate rays, wood parenchyma. absence of‘j““'
spiral thickenings in:tracheids. up to 3 or b TOWs: of
opposite pits on the radial walls of tracheids. and

taxodioid pitting in the cross—field.



'l_and gaxodium and smooth ln Sequoia..quuoiadendron._

. : ‘_-»rﬁ'z.
- the Taxodiaceae, resin cysts tend to appear in the wood of ‘,_~3g§?
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The Taxodiaceae is- divisible into two groups based on.'"

the nature of the horizontal walls of wood parenchyma. S

which are primarily dentate or beadlike in Glyptostrobus :

Metasequoia. xptomer;g. Athrotaxis, Taiwania. and . R

Cunninghgmia.' The fossil belongs to this 1atter assemblage. -
which can further be divided into two groups; the firet
containing eguo;a. g oiadendron. and Metaseguoiaa the

second the remainlng four genera This is done by Greguss-"
(1955) on’ the thickness of the horlzontal walls of ray 8
,parenchyma. AlthOugh true wall thicknesses'are often _
obscured 1n fossillzation. the fossil appears to belong
“to the former. In addition. there 1a a tendency fg@ﬁthe -

formation of very tall rays found in the fo,f

' Sgguoia. Metageguoia. and Athrotaxis. whereas cyets were';

not foundnby Greguss in other members of the family._ _ ’
Distinction among'the wOods of Seguoia. Seguoiadendron, k_,,"
and Metaseguoia is difficult but can be done using the .

following features:f;,;"

5'1.. Cross field pits in Seguoia have large almest ciroula,i7 o

apertures that- nearly conform to the border.: In Seguoia- \’
dendron. these pits have an elliptioal aperture whose long\\

~ axis is nearly horizontalb An elliptical aperture is found \\\

in Metasegu01a as well. but the long axis 13 1nclined at _yj

an oblique angle. R o e _; gfg¢‘fg ;'.F

‘v

,Z,r Cirbular bordered,pits on the radlal walls of traCheidg i;j_

’v, = A\_~:
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:fi are smaller in Seguoia (lb - 16 um) and s_guoiadendron

.'(14 - 17 um) than in. Metasequoia (20 —-22 um)

" In both charactgristics ‘the fossil wood shows an affinity

pfto Metasequoia. An additional characteristic noted for

HiMetasequoia by Greguss. and found in the fossil is distinct

crassulae.f' . .' f_'~ "' o g :;’.
. . o S

';,’: It becomes apparent that the fossil wood conforms in

”*-:neaxly every detail with the. wood of Metasequoia

L glyptostrqboides. ) _ ‘ ‘ , '
o No ray tracheids\have been recognized in. the fossil
ﬂwood but this may ve' due to their scarcity. as they are

not common in living Metas;guoia. or to ‘a, failure of these -

thin-walled transverse tracheids to be adequately preserved.‘
| The only obvious difference between the fOSsil and

s,

M glxptostcboides is. the much higher rays of the former.

JIn this respect the fossil is very similar to Taxodium L
distichum. where rays “to 60 cells in height‘are found. 1f
the ray height in the fossil is assumed to be representative
.of the species and not of an environmental origin. then ‘
ray height may indicate a relationship between ‘extant
species of Tg;odi 'and the fOSSll. This will be discussed-
.following the description of taxodioid leaves. ‘

l; . . -. " Leaves

DESCRIPTION -vSmall coniferous leavesvareifound iny

association with both: Metaseguoia pollen cones and thei:
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'wooo deecrihed above. They oecu; gg‘abunQanee“but are
:rarely foi;Qtto'be'well’presered end'have not yet been -
found attaehed .to tnigsv(Fig. 68)”' | o '
b‘ The leaves are flat and measure 1 3 - 1. 5 mm.inwwidth‘
! and ebout 35 mm in thickness. \The length hae notibeen‘
ascertained.' At the cen%er of the leaf is a sxngle-
:vaSCJlar bundle which possesses a poorly(defined parenchy—'
matous bundle sheath (Fig. ?l) A single‘muei;age duct,ia
found on. the abaxial side of. theileaf 6etweenvthe:veseulars-
. bundle and the.lower epidermis. Therehisaa!nofable-aBSenee ;‘
of palieade mesophyll “the cortex of the leaf being com- ;'
’ prised of large cells.of an 1rregu ar shape and occasional
transfusion cells (Fig. 71) A ’'small bundle of heavily -
thickened fibers lies on the adax1al side of, thé vasoular ;
bundle and contacts the upper epidermis., Stomata have notA#
been investigated. ' ' _' ‘
Small twigs are found in associatlon w1th the leaves

(Fig. "68) . Leaves haVe not. been found attached to these
shoots, bux 1eaf bases on the twigs show structural

31milarity to the 1solated leaves.; Leaves are borne in

a’distichous manner on ' the shoots. :o

DISCUSSION - Ovoid or flattened leaves cag/be found, in a
°number :} cOnifers. but only in the Cupressaceae. Taxaceae
'd(excluding ‘553_) Cephalotaxaceae. Taxodiaceae. Podocar-
c:paceae and _gggg of the Pinaceae ‘are found just one

R mucilage or resin duct between the vein and the 1ower

V. '
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'epldermls (Esau, 1960). Others such as Ables and Larix

“have typically two ducts. one on each side (left and right)

‘of the vascular bundle. .

In the Qupressaceae. only Juniperus has needle-like

'ileaves.-others having scale~leaves. Leaves of Juniperus
.are_similar to.the fossil 1eaves except that there is.a

_dlstinct palisade layer on the adaxial side of the leaf.

"Tsuga.'Podocarpus. and all genera of'theATaxales show a
-_well developed palisade layer and prominant bundle sheath.
_ A remarkable resemblance exlsts between the fossil
~leaves and 1eaves of Taxodium (Figs. 70 - ?3) Other

taxodioid genera such as Segugia and Cunninghamia have a

' alisade layer. while Cunninghamia and Metasequoia typically .
" have more than one mucilage duct. o
Although the resemblance of the fossil leaves to
:leaves of Taxodium is’ marked there is ‘a close association'“
of’ these»fossil Ieaves.with other remains assignable to

Meta;eqpoia.‘ The'dist1Chous arrangement of leaf bases on

asso ated vegetatlve shoots which are believed to have
bornd these leaves”;s also strong evidence for their

feférral to Metasequoia.

Since pollen . eones.‘wood. and leaves have been found
;in close association with one another. and there is -
apparently only one type of each organ present, it is ‘very -
probable that they all represent different organs of the
1.same species. However. they show a combinatlon of :

features of two modern genera: Pollen cones are like an
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those of Metasequola; wood is basically like that of

Metasequoia, but shows some resemblance to Taxodium; and

the leaves are most like those of Taxodium. Since thase
organs are considered to represent a single speclies, the
fossil may provide information on the evolutionary relation-

ships between Taxodium and Metasequoia.

Arnold and Lowther (1955), when reporting on their

controversial genus,Parataxodium. reviewed the history of

Seguoia. Metasequoia, and Taxodium. It appears that

’ . ] : .
"Sequola was first to bBecome ‘differentiated from a basic

ancestral stock during the early Mesozoic. Two evolationary

lines resultegs one involving species such as Seguoia

) jeholengis, S. affinis, and §._semperv1rens; the other,

| according to Arnold and Lowther, including species such

" as their ‘Parataxodium wigginsii. From .this latter group

they suggest Metasequoia evolved during the Upper Cretaceous

and Taxodium during the latest Cretaceous or early Tertiary.

In view of .the possible evolution of Metasequoia

followed shortly by axod; during thé Upper Cretaceous.

it is reasonable to expect that a complex of closely

'related plants including early forms of Metasequoia and

- Taxodium existed during the earlerertiary. These forms

mayvnot yet haveevolved all the characteristics“of'their

_modern counterparts and may have had many primitive

characteristics in common.1

-

' The species presénted in this study appears to have

been a part of this complex. Reproductivq}y the fo331lris
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apparently-vcry cloué¢ to Metasequoin glyntostrobvoiden.
Until seed cones cun.be found and examined, if.will be
uncertain as to the true reproductive rolationahiﬁh.-

Vegetativoly. however, the fossil hanrngi yet developed

all of the characteristics of modern Metasequoian. The

wood of the fossil has evolved basically’thngualitiés of

R

Metasequoia, alfhough ray helght is more like that of

Taxodium. Leaves. however, are anatomically similar to

iv

thoge of Taxodium and have not’ developed characteristice

“

of Metagequoia leaves. An important point of similarity

between the fossil and Metaseguoia is the arrdngement of
 the leaves. Both the scale-like leaves of tggfboi en
'~ cones (Rothwell, 1975), and the-leaves‘borne by the vegeta-
tive shoots are produced'in a distichous manuer which isg a

characteristic of Metaseguoia.: o

It should be noted that basic differences between the
leaves ‘of both the fossil and Taxodium and .those of

4

Metasequoia are an increased number of mucilage ducts,

a siight dpvelopmeht ofra palisude,meeephyll. gndia
f“geﬁ”N“Ily greater w1dth. There is a tendency toward
formetion of a palisade layer in Taxodium and the fossil

Both the fqrmgtion of palisade mesophyll and the inpreased'

© number of‘muciiage'ducts in:Meggsequoia may be a function

of the much greatgi leaf éiZe'attained by MetaSequoia.

Only the very smallest Metasequoia leaves approach -the q}ze

fof the fossil leaves.a However. even the smallest of .

Metasequoia leaves studied had three mucilage ducts throughout

<



most of their length. Whereas none of the“fossil leaves

were found to have more than ane duct.v

Despite some vegetatlve differences with Metasequoia‘ .

glyptostrob01des. the f0331l species is here" referred to

the genus Metasequ01a. Although close 31m11ar1t1es are:f

=1nq;qated. the true! reiationships of the fossil to M.v,‘

glyptostrob01des w1ll be uncertain until further study of

the vegetatlve remains is completed and seed cones have

been found. Comparisons with other fossil species of

102

Metasequ01a must also await further 1nvest1gation.v However.g

. et

the lack of'preserved anatomical =nd reproductlve detail‘ﬁd

in other fossil forms may not allow useful comparisons.‘-

The combination of features found in the fos51l 1mp11es :

a lesser degree of distinction between Taxodium and”

'Metasegu01a in the early Tertiary than may have been . ff

prev1ously recognlzed. Morphologically Metaseq;pla is

readily distinguishable from Ta;odi 'in sediments of that

.age._but the f03311 presgntlg here reveals that anatomical

S differences are less pronoun ed Since that time these

’ forms have evolved into unique gen7ia.' e

. ',,'
. f
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"Fig. 55.

54 - 579

-

' . Fj:g . ,~‘54- ‘

‘: Fig. 5\&)

“

‘Fig'. 57 ‘

Metaseguoia §p. (md = mucilade dnct, ms =

' m;crosporophyll).

-Cross section of a pollen cone show1ng
general features.: P1249 ‘C top X 25.

Cross section of a pollen cone showlng ‘the”
promlnent mucilage duct present in each
mlcrosporophyll. Pll95 E X 30. '

. P .
Oblique section_ of -a pollen cone: show1ngi
the attachment pf three pollen sacs per
mlcrOSporophyll (top) . ° Note -also the large

" mucilage duct in_.each mlcrosporophyll.

Pl209 I top X 29.

Pollen gralns found in the spec1men shown
in Fig. 56. Noté that the.grains are. spher-;

.1cal and, paplllate.' P1209 I top X 265.
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',Figs.:

. Fig.

- Fig.
Fig.

Fig. .

Fig.

62.

ses

© P1102 E X 29. . -y

o

. . ' t : . v
Metasequoia sp.: . Cross and radial sections

‘of wood. (trc = traumatic resin cyst).

. tracheids and the abrupt.changd from early
" to late wood. Note the: row of trapumatic

Cross sectiorn showingthééhgqéi;;ty of the

resin cysts in the early wood to the left.
‘

Radlal sectlon of 'wood sh0w1ng general fea-

'tures. "Note the primarily bi- and triser-—

Late, opp051te plttlng ' P1102 E X 25.

- Radlal section show1ng cross—fleld pitting.
- .The pits :appear as slits inclined at an
”dblique“angie;f:Plloz E X 175.,

B Tnaumatlc resin cysts 1n radlal view.
-P1102 E X llO.g-

”.Radlal sectlon through several tracheids

that have been occluded by what may be tyloses

P1102 E x 122.

T
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”.‘Figs;

© FRig.

..: Fig.

Fig. .

67.

“r 77 tions of- wood. (cr =-cdrassulae, ~tp =-tan-

::gentlal plts) ’ :

L 63,
. © features. Note. the variation in ray height

67.

Metasequoia - sé.x-Radial'and‘tangential sec~

Tangentlal sectlo of wood show1ng general

from one to over 60 cells ( the tall ray to .

. the left is 80 cells high-). P1102'E X 62.

_ Tangentlal sectlon show1ng wood parenchyma
" Note the. re51nous contents of the cells.

P1102 E X 62.

tuPlttlng oﬁ the tangent;al walls of ‘the trach~
‘elds. P1102 E X 80. - , . .

'Closeup of the wood parenchyma cells ‘shown in -
- -Fig. 64. Note the ‘smooth to sllghtly bead- ’
“olike horlzontal walls. = Note .also ‘the paired
~ .cells in.the body of the: ray at the 1ower o

l.left. :P1102 E X 220. L .

'Radlal sectlon show1ng crassulae between

t_hpalrs of plts.; P1102 E X 380
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~Fig. 68 -

Fig.

Fig.

Fig..

Fig.

AFig:

z}

~-Fig.

68.

69.

70.

71.

72.

73,

\ . yd
Metaseguoia sp. . (lb = leaf'basé; md = mu-,
cilage duct, scl = sclerenchyma, tc = trans-.
fusion cell, x = Xylem). S

_Cross sections of a leaf and a small twig.

Note the degree of structural similarity:

.between the leaf and the leaf bases found on

the shoéot. Note also the opposite arrange-
ment of leaf bases on the shoot. P1095 B
bot X SS. \

Cross sectlon of leaf showlng general fea-
tures. Note the single mucilage“duct loca-.
ted between the vascular bundle and the lower

\epldermls. P1095 B top x 64.

Cross sectlon of a leaf. P1095 D top X 84.

Closeup of the central portlon of the leaf of

Fig. 70. showing. the vascular bundle mucxlage.‘f
. duat, abaxial bundle of sclereids, and trans-

fusion cells.: P1095 D. top X 180.

Cross sectlon ofﬁthe leaf of Taxodium disti-.
chum Compare w1th Flg. 70._ X 106. :

Closeup of the portlon of the leaf of Flg.,72.f

Compare with Flg. 71 x 235.
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Class: Angiospermae
kSub-Clase: Dicotyledonae
Orderi' Rosales: R o ' _,‘ I
Familynj Rosaceae | |

’ Paleorosa 51milkameenen31s. gen. et sp.. nov. (Figs. ?4 87)

Over 100 flowers assignable to this spé01es were found
scattered throughout several blocks of chert and in associa-

Jtion with. Pinus.onrhiza. palms..and the remains of" other

“angiosperms.; Their diseovery is of paramount importance
“ in view of the rarlty of identiflable flowers and other
rangiospermous reproductlve organs 1n the fOSSll record and
‘the resulting lack of knowledge of reproductive mechanisms
1zof early angiosperms., There are some descripgions and -
';reports of flowers as compressions found in the 1iterature
(Knowlton) 19175 Berry. 1913, 1916 19303 MacGinitig. 1953;L’
Becker. 19?3; Krassilov. 19?3: etc 1, but their poor pre- S
) .serﬁation rarely allows accurate identlfication. Recent
. work by. Crepet .Dilcher.’and Potter (197u 1975) has.,v
Fhowever. révealeg remarkable details of some compressed ' 
flowers. ‘ ‘  R - " c
’ Some of the more spectacular f0831l flowers have ‘
been found in the Oligocene, : Baltic Amber.v Extensive work :

'«has been done on these f0531ls (Goeppert and Menge, 1883;

Conwentz. 1886: Czeczott. 1960). with many genera snch as

"71QuechS, Castanea. Acer,- and Sambucu$ being recognized.

' “~giStudies of other ambers (Hurd Smlth and Durham. 1962; ;
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Miranda. 1963, Langenheim. 196&; McAlpine and Martin. 1969)
. have revealed few flower parts. o
Permineralized floWers have previously been found ohly
in the Upper Cretaceous of Japan (Stopes, 1909, 19103 Stopes
}and Fujii 1911) and in the Deccan Intertrapp/An series,

'TEocene in age,‘of India, Cretovarium 1aponicum was described

" from fragmentary remains by Stopes and FuJii as possibly
liliaceous. Specimens of five species of petrified flowersv
have been described from the Mohgaan-Kalan beds of India.

;frhey-are Sahnianthus parijai (shukla.,léuu; Cnitaley. 1950,

k “‘1955). Sahnipushpam shuklai (Shukla.,l950; Verma 1956;
Parkash l956g Prakash and Jain,.l96b: Chitaley. 196u),

Chitaleypushpam mohg*oense (Paradkar. 19?3) Deccananthus

savitrii (Chitaley and Kate. 1974), and Raoanth_g inter—

. trappea (Chitaley and Patel, 1975) Unfortunately. accurate
reconstructions of these flowers have not been made and . '
_ affinities are“uncertain. o

The flowers described here are by far the best

"preserved and. most completely understood of all permineralized

'flowers Known to date._ Superb~preservation rarely possible

i for soft floral parts._has permitted reconstruetion ‘and made'-
it possible to . identify the f0331ls as members -of . the family
vRosaceae. These f05311 flowers. which are the oldest known

. rosaceous flowers. have provided valuable information on -

_ early floral evolution in this family. o .

Basically two different stages of floral development f'

' are seen.ﬁ_One;is,found as avsomewhat-immature_form.vwhere'
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the flowers appear to be buds (Fiée. 76,77,78,84); the
other. a slightly larger, more mature form (Figs ?5,81.83)
has young seeds but lacks petals and stamens On consider-
" . ing similarities 1n structure and studying two specimens
which poesessed both young seeds and stamens (Fig. 83), it

>

was concluded: that these two types represent different
developmental stages of a single specles. Preservation is
often less complete in thel}mmature form. The priésence ‘of
a’variety'of detelopmentalﬂforms. all found detached from
the parent plant. could be the result of trauma experienced
durxng the influx of hot, mineral rich water prior to
permineralization. This can also account for ‘the lack of
later stages of fruit development, for only those stagesb}
borne-by the dying plant.WQald'be available for fossilization.
| Each flower (fig. 74) is borne on a’pedicel to which
is attached a'Single bract.‘ A“striking feature'is the
1flora1 cup which is comprlsed of the fused bases of the_
eepals. petals, and stamens. The flowers are. pentamerous.
.'with alternate insert1oﬂabf the sepals and petals. Stamens
are indeflnlte 1n number. varying from 13 to 19.' The fiVev

carpels are free and each contains two erect ovules. The

'fcomplete perianth and 1ncluded stamens suggest entomophllly.

"SYSTEMATIC DESCRIPTION:
'Generic dlagnosisx Paleorosa gen.'nov.-
F}owers perminerallzed bisexual actlnomorphic.ﬁ_v

Five sepale’and_five petals~;nserted-alternately. many



Fig. 74. Reconstruction of Paleorosa similkameenensis show-
ing a median longitudinal section of the [ lower.
Hairs that cover carpels and styles have been
omitted. For further explanation of details seec
text.
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'_stamens. five free oarpels. Floral cup surroundlng
_apocarpous gynoécxum.> Ovules 2 per carpel. collateral,

'“basally attached, erect and anatropous Frurt mature
fseeds. and vegetatlve structures unknown.~

‘nype spec1es _ Paleorosa 51m11kameenen515 sp. nov.

Flowéks as’ descrlbed in generlc dlagnOSlS. ‘Pedicel

':fl 2 - 1.7 mm long. 0. N - 0. 5 mm in dlameter. with 51ng1e _
'ubraet l 0‘; 1. 6 mm long attached at.base,' Floral cup 0.5 -
1. 8 mm 1n dlameter, 0 5 - l h mm’ deep from p01nt ofAlnsertlon-"
Tof petals to. base of cup._ Sepals 0 5 - 0:8 mm long.,.Siie
A“vof petals unknown Number of stamens varlable. 13 - 19.

-:-fllaments 0. 3 - O u mm - long. 0. l mm in dlameter.“ Anthers

bllocular. dor51f1xed. 0.5 - 0.6 mm high.ko 2 - O L mm

fwxde Carpels pubescent.}lnserted opp051te sepals.4borne

"ﬂ}at base of floral cup.,fused to wall of -cup_up. to level. of

/

f;ovular 1nsert10n. free at ventral marglns.” At stages of

- early seed development, carpels 0: ? - l 1 Tm hlgh. O 4 —"f'i
.‘O 5 mm w1de. 4 - 0.5 mm deep.. Style termlnal 1.1 - l 3
aa>mm long, 0 2Amm 1n dlameter. w1th hollow centeru Dorsal

'vascular bundle of carpel contlnues 1nto style. Ovules f.

4

'}20 5 - 0. 9 mm long. 0 2 mm in dlameter basally attached.

ferect on funiculus 0. l mm 1ong..anatropous.'

'd

Unlver31ty of Alberta Paleobotanlcal Collection (UAPC)

, Tchert block No..Pllzzz; Cross sectlon from whlch serlal

sectlons were made., éildes Nos. 2545 2556 F;g. 75
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;Paratypes: : o o d . . » )
i UAPC. No. P1l118E bvot: Longitudlnal sectlon. slides

Nos. 2555-2556. Figs. 77,87. UAPC ‘No. P1119J bot.

‘Cblique longitudihal'sectioo.‘elides'Nosw 2543-25&#

Figs. 80, 84. ' UAPC No. P1123B top. Longltudlnal sectlon.

slldes Nos. 2551- 2551», Fig. 76 A UAPC No. 1143E bot.. ’

Obllque ‘cross sectlon. slideé Nos.'2557 2580 Figs. 81,

82, 85, o

; Type Locallty:;' P

| .On ‘the east bank of the Slmilkameen Rlver. 8.#

':kilometers SSW of,Pr;nceton.'Brltlsh Columb;a. Allenby-;

Formation, Middle Eocene. o |

Derlvatlon of Name: |

Paleo, Latln for anc1entx rosa, rose.- Specific St

epithet from type locallty ‘on Slmllkameen Rlver.

~

DESCRIPTIéN\¥ Theﬁpedicel.ls rather sﬁort and"has'a sihgleéiir
small bract of about equal length attached to its base‘ |
(Fig. 76) . ' L -

Lower portlons of the sepals, petala, and stamens
are fused to form a floral cup 0. 5 - 1.8 mm in dlameter ‘
| and 0.5 - 1.4 mm. high" (Flgs. 73, 77) . Sepals appear tolbe
.contlnuous w1th the floral cup, whlch thus resembles a
,five lobed calyx tube.. Petals and sepals are inserted -
alternately. Slnce only the flowers in bud possessed
petals. dlmensions of the petals could not be accurately"

measured. However. their length is estimated at l Svgm
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‘with a width of about the same. - The floral cup 1s'

vascularizeg by ten major bundles . (Fig. 75) reflecting

the pentamerous i}ructure of Paleorosa. The quality of

: preservation in this part of the flower did not permit a

fL study of the vascularlzation of sepals and petals. The

-

wide range in. measurements of floral parts is. to a large
part due to the different developmental stages of the
flowers. Measurements approximately midway between the

!
extremes would most nearly represent dimen31ons of a flower

yat anthesis.g ' o o .

T

Stamens con31st of rather large (0.5 x 0.3 mm) .

. anthers and ‘short (0, Lmm) filaments (Fig. 77, 79) e -

anthers were apparently not elevated far beyond the perianth,

‘are. dor31f1xed. and possess ‘a broad connective., Figure 87

shows the discontlnuity of the septum between adJacent

pollen sacs, forming a bilocular condition. Stamens are

‘ of a variable number.' Counts from flowers in bud, from

' which no stamens could have been lost. vary from 13 ‘o 19

A few of the anthers contaln the remains of pollen grains

p(Figs.v77 79 87) These pollen grains are not well pre-

' served and may have ‘been 1mmature at the time of permineral-

ization. However, Boneham (1968) was able to recover very

”l.little dispersed pollen from the layers of chert and what
“:_he dia find was poorly preserved. Physical factors at'the

",:tlme of fossilization. therefore, may have 1nh1b1ted the

preservation of pollen grains.‘a

~ Five pubescent carpels are inserted at the base of
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the floral"cup. opp031te the sepals. A 51ngle specimen,
~which is 31m11ar to the rest of the. flowers in all other
resgects; has six carpels and presumably reflects variability .L
’within the species. The carpels'are free from one another._
'but are fused to the floral cup up to the level of ovular
insertion (Fig. ?5) ‘Often the ventral marglns ‘of adjacent
'carpels appear-fused (Fag. 75). but a close examlnatlon
‘reveals a continuous epldermls surroundlng each carpel.

In the central regicn there appears to be some type of
materlal -but it is not certaln whether it 1s detrltal is'
made up of a mat of halrs..or is a raised torus.hslnce no
'cellular detail has ‘been preserved. .'

| Each of the five carpels is supplied by a dorsal
 vascular bundle, two ventral or wing hundlesf and a number
of.vegetatlve bundles,(Fig..81)7 Only the dorsal'bundlef
contlnues into the style. Although a vascular strand is
cearl&@v131ble in. the funlculus. it was not: possibleAto.
see the orlgln of" the ovular supply.

, The styles extend to the upper. level of the floral t
cu;t(Flgs. 83 84) and. in cross section.,are hollow with
a dorsal‘bundle and.arwell defined ventral suture (Flg. 86).
_ This suture is evident in'both the style and the carpel
‘bodyA(Fig.YBZ) _ Although not well preserved the stlgmatlc
‘surfaces appear to have been simple. *_e" J h'r v

' Ovules are ‘two . per carpel basally attached. erect.'

‘Lahd3anatropous.' The two integuments (Fig. 82) are inter-

‘preted as free. for they are. sometimes separate from. one

-
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ranother. Flowers»that show structural preservatlon of the "

" families such as the Eupomatlaceae (Magnoliales), .

120
7

3

carpels are’ in a post fertilization state of development

'but have not yet undergone fruit formation. Although there

is some tissue preserved 1n several of the developing seeds,:

‘_embryos have not been recognized. Consxdering the state of
.‘maturation of these flowers, this tissue may represent

endosperm o ~ : : “;“_br5~e**.;ﬂ DR

Each carpel contains ovules Whlch appear equally well

develOped and likely formed a two-seeded follicle.

”DISCUSSION - A floral cup can be found in a large number of

A‘families and. can be broadly 1nterpreted as a fu81on of. basal

portions of sepals. petals. and stamens (van Tieghem, 18?5;

'[(Eames, 19311 Jackson, 1934, Wilson ‘and Just 1939s,
g MacDaniels, l9u0 Cronquist 1968) : It was once widely

believed that the floral cup was not appendlcular but

1'receptacular in origin (Prayer. 1857: Rydberg. 18981 Krause.v
'f'1913, Judson,. 1929, etc.). Receptacular floral cups,;;: R

”however. are now considered to be the case in only a few

3

. Calycanthaceae (Laurales). Santalaceae (Santales). and

perhaps Cactaceae (Caryophyllales) (Boke. 1964 Cronquist.

‘1968) In the Rosaceae. the genus Rosa has been shown to

'possess a floral cup that is 1n part both appendicular and ,\
receptacular (van Tieghem. 1878; Bonne, . 1928 Jackson. l93#)
”1Though detailed study . of the vasculature is necessary in

_order to determine the type of origln. a cup formed of a



hollowed receptacle is the less common . con&ition and is
often characterized by hav1ng carpels borne on the Walls-
of the cup. SinCe 'there is apparently no. carpellary-com—fih
ponent. the floral cup of aleorosa is 1nterpreted as
append1cular., B e

Famllies containing members w1th floral cups that

could be conSidered similar to those of thls foss1l 1ncludex

2. o
Lauraceae. Monimlaceae (Laurales); Aristolochiaceae '
R
(Aristolochiales); Hamamelidaceae (Hamamelidales);
*

Ebenaceae, Styrocaceae (Ebenales); Loasaceae (Violales).

Moringaceae (Capparales): Rosaceae. Sax1fragaceae fRosales);

Myrtaceae. Lythraceae. Onagraceae, Melastomataceae (Myrtales);a

o Staphyllaceae (Saplndales); Celastraceae (Celastrales):

Rhamnaceae. Vitaceae (Rhamnales): and Caryophyllaceae
(Caryophyllales) : | , ’ R e
- ;' Many wholly epigynous families have not been included
because they are generally con31dered rather advanced and
have evolved from families wh;ch possess members with :
superlor gynoecia. Formation of a floral cup and the ‘
resultlng condition of perlgyny have been interpreted ag a
step toward eplgyny where the carpels and floral ‘cup have

-~ fused (Cronquist 1968) Epigyny,_however. is not

necessarily dependent upon ancestral perlgyny. but may

arise through adnatlon of free floral parts to the carpels.4f

Thls may have. occurred in famllies such as the Rubiaceae
and Campanulaceae. for Cronquist (1968) states\that in these

tw0afamllies LI there is no history of a separate hypanthlum.

o



In nearly all famllies listed above. ‘the development

B of a syncarpous gynoecium preceded the debelopment of a

?'floral cup. Only a few: families such as the Rosacede,
Saxifragaceae. and Monimiaceae have members with both an“
apocarpous gynoecium ‘and a floral cup. Of tﬁése. only 1n

o

the Rosaceae are found all other features of the fossils :.f'

’.pentamerous and actinomorphlc perianth. numerous stamens

14

Vof an indefinite number. five free carpels. and two ovules
.Eper carpel. kfp.ffﬂif_ o } ‘

Al

ough the genera of the Rosaceae have been isolated'
~in»smalle families (Payer. 1857; Besaey, 1915; etc ). the K
Rosaceae has been recognlzed as a very natural group by the .
-ma;ority of taxonomists (Lawrence. 1951 Hutchlnson. l973; |
Robertson, 19743 etc. ). Inm such a closely Qnit family,:
however. tribal limlts are more difficult to deal with.- Thé‘
‘Rosaceae_has been variously div1ded~into sub—families»and '
‘tribes\by'.suc‘h authors as de oanddlie (1825) , Bentham a..ndn

i Hooker (1865). Focke (1894). Rydberg (1908). Schulze-Menz

'(1964), and Hutchxnson (196#) " The most recent cla381fication S

has been prepared by Robertson (19?4). whose system of four
'sub families and 15 to 17 tribes is the system used here.

ARobertson discusses the treatment of the genus Holidiscus.

';but dOes not: glve 1t a deflnite position. This genus is

, considered here as belonging to a distinct tribe. the
Holodisceae, of the sub- family Splranideae (Focke. 189h:
'Schulze—Menz. 196u) The- sub family Maloideae is considered

'xas consisting of a- s1ngle tribe and is not split into the :

S
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tribes Crataegeae and Sorbeae, a division which Robertson
o (1974) says.f.tt} may not best reflect generic relationships.
. Within ‘the Rosaceae, tribes which 1nclude members with

~if1ve carpels and two ovules per carpel are the Osmaronieae

(Amygdaloideae). Maleae (Maloideae). Spiraeeae. Holodisceae.

'_Quillaaeae.\Sorbarieae (Spirae01deae) and Ulmarieae

'p(R0501deae) A difficulty arises in attempting to 1mmediate1y :

i'assign Paleorosa to one- of these iribes. since it is the.

nature of the “fruit that basically determines affinities.'w?

i 'With theexception of the Osmaronieae. which appears to be

- highly modified. any of these tribes might accommodate
“%Paleorosa. 81nce its fruit is unknown._ . |
From a phylogenetic p01nt of view. the Rosaceae is a -
'very important family. It is believed that families such
as the Saxifragaceae. Leguminosae and,’ indeed. all families
‘7of the Rosales find their origin directly or 1nd1rect1y in
-the Rosaceae (Cronquist 1968) . Furthermore, all orders of
the sub-class Rosidae can be traced ‘to the Rosales (Bessey.

v189?. 1915; Cronquist. 1968) The sub class Asteridae may '

be derived from certain members of the Rosidae (Bessey, 189?._

1915; Cronquist 1968; Takhtajan, 1969).  The Rosidae
icontains more than one third of all species of dicotyledons.
The origin of this very prolific group of angiosperms appears
‘to 1ie within the Rosaceae, and the necessity of understanding
evolution within this family is clear Paleorosa represents

" one of the oldest fossil members of this family. and is the;

oldest known fOSSll flower that ‘can be poaitively ldentxfied
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. as rosaceous;.'

Spiraeoid trives are considered ancestral within this
/;family. but opinions vary ae to the nature of the ancestral
.nype, It has ‘been: proposed that the many- -seeded- follicle
of;MOst spiraeoids was derived from an ancestor within the'
'DillEniaceae or a similar family (Bailey and Swamy. 19513
anmes. 1961; Hutchlnson. l96b).,although the sub- classes
'?Dilleniidae and Rosidae have been considered as parallel
'lineages with their origins in the Magnoliidae (Cronquist.
1968). A more recent theory holds'that the primitive
rosaceous carpel hae but two seeds and represents_an
independent line ‘of evolution with its origin in the
Magnoliales (Sterling, 196#0. l966a. o). Although Sterling
(1969) and Eyde (19?5) have found evidence for a reduction
from many- to few-seeded carpels among extant. multiovulate
spiraeoids. a biovulate condition is found in menhers of

the Quillaaeae and Sorbarieae which are mo osely alligned n

w1th magnoliaceous groups (Sterling. 1966
‘ Studies of rOSaceous floral anatomy ° ch authors
ras Maximowicz (1879), Juel (1918 1927), Bo"e (1928), . and
Sterling - (1964a. b, c. 1965a, b, c, 1966a, b, (c\ pave
.contributed to. a better understanding of relationships ‘
w1thin the family.' Some of the evolutlonary trends proposed
for the Rosaceae are an 1ncrease or decre‘se in the basic
numbers of five_carpels andvtwo-ovules per carpel,mfu81on '
of the tWo integuments, intercarpellary fu31on. carpel to r

:floral cup fusion.iand fueion of wing and ovular vascular
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bundles to reduce the carpellary supply from five to three
;major bundles.A
_ The most primitive members of the family according to
these criteria are to be found w1thin the tribes Quillajeae
and Sorbarieae. Although floral structure is similar in.' '
both tribes. the Quillajeae is con81dered the more primitive
of the two on the basis of vegetative features and & tropical |
distribution (Hutchinson. 1964) Sterling,(l966c) has
i pointed out - however, that in neither the QuillaJeae, nor
in any.other=tribe. is there:found a species which combines
all of the;primitive features. pAil have\become\advanced in -
one”or more.ﬁays; I
‘. Sterling (l966b c) and Cronquist (1968) have noted
that the position of the ovules may be important in deter-

' Nmining relationships within the Rosaceae.. In all of the

'Maloideae. ovules are basally attached. erect, anatropous.
and apotropous (micropyle directed toward base of locule)

In ali_other tribes. w1th}few>expeptions. ovules are apically_
'attached. pendulous. anatropous, and epitropic (micropyle'
’dlrected toward apex of 1ocu1e), or can be derived from -
this condition (e g.. Dryadeae have erect ovules, but a.
basally inserted style). These exceptions are notably -

found in uillaja and Vauquelinia of the Quillaaeae and

Gillenia and Spiraeanthus of the Sorbarieae.
Chromosome numbers ‘also support reCOgnitiOn of the
vMa101deae as a distinct line. Base chromosome numbers of

t"the Rosoideae are ?. 8 and 9; the Spirae01deae. 8 9, and

)
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10; the Amygdaloideae, 8; and the Maloideae, 17 (Robertson,

1974). The only exception to these ruleg is & base number

of 17 for Quillaja brasiliensis (Bolkhovskikh et al., 1969).

The possible relationships betWeenfthe“Quillajeae and

- Sorbarieae and the'Maloideae have been discussed by Qan

| Tieghem (1875), Maximowicz (1879). Juel (1918, 1927). Bonne

(1928). and Sterling (19660) Differences are basically in
the nature of the fruit. which is pomoid in the Maloideae
and follicular in the Qulllajeae and Sorbarieae. Chemof

taxonomic evidence is a;so in agreement thh_relationships

. among these tribes (Challice, 1974) .,

The evidence presented suggests that there are two

ma jor lines_of evolutien within the Rosaceae. Both appear

%o hsve their origins’within the Quillajeae and Sorbarieae,

with one line der1v1ng the Maloideae, the other, the bulk

of the other three sub-famllies. Ovular posifion appears

ufto be a fairly accurateliﬁdicator of affinities.

l

Thus. con31der1ng current views of the evolutionary

’ttrends 'in the Rosaceae, Paleor0sa appear prlmltlve in all

observable features. Carpels are five rarely 6) and free..

ovules are two per carpel, integuments are two and apparently

‘not fused. there is no intercarpellary fusion. and fusion

of the carpels to the floral cup is minimal.-
Sterling (1966c) notes that fusion of the ventral

margins of adJacent carpels, w1thout similar fusmon of the‘

’:]carpels to the floral cup, is generally the. trend in- higher

splraeo;ds. Retention of free ventral marglns.of ad jacent



o 127
carpels, with progressive fusion of the carpels to the
floral cup, is ‘a trend found in the Maloideae. There is

enough fusion of the carpels to the floral cup in Paleorosa

to suggest a relationship with the Maloideae.

Paleorosavalso has basally attached. erect ovules,

_'which further supports its alliance with_the‘Maioideae.

Censidering‘the slight deéree of fusion (up to ovular
insertion), however, it is unlikely that the fruit cbuld
have been a pome. It is more likely that the fruits were -
follicular as in the Quillajeae,or Sorbarieae. Until fruits
are found, a decision as. to where PaieorOsa fits among the
groups must be made utlllzing data from the living members
that show comparable floral structure. '

Flowers with 31m11ar features .are found in eracantha

of the Ma101deae. Vauquellnia of the Quillaaeae. and Glllenia

trifoliata and Spiraeanthus of the Sorbarieae. However, as

noted. earlier all are. modifled in one or more ways.
Paleorosa has less fusion of .its carpels to the floral cup

than does eracantha. whleh is poss;bly the;least advanced

member of the:Maloideae. In Vauquelinia there is consider-

}able»intercarpellary quion.. Spiraeanthus has also*under—'

rgone intercarpellary fu31on and has ovules ‘with slngle

’1nteguments. Glllenla trifoliata is possibly least modlfied.

:5’with some fu31on of ventral carpellary margins. but lacking
fcarpel to cup fusion. The situation is. reversed in Paleorosa.
:Only those. genera with erect ovules have been discussed. -

_However. spirae01ds with pendulous ovules show 51milar
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structural modification. ‘

An ndf!ncng,gy‘?na‘er that is found in all Qulillajeae
and Sorbarleae. but which couldbnot be determined in the
fossil, is the fusion of ovular and wing vascular bundles
to form a true ventral bundle (Sterling. 1966¢c). A vascular
supply of five bundles (one dorsal two wing, two ovular) to
each carpel is the primitive condition among members of the
Rosaceae (Sterling, 1953, 196kc l966a. 1969; Cronquist,
1968). The three bundle condition found in most members of
theiRosaceae has arisen secondarily by fusion of the ovular
bundles to the wing,bundles. This is unlike a primitive
three bundle conditien found in most other groups. It is
unfortunate that the ovular bundles could not be traced into
the receptacle, for the presence or absence of their fusion
to wing.bundles could strengthen the position of Paleorosa
'relative to the Qulllajeae and Sorbarleae. The features
'describedlaboVe for*modern genera are summarized in Table 2 .
for comparlson with those of Paleorosa.

d It 1s apparent that all extant genera have been subject
to ‘some change and that the ancestor or primltlve type is
.no longer livlng. The great 31m11ar1ty of floral structure
'damong the more prlmltive genera with erect OVules and those

’ w1th pendulous ovules withln the QuillaJeae and Sorbarieae

h‘fsuggests that thls divergence. Wthh dlstinctly divides the

: Rosaceae. occurred w1thin the earliest members of the
'Rosaceae}f It is not yet known wh1ch form the ancestor of

‘dthe family would have had. Both erect and pendulous. palired



Table

2.

b

Selected reproductive features of pgenera of the
tribes Mule‘ae. Hpiraecae, Holodigscene, Ulmariecae,
Quilajeace, and Sorbarienc. (Information derived
from Sterling, 196ha,b,c, 1965a,b,c, 1966a,b,c)
Genera appear in the ordcf by which they are

treated by Sterling.

lOvular insertion
a - apical
b - basal

Pl - many ovules

2Integumentary fusion

+ fused
~ free
+(-) most species fused

-(+) most species free

_3Intercarpellary fusion

+ carpels fused above levels of ovular
insertion
(+) carpels slightly fused
o - carpels free

0 single carpél involved

Carpel to floral cup -fusion
fraction of height through which
carpels are fused to the floral cup
+ fusion to level of ovular insertion
(+) slight fusion

- carpels free from floral cup
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Al966b£tﬁobertson. 19?4); "Remains

[
i

ovules are found in magnollaceous

(Hutchinson. l96h)

- l_d' 13 B

and annonaceous genera

' Paleorosa seems to comblf% more prlmltlve features than

y llv1ng member of the Rosaceae.

‘fdevelopment of the Malo;deae.

It probably represents

‘_ an- early group of rosaceous plants that preceded the

.'Qulllaaeae and‘%orbarleae, and may s1gn1fy the 1nclpient

'S

*i Rosaceous leaf remalns appear frequently in the late

'Tertlary but are much less common

(Dllcher. 1974) Remalns of leaves and seeds a381gnable to_

- and-Eocene_may support the tneory

was one of ‘the earliest rosaceous

' ithree‘suprfamilies are apparently

' than Oligocene. Paleorosa is one

of the Rosaceae. and is- presently

e

”flower. Thus, it ls the earliest

in. é;dlments older ‘than

' pEocene (Klrchhelmer. 1942) However. the accurate 1denti- :

,;ficatlon o many anglospermous foss1ls. partlcularly

that the Amygdallodeae

rattrlbutable to the other

o

scarce 1n Sedlments older

'Cretaceous and early Tertlary leaves. is now belng questloned
lgenera suoh as Amxgdalus and Prunus from the Upper CretaceouS"f

_llnes to, emerge (Sterllng."

v

of. theé oldest known.members' -

the oldest known‘rosaCeous

well documented record of

rosaceous floral structure.. Lf Paleorosa 13 an accurate,-

. ta

1nd1cator of the state of floral development in the ‘Rosaceae

‘during the-Middle Eocene. then th1s is evidence that supports ‘

'are. indeed,.prlmitive.

L ) . e, L
. K R Cw .

- the theory. mainly derlved from floral anatomy of llving

' representatlves. that the trlbes Qulllaaeae and Sorbarleae

Ay
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75 -

- Fig.

78.

"Fig. 76

'Fig.

Fig.

277

-78

' 75.

‘pedicel; s

Paleorosa similkarreenensis. (a = anther; '

b = bract; ¢ = carpel; d = dorsal. vascular
bundle; fc = floral cup; p = petal;*pd = -
"sepal; sy = style; vb = vas-
cular bundle in floral cup.) s ’

AR

'Transverse section through the gynoec1um

showing the floral cup, five carpels, and
two ovules:. per carpel. The obliqueness of>

" the section shows one of the five carpels

fused basally with .the floral cup. The

- cther four are sectioned above the pOLﬁ*mof

fusion and are seen to be free. Note the

"vascular bundles of the floral cup.. Those‘
- opposite carpels supply sepals, those- alter—-

nating with carpels ‘supply petals. Note also
the dorsal bundle 1n each carpel. 91122,17_rv.'

' X 41.

Longltudlnal sectlon of .a flower +in bud .
stage show1ng general features. - Carpels do

not appear in this section, but- two styles.

are evident. Noteé the bract attached at. the’

‘base of the pedlcel P1123'B'tcp9'X 38.

Longltudlnal sectlon of a flower in bud stage.
The two large anthers:were near maturity :

“'when permlnerallzed ‘and contaln pollen\gralns.':
.P1118 E. bot4 X 31.’16 K

.

Sllghtly oblique transverse sectlon thrOUgh

- the top of the floral cup showing alternate'
"1nsertlon -of, petals, and sepals. ~P1122 ‘I9 '

X-116.

. . - R,
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Figs. 79 - 82. _Paleorosa similkameenensis.. (a = anther;
SR < 'to.= connective; d.=_dorsal vascular bundile;’
f-= filament; fu = funlculus, ii-= 1nner
integumént; oi outer 1ntegument, ps = .
pollen sac; sy = style; v = ventral vascu—l*ll
: lar bundle, vs: ventral suture ) '

Lz Il Il

Fig. 79. 'Longitudlnal sectlon of a flower show1ng \
o “~Jjuee anthers. ' The anther at the center .
shows the broad donnective and attached
— o Lo pollen sacs. The anther at the left shows
‘aa\ﬁgdh I ‘the dorsal attachment of the filament.
@k~ 7 .0 P1122°I16 X 35. - . . |
'fFig._80."Obliqueisection‘showing several anthers in
’ ' " transverse section. Orily the connective
‘remains, the- pollen sacs having decayed
P1119 J bot8 ‘X 34, .

Fig.,hlh. Obllque sectlon through four carpels show-

ing vasculature .of carpels and eovules. Each . & -

" carpel has two ventral bundles, a dorsal
bundle, and a variable number - of . vegetatlve

‘. bundles. A SLngle bundle is seen in each

'.funlculus._ Pll43 ‘E botLS X 38

. Fig. 82, Sectlon s;mllar to that shown in Flg 81
. ‘gger and outer lnteguments are. 1nd1cated .
. culature as shown' in Fig..:81 is: also seén-
here. Note the ventral- suture of ‘each car—“-”
- “pel. P1143 E bot20 X 52. - -

LR
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Figs.

83 -

Fig.

Fig,

Fig.:

' Fig.

86.

87.

4
s

.Paleorosa similkameenensis. (a = anther;

¢ = carpel; d = ‘dorsal vascular bundle;
fc = floral cup, h = hairs; p = petal; s =

" sepal; se = septum betWeen adjacent pollen

Sacs,‘sy = style, Ve = ventral suture.)

tObllque segtlon of a flower w;th well dev-

eloped carpels in addition. to anthers.

. P1l123 12-19 X 32.

iLongltudlnal sectlon of a flower in- bud
" stage showing anthers and carpels._ ‘Note the

fusion of carpels to the floral cup. ‘and :the

‘transverse section of the uppermost anther.

P1119 J botl X 4] .

Obllque sectlon~showing a. carpel .containing.
an ovule on the left and the lowest part of

‘the style of a second carpel on the right. "
- Note the halrs covering the surface of both -
. ‘carpel and style. P1143 E botll X 62. e

“Obligue transverse section of two styles

showing the hollow ceriter, dorsal bundle,f=-

- and ventral suture. P1122 H bot22 x~120*

Anthers of the flowef in - Fig. 77. 58how1ng
pollen grains. Note the septum whlch in-

.. completely divides pollen sacs .. "P1118 E

gbot4 X 105. ‘ , S .
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Order, Family: Incertae sedis

» . Eorhiza arnoldii (Figs. 88-98)

ﬁthe remalns of other anglosperms and Pinus. Leaves
f reproductlve organs have not been found._uSpecimensroft

'Eorhiza arnoldii were descrlbed in some detail by R

and Person (1973) ,» but. the‘ present'study has \al_low d for

‘f minor modlfication to their descrlptlon.'

Rhizo es are 2 - 3 .cm in dlameter and somew at o
flattened ( ig. 88) ~That- this is the actual sh pe and not
ompactlon

‘a result o compresSion~is shown by'the lack of

of‘cortical'aerenchyma'and pith cells. The pith is large -

T~and's011d. w1th a diameter of about one—half th't of the - R

””entire rhizome. Surroundlng the pith are numer us endarch

s

b"primary xylem strands (Fig.,9l) The secondary xylem is

- up to. 2 8.mm thick and is characterized by vessel elements'

. w1th oblique.; calariform end walls, scattered parenchyma)

cells,vand both uni- and multiseriate rays (Robison and -
Person,_l933) The cortex is composed of an inner..;f

aerenchymatous zone and a thln1 outer zone of solid

f&parenchyma. The unlseriate epidermis 1s w1thout hairs.

Although leaves have not been found remnants of
broad, clasping leaf bases are found attached to the

y partlcular side

.-rhizomes. They are not restricted_to_
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of the rhizome and appear to be produced in a regular

s quenCe'(Fig. 89)' " The nature of this sequence has not

“yet been determined. Several very large traces: and nume rous

small ones are found to pass through the cortex and 1nto
'each leaf base. Leaf traoe origin must-be 'studies in more
mﬁetail before a detailed descriptlon can be made. It
'_appears. however. that Eorhiza has multilacunas nodes.
Roblson and Person (1973) were ‘unable to determine the
nature of lateral branching. ‘They reported the proaection
- “of two branch traces 1nto the cortex and the subsequent

" for

4 'a of a vascular cylp nder, presumably derived from
the two-branch traces. As is seen in the series of Figures
93

atraces are given of f and assembled to form the lateral

- 97. branching is quite complex.fVA large number of

[ branch and a very large branch gap. Leaf traces are pro-;
A-duced by the vascular cyllnder before the branch has

PR departed.a Wherever these departing branches were followed.

”thev;yere found to form a. bud. Enc1051ng the apex are what_?

"'appear to be bud- scales. for'they do not appear “to: have any”fu

kind of a dlstal 1aminar structure (Figs. 97. 98) These

branches are borne on the lateral sides of the rhizome.

.DISCUSSION l The function of these lateral branches is now
:open to question. Robison and Person (1973) assumed that
”their function was similar to that of the main rhizome. or -
'“that the formatlon of these structures was ‘a branching of

the rhlzomatous system of the plant. 0ccas1onally there are

‘
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near equal divisioqe in the rhizomes that resulted in two
_functional rhizomes. The lateral branches; however, are
- much smaller than the parent. axis and appear qulte frequently
on the- rhizome. ‘ S .

As yet, the only known appendages borne by the rhizomes,
.are the leaves and the lateral branch%e.‘ Since Eorhlza must
have produced a flowering axis, a suspicxon arises as to the
'functlon of the lateral branches. It is my belief that
‘ these laterals were not destlned to become rhlzomatous. but v
_that they developed into erect floral axes.
4 Roblson and Person could not determlne the taxonomic

»fPOSltion of Eorhiza primarily due to the lack of knowledge

g fof the structure of rhlzomes of extant plants. Identlfica—

'vtlon of this plant may have to await the dlscovery of |
reproductive structures.. Numerous seedSwand fruits, _some
of which may have been produced by Eorhlza. are found in

:”assoc1ation with the rhizome.



Figs..

88 -

.Fig.

'Fig.

89.
. TE7= leaf base} r = root)‘

88.

Eothiza'arnoldii._v(lbr = lateral bianch;

_ Cross section of rhizome showing general

features. ‘Note the two lateral branches
to the upper left and lower right and the

xadventxtxous roots. »ﬁllll D bot8 X 4.3.

Obllque 1ongltudlnal section of a rhizome'

.showing the attachment of several leaf bases.

Pll43 E boté6’ X 5.,
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“Figs

. 90 =

-Fig.

Fig.

Fig.

92.

Eorhiza arnoldii. (lr = lateral root; - v

l]lt =. leaf trace).

Cross sectlon of a rhlzome show1ng the def:ro

parture of leaf traces.. Note ‘the. lateral

jbranch to~the upper:left.\ Pllll E top X 3 5"

'Closeup of part of the vascular cyllnder of
" the specimen shown in- Fig. 90. . Note. the -
"~ leaf traces, solid plth (left), aerenchyma-

tous cortex, and. secondary;qlen.gPllll*E;
top X 14.- - RET 2

Cross -and longltudlnal sectlons of roots

- of Eorhiza. ' Note the aerenchymatous cortex
-and the productlon of lateral roots P1224
B top X 9." : : : ‘






"Figs. 93 -

' Fig.

Fig. .

- Fig.

Fig.

Fig., 98.

o>
97. Eorhiza arnoldii. Serial cross sections of.
a rhizome showing' the structure of .a lateral

branch. (bt =_branch trace; bg = branch gap,
‘lf'=fleaf 1t = leaf trace; p = pith; r =
root; 2°X “~secondary xylem) R

. B <

h93.' Several branch ‘traces can be. seen pa551ng

through the cortex of the parent rhizome. -
.Note leaf traces present in the cortex of the
lateral branch. The structure left of center
is a root. P1l1l1ll D bot35 X 6. : o

Fig. 94. Note the branch gap. P1111 D bot30 X 6.

-

95{ Note that 1nterfasc1cular secondary develop—

ment has formed a complete vascular cylinder
"at a short distance from the vascular tlssue
of the rhizome. P1111 D bot21 X 6. :

96. P1111 D bot8 X 6. T,

97. ‘Lateral branch ¥ith apical scales or young
‘leaves. P1111'D botl X 6. :

Eorhiza arnoldll. Obllque section of the
distal portion of a lateral branch showing
their bud-like structure. P1139 C top4 X 10.

.6

”

o
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Incertae sedis

The’specimehs:shown in Figures.gg ;”107:have beeh
selected‘from a largeamumber of as yet unidentified’fruits;:
.iseeds{Aand’ieaf remains} Ass001ated w1th these organs are’
several types of dlcotyledonous foliage and woody and
_herbaceous stems. No attempt has yet been made to determlme
affinities pfvthese plantvparts. They wall.be dlscussed

separately by figure number.

| Fig. 99 =
THis fruitris approximately l”cm‘in diameter. There

are no seeds remalnlng in any of the flve locules. but the

s large placenta present in each probably bore. numerous seeds.,‘

%Thls frult is commonly found in association w1th Eorhlza

‘arnoldii.'
.,Fig..loo_
, Numerous seeds are preserved w1thin thls frult. There
f-’appears to. be four locules{‘but the septa are not well
deflned.* The dlspersed ‘seeds of thls type of fruit are
_ perhaps the most common type of seed found Sn the chert._f
. e : _
. Fig. 101

~

b

The- seeds of-this fruit appear to have abortedAprior:

to fosSilizatioh. although their'struoturefmay be an artifact



© oy,

'common.,

. endosperm..

149 -

of preservation._ The. small seeds of this fruit'are_abbut

:the same 31ze as those of Fig. 100, and are also very -

N
Fig. 102 -

. This“type of'foiiége‘is»the most coﬁmon”diedtyledonous

;:follage present in the chert.' An aSsociatien with any

‘partlcular reproductlve structure has not yet been

e

established. . ”f ~

These seeds show good structural preservatlon of the

'seed coat but embryos have not been recognlzed. . In many
_ﬁcases..ce}lu;gr tissu& is found w1th1n them. but no Struc—'L

Htu:e.can be‘seen. It is possible ‘that this tlssue is_



‘bFigs.

_Fig;

'Fig.

”?igs.‘

.99 -

Fig..

Fig.

:1021

103

LFig.

" Fig.

Fig.

Fig.

 Fi§y

101.

100.

101,

-~ 107.

103.

106,

104.°

105. "

95 .

p123o B top X 6.

107. -

Incertae sedis. Frults found in’ the Ash-
nola chert.

Five locular fruit in .a post dlspersal
state. P1126 G X 6.

fFour(’) locular frult contalnlng numerous o
]seeds.f Pll42 D bot X 14. : .

Frult w1th abOrtlve or poorly preserved

seeds.f P1138 H X 14

‘InCertae sedls. ,Dleotyledonous foliage}‘
P1060 F top. e T

Incertae sedis.. Some of the many types of

-unldentlfled seeds found in the’ chert.

T,

P1060 F bot X 10

Pl229 D X ll

" p1135 € top X 10.

1060 Gltop X 14.
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Classs 'An&iospermopsida

Sub-Class: UMOnocotyledonae
Order: Palmales'

Famlly: Palmae

Incertae sedis (Figs. 108 ll?)
fDESCRIPTION - The remains of petloles. lamlnae, and ro0t35
~of thls palm are found in abundance in some ofﬁwhe chert

-layers.~ No stems or reproductlve struotures have been o

7hf1dent1f1ed.o'

Petloles are l - 3 cm - in dlameter and are somewhat o

;}'aerenchymatous (Flgs. 108 113) ' Both vascular and flber

'ftbundles are scattered throughout the ground tlssue (Flg. 110)'

Vascular bundles possess ‘a. 31ngle. 1arge metaxylem vessel
'and a number ‘of smaller vessels and trachelds., Phloem is.
jd1v1ded 1nto‘two areas by a zone of fibers. A flbrous

: ?bundle sheath encloses the vascular tlssue except at polnts .
.50pp031te the large vessel. L . ' l )
.‘l Mldrlbs and leaf lamlnae are found in association

w1th the petloles._but have not yet been found attached‘
(Figs. lll 112) Midrlbs have more than one (usually
~three) large vascular bundles at the center and many smaller,"
fflber bundles at the periphery.‘ The vascular bundles have
'two to f1ve large vessels. differlng from those found in
Vthe petloles. A zone of expansxon tlssue 1s found between

‘the p01nts of attachment of the lamina.j: '7A~"‘

: Roots are found 1n a w1de range of size, but all’show‘.
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the'same'baslc-features.‘ The plth»of larger”roots is

»generally absent, but is seen to be parenchymatous in.
smaller roots. A ring of very large metaxylem vessels is
found-adjacent to the pith (Fxg. llh) Trachery elément
;d31ze gradually decreases toward the endodermis, where the
inumerous protoxylem p01nts can be observed.' Cells of the
.endodermls are thickened on the inner, radlal and horizontal -
) walls, whlle the outer wall is relatlvely thin.' "The root |
'“:cortex is aerenchymatous (Fig._llé)..but poor preservation,

often obscures this.

‘KDISCUSSION - Although these organs have not been found
attached they are in’ very close assoclatlon and there
‘ﬂappears to be only one type of each organ present. ThlS

leads to speculatlon that they represent a s1ngle spec1es."i

"1The roots have a structure that appears falrly commonly in.

'fifpalms, but the petloles and especially the mldrlbs are use-.

_'x-ful in 1dent1fy1ng the fossil.

Tomllnson (l961._p. L40) d1v1ded the palms into two =

‘T:maaor groups. among other characterlstics. on the basis of
=~ . ) R 0 a -

.mldrlb anatomyx

”(1) In the fan-palms of the Sabaloid and Borassoid’
. groups, but not. Lepidocaryum and Mauritia of the
Lepldocary01d palms, the central .ground parenchyma
contains one ‘or more large vascular bundles which
" are like the large Velns of the lamina and, with °
few exceptlons. are not confluent ... .. Adax1al and
abaxlal rlbs differ. malnly in size.

(ii)- In all other palms except Phoenlx, i.e. the
: feather-palms together with Lepidocaryum and
Mauritla, there is a complete flbrous cylinder -
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_colourless. ground parenchyma ... . thin this
"central tissue is a larger abaxial vapcular bundle,
. the phloem of which may be rather diffuse, together
" with smaller vascular ‘bundles mostly situated
‘adaxially and often inversely orientated, and even
isolated phloem strands. These smaller bundles are
often embedded in the perlpheral fibrous tlssue. as
in many Lepldocary01d palms."” ’

occupying most of the rib and enclos&gg a central
i

'The presence of more than one large bundle: and the\e'
»lack of a flbrous cyllnden clearly places the f0331l in
'the fan- palms. | AR " |

- An- addltional‘characteristlc of fan-palms is the
E;presence of a single mass of expanSLOn tlssue in the fold
of the_mldrlb.filn,the feather palms, there are two bands
of'ekpansion cells. one on eachvside'of the,midrlb.
| A distlnctlon between Sabalcld and Borassoid palms
~ was’ made by Tomllnson (1961) on.the nature of the phloem
in the vascular bundles. Boras301d palms have a single
lfmass of phloem 1n each bundle, whlle the bundles of
Saba101d palms typlcally have two phloem zones separated
by a flbrous partitlon. There are two phloem zones found
‘:1n the vascular bundles of bagth foss1l petloles and midribs.
Thls characterlstic 1s lndls:Enct 1n Flg. 110 and 112 but
'in less well preserved spe01mens the phloem has decayed

- prlor to permlnerallzatlon and has left behlnd two

cav1t1es separated by the fibrous: partltion.

On the ba51s of this evidence, then, the fossil is

_referred to the Sabalo d palms. More accurate 1dent1f1cation

'must awalt further study.

Thls is the flrst report of palm remains’ from the

T



Allenby Formation. The presence of this palm
very warm temperate to subtropical climate in
area during Allenby time. The aerenchymatous

both petxoles and roots is remlnlscent of the

155

indicates a
the Princeton
naturegéf,

structure of .

‘ Dennstaedtmopsls aerenchymata. unidentlfled fern B, and

i
Eorh1za arnoldli and is further evidence for a marshy

habltat at the Ashnola locallty at the time of fOrmation

.of the chert layers. - v



Fig. 108 - 112. Palmae. fncertae sedis. Petioles and
: : midribs. (bs = fibrous bundle sheaths;
et = expalision tissue; fb = fiber bundle;
1 = leaf Jlamina, mv = metaxylem vessel;
ph = phloem; x = xylem).

Fig. 108.' Cross secth of palm petiole showing
general features. P1124 G bot X 3. o

Fig. 109. Cross section of/a small petiole.P1171 B bot 3.5.
: . S . .
Fig. 110. Closeup of vascular bundles and ground
» tissue of a petiole. The ground tissue is
aerenchymatous and contains numerous
fiber bundles. The vascular bundles have
a single, large metaxylem vessel and several -
smaller cells of“the metaxylem and prétoxylem.
“ : Phloem is divided into two zones by a band
-+ of fibers. The fibrous bundle sheath is
discontinupus opposite the metaxylem vessel.
Note the tyloses within the vessels. P1165
F2 bot X 71. » ‘ ‘

5
ay

Fig. 111. Cross sections'of twa palm midribs.P1171 C
- top X 11. , o

Fig. 112. Closeup of a midrib showing three large,

' -~ vascular bundles at the center of the ‘
midrib and, several smaller, fiber bundles
at the periphery. Note also the mass of
expansion tissue and the remnants of the
lamina. P1171 B bot X 68. o
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Fig.
Fig;

Fig.

.
1%

117.

. 114,

115.
116. -

117,

Palmae, Incertae,sedis,l,LongitudiﬁaLg
‘. section of a petiole. Note the aerenchyf
matous ground. tissue. P1165 D top X 9.

Palmae, Incertae sedis. ‘Roots (1t -
late:al root, mv = metaxylem vessel) .

F'oss.section of a large root. The“Vas—
calar tissue is composed of a ring of .
very large vessels interior to smaller

2

- vessels and tracheids. A. zone of scler—‘e

enchyma surrounds the stele.. The cortex
is prlmarlly aerenchymatous. The pith

"~ has not been preserved P1064 C top X 11.-

,g;bBS\ngtlon of a large root- shown giving
rise to™d smaller, lateral root. Pl1l65 F2
" bot X 6. ’ o : . i .

Cross section of a small root showing the
aerenchymatous structure of the cortex.

P1230 B top X 25. R 3

'Cross sectlon of a very small root. P1171

E top X 44

0».
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 CHAPTER 5

1

' prscussion . &

The flora of the Ashnola locality shows an interesting
combination of both subtropical and temzzrate elements.

e climate. Members

Pinus and Metasequoia indicate a temper
- of the Maloideae are principally temperate and so, presumably,
was Paleorosa. Sabaloid palms,.hqweVer;‘age‘more indicative-

of a subtropical to Qery warm temperate enGironment. In the

Clarno Formation of Oregon Dennstaedtiopsis aerenchymata is

closely associated with Acrostichum preaureum (Arnold and
Davgherty, 1964), the 1iVing equivalents of.whiéb are found

.in tropical mangrave swamps. - An investigation of climatic

chditiohs present in westegk NHorth America during'thejEOCene'“

may help to explain‘the;composition.of the Ashholalflora.

a

Climatic Conditions During the Middle Eocehe -
Following a detericration in’world.ciimate at the end
of the Cretaceous, there was a warming.treqd'dﬁring_the

. Paleocene which reachédvan optimum du:ing,the Eocené&®:

Following this there was again a cocling extending Ehrodgh

the Oligocene, aJSlight recovery during the Miqceneh>andia

rapid. deterioration through the late Miocene and the

Pliocene which led eventually to tﬁé,Pleisﬁocehe Glaciation
(Brooks, 1951). The climatid optimum of& ae Eocene appears

G

to coincide with the depcsition of the AllenbyVFormation,
and" at this time floras reached their maximum northern

‘extent. =Y

160
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;M& . . _ : o
ahhthougn drlft of the c0nt1nents has altered the

o pos1t10n of - the North Pole relatlve to North Amerlca,'
.latltudinal p051t10ns occupled at the present w;ll be
’ retalned in dlscussxng the pasts This 1s done because

:estlmatlons of paleocllmate and paleoecology.-as well as

correlations of floras and faunas. are discussed in
reference to geographlcal localltles whlch have not changed
p031t10n relatlve to one another.

Durham-(l950) indicates that the marine clinate at

“h9°‘latitude was subtropical to-tropical during the Eocene.

climate. ' The Ashnola locality now lies in the faln'shadowr
of-the Cascade Mountains,_but'this_range was not present
during the. early Tertiary (Dott and Batten, 1971). Thﬁs.,‘
the climate at the Ashnola locality could have been under

oceanlc 1nfluence, although Just how much influence could

gbe felt at more than 100 mlles from the coast is debatable.

Chaney (l949a) rec0gn1zes two.dlstlnct types of older
Tertlary floras and descrlbes them as follows: :

. "The first of these is a subtroplcal assemblage made

up predominantly of broad-leafed evergreen angiosperms

-whose living equivalents occupy regions in which
freezing temperatures are seldom if ever recorded;
palms and cycads are represented by a few species
which may be abundant; conifers are rare or absent.
This forest occupied.a zone from California north

. to Washington on the Pacific Coast, and from New
Mexico to Colorado in the interior. Because of its
apparent origin in low American latitudes, it is
known as the Neotropical-Tertiary Flora. The second
major group is a .temperate assemblage made up pre-

- dominantly of broad-leafed declduous angiosperms,
‘and of conifers both deciduous and evergreens palms
and cycads have not been recorded. This forest

' This warm-ocean would contribute to a warm and moist coastal

LN



reduced but probably not far enoug
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~Circle, extending into the Mackengie Basin of Canada.
Evidencé of distribution farther €astward has been
destroyed by Pleistocene glaciation, ‘but its. formék .
occurrence across northern Canada is suggested by

. _,the records of similar plant fossils ‘in the Eocene

. Trocks of Greenland, Spitzbergen, .and arctic Sibefia.

: Because of its W1de development at high northern ‘
latitudes, this assemblage is known as the Arcto-
Tertiary Flora. It lived in a region of summer
rainfall ‘and winter cold. as Judged by the habits
of related 11v1ng trees.”

occu ied_aIZOne'in-Alaska'northw%;d beyond the Arctic

'Chaney goes on to say that oceanlc 1nfluence allowed some

b

.of the southern forms to exlst on the Paclflc coast as far

north .as Alaska. Inland however, typlcal Arcto—Tertlary

forms would be. found. Although the concept of Neotroplcal—:‘

and Arcto—Tertlary geofloras has met with well founded

~opposition (Wolfe, 1969), a dlman%thﬂ»Of'the trop1cal

“elements'northward would be expected to_have occurred.in.

the Eocene in a similar way as occurs at present,
The Ashnola locallty is located in an area which may
be conSLdered transitlonal._ It is far enough 1nland that

the amelioratlve effect of the oce

‘ uld be somewhat

to severevfrost.~ Of this. trans1tional\zone Chaney (l9u9a)

A

"In, the areas between these two major zones of
‘vegetation there is a record of a forest made up

+ of largely temperate trees. Living with them were
several members of the subtropical forest which ,
appear to have made their way northward- beyond the
range of occurrence of most of their associates,
during the relatlvely mild days of the early Tertlary.
This ecotone is best developed in southeastern :
Alaska, on Kupreanof Island at latitude 56 to 57
degrees north. Here is the typical Kenai flora,

"as. described by Hollick (1936) from 55 localities-
-in Alaska, including such temperate trees as redwood
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(Metasequoia) k?tsura)GCerdidipgyllum)S»?ﬁrch_
(Betula), zlder (Alnus), hazel (Coryvlus),:hornbeam
- (Carpinus), chestnut- (Castanea), oak (Quercus) and /
“elm (Ulmus). Immediately associated,. and often on
- the same slabs of rock, are”the leaf impressions of
several members of the Neotropical-Tertiary Floraj;
these include two genera of cycads (Dioon and .
Ceratozamigz), a fan palm (Flabellaria), laurels of
the avocadz (Persea) and lance-wood (Ocotea) type,

‘magnolia (Magnolia) and catmon-(Dillenia).”

ChaneY"(1949é) descrives this-zpnevaskeitending alJﬁg the
_anthern Pacific‘doast and stretching eastward,fpom.southern
' Britiéhvéoluﬁbia to southern Saskatbhewah, and to Montana |
- and North Dakota. The flora of the Aéhnolé 1o¢§lity,‘ﬁhich'.:L
| -‘is:gontained‘Wifninmthis'transit{onélﬂioné,,66inéides‘with5
ithe prdposed>vegetafiqn‘and cliéafé 5% the fegion.?;
Altitudinal Effects on Vegetation in the Princéton Area
:Duriﬁg‘the Middle Eocene - . .
. In‘additidﬂ to latitudé having an effect upon vegeté-'
‘;tioh.;it is also eXPécted'thatvélt;tﬁde should bring %pout
a>respon3é in»floral composition:(Chaney,_l949a:_Axeirod;
;966). Axéifod.(196§) éi?eé anféstimétion Of_?Sd meters’
for the elevation df.thelPrinceton grea\duringvthe Eécene.
‘but does not give'his,basis for ;uéh‘a value. He likely |
mfollowed Rouse (1962) who believéd that’the'reia?ionships
between the Burrard and Allenby flopas indicate a.similar
‘ altitﬁdinal différeﬁcenas exiété todéi. ‘ B |
- qpliff of part of-the;Cofdillera ihchdihg the
. Princeton area during the formafioﬁ;of tﬁe Roéky~Moﬁntéins
fis'believed t6 nave been respénsible for the»seVére erosioﬁ".'

of the Paleozoic rocks of the area (Dott and Batten, 1971).

. 4

drey
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It was previously noted that local subsidence!during the _

»Eocene most probably 1nit1ated dep051tion in the v1cin1ty

s of. Prlnceton ‘It 1s conceiVable. then. that much of south

’.central British Columbia could have had an eleVation close

"pto that proposed by Rouse and Axelrod.' The-basins formed

vby subs1dence Were poss1bly much lower than the surroundlng
fhills. for they are filled w1th great thicknesses (2500' '
'1meters at Princeton) of ba51cally coarse sediments ‘and .
volcanics. gwx '
. c)
Although the elevatlon of the Ashnola locallty could
'not-have posed hardships on the vegetation, for palms are

~aburdant, dlfferent floral assemblages may have existed at

higher altltudes in other parts of the Prlnceton ba51n ‘and -

contributed to misinterpretatlons-of-the age of the sediments.

Comparison of'the Ashnola Locality with Other Localities of
the Allenby Formation - | C
A great deal of difficulty ex1sts in comparlng per-
.mineralized w1th»compressed plants. While leaves are the
most common and ea31ly recognlzed element Ln a compression
florar they are of very little use in a permlneralized
'state. where laminar shape 1s almost 1mpos51ble to determine.
leew1se, anatomlcal detail of woods and’ reprbductlve organs,
which is so 1mportant in a permlneralizatlon flora, lS not
appllcable to compressed plants.’ 3 |

Since . ev1dence for speclflc comparlsons of plants of
ithe Ashnola chert w1th other localltles is, therefore.‘
lacking, only very general com;arisons are possible.,

Bk
¥
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SLam



‘the Ashnola plants such as Eorhiza,_pa}ms, and ferns have

~165

(For llsts of. fOSSll plants from the Allenby Formatlon.

.see Dawson, 1890 Penhallow. 1908; Arnold 1955) ‘ oome of

not been reported from other'lOcalities of the basin, but
this may be due to the unusual conditions of foss111zation

at the Ashnola locallty. Boty etasequ01a and Plnus are

found in other localities (Arnold, 1955). Mlller-(l9?3)

attempted to llnk Pinus 51m11kameenen51s w1th P. latahen31s‘

of 2.»tulameenensls. two flve-needle plnes from the Allenby

Formation, but found dlfferences in 31ze_too.great;- D1cotylef
donous remains have yet to be.dealt'with. Dlstlnct growth
rlngs found in the varlous types of ring- porous woods

1nd1cate a w1nter dormancy that was probably accompanied

by a dec1duous habit, although growth rlngs may be produced '

by drylng‘as well as cold. Forests.represented byrother"

localities are basically deciduous.

' The temperateﬁaspect of'the Ashnola florabappeafs: .
similar to other. floras of the Allenby Formatlon. although o

evidence “is yet 1ncomplete. A major dlfference is in the

jpresence of more tropical elements at Ashnola..for this is

the fipst report'of pzlms in thetPrinceton area. I believe -
that these palms are an ;ndicatof of a rather nild clinate
in the area,-butjthechould‘be the result'of an unique
microclimate possibly'created by the warn mineral springs_'
responsible for periodic,perminefalization. 'It_is possible

that the palms were able to withstand cool temperatures and -

- do not signify a warm climate. However, in consideration
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of the ranges of modern palms and the nature of the plants
assoc1ated w1th fossil palms. this is unlikely. It is the
temperate aspect of the composite flora.'which was compared
"With temperate floras typical of late Tertiary deposits,

. of the Allenby Formation that has resmlted in misinter—_

pretations‘of the age of these sedimente.

» Discrepancies in Age Determinations of‘the Alienby Formation ;:4
- Megaf0s31l evldence led early 1nvest1gators to believe |
that the Allenby Formation was of late Tertlary age (see_v
Ashnola Locallty - Age) " Some recent work tends to support
thls as well (Chandrasekharam. 1975) In light of an |
established Middle Eocene age for the dep051ts. reasons
for these contradlctory determlnatlons have been sought:
1) Thevlnclus1on of younger fossils in eollectlons_-;An
unconformity'within the Allenby Formation would allow for
the presenoe of yodnger material'wnichpcouid affect‘inter-
Mpretations.-ﬁAlthough,no,unoonformitieS'have been recognized
‘within the Allenby Fo.rmati.'o'n (Hills, 1965a), late Tertiary
fos51llferous sedlments that overlay part of the Prlnceton
" basin have been recognlzed by Mathews and. Rouse (1963) If
fossils from these deposits were 1ncluded_rn early ‘collec-
tlons. as Mathews and Rouse ‘suggest, confusion*woﬁld'result.
However,vlocalltles exp101ted by tne early 1nvest1gators.
~were primarily in the southern and western portlons of the

ba31n, whlle late Tertlary dep051ts were found only in the

northern and eastern\areas.- In my: oplnlon it'is unlikely

that a sxgnlflcant number of fossils from.the&younger
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_sediments would have been included'in the early collecfiona.

The'relafionships of the locality bveing worked on’ by

'Chandrasekharam (1975) to the Allenby Formation is stlll

in questlon. The mater1a1 is most certainly late M10cene.
but is unllke other. &:llections from the Allenby Formation.

The material is found; at the.northern limits of the basin

.and is apparently quite high'in the sequence. ' The nearby

hills are capped by late Tertiary deposits, and it is my

bellef that thls materlal has slumped from the late Tertiary

‘beds and is n0w belng conqued with the older Tertlary

~

sedlments of the Allenby Formatlon.

2) The mlslnterpretatlon of floral assemblages - If it is

%assumed that younger materlal d1d not accompany early
'collectlons. a m1s1nterpretat10n of -the data is the cause
- of the confllctlng ages.- “The 1ntroductlon of temperate»

”forms such as Plnus. Plcea Ables. Acer, and Betula

(Arnold 1955) ‘could have been caused by:'

<a)“ The occurrence ‘of brlef cllmatlc deterloratlon ‘

»durlng the Eocene, whlch has ‘been proposed by Brooks (1951),

could have changed the aspect of the flora durlng Allenby

" time (Rouse, 1962) Hills (l965b) and Boneham - (1968) found
= palynologlcal evidence for zonatlon w1th1n the Allenby Forma-

tlon.> Bdneham (1968 p 34) suggests that:

"It is poss1ble that in the sedlments below the
,"Princeton-Black Seam the subtropical components of
/ the flora are. greater than above the Princeton-—
Black Seam. If such is the case, and it is not
possible to say at this time due to a lack of data,
then the Allenby Formation contains a record of ' _
changlng cllmates whlch is worth further investigation."
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Whether this apparent zonation is due to a climatic change
or to some other physical change in the environment in

the basin is open to gquestion. The Ashnola locality is
600 meters above the Princeton-~Black Seam and has at least
“'one'subfropical element, a sabaloid palm. whlch is very
abnndant.

b) The presence of a comblnatlon of subtroplcal to
temperate forms. as is Qell shown by the Ashnola 10ca11ty..
could be a result of the mixing of northern and southern
floras in a tran31t10nal zone.

c) Plant parts from floral assemblages at high -
alfitudes could have been transported into the basin and
then influencevaSSemblages at various localities in the
_basin.

Some of the ‘early age determlnatlons were taken from
comparlsons of, the Allenby flora w1th floras of other
presumed late Tertiary formatlons which have since proved
to be much older. Bell (in Rice, 1947) fodnd'similarities
between the Allenby and K1t31lano floras, both of whlch |
he believed to be Oligocene. Arnold (1955) felt. that the
Allenby flora resembled the Republlc flora, which he
- believed 011gocene. Since that tlme,‘the K1t311ano Forma-
‘tion has been found to be Mlddle Eocene (Rouse, 1962) and
the Republlc. latest Paleocene (Axelrod. 1966) Indeed,
_our understandlng of Cretaceous and Tertiary floras has
undergone a dramatic change w1th new approaches to the B

1dent1flcatlon and 1nterpretatlon of partlcularly anglosperm
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fossil remains (Hickey, 1973; Dilcher, 1974). The cool
temperate forms present in the Allenby flora have misled
investigators,in the past into believingbin a latervTertiary
age. Hoﬁever, I expect that a thorough reinvestigation
will reveal a definitely early Tertiary.balthough somewhat

temperate, assemblage.

Sumnary of Environmentalichditione at thelAshnola Locality
During the Middle Eocene -

The'Ashnola locality was described as the remains of
-an ancient marsh or bog of limited extent (see Ashnola
LOCallty - Formatlon) Many plant organs "have been

prea\rved in 51tu (Dennstaedthp51s. Eorhlza. palms) and -

show adaptations to an aquatic or,sem;aquatlc habitat
(aerenchyma) | A ;

If an observer were present at the Ashnola locallty
’durlng the Mlddle Eocene, he would probably find hlmself
in a small marsh. "perhaps na larger than a few acres, on
a valley floor. The water of the marsh would notﬂge deep,
nand most of the area ‘would be covered by hummocky vegetatlon

ry

1nclud1ng Dennstaedtlops1s aerenchymata and Eorhiza arnoldll.

Immedlately surroundlng the marsh would be a dense forest

of Metasequ01a, Plnus, and fan palms. The undergrowth

would 1nclude ferns and Faleorosa similkameenensis. The

forest of the surrounding hlllS may have had a. more .con-
splcuous dec1duous element and palms would be a: ent. The
climate, which could be termed subtroplcal to warm temperate.

would be quite warm and moist, with winter frost rare or
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Future Possibilijjties of"
w;ﬁ-r’%u‘ .;,-' .

- The plants described{n this thesis are a(seleotion ;;
of the best‘kndwnvrepresenta found in the Aéhnola(‘v*

chert. Thus, the actual diversity of the flora is mueh -
greater than has been presented here. Among Tertiary
permineralizatiOn localities, this diversity is rivaled
only by that found at Mohgaon Kalan in the Deccan Inter-
trappean Series of India. However, the plants found at’<
Mohgaon Kalan and at Ashnola are not similar. Few spec1mens
have been reported from other Tertiary permineralization
localities. - : B

| The Ashnola locdlity, tﬁen.epfesents an ppportuﬁity
ito study eariy Tertiary_plant stfﬁcturevand reproductive
mechanisms in a way not previqusly poseible in North
America. This thesis has served to reveal the diversity of

the Ashnola flora and to provide a detailed description on

‘a single'member;of the flora, Paleorosa~similkameenensis,

“Many other plants, including MetaSQQuoia.’palmseﬁferns. and

the_numeroué~dicotyledons;vawait-study. PaledroSa..Pinus

arnoldii, and Pinus similkameenensis, which are-the’ohly

well- descrlbed ﬂlants from the chert, have already prov1ded
valuable 1nformat10n on evoluflon w1th1n the Rosaceae and
Pinaceae. It is quite pOSSlble, then. that an 1nvest;gatlon
of other forms will provide simllar insights into evelution
within other groups. In view of the great potential of the

Ashnola locality, continued research on this material should

i
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be considered as high priority in the field of Cenozoic

S Y
“usee Plant development and evolution.,
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