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Permlnerallzed remalnsaof Metasequ01a mlllerl Rothwell

!

- and Ba51nger are desorrbed from Late Middle Eocene sedlments_

- -

.f of the Allenby Formatron of south central Brltlsh Columbla

:"fi .Stratlgraphlc relatlonshlps of dep051ts w1th1n the Prlnceton

Ba51n are rev1ewed,_and the stratlgraphlc positlon, %ge, and

Y :
formatlon of the Prlnceton che t are dlscussed.

h o :

Anatomlcal features of stems, wood roots, leaVes,
o & -

pollen cones, dnd seed cones are well preserved.' Mature '

wood of the foss1l resembles that‘of Metasegu01a glyptostro-

01ges 1n hav1ngz’ traumatlc res1n cysts, opp031te plttlng
on radlal”walls of traohelds- taxod101d cross field plttlng,:
tall,vunlserlate rays, smooth walled ray parenchyma. and
dlffuse, res1nous, smooth~walled wood parenchyma. Leaves
are llnear, hypostomatlc,rand borne decussately, and have
one or~three re31n ducts and silghtly Undulate to smooth T

N epldermal cell walls Leaves of llv1ng M glvptostrob01des

dlffer 1n cons1stently have three res1n ducts and in hav1ng

v
1

much more pronounced undulatlons of epldermal cell walls.
Pollen cones of M mlllerl are up to - 3,0 mm long and
are subtended bv a. vegetatlve zone of decussately arranged
) scale like leaves. About 30 mlcrosporophylls are hellcally
' arranged on the ax1s. and each bears three pollen sacs.
QSporophylls have a s1ngle res1n duct ‘in the stalk and three

&
3:res1n ducts in. the dlstal lamlnae. The fertlle reglon is

.'l

/ .

i b, i T TR aies g




SR enclosed by the dlstal—most subtendlng leaves., Pollen grains

.Aare 19 27 pm 1n dlameter,.subsphsgoldal. and paplllate.." ‘ .‘d, -_f'tﬂ

"tPollen cones of M~ glvptostrob01des dlffer from~those of the,

0

'.‘fOSSll 1n hav1ng one resan duct throughout the sporophyll

'7fand reportedly bearlng sporophylls deCussately.v The fertlle tV‘

'_reglon of poIlen cones of M..glvptostrob01des elongatzs;éurlng -

'development to fa0111tate pollen release, but no ev1d nce of
) T : A
‘31m11ar elongatlon has been found 1n cones of M mlllerl.

Seed cones of M mlllerl are about l? mm wide and 25 mm o
ulong, borne termlnally on sparsely leaved stalks, and bear |
‘»about>30 decussately arranged cone scales.; Seeds are about
d"5 mm long and 3- 4 mm w1de. w1th two lateral w1ngs roughly

'.equal in. 51ze to the seed body, and are*attached dlstally

¥ Y

\
on: the stalk ‘W1\h the mlcropyle dlrected toward the cone

N . R Be 4\\_ — . : SN
axxs. R 3 ;_.ﬂ~;'47*

. : . '

The dlfferences between M. mlllerl and'M._glyptostob01des’

are not dlscernlble from compression fos51ls of M. 0001dentalls

'M. mlllerl contrlbutes to @ clearer 1nterpretatlon of the-;

structure and evolution of Metasequ01a durlng the Tertlary

.than has been pos31ble on the ba31s of compress1on remalns. .

N

/ " * | .. . . . . . .
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Large quant1t1es of- foss111ferous chert have been frffﬁ;j}ﬂii' B

N collected from the Prlncexon locallty durlng the summers:'””"v

, of l974 to 1978.J The locallty 1s on the Slmllkameen Rlver, X

tffl.about 8'km,SSW of the town of Prlnceton, southern Britlsh

Affcbiﬁhsia The fOSSll plants are 1n layers of Slllleled
, v Nt

'":;lpeat 1ntérhedded w1th thln seams of’llgnlte. The Prlnceton

»?ilocallty oc ur& 1n the Mlddle Eocene, Allenby Formatlon, one hhf-**~'

_of several sma:v Early Tertlary depos1ts 1n south—central 5

'f;_ﬁBrltlsh Golumbla.,

Only recently hae the 31gn1flcance of'the Prlnceton

"chert locallty been recognlzed._ Plant parts are not readlly"

e _apparent on“the surface of the blocks of chert. As a result'jﬁ*i

'”“frocallty had esii"'ffdollectlon by amateursrand manV‘

: 'aivs of flne quallty were ea31ly avallable.t A smal:
;cOllectlon of chert Was taken by Chester A, Arnéld and Rogerff;*

FdF Boneham 1n the early 1960 s. prlmarlly fOr the purpose of;‘J

!fpalynologlcal sutdie““ofithe Prlnceton ba81n (Boneham,vl968).v,~

5hof Montana, Mlssoula) and formed the ba31v for the descrlp—f*“*"

\

o

'"fftlon of; lqg_j;f“*‘"r"

~'1:*;and Eorhlza“arnoldfﬁ

”“ffand Roblson and Personf(l973~.aleo reported the

'¢=fpresenc‘

,,hfftwo or three fe'ns. 1nclud1ng*Dennstaedtlop




> of Paleorosa'51m11kameenens1s (Bas1nger, l976b) : A brlef '

' 7fnﬁPr1nceton’chert was presented by. Bas1nger,and Rothwell (1977)

tﬂi?fmorphs are present._

Lt T [ M . K .. ! . : N o . . .

\l,ifaerenchvmata Arnold and Daugherty, dloot stems. an. ascomycete vf;sz;'f

'”~ffungus.‘fragments of one or more MOSS gametophytes, and a few SN

. -
v .

“ eeds of unknown afflnlty.,_ ;"ﬂsf7“5 a:*;fﬁpfgﬁé? jfjei~“*“fj;*]9.’"

¢4 “;,

: I presented a broad overv1ew of the flbra Of the Prlnce- e
SO

5

3fffton looailty based on the flrst‘nOllectlons made 1n thls ;,”d".

o 1 .
o

‘:‘contlnulng study (Bas1nger. 1976a) In addltlon to Denngtaed—-‘~n~*F;”

hftlop31s aerenchymata, tw? other types of ferns were flgured.

0

§ Also reported were remalns of Metaseou01a, numerous types of

‘w eeds. two types ofefrults; many types of woody dlcot stems,

P)Fand remalns of a saba101d palm Also descrlbed were flowers

o descrlptlon of part of the flora and of the potentlal of the

-~

The present study 1s an exten31on oflthe work begun by

i”f."fBaS1nger (l976a b) and Bas1nger and Rothwell (1977) 7 Repro-v‘i

:Igfductlve and vegetatlve structures of Metasequ01a haVe been

s ¥

; *;dlscovered and are descrlbed,,_Ihese 1nclude pollen and seed
“ffcones, seeds, pollen, leaves, leafy shoots. wood. and roots

'”yg*An opportunlty 1s avallable for the comparlson of whole fos31l

’7l*tfand llVlng plants. The Prlnoeton 'etase.u01a 1s closely '

Theseetypes of f0931ls prov1de valuable




-,-“Struc‘l:urallyr.Pre._se:_ﬂ,r_'e;,l

. . . . N
W = N
A . .

‘xplants reveal features of internal anatomy, organ de lop-

ment and reproductlve mechanlsms. The structurally preserzed

plants of the Princeton ‘chert present a rare opportunityﬂforf\'f,
' S i R

studies of this kind.

0 ' ! ”

Plants\ofrthe.Tertiary

s
\

Occurrences of an tomicallv preserved Tertiary plants,

’as noted above, are not common.' With the exception of woods,

‘whlch occur frequently as 1solated fragments in situ or in

Plelstocene glac1al tlll seldom more . than a few spe01mens

" are found\at.any one locality. vIsolated.permlnerallzed

organs such as conlferous seed cones and leaf-bearing tw1gs,

1

palm stems and roots and fern rhlzomes have been reported

by Arnold (1945, 1952), Mlller (1967, 1969,11970 1971 1974
l977a,11978), Tldwell, et‘al (1972), and others. The larger

‘asSemblages of structurally preserved Tertlary plants can bé

\.I“ﬂments. Howeverr these depos1ts are rare xn the . Mlocene :

e;ﬁroadly grouped 1nto unaltered remalns, often called sub—

cfos51ls, and peranerallzed remalins.

Unaltered peats, with plant parts that may. e handled
as. fresh materlal. are common in. Holocene to Pllocene sedl—
(eg. HlllS and OgllVle, 1970 Hllls, et al., 1974), and are
almost unknown from the.Paleogene. ngnltlc deposits such

as the Miocene Braunkohle of Germany and the Ollgocene‘ff~'

~Brandon ngnlte of Vermont (Barghoorn and Spackman, 1949.

o -

;Tlffney and Barghoorn,_l976 l979) are regarded as. unaltered~

remains.

AR ey
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Another type of f05311 that may be termed “unaltered"
is that preserved‘;n.amber.b Fos31lrferous ambers.'lncludlng
the well- known Baltic and Chlapas ambers, are described byi
Goeppert and Menge (1883), Conwentz (1886), Czeczott (1960),
Hurd, et al. (1962), Miranda "(1963), Langenhelm (1964),

McAlpine and Martin (1969), and others.

Other localltles contalnlng structurally preserved
plants that really are not permlnerallzed or preserved in a '
way comparable to the Prlnceton fossils are the nut beds of
the London Clay and of $he Clarno Formatlon (Rled and
Chandler, 1933; Scott, 1954)

An assemblage of woody roots preserved 1n a permineral-

ized soil was descrlbed by Wheeler (1972) as part of the

_Mlocene taper Hlll Flora of Colorado. Apparently little

else was - preserved in the nodules

lelted occurrences of permlnerallzed peats, such as

those described by Ting (1972), Tlng a}d Harr (1976), and

Harr and Ting (1976) from the Paleocene of North Dakota,

‘are occa31onally found but preservatlon is usually poor

due to advanced decay and degradatlon of the peat prior to
permlnerallzatlon. Tlng s (1972 p. 165) reference 1o
preservatlon in hlS materlal as comparable to that of

carbonlferous coal balls” s not supported by published .

”afphotographs of the material. Ting also stated (p. 165) that

thls was "the flrst reported flndlng of such material in

North America®. ‘'Arnold and Damgherty (1963, 1964) had earlier

described two ferns «from permineralized peats of'the_Clarno~‘



Formation of Oregon, and Bonehamn(l968),iinbhis unpuolishedt‘
: dlssertatlon, had reported on the Princeton chert and some
-fof the plant parts contained. The bed of s111c1f1ed peat
ported by Tlng (1972) was, unfortunately, not exten31ve,
;_but Harr and Tlngb/;976) have recovered cherts from numerous
localities in North Dakota. Preservation is sufficient for
the recognltlon of roots, wood fragments, leaves, seeds,

and fragments of fern sporangia, but an accurate plcture of
‘the quality of preservation: and the potentlal 31gn1f1cance
_of this material has yet to. be revealed.

Only three OCcurrences showing a diversity of well-
preserved permlnerallzed plants in the Early Tertlary are
known to date: the Deccan Intertrappean cherts, the Clarno
cherts; and the Princeton cherts. V

" The Deccan Intertrappean Series of India contalns the
" best known and most dlverse assemblage of Tertlary permln—
eralized plants A review of the area, its foss1lsrand an
extens1ve blbllography have been presented by Basinger L
(1976a) and Ba31nger and- Rbthwell (1977) Only a synopsis
is requlred here. Exten31ve 1ava flows (Traps) and ’
_occas1onal beds of siliceous and frequently fos3111ferous
sediments that are sandwiched between them (Intertrappeans),
cover an area of over 200,000 square miles in central India
(Rao. 1936) The lowermost Traps are Eocene" (Sahnl, 1934

1941; Sahni and Rode, 1937 Rao, 1935, Crookshank et al.

1937; Rao and Rao, 1939; Prakash, 1960; Lakhanpal, 1970a, D)

or possibly Paleocene (McElhinny and Wellman, 1969), while

s




5 . . . \.. T,
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the uppermost layéré'may be as young as Mio¢ene‘€Ré§, 1936) .
The flora of.the.Intértrappean cherts-iéAéXtremely‘

*‘rich, with about 200 species reporféd to date. However,

the numerous chert lqpalitres are scattered over a very

broad area and may“repfeSent a gréat-span of time. Only

threeLbf these locéLities are éf muéh-éignificance:

Rajahmuhdry;uSausar; and Mohgaon Kaian.. The Rajahmundry

locality confains basically an estuarine aquatic assemblage,

with Chara and numerous algal forms (Pia, Rao, and Rao,

1937a, b;.Réb andbRéo, 1939; Rao and Rao, 1940). At Sausar

are deposits of a ﬁresh‘water‘lake or marsh,-with charophytes,

algal'forms,lAzolla, and other pteridophytes (Sahni, 1541; |

Sahni and Rao, 1943;ﬁLékhanpél, 1970). The most diverse

assémblage is found at:MohgéonAKalan where, like the“Prinééton
locality, the peéty soil of a shallow marsh~has‘béen1per—‘
,mineralized. Found af this loéality are algae, bryophytes,
water,ferns, conifers, dicofs,,and monocots. Lists of

speciés pre§eqt at Mohgéon Kalan have been comgiled.by

Sahni (1931), PraKash (1960), Lakhanpal (1970a, b), apd Rao
and “Achuthan (1971),‘. ';. | T s

' “The Princeton locality very closely resembles the

Mohgaon Kalan locality not in ﬁhe,types of plants present,

but in the:ﬁéfure of preservétion'and the types of plant 
organs ﬁhat‘are found. The greater diversity of the Mohgaon ~ )
_KalanfloQality is probably a result of the gfeater aféa df

fayéilablé:outcrop at the formeralocality, the intensity with

‘which it has beeén studied, and the much greater diversity of

. . ' . ’
\ v ) S
i . -
. . ‘ .
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‘the troplcal forest that once grew 1n Indla durlng'the-Early.aﬁ

'Tertlary., The" nature of preservatlon at the Mohgaon Kalan ‘
locality 1s .often excellent but "the material generally can

Ye studied only from thlnasectlon or pollshed surfaces.- Not -

enough of the orlglnal carbon has remalned to allow study
by the peel technlque R f ';<i. }jﬂ;'
The Clarno chert from the Eocene Clarno Formatlon | .
of Oregon 1is the preserved peaty soil of a marsh. as “Is the

. Princeton chert. Dendstaedtlop81s aerenchymata occurs at o 3

both localltles, and 1t is pos31ble that other florlstlc

31mllar1t1es may be dlscovered when both floras are better
Q .

:
known. The flora of the Clarno chert appears to be falrly : §
diverse. Arnold and Daugherty (1963, 1964 ) descrlbed D. |
aerenchvmata and Acrostlchum preaureum and meported the

’

presence of wood of 1nkgo. tw1gs of herbaceous and woody

dicotyledons, a rlch pollen flora, and a spec1es of

iy AN A A A AT

Eguiset recently descrlbed by Brown (1975)

Tertlary permlnerallzed plants, because they are un-
common,offer little to .our understanding of Tertlary
vegetation This is unllke the Carbonlferous. where much of 4
our knowledge of Upper Pa130101c vegetatlve and reproductlve
plant structure 1s based om the coal—ball floras. It is ”537
expected that the dlscovery and investigation of permlnerallzed ‘
plants from the Tertlary could contrlbute a wealth of” know-~ -
ledge of Cenozoic plant structure and reproductlve mechanlsms.

The dlscovery of the Clarno cherts\prov1ded the first oppor-

tunity to study a large assemblage of structurally preserved,'

il
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- CHAPTER 2 |

‘geooc¥ = '

L0caiity Daﬁapand GeOgraphjo»

The Prlnceton locallty outcrops are on

Vof the Similkameen Rlver, about 8 km SSW of

; Princeton, Britisﬁ Columbia. The 1oca11ty i

more than 3 km SSW of the abandoned town of

almost dlrectly across the r1ver from the 31

the eastfbank
the town of
s slléhtly
Allenby: and‘i
te of the

ahandoned mlnlng camp of Ashnola (Prlnceton\Mép Sheet

92 H/7 1:50,000, U.T.M. Grld Ref 783 72& 49 22 ?“ N

b 120° 32. 7 W) (see Text Flg. l)

R

Boneham (1968) referred to thls ag Locallty "I"'pf

his palynologlcal studles of the Prlnceton b
(19?6a) subsequently referred to it as the A
after the abandoned.mlnlng camp of Ashnola.'
Ashnolarno longer ex1sts, and 1ts former loc
the locallty is found w1th1n the Prlncetdn b

beenvreferred Yo as “the ”Prlnceton.locailty"

;
s

a31n. /Bas1nger

shnola locallty.
However,“

/

atlon is

seldom found even on older maps of the areai’ In addltlon,

asin and has

by Bas1nger

and Rothwell (19?5. 1977), and the ma%erlal has been referred

to as the “Prlnceton chert” by the g

av01d confu31on, the locallty 1s
/

hert 1oca11ty or" the Prlnceton/locallty thr

t3ae +

thes1s. S nff'“ At @5/. ﬁ;”

i v :,,_mt?&_-‘a;“, -
o / ce ttT .

The tOWn of Prlnceton lles at the approkimate§cen%§r of.”""”%*”ﬁ
B R RS E N . o

O

oughout thls»'7

it [
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r.

ors. In order.toﬂ,




~Pext - Fig. 1. Map of the Princeton area showing sthe . =
\{ . _Prin()_:‘e'ton-chert locality. . (After Shaw,
b 1952). = .
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a small basin which contalns a great thlckness of Eocene
sedlments. The Pr1nceton chert locallty is found near the

southern limit of- these sedlmentary rocks. . Weatherlng of

these relatively soft rocks lends a rolling appearance to

much of the basin floor, Rugged terraln ‘of hlghly resistant

Tr1a531c and Tertlary volcanlcs surround the Eocene sedi-

ments and form a rather well-defined perimeter for the bas1n.

A thick blanket of gla01al drlft over‘much of the bas1n adds

to the rounded - appearance of hlllS and SOlld rock is usually

exposed only along stream cuts (Camsell 1907)

, In the vicinity of the Prlnceton locality the Similkameen
~ River flows at the foot of a steep embankment on the eastern
.s1de of a broad deep valley. ‘The water has carved softer

rocks from the east bank, but the Prlnceton chert and more
xres1stant layers of sandstone form partial dikes across the

’rlver. These resistant layers disappear beneath a broad

vflood plaln on the west side of the valley.

’ﬂlhe Princeton basin'lies betWeen two forks of the Cascade
;Mountain~Range: contalned to the west and south by the true
VMCascades (1nclud1ng the Hozameen and Hope Mountalns), and "

| to the east by the Eastern Cascades (Okanagan Range). To

the north the country opens out'lnto the Great Interior

Plateau of Brltlsh Columbla (Camsell, 1907).

The elevatlon of the Prlnceton locallty is sllghtly
more than 700 m above sea level and about 100 m above the

-'_town91te of . Prlnceton.‘ Nearby hlllS approach 1300 m, and

altltude gradually 1ncreases to the south east, and west."



RegionaltGeology:
Geologlcal studies of south—central Brltlsh Columbla ‘

1n general, and the Prlnceton basln spe01flcally. have been
‘presented by Dawson (1879), Bauerman (1884), Camsell (1907,
| 1915), Rlce (1947), Shaw (1952), Hllls (1962 l965a, b),
and Boneham (1968). The Tertlary depos1ts of the Prlndeton
basin lie unconformably on the Tr1a831c vOICanlcs of the
- Nicola Group- (Dawson, 1879; Boneham, 1968) Upllft durlng
v_the Late Cretaceous resulted in dlstortlon ‘and severe
erosion of the Trlas31c basement rocks.‘ There appears to
have been no deposition in the area durlng the Upper
Cretaceous (Camsell 1907 Shaw, 1952) Localkzed sub31dence

K

in western Washlngton and south- central Brltlsh Columbla
|

durlng the Early and Mlddle Eocene created numerous smallv'

‘ dep031tlonal basins - (Shaw, 1952) SlX of these areas of

o

";.depos1tlon are recognlzed 1n Brltlsh Columbla Prlnceton,

Tualameen, Quilchena, Kamloops, Horsefly. and Drlftwood
Creek.' Subsidence resulted in accumulatlon of - great ‘thick-
nesses of volcanlcs and sedlments (about 3000m in the

' Prlnoeton area) It 1s belleved -that depos1tlon in all 51x_

e

of these areas as well as in western Washlngton (Klondlke

Mountain Formatlon) was synchronous (Mathews. 1964 Hllls,:;

11965a Hills and Baadsgaard 1967; W1lson, 1977,_Rouse, 1978)
. Upllf% of the region at the close of the Eocene resulted
‘in termlnatlon of depostlon and severe dlstortlon of the
-‘Mlddle Eocene rocks (Russell, 1954; Mathews. 1964 Plel,
1971 Hopklns et al., 1972) The next maaor 1nterval Ofm

FS



S ,:;'1_"1963. Mathevs, 196‘”

'3:dep031t10n occurred 1n the Late Mlocene (Mathews and Rouse.v

~ The Princetoanasiq_f”“;

£

N

Both volcanlc and sedlmentary rocks \\re recognlzed
- as part of the Tertlary deposltional sequence of the ‘

‘ Prlnceton basin by Dawson (1879). Camsell (1907), andrRlce
: (1947), ‘Shaw (1952) first gave a detalled descrlptlon of

gfthese dep051ts and recognlzed three formatlons collectlvely

SR 1 ‘
o called the Prlnceton Group., They were, in ascendlng order,

. 'the Lower Volcanic Formatlon (1500 m thlck)~ the Allenby

‘Formatlon (1200m thick), and the Upper Volcanlc Formatlon -

(200 m thick) (see Text Fig. 2) " |
The Lower Volcanlc Formatlon outcrops’and 1sbat 1ts

‘ greatest thlckness at the southern and western marglns of

the bas1n. ~The. Lower Volcanlcs wedge out toward the north—

" -east and are not found at the northern an/~«aSJER%¥{hnﬁkf§’6/
_,_the_EeLth@é |

on Nicola volcanlcs, ‘and is overlaln by the Allenby Forma~"

‘siformatlon lles unconformably . {.v'r
:tlén in the central to northern and eastern parts of the

.bas1n. The Upper Volcanlc Formatlon outcrops at the northernr
”Jand eastern parts of the ba31n, 1s greatest in thlckness 1n ,
,the east, and wedges out toward the center of the bas1n.
Hills (1962) relnvestlgated the Prlnoeton voloanlcs and |

found : that both Rlce (1947) and Shaw (1952) were in error ln tf

a_thelr placement of the Upper Volcanlc Formatlon above the

| Allenby Formatlon, and suggested that the Upper Volcanlcs of

-,



T mext - Fig 2 Straugrap_ -
e TR deposlts of 't:he Prlnceton basin.
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'_Shaw may actually be a part of the Lower Voloanlc Formatlon.,

.\‘

1nferred that the Allenby Formatlon and the.Lower Volcanic

Formation are conformable.

' Thé Allenby Formation a ' :

The Allent¥ Fornation covers-anlarea of approximately

100 sq. km., extending about 25 km north to south and about

6 to 9 km eaSt to west (see Text Fig. 1). . Sediments of the

Allenby Formation were described.by Shaw (1952, p. 8) who

states: .

"The Allenby Formation con81sts predomlnantly of .
massive, crossbedded granule—’and pebble- conglomerate,

- I . sandstone, and massive and thinly bedded shale, with
intercalated beds of coal,. carbonaceous siltstone and
shale, and bentonite. All size gradations between
conglomerate and siltstone are represented, but

'7'~'granule conglomerate and coarse sandstone seem to
v predomlnate. o - _ ,
Shaw (1952) noted that the coarser conglpmerates Were
Y & N
= @onflned to the lowermost strata, below the maaor coal -f‘ww,_

Hllls (l962) noted the presence of some small volcanlc out-
crops of a Late Tertlary age and belleved that these may
have been confused w1th the Early Tertlary volcanlcs by
the earlier workers.- '

The lowermost strata of ‘the Allenby Formatlon are
fcomposed primarily of conglomerates w1th a high percentage
of volcanlc detrltus of a local origin (Hllls, l965b)

Hllls also noted some volcanlc flows 1n this zone and

iz zones, although less coarse conglomerates can bewfqund

throughout the Allenby Formatlon¢

17
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' The composition of the sediments was recogniZed as
being primarily.granitic by Rice (1947) and Shaw (1952).
QFromia'more detailed stﬁdj{of the mineral.oomposition»of

the Allenby Formation as well as of the surrounding
yolcanics. Hills (1965b)‘determined the provenance of the
Allenby sediments to -be the Osprey Lake Intrusion which lies
to the north of the Princeton depos1ts and actually contacts
the Allenby Formation on the northern margin. Hills (l965b)
also found evidenoe‘for av,paleocurrent flow from the north

or northwest

-
‘] .

The existence of unconformltles w1th1n the sedlments
of the Princeton basin has been considered unlikely by Rice
(1947), Shaw (1952), Russell (1958), and Hills (1962,
1965a, b). - ~ =

Coal ‘has ‘been mined from exposures near the Princeton

townsite since the early part of»this century. The Princeton-

18

Black Seam is the thickest and most exten31Ve seam . asg well as - -,

the lowest occurrence- of mlneab;e coal 1n the stratlgraphlc 7

e e L o ke [ EUFSS

’isequence (Rlce, l9u7, Shaw '1952) ard has been well -mapped- - -

) w1th the use of outcrops and boreholes. The Prlnceton-Black

coal is part of a zone of coal bearlng strata Iess than

100 m thick called the Princeton-Black Coal Zone. This zone
- has been used by Hills (1962, 1965b) to divide the Allenby
Formation into an upper and a lower unit. The sediments

- below the Prlnceton—Blan Coal Zone _are over 300 m thlck _

and 00n31st ba31cally of coarser conglomerates and sandstones.

» e 3 23 T o4 e

‘ Above the coal zone are over 600 m of'shaleynto sandy straxa.:

- e

PA
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Hills (1965a)fhotes that sanostone‘lenses increase in
frequency and thiokness upward ipvthis upper unit. Since
the Princeton-Black Seam is easily recognized and itsbextent
fairly'well known,'localitiee withihvthe‘Allenby Formation
are often‘assigned a stratigraphic position felative to it.

Stratigraphic zpnation-has elso been recognized within
the Allenby Formation by Hi%ls (1965a) &nd Boneham (1968) on
. the basis of microfloral changes. Althougﬁ species vary in
abundance, there are no abrupt changes in floral compositipn
that would indicate an unconformity. Hills (l965a) lists a

lower Blsaccate Zone (60 m thlck), an Azolla primaeva Zone

(250 m thick), the Princeton-Black Coal Zone (40 m thlck),

and a Plstllllpollenltes maogregorll Zone which can be

subd1v1ded into an upper, bisaccate (600— m thlck),‘and a
lower, Taxodlum (6Q<m thlck) domaoggce subzone.? Boneham
(1968) in part dlsagrees with Hills' 1nterpretatlon: but
fV—suppofts4the<idea'of zonation;within‘fhe Allenby Formatiohg;l;
~It should be noted that Hills based his work on collectlons‘
j;made prlmarlly w1th1n 60 m above and’ 300 m below the 'j
‘wPrlnceton Blaqk Seam Boneham, on the other hand, prlmarily
studied samples taken above the Princeton-Black Seam. The
"only zone in which both Hills' and Boneham s studles have
overlapped 1s in. the Taxodlum doanance»sub%one. “Oi thls:“)”

~ subzone Boneham (1968, p. 33) states:

- "Apparently - ‘the. only stratlgraphlc ‘zone Hllls and I -
- agree upon 1s hls Taxodium dominance subzone. T

"-~Boneham' goes on to say that he could not-substantlatéAthe

‘presence of Hills' lower zones due to the lack of representa-.

I



- :was about 550 m stratlgraphlcally ab

-shale ‘is found beneath Most as3001ated strata are covered,

-

tive sampling. It appears that Hilis may have overinter-
preted regults from-his:single sample in the upper zone of
the Princeton basinband from,his.determination of apnation

in the'nearb& Tulameen (Coalmont):basin. HoWever. considera-
tion of the findings of both Hills and Boneham should give.a

reasonably accurate appraisal of zOnationlin thg\Princeton

basin. ‘ . ) \5§

In addition to studies of th® Princeton chert by‘Bonenam
(1966);'Miller (19?3)} Robison : Person. (1973), Basinger
(1976a, b), Basinger and Rothwell_(19?7) and Rothwell and

' Basinger. (1979), compfession—fossils of the Allenby Fogmation .
have been described by J.W. iDaWSOn (18?9, 1890), Penhallow
' (1908)'andiArnold (l955a. b) ' 1

RN N
R

. The Princeton Chert i~‘1;a;a1}1s;g,‘ S

. -,'*,, . e

. Boneham (1968) determlned that zze,Prlnceton locallty

e ‘the Prlnceton Black

” Seam and aboui 850 m above the base of the Allenby Formatlon.v’

T TA dense, black shale lles above the chert beds and a sandy

a

but those that are exposed are of mas31ve and re31stant

: sandstones

IFL' There 1s ol lack of mlneable coal near the Prlnceton

B e w @ il

locallty as well as 1nvthe northern and eastern parts qf

20

the bas1n wheré the uppermost strata of the Allenby Formation 3

" outcrop. ‘The fact that a thick coal deposit exists at the
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Prlnceton locallty in a stratlgraphlc ‘zone generally dev01d

of 81zable coal seams would ‘indicate that the Princetdn ,
locality*represents a local phenomenon and that such_degosi; e m
tion was: not widespread. | | |

“The Prlnceton locallty is well into Hills' (1965a)

, Plstllllpollenltes macgregorll. blsaccate domlnance subzone.e

Although Boneham (1968) reJected the existence of thls sub—.

zone on the basis of a general lack of P. macgregorll and

blsaccate gralns, both types are abundant at the Prlnceton
locality (Boneham, 1968), and remains of Pinus form a S
>31gn1flcant oomponent of the megafos31l flora. Mlcro— 2
~ecologlcal factors may have resulted in varlablllty w1th1h

the bas1n which makes Hillg' flndlngs and the mlcroflora of .

the Prlnceton locallty apparently 1ncompatable with Boneham s

_results. leferences in mlcrdfloral comp031tlon are not . 4

"7sufflclent to suggest an unconformlty between the Princeton

. localityvand other‘localltles within the basin (Boneham,

L1968

3

Strﬁctﬁre -

As noted prev1ouslyv'the Princeton locallty is a 1l0m
thick outcrop of 1nterbedded chert and coal (see Flgs. l 2)
Boneham (1968) has determlned a strlke of 27i/;,E and a dip

of 340 N for the beds. The chert 1ayers aref sharply folded e

':Mlo to 15 m up the bank but thls is probably the result of

o

slumplng.

Boneham (1968) numberedsand sampled each of the 30 or -

more layers of chert and the correspondlng number*of coal '
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'layers, but found no ev1dence of - florlstlc change durlng }k" 1"L/'
depos1tlon of the beds. ‘Basinger (l976a) noted that the / E
.1ayers were often found to anastamose or termlnate and that : /‘ . A

Boneham's system'of.numbered layers was 1ncons1stent at

various places on the outcrop. Basinger (1976a) sampled - - }*
chert from 9 broad unlts, ‘each separated by a thlck and ‘.,/
continuous layer ofiooal,-and found as much variability /-

laterally af vertioally. This variability is basically_:’
one of abundance_(dominancey and less qf actualdpresence_
or absence of a species.’

The plant fragments are/preserved in an organlc matrlx
' composed of small blts of wood leaves, pollen gralns. and
other organic debrls. Slit and other 1norgan1c_maﬂer1al }s
not a prominant’componentrof the coal‘laversland‘isf'
v apparently absent in many/v ThlS 1nd1cates an absence of
stream flow 1nto the marsh Thus, plant organs found 1n.i§
| the chert represent parts of a plant communlty that grew |
ad jacent to the dep031tlonal area. Preserved plant oréans
probaply fell drrectly into the organlc debris shortly
before s1ilclflcat10n. Some of the. rhlzomes and roots
possess rootlets that ramlfy through the matrlx and have -

been preserved in situ; therefore, water levels were low

and the marsh may have experlenced seasonal floodlng and ,j’f LTI

drylng

.

The silicates. penetrated only the top several anhes A

-

of debrls on the bottom of the marsh}“

formed'on a thleknessoof:peat that would later be oompresssed

T S e
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""" ':lJl:Eié’{I;i“Vlew °f the Pllnceton chert locallty looklng north—r SO
4 Al / -Hwest from the east 'bank of: the Slmllkameen Rlver. S

,aEiéQﬂzgg#Closeup of outcrop show1ng 1nterbedded layers of
S chert and ccal : T .

- : Y. . . Cem e 4 o
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”:fﬁfapparently do not extend far beneath the west bank. for

‘LT

23

,td.éoal. There’ appears to have been llttle or ‘no compaction
i, ! ,

of the- infiltrated layer, for plant parts show almost no

evidence of crushlng’or dlstortlon. and the partlcles of

tbeﬁergan;c matrlx are qulte loosely arranged.

”Depos1tion of the Chert —J,f

" The chert beds dlsappear beneath the "bread floed plaln

_on the west bank of the Slmllkameen Rlver The beds f“‘“*u%"”'f5~f??

g -

Boneham (1968) noted that there {5 no- trace of chert 1n

e b At e B A o i e e s i e s
Lo s e et e Yo Fahidaribasiiiiig T ey PN IR oot = T Ehrhic R

‘1:bthe well log of Blakemore Borehold #1,. Wthh was sunk
‘almost dlrectly across the rlver from the oumcrop._ Boneham
'concluded that the beds and the anc1ent marsh that they |
represent were very restricted in lateral extent Boneham
(1968) has disCussed the formatlon of chert as 1t applles ’
to the Prlnceton locallty Dep031t10n of fos3111ferous

chert depends on certaln requlrements 1) “a relatlvely

quiet body of water; . 2 assource of soluble s1llcates,

" and 3) prec1p1tatlon b the mlnerals
/ The Princeton locality was undbubtedly a quiet, marsh-

like area during deposition of the considerable thicknesses

of peat. Flooding and precipitation of mineral—rich water

eceurred repeatedly, resnlting in many Yayers of chert, with

’A each eplsode belng separated by considerable time. In
B \ ' ‘
.Arelatlvely productlve peat formlng env1ronments. such as .

- may be found 1n the warm temperate zones of eastern North

‘”*ﬁj@_{Amerapar-atums estlmated that 2 000 to lO 000 years are

L3 .
. ®or
s

R



‘eryto 100 years per centlmeter. Most éeal layers at theA

AAAAAAAAAA

2

~'?requ1red for the depos1t10n of‘the equlvalent of ‘ane. meter R
of coal (Giles, 1930 Cameron 1970) ThlS ‘is- roughly 20

Prlnceton locallty are several centimeters thick,. 1ndlcat1ng

A 4

}unlnterupted accumulatlon for over a century, poss1bly

':‘several centures, at a time. - o
| The source of 3111cateS’1n chert formatlonhls.generally
belleved to be hot mlneral sprlngs or geysers (Boneham,
iil§g%) ‘ Volcanlc ash may* contaihn hlghly soluble sallcates,ﬂw
but there is no 1nd1cat10n of ash 1n-any of the -layers of )
chert or coal ‘Ari influx of. water, hot or cool "that con-
talned the mlneral load -to permlnerallze several centlmeters
of. peat must have ‘killed the plants of the-marsh Pre-
.01p1tat10n oﬁ s1llcate from the water must have been rapid,
for some: very dellcate plant tlssues have peen beautlfully

A T PIENEY

;jpreserved.. In addltlon the mlcrocrystalline nature of the'h

N

B lchert ltself 1nd1cates rapld permlnerallzat1on._ The %1me .

'“requlred for permlnerallzatlon may be estlmated,at no more

| than 'a few days Greater lengths of tlme would probably

have resulted in degradation and collapse of some‘of the

more_delicate.tissues even tHOugh microbial action may have

been arrested. | }. |
Permlnerallzatlon 1s a’ poorly understood process. Y

Pre01p1tat10n requlres condltlons of supersaturatlon which

may have been accompllshed by exces31ve evaporatlon (Arnold

and Daugherty. 1963), a drop in temperature, or a change 1n

~1pH.~ ‘Correns (1950) ‘has shown that a change in pH from 9 to



e,

‘: for there is little distortion of plant parts.»»f

-~

5 results 1n the preoipitation of 2/3 of dissolved Silicates ?

from a concentrated solution, Boneham (1968) believes that,',

3

the waters of. the marsh were. aCldlc and that both- rapid"

.evaporation‘of~mineral water and a miXing Wlth:aCIdlc ater'

‘caused precipitation. Arnold and Daugherty (1963) inter-

preted the formation of,the Clarno chert beds by the formation

:-f*of a Silica gel upon prec1pitation of dissolved SlllClc aClh

and accumulation of the gel in the SOll Expulsion of.water
by the weight of a sheet of 1a¥a’ resulted in solidification.
However, some degree of compaction and probably a %Feat deal
of distortion of contained plant parts would be expected ,

during.compreSSion of an-unstable layer of Silica gel That

a gel phase always occurs during permineralization has not

beén established (J. M Schopf -pers. comms ) i Dissolved .

-

Silicates may have entered the crystalline phase directly

The Prfnceton chert‘ma have formed—by bypaSSing a gel phase,--

-~

- The Clarno chert shows some Similarity in appearancev
and vegetational compos1tion to the Princeton chert. It

is probable that both depos1tsrwere formed in much the same

~

way, that is, by periodic influx of minerals rather than
slow accumulation of. silica in the SOll Gradual accumula—'

tion of Silica certainly did not occur at the. Princeton ‘

locality, for the chert layers are quite discrete ‘and the h

EN

coal layers are relatively free of s1licate. The Clarno :

»

chert,does not show cyclic,depOSition In'the same way;as~"

the Princeton chert,and“is closelyfaSSociated‘with‘beds,dfﬂi

o

e e
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", unstable perlod of volcanlsm. In thls way the Clarno chert

.‘resembles the cherts of the Deccan Intertrappean Serles of 1 -

vh';gﬁlayers trapped between lava sheets.' The mlneral sources 4-_'

7ffor the Clarno Intertrappean cherts may have been elther

. hot Sprlngs OI‘ Volca_nlc ash. . _,,,,_,i——'- e

//

I
The Permlan cherts reperted by Schopf (19?0 1971)
from Antarctlca also represent s1llclf1ed peats. From

Schopf s descrlptlon it 1s apparent that these cherts. like l,-»~’;;
P TR

................. - ‘r ’“"
R . | '
........................ e '_,—»4 \‘A - Y

~».A’u,,-‘_A-,.;.}_":eplsn.de of*floodlng. f o ‘.,\'f”,' %;"

e N
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. - The Devonlan Rhynle chert locallty of Scotland is- the

bonly exten51ve deposlt other than the Prlnceton localltyL e
. . _ “.3\ 5
"fknown to the author show1ng cycllc accumulatlon of foss1l-» TN

-'.7‘.‘_ ”.

leerous chert. Kldston and Lang’ (1917,,p 764) note layerlng ff

of the Rhynle cherts and’ 1nterpret chert formatlon as follows
| "..4 thls process of the formatlon of beds of peat
"with the deposition of thin layers of sand, went on
ti1l a total thickness of 8 feet had accumulated

After the formatlon of 8 feet of alternatlng peat
.and sand-local phy31cal conditions must have altered,
~for water with silica in solution, possibly dlscharged
. - from fumaroles.and- geysers, poured over the| peat bed
co-and. sealed 1t up.” - e -

‘.‘.

However, flne quallty of preservatlon ‘in” the various layers R
"of the chert 1ndlcates perlodlc permlnerallzatlon by 1nunda-
tlon w1th 31llca—r1ch Water rather than a 31ngle floodlng

It is llkely that the Rhynle and . Prlnceton cherts were

;. B - ) RO



| dep031ted under s1m11ar chcumstances.
The deposltlon Qf numerqus layers.0f-chertgcontribufes
" to‘a dlvers1ty unmatched at the Clarno andjmost of “the Deccan l
Intertrappean localltles, where only a 31ng1e layer is:
generally found at any one locallty._ The Prlnceton cherts
record-changes ‘in; domlnance and to some degree in communlty
comp031tlon. These changes are not a result of seasonal
’varlatlon in floral compos1t10n, for. estlmates of dlver31ty

are oased/priﬁarlly u@on woody axes and underground rhlzomes , s

R of 51gn1flcance is the preservatlon of<d£§§gren$/deve16p—

e

vmental_§§ages,of,xeﬁrcduEfiVe/organs in the different layers

‘“;ﬂ.’-hof chert‘ »Th1s~1s probably due to ﬁﬁe tlmé of year that the oo

. varlous layers of peat were permlnerallzed -

] R *
The Prlnceton localltm has proven to be” unlque among

'“’17gTert1ary permlnerallzaslon localytles in. abundance of

materlal dlver31ty of the flora,.and quallty of preservatlon. ;3

\

;_-. ;g,,.;best;coal:barg T ;1df“%he-?ennsylvan1an

L ‘ S : o o %
Otﬁer Chert Beds in Southern Brltlsh Columbia

Ba31nger (1976a) referred to a report of exten31ve
_chert dep031ts at Vermllllon Bluffs, about 5 km west of
'Prlnceton on the Tulameen Rlver, by Dawson (1879. p. lBlB) B
‘Dawson noted the presence of "s111c1f1ed grass stems and

other "Vegetable fragments" in- the chert. This: locallty

had not been examlned by the author at that tlme. but a

_In these respects the Prlnceton chert is comparable to _the - -«if;lfkﬂ-
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small amount of materlal has 31nce'been COllectedffrom what
w1ll be referred to as the Vermllllon Bluffs locallty. I
have not recognlzed grass stems, but haveubeen able to

1dent1fy rhlzomes of Eorhlza arnoidll and seed cones of

MepaseQu01a. The chert is hlghly ox1d1zed by the smoulderlng
of.asSociated coal seams, “s0 that most layers)lack organlc_
resmdues. Chert layers, shales and coal: ash are all colored
from red to orange by baking and form steep cliffs of up to
50 m high (hence the name Vermllllon Bluffs) Some darker

1ayers do occur, howeVer. Most chert layers contaln fresh—

ater 1nvertebrates such as snails and probably represent

,1A s111c1f1ed lake mud Other layers contaln plant materlal

'ul and,may prove to be Very 31m11ar to//he cherts of the Prlnce—

tonrlocallty The Vermllllon Bluffs locallty is qulte near_'-
stratlgraphlcally to the Prlnceton—Black Coal Zone and 1s,
therefore, about 500 m below the Prlnceton chert locallty

I have also found small pleces of f035111ferous chert
of an unknown, but certalnlv local,’ orlgln in a coal dunmp -
on. the west 51de of the town of Prlncetonw(the Prlnceton

Schoolyard locallty) Thus, condltlons for cycllc dep031t10n

l of shales or coal and fos31laferous chert may have been

ry

T w1despread 1n the Princeton area throughout depos1t10n of

“the Allenbv Formatlon, and it-is. poss1ble that other
‘ localltles mav be dlscovered in the bas1n or perhaps in
31mllar Tertlary bas1ns 1n other parts of southern Erltlsh

Columbla.
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Age of the Ptinceton Chert

| The Princetonxlocality has been shown to be /& P of
the Allenby Forqation, and there appear to De nééiggtjil;%-
ities.within the Allenby, or between it and the underiying
‘ Lower and Upper Volcanlc Formaflons (see pp 1? - 21)
Therefore, dates determined for any of the rocks of these -
formations are appllcable to the Pplnceton locallty.
| Early worképs believed, with sohe reservation, that
sediments of the Princeton.basin as well as of other Tertiary
" basins in the area were of a Tate Tertiary age (G.M. Dawson,
1879; J.W. Dawson, 1879, 1890 Scudder, 1879, 1895 Camsell
1907; Rice, 1947; Shaw, 1952). )
- Russell (1935) and Gazin (1953) repo}ted.remains of

>

Tillodont mammalé from the Allenby* Formation and concluded
that the sediments were of Eocene age. Palynoiogical_
investigations by Rouse.and Mathews (1961), Rcusc (1962),

and Hills (1965a) reveal some comparability of microfloras

~ from the Allenby Formation to those of the Burrard, Kitsilano,
Mcintoshy and{Green River Formations, all of which have been

considered Mlddle to Upper Eocene in age. Pistillipollenites

" macgregorii Rouse (l962),'wh1ch appears to be a palynomorph

characteristic of the Middle Eocene (Rouse and Srivastava,
1970), has ceen repofted from the Allehﬁy Formapﬁon by ﬁouse
(1962), Mathews and Rouse - (1963), Hllls (1962 l965a), Hills
and Baadsgaard (1967), and Bonehﬁm (f968), éﬂ&sgs.found in

‘ abundance at the Prlnceton 1ocallty (Boneham, 1968) .-

I
¥ L.
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The age of the Allenby'Formation remained in some doubt

untll potass1um argon (X-Ar)- dates were recorded by Rouse

LR and Mathews (1961), Mathews (1964% H;lls (l9§ja), and Hllls

and Baadsgaard (19679 ‘The resulis of these studies are
presented in Table 1. Those determinatlons from the Princeton
basin are noted; other localities are in other basins of
gouth-central British Columbia. Discrepant dates are
explained by contamination or argon logss. "Dates from the
Princeton Group range from 47 to 52 million years (m.y.),

with a mean of 49 m.y., most of whlch are from the upper
parts of the Lower Volcanlc Formatlon However, one date
from the Prlnceton ash, near the Prlnceton-Black coal zone,
of u48 m,y, (note that Mathews (1964) ancluded dates from
Rouse and Mathews' (1961) in his report), and one date of
47 m.y. from Collins Gulch, near the .coal-bearing strata
of the Tulameen area, reveal llttle difference in age

between the sediments and the volcanics. The coal zones of

" both the Princeton and Tulameen basins have been correlated

on geological and palynological ev1dence by Hills (l965a)
and Hills and Baadsgaard (1967) .

The Princeton chert locality is roughly the same
\dlstance stratlgraphlcally above the Princeton ash as the
latter is above the dated volcanlcs. If the.radiometric
dates were w1thout error, it may be expected that the |
Prlnceton localltv would be roughly 2 m.y. younger than the

Princeton ash, or about 46 m.y. old. The close correlation

~of the dates from the yolcanlcs ‘indicate relative accuracy,



Table 1. Potassium-argon dates of Lower Tertiary sediments

in ‘southern Britifh Columbia. Those dates from the

‘ -
- Princeton Group are noted.(*),,
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Author . v Locality . _Age
(xlO6 yrs.)
Rouse Princetan (Allenby Fm., Prlnceton Gp. ) Lg*
and:~ Tranqullle . . (XKamloops Group). - 49 .
"Mathews’ "Savena Mountain (Kamloops Group) g -
(1961) Rock Creek (Mldway Group) ’ ho
Mathews Princeton (Allenby Fm., Princeton Gp ) L48x
(1964) Rock Creek (Midway Group) . Lg
o « ~Kettle River (Midway Group) - L8
Joe Rich (Kettle River Fm.) - 46
- ~Savona (Kamloops Group) Ls
Tranquille (Kamloops Group) Lg
Shorts Creek (Kamloops Group) L7
T. Allin (near Driftwood Creek) 53
Hicks' Hill lava (near Driftwood Creek) L8
Hills Sunday Summit (Princeton Group) 20*
d » " - . ’ " ) . 8*
aadsgaard " " 52%
- (1967) ~ Allenby - (Princeton Group) 50%
” . " . Ll'9*
Sunday Creek (Princeton Group): L7
" ” ) / i 50*
‘McAbee (Kamloops Group) 50 -
" . [T L}B
" n 51
" " 57 , 56
" ” 67 , 56
Battle Bluff (Kamloops Group) 51,
" " 50 i
b " - " o
" 11} 8
Quilchena 79
(1] 22 .
Collins Gulch ,(Tulameen, Princeton Gp.) Lo
Driftwood Creek 126,

T
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'but the" date from the Prlnceton ash may be expected to be
_accurate w1th1n -2 m.ye (Mathews, 1964) . However, the

‘ ,aé;eehent of the ages “of the Coillns Guth ;nd»Prihéetoﬁ‘°°-*:$
agshes gives more credence to the age of the latter. In

addltlon, a span of 2 m.y. is acceptable for the depos1tlon

- -

of 500 m of sedlments, and there are no 51zable hlatuses 5
recognizable in the Allenby,Formatlon,above the Princeton-
\Black .coal zone. -

The date in Table l 1nd1cates that numerous other‘
depos1ts as far north as Drlftwood Creek are of roughly )
the same age as -the Allenby Formatlon. “ This depos1tlonal
phase was terminated in all of these areas about 45 m.y.
ago (Mathews, 1964). The nearness of the Prinéeton
locallty to the top of the Allenby Formatlon and, therefore,
to the end of the dep031t10nal‘phase also suggests that
the chert is no younger than 45 m.y., and probably not much"

older.

»

‘ The depos1t10n of the Allenby Formatlon, therefore.
was begun about 49 m.y. ago and contlnued unt;l about 45 m. y.
ago. Using the time scales of Kulp (1961) and Harland et al
(1964) this 1nterval corresponds to the Early Mlddle to Late’
Middle Eocene, or to the . Clalbornlan or Brldgerlan Stages
of the Eocenét The Allenby Assemblages are roughly equivalent

in age to the Clalborne (soptheastern Unrted States),

Kissinger Lakes (Wyomlng), early Green River (Wyomlng, Utah, .r“ﬁ

-and Colorade«, and Burrard (coastal British Columbla)

‘assemblages, are older than those of the Susanv1lle

-+ o



(CallfOrnla) Clarno (Oregon) Kltlsllano (coastalAﬁrltlshif”

Columbla). and Ravennlan (Alaska) beds, and younger than

.-,,the W;lcox (§outheastern Unlﬁed States) Wlnd Rlver'

b o

| (Wyomlng). and ‘Ghalk ﬁlufjs (Callfornla) assemblages T
~"V"«"-"_'(DJ.].cher, 1973, Leopold and Macglnltle, 1972; Macginitie,
... =1974; Rouse, 1977; Rouse et al., 1971 Wolfe, 1971, 1972, o

L . N ”A--.""»>,_

1977)

_ Since the Prlnceton chert locallty -was' dep031ted in

late Allenby tlme, about Ugim;yi agoy 1t is of. mlddle or A.

o = ¢ x o w

late-ﬂlddle Eocene_age.'

. v
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o cHAPTER3 .
;MATERIALS“AND_MElﬁODS‘_'Tj"

“ .

= e <

oollectlons e L DT e e e e e e e
Blocks of chert varying in size from a few centimeters
‘|$o more than half a meter in dlameter were mass collected

from the Prlnceton locallty on several occas1ons between

'ﬁl974 and 1976 (see Ba51nger, l976a) Small amounts of

| chert were recovered by C.A. Arnold and R.F. Boneham 1n
\

' the early 1960 S. Materlal was selectlvely collected
durlng the summers of 1976 1977, and 1978 by W. N SteWart

" IMLR. Ba31nger,'w J. Basinger, M. V.H. Wllson, A, Llndoe, and

A

'the author All material is dep031ted 1n the Un1ver31ty of
'Alberta Paleobotanlcal Collectlon, Department of Botany, a
n1vers1ty of Alberta ‘Edmonton, Alberta (uaPC), with the
xceptlon of chert collected by G. W, Rothwell "W.N. Stewart,

L Dennls, and M.S. Bros1er 1n 1975 whlch has been

epos1ted in Department of Botany, Oth ynlver31ty, Athens,

'Ohlo.. All materlal flgured in thls the31s is depos1ted in ‘

he HAPC

aterials ﬂf‘ - - o : o qb," I
Over 30 la&ers of chert were recogniZed'gy Boneham

1968); however, chert layers frequently anastomose or are.

ig hlghly varlable., Ba31nger (1976a) broadly grouped the

a5

1scont1nuous horlzontally, and thickness of . 1nd1v1dual layerS“ '



'layers into 9 unlts and . found changes in domlnance, but .nho
'; florlstlc dlfferences, between unlts Changes in. domlnance
have also been found with horlzontal sampllng. For these-

;'reasons ‘no further attempt has been. made to number Br

,,,,,

'h~.correlate the layers‘of chert. Numberlng of the layers has

also been impractical due to the large amount of material.’
collected from rubble at the base of the outcrop and forﬂa;
‘sbort7distancemdownétréan}j“Blocks of chert are very’difficult
to remove from the outcrop, and attempts to- break the chert-
frequently result 1n shatterlng. Over four tonnes of
materlal have been removed from the outcrop and theviocality
.1s now strlpped of most of the easily acee831ble, productlve
chert. | | . '
| Chertsblocks‘vary from“black to light grey in color,~
with colorless to blue, white, or red fracture infiilingstbg
Weathered faces are'white to buff in colar, with plant parts
clearly visible on the surface.' Surfaces of freshly broken ,
pieces may or may not reveal the presence of preserved
_’plants. The quallty of preservatlon and degree of degrada-
tion prlor to preservat1o7 varies greatly among blocks. Often
_the/general appearance of a block glves some- indication of
the nature of preserVatlon of the’ plants 1n81de. For example,l
black, opaque chert fracturlng conch01dally, and w1th a '
.smooth and shlny appearance 'to a fresh surface. usually
-contalns well preserved mater1al that is ea31ly studied from
peels. A contlnuum of shades exists between the extremes of.

black and llght grev cherts, and, 1n general,preservatlon is

Ko



'better in darker blocks.-'

If the above descr&ptlons are cons1dered when collectlngu

b I

a minimum of wasteerock<1s.taken1 -Well—preserved plants can

be found, however, in all types of chert. - The first mass -

_collection of the present study tendedmfo be indiscriminate

~in an effort to reduce blas of sampllng. :However, upper

layers of chert tend to be llghter in- color and contaln less

~ well-preserved plants than the black chert of the lower layers
'-As a result,-nmost. materlal has been taken from the lowest
levelS’of the outcrop In addltlon. no Pplants have yet been -

-found in these llght colored blocks that cannot be found,

better preserved,,ln the'darker blocks.

Methods

Preparation of the matérial-for study requires slabbing

of the chert blocks with an oil—cooled rock saw, followed by

‘thin-gectioning Or'peeling'of-the surface. If plant organs

are visible on the surface,. the blo&k is cut so as to provide -
the most useful orientation'of the\Section. If no plant'-
parts are visible, or there is no indication of thelr

orientation,. blocks are cut so that the saw kerf is per-

:;pendlcular to the beddlng plane In thls way cross- sectlons

of" axes, which have fallen 1nto the peat and thus are

horlzontal are most frequently obtalned Thlckness of
ﬁslabs varies from l to 2 cm dependlng upon the type of plant ‘

; parts Preserved

,,,,,,,
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| from blulsh to brownlsh 1s relatlvely abrupt and thls is

- 38

Thorough removal of saw 011 w1th detergent extends the
llfe of the a01d bath used 'in’ etchlng._ However, res1dual

oil that has - penetrated the rock surface and seeped 1nto

'cracks w1ll not affect the etching process or the quality

of the peel, even if it oozes to the surface during the
procedure; |

As noted under "Materials”, there is conslderahlea
varlatlon in the color of the chert Color is a result of
the amount of carbonaceous res1dLe remalnlng in the rock.
Tt s not known whether organlc residues oflthe pale. blocks
escaped during or afteryi:os3111zatlont ‘As a result, many

blocks cannot be peeled but must be thln sectloned for

study. Thin- sectlons were necessary for the study of wood

«structure as well. These were made by standard thin-

sectlonlng technlques.

Peels of black, carbonaceous ‘"blocks were made by a

L v

' modlflcatlon of" the cellulose -acetate peel technlque of

Joy,. Wlllls, and Lacey (1956) Modlflcatlons 1nclude T
etching in full- strength (about 50%) hydrofluorlc acid (HF)
for about 1 minute and neutralizing in a saturated solution
of sodium blcarbonate (NaHCO ). Since the  time required

for a proper etch varies with the type of chert and the

strength of the a01d, methods depending on factors other

v

-than. tlmlng were developed. The best lndlcator of,the depth

of etch is color. A very dark slab will change color from

black to blulsh to pale brown to darker brown. The change

> a
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the point at which tne'slab must be retrieved from the'acidl
and neutralized. Gray»or brown blocks may show other color

'changes'ﬁhile.belng etched, and experience. is required to
determlne the approprlate etchlng times.

I previously recommended qeutrallzatlon in a saturated
NaHCO3 solution for at least 15 minutes (Basinger, 1976a).
JSincedtben I havetfound that a‘crystalline deposit forms on
the surface of slabs left in the NaHCO3 solution. This
depos1t is transferred to the peels To avoid this deposit
it is 1mportant that the slabs are reéoved from. the base and
flooded w1th water soon after vigorous: bubbllng stops. No
technlcal problems-have been encountered as a result ofc
tres1dual HF on the slabs. |

Cellulose acetate film of O 003 inches (3 mil) thlckness
(about»0.08 mm) was found most suitable, for it resists
tearing more so than thinner sheets, but is thin enough for

-

even critical microscopic examination under oil. Demineral- T
P

ization is another questlonable ‘procedure. - Bas1nger/ti976a)

and Basinger and Rothwell (197?) recommended/demlnerallzatlon

Pt

‘in full strength HF for 1 mlnute/' Not all acetate fllms can

withstand treatment/With concentrated HF therefore, 1t is

"

'ad/lsed’tbat thls procedure be dropped or used with extreme

caution. In most cases demineralization is unnecessary, but,
if attempted, a concentratlon of no more than about 25% should
be used and a piece of clear acetate fllm should be placed

in Wlth the peel to glve an indication of the damage or

\cloudlness belng caused by the acid.
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Peels are rendered transparent by many types of clearlng
"Aagents, but Burgamot 0il is preferred for 1ts low. volatlllty

‘Cleared peels were mounted in Harleco Synthetlc Resin or )

Permount. :
Bulk maceratlon of chert was attempted by Miller (1973)
for the retrleval of pine needles from the matrlx, but was

unsucessful. I have had sugcess freeing thick-walled seeds

_—

from the matrix by bulk maceration with full strength HF., —

- Even these seeds are'extremely,fragile and are little more

than loosely assembled'Organic dusta & silicate matrix

appears to be all that hol e carbonaCeous residues

together, and los the matrlx results in dlslntegratlon.
This pr dure may be useful for studylng small resistant

structures: such as seeds, for mlcroscoplc features such as

-

. tracheld plﬁélng or. stomatal structure, or for palynomorphs

" (Boneham, 1968). Larger, complex, or more dellcate organs

cannot beuretrieved by maceratfon and_must be studledvby
sectioning. | | | |

Any attempts at fracturing blocks along surfaces of
leaves or other organs have been unsuccessful. Blocks
fracture along infilied cracks or fracture conch01dally

without any notable effect hy the plant parts contalned.'



| CHAPTER % -

DESCRIPTION

"etative and'reproductive organs of Metasequoia

are abundant in the Prlnceton chertl Organlc connectlon

of roots, stems, leaves, and cones has not- been found but
thelr former connectlon may be inferred by assoclatlon and
morphologlcal and anatomlcal comparson.. The varlous plant

“_parts are 1nd1v1dually descrlbed and dlscussed before being

~
N

collectlvely 1nterpreted.

'

\f - Wood'

N L

Conlferous wood and tw1gs arevcommon in the chert._ On
flrst appearance “these remalns can’ be grouped into two
typesz “those with and those w1thout true res1n ducts."All'J'
remalns w1th true resin ducts are presumed to belong to

Plnus 81mllkameenen31s Mlller (l973), for all speclmens

N
vcrltlcally examlned do conform to. thls spe01es The second

-type lacks true re31n canals. although traumatlc res1n cysts '
may be present Remalns of the latter type 1nclude leafy
vshoots, small and large - tw1gs; some large branches of
several centlmeters dlameter. and numerous small fragments
of large axes. T . »
| In most 1nstances. s1ngle deflnltlve features of
'rsecondary wood that can be called "characterlstlc of a -

@
‘partlcular spec1es. genus, or even famlly'of conlfers, do

b1
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not exist. _Ratherb“a suite of,features;'ncne offwhich is

ftruly characterlstlc for the species of wood examlned must

[

~

be relled on.
| Care must be. exer01sed w1th all characterlstlcs used,
. for varlablllty w1th1n a spec1es may compilcate 1dent1flcatlon
Thls variation may be caused by a number of env1ronmental
.factors ‘such as.m01sture, temperature, seasonal temperature
fluctuationsf”andwscil type.. For these reasons, as many
"featurés of wood anatomv as poss1ble. partlcularlv those
--shcw1ng\most con31stech. must be used for 1dent1flcatlon.
ASlmllarly, the orlgln of the - wood must be cons1dered s1nce .
'growth rates and therefore the sppearance of the wood may - .
‘-vary greatly in dlfferent.parts,of a single tree.‘ Wood to
be identified should be of a similar orig&n to that indicated
~ for the descrlptlons of spe01es used for comparlson. Such
descrlptlons -are- generally ‘based on the mature wood - of the
trunk., Wood of ‘the branches and - tw1gs of the foss1l is
discussed follow1ng descrlpt;on'and dlscusslon of the mature

. wood. T ..?‘{_ . _413_

One of the- greatest handlcaps t

i tlon of f0351l wood is the often llmlted qﬁantlty and- qualltyf]
Lo
of materlal avallable for study.q Thls results in a fallure

to ‘see numerous features and limits 1nterpretat10n of the

range of varlablllty 1n thetfoss1l spec1es. The abundance

iy

.of material avallable for the present studyvcontrlbutes to

~h

a relatlvely good understandlng of the wood anatomy of the

.Prlnceton fossmls.

I
v
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’ WOOd Description -
Transverse Sectlon
Tracheids are 25 - 95 pm in radlal dlaneter and 25 - . .
65 pm in tangential diameter. Flber trachelds“are of a |
>/~sasimilar tangential diameter, but“are.usually;pnlyl8 - 15 pm
in radial dlameter Larger tracheids and figer-traoheide ‘
' areqdlstlnctly angular in cross- qentron, smaller ones, oval
to crrcular%(Flgs. 5 - 8).

Tne dietlncfion‘between early and late wood may be
‘sharp (Fig. 6) ‘to-vague (Fig. 5). Wood of larger axes most
often exhibits an abrupt change, although some %ranches of
moderate 81ze show either or both patterns (Fig. 3). Growth
rings are 0.3 - 1.3 mm wide; those with a gradual change
from _early to late wood typically are thlcker and have a

~smaller ratio of early to late wood thicknesses (1:1 - 1:4)
tnan'those with a very abrupt cﬁinge (3:1 -~ 10:1). Such .
unequal development on dlfferent sides of a limb is typical
of the exaggeratlon of growth and flber production in the
development of compression wood. Wood of the flrst few |
growth ingrenents (juvenile wood) has a similar appearance,
but is due to rapid increase in'girth ofpyonng shoots.

Cell walls of most specimens have undergone significant
degradatlon prior to or during permlnerallzatlon, or may
have been dlsrupted by . crystal growth of the 31llcate matrlx.
As,afresplt. the walls(may-have a reticulate appearance or
may be somewhat.lndistinct and appear ffuzzy”. In well

4preserved'material, cell wall thicknessesy0f early wood

) o



(1.5 - 2.5 Pm) and late wood (b 0 - 5.0 Pm) can be measured
(Fig. 7).

Horizontal walls of ray and wbod parenchyma cells show
'no evidence of pittiné.
Tangential Section:

Some early wood tracheids are pitted on their tangential
_ Walls. Pits are circular bofdered, 15 - 20 Jum in diameter,
and}sCattered (Fig. 13). Apertures are circular and 5 - 7
pm wide. Pits heve‘not been found on tangential walis of
fiber tracheids of. the lafe wood.

Rays are uniseriate {Figs. 12, 13), occasionally
showing pairing of cells in-the'body of the ray (Fig. 30),
and are Highlf Veriable in heigﬁ%. ‘Rays may be a single cell
to as many as 80 cells (1.5 mm) high (Fig. 12). Rays of such
great heights-are not—isoleted=occurrenees. Many rays exceed
50 eells in-height,\end rays ef over Ss,eells are very common.

Ray cells are 16 - 13 pm higﬁ ahd 13 - 16 Jm in
tangential diameter. No evidence of°pitting has been found
on the tangential walls of ray cells. K
Radial Section: -

/

Trachelds have been measured to 6 mm in helght and
laek fertlary or spiral thickenings. Fiber tracheids often
show spiral striations or spifal checks (Fig. 33) that are
a resylt of preser#atioh and "dﬁe to mechanical changes in
the trachelds and are in fact cracks or fibrils bearing upon

the. mlcellar structure of tracheldal walls"” (Greguss, 1955.

P 3l) (see,Fag. 35). . These striations are not of taxonomic
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significance and are not to be confused with spiral
thickenings. | ‘ _ -

Circular bordered pits  on radial walls of tracheids -are *
in uni- to quadraseriate rows,'oppqsite, and close but not
crowded (Figs. l?v 22, 23). Pits 17 - 23 pm in width with
apertures 5 - 7. 5 jim w1de occur in a unlserlate row on fiber
trachelgs of. the late wood.f Crassulae (Bars of Sanlo) are
consistently observed in VYi-to guadraseriate rows of pits
and are less frequéntly found betﬁeen pits of é uniseriate
row (Fig. 23). !

. Rays appear to be homogeneous; ray tracheids have not
been recognized. Ray cells are 50-250 Pm in length (radial
dimension) with tangential walls usually nearly vertical but
occasionally inclined %o as much as 45°, Tangential and
_ horizontal walls.are about 2.5 pm thick and smooth. Inden-
tures are present but not conspicuous (Fig. 26).' Resinous
material‘occﬁrs rarely within ray cells.

One to five taxodi&id, half-bordered pits are found in
“the cross-field. Pits are 9 - 14 Pm'in diameter and occur
. in one or two.horizontal rows on broad tracheids of the ’/1/
early wood} and singly, diagonally, or in one or’twb vertical
TOows on nérrqwer-tracheids and fiber tracheids (Figs. 17, 19,
20); ‘Pif borders are'broad—eiliptical to round; apertures
are oval to slit-like and commonly inclined at’about 4y5°

(Fig. 2b).



. ‘Wood Parenchyma gﬁ

Wood parenchyma is dlffuse (metatracheal) and common
but not abundant. Cells are filled-w1th globules of res1nv
(Fig. 30). Ind1v1dual cells are 25- 50 pm in tangentlal
diameter, somewhat thlnner in radial diameter, and 70 - 160
jm in helght. They are usually somewhat smaller in dlameter
than surrounding tracheids Hroizontal (end) walls are,
smooth to slightly bead~likes Half bordered pits, 6 - 12

. vaiﬁ diameter with oblique; eye—shaped apertures (similar
to pits of the cross-field), no;mally.occﬁr in a single row
on vertical walls (Fig. 32). Not all wood parenchyma
exhibité‘pitting.

Traumatic ReslnleSts:

Schizogenous traumatic resln cysts or resin bladders,
about 50 pm in diameter, are formed in tangentlal rows that
often extend over much of the circumference of the stem
(Figs. 5,”27); horizontal resin cysts have not been found.
Resin cysfé:usually occur within the first few rows of
early wood tracheids (Figs. 5, -27), but may be formed at.
»other times of the season as well The  term cyst isvused-
in preference to canal 81nce the cav1t1es are not continuous
either vertically or tangentially (Penhallow, l907). Resin
cysts are not tylosed. N B

Resin cysts are surrounded by, an eplthellum and

parenchyma cells typical of those found in assoc1at10n with
—

-

resin cysts in other types of conlfers (Penhallow. l907,

Greguss, 1955) (Figs. 27 —»29). Eplthellal°ce113"are short

L6



and 1rregularly shaped w1th bead llke to nodose walls

(Flg. 28) A second layer of similar cells may be present.
Outermost is a layef offcells similar to wood parenchyma),
5utuwith or without.resiniahd freqaently heavily pitled
with up to 3 parallel,'verfical fbws?of-pifs (Figs. 30, 31).

Cysts agd surrounding parenchyma cells are generally
devoid of resinous contents,'althoagh weod parenchyma’eells
elsewhere in the“same'speciﬁen have resin globules. 'This
brlngs to question their descrlptlon as "resin” cysts. The
'type of materlal contained in the cysts was certainly
different from that of the'woodvparenchyma.cells{.

Other Structures: \

'Large, amber-eolored bodies are. occasionally foundvln
.asseciation with fay cells and ﬁay'fepyesent'resin deposits
within so-called resin tracheids of Penhallow (1907)

(Fig. 39). Theselglobules are‘abundahtuto scarce or absenf
in various samples of the'fossil wood. The proximity to ray
parenchyma weuld suggest-thatbthese strucfures may be tyloses,E
but resinous material is rarely found within ray cells. 1In
addition,‘a cellular nature has not been established for

these bodies. f

.Basinger'(l976a) noted the'qccurrence of(spherical
bodies that occluded some traeheids Their occlusive nature-
v1s the only resemblance to tyloses and it 1s now certaln that
the use of the term “tylos1s" in reference £¥ these structures
(Figs. 37, 38) is 1nappropr1ate.{ What they are is stlll

uncertain.



Wood Discussion -

descrlptions are based on the mature wood of larger axes
except where noted.

Identification of the fossil wood as taxodlold is
supported by th§§follow1ng features

1. absence of true re31n ducts, although traumatic

resin cysts may be common. |

2. very tall uniseriate rays.

3. taxodioid pitting in the cross-field.

k. smooth tangential walls of_the\ray cells,

5. up to 3 or 4 rows of opggsite pits on the radial:

vwalls of *tracheids; crassulae conspicuous.

6. wood parenchyma present, ‘diffuse, resinous.

7. absence of spiral thickenings on tracheid walls.

8. distinctnessiof growth rings and growth ring .

delimi tatio-ns :

Dlstlnctness of growth rlngs and ring dellmltatlons
was used by Greguss (1955) for recognltlon of members of
.faxodlaceae However, the prlmary value of thls character-
istic is as an 1ndlcator of phy31cal conditions under which
growth occurred.

’Tracheid size is'h<§hly dependent on growth rates and
height on a tree, so is of questlonable taxonomic importance.
Brown and Panshln (1940) note that this character may be of
some use particularly when size extremes are reached. For

instance, maximum tangential diameters of 70 - 80 Jm recorded

In the following comparisons with other woods, all A
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fo Taxodium.distichum'and Sequoia sehpervirens tracheids-

ar greater‘than thosevof otherlconifers. The foésil wood
81m11arly has very w1de tracheids (65 pm max1mum) As may
be expected, tracheid length is dlrectly proportional ‘o

w1dth. Tracheids'of S. sempervirens measured by Brown and

Panshln (1940) and Hlda (1953) are generally between 4 and

8% mm in length, and those of Sequ01adendron glganteum and

Metasequoia - glvptostrob01des are also 31gn1flcantly greater

than these of other conifers (Hlda, 1953). Tracheids of the

Prlnceton fossil are up to 6 mm in length.

Ray height is highly varlable within a spec1es or w1th1n

a single tree. However, maximum ray height may be useful in
identification, particularly if extremes are reached (Brown
and Ranshln, 1940; Pelrce, 1936) Ray heights approaching
those of the Princeton fossil (80, cells) ‘have beeén recorded

only for S. sempervirens (&O+) and T dlstlchum (60+) (Brown

and Panshin, 19403 Greguss,’ "1955) .

Although various comblnatLons of these features appear -

in other coniferous Tamllles, and in some cases show some
inconsistency w1th1n a single spe01es, all together‘they are
a rather good 1nd1cat10n of afflnlty to the Taxodlaceae.*
Woods of the Cupressaceae could be most . ea31ly confused
with those of the Taxodiaceae. Although Greguss (1955)
‘maintains that'they_are ea51ly dlstlngulshable by characters
‘guch as bead—like thickenlngs on the tangentlal walls of
ray,cells in the former} inconsistenCy of,such featureS»

'throughout the family have resulted in confusion of fossil

}

Lo -



woods of these families (Torrey, 1923). The presence of

traumatic resin cysts in the Princeton material, howevers—

- indicates a relationship to the Taxodiaceae. /?w??fk,
The Taxodiaceae may be divided into two groups on the

basis of dentate (Glyptostrobus and Taxodium) or smooth

-(Sequoia, Sequoiadendron, Metasequoia, Cryptomeria,

Athrotaxus, Taiwania, and Cunninghamia) horizontal walls:

of wood parenchyma cells (Greguss, 1955) The smooth to
slightly bead- llke horlzontal walls of wood parenchyma in
the fossil‘clearly indicates "affinity to the‘?atter group.

Sequoia, Sequoiadendron, and Metasequoia tend to have higher

rays and thlcker horlzontal walls of ray cells. than the
other four genera of the second group (Greguss, 1955)
Traumatlc resin cysts have been reported fo% Segu01a.

Metasequ01a, Athrotaxus and Sequ01adendron (Torrey, 1923;

Greguss, 1955). On these features the fossil wood can be

‘allgned with the three living redwoods, Sequ01a, Metasequ01a

and Sequ01adendron Wood of Sequola semperV1rens. Sequ01aden—

* dron g;ganteum, and Metasequoma glvptostrob01des is. probably

' 1ndlst1ngulshable, although some general trends mQy be
evident (Greguss, 1955; Schwarz and Weide, 1962). For -
example, Greguss (1955) notes that bordered pits on the
radial walle»of tracheids are larger in diameter in M.

glyptostroboides (20 w-22ium)°than in either §.’sempervirens

(14 - 16 um) or S. giganteum (14 - 17 um).. Pits of the
Prlnceton foss1l are l7~—»23 um 1n dlameter.

In the absence of other eV1dence for 1dent1fy1ng the



foss11 wood, assignment to a form- enus for taxodloid wood

o~

é 2! .
would be necessary. ~WOods of many redWood llke species of

.’Tertlary and Late Cretaceous age have been a331gned to

Sequoioxlen Taxodioxylon, Cupresslnoxvlon,_and recently

to Metasequoloxvlon. | Confusion ex1sts duegxo'tps'overlap

of dlagnostlc generic characters, limited know%edge of a
. E- Y

fossil as a result of 1nadequate quantlty or quality of

material, and the con31derable natural variability within

a species. The use of the form-genus Metasequoioxylon

(eg. Greguss, 1967) should be questioned, since assignment

to thls genus infers relatlonshlp to Just one of three llv1ng
specles when a fos31l most llkely is less similar to the
extant spe01es than the three extant species are to each

other. Sch6nfeld (1955) preferred to retain the generic

name Taxcdioxylon‘for material he believed represented

Metasequoia. Although‘KfauSel (1949) preferred to refer

‘all spec1es of Sequ01oxvlon to Taxodloxvlon, the former

genus may be useful for referral of some more assured red-

woods, such as the Princeton fossil."

Identification of the fossil wood and branches from the

Princeton chert-as Metasequoia,.not Sequoioxylon or Taxodio-
- xylon, is based upon the'fgllowing evidence: -
1. decussate branching found in smaller brariches

(Fig. &).

~

2. consistent’aSSOCiation with leafy tw;gs, pollen

cones and seed cones of Metaseguoia.

3. apparent absence of}more than one taxodioid species

1
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‘at this logalixy\repfeéented by vegetative or‘
- reproductive remains, . o
.,  the range of wood features of fragments of the =
largest axéé to leafy twiés‘forms a continuum.
There is a possibility that more than one species is represented
. among the woody remains, but evidence overwhelmingly supports
the reqognihion of-a.single épecies. Two twigs and a few
leaves of taxodiaceous affinity do differ from the bulk of

the .material (Fig. 55), but the possibility that they are

" aberrant Metasequoia remains is as gregt as their belonging

to a different taxon. N

The wood remains could have been assigned to Metasequoia

for the four reasons noted above. However, it was impgrtant
W B . L

el

' to\establish taxonomicdrelationships for the woody‘remggns

-independently to ensure that théfe could be no éontradiction

between idén%ifications'baééd on varibus organs, and thét |

circﬁlar';ggsoning-in fhemdetermination of various organs
i~co€ld'be'avoided.

) A qgmparison of the Princeton fossils to 6tﬁef‘fo§$il
taxodioid woods of the Tertiary and Late Cretaceogs'Would be

a monumental”task and possibly of limited significance.

. More important is a comparison‘ofithis relatively well-known

' gpecies ofbfossil Metasequoia with the only extant member of

theugenus. Other fossil species of Metasequoia have only been

recognized from compression fogsils of leafy twigs and
reproductive rstructures, and anatomical comparisons have

not been possible between'the%e and M.'glyptogtrpboides.

T

o
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This fossil material provides the first opportunity for

detalled comparlson of wood f%atures of an early Tertiary

Metasequ01a w1th those of the only 11v1ng member of the
genus
Compapiéon with M. glyptostroboides:

[

Information on M. glyptostroboides has been gathered

frém descriptions presented by Li (1948), Florin (1952). //
Greguss (1955), Maacz (1955), Schonfeld (1955), Schwarz
and Weide (1962), and Bocher (1964) .

As noted above, tracheid dimensions may be of some
significance as’a comparative feature if size eitremes are

reached. M. glyptostroboides, Sequoia, and Taxodium have

very largeé tracheids (to 80 pm in tangential diameter and
_8 mm iong) and the Princeton fossil also tends®™o gigantism
with tracheids}being in exéess of 65 pm in tangential
diameter and at least 6 mm long. Related to tracheid size
is the distinctness of growth rinés and late wood delimita—

tion. In the Prlnceton fossil and M. g;vptostrob01des are

found distin:i growth rings with both abrupt and gradual

Ve
transition from early to lute wood (Figs. 8, 9). Both
types may appear in a single-cross sectlon, although trunk

wood tends to be of the former type, whlle branch wood the

“
L

latter. L

j Distribﬁ%ibh of pits on radial walls of tracheids is
uni- to quadraserlate opposite in both fossil and 11v1ng
‘ spe01es (Figs. l?, 18, 22. 23). Pit diameter is also

 comparable; 17 - 23 Ju in the Princeton fossil, 20 - 22 pm
. ) % . . .
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“in M. glvptostrob01des (Greguss, 1955) Crassulae are

 present in both species (Figs. 18, 23). Tangential pitting

is also similar (Figs. 13, 16). .Greguse'(i955) reports
diameters of tangential pits of 9 - 10 (13)'pm:for M.

glyptostoboides. However, living material that I-have

examined exhibits tangential Qits of about 17'pm-in diametef,
compared to 15 - 20 pm for the fossil.

Great rayfheight is a striking‘feature of the Princeton
f0331l wood. As noted prev1ously, ray height is an unreli-

able comparatlve feature except where there is a tendency

.to form very short or very tall rays (Torrey, 1923; Peirce,

1936). The tallest uniseriate rays'recerded for living

]

conifers afe found in the Taiodiaceae, where hgights ma& be

in excess of 60 cells (Taxodlum dlstlchum) Uniéeriate‘rays‘

of the fos31l frequently exceed 50 cells in height and reach
a maximum of over 80 cells, an@ are among the tallest known

for extant or extinct conifers. Maximum ray height in M.

glyptostroboides is about 30 cells (Greguss, 1955).
Ray cell sizes are similar in both the Princeton fossil

and M. glyptostroboides and show relatively little size

_,varlatlon from large to small axes. Tangential and hbfizontal

walls in both species are smooth, of similar thlckness. and
apparently not pltted. Indentures are present in the

Prlnceton f0331l and in M. glygtostrob01des (Schonfeld, 1955),;

-although they were not. fgund by Greguss (1955) Thls feature

, varlable and not a rellable 1dent1fy—r

ing character. Alt ;ugh ray cells of M. glyptostrobOLdes may

oo : } . b



'containsresin (Li, 1948), they typically dodnoxp Ray. cells -
-of the fos31l rarely contain resin. | '
Ray trachelds are 1nfrequent in the Taxodiaceae, having |

; been reported in Sequ01a, Sequ01adendron, and Metasequ01a

?

(Greguss, 1955). . They have not been recognlzed in the
Prlnceton fossil. However. half bordered plts on. ray

parenchyma walls of the type found in MetasequOLa (taxodlold),

scarcely dlffer in appearance from the bordered‘plts on ray
trachelds., In addltlon, cell walls of both types are not
slgnlflcantly different and cell contents are no longer
available as éh 1ndlcator or parenchyma.i Rellable 1dent1f3.ca—‘."L
tion of ray trachelds can be made only by demonstratlon of a.
border on each 51de of the pit in sectlon v1ew.i Ray trachelds

are not common in llVlng Metasequ01a The.absence of these

cells in the foss11 could be the result of an - 1nab111ty to
- find or 1dent1fy them. : "b 5 E”“.;e
Cross fleld plttlng has been shown by Schwarz and Weide

(1962) to be qulte variable in M glyptostrob01des. Poor
R

preservatlon of wall details in moﬁ§ of%the fos31l spec1mens
makes 1t dlfflcult toJEetermlne variablllty of aperture
51ze, shape, and 1ncllnatlon. Those plts measured reveal

no dlfferences from 11v1ng materlad (Flgs. 24 25) Numbers

and dlstrlbutlon of plts 1n the cross fleld are s1m11ar 1n

both spec1es (Flgs. 7 - 21)

Traumatic res1n cysts are s1m11ar in appearance and

:;distrlbutlon 1nvthe\Pr1nceton fo3511, Metasequ01a,.and Seguoia, )

-~ although the frequenéy»With which they are formed in the
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f03311 seems to be greater than 1nrM glxptostrob01des.

Wood parenchyma of the ?rlnceton f0331l and M.

'glyptostrob01des is also 31mllar Wood parenchjma is

diffuse and common but not abundant ‘Horlzontal walls are
smooth to bead- like, vertical walls bear half- bordered plts

(Flgs. 32 35), and cells typlcally contain dep031ts of o

'res1n (Figs. 30 36) Penhallow (1907) con31dered thls

.latter feature to be dlagnostlc of- woods of" Segu01a ‘f

The s1gn1f1cance of what appear to be re31n trachelds

) 1n the fossil 1s unclear. R931n trachelds are commoniln

the Araucarlaceae and Abies and are sporadlcally dlstrlbuted

uyamong other groups of conlfers (Penhallow,,l907 Brown and

Panshln, 1940 Greguss, 1955) They have not been reported’

for M. glyptostrob01des. .gﬂ - !

; The only . apparent dlfference between wood of %He Prlnceton

foss1l and of M. glyptostrob01des is the height of fhe rays."
Whether this dlsparlty could be the result of physi al j
condltlons durlng growth is unknown. The magnltude\of the

difference must at thls time be con31dered 31gn1flcant

.Younger Branches'and wa"g -

| Brown and Panshin (1940) have noted varlous trends in -
wood development relatlve to p081tlon w1th1n a tree. Grow1ng

condltlons change rapldly durlng the. flrst few years of

fk,:growth of a stem. Wood of the flrst few growth 1ncrements
"'of a stem, the "Juvenlle" wood, dlffers greatly from mature

 wood' at the same height as a result of rapld growth under _
_fm01sture and nutrlent condltlons that dlffér greatly frdm '

-

e
.
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that experlenced at later stages of development 'As may
be expected. juvenile wood and branch wood -are quite s1m11ar
id appearance. The‘follow1ng are some of the differences
that oCcur: l
1. trachelds are smaller in diameter and shorter in
juvenile and branch wood than in mature wood.
2. the proportion of early to late ;ood is lower in
juvenile and branch wood than in mature wood.
3. wood‘rays are most numerous.in'branch wood
although ray volume in conlfers varles little from f
N roots, trunks, and branches (i:e. rays‘are lower |
in branches). Similarly, rays arevlower in K
juvenile wcod since ray height increases outward
to a maximum. | T
In cons1deratlon of these structural varlatlons. Brown
and Panshin (1940 p..225) state that:
"in general in wood 1dent1f1catlon.,1t is best to
avoid samples taken from near the center of a tree
+ since thev would not be typical; the same helds,
of;en to an even greater degree for branch wood.”
For these reasons,.it was necessary-to separate dlscussion
of Features of branches and tw1gs from the foregoing
' descrlptlon of wood of the Prlnceton fos31l._ The following
des¢ription of branch wood serves to 1llustrate the range ‘
of variability encountered within the fossil SPecies ofnthe
Pnincetonachert and to establish that twigs, branches, and’

.stems are- attrlbutable to. a 31ngle spec1es. Branches from

whlch the follow1ng data were obtained are less thdn 2 cm in

diameter.



Branches. ' N -,
Early wood trachelds are 9 - 19 pm in tangentlal
"diameter_and 13 - 25 ym in radial diameter; late wood to
15 jpm in rddial diameter. Groﬁth-rings.are distinc&;
demarcation between early and late wood'of the same ring
- ig indistinct. Early and lat; wood is roughly equal in
* thickness (Fig. 10). — | .
Rays are 1 to 15 cells high (Fig’if'l‘u). Ray cells are
12 - 15 pm in targential diameter, 12 - 18 pm high.
Tracheids generally have a sihgle row of pifs on their
radial wafzs.due to restrictiohs in diameter of the cells.
Pitting is occasionally biseriate and opposite. Pits are
9 - 12 pm in diameter.
Ray cells are 45 - 65 pm in radlal“length. One to"5
7 taxodioid pits, 6 - 8 pm ;n diameter, occur in one,

occasionally two or three vertical rows in the-cross-field

(Fig. 19).

Traumatic resin cysts, similar in structure but smaller

| than those of mature wood, frequently occur in smallef
branches.“ | | |
Wood ﬁarenchyma cells are resinous dnd have smodth‘to
‘bead—like horizontal walls. |
Leafy Twigs: |
- Tracheids are' 8 - 15 Fm in diameter. Pits on rad1al
‘walls are unlserlate and 7 - 12 pm in dlameter. Rays are
aniseriate and 1 - lO cells hlgh (Fig. 15), ray cells are

11 - 19 Pm in tangentlal diameter, 15 - 35.Pm in -height, and

PRNEAISIC S KON ot 2
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30 - 60ipm in radial léhgth. Two to five pits, about 5 pm
in diametef, ére arranged 'in one or two verfical rows in the
cross<field. Resin cysts have hétfbeéh.fdund in the wood.of
small twigs.

L Discussgn:

Difféténces be%ween branch and trunk wood are those
prediqted. Tracheids .are considerably smaller in.branqheé
and the proportion of early to late wood is low. Pits on
radial walls are restricted in size and seriation by tracheid
diameter. Cross-field pitting‘is similarly restricted. Rays
are coﬁsidéraﬁly shorter in the branches, although ray Ee;is
show . ttle difference in size from thglsmallest ﬁdmlgféest
axes. Consistency in tﬁe size of ray cgl%§fw5s noted for

- [

M. glyptostroboides by Schwarz and Weidef(i962). There is

no indication that more than one species could have con-
tributed to. the assemblage of takodiaceous.wood, branches and

AN

twigs at the Princeton locality. T

Pith, Phloem, and Cqﬁ%ﬁ& - : : :f
. ?

Pith and Primary Xylem -

The pith of smaller branches is.génerally about 0.5 mm
wide, rhomboid to square in crogs-section, with xyiem in.
four wedge-shaped bundles (Figs. 53, 5&). The pith
elongates in the direction of departure 6f opposite péiri/f
of traces. The.primarzabody of larger branches may not be

clearly four—angléd, but may approach-a five-sidea conditi@n"
(Fig. 42). a L 3

"
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Pith cells are circular in cross-section and are

large®t in diameter (to 50 pm) at fheREenter,,decreasing in

size toward the periphery. Wide cells are usually short in

'longltudlnal sectlon while narrower cells tend to be more

‘elongate. Walls are heavily thlckened and often appear

nodular in section view as a result o&,simple pitting of
al{ surfaces (Fig. 44). Many pith cells haveidark, poséibly

{

. . - . o
tanniniferous or resinous, contents.

Primary tracheids may have annular, heligal, or

scalariform thickenings. Some tracheids of the late

‘metaxylem show a combination of scalariform thickening and

circularebordered pitting.

Phlqem -
Poorly preserved secondary phioem has been found on

many branches of less than 1 cm in diameter. Larger axee‘

4

fare fragmented or decorticated. = : ,

Phloem consists of tangential bands of fiberé;'parenchyma,
and sieve ceiis. These bands may be arranged in a regular
sequehce of fibers, sieve eells, parenchyma, sieve cells,
fivers, etc. (Figs. 45, 49). -ﬁowever, ;fregularity in.tﬂgs
pattern is common and normally is a result of deletion of
fiber layers (Fig. 47). | o T

"Fibers are the most prominent part of the phloem and

are 20 - 30 pm“in diameter, square to slightly elongate in

cross-section, and have heavily thickened walls. In many

casesxtheqlumen has nearly°been obliterated. Fiber length

L]
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is at least 1 mm; actual length could not be determined due

to distortion of tissues. | | _ -
Sieve cells are about lO‘Pm in radial diameter. Bande

of parenchyme are similar in diameter'to the sieve cells,and

frequently have. dark Rontents (albumlnous cells)(F;gs Le,

Lg9), Sieve cells and parenchyma are frequently very poorly -

preserved and are not distingpishable unless albumlnoos cells’

’ are consplcuous. |

-Detalls of wall structure have not.been preserved well
ecough for the recognition of sieve areas. Fiber walls often
aﬁpear fibrous or granular, and distinctiop,between very
thick cell walls and opaque cell contents'mayqbe difficult,
Pits have not been found on fibers. |

‘Rays are unlserlate near the cambial zone, but frequently
are greatly dllated perlpherally to accommodate stem enlarge-
ment (Flg. UB). Ray parenchyma cells in such cases balloon
to over 50 pm in diameter. and may be 1rregularﬁ;n¢shape and
disorganized. - | | |

Secondary phloem resembles that foundfin other members
of the Taxodiaceae. Tangential, uniseriate bands-of phloem
fibers are con31stently present in members of the Taxaceae,
Taxodlaceae, and Cupressaceae, af%hough cupress01d bark
possesses resin canals and thus dges not resemble the
Princeton fossil (Chang,  1954; Ramanuaam and Stewart 1969’,

Esau, 1977). “Phloem of M. glvptostrob01des has been "described

by Bocher (1964) and Kollman and Schumaker (1961) Bocher
(1964) reported that bands of fibers, parenchyma. and sieve
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cells are all uniseriate and are produced in a repetitive

‘sequence of fibers, sieve cells, bﬁfenchvma, sieve cells

_ (Fig. 50). However,,thlckness. sequence, and tangentlal

contlnultv of these bands may be somewhat variable 1n both

M glyptostrob01des and the Princeton fossil (Flg. 47, 48)

8

Phloem fibers of the fossil are typlcally square in cross

gection, while those of M.uglvptostroboides are more commonly

- narrow 1n radlal dimension.’

i

Permlnerallzed bark 1s rare in Mesoz01c and Tertiary
sediments and only in few instances can 1ts origin be
determlned (Ramanujam and Stewart 1969) The only other

report of taxodiaceous bark is that of Taxodioxylon gypsaceum

from the Upper Cretaceous of-Alberta by Ramanu jam and Stewart
(1969).” The lack of important characters of the Princeton
fossil due to poor‘preservation, the varlablllty of features

within M. glyptostroboides, and the general similarity of

bark of many of the Taxodiaceae precludes consideration of

evolutionary trends at this time.

Cortex and Cork -

Cells of the prlmary cortex are parenchymatous and
jrregular in size and shape. Some cortical cells are filled
w1thfdark pos31blv tanniniferous, substances. Preservatlon
of these cells may not be adequate to distinguish heavily
thlckened sclereids from occluded parenchyma, as noted
préviousl} for phloem fibers and parenchyma. The interpreta-

tion of these cells as parenchymatous is supported byrthe

general absence of sclerenchyma from the primary cortex of

‘ H

<
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conifers (Esau, 1977).

‘Cork.of branches about 4 years old forms a continuous
layer about 0.1 mm thick (Fig. 43) Phellogen and phelloderm
are not recognlzable. Phellem is composed of radial files
of thin cells that age about 20 pm wide, less than 5 um
- thick, and square in tangentlal view.. Additional layers of
gork within the secondary phloem had nog‘yet been produced

by these young branches, and bark of older stems has not

been’ found. - _ | ' ,

Leaves and Leaf-bearing Shoots

ol
ot
4

et
rg 2

Description -
Leaves have been found attached only to small twigs..

These twigs are consistent in structure and size. Leaves.

or leafy shoots have not been found attached to the |

associated woody branches. Shoots vary from just over,

1 mm in diameter at the base to less than 0.8 mm in distal

reglons. The base of tlie shoot is sllghtly swollen and is

surrounded by persistent, decussate scale leaves (Figs. 52,

53). Scale leaves are up to 3 mm long and are broadly

ovate. A single resin duct occurs'centrally'and a small

vascular trace is found adaxial to it. Qne 6r,two layers .

‘of elongate fibers, . about 15 s 1n dlameter, occur on the

abaxial surface. On the adaxial side is a zone of generally

" larger, thin-walled celis that often contain a dark substance.

This adaxial layer is very thin in lateral and distal regions.

Stomata are not present on the scale leaves. .FOliage leaves
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" Phe vascular tissue is surrounded by a poorly organized
- parenchymatous sheath and lacks'an endodermis (Figs. 65{/

 68). Transfusion cells are present to the left and rj#ht

arise ‘decussately at intervals of bout 1.4 mm‘(Fig. 51).
Vascular ‘tissue in leaf bearlng ‘shoots forms 4 wedge-
shaped bundles that surround a pith .of 0.1 - O 2°'mm in

diameter (Flgs. 53, 54). A small amount of secondary xylem_

*/and secondar3 phloem is present Leaf traces pass into

decurrent leaf bases a short dlstance before the jeaf

"abruptlJ departs These decurrent leaf bases form the bulk

~of tissues external to the- vascular cylinder. A single

resin duct orlglnates in the cortex soon after departure of

the preceding leaf and before the formatlon of the expanded

leaf base. If marginal resin ducts are present in the leaf,

,they are formed at or near the point of departure of the
blade. Large, intercellular spaces are lacking in the
mesophyll of the leaf bases. | | .
Leaves expand abruptly to max1mum diameter almost

1mmed1atelv after departure.  Leaves are 0.7 - 1. 5 mm w1de
rand 0.3 - 0. Ll- mm thlck, varylné from broadly flattened to
oval in cross- sectlon (Flgs. 58 - 60). Length has not been
determined.: |

The vascular bundle is 1/3 to 1/2 the leaf thickness

diameter. Some activity of a vascular cambium is evident.

hY

of the vascular bundle (Flg. 65)
Photosynthetic cells form a regular netwoJﬂ of trans-

verse plates of cells and large intercellular sp;J
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“.some may be at an oblique angle (Fig. 70). Stomata are

65

No organization of’meéophyll into a palisade layef is evident.
.The eonspicuqus hypodermis is continuous except in
stomatal areas (Fig. 58). Cells of the hypodermis are
circular in croes—sectien, elongate longitudinallj;-and
filled with dark substances (Figs. 58:'65)i' Walls of these

cells are not heavily thickened. Cells siﬁilar to those of

‘the hypodermis are'present-in clusters above and below the

vascular bundle (Figs. 65, 68). )

The cells of the epidermis are also filled with dark
substances (Fig. 65). .Epidermal cells are longitudinallyé
elengate, about 20 Jm wide and 100 Jm loné,» Theylmay be
irregular in.shape when associated with stomata. Cell walls
are straight to slightly wavy (Fiét'71). \

Stomata-arelfestricted to two broad bands on the abaxial

surface and are ifregularly distributed. - Guard cells'are

ﬁsually‘parallel with the long axis of the leaf, although

zparacvtlc and monocylic, with usually 2 polar sub51d1ar1es

-

and 2 - 4 lateral subs1d1ar1es.(F1g. 72) ‘Guard cells are
about 40 pm long and 15 pm w1de and. are sllghtly sunken.

.

‘ Smaller leaves normallg have ‘a 81ngle resin duct -

between the vascular bundle and the abaxial eplde;mls |

(Fig. 58). Many of the larger leaves and a few of the smaller
ories have three resin duets: one beneath the vascular bundle
and one at each margin (Fig. 60). All resin ducts are in

contact with the hypodermis (Figs._65, 68, 73). Thin-walled

epithelial cells line the ducts. The median resin duct is
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sllghtlv larger (about 40 jm wide) than the marginal ducts
(about 25 pm wide).

Discdussion -
The occurrence of many shoots that have an intact base
and attached leaves indicates an abscfgeion of branch units

as in other species of Metasequoia. ' The interpretation of

these as "short shoots"” is>also supported By very ehort
internodal distances. Decussate leaf arrangement is typical

of Metasequ01a, but as noted by Christophel (1976) this

arrangement may occur infrequently on shoots of other
Taxodiaceae, and a decussate arrangement may not always be

apparent on shoots of Metasequoia. However, examination of

a large number of specimens from the Princeton chert reveals -

. \ : :
consistency in leaf arrangement. Decussate leaf arrangement

in Metasequoix is clearly diétinguishable from the spirdl -
arrangement'of other'genera of the‘Taxodiaceae when shoots
are examined in cross-section (Figs. 54, 56, .57)

Slngle veined, flattened needle like leaves are common
to many groups of conlfers. The absence of an endodermls and
the Ppresence of a resin duct betwﬂgnﬁthe vein and the abaxial
epidermis are features restricted to the Cupressaceae, >
Taxodiaceae,'Podocarpaceae, Taxaceas, and Cephalotaxaceae.
Members of the iast three families tend to develop distinct
falisade layerslandobund;e sheaths and do not compare well
with the Princeton fossils. Nor is there evidence of other

remains of these families in the chert; wood and reproductive
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structures would be clearly distinguishable fromlthose
~present. The Cupressaceae has predominantly scale?leaves;
gome species of Juniperus are exceptions.

%The fos31l leaves most closely resemble those of some
Taxodiaceae. ~Within this family, Taxodlum (Flg. 64) and

Glyptostrobus bear superflclal 31mllar1ty to the fossil

leaves with only one res1n duct.. However, the leaves of
Taxodlum have a bundle of heavily thlckened sclerenchyma.
between the vein and the adaxial epldermls (Flg. 67). These .
sclereids have not been found in the fossils. Hypodermis-
like cells with dark contests that extend ihto this regibn

in the fossil leaves should not be interpreted as heavily

QL . .
lignified cells (Fig. 65). In addition, stomata are

)

_irregularly transverse in Taxodium, but are longitudinally

' orlented in Metasequ01a, Sequoia,‘leptostrobus, and the

Princeton foss1l leaves- (Stebblns, 1948; Chaney, 1951).

leptostrobuS‘leaves are similar to the single duct leaves

of the fossil, but'ether genera of this family bear less

' resemblanee.' | |

"Within fhe Taxodiaceae. three resin ducts msy be fouhd"

in leaves of Sequoia (Flg. 63), Metaseguoia (Fng 62), and

Cunninghamia. The resin ducts of Cunnlnghamla tend to be

internal, that ise they are surrounded by cells of the

mesophyll. In Sequoia;eMetasequbia. and the Prlnceton

fossils resin ducts are‘externsl contactlng the hypodermls
(Flgs. 65, 66). -
Leaves of Seguoia semperv1rens tend to develop a strong

* o
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Palisade of'tanninifereuS’cells that abpear to‘have no
counterpart in the fossil leaves., _Leaves'ef'M vglxptostroe
b01des bear both s1m11ar1t1es and.d1831mllar1t1es to the
fossil leaves. However, for reasons such as decussate leaf

arrangement and attachment or as3001at10n w1th tw1gs, wood,

, pollen cones, and seed cones of Metasequ01a, the fossil

leaves are assigned to Metasegquoia.

\If has been noted by Sterling (1949) and Harr and Ting‘/

(1976) that M. glvptostroboides does'not haVe a, hypodermis,
but some smaller leaves that. I have examinedhdo show
development oflthis layer (Figs. 62, 66)l Both the epidermis
and this hypodermis- llke layer are hlghly tannlnlferous and

bear resemblance to surface layers of the foss1l In larger

) leaves_of M. glvptostreb01ges,.arm.palxsade mesophyll lies
directly beneath the adaxial epidermls_}Sterlingf 1949).

This type of mesophyll was not found in the Prlnceton fossil,
but the organiaation of the spongv mesophyll of:llving M.

gZlyptostroboides leaves into transverse plates is similar

to the fossil (Flg. 69. 75).
Although the structure of mesophyll and hypodermaﬁ

layers of some leaves of M..glvptostrob01des may resemble

that of the Princeton: f03311 the typlcal structure of llVlng

‘Metasequ01a leaves as descrlbed by Sterllng (1949). Florln

(1952), Bocher (1962). and others represents a major disparity
with the fossil material. The varlablllty exhlblted in 11v1ng_
materlal 1ndlcates that thls feature may have llmlted 51gn1f1-

cance. However, varlablllty w1th1n the fos31l leaves of the

L
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Prlnceton chert does not 1nclude the structure typlcal of,

M. glvptostrob01des.

The walls of epldermal cells of M. glyptostrob01des

are highly undulate (Fig. 74), an unusual feature w1th1n
the TaXodiaceae; Walls of some epidermal oells.of the
fossil leaves are also undulate, but only slightly so

(Flg 71) Other. spe01es of fossil Metasequ01a show varylng

degrees of epldermal wall undulatlons (Mlkl. 1941 Sveshnlkova,
1975)

Leaves of both M. glvptostrob01des and the Prlnceton

fossil are hypostomatlc and have 1ndlst1nct rows of
.longltudlnally oriented, monocycllc stomata arranged in two
broad bands (Figs. 70, 75). Miki and Hikita (1951) examined

foss1l and - 1iving.leaves of Metasequ01a and Sequoia in an

attempt to determine poss1ble chromosome numbers of foss1l
specjes.  1In closely related species of plants, differences .
- in Ahromosome number aré reflected in epidermal cell;and

ard cell stomatal size. M. glyptostroboides, with a

chromosome number of 2N = 22, has’epidermal“oells with a
mean width of about 16 jm and length of about .50 Pm and

guard cells stomata of about 42 Pm 1n length. S semperv1rens,

with a chromosome number of 2N = 66, has epldermal cells of

-about the same width as Metasequ01a, but of over twice the

"length. and has guard cells stomata about 58 Pm long (Miki
and Hikita, 1951) Standard dev1atlon of these guard cell
stomatal 1engths is less than 5 Pm Foss1l spec1es of Segu01a

and Metasequ01a-measured by}M;kl and Hlklta were consistent

- ) L4
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with. 11v1ng spe01es and they'%oncluded that chromosome
numbers of the foss1ls were the same-as those of llv1ng
representatlves. Leaves. of the Prlncejon materlal have o
ep1dermal cells of about 50 Jm in length and 20 Pm 1n w1dth
and have guard cells stomata about bo,Pm long.- Thls would
tiindicate that‘the chr;mOSOme number for the Eocene Prlnceton

'_spe01es may have ‘been similar to that of the llvlng M.;,

glvptostrob01des.

The presence of one or three res1n ducts in the

Prlnceton fossil leaves is another contrast to M. glyptestro— _.;_3

.b01des. Both leaf types are borne decussately on similar

| tw1gs of the fOSSll materlal. Marglnal ducts tend to ‘occur
on larger. leaves.'although large leaves may have a s1ngle
duct and some smaller leaves have three. The pos31b111ty of
there belng two spe01es represented is not supported by any

| other features.

, All sizes of leaves of M. glvptostrob01des con31stently

have three resin ducts. Marglnal resin ducts appear at or
near the p01ntoof departure of°the leaf blade and extend to
very near the leaf tlp, SO, that v1rtually the entlre length-«
of the leaf is furnlshed with three re51n ducts. The median

duct orlglnates in the cortex of the stem below the decurrent

70

_base of~the leaf and'extends sllghtly beyond the marglnal ducts

in the leaf t1p 1t is not pOSSlble, therefore. that the

31ngle duct leaves in the Prlnceton fossil could be. the prox1-

mal or distal ends of a leaf typical of M. glyptostrobOLdes. e

Prlnc1pal dlfferences between leaves of M.

.
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glyptostroboides and the Princetonbfossils are in\anatomical

structure. These features are not recognlzable from- com- -
‘pression remams. Perm:.neralized leaves and @hoots of

Metasequ01a have been descrlbed from the Paleocene Fort

"Union Formatlon of North Dakota by Harr and Ting (l976)

_Harr and Ting have grouped thelr Metasequ01a remains 1nto
four "types"-that apparently represent varylng degrees of
distortion and degradatlon. A1l foun types probably are
‘'of the same spe01es but this is not clearly stated by the
authors. These leaves apparently have threé resin ducts,
but the lateral ducts are ad jacen¥ to the abaxial surface

and somewhat removed from the margin of the leaf. ‘This is,

a feature more typlcal of Segu01a than Metasequ01aL although,-'

leaves,are borne decussately.. A dlstlnct hypodermls is -
present, as'in/the Princeton‘foss1ls. Untll the Fort Union
leav@s are more 61early descrlbed and 01rcumscr1bed it is
difficult to speculate on thelr relatlonshlp to M

glxptostrob01des or the Prlnceton foss1ls.

Two’ shoots ‘and a few leaves have been found 1n the -

'Prlnceton chert that dlffer An appearance from other remains.

The shoot in Flg. 55 produces splrally arranged leaves wlth
' three res%p ducts.' Leaves such as 1n Fig. él generally |
have a dlstlnct pallsade of elongate cells ‘resembling that
' found in Sequoia. (Fig. 63) These remalns may represent |

b ]

the rare occurrence ‘of a second taxodlaceOus genus. such as

71

;'SgguOLa. W1th1n the foss1l flora. They may also be aberrantv '

’Qforms of the same specles of Metasegu01a to whlch all other



remains belong. Their presence is recorded, but no con--
clusions may be drawn from them due to the limited number

of specimens available.

Roots ( I 2\ K

. Roots are heteromorphic. Vigorous long roots (Figs.

76, 78). have 5 to 6 protoxylem ridges and are rarely found

without considerable secondary growth. Short roots YrOOtlets)

(Fig. 90) have 2 or 3, sometimes ly, protoxylem ridges and
are' found with little or no secondary development; Both
types are found in attachment (Fig. 89). These two types
of roots are described separately. | ; .

Lohg Roots, Description -
The prlmary xylem of long roots may be somewhat compact
_(as in Flg ' 88) to highly parenchymatous. Surrounding the
primary vasoular tlssue is both a perlcycle and endodermis»
(Fig. 92). The stele occupies\roughly 1/3 the diameter of -
the‘root 1 | | p
Inner cortex is thln walled and rarely preserved.
Outer cortex and epldermls are somewhat more. re31stant
-Cortlcal cells,are cyllndrlcal to somewhat broader tangen—
tlally. about 40 Pm in dlameter and ‘80. ym long. mhei;
: cortlcal cells adgacent to the endodermls develop phl shaped
e‘Wall thlckenlngs on radlal and horlzontal walls (Flg. 92?
:These thlckenlngs may be present on other cortlcal cells ;]fl
}'1n older roots. The ph1 shaped thlckegyggs may remain even

-
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ir 1nner cortlcal cells have not been‘preserved? and form -
a rlng or rlngs of small dots about the stele. Cells of

the epldermls are not dlstlnct from. cortlcal cells and do

not have root hairs. Intracel u' fungal hyphae occur

throughout the root cortex, altho h they are-most abundant
"in cells of the inner cortex (Flg 1). These ‘hyphae are
highly branched w1th1n the host cells and are very 1rregular _
in shape. |

Secondary vascular tissue and cork are 1n1t1ated at
about the same time (Fig. 93Y. The vascular cambium I#
first formed in the 1nnermost layer of prlmary phloem.
Growth may'proceed until these isolated cambial zones: have
,formed wedges of secondary tissue well beyond protoxylem
poles before fusion to form a cyllnder. The first cork
canbium is -formed w1th1n.the‘per1cycle (Fig.. 93). Primary

cortex is sloughed soon after secondary development begins

(Fig. 88).

Wood -

Transverse Sectlon
Growth rlngs are 1ndlst1nct, usually dellneated by

only one or two .rows of flber trachelds (Flg. 76 80)

Trachelds are 30 - 60 pm in tangéntlal dlameter, square to

‘sllghtly elongate radlally.; WoeQd parenchyma is diffuse,'

“common to abundant, and 31milar in dlameter to the trachelds.y

‘Resin- ducts are present 1n larger roots and are 81mllar in

”'structure to those of the stems.fm;“

BN : cd



Tangentlal Section: ' ,

Tracheids are over 6 mm 1§.length. Tangential'pits
are uncommon. Rays are uniseriate, occasionally with
paired cells in the body of the ray, and are 1 to 15 cells
tall (Flg. 79). Ray cells are about 20,Pm in tangentfal

)

diameter and 20 - 25 pm high. . | ¢

P 4 )

Radial Section: |

TraCheids have\uni— to triseriate, oppcsite!pitting on’
radia;‘walls. Pits are about 15 pm in.diameterl Crassulae
_:are distinct when pits are bi- or triSeriate (Fig 8l)'
- Two to six taxodioid pits occur in the crossfleld (Fig. 82)

-

.gRay cells have smooth hcrlzontal and

WOod'parenchyma cells are about'lOO —_éoc Pm‘high and
usually filled with resin (Pig. 79). Horizontal walls are
smooth'to'bead%like. T |
Secondary Phloem - -

Préservation of root phloemgis supericr to that of
stem phloem.  The bas1c pattern of alternation ofhunlserlate
tangentlal rows‘of s1eve cells, parenchyma, and flbers, as

noted for stems, 1s present in the roots (Flg 84)
\'LVarlablllty of thls pattern is bas1callv a result of a =
'l tendency to reduce the number of fiber layers (Flg. 86)
Sleve cells are 20 - hO Pm 1n tangentlal dlameter,

\

and tangentlally flattened length has not been determlned.

'Sleve areas occur on radlal walls and are evenly dlstrlbuted - .

(Flg. 87)

\
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Fibers may be squarlsh 1n cross section but are more
commonly tangentlally flattened (Fig. 84? No plttlng has
peen»found on fiber walls.

Parenqpyma may or may not be albuminous (Fig. -86).
‘Both types of cells are about 100 Pm long. Thg& tend to
be tangentially flattened in younger phloem, but &n mature

phloem are expaqéed to the extent that sieve cells are |

generally constrlcted (Fig. 86). ‘Radial walls of parenchyma
cells have large, cirouiar, slmple pits. - \:>.

Ray cells are generally more rotund  than those-of the
wood. Ray parenchyma is.rarelyvalbumihous._ Soﬁe rays are
| dilated peripherally'for rpot'eipansion (Fig. 84). /
Cork‘— ‘ ;' . J | S | -

Additional cork cambia within the secondary phloem
form an overlappiﬂg network of. convex,layers‘(Fig.<835;
;Cbrk cambium occasionally approaches the ﬁascular cambium
(Flg 85) and may at these places be produced dlrectly bv
the vascular camblum, rather than the more common derlvatlon
of phellogen by transformatlon of parenchyma cells w1th;n ”
. the secondary phloem.» Both phellem and phelloderm are
.‘produced by the phellogen (Frgs. 84 86) Cells of the

'f_phellem are- about 10 pm thick, from 10 to more than 60 Pm‘

#‘f,w1de. and are square in tangentlal V1ew. Phelloderm 1s

not more than two or three cells thlck.
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Sﬁort Roots -

' Short roots ape‘fréquéntly but not profusély branched.
~Di—-or triarch footIets‘seldom-prodﬁc@ éedbndary tissues.
Tetrarch roots usually undergo llmlted secondary develop-
ment, and may develop as long roots. Vascular tissue of
smaller rootlets is l;mlﬁed in extent (Fig. 90). Phloem
and inner cortex is igrely;gyeserved. The cortex is
,similar to that of the -1of 2t 6ts; a layer of cells with
_phi—Shgped thigkeningsvlies external ﬁq the endodermis and
, cortical cells are host to highly-branched fﬁngal hyphae.

Epidermal cells lack root hairs in all sections studied

(Fig. 90).

DlSCUSSlOn -

Roots, stems, and branches experlence qulte dlfferent'

i

environmental conditions and growth varies accordlngly.
v ; ¢

Brown and Panshin (1940) have noted the following differ&nces

between mature wood of roots #nd of stems: *

T -

1. root‘woodihas indistinct ahnualxrings, uniformity

(. of growth& o - .E/) - 2>
-  ;2. tracheids are lafgest in the.zoots; malléét in1.' '

N

PR tw1gs. o 2 o o 'f;»‘L

3. Ray VOlume varies 11%%4é:in differént‘pa s of a
' ra
: conlferous tree, but rays are shorter and more:

SN

N numerous in the roots.: Lo ; ,‘,] ;W

3 < v . . : .
A - 7 . >

of plttlng.'W‘Ll thlckenlng, wood . parenchvma. re51n canals,‘
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etc. are the same. The root wood described here does have
indistinct,growth rings‘and shorter, more numerous rays.
Tracheids,are roughly equal in diameter to the larger
tracheids of trunk mood, although root tracheids are more
uniform in size and do not achieve‘as“great a maximum
dlameter. Tracheid lengthhin both stems and roots mar
exceed 6 mm. In other‘oharacters there is good agreement
between root and trunk wood |

Resin cysts like those of the stems occur- in the wood

' r
»%zof larger rodts. Bdcher (I964) did not find resin cysts in

- Zlvptostrpboides. However, Brown and Panshin

(194?, p. 227) state thati"resln canals in the conifers, if
normal in the trunk wood, were alsolpresent'in the root and

branch woodw. The "normal", rather\than solely "traumatic",

' ) [
occurrence of resin cysts in~Sequoia. Abies, and other
J - '

conifers was suggested by Penhallow (1907), and the

regularity of cyst'prodUGtion in Metasequoia would suggest
( - R TN ,
thq@rppresgnqe is normal in this genus 'as well.

' The secondary phloem.of some roots has been exqulsltely
‘

preserved. ThlS ‘could be attrlbutable to in s1tu preserva-
tlon of roots and to 1n1t1atlon of permlnerallzatlon whlle

the roots were stlll allve‘, Although secondary phloem of
G

. stems 1s not well preserved, features avallable are common

lto. the phloem OF. the roots. Bécher (l96h P 45) notéd that

J'che secondary phloem of roots of M. glvptostr0601des \
B corresponds entlrelx to that found 1n stems" - It was noted -

'durlng dlscuss1on of secondary phloem of stems that there f

% .
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was a strong 31m11ar1ty between the Prlnceton fossil and

’1
M. glyptostroboldes. My observations support this contentlon.

Although flbers tend to be squarish in section v1ew and
very heav1ly thlckened in phloem of the stems, flbers of
| root phloem are more commonly tangentlally flattened.' The
varlablllty of . thls feature 1in both 11v1ng and foss1l
materlalpdlmlnlshes ;ts‘s1gn1f1cance as a comparative

- feature. Similarly, variability in the Sequence»of deposi-

tion of cell types, as noted previously for stem phloem, is

_ present'injboth the Princeton fossil and M. glyptostroboides.
The structure of the fossil phloem is typical of many
Taxodiaceae, as noted previously, and is_essentially the same

as that of M. glyptostroboides.

2

‘Phelloderm and phellem of cork zones of roots ‘are

similar in structure and thickness to those of M. glypto-

stroboides (see Bocher, 1964). Initiation of cork cambium

_ in conifers generally occurs hin secondary phloem by

,convers1on of parenchymatous cells to merlstematlc «cells
(Esau, 1977). An unusual mode of phel ogen 1n1t1at10n
wao'nufed in the»fos51l materlal- in cross sectlon, a cork
, layer arches through the phloem and at one end approaches
lthe vascular camblum (see Fig. 85). At that p01nt
-mernstematlc ells of the phellogen may have- been derlved
“dlrectly fro&i;;e vascular camblum. The layer of cork )
';dwould presumably have been enlarged tangentlally. had growth R
.*contlnued, and more secondary phloem been bullt up between I
"the two camblal zones. - The extent to whlch thls form of

,development_occurred ;nﬂthe fossll_Metasegu01akls unknown.
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The appearance of the mature "polyderm”, with overlapping,
arching bands of cork separated by mature phloem, is similar

in both the Prlnceton Possil and M. glvptostrob01des

- Hida (1952) found that the numbers of protoxylem poles

P

in long and short roots was a falrly consistent feature o

within species of the Taxodlaceae. "Hida distinguished

R ' {
Metasequ01a4 Sequaia, Sequoxadendron, Taxodium, and

Glyptostrobus as having.tri- to polyarch long roots and

- "
di- to triarch short roots, noting that organlzatlon in

Y

these genera Was essentlally the same.

Short roots and ycung long roots show the follow1ng
features 1ndlcat1ve of association w1th endotrophlc
‘mycorrhizae: ' - o '
3. lack of root hairs (Flg 90);
2. presence of a layer of Pphi- cells; cells with phi-
g ‘ shaped wall thickenings, external to the endodermls_;
?J (Flg. 92). . A - , f' Qi;. | |
Phi-cells are belleved to limit the inward .development of
fungal hyphae and prevent 1nfect10n o¥‘the steiar region~

(BScher, 1964). It is likely. then that the highly-branche

~y  fungal hyphae w1th1n cortlcal cells of the foots.(Fig.'91)p
were mycorrhxzal and ot’ s1mply a 31gn ‘of d;ggy 1mila‘

PN -rootlei structure is. found in M. glvptostrob01des ‘an;

'zaxodiaceae (Bocher; l96h).__:ff - ,v'd

Fungl' TR o df'v B
’ s . s v ’ '

B 74

"'fv, ~v. Severah-dlfferent types of fungl were foundeyitninVail‘ ;; fﬁ




¢

'organs of the f0351l Metasequ01a (Figs. ko, hl) The

mycorrhizal fungl of root cortex are morphologlcally dlstlnct
_ from these other forms. The abundance and dlvers1ty of fungl
lndlcate rapld deeay within‘the s011 of the ancient marsh.“
ThlS act1v1ty also suggests that the marsh may have been EE
nutrient rlch and that the water as probably nexther deep
nor strongly ac1dlc, although many fungi are hfghly tolerant
" of low pH.

Seed Cones and Seeds

Description. - - o _ -
Seed cones are uncommon relatlve to <the vegetatlve |
efmaterial 1n_the-chert, 30 cones have, ‘been recognlzed during
‘this study. ‘ConesfaretabOut_l7tmm w1de,»25 min long (Figs.
9k, 95): o o |

§ Seed conés are borne termlnally on a sParsely leaved v

N .

[

: stalk or peduncle about 2 mm w1de and ‘of undetermlned
'.blghgth (Fig. §96) The leaves are borne decussately. are
about 1 mm w1de and less than 2 mm long, and have a 81ngle
resin duct abax1al to the vasdblar bundle. These reduced
l;aves do not resemble tée broad thln scale leaves found

at the bases of vegetatlve shoots.‘ Stalks are roughtly

80

four 81ded externally and resemble small. vegetatlve branches |

;;1n anatomy. -qu;’ ;h b
";‘f The cone axis is: about 4 mm 1n dlameter, con81derably
ft;ﬁw1der than the stalk. The plth.ls about 0 .6 mm 1n dlameter.




Cells of the pith are about 30 - 50 ;miwidei 70 pm long, |
thickewalled. and bear simple‘pits. (Fig. 99). |

| Secondary xylem is abundant and'composeq,mostly of
small, thick-walled tracheids less than 20 pm in diameter.
No growth rings are apparent_within the wood, althougb a
- thin. zone of lafger tracheids is present at the inner

margin. Tracheids have a uniseriate row of circular bordered

pits on radial walls. Rays are uniseriate, and ‘1 to” 12 cells.

high (Fig. 97). Resin cysts usually oceur in a nearly coén-

tinuous tangential band in the later-formed wood and may

be present elsewhere in the wood as well (Figr 98, lQp).
‘Resin cysts as well as other(ﬁeafures of the wood resenble
those of_smail vegetative branches. - |
Secondary phloem. is thin (Fig. 100), buf shows regular b‘i
deposition of tangential bands of sieve cells, fibers, and s |

parenchyma, as 1s found’ in phloem.of stems and roéts.

-
\

Prlmary cortex is composed mostly of large, thin- walled
'parenchyma cells and cells with dark contents.“Sclerelds
as largi as 156 pm in dlameter w1th heaV1ly thickened walls

are present dn, the cortex. Secondary cortex is thin %o

apparently an

'””nt (Fig. 100) -Where cork is absent, cells

. M‘*‘g?:}\ =
of\the surfgbevlayers are heav1ly thlckened. - AR
. . . ;
About 30 cone scales are borne 1n a decussate arfange- vk |
/_'- - o, :

. ;Gﬂﬁ!st prox1mal and dlstal palrs of scales ane

X i%hg rest (Flg 94), are nearly parallel with

the cone axls, aﬂd have not been found to bear seeds. Lower

..




. . _ & .

~ L,»)

The downward direction of these lower scales may complicate
1nterpretat10n of structure. For example, the ccne shown

in Fig. 95 has been sectioned near the base; the scales

dlrected‘toward'the top of_the photograph are_actually

‘indicating the direction of the cone base. 'In addition,

the scale numbered "7" is sectioned so that its abaxial
surface is closest to the cone axis, that is, upward on the

photograph.

4
L

Cone scales have a slender stalk}‘z_-'j.mm wide and
about 3 mm long, and are expanded distally to form a shield-
shaped apex or escutcheon (Figs. 95, 101, 103 - 106). The

A .
external surface of the cone scale is irregularly hexagonal

‘(Figs.'95, 106), and up to 15 mm wide and 6 mm high. A

horiZOntal:grobve cleaves the outer surface of the Scale

&
s

1nto upper and lower—"llps" whlch are ‘gbout equal ln size
(Fig. 101).. There is no ev1dence of a~ﬁucro or boss on
the extefnal surface.

A cylinder of‘Secondaryfxylem,‘similar-in‘appearance

to that of a vegetatlve branch, enters the‘base of ‘each

‘\cone scale (Flg. lOg) However. prlmary xylem occurs ln'two

horlzohtal bands separated by a thin band/of parenchyma.

£ - This parenchyma resembles that of the cortex rather tﬁan t e

( plth and frequently contalns re31n canals.» Re31n cysts ofte]f’

form a nearly complete: tangentlal band w1th1n the perlpheralzcnd

?

secondary xylem.. The vascular cyl&nder lS deeply cleft on

. the adax1al s1de 1mmed1ately after departlng from the cortexmdﬁﬁd

of the ax1s (Flg. 104) The vascular tlssue rapldly d1v1des ::_




e

‘of parenchyma cells and cells w1th dark contents

contents.

into many bundles before enteriné'the-e;panded distal reglén
_of the cone scale (Flg..lOS). and the bundles contlnue to
d1v1de untll the scale,margln is reached. Vascular bundles
occur in an adaxial and ‘an abaxial row wlthln the expanded

'apex (Flg. 106). Bundles of the adaxial row have phloem on

,,the adaxial side (1nverted), those of the abax1al TOowW, the

abax1al s1de; The median bundle of the abaxlal row is
further from the abaxial surface than the other bundles
(Fig. 106). The vascular bundles extend to near "the external

surface and terminate in masses of transfus1on cells

(Fig. 108) . S /$/
Heav1ly thlckened. elongate flbers or 1dloblasts that

occur. throughout the expanded reglon of the cone scales are

_ parallel w1th the vascular bundles (Flg 109) Razlal files ‘

e up the

- bulk of the tlssue in the dlstal~reglons.- Resin canals.are

present ﬁbrlpheral to the vascular bundles in scale aplces

i(Flg 106) Surface" layers of the cone scales are composed

of small heavily' thlckened cells and small cells wlth dark

T DA

Seeds are 1nvert\d, w1th the mlcropyle d%rected toward
L

“the cone ax1s and are borne in a s1ngle row -on the adaxlal

surface at the p01nt where the scale flares._ Up to four

'.'.seeds have been\found attached to a cone scale (Flg. 113),

;but most seeds have been sh@d prlor to preseﬁvatlon. The

maxlmum L er of seeds per/scale was presumably greater.zl'""

SeedSvare flat 3 - 4 mm W1de, O 5-- 0 8 mm thlck, about

.’83



5 mm long, and are comprlsed of’ two lateral w1ngs that are

aihollow and a central seed body that is roughlv equal in .

’“81ze to each of the w1ngs (Flgs. 110, 112) The Seed coat -
is composed of: ll) an outer layer,nl -2 cells thlck,

-fof very thlck—walled 1sod1ametr1c cells less tnan 20 m in
: dlameter, and 2) an inner layer of larger, elongate cells‘
about 40 Fm w1de and over 100 pm 1 long (Flgs. 111, llh) .
‘The 1nner layer is varlable in thlckne s and may be weakly

,developed between the caV1t1es of the'see ody and w1ngs.‘

" The margln of the seed 1s ‘thin . and wedge- shaped (Flg llO)

.The seed base is sllghtly asymmetrlc, 'with the w1ngs

extendlng below the level of the seed body (Flg 112)
4

Wings narrow'towardjthe_mlcropylar end,(FLg, dlz)

L

g}m;LW1th1n the Taxodlaceae,‘Metasequ01a is: the only gendz/w1th . fﬁ
decussate cone SCales and sparsely leaved stalks or eduncles ’

(Stebblns, 191}8 Chaney 1948, 1951 Ll, 196u Chrys/xtophel, o
N 1976) ]fﬁ._?x :=*T” El‘ '; f‘4}: ‘ ”ﬁhl y :“‘V'Vvirfhl;
| Hlda (1957. 1961) recognlzed flve groups Wi%hln the --’.-(f:;l

‘ Taxodlaceae on the ba31s of cone soale development, L_,%V




4 . . -
R \
! .

morphology. and vascularlzatlon. Sequoia; Sequoiadehdron

i and Metasequ01a form Hlda é "Group IV” and share the' g

-

follow1ng character&stlcs | ) o L i

1. bract and . ovullferous scalé are 1nd1st1ngu1shable k:
3 _throughout'development; s ’ - -, - ;
2. mature’ scales ake peltate'and have a labial
vexternal appearance, and | 1' .
3. the bract tip is barely noticeable (Hlda, 1957 p. 51)..
Sterllng (1949 p. 467) believes that the horlzontal groove is |
"apparently marklng the phylogenetlc boundary o¥f the bract
and seed scale complex Hida (1961), however, believes
-that the groove iiEDOt coincident:to this boundary. Thisg
'argument is based upohwdeve10pmehtal stud%es; anatomical

studies of mature scales do not distinguish bract from

v

2 gl B s e Ao e B T

scale in the fossil cones. Vasculayization of’cone scales

lis 31m11ar 1n both M. glvptostroboldes and -the Princeton

fos31l (compare Flgs. 103 - 106 w1th Sterllng, 1949 Fig. 38)

R L Y )

Seeds of Metasequoia, Sequoia, Seq401adendron,

RN

Athrotaxis,iTaiWania,.Cuhninghamia; and the Princeton cones

are 1nverted durlng development of the cone scale SO that
the micropylar end is dlrected toward the cone axis. Cones

of - Glyptostrobus ‘and Taxodium bear erect seeds (Stebblns,

R e s S S b R

1948). As many as four seeds have been found attached to a-

asingle.coneLscale of the fossil species. M. glyptostrob01des

usually bears 5 - 8 seeds per cone scale (Dallimore'and
Jackson, 1966), but a comparlson with the foss1l is limited -

by the uncertalnty of the numbers of seeds orlglnally borne __n'

by the fossil cones.

. : : . . N
. 1 - .o 3
/' s i . :



,ngd :

'Seeds'of'Sequoia, Sequoiadendron}‘and‘Metasequoia areb'

_Tall s1mllar in appearance. Stebblns (1948) Gaussen (1955),
. and. Chandler (1964) note that Segu01a seeds tend to have  '»
narrower w1ngs than the other. two genera, but in all three

-genera the w1ngs are roughlv equal in w1dth to the seed body//

'EChandler (1922 1964), in her comparlson of Sequ01a coutts1ae'”~

with other Taxodiadeae, notes such differences as size,
il
o

.texture and_ surface striation, and shape of hilar scar

among Segu 01a, Sequoiadendron, and'Metaseouoia{ Texture of |
~. ‘ '

vthe Prﬁnceton seeds hQanot‘been-determined. In addition,'"
the.gréat variability in  size and shape of seeds of the
.'11v1ng redwoods makes further comparléons w1th the. f0331l

seeds dlfflcult partlcularly when the llmlted number of

fossil! spec1mens for whlch thls 1nformatlon is avallable is
con81dered. **_ ' _.h- 4ﬁi ; LD

The absence of a growth r1ng.w1th1n the wood of the
'cone axis is evidence that the cones matured in a s1ngle
f’year, as cones do in Metasequ01a and Sequoia. ' A

e

Cones with peltate scales, w1nged ‘seeds, and'decussate

‘arrangement of scales are also found in Chamaecvparls,

Cupressus, and Foklenla of the Cupressaceae However, cones .

of these three genera_differ from the Princeton fossil

specimensvln the following ways:. o

1. scales are féWer'pen_cone; |

é; the scale apex or escutcheon tends to he owoid to
circular in tangeftial view;

3. scales‘have'a mucro or boss on the externalgsurface;

and'



J_ffour palrs of decussately arranged branches. as ev1denced

fj'b, seeds are” erect and bOrne at the base of the scale ,?5':

stalk (Dalllmore and Jackson, 1966)

\./A «

»

~-Pollen Cones - . ' e e

»Descrlptlon -

in max1mum dlameter, ‘each. cons1st1ng of a central axis that
“bears sporophylls in the termlnal reglon a%? sterlle scale—.;
like leaves below (Flgs. 115, ll6 136) One cone (Fig.. ll?)
is attached to a decusSatelv branched stem fragment. ‘This-
is the only speclmen found show1ng coné attachment. Proximal :
to thls cone 1is attached a. branch that lacks sporophylls,
' but 1n vegetatlve respects resembles the base of a pollen
lcone more. closely than 1t does vegetatlve buds and leafy
shoots of Metasequ01a whlch are found in. ass001atlon.

e

Between the cone and the prox1mal end of the ax1s there are -

thy branch traces, scars, and subtendlng leaves. Whe%her |
these branches are fertlle or vegetatlve cannot be determlned
but. 1t appears llkely that pollen ‘cones were borne on ‘f’

decussately—branches axes, as they are in M. glvptostrob01des

(Merrlll 1948; Fleld Museum Herbarlum spe01men #1289779) and :

‘M.'occldentalls (Chandrasekharam, 1974) . Also. 1t has not

"been poss1ble to determlne whether the attached pollen cone

. was borne as one of a palr of- cones w1th the dlstal portlon B
of the ax1s m1531ng, or in a termlnal pos1t10n on the ax1s.

A pollen cone may termlnate the spec1allzed cone—bearlng o
: o B R - o
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i wspec1es of Metasequ01a.f;'7vf,» ﬁgiflﬁfﬁsp-,apﬁﬁfﬁxff?,

About 30 sporophylls”eaoh bearlng three\adaxlally

'attached pollen sacs/ dlverge from the cone ax1s (Flg. 132)

Sporophylls are hellcally arranged on 1mmature cones (Flg

ca

122) but 1r$egularly dlsposed on mature spec1mens; where the
hellcal arrangement 1s shown only'by the re81n ducts of the f#,ff

Lo el
o ax1s (Flgs. 123, 124) Immature cones are represented by .

several stages of development (Flg ll9 - 122) Some are: :

very 1mmature and clearly show the splral arrangement of
porophylls (Flg. 122) In 1ong1tud1nal v1ew spec1mens _

‘ of th1s type. exhlblt a very short fertlle ax1s (Flgu 120) .Q;::f‘

,}:ﬂ Somewhat more mature cones show oon31derable elongatlon of L

» the ax1s (Flg.}ll9) There 1s very llttle change in ax1s g.Vri"h

| length from thls stage of development to oones that are;nld"t

apparently near - or at sporanglal dehlscence and pollen v‘;ﬂl?"

;f}%f release (Flg. 116) ThlS 1s unllke cones of M. glvptostro- ’

-b01des. where a dramatlc elongatlon of the ax1s prlor to °h/':

/

pollen release carrles the sporophylls beyond the tlps of
‘;,the subtendlng leaves.%",f_- B | '

; The sterlle zone of 1solated specimens 1s»0 9 - 2 5lmm’f_f“”w
long, and leaf arrangement is deoussate.' Leaves are scale— ff'
'llke near the base of the axes. but 1ncrease 1n s1ze dlstally,
.(Flgs.vllé 119)+ Dlstal leaVes 1mbr1cate and completely -
-'enolose the fertlle~ reglon (Flgs. 115, 116 119. ’120) o

"Mlcrosporangla of larger cones are typlcally fllled w1th

. q\. e



‘7_f con81sts

0 6 mm 1n dlameter and exhlblts a promlnent parenchymatous
/

plth Longltudlnal seCtlons °f the plth reveal 1sod1ametr1clff“ﬂ‘:

'ﬂ?f; cells W1th amber colored contents (Flgs. 120 125) é*ﬁ

vascular tlssue 1s&arranged as four wedged?shaped bundles

| that are composed malnly of radlally allgned secondary

tracherds (Flg. 126) Vascular camblum and secondary phloemr

are pooru‘ preserved The cortex 1s 30 --120 Pm thlck and

l

df 1rregular1y shaped pa'enchyma cells (Flg. 125)

’ ;' 16 118).“ In cones of M'

canals are typlcally a promlnent feature of the axis at thls . L

1eve1 (Flg{ 130)Q' Ind1v1dual canals elther contlnue from
the sterlle zone of orlglnate near the center of the axls.

They 1ncrease 1n Slze dlstalIY. and then hend.outward to

a.relatlvely larger prOportlon of the ax1s near 1ts apex

(Flg 123)

’vl - \."

In the vegetatlve reglonlthe axis measures approxlmatelv e

enter the sporophjlls (Flgs.-130 131) Re31n canals occupy;ugngf7



ffjjleaves o;":"

gfjleaves;subtend the fertlle reglon of each doneA(Flgs. ll6

fifll8) Leaves 1ncrease 1n s1ze dastally,vW1th the dlstalmost

ir_'reglon (F gs. 116 119) Slmllar subtendlng leaves"’

:ffpresent 1h the pollen cones of M "glvptostrob01des.ﬂh€he

taperlng margln‘;j Dlstally they are laterally expanded and _
’»”reduced in thlc’ness (Flgs. 115,.116 117,‘128) ' The overall
"'h'?leaf shape 1s ov01d W1th a bluntly p01nted apex._" BN

Internallv each leaf exhlblts a promlnent re81n canal

'fx‘fw1th amber colored contents and two or three layers of _ -
‘-_afsomewhat flattened eplthellal cells (Flg. 127) A zone ofu'/

“hf'longltudlnally elongated flbers occurs %9 the abax1al 31deifh;‘

X foss1l are relatlvely thlck at the base, w1th

’h;of the res1n canal Adax1ally, the cells are larger and 75“15’

“thln-walled (Flg.le?) The latter zone of. thln walled

.cells 1s reduced 1n thlckness both dlstally and 1aterally

and is absent from the leaf margln (Flg. 128) Iﬂleldualf-7 u

wfltrachelds near the adaxmal margln of the re31n canal (Flg

"J;f,*127) A s1ngle layer of relatlvely thln-walled cell§~fbrms

'aran 1ndlst1nct bundle sheath., The epldermls is composed of

.,Llleaves are vascularlzed by a terete strand of s;x to elghtf!Q«ji‘

?longltudlnallv elongated cells that may be sllghtly laterally

";;expanded 1n transverse sectlon. Dark contents are frequently

~fpresent w1th1n cells of fhe abax1al epldermls._ .

NG

“bflthree or four pa;rs overarchlng and enclos1ng the'fehtlle _"}wt””'



)7;3 of attachment (Fig. y

Lo

;h canals are short and termlnate before the central canal. q=

SporOPhylls N . I
The sporophylls are roughly cyllndrlcal at the p01nt
.A)ff Ind1v1dual sporophyllsGEXtend

toward the peg&phery ”f the cone, bend dlstally and termlnatew -
T in a’ radlally flattene:. spatulate lamlna (Flgs. 130 131) ‘
The change 1n shape from cyllndrlcal to flattened is abrupt.

-4

Three sporangla are attached to the abax1al surface of the 'f’d

. sporophyll at the Junctlon of the stalk and dlstal lamlna

(Flgs. 131 132) Sporanglal attachment extends for a |
short dlstance along the abaxlal surface of an . extremely..
abbrev1ated hypopeltate keel (Flg. 131) Transverse sectlons‘
of the stalk reveal a promlnent re81n canal (Flgs.‘ljz 134)

f.’z

surrounded by a few layers of cortlcal cells.: In the reglon

' of sporanglal attachment a smaller r631n canal appears on v

d’each s1de of the large\canal (Flgs._ll5, 130) These lateral

77ﬂf;v Although the central canal seeAz/to have d1v1ded the three -

canals are not contlguous.. Slmllar levels of M. glvptostro-

bomdes m10roSporophylls reveal onl§ one res1n canal in thls
reglon.! Vascular tlssue can not be 1dent1f1ed 1n even the
, best preserved sporophylls of the foss1l materlal a feature t,.”
that agrees w1th the vascularlzatlon of the extant spec1es |
(Sterllng, 1949).,L." | | .
Sporangla.'f.;, | : |
The sporangla are oblong, w1th the long axis extendlng

1nward and downward from the p01nt of attachment (Flgs. 115,1

‘116 .' %nd1v1dual sporangla measure up to O 8 mm long ‘and .




fﬁo 3 —-0 35 mm ln vlameter.v As 1n the mature sporangla of

'1aM. g_xptostrob01 es. sporanglal walls are one cell thlck.

’%:lw1th remnants of tapetal cells sometlmes adherlng to - the S
o 1nner surface of,the wall (Flg. 133) Howemfr.bunllke"thé‘:jj~o;;l.
Zextant spe01es, sporangla of the Prlnceton foss1l ‘exhibit
fllno ev1dence of an adax1al longltudlnal llne of dehlscence,'_'
f:the sporanglal wall cells have unlformly thln walls (Pig. -
133) Thlckenlngs of the external cell walls, as are found

}31n M. glvptostrob01des (Sxerllng. 19U9)- have not been

. R:K:

"observed - L *”ff» [ar ﬁﬂ"

Sporangla of relatlvelv mature cones con%aln aalarge
',number of'subspher01dal, paplllate pollen gralns. Equatorial
‘measurements of lOO gralns are 19 - 27 Fm w1th a mean _;~ N

41ameter of 22 5 Pm i?

DiscuSsioni—"'

The foss1l pollen cones are s1m11ar to cones of M.. = . ;"

l\ glvptostrob01des ln s1ze,'shape. mode of sporanglal attach—
\ment and number of sporangla per mlcrospofophyll. The :
»arrangement of the cones on the plant is’ probably 31m11ar

for the two spe01es as. well. Other features of the foss1l

that agree w1th M glyptostrob01des are decu/sate phyllotax1s :_
_fof the subtendlng leaves and an 1rregular arrangement of |
”Jsporophylls on relatlvely mature speclmens.v General featuresv
?.of the pollen and ;anv hlstologlcal de;alls descrlbed above g

'"are also comparable ﬁor the two. spe01es.:

N
A P
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" “Pext * Fig. 3. Reconstruction of pollen cone of Metasequoia

~milleri. ‘Many leaves and sporophylls have . =

- further explanation of details see texty,






"f;hlstology of the sporangla. The foss1l cones may also

.”§Qalso be dlstlngulshed from those of the extant spe01es by

4'ﬂan absence of the adaxlal longltudlnally orlented llne of

Features that d1st1ngu1sh the f03311 cones frdm *'j*”h ':JT i

ﬂﬂspec1mens of M glyptostrob01des 1nclude the numbef of res1n

'l'fcanals 1n the dlstal reg;on of the mlcrosporOphylls and@:;?'ﬂfaqy*llb

E

”,f{ exhlblt several dlstlnct developmental features., The Eoceneﬁf‘"f;

\

"”ffspec1mens have two smallare31n canals that flank the larger,?ffflﬁ}rﬁ

';glvptostrob01des The sporanglal walls of the foss1l may

Te

'“dehlscence and by the absence of thlckenlngs on the external R

| 'qu:cell walls. _' o o , - .

' Developmental aspects of the foss1l cones have been

[

1nterpreted by comparing speolmens preserved at dlfferent

'l'ﬁndevelopmental stages and prov1de the ba51s for suspectlng

g that a unlque and unexpected set of ontogenetlc eved%s ‘_f ;f:ffa_fif

_occurred 1n these congs.% The ax1s‘of the fertlle zone

z;underwent con31derable elongatlon durlng the early stages nflff

ot Sp°r°phyll dlfferentlafmn (compare Flgs. 116, 119, 120),

."-ibut there 1s no ev1denoe to suggest that addltlonal elonga—;,“v;

bytlon of the ax1s fao

"pollen cones Of M- g_yptostrob01des., The most mature pones'fb"f

'.ﬁ:of the fOSSll have llttle or no pollen remalnlng w1th1n the”i

,pollen sacs but show no. ev1dence of axls elongatlon., Rather._;}jfv:a”

& atzamealbmea asind £

1tated pollen dlspersal as 1t does 1n1532;,_,_




%i'alternate means.i If correctly interpreted. thls represents at;;”j}ijg;

"“ffjfa 31gn1f1cant dlsS1m11ar1ty in. the develoPmenta'{'.

'afmechanlsms of the Prlnceton spec1es and M.»glvptostrob01des.w~

’ Equally 1ntr1gu1ng and unexpected 1s the dlscovery that

‘°“iisporophylls of 1mmature foss11 cones are borne 1n aﬁhellcal T

”fjiarrangemenf_

"”-ﬂ}Vphylls of relatlvely mature spec1mens:show_

:'i'In both foss1l and extan‘b_specles ‘the sporo-' \\

_,o regular

fm;phyllotax1s.a For the extant spe01es ;t has been assumed that

flthe 1rregular arrangement was the result-of developmental

| Lffftors1on\act1ng upon sporophylls that were 1n1t1ated 1n an

'f,f;fppaslte and decussate fashlon (Sterllng, 1949) The assump—'

‘T:g{tlon was: supported by the oppos1te arrangement Of leaves.

fo;branches and other appendages of M. glxptostrob01des shoots.;n:~"55

“erPhylls of M. g xp ostrob01des&ar 

fﬂf;tﬁ"'ontlnued need.for detalled developmental studles in
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Order Conlferales ‘liliffmxg:ﬁVfJf

“”oej:k Famlly TaxodlaceaeT:

'igl;feepusuMe%asequ01a Mlkl. 1941

S Metasequ01a mlllerl Rothwell and Bas1nger, 1979

ORIGINAL DESCRIPTION- }KRothwell and Ba31nger, 1979)

Anatomlcally preserved pollen cones 1 0 - 3 0 mm 1ong,

‘l 2 —-2 9 mm 1h dlameter, subtended by vegetatlve zonenfé;

0 9;- 2 5 mm long.f Subtend;ng leaves overarch and enclose

'H5; a. fertlle zone con51st1ng of approx1mately 30 sporophyllsQf

Sporophyll arrangement hellcal _becomlng 1rregular 1n

t”mature coles.l Sporophyll unvasculawlem

EMENDED DIAGNOSIS. | '.I’rees wlth long,:'shoots .bearlng leaves

decusSate,;ovate, per31stent.. Follag_ leaves decussate,



- dermis; bundle sheath 1nd1st1nct parenchymatoﬁs, pallsade;

the vascular bundle, or one medlan resin duct and two
marg1nal ducts, all resin ducts 1n contact with the hypo-
mesophyll poorly d1fferent1ated or absent hypodermls
distinct; hypostomatlc, stomata in two broad bands, guard.
._cells_parallel to long axis of leaf; ‘epidermal cells with

straight to slightly wavy walls. Mature wood with distinct

. Xy
.~ growth rings; trachelds to 95 um in diameter and 6 mm long,

fw1th unlserlate to quadraserlate, opposite plttlng on radlal
-walls, pits 17 - 23 um in ‘diameter, crassulae dlstlnct
tangentlal plttlng occas1onal 1n early wood; rays unlserlate,
‘one to over. 80 cells high, paired cells 1nfrequent in body

of ray, ray cells w1th smooth horlzontal and tangential walls;
Cross- flelds with 1 - 5 taxodlold pits; wood parenchyma -
dlffuse, res1nous, w1th smooth to sllghtly beadllke horlzontal ,
: walls and’ taXOleld plts on vertlcal walls" vertical traumatlc-
» resin cysts in tangential bands, usually ‘at the beginning of

-, a growth 1ncrement, cysts w1th up-to three layers of surround-

1ng ‘parenchyma and eplthellal cells. Seed cones globose to

cyllndrlcal, up to 25 mm long, termlnal on sparsely leaved
‘branches bearlng decussatef reduced leaves, cone scales to

' 30 decussate, stalked, peltate or shleld shaped, outer
surface transversely elllptlc w1th a medlan horlzontal groove,
upper and lower 2 - 3 palrs of scales smaller than the. rest.
.§ggg§ several per. scale, attached at Junctlon of stalk and
escutcheon, 1n§erted seeds flattened, sllghtly asymmetr;c '
Cwith 2 lateral;w1ngs'equal in w1dth to the seed body, broadly

- ovate, notched at base,,taperlng distally, about- 5 mm long
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and 4 mm wide overall; seed coat continuous over body and
wings, %ith an outer layer”of small, thick—waliéd'isodiamefric
cells and an inner layer of larger, elopngate, thin-walled

cells; nucellus fusedfto segd coat only;éubase.- Pollen cones

1.0 - 3.0 mm long, 1.2 - 2.9 mm ih diameter,'subtended:by
vegetative zone 0.9 - 2.5 mm long. Subtending leaves over-
‘arch and enclosé_a‘fertiie zéne consiSting of approximately

- 30 sﬁqrophylls.- §por§phyll arrangement helical, becoming

irrégular3in"matqre cones; sporophyll uhvascularized, with

one resin canal in the stalk and three resiﬂicanalé’distal

to the zone of qurahgial attachment;.each sporophyli bearing_’
thrée sporangia; sporangial wall &f one cell lgyer‘of”
unifbrmly thin4ﬁélled cells with no specialized zone of
dehiscence. ?ollen;SUbépheroidal, 19 - 27,#@lin diameter,

kvéfﬁucate and orbiculate, with erect prbfruding lepfoma.'
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Figs. 3 - 8. Metasequoia milleri.. Woody axes.

. Fig.

!

Fig.

Fign

Fig.

Fign

\

Fig.

Fig.

3.

8.

‘e

Cross section of large'axisﬁshowing narrow
growth rings with '‘a high proportion of

. early wood (right) and wide rings of
‘principally fiber tracheids (left).

P1209 A 1, SL5438, x 2.

Cross section of an axis.beariﬁg an opposite
pair of branches (br). P1289 B 1, SLs5439,
x 12. _ '

Broad growth rings (possibly compression
wood) of the axis shown in Fig. 3. The
transition from early to late wood is not

~distinct. Not§~traumatic resin cysts (r).

P1209 A 1, SL5438, x 34.

Cross section of wood showing a high
proportion of early to late wood and a
sharp distinction between early and late
wood of a growth increment. P1102 G 1,
SL5440, x. 34. . * '

Cross section of early and late -wood

- tracheids. Note considerable wall thicken-

ing in the latter. Bar equals 10 um. ‘
P1102 E, SL2640, x 580. ‘

Cross section showing early and late wood
transition. P1102 E, -SL2640, x 150.

‘9. Metasequoia glyptostroboides. Cross section .of

part. of growth increment for comparison with
Fig.'8." x 110, ‘

2 saiacdat n e o P
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P1102 E, SL2640, x 580.

Fig. 8. Cross section showing early and late wood
transition. P1102 E, -SL2640, x 150.

‘9. Metasequoia glyptostroboides. Cross section .of
ement for comparison with
I'e

'g'1

part. of growth incr
Fig. 8. x 110.




"Fig. 10.

‘ Flgs

-

Fig. 16.

B

Mefasequ01a mlllerl. Cross sectlon of a small

";ebranch., P12R9 C top 6 SL5441, X 16

12 - 15
“Flg. 12.

’Fig;>l3.

Fig. 1b.

Fig. 15.

glxptostrob01des. Gross sectlon of a small
branch for comparlson w1th Flg. 0. x 15

o

M. Milleri. Wosd: T,

Tangentlal sectlon af a wood fragment from
a large axis. Note ltall," ‘unigeriate rays.
The ray to the left of center (at arrow) is
80" cells hlgh. P1102 E, SL2641, X '60.
Tangentlal plttlng of trachelds._"

P1102 B SL2641, x‘70 :

Tangentlal ‘section . of a small branch show1ng-

unlserlate rays-.of moderate helght.
P1228 A SL50 0, [.150 A ” LR 5H

Tangentlal sectlon of small tw1g show1ng

uniseriate rays. P1095-D d5, SL5442 X 150.-.

M. glvptostrobOLdes. Tangential sectlon showing

uniseriate rays and tangentlal plttlng on

trachelds x 70.

el .
Comgitll
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3 Fig;‘i

Fig.

Fig;

' Fig.

Figo

Fig.

Figl

_ Fig.

19.

20.. M

21,

22.

23. M.
| opEos1te plttlng -and crassulae.' PllOZ E SL5

20,

“Metasequoia milleri.. . Radlal sectlo
* wood. P1102 E, SL2642,:x 130,

X 310

*of.mature

M. glvptostrob01des.f Radlal sectlon of mature
- ‘wood showing.- opposite pitting and ¢rassulae. e
~Note: the single horlzontal row of tax'dlold plts -
~in- the crosg- fleld. X 110. L

'M.-mlllerl. Cross flelds in branch WO d. NOte.{

;arrangement of pits in one to three rows. Pits

‘appear circular: ard simple due to 1nadequate

preservatlon of borders. P1089 c 1, SLSHH}
' ‘ 2

m1;ler1. Cross flelds in mature wood with’
plts arranged in a single’ horizontal row. ~Compare
with. Flg. 18. 'P1099 C 3, SLshkh, x 200. B

M. glvptostrob01des. Cross—fleld plttn%% of
branch wood. Compare with Flg 19 0.

M. mlllerl. Circular bordered plts ‘on radlal

~ walls of tracheids. Note opp051te arrangement.

P1102 E, SL54L5, x 450

P

mlllerl. Radlal walls of trachelds show1n§
45.
50.

tM ‘milleri. Radlal section show1ng taxodlold -
- pitting in the cross- fleld. PlO88 B, SL54&6
"X 1300 3 v .

‘255';M. glvptostrob01des. ~ Cross- fleld plttlng for'-

'.;;comparlson with Fig. 2. x 1400.

_26;f“

M. milleri. Radial sectlon of ray parenchyma
showing slight indentures (i) associated w1tb

'ef\tangentlal walls. PllOZ E, SL5EU5, X lOOO

R
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Figs;-27 - 33. Me%asequbiaﬂmilleti,' Wood.

Fig; 27.3}Crdss sédtion of traumatic resin cysts
=" """ (z). Note location at the beginning of

ffggthe growth ring. P1102 E, SL2640, x 190.
niFié. 28. fTahééntial'ééétioh of one resin cyst nowing
A the irregular shapes of the epithelial cells.

P1102 E, SL2641, x 180. v
Fig. 29. Radial ‘section of several resin cysts. Note
’ . . that u to 3 layers of parenchyma (at '
\. ‘arrows) may surround resin cavities.
Plio2 E, SL26U3}_X 130.

Fig. 30. . Tangential section showing wood parenchyma.
- Note smooth to slightly bead-like horizontal
walls and large resin droplets. Note also
paired cells in body of rayat lower left.
- P1102 E, SL2641l, x 220. ST

-

Fig. 31. Bordered pits on walls of cells of the
. outermost parenchymatous sheath of traumatic
resin cysts. Note the large number of pits
and their tendency ta form opposite rows.
© P1099 C 1, SL3559, x 220.

Fig. 32. Pitting on wails“bf wood parenchyma.
: P1088 B 2, SLs4l7, x 500. ,

. Fig. 33. Spiral checks on walls of late wood.
" Pp1102 G 1, SL5k48, x 110. S

%igs.vBH - 36. M. glvptostfoboides.' Wood.

Fig. 34. Spiral checks on walls of late wood ‘for
' _comparison with Fig. 33. x 280. -

Fig. 35, - Pitting on wood;bafenchyma for comparison v
with.Fig. 32. Note similarity of pits to
those of the cross-field in Fig. 25. x 500."

; Fig. 36."Woodvparenchyma with smooth to slightly
" bead-1like horizontal walls and dark, resinous
contents. x 200. ' '

-~
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'Figs.

37 -
Fig.

Fig.

Fig.

Fig.

Pig.

Filg.

Fig.

.f.Fig;"

. Fig.

37.

'38.

39.

40.

41,

L2,

L3,

Ly,

)4,5 .‘.

vMetaseguOLa mlllerl. Woody axes.

Radial. sectlon through several thrachelds
occluded by unldentlfled spherical bodles.
P1102 E, SL26b2 X 120 ’

,Closeup of these bodles reveals a cellular

nature. PllOZ E, SL5445, X 360.

Tangentlal sectlon of ‘wood w1th “re31n'--‘ ¢
¥racheids” Resin droplets are cons1stent1y
associated w1th ray parenchyma.= P1386 C,
SL5h49. x 120 co o

Radlal sectlonjof woqd ray‘with'fungal
hyphae. '*P1088~B'2“'SL3551 X 525,

- Flask- shaped fungal .cells within tracheid.

P1089 C, SL3542, x 525.

Cross section. of stem show1ng plth, primary
xylem, and first growth ring. Note.that
some cells of the pith are filled: w1th o
dark contents. P1249 C top 5, SL5b5O X 55
Cross section of bark show1ng vascular
cambial zone (c), secondary‘phloem (p),”
and cork (ck). Cortex ‘has been crushed.
P1249 C top' 1, SL5451 X 55 Ty
Longltudlnal sectlon of plth Note s1mple
pitting and sometimes nodular .appearance of
cell walls. P1249 B 3, SL5452 X 250

Radial section df 4-year-old stem. ‘Notéif
position of vascular cambium (c). :

“P1249 B l SL5453u 60.
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ﬁfig.;hG.- Metas_gu01a mlllerl.ﬁ

;ﬂEig.[ﬁﬂ.ﬁfM. m llerl.‘ Cross sectlon of phloem show1ng )
B —i————— £,

. Fig.

'Eig;'

5¥F1gs.,51 = 54_.ZM mllle_v_ﬁ

L

Flg.

\lx 150

?iCross sectlon of secondary
phloem.. Note regular arrangemént of tangentlal §
rows of fibers:.(f) and parenchyma’ (pa)~: ‘Tangential
.rows of sieve'cells between fibers and parenchyma e
have not been preserved. Pll95 D bot l SL5036 '“E;W,Lf;,;fs

ilegs regular arrangement of rows of fibers

NEVparenchyma, and sieve cells.:

Parenchyma and

‘sieve . cells-are ‘not easily" dlstlngulshed.‘

V”_PlzugA ‘1, SL3k54, x 150,

48, _M. glyptostrob01des : Cross sectlon of phloem o

- showing somewhat 1rregular arrangement of cell-
. types in younger phloem. Large, dark. cells are.
. albuminous cells., Compare with Fig.. Iy, x 120. -

Lo, M. ;milleri. - Radlal sectl@n.of secondary phloem.\-’
.. Note regular alternation: between fibers (f)
" and parenchyma (pa) R Empty areas Between flbers
and parenchyma represent sieve cells.-

o".// .
section of . secondary o
phloem showing regular alternation. of- SJeve
x l?p

 Pl195 D 15, SLsk55, x 160.

i'50».“ M. glVDtostrob01des. Cross

o cells: (sc), flbers, and par

Tw1gs

enchyma.‘

u}F;g.:5l,;fLong1tudlnal sectlon of shoot bearlng

- opposite pairs of leaves (at. arrows)

- 'P1261 B top 2a, SL5L5

"‘zFig._SZQ:ﬁLongltudlnal section

‘Note.persistant’ scale
SL51+5?, X 1&.

Fig.tjj.':Cross sectlon of shoot near base show1ng

6, 1x 15_

of base

-decussate. arrangement of’ scales..

';ftﬁliliﬂ~four -angled pith at center surrou
R P1261 C lr

. four wedges of xylem.
‘.i/"'_ X 18 “». . R

o pposite pair of 1
fenterlng decurrent le
ducts: abaxial’ to leaf
SL5012. X 55 ' :

hellcal leaf arrangement.p

‘,’; .

eaf Frace
af. bases.
traces.,

55 Unldentlfled taxodlold shoot and leaf

tnl

SL514-59, x: 20 j_'i.‘]

P1315 D 1

'thig.‘54:3'Cro§s sectlon of leaf bearlng shoot)show1ng

s PL181 'é'bot 2, —

‘Note -
/SL5U58,.

““Note resin _“’fwff
P1095 Bbot 1,

Note



' Taxodium m,,. Cross. s€ct of*leafx
tWig show1ng “e_“’"ﬂ f“-arrangeme t., X 60f gty ok

?

'Cross sectlon’df
- leafy.shoot showing ‘décussate. lehf arrangement.
Comparefwlth' L x 40‘1;{ e

Flgff?j M_eia_s_e.g.t_z_u_g wtostrobomes.
e o







Fig. 58. .

Fig.

Fig.

Fig.

Fig.

Fig

60.

61..

62.

63.

6.

| - SB2632, X165 . LU
. 66,

Metasequoia milleri. Cross section of leaf
of moderate size. Note single resin duct (r)
abaxial to vascular bundle. P1095 D top 1b,
SL2632, x 85.

M. milleri. Cross section of large leaf with -

‘M
a single resin duct (r). PL095°E al; SL2626,
X

65.

M. milleri. Cross section of large leaf with
two marginal resin ducts (r) in addition to
the median,. abaxial duct.. P1181G bot 1,
SL5041, x 70,

Unidentified“taxodioid leaf. Note on the
adaxial’ side elongate cells with dark contents.
P1095 E 1b, SL2626, x 50.

M. glyptostroboides. Cross section of leaf.

Note abaxial and marginal resin ducts. x 145.

Sequoia sempervirens. Cross section of leaf.
Note three resin ducts (r) and elongate cells
with dark contents found beneath adaxial
epidermis. x 75.

Taxodium distichum. Cross section of leaf. Note
single, abaxial r§§dn duct. ..x 105, ‘

M..milleri. Cross section of leaf showing
vascular bundle (x - xylem), abaxial resin

duct (r) and transfusion cells {(tc). Note

that cells of both epidermis (e) and hypodermis
(h) have dark contents. Cells similar.to_ those,
of the hypodermis are found adaxial and abaxial® '
to the vascular bundle. P1095 D top 1b,

) o e
i - B L T S = .
- - - .

M. glyptestroboides.. CrQSs secfi6Rf6f'1eafVfof ‘
comparison with Fig. 65. x 350. Co o

Taxodium distichunm. Cross section of leaf. Note .
bundle of sclereids (sl) adaxial to the wvascular .
bundle. x 235. , ) o S o
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" Figs. 68 - 73. Metééeduoia milleri. Leaves.

Fig.

Fig.

Fig.

68. Cross section near base of leaf. Note the
presence of a poorly organized parenchyma-
tous bundle sheath (bs) P1095 B bot 1,
-SL5012 X 180 : :

69. Obllque Iongltudlnal section of leaf
showing organization of mesophyll Note
large intercellular spaces.

P1181 G top lc, SL5460, x 48.

70. Paradermal section (abaxial) showing rON
- stomata. Note basically longitudinal
orientation of guard cells.
P1181 G top f1, SL5461, x 130.

71. Paradermal sectlon (abax1al) showing
. 8lightly undulate walls of epidermal
cells (at arrows). P1261 B top la, ..
SL5462, x 150. ‘ e

72. Paradermal section (dbaxial) sh0w1ng
‘ stomata surrounded by guard cells with
dark contents. P1181 G top gl, SL5463,
x 230. '

73.. Crossg. section. of leaf margln showing. - _
. -7 marginal-resin .duct {r). Note thln—-~~ AR
‘walled epithelial cells. llnlng duct.
- *Note also direct contact of resin duct
- and hypodermis (h) Pll8l G bot 1,
'SLSO“I, X 270, E

M glyptostroboides: Paradermal section (ébakfal)'
of leaf ‘showing uhdulate walls of epldermal cells.

,HCOmpare with Fig. 71. X 180. -
_E

M glyptostrob01des Paradermal section (abaxial)
of Teaf showing distribution of stomata (at

arrows) 'and longitudinal orientation of guard

Fig..7h. .
Fig. 75.
Fig. 76

cells. Note also structure of mesophyll and
compare w1th Fig. 69. x 90.

M. milleri. Cross section of root. Note indistinct
growth’ rlngs and’ eccentr;c growth Pll81 H. bot l.

... SL5043, x . e

M.'giyptostrob01des. Cross section of young
pentarph_rgot. X 12..,~, u” S

P




Fig. 78 - 8.2 ‘

Figy

Flg.

v.,

Fig.

N

Fig.

791f

82,

AN o
”Tangentlal sectlon of root w00d. Note e
. resinous wood parenchyma.ﬂ PllQS\D top la,
o _‘SL5b64 x uo SRR | S T
flwaigﬁ 80;T'Cross sectlon of root wood show1ng two |
SR ‘h¢unlser1ate bands: of late’ wood (at arrows)

mlller;. Roots.jﬁifﬁﬁff?$ j;

Cross sectlon of hexarch stele of root in’ 1
Flg' 76.‘ Pll81 H bot 1 SL5043, X 58

§

Pll8l H bot l SL5043. X 45

‘Radlal Wall of tracheld W1th bigeriate, ¢
- opposite pitting, Note: crassulae.,;x
5P1181 H 3, SLSO 7, x h80

Radlal sectlon of root wood show1ng
taxodioid cross- ~-field pitting.

‘”*”;;_91181 H 3, SL50u7, x 500.
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”"Fiéél'Bj‘;‘ééfhiMetasequ01a mlllerl. Roots.

- Fig. 83.. Cross sectlon of bark of root shown in o L o
: '“ra~¢;;;“,;F1g. 6. Note: multiple: layers of- cork - R R
T (ek)-which interupt the secondary phloem.. PRt
" Note also- p031t10n of the vagcular - camblum R
f;(vc) PllBl H bot l SL5043, x 30 B .:i?if;i'aféf

Fig. 84. 'Cross sectlon of mature phloem Note 7ff“f'ffﬂf“*—Q3é,3:
 tangential bands of fibers and- parenchyma. - -
Sieve cells are usually crushed. Note also
| layers of cork with ‘phelloderm, phellogen
~ or cork camblum (cc), and phellem preserved«w, -
e PllBl H bot I.kSL5643, X 100 S LT

o, av -

'Fig. 85. ‘Cross sectlon of vascular camblum (vc) and
o younE ‘cork  cambium (ee). Pll8l H' bot: l,.-~u
SL5043, x 160. | | |

"Fig. 86. ,Radlal sectlon of bark. Note alternatlng
v - ‘rows of fibers. (f), parenchyma (pa), and
sieve cells (sc). Note also cork camblum
(ce) and derlvatlves at right. o o .
P1181 F lLa, SL5465, x 96. . N e

;Fig;'87. Sieve areas on radlal walls of sieve cells.
‘P1181 F ha, SL5461, X 900.,

Fig. 88. Cross sectlon of small root. . Note pentarch
- stele and remnants of cortex.: Pl413.E~top 1,
SL5466, x 28 : ‘ '

| Figj:89. Attachment of rootlets to a small root, and
- : of the small root to the large root at
left. P1266 A, SL5467,ix lO

Fig; 90« Cross sectlon of small diarch rootlet.
- ‘Note absence of root halrs. PlhlB F top la,
SL5468, x 135 R : N

Fig. 91. Longltudlnal sectlon of rootlet showing
. .proliferation of probable mycorrhizal
- fungal hyphae. within cortical cells. .. S
Plulj G top 1, SL5469, x 1&0..J;,~1ﬁ;;ggf“”“*

.. Fig, 92.° CTDSS sectlon of stelar region of ‘young- root;m
S N T “ghowiAg, protoxylem oles. (px), pericycle " =
““””@?gsrﬁ<(po),oendodermrs Qe? and a‘' layer . of: pells

: -oo- -With.phi= shaped W4 1% : th;ckenlngs (ph)-
y l181 G top 2f 5 SL5470 X 24 :




.Cross section of stele.of young tridréh ool
. root showing initiation of cork in the - - -~ .. .
. “reglon of “the pericycle: indicated by
;. radially aligned’ cells. Note- also

.. indication of activity of a vascular
S0 cambium, | P1413 Fobot 1, SE5471, x 160.

o
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Figsl”9&'-~102. 'Metasedudia'miileri:ﬂféeed cenes:.;' :

Fig. .9%. Longitudinal section of cone- showing =~ - "7 7 ..
. .+ decussate: arrangement of scales. Opposite
pairs..of scales arebnumbered consecutively-
from the base of the cone. Note that the
first three pairs of ‘scales are relatlvely
small. P1258 J top 6, SL5472 x b,

- Fig. 95. ”Obllque transverse sectlon near base of
- . . _-cone. Opposité pairs of scales are .
"Fflnumbered from- the base .of-the- ¢ore. Upper o
scales are reflexed toward the base of the
‘cone; the.cone-apex’ 1s ‘downward and beneath
- ' the plane . of section. P1258 FZ top 2
¢ 'l'“SL5020 x 5 : N

- Fig., . 96. Cross sectlon of cone, stalk or peduncle.
- Note the presence of the small lea (1)
. P1258 G.bot 11, SL5473, x 1h. .

Fig. 97. Tangentlal sectlon of wood of cone axis,
T ~Note uniseriate rays. P1258 J top 14,
SL5033, x 50. S .

Fig. 98. Longitudinal section of wood of cone axis
showing. resin cysts. P1258 F2 top 16,
SL5027, x 60. . - o
f“[&fFig;ﬂf99;”qLdngltudlnal sectlon of plth of. cone»ax1s..-
o ecs s orom-'Note simple plttlng. P1258 J top A2 s
"<"if?fgr“ifffSL5031 X 150 ' i
Fig. lOO.-,Cross sectlon of cone axis- show1ng outer-.
: - -most. secondary xylen, secondary phloem, and
crushed cortex. Note resin cysts (r) at
right and position of vascular cambium (c) 7
P1258 F2 top 16, SL5027. x 60. :

Fig. 101. Radial section of cone scale show1ng
' expanded distal region and horizontal
groove (at arrow) on external surface.
-P1258 F2 top 14, SL5025, x 10. '

Fig. 102, Radial sectlon of area of attachment of a
- reflexed scale in th& basal" reglon of a .
S cone.. The large vascular trace is attached
/ to the vascular cylinder of the axis.at the -
: ‘right and extends downward to the left. e
P1258 J top 15 SL547M " x 20, :
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AT | 53
f~;111:{_Mefés¢QuQia miliéri.ﬁ

dutn -

\ E i

Seed cones. . = L

I S

;4105§;3106;§}Séd£ibns;thrgugﬁjcghelgcéles.” |

>

| ‘Fig.” -103. _Base of .scale near attachment to ..

. Fig.

Fig.

Fig.

‘197}f

~08.

109.

Fig.
Fig.
Fig.

-~ Fig.

 Fie.

110.

111

o &

* of transfusion cells (te). P
. USTS027; x B0 LTl

: o the vascular bundles (

cone axis.. P1258 J top 5, SL5L75,
200 TEOT S R A

LQ#a,_Seqtioﬁ-of scale stalk showing

ylf4%”'ﬂfifsf‘éﬁ1itfihg<d£<#hezva§qqla:ﬂ.;9g,;j.M-,u,;
cylinder. P1238 J ‘top 5,  SL5475; * 7

....... X 20,
105. Section:in region of'ekpansion,ofv
. scale. P1258 F2 top 9, SL5022, X 8.

106. Large, distal region of scale.
Note arrangement of vascular bundles
into. two roughly equal horizontal
rows. Note also resin ducts (r)."
P1258 F2 top 2, SL5020, x 8. '

Abaxial vascular;bnndles‘of,the cdqé.scale“

(<]

Distal.marginvofgqope'Scalefshowing
“xterminatign}gftyascularwhﬁndles‘injmasses

PR

¥

Rédialzsegtionithfough cone scale showing ./ -

: fﬁ-

.elongate-SQLerQiqS"(sl)galieneg_parallel
- : v'b "..
10, SL5029, % 35,

Cross section of seed showing the central
seed body and two lateral wings. .

 P1233 D1, SL5476, x 30.

,16hgitudinalwéecxion of seed coat. Note

inner layer of large, elongate cells

: \ ’ oo L e e a

“P1258:J. tap”

2 2

T

(1eft) and outer layef# of small, sphefical,‘f,

‘heavily-thickened cells (right).

.

© P1258 K top ¥, SLsh77, x.130.

I

S e e
“

P

Si:ldaWﬂ A‘in" Ei’g-" .1'-‘*06—"" N 'o.‘te J’al,"ao""nurnlero‘uSM» - — I .A‘ '4,_‘
" isolated sclereids. P1258 F2 tgp-2, - 7" S
S CeASL5020, x 70. o T

-
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'ff Flgs. 112 : 114..
f}f5fFig.'

’fFigp

112,
';113

Metasegu01a mlllerl., Seed cones.gﬁkmfk

&

Longltudlnal sectlon of seed show1ng

' ¢entral body and lateral wings. Note .

. 8light assymmetry of base.. :Note also
. fusion of nucellus (n) only at base of
seed. P1258 X top 6J SL5478 x 20

Obllque sectlon of cone show1ng attach—.
‘ment: of four seeds  to the upper scale

and two to-the lower scale. Note d;stalﬁsfifwf

attachment of seeds ‘to- scale.
P1258 G2 bot 8, SL5019, X 8
\

Cross sectlon -of seed coat show1ng larger_{'

thin-walled inner cells and small, o
- thick-walled outer cells. A dark layer
.of crushed cells lines the body "(b) and-

. w1nE?(w) cav1t1es., P1342 B bot l,

' SL5

v

i 90.v‘- :: Sl e
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Figs. 115 - 118, Metasequoia'milleri. Pollen cones.

~ Fig. 115. Obllque longitudinal-section® of Holotype

oo v " showing general features. Note sporo-

A phylls with large*resin ducts £r) and,. .

Y, . . .., 1in the spordphyll at the top (arrow),

-, v ipmdl%er lateral resin ducts. Note also
' - attached s orangla and imbricating:

leaXes (1f). P1195 D top la, SL5271,
X 2 o

Fig. 116. Longitudinal-section of cone showing
: gcale~like proximal leaves and imbricat-
ing distal leaves (1f). Mogt of the axis
in the sterile region has not been pre-
served. P1013 B2 bot 10a, SL5116, x 25.

Fig. 117. Attachment of cone to cone-bearing. shoot.
The cortex of both the cone and shoot are
continuous. Note the opposite arrange-
ment of lateral branches (1).

) .P1013 B2 bot 18b, SL5099, x 15.

" Fig. 118. Cross-section of cone surrounded by
imbricating, subtending leaves. Note
that the leaves are decussately arranged
(arrows). Note also that the fertile
axis is parenchymatous and lacks vascular
tissue. P1269 A 1, SL5329, x 35.
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Figs. 119 - 122.

Fig.

Fig.

Fig.

Fig;

119.

120,

- 121,

122.

h

Metasequoia milleri. Pollen cones.

Longitudinal-section of immature cone
with poorly developed sporangia (sp).

‘Nptewthg,thiQKJ‘Sqalq-like;proximal.‘ o
leaves and the  imbricating distal leaves.

P1311 C top 6, sS15378, x 30.

Longitudinal-section of very imma‘ture
cane. Sporangia are represented only

by small protuberances- on the abaxial

side of the sporophylls (sl). Note.
imbricating distal leaves. Note also

_ pith cells (p) with dark contents found

in the sterile region of the axis.
P1343 C bot 11, SLs5427, X 30.

Cross-section of immature cone showing
sporophylls (sl) with undeveloped
sporangia. Compare general appearance .
of cone and sporophylls with Fig. 9.
P1255-D 3b, SL5323, X Lo, .

Cross-section of very immature cone
showing spiral arrangement of sporophylls
(sl). Sporangia are not present. Note.
that the decuss te arrangement of the
leaves is appare¢nt (arrows) although some
leaves are poorjly preserved.

P1366 B 1, SL5080, x 51.
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Figs: 123 - 129

- Fig.

Fig.

Fig.

Fig.

123.

'rlés;mr

126,

127;

_ﬁducts.

P1105.D

o S "“"=‘~v~-~-ﬁ*
. )’ N
Metasequ01a mlllerl.- Pollenrcones.

 Cr0ss seqtlon through upper part of ax1s'

show1ng numerous. spirally arranged res1n
*P1332 C. bot 9, SL5402, X 21

Al OIW-;, -

Tangentlal sectlon through fertlle ax1s
of immature cone- show1ng spiral arrange-
ment of resin ducts passing into sporo-
phylls (sl). Pll95 'toplhb SL5293, x 30.

Close up of ax1s 1n sterlle reglon show1ng»3~"“'

pith cells (p) frequently filled with, dark-

F%o?tents and the empty cells of the cortex ‘
c

,Cross se\¥1on -df-axis " in ‘sterile reglon

P1311 C 'top 6, SL5378 X 50.

show1ng four wédge-shaped- vascular bundles
‘bot 44 SL5164 X 80 ‘

Cross- sectlons of bases of subtendlng

. leaves show1ng resin ducts (r) and vascular
* bundles “(vb)

A’ single “layer of. small,.
thin-walled cells forms an indistinet
bundle sheath. Note the abaxial layers
of small cells filled with dark contents.

> Adaxial cells are larger and usually empty.

. P1013 B2 bot.33a, SL5I32, X 39+ & . .

. 128.

129.

"portions than the proximal

_Cross sectlon through dlstal portlons of

imbricating leaves (1f). Noté ‘the con-

. spicuous abaxial layers of- small cells

with dark contents and the thin zone of
larger, adaxial parenchyma cells. ]
parenchyma:is much thinner in the distal-
(compare with

Fig. 14).° P1269 A 16, SL5339. x 50.

Trachelds found in the axils of the sterile

region showing uniseriate to.biseriate
circular-bordered pits. P1187 D bot 8,
SL5270, x 800. : :

ld

A

Adaxial
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130 - 135. Metasequoia milleri. Pollen cones:.

Fig. 130. Cross-section of cone showing attachment
’ - of sporophylls to the'axis. Note large

resin duct (r) of sporophyll and smaller -
- resin ducts present in laminar part of o
- gporophyll. P1060 E top 17, SL5086, x 25.

, : P B

Oblique longitudinal-section of cone
- showing sporangial attachment-to a- - - - ...
gporophyll (sl). 'P1195 D top lhc,
SL5313, x 23. T T e e

. Fig- N 131-

Fig. 132. Tangential-section of cone showing attach-

' ' ment of three sporangia per sporophyll

" (dt" arrows). Note that resin duct nearly
completely occupies-sporophyll stalk.
P1060 C top 5, SL5206, x 36: - . -

Fig. 133. Cross-section of two sporangia showing
. structure of sporangial wall. No zone of
Co. dehiscence is recognizable. P1013 C1 top
™4, sL5173, x 130. :

Fig. 134. Cross-section through base of sporophyll =
. stalk. Distally the diameter of the resin

duct relative to the stalk increases so '

that the resin duct occupies almost the

entire volume. (see Fig. 132).

P1195 D top l4a, SL5283, x 180..

Fig. .135.. .Cross-gection through fertile region
showing broad, thin (often only one cell
thick) distal laminae (dl) of the
sporophylls. ©P1013 B2 bot 2la,*SL5126,
x 112, . .

¥

e,
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CHAPTER 5

DISCUSSION

Y

Organlc connectlon between pollen cones and twigs and :
'Tbetween seed cones and seeds has been found in the Prlnceton vé

“materlal. However, connectlon Qf the other organs musf be”

established on the ba51s of other evidence in order to ‘ » VE
_dqsegble all remains in a single species. Indlrect | | ;
‘eridenceJis as follows:
1, consistent associationvof'organs;
2. 'independent ideritification of all organs as

~

belonging to the genus Metaseguoia’or at least as

shoWing affinity to the redwoods (Sequoia,

Sequoiadendron, or Metaseguoia)-

e i Gl st ot e

3. ,aPparent ex1stence of only one type of each organ. .
‘1n the Prlnceton chert
"y, ‘anatomical 31mllar1ty between organs (for instance,
wood structure of vegetative and fertile axes of |
similar size); and
5. .all appendages, except tne microsporophylls, are
| borne decussately (within the Taxodiaceae, this '

arrangement is unique to Metasequ01a)

Woody stems of all Sizes are belleved to have been
" borne by trees of a s1ngle spe01es . Features of wood anatomy |
form a contlnuum from tw1gs to the largest axes. Although

roots and stems are'not attached, anatqmlcaL=51mmlarities

135



and dlfferences between stem and root wood are those

predlcted by workers such as Brown and Panshln (1940)

"Roots of varlous sizes have been found in- organlc connectlon.”

| Seed cones are borne on a sparsely—leaved stalk. Plth
and wood of both the stalk and the cone axis are similar-to
those of small branches.

Although there‘are apparently two types of taxodiaceous.
leaves in the chert, those w1th one- re31n duct and those. a
with three, both types are borne decussately on s1m11ar

_‘tw1gs;_ Anatomical dlfferences seem £o be related to leaf

size. ' , | | K

The 31m11ar1ty of organs of both fossil and living

Metasequ01a indicate that all organs from the chert could
certalnly be borne by a 31ngle spe01es. Therefore,‘if

closely related spec1es of Metasequ01a ex1sted w1th1n the

Princeton chert they would be recognlzed only by distinction

of more than one type of a s1ngle organ. ~Since it is the
author s bellef that only one spe01es is represented'by each
type of organ, 1dent1flcat10n of more than one spe01es is not
possible. & -

The evidence overwhelmingly supports the re;ognition

of one species of Metasequoia, M. milleri, from the Princeton

chert.

136
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A detailed comparisen of M. milleri and M. glyptostroboides

reveals the follow1ng dlfferences:

1. wood rays of larger axes attaln much greater

helghts in M. mlllerl,

e e -
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Z;Jfleaves of M. milleri have one or three res1n ducts,;'

leaves of M. glyptostrob01des are found only w1th

three resin ducts,

3. .the mesophyll of lea%es of M. mlllerl is not well

g ey L b L e

dlfferentlated 1nto pallsade and spongy layers; c $

1eaves of M. glvptostrob01des usually ‘have a

characteristic layer of arm palisade cells; B L o

b, the epldermls of M. mlllerl ‘leaves has stralght to
'sllghtly'wavy walls, and a hypodermls is generally o

‘distinct; leaves of M. glvptostrob01des havei o

¢h1ghly undulate epldermal walls and generally
.lack a hypodermls,
5. mlcrosporophylls of M. mlllepl "are initiated

) hellcally, those of M. glvptostrob01des, reportedly

. j SR

‘decussately, ) ﬁ

6. ‘mlcrosporophylls of M. milleri haVe three resin

ducts in the distal lamlna, M. glyptostrob01des.

one resin duct.

All apparent differences between M mlllerl and M. glvptostro-

boides are anatomical, and are not recognlzable on external

examination.

Remalns of Metasequoma constltute one of the most

common of Late Cretaceous and Early Tertiary megaf0551ls.
Most of these remains are 1eaf compresslons, no 1nternal

anatomy has been prewlously reported for f03311 Metasequ01a.‘ ft '

A single species of fos31l Metasequ01a. M. 0001dentalls

(Newberry) Chaney, has been recognlzed by Chandrasekharam




' ’(1974) and Chrlstophel (1976), although a second, older
A\

(Upper Gretaceous) spe01es M..cuneata (Newberry) Chaney,

has been recognlzed by Chaney (1951) and Bell (1957). Other‘

.-‘specles have been descrlbed recently (eg Sveshnlkova, 1975),

but are'notbwell‘understood,'andamay prove.to be~conspe01f1b

:WIth M. 0001dentalls

Slnce essentlally all known Early Tertlary remalns of

—

i Metasequ01a appear-to belong to M. oc01denta11s, and these

8

‘remalns are exceedlngly abundant it may be. suggested that

%the Prlnceton spe01mens should also be placed in thls
'spe01es»7 In/addltlon. on the structural ev1dence avallable

it is quite poss1ble that M mlllerl and M oc01dentalls

are conspe01f1c However, dlfflcultles arlse when attempts
are made at plac1ng permlnerallzed spe01mens in a spec1es
‘that has been based upon compressed spe01mens. Anatomlcal‘

detalls of M. oc01denta11s are. unknown,'similarly; detailedv

_knowledge of morphologlcal features, such as leaf arrange— o
Abment. .angle of dlvergence, and leaf 1ength are not readily
‘:avallable for Mm‘mrllerlj Dlstlnctlon at the spe01es level
fmust be made. N \ :

Metasegu01a llke conlfers flrst appeared durlng the :
‘Upper Cretaceous (Arnold and Lowther, 1955 Miller, 1977b), ‘

+

»-and by Late Cretaceous tlme Metaseou01a was abundant. The

vs1m11ar1ty among M.,cuneata, M. 0001dentalls, and M

glyptostrob01des has led to the concluslon that Metasequ01a

*-has changed llttle s1nce the ﬁate Cretaceous and that all
three spec1es may represent the same llneage or are p0581b1y

<
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conspe01flc (Chaney, 1951 Schwarz and Welde, 1962
Chrlstophel 1976 Mlller, l977b, ete. ) ' The morphology of

M. mlllerl supports the concept that Metasequ01a has changed

very little since the close,of‘the.Cretaceous.' However, M.

mllleri,iand probably. other Early TertiaryiMetaseduoias, :

 were certalnly not identical to M. glyptostroboldes.’

The taxonomic 51gn1f1cance of. the dlfferences between

M. mlllerl and M glvptostrob01des may be questloned,

espec1ally 1f examlnatlon of the pollen cones of the latter

reveals a hellcal dlSpOSltlon.- Although M milleri is a

‘:,relatlvely well known spe01es, and comparlsons with M.

=glvptostrob01des are close, the present lack of numerous

-anatomlcal morphologlcal developmental, ecologlcal and
phys1olog1cal characterlstlcs of the foss1l spe01es precludes
synonymy. - The practlcal solutlon in the descrlptlon of .
fossil materlal is to dlstlngulsh between foss1l and extant
,organlsms by pla01ng them 1n separate spe01es.‘l .
-While M. mlllerl is clearly a memberaoégthe genus, it is-

51gn1flcant to note that not all ort3ﬂ”""ﬁ learly 1dentifi—

able; as. such. For 1nstance, those leav- Wwith a s1ngle res1n

'1&‘0‘ .
- duct resemble leaves of the genus leptostr§%US.‘ Although - fl‘

Sequ01a, Metasequ01a, Taxodlum, and leptostrobus were

Y ' ’ ..

dlfferentlated at the generlc level by the end of the
' Mesozomc, the fragmentary nature of most plant fosslls leaves’
open the poss1b111ty that extlnct members of: genera may have

-»had some organs characterlstlc of one extant genus and other

, organs that would be expected to belong to another genus.~.In'f
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’

Y

" this regard, it is perhapé wise to proceed with caution

when attempting to assemble fossil orgéns by‘tombariéon T "

with extant forms.
The large quantlty of well preserved materlal from the !}
T T

Princeton chert locality has made it pos31ble‘to assemble

all organs into a’ s1ngle speoles, Metasequ01a mitleri, and

has contrlbuted to a detalled understandlng of its anatomy

9

gnd morphology. As a result, comparisons w1th extant

' mémbers of the Taxodiaceae (see Table 2) and an inter-

pretation of the évolution of Metaséquoig during, the Teftiary
have been made with some confldence. Fﬁ;fher investigation
‘of ﬁhé?many undescribed plants in the Prlnceton chert will
contlnue to contrlbuto to the understanding of - the anatomy

\ ' ’ of some Eafly Tertiary plants. Continuing study will also

| result in a better understanding oflthe composition of the

— . community that lived in an’ around the an01ent marsh.

. . v
\ : N
! :



Table 2,

Comparison of Mgzggeguoia'mille:i°with some other -

-members of the Taxodiaceae. Data have been

obtained in part from Brown and Panshin (1940),

 Christophel (1976), Dallimore and Jackson (1966),

ﬁrdtman (1965), Gaussen (1955), ‘Greguss (1955).

Rothwell and Basinger (1979), Stebbins (1948),

and Wodehouse (1935).

*'Metasequoia, as well as other taxa, has .

3.

+* 33

clusters of scale-like leaves at the base of

the shoot.

This is the greatest number of seeds fou@d
attached to a scale. Determination of.nﬁmberé

of seeds originally borne on scales is difficult

due to inadequate preservation and the

probability of seed loss pridr to permineral-

ization.,

* The diameters of pollen grains. and’ the form

of the ékit papillae may be highly variable.

Data préSented here indicate trends within the

‘Taxodiaceae and may not be in agreement with

all sources.
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