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Wleogene f l o r a s  from the  Gulf of Alaska region 

By Jack A. Wolfe 

Abstract 

Numerous co l lec t ions  of  f o s s i l  plants  fYm t h e  Gulf of Alaska region 
were obtained from rocks t h a t  are  well  dated by marine mollusks. The 
w l l u s k s  ind ica te  that the  oldest  possible age f o r  t h e  lowest plant 
assemblage is  middle Eocene    om engine) and t h a t  the  youngest possible 
age f o r  the highest  Paleogene plant assemblage i s  middle Oligocene (Lincoln). 

Paleobotanical correlat ions indicate  t h a t  the  lowest plant  assemblage 
is  of e a r l y  l a t e  Eocene (ear ly ~ a v e n i a n )  age and the  highest  plant  
assemblage is  of e a r l y  Oligocene (~unrmerian) age. A new provincial  
stage--the Angoonian--is proposed, based on assemblages from rocks i n  
southeastern Alaska. The Angoonian i s  thought t o  be of l a t e  Oligocene 
(ear ly  ~ l a k e l e ~ )  age. Only one s t r a t i g r a p h i c a l l y  i s o l a t e d  assemblage 
from the  Gulf of Alaska region has been recognized as  of Angoonian age. 
The biostrat igraphy of the  Gulf of Alaska region and of other  regions 
i n  Alaska indicates  t h a t  the  Seldovian, Homerian, and Clamgulchian 
Stages are  probably e n t i r e l y  of Neogene age. 

The e a r l y  Ravenian assemblages represent Paratropical  Rain f o r e s t  
( tha t  i s ,  s imi la r  t o  vegetation of a narrow region bordering the  Tropical 
Rain f o r e s t )  based on the physiognomic analysis  of fol iage;  the  most 
diverse famil ies  represented a r e  Menispermaceae and Icacinaceae. These 
a r e  accompanied by palms, Anonaceae, hQmisticaceae, Dipterocarpaceae, 
Barringboniaceae, and Wrtaceae. A minor element is  represented by 
broad- leaved deciduous plants .  The middle Ravenian was somewhat cooler,  
as  indicated by f o l i a r  physiognomy, the  fewer Tropical Fain f o r e s t  
elements, and the d ivers i ty  of Lauraceae. The l a t e  Ravenian assemblage 
represents  a broad-leaved deciduous f o r e s t  ind ica t ing  a temperate 
climate. The Kummerian assemblages were again dominated by Lauraceae, 
and the  phys iogoomic characters of the  fo l iage  ind ica te  t h a t  Subtropical 
f o r e s t  was again represented. 

The exis tence of a broad-leaved evergreen f o r e s t  in Alaska such 
a s  t h a t  of t h e  e a r l y  Ravenian indicates  t h a t  extended periods of 
darlmess could probably not have ex is ted  a t  t h a t  time. The Alaskan 
Paleogene f lo ras ,  as well  as  those from other  regions, indicate  t h a t  
the  e a r t h ' s  ax i s  of ro ta t ion  may not have had as  great  an inc l ina t ion  
i n  the  @st .  Strong cl imatic  f luctuat ions evidenced by f o l i a r  p h y s i o g o ~  
of Ter t i a ry  f lo ras  is  thought t o  nave Peen- t h e  r e s u l t  of changefm - - - - 
the  inc l ina t ion  of the  ea r th ' s  axi.x --- 



The history of the development of the Arcto-Tertiary concept i s  
reviewed, and the fundamental lack of evidence for  t h i s  concept i s  

"I ' 
,O 

shown. An alternative,  m o r e  complex, concept i s  proposed for  the  -<  , F' 
d e v e l o p ~ n t  of t he  %xed Mesophytic forest .  Paleobotanical evidence I ~ ~ Y E ~  j : , ' ~  
indicates t ha t  toleranc s ~f m y  genera have changed during the 4,1,t, *t$,~i 6 
Tertiary. Many M i ~ e d & ~ ~ ~ e n e r & - - ~ t i c u l a r l ~  those tha t  are 

A 

today temperate ou t l i e r s  of basical ly t ropica l  groups--may have had 1 F  
a wide d is t r ibut ion  in the Paleogene Paratropical Rain and Subtropical 
fores ts  and have entered the warm temperate fores ts  only during the 
l a t e r  Paleogene o r  Neogene. Some Mixed Mesophytic groups appear to 
be of l a t e r  Neogene origin and have been signif icant  members of the 
warn temperate fores ts  since tha t  time. Some h e d  Mesophytic genera 
apparently were members of the Bra t rop ica l  Rain fores t  only i n  the 
e a r l i e s t  Paleogene and became adapted t o  warm temperate climates by 
the l a t e  Eocene o r  perhaps even ea r l i e r .  The Mixed Mesophytic forest  
may have developd independently i n  Eurasia, western North America, 
and eastern North America. 

Introduction 

O f  a l l  Tert iary sequences a t  high northern la t i tudes ,  the Gulf of 
Alaska sequence i s  unique i n  having many plant  l oca l i t i e s  in rock uni t s  
tha t  a l so  contain numerous marine foss i l s .  More signif icantly,  solne 
of the Gulf of Alaska f loras  of Eocene and ear ly  Oligocene age are 
the most northerly f loras  tha t  can be def in i te ly  s ta ted  t o  be of tha t  
age. The significance of these floras, therefore, t o  f l o r i s t i c  and 
vegetational h is tory  i s  apparent: do a l l  these Eocene and ear ly  
Oligocene f loras  represent a temperate, broad-leaved deciduous forest  
s imilar  t o  t ha t  of the Kenai Formation? I f  the concept of an Arcto- 
Tertiary Geoflora has validity, they must represent t h i s  type of 
vegetation. New collect ions of f o s s i l  plants from the Gulf of Alaska 
sequence, coupled with a considerable amount of new strat igraphic 
and molluscan data, allow a f a r  be t te r  understanding of f l o r i s t i c  
and vegetational h is tory  in northern la t i tudes  than has been possible 
before. 

The'Paleogene f loras  from the Gulf of Alaska sect ion also have 
an important bearing on the ages of other Alaskan f loras .  Some 
paleontologists, adhering rigorously t o  the largely unsubstantiated 
concept of homotaxis, have questioned whether paleobotanical correlations 
can be made between f loras  separated by several  degrees of lat i tude.  
The f lo ra s  from the Gulf of Alaska section are, harever, a t  approximately 
the same l a t i t ude  as the f l o ra s  from the Kenai Formation i n  the Cook 
I n l e t  basin and geographically a re  only about 240 km (160 miles) distant. 
Comparisons between the Gulf of Alaska and Kenai assemblages w i l l ,  
therefore, be unaffected by l a t i t ud ina l  zonation of vegetation and 
climate . 

Foss i l  plants  from the  Gulf of Alaska sequence were f i r s t  collected 
by U,S. Geological Survey f i e l d  part ies i n  the ea r ly  19001s, largely 
through the e f fo r t s  of G .  C .  Martin and R. A. Tarr i n  the Katalla and 

Malaspina d i s t r i c t s .  Early analysis of these collections by F. H. Knowlton 
yielded confl ict ing r e su l t s .  Regarding the material from the Malaspina 
d i s t r i c t ,  Knawlton s ta ted  (& Tarr, 1 9 5 ,  p. 63): "...none of the 
plants i s  referable t o  the Kenai and i f  the exigencies of the s t r a t i -  
graphy demand tha t  they should be referred t o  the Pliocene, there i s  
nothing t o  contradict i t . "  The material from Berg Lake was considered 
by Knmlton (2 Martin, 1908, p. 35)  t o  be somewhat older: "So f a r  
as I am able t o  determine, t h i s  i s  not Kenai i n  age, but jus t  what the 
age i s  I am uncertain. I should think it ought t o  be Miocene, but 
without an extensive comparison with known Miocene f loras  i t s  exact 
position i s  i n  doubt." Another collect ion from the same wit as the 
Berg Iake collect ion was thought by Knowlton (2 Martin, 1908, p. 35) 
t o  be considerably older, keeping i n  mind tha t  the "Arctic Miocene" 
was considered by Knowlton t o  be of Eocene age: "These are w e l l - h a m  
forms found i n  the so-called Arctic Miocene and indicate t h i s  age for  
the beds whence they came.'' N r t i n  (198,  p. 40), however, basing 
h is  conclusions largely on the marine mollusks ftetermined by W. H. hll, 
stated:  "There i s  no doubt tha t  the ent i re  sequence i s  Tert iary and 
post-Eocene.. ." 

Shortly a f t e r  Knaulton's statements were published, Arthur Hollick 
undertook his studies of Alaskan Tertiary plants. The age of the un i t  
carrying the Berg Lake f lora ,  the Kushtaka Formation, was revised 
downward by Maddren (1913, P .  130): "The Kushtaka carries f o s s i l  plants, 
which the recent studies of Arthur Hollick have shown t o  be of Kenai 
age (~ocene) ."  In h is  f i n a l  description of the Alaskan Tert iary plants, 
Hollick (1936) d id  not specif ical ly discuss the age of the Gulf of 
Alaska plants, but considered tha t  (p. 23) ". . .the general s imi lar i ty  
of the Alaska Tert iary f l o r a  t o  tha t  of the Eocene i n  the Sta tes  proper 
would appear t o  be demonstrated..." Significantly, however, not one 
of the 12  species tha t  Hollick (1936, p.  23) l i s t e d  as occurring i n  
the Alaskan Tertiary and t o  be "characterist ic  of the Fort Union" were 
l i s t e d  by Hollick as occurring in any of the Gulf of Alaska assemblages. 
P. S . Smith (& Hollick, 1936, p. 26) thus remrked concerning the 
Berg Lake section: "It seems reasonably certain, however, tha t  the 
en t i r e  sequence ... i s  post-Eocene i n  age. ... it w i l l  be observed 
tha t  the f l o ra  of the  coal  measures (Kushtaka formation) does not 
resemble the type Kenai f lora,  of upper Eocene age, but seems younger." 

Chaney (1940) considered the Berg Lake f lo ra  t o  be of Eocene age, 
although he c i ted  no new evidence i n  contradicting the age assignment 
based on the strat igraphic and molluscan evidence tha t  was then available.  
Chaney's assignment of the Berg Lake f lo ra  t o  h is  group of "temperate" 
f loras  i s  likeKise puzzling. Included i n  Hollick's determinations were 
genera such as m, Eaohrodendron, m o l i a ,  Cinnamomum, Wrsea, 
bblpoenna, Terminalia, and Semecav--none of these genera are indicators 
of a cool temperate climate. 

Mapping of the G u l f  of Alaska Tertiary rocks was s ta r ted  by D. J .  
Miller i n  the 1 9 0 ' s  and by George FTafker i n  the 1950's. Miller and 
h is  associates collected few f o s s i l  plants, but the mapping and the 



many collections of marine mollusks made by Miller and Plaf'ker c lar i f ied  
and revised the stratigraphy and ages of most of the older plant loca l i t ies .  
The strat igraphic interpretations adopted in  t h i s  report are largely 
those of Miller (1957, 1961a, 1961b, 1961~ ), F'lafier and Miller (1957), 
and m f k e r  (1967). 

Geologic investigations by the petroleum industry in  the 1 W ' s  
has resulted i n  several new collections of f o s s i l  plants. I n  part icular  
Br i t i sh  Petroleum Company a d  Shell  O i l  Company have contributed significant  
collections.  

The collections mde by the petroleum industry in the early 1960's 
and the older collections par t ia l ly  described by Rollick formed the basis 
for  preliminary discussions of the vegetational significance of the 
Paleogene assemblages from the Gulf of Alaska region ( ~ o l f e ,  1964, p. N6; 
1966, p. ~ 5 ) .  These assemblages were considered t o  indicate a subtropical 
climate. Wolfe and Hopkins (1967, p. 70-73) considered the then small 
mollusk-dated assemblages from the Kushtaka t o  be of l a t e  Eocene age 
and t o  be subtropical t o  t ropica l  based on the physiognomic characters 
of t he  leaves. The Tokun-Katalla assemblages w e r e  also thought t o  be 
warm, although somewhat cooler than the Kushtaka. 

The present report i s  based on the  old collections made by U.S. 
Geological Survey geologists, collections submitted by petroleum compmies, 
and new collections obtained by me in  1968. I part icularly wish t o  
thank ~umble O i l  company for providing logis t ic  support during 1968; 
Drs. Willard Larson and Donald Gunn of Humble assisted in  making most of 
the new collections. 

The help of George P lane r  has been invaluable in preparing the 
strat igraphic discussion. Harry D. MacGinitie and Howard E. Schorn, 
Ih ive r s i ty  of California (E!erkeley), have given much time in  discussing 
the f l o r i s t i c  and vegetational implications of the Gulf of Alaska 
f loras .  D. M. Hopkins, U.S . Geological Survey, and Hugh I l t i s ,  a i v e r s i t y  
of Wisconsin, have, through t h e i r  c r i t i c a l  review, assisted i n  the 
preparation of t h i s  report. 

m s i c a l  stratigraphy 

Most collections from the Gulf of Alaska Paleogene rocks were made 
north of la t i tude  60" N. (see f ig .  1 and also f i g .  6 ) .  The most complete 
sequence of Paleogene plant assemblages was obtained i n  the western 
of the Gulf of Alaska region in  the Katalla d i s t r i c t .  A detai led geologic 
map of t h i s  d i s t r i c t  i s  available (Miller, 1961a), from which the map 
shown here ( f ig .  2)  has been adapted. The structure in th is  d i s t r i c t  i s  
complex, but, despite the  small scale thrus ts  and strongly folded beds (fil- 
l e r ,  1961a), the beds can generally be traced for a considerable distance 
and hence a good section can be pieced together (f ig.  3 ) .  The kleogene 
formations i n  the Katalla d i s t r i c t  are, i n  ascending order, the Sti l lwater ,  
Rushtaw, Tokun, and Katalla. 







I t""' 

Figure 3.- Stratigraphic poxition of fossiX plank localities in 
t h e  Kahlla district. Ital ic ized numbers represent plant local,itie:j, 
rananized numbers represent mollusk localities, 



Most collections from the  Yakataga an8 Malaspina d i s t r i c t s ,  which 
are eas t  of the Katalla d i s t r i c t ,  a re  small. The oldest named unit ,  the 
Kulthieth Formation, has yielded most of the Paleogene plants; the younger 
unit ,  the Poul Creek Formation, has yielded almost no plants. The 
paucity of material  from the Yakataga and Malaspina d i s t r i c t s  r e f l ec t s  
the l imited time spent searching f o r  l oca l i t i e s  and collecting. 

Katal la  d i s t r i c t  

S t i l lwater  and Kushtaka Formations.--The St i l lwater  Formation i s  
thou@ t o  be the oldest of the four uni t s  under discussion, although 
it may i n  part  be a l a t e r a l  equivalent of the Kushtaka (MacNeil and 
others, 1961, p. 1803, 1807). I n  the  sect ion exposed northeast of Berg 
Lakes, i n  which Miller (1961a) did not d i f ferent ia te  between the  two 
units ,  a s e r i e s  of sandstones and s i l t s t ones  grades upward in to  a sequence 
of sads tone ,  s i l t s tone ,  and coal. Although the lower part of the  sect ion 
contains a minor amount of very th in  coal beds, it i s  l i thologica l ly  
similar  t o  the  type sect ion of the  St i l lwater  Formation and t h i s  lower 
pa r t  i s  here considered t o  be part  of the Sti l lwater .  Mollusks from 
USGS Cenozoic loc. M343880 were determined by W. 0. Addicott as : 

Rimella? a f f .  g. macilenta White 
Brachiodontes cowlitzensis (weaver and Palmer) 
P i ta r  c f .  2. californianus (~onrad )  - 

Addicott (written cormrmn., Oct. 10, 1968) assigns a middle or l a t e  
Eocene age t o  these mollusks. The beds from which the mollusks were 
obtained grade westward in to  the  coal-bearing Kushtaka Formation and 

on s t r i ke  with plant  l oca l i t i e s  3847, 11157, 11158, 
Plants from loca l i t i e s  11158 and 11159 are approximately 

J A l l  f o s s i l  plant l oca l i t i e s  c i t e d  by number i n  t h i s  report are 
in the  U.S. Geological Survey Paleobotany catalog, Washington, D, C. 

300 fee t  s trat igraphical ly above l r x a l i t y  ~ 3 8 8 0 ,  and plants from loca l i t y  
11166 a re  approximately 3,000 f ee t  higher. The beds a t  l oca l i t y  11166 
can be traced i n  a rough manner westward along the flank of Carbon 
Mountain; these beds appear t o  crop out on the south nose of Carbon 
Mountain about 1,500 t o  2,000 f e e t  s t ra t igraphica l ly  higher than l o c a l i t i e s  
3847 and 11157, and about 3,000 f e e t  s t ra t igraphica l ly  lower than plant  
l oca l i t y  11167 on Carbon Mountain. Localities 9891 and 11169 a re  about 
50 and 300 fee t ,  respectively, higher than loca l i t y  u167.  

Assuming tha t  no major s t ruc ture  i s  concealed by the alluvium in 
Canyon Creek, plant  l oca l i t i e s  11160-11162 are estimated t o  be about 
100 t o  1,009 f ee t  higher than loca l i t y  11159. Locality 11160, which 
i s  i n  the  coal-bearing Kushtaka Formation, i s  near the base of t ha t  
un i t  as mapped by Miller (lg61a). Southward the Kushtaka grades s t r a t i -  
graphically downward in to  the  St i l lwater  Formation. I n  the Shockum 
Mountains, mollusks from the St i l lwater  occur a t  a loca l i t y  tha t  i s  
probably more than 1,000 f ee t  b e l m  loca l i t y  11160, tha t  i s ,  probably 

a few hundred f e e t  below loca l i ty  3847. The ml lusks  (USGS Cenozoic 
loc. ~ 1 2 ~ )  include, according t o  F. S. hbcle i l  (written comnun., 
Oct. 24, 1%1): 

Tivelina cf .  2. 
Eometrix cf .  E. martini (Dickerson) 

McNeil assigns a possible middle Eocene age t o  these mollusks. Collections 
of mollusks elsewhere i n  the Sti l lwater  Formation are a lso  regarded by 
MacNeil (1961, p. 1803) as of middle Eocene age. Thus the St  i l lwater  
Formation and possibly the lowest part of the Kushtaka Formation exposed 
i n  the v i c in i ty  of Berg Lakes as well as the Berg Lake f o s s i l  plant 
assemblages ( locs . 3847, 11157, 11158, 11159) are, on molluscan and 
strat igraphic evidence, considered t o  be of l a t e  middle or early l a t e  
Eocene age. The Canyon Creek assemblages (locs . 11160, 11162) 
would a lso  be of middle or  l a t e  Eocene age. 

In the  upper part  of the Kushtaka Formation exposed along Canyon 
Creek plants were collected from two loca l i t i e s  (locs. 3846 and ill@+). 
These l oca l i t i e s  are approximately 700 a d  1,000 feet ,  respectively, 
s t ra t igraphica l ly  above loca l i ty  11162. A few hundred f ee t  higher than 
loca l i t y  111& i n  the basal part of the Tokun Formation, which r e s t s  
conformably on the Kushtaka, marine mollusks have been collected. 
USGS Cenozoic l oca l i t y  4438 contains ferse washin tonensis (weaver), 
which indicates a Te jon ( late E o c e n e ) ~ ( d  ora l  commun., 
Sept. 1968). 

To the  west on Charlotte Ridge, the basal Tokun has yielded a larger 
and be t te r  preserved fauna. The determinations by L. G. Hertlein 
(written conunun., July 30, 1954) include : 

Acila c f .  A. decisa (~onrad )  - 
Gari c f .  2 .  columbiana (weaver and ~ a l m e r )  - 
Pitar cf .  . californianus Conrad - 
Ficopsis c f .  E. cowlitzensis Weaver 
lblopophorus cf .  _M. tejonensis Dickerson 
Turr i te l la  uvasana Conrad 
Whitneyella cf . W. coosensis Turner 
Whitneyella cf . 1. sinuata Gabb var . 

This fauna, according t o  Hertlein, is comparable t o  tha t  of the Tejon 
"stage" and i s  of l a t e  Eocene age. Localities 9389 and 11165 are i n  
the  urnpermost Kushtaka on Charlotte Ridge ; these l oca l i t i e s  are about 
300 feet  below the Kusbtaka-Tokun contact. Farther t o  the  southwest on 
Charlotte Ridge, beds in the Kushtaka tha t  are several  hundred feet  
b e l m  the Kushtaka-Tokun contact have yielded mollusks. The mollusks 
from t h i s  l oca l i t y  (LEGS Cenozoic loc . Pll215, determined by F. S . MacNeil, 
written cormnun., Oct. 24, 1961) include: 



Yakataga and h l a s p i n a  d i s t r i c t s  Whitneyella c f .  W. washin toniana ( ~ e a v e r )  
c f .  g. d e c i s a e ~  

&Neil considers these foss i l s  t o  be probably l a t e  Eocene ( ~ e j o n )  in 
age. The upper part of the Kushtaka Formation on Charlotte Ridge and 
the Charlotte Ridge f o s s i l  plant assemblage are thus of probable l a t e  
Eocene age. 

The Tokun Formation i s  not present on Carbon Mountain, where the 
Kushtaka Formation a t t a in s  i t s  greatest  thickness. Beds tha t  appear t o  
be equivalent on strat igraphic grounds t o  the  uppermost Kushtaka on Char- 
l o t t e  Ridge are overlain by a feu thousand f e e t  of coal-bearing rocks 
a lso  assignable t o  the Kushtaka on l i thologic  grounds. Thus a t  l e a s t  
part of the  Kushtaka on Carbon Mountain i s  probably equivalent i n  age 
t o  the Tokun Formation. The t o t a l  age range of the Tokun Formation i s  
thought on molluscan evidence t o  be l a t e  Eocene through ea r l i e s t  Oligocene, 
t h a t  is of Tejon and Keasey age ( ~ N e i l  and others, 1961, p.  1803). 
That part  of the  Tokun i s  of Keasey age i s  indicated by the occurrence 
a t  LEGS Cenozoic l oca l i t y  15791 of a crushed specimen determined as 
Turcicula columbiana Dall? by H. E. Vokes (written connnun., Jan. 12, 
-e Kushtaka Formation on Carbon Wuntain could therefore be 
a t  l e a s t  as young as Keasey age. 

Katalla Formation.--The Katalla Formation appears t o  be en t i r e ly  
marine, and thus only a few loca l i t i e s  have yielded plant megafossils. 
Most of these l oca l i t i e s  are i n  the  S p l i t  Creek sandstone beds, the basal 
un i t  of the  Katalla. The largest  assemblage of plants from the Spl i t  
Creek was obtained a t  l oca l i t y  11168 at the  base of Nichiwak Mountain. 
A few mollusks were a lso  collected a t  t h i s  loca l i ty ,  including a 
gastropod tha t  i s  closely related t o  the lower Lincoln index species 
Bruclarkia fulleri Durham (w. 0. Addicott, wri t ten comun., Oct . 10, 
1968). Elsewhere in the  d i s t r i c t ,  the  S p l i t  Creek sandstone has yielded 
a large fauna tha t  Vokes (written eommun., Jan. 12, 1946) considered t o  
be the  same age a s  the Molo o horus s t e  hensoni zone, t ha t  i s ,  e a r l i e s t  
Lincoln ( ea r l i e s t  middl-~. 6% of the more s i m f i c a n t  
l oca l i t i e s  are l i s t e d  a t  the end of t h i s  report .  A few specimens of 
leaves have been obtained from the Sp l i t  Creek sandstone a t  l oca l i t i e s  
3705, 9552, 9988, 9989, and 9990. 

The overlying Basin Creek beds of the  Katalla has yielded a very 
few leaves a t  l oca l i t i e s  11181 and California Acadeq of Sciences l oca l i t y  
29181. The a s i n  Creek beds are obviously a t  l e a s t  i n  part of Lincoln 
age, tha t  is, middle Oligocene. This i s  a l so  a t tes ted  t o  by the molluscan 
fauna, which, according t o  Vokes (written commun., Jan. 12, 1946) i s  not 
younger than the Molopophom & zone; MacNeil (oral  conmun., kt. 
1968), however, considers part of the Basin Creek beds t o  be a s  young 
a s  ea r ly  Blakeley ( l a t e  ~ l igocene  ) . 

A sumnary of the  probable age assignments of the plant-bearing 
formations of the Katalla d i s t r i c t  i s  shown l a t e r .  

m e  geology of these d i s t r i c t s  has been discussed primarily by 
W l l e r  (1957, l s l b ,  1961c), Flaf'ker and Miller (1957), and Flafker 
(1967). Three uni t s  have yielded plant megafossils: the Kulfhieth, 
aul Creek, and Yakataga Formations. An unnamed marine s i l t s t one  and 
sandstone sequence i n  the northwestern part of the W a s p i n a  d i s t r i c t  
i s  thought t o  intertongue with and i n  part  underlie the Kulthieth Formation 
(mafker and Miller, 1957; MacNeil and others, 1961); marine megafossils 
indicate a probable middle Eocene age for  t h i s  sequence (Mac~eil  and 
others, 1961). 

Kulthieth Formation.--One of the most extensive sections of the 
Kulthieth Formation i s  exposed on a ridge north of a stream tha t  heads 
near the headwaters of the Kulthieth River i n  T .  18  S., R. 17 E., and 
flows southeast in to  the  Duktoth River. The upper part of t h i s  section 
i s  given i n  d e t a i l  by Miller (1957, see. no. 2 ) .  The only determinable 
m r i n e  mollusks thus f a r  collected from t h i s  sect ion came from the  upper 
part of the Kulthieth Formation. USGS Cenozoic l oca l i t y  m368 has yielded 
a fauna including (determined by F. S. MacNeil, wri t ten comrmm., Dec. 20, 
1961) shumardi (U) and hreosca l a  condoni cf.  subsp. oregonense 
Dall. The c lear ly  places t h i s  part of t he  Kulthieth i n  the  Lincoln 
"stagef' (middle ~ l fgocene ) ;  the species o f  Ebreoscala i s  r e s t r i c t ed  t o  
the two lower zones of the  Lincoln "stage" and the subspecies t o  the 
lowest zone (Molo o horns s t e  hensoni) according t o  Durham (1944). The 
only determinablePp?snts f h c t i o n  of the Kulthieth are from 
loca l i ty  11170. The precise strat igraphic separation of t h i s  plant 
l oca l i t y  from the mollusk loca l i t y  i s  unknown; Miller and Plafker (1957) 
measured approximately 9,000 f ee t  of Kulthieth in t h i s  section, but the 
plant l oca l i t y  i s  fa r ther  downstream than the base of h i s  measured 
section. Miller (1957) considered that  the rocks in the area of l oca l i t y  
11170 "...may be largely or en t i r e ly  represented i n  the  lower part of 
the  section described above." This uncertainty i s  caused by the complex 
folding and faul t ing  i n  t h i s  area. In any case it appears highly probable 
tha t  l oca l i t y  11170 i s  ' a t  l e a s t  several thousand f ee t  s t ra t igraphica l ly  
below the lower middle Oligocene mollusks and i s  i n  the lower part of 
t h e  Kulthieth Formation i n  t h i s  area ( ~ l a f k e r ,  o r a l  cormrmn., Oct. 1968). 
Elsewhere i n  the Yakataga Dis t r ic t  the upper part of the  Kulthieth has 
yielded mollusks of l a t e  Eocene ( ~ e  jon) age (Miller, 1957). The available 
evidence thus indicates tha t  the f l o ra  from loca l i t y  11170 i s  no younger 
than l a t e  Eocene and presumably could be older. The loca l i ty ,  however, 
that has yielded the most diagnostic mollusks-- Turr i te l la  uvas axla Conrad 
and Ficopsis couli tzensis  Weaver--is USISCS Cenozoic localit-9, which 
is i n  a complexly folded and faulted area, and the  relat ionship of t h i s  
l oca l i t y  t o  the  Kulthieth-Foul Creek boundary has not been determined. 

Several small collect ions of plants have been made from the upper 
part  of the Kulthieth Formation i n  the eastern drainage of the  Kulthieth 
River. Localities 9893 arid 989 f a l l  a t  about the Kulthieth-Poul Creek 
boundary a s  mapped by Kil ler  (1%1b). 



One small collect ion from loca l i t y  9551 i n  the Hanna Lake area i s  
of uncertain strat igraphic position, but Miller (written comun., My 25, 
1961) considered the l oca l i t y  probably t o  be from the upper par t  of the 
Kulthieth. 

In the Malaspina d i s t r i c t ,  an isolated outcrop of coal-bearing rocks 
on Esker Stream, which flows i n t o  Yakutat Bay, has provided a smll 
collect ion ( loca l i ty  3879) o f  plants .  Although assigned with reasonable 
certainty t o  the Kulthieth Formation (Plafker and Hi l le r ,  l957), the 
strat igraphic position of t h i s  l oca l i t y  within the Kulthieth i s  unknown. 

Poul Creek Formation.--Only two loca l i t ies  have produced plant 
megafossils from the Paul Creek. One loca l i ty  (9895) is apparently i n  
the lower part of the Poul Creek, but no mollusks have been collected 
i n  the area of the plant loca l i ty .  Elsewhere in the region, the Ibul 
Creek contains mollusks of l a t e  Lincoln ( la te  middle ~ l i g o c e n e )  through 
l a t e  Blakeley (early Miocene) age. Presumably, therefore, the plants 
from loca l i t y  9895 are of l a t e  middle or l a t e  Oligocene age. 

Another l oca l i t y  (11182) has produced a single f r u i t  of Juglans ; 
the f r u i t  was collected a s  f loa t ,  but, according t o  Miller (written 
commun., May 25, 1961), the specimen probably came from the Foul Creek 
Format ion. 

Yakataga Format ion.--Although plants a r e  reported t o  be abundant 
a t  several l oca l i t i e s  in the Yakataga, only two collect ions have been 
made. Locality 11184 from the upper part of the Yakataga i n  the  Pinnacle 
Hil ls  occurs i n  a sequence tha t  MacNeil (1$7) considers t o  be of l a t e  
Miocene and Pliocene age based on the occurrence of cer ta in  pectinids. 
The second assemblage of plants  i n  the Yakataga (loc. 11183) i s  assigned 
t o  the Yakataga Formation because of l i thologic s imi l a r i t i e s  of the 
plant-bearing sequence t o  the marine Yakataga elsewhere ( ~ l a f k e r ,  ora l  
commun., Oct. 1968). This sequence occurs as a s l i ve r  along a faul t ,  
and cannot be def in i te ly  re la ted  by f i e l d  relationships t o  the Tertiary 
sect ion elsewhere i n  the Malaspina d i s t r i c t .  

Unknown unit.--Plants from loca l i t y  11185 came from a s l i ve r  along 
the  same f au l t  as  l oca l i t y  11183. No marine fo s s i l s  occur i n  t h i s  
patch of rocks; although these rocks were considered to be part of the 
Kulthieth Formation by Stonely (1967) paleozoological or  l i thologic 
evidence for  the designation i s  lacking. 

Biostratigraphy 

Introduction 

The general age assignraents of a l l  but one of the Rileogene plant 
l oca l i t i e s  are known with reasonable certainty because of t he i r  s t r a t i -  
graphic relationships t o  marine mollusk loca l i t i e s  (see preceding 
sec t ion) .  Some of the l oca l i t i e s ,  however, are not precisely placed 
s t ra t igraphica l ly  r e l a t i ve  t o  mollusk loca l i t ies ,  and t h e i r  age assignments 

must r e s t  on the contained plants .  The close strat igraphic relationships 
between some of the mollusk and plant l oca l i t i e s  also allows a be t te r  
understanding of the age relationships between the marine megafossil 
chronology and some of the stages erected on studies of the plant 
assemblages of the Puget Group in Washington (Wolfe, 1968). 

Four stages and seven substages were recognized i n  the Fuget Group. 
The Franklinian--the lowest stage--is thought t o  be equivalent t o  a t  
l e a s t  part  of the Capay "stage" (lower Eocene), and the Fultonian i s  
probably equivalent t o  a t  leas t  part of the Domengine "stage" (middle 
Eocene). No assemblages ye t  known from the Gulf of Alaska section 
appear t o  contain species defini tely indicative of ei ther  of these two 
stages. The two upper stages--the Ravenian and the Kummerian--are 
represented, however. The Ravenian i s  probably largely equivalent t o  
the poorly defined Transition "stage" (lower upper Eocene), as well  as 
to the  Tejon "stage" (upper ~ o c e n e ) .  The Kunanerian i s  probably coeval 
with the Keasey and lowermost part of the  Lincoln "stages .' I  

The unqualified use of terms such as middle and upper Eocene can 
be misleading because these terms have no universally accepted rigorous 
def in i t ion .  On the Pacific coast of North Americq the Domengine "stage1' 
and the Transition and Tejon "stages7' have generally been equated with 
the middle and l a t e  Eocene, respectively; the  lower part of the Keasey 
"stage" has also generally been placed i n  the  l a t e s t  Eocene (weaver and 
others, 1944). These "stages" are, of course, applicable primarily t o  
beds containing invertebrate megafossils, but t o  date no type sections 
have been designated for  these "stages" and the faunas have not been 
studied i n  suf f ic ient  de t a i l  t o  delimit the strat igraphic ranges of many 
of the species. 

Except fo r  some minor departures, the epochal and subepochal 
boundaries of the marine megafossil geochronology on the Pacific coast 
w i l l  be used In t h i s  report. The Ravenian and i t s  probable marine 
equivalents, the Transition and Tejon "stages," a r e  considered t o  be of 
l a t e  Eocene age. The Kummerian and i t s  probable marine equivalents, 
t he  Keasey and lowermost par t  of the Lincoln (Molopophom stephensoni 
zone) "stages," are considered t o  be of ear ly  Oligocene age; t h i s  i s  a 
departure Prom the suggested ages of Weaver and others (19441, because 
they assign the lower pr t  of the Keasey t o  the l a t e s t  Eocene and the 
M. stephensoni zone t o  the middle Oligocene. Elsewhere (1968, p. 12) - 
I have discussed the reasons for placing the Keasey "stage" ent i re ly  
w i t h i n  the Oligocene. The PI. stephensoni zone has been considered by 
some molluscan workers t o  be of ear ly  Oligocene age (H. E.  Vokes, 
wri t ten camraun., Jan. 12, 1946); because the f l o ra  of t h i s  zone cannot 
a t  t h i s  time be distinguished from tha t  of the Keasey, I have adopted 
Vokes' opinion. The remainder of the Lincoln "stage" of Weaver and others 
(1964) i s  considered to be of middle Oligocene age, and the Echinophoria 
rex zone of the Blakeley "stage" i s  accepted as upper Oligocene. The - 
Oligocene-Miocene boundary and Oligocene subepochs adopted in t h i s  report 
are probably different  from those of the mammalian paleontologists, who 
would place the boundary about a stage higher. 



Ravenian Stage 

Lower Ravenian 

I n  the or ig ina l  defini t ion of the Ravenian Stage ( ~ o l f e ,  1968, 
p. 71, the stage was subdivided in to  two informal substages, but here 
a three-fold subdivision i s  proposed. The Kushtaka f loras  from loca l i t y  
3846 and s t ra t igraphica l ly  lower horizons a r e  no younger than early 
Ravenian, 8s indicated by the occurrence a t  t ha t  l oca l i t y  of Hemitelia 

innata MacG. and of Goweria d i l l e r i  a t  l oca l i t y  3847 (see table 1). 
&c%li ty  3@+6 has a lso  yielded representatives of " ~ r y p t o c u y a "  
presamarensis, a species t ha t  has previously been found i n  the middle 
Ravenian and younger rocks, thus indicating tha t  t h i s  l oca l i t y  i s  probably 
near the border between the  lower and middle Ravenian. 

Whether some loca l i t i e s  low i n  the  Kushtaka near Berg Lake are of 
l a t e  N t o n i a n  o r  ea r ly  Ravenian age i s  not clear .  Alangium a f f .  A. 
longiflorum i s  apparently r e s t r i c t ed  to the upper N t o n i a n  i n  the Puget 
Group, but thus f a r  i t  has been found a t  only a single l oca l i t y  there. 
Zizyphus aff. Z. +, on the other hand, i s  known a t  two lower Ravenian 
loca l i t i e s ,  an3 ' kurus"  s imi l i s  i s  known i n  the m e t  Group from ear ly  
Ravenian and younger beds. Both Goweria n. sp. and Pnytocrene a f f .  _P. 
blancoi, i n  addition, are known from the ear ly  Ravenim S tee l ' s  Crossing 
assemblage of the N e t  Group. The Alaskan I l l ic ium i s  not suf f ic ient ly  
well preserved t o  be certain,  but it appears t o  represent the  s m e  
species t h a t  i s  known from the Stee l ' s  Crossing assemblage. The bulk 
of the  evidence indicates tha t  the lower part  of the  Kushtaka F o m t i o n  
exposed at Berg Iakes i s  probably of ear ly  Ravenian (early l a t e  Eocene) 
a s  

The age of the lower pirt of the Kulthieth Formation exposed near 
Duktoth River i s  a l so  probably ear ly  Ravenian. Several species (see 
tab le  1 )  are common t o  the  assemblage from loca l i t y  11170 and the 
assemblages from the laver part  of the Kushtaka. In addition Anemia 
n. sp.  i s  known t o  range from the Frmklinian through the ear ly  Ftaveniam 
in the h g e t  Group (called 5. eocenica Berr. by Wolfe, 1968, p. 5, 8). 
Pnytocrene sordida has been previously recorded from beds of Franklinian 
age i n  California (MacGinitie, 1941), but the prior  f o s s i l  record of 
leaves of Icacinaceae i s  so poorly known tha t  l i t t l e  age significance 
can be attached t o  t h i s  occurrence i n  Alaska a t  t h i s  time. The age 
assignment of the Duktoth River assemblage t o  the ea r ly  Ravenian i s  
consistent with the strat igraphic and molluscan evidence, which indicates 
a l a t e  Domengine or ear ly  Tejon age for  the lower part  of the KultMeth 
Formation elsewhere i n  the Yakataga d i s t r i c t .  

The beds on Esker Stream have yielded only a few species. The 
occurrence there of Allantodiopsis pugetensis indicates an  age no 
younger than middle Ravenian . The occurrence of Celastrus comparabilis 
and Goweria n. sp. a l so  indicates 8 probable correlat ion with the lower 
Kushtaka, t ha t  i s ,  an ear ly  Ravenian age. 

Middle Ravenian 

The original  biostratigraphic defini t ion of the upper Ravenian 
was based on assemblages from the middle and upper part of the type 
sect ion and on an assemblage  ashan an) from what was thought on 
strat igraphic evidence t o  be beds equivalent t o  the lower part of the  
type section. Although almost a l l  the species knom from the type 
section of the upper Ravenian are a l so  known from the Cashman assemblage, 
the l a t t e r  i s  much r icher than the assemblages from the type section. 
The s i tua t ion  prevails despite the f ac t  that  f ive l oca l i t i e s  i n  the 
type section were extensively collected. I originally thought t ha t  the 
depauperate nature of the assemblages of the type section might be the  
resul t  of a peculiar ecology, but tha t  t h i s  ecology largely prevailed 
during a period i n  which about 1,000 f e e t  of coal-bearing rocks were 
deposited appears improbable. Lithologic evidence does not indicate 
t ha t  the  environment of deposition during the deposition of that  part 
of the Puget Group was s i w i f i c a n t l y  d i f ferent  from the environment 
during the r e s t  of Fuget time. 

Based largely on an analysis of other l a t e  Eocene-early Oligocene 
assemblages--many whose ages are r a d i m t r i c a l l y  controlled-- the 
approximate time of deposition of the middle and upper par t s  of the 
upper Ravenian represents an in terva l  considerably cooler than somewhat 
older and younger periods ( ~ o l f e  and Obradovich, unpublished data) .  I n  
the Green River Canyon section of the &get Group, standard b ios t ra t i -  
graphic procedures have not indicated a d is t inc t  separation of the 
lower from the middle and upper parts  of the type upper Ravenian, 
although many species have the i r  highest occurrence i n  the middle 
Ravenian. I nevertheless propose that, because of the strong vegetational 
difference, asd because of the  informal nature of the substages, the 
l a r e r  part of the type section of the upper Ravenian be considered a 
d i s t i nc t  substage, the middle Ravenian. The only known assemblage i n  
the w e t  Group tha t  represents t h i s  in terva l  i s  the Cashman (loc. 9731). 
The term "upper Ravenian" thus implies beds equivalent i n  age t o  the 
beds in the Green River Canyon section from about the Gem-Harris horizon 
t o  the base o f  the K m r  sandstone bed (see Wolfe, 1968, f ig.  2) .  

Four assemblages i n  the Kushtaka Formation represent the middle 
Ravenian. Assemblages from loca l i t i e s  3842, 9389, 1116L, and 11165 a l l  
come from about the same strat igraphic interval ,  a short distance beneath 
the  base of the Tokun Formation. Cr i t i ca l  elements i n  these assemblaaes 
a r e  Allantodio s i s  tensis  which  has i t s  highest occurrence i n  the  
middle Ra&-$oidesrr [Dicotylophyllum] h l -prens is ,  which 
has i t s  lowest occurrence i n  the middle Ftavenian, and Calkinsia n. sp., 

cashmanensis, Pterocarya pugetensis, and Dryophyllm pugetensis, 
which indicate e i ther  a middle o r  l a t e  Ravenian w e .  The vegetational 
analysis indicates a vegetation type more similar-to tha t  o f t h e  middle 
than the upper Ravenian. The conclusion that  t h i s  part of the Kushtaka 
i s  of middle Ravenian age i s  a l so  indicated by the close strat igraphic 
superposition of loca l i ty  11164 t o  a lower Ravenian loca l i t y  (loc. 3846). 
The f ac t  tha t  several thousand f e e t  of Tejon age rocks (lower part  of the 



Table 1.--Chsoklimt of .c#aroaaiL plants from the Kuantaka. Kotalls. and Kulthimth Formetion$. 

Q1 *I 

-. n. sp. ........................... - 

---.---.*.-&---- 

-------------.-.**...-.-- 
pp. ----------------.-----.--. 

ap. ---------------...***-.- --..--- 
Gir,.o,,icra up. ----------------*-.*------ 

- 
Tstrrcentron op. LCarcidi&llyl 

--------------"*..**** -----.--------------- 
------**.*.-*.-..-.--- . _____________..__-------- 

p. ---------A*-*+...--.-.-- . __________________--------.. . __________________-***--.--- 
BP. ------------------------. 

p. .*-----"----+*..-*.---.---- 

+--.-----.-.------------ 

. --..-+frf.ff*f_ll*.*.-. 

#pa -----.------..---*** 
n. up. [I(colltrec 
-------*-*..*.+.-.--...- 

rUEn#i#] -'--------.'-.........' 
uym- [UcctaMn 

pa..,,&f,..] .+-.----.-*---.-----.--- 
Ir.&llu. n. I*. -----------......-... 
h u p ~ t l l t m  OD. [truw S l r l l i * )  ------- 
Lnw,,hyllum ap. -----+---...-----.---4-- 

Iavrophyllrvo I,,. ---------------.--.-.--. 

Liquihm.barP ap. ----------.----.--.----- 
E"co"m,is sp. -------------.-------------- - 
Pl*tm"~ n. sp. -.-.---.--. -*++...--..-.- 

X G G Y p .  [Luolwlmu ntY.A.ns1s I -------- 
n, sp. ........................... 

m B i n l t . L 1  .p. -----------.---*......- 
Caeaalpinites ED. ....................... 
Euodi* ". sp. ------.------.-.----------- 

[Rraca a tiou.] ----------- 
n c *  a l u m  I - 

Anacardisc*ao, *nu? ------------------* 

t i *  .p. ---------------.---...* ".*+ - ". up. ---------------------.-.. 
y1us n. sp. ----------.--------.--- 



Tokun   or mat ion) overlies the p r t  of the Kushtaka containing the middle 
Ravenian assemblages indicates t ha t  the middle Ravenian i s  probably not 
of l a t e s t  Eocene age. 

Upper Ravenian 

The only Alaskan assemblage thought t o  be of l a t e  Ravenian age i s  
t ha t  from local i ty  I l l 67  in the Kushtaka Formation on Carbon Ridge. 
The placement of t h i s  loca l i ty  in  the Ravenian rather than in  the over- 
lying Kummerian i s  not t o t a l ly  sa t i s fac tory .  The depauperate f lora from 
t h i s  l oca l i t y  has only a single species i n  common t o  the e w l l y  depauperate 
f lo ra  of the type section of the upper Fiavenian. Two species, however, 
from local i ty  11167 are a lso  known i n  upland f loras  i n  conterminous United 
States : Ainus cuprovallis and " ~ e l a s t & s "  nevadensis. These species are  
knam in  f loras such as the Republic and Copper Basin, whose radiometric 
ages are about 40 million yiears (Wolfe and ~bradovich, unpublished 
data), that  i s ,  probable l a t e s t  Eocene. Pterocarya pu~e tens i s  has a 
k n a m  upper l i m i t  i n  the upper Ravenian of the EUget Group. The s t r ik ing  
vegetational and f l o r i s t i c  difference between the assemblage from 
loca l i t y  11167 and the overlying Kummerian assemblages from loca l i t i e s  
9891 and 1u68, moreover, indicates t ha t  the assemblage from local i ty  
11167 probably represents a pre-Kunnnerian stage. 

Macclintockia pugetensis was originally thought t o  be res t r ic ted  
t o  the upper part  of the Kuuunerian and was one of the primary reasons 
for distinguishing an upper from a lower Kummerian. Additional collections, 
f o r  example from the basal part  of the Keasey Formation, indicate tha t  
t h i s  species ranges from the base of the Keasey through the Molopophorus 
stephensoni zone of the Lincoln "stage." The distinction, therefore, 
between lower and upper Kummerim is  of dubious value, and I w i l l  here 
not consider al location of individual assemblages t o  subatages within 
the Kunrmerian. 

The rocks in  which the Comstock f lo ra  of Oregon occurs were assimed 
by me (1968) t o  the upper Ravenian. It seems probable that  t h i s  was an 
erroneous interpretat ion.  "mperbaena" d i l l e r i  and Allmtodiopsis 
puaetensis were the 00 basis fo r  placing the Comstock f lo ra  i n  the 
Ravenian. As now defined, the typica l  Ravenian species of Calkinsia i s  
C. n. sp., which i s  morphologically intermediate between the Fultcmian 
F. - p g e t e n s i s  and "Hyprbaena" d i l l e r i .  The spec h e n  I determined as  
Allantodiopsis i s  suf f ic ient ly  fragmentary t o  question the determination. 
The Comstock assemblage, therefore, could equally well be referred t o  
the Kummerian, an age indicated by the interpretat ion of the d i l l e r i  
lineage. The base of the Kummerian is thus considered t o  be approximately 
equivalent t o  the base of the Keasey "stage," and the top of the Kummerian 
i s  thought t o  be approximately equivalent t o  the boundary between the 
Molopophorus stephensoni and _M. zones of the Lincoln "stage." 

Kmer ian  assemblages are known from three rock units  i n  the Gulf 
of Alaska region: the Kushtaka, Katalla, and Kulthieth Formations. In 
the Kushtaka, Kummerian assemblages are confined t o  the upper part  of 
the f o m t i o n  exposed on Carbon RTdge. Locality 9891, which is 50 t o  
100 fee t  s trat igraphically above the l a t e  Ravenian loca l i t v  11168. 
contains ~ c c l i n t o c k i a  etensis "Mallotus" [Platanus] comstocki 
(= Platanus n . sp . of Wpe@), and "ArtocarpoidesH k m e r e n s i s ? ;  
t h i s  assemblage i s  typical  of the Kummerian. Presmablv the assemblane 
from locali ty-l l16gJ which i s  300 feet  s trat igraphically higher than - 
9891, i s  also of Kunrmerian age, although, except fo r  "~ercidiphyllum" 

iperoides, species diagnostic of a Kmer ian  as  opposed t o  an immediately 
Post-Kmnwrian (Goshen) age are lacking. 

The larges t  assemblage from the Katalla Formation was obtained from 
the basal member--the Sp l i t  Creek sandstone--at the base of Nichiwak 
Mountain. Nothing in the  assemblage, which includes Macclintockia 

getensis, conf l ic ts  with the molluscsn age assignment t o  the Molopophorus 
Zephensoni zone of the Lincoln "stage." The other plant assemblages from 
the Sp l i t  Creek sandstone have also yielded Macclintockia p w t e n s i s .  The 
two small collections from an unlmoun part  of the overlying Basin Creek 
member also contain Macclintockia pugetensis, thus indicating a Kunrmeria 
age. As noted previously, &Neil considers the Basin Creek t o  range 
from medial Lincoln t o  early Blakeley i n  age, whereas Vokes considered 
h i s  material from the B a s h  Creek t o  be l i t t l e ,  i f  any, younger than the 
Sp l i t  Creek. Because Macclintockia i s  elsewhere not k n m  in beds of 
medial or possibly l a t e r  Lincoln age, I am inclined t o  agree with Vokes 
that  the Basin Creek member--or a t  leas t  that  part  tha t  has yielded the 
plants--is probably no younger than the Molopophorus zone and 
possibly no younger than the M. stephensoni zone. 

Several l oca l i t i e s  i n  the upper part  of the Kulthieth Formation have 
yielded small collections of plants. Reference to  the checklist {table 1) 
sllows that  Macclintockia prgetensis occurs i n  most of those collections, 
and hence the upper part of the Kulthieth i s  referred t o  the Kummerim. 
This age is in accordance with the indications of the marine megafossils 
t ha t  have been collected from the upper Kulthieth. 

No Faleogene floras of post-Kummerian age from the Gulf of Alaska 
section are yet known in association with marine mollusks. h c a l i t y  
11185 from mcks near Marvine Glacier i n  the Malaspina d i s t r i c t  has 
furnished a small assemblage that  i s  c lear ly  d i s t inc t  from the f loras 
previously discuaaed. The three species present in the Marvine Glacier 
assemblage are: 
evidens ( ~ o l l .  ) 
Although the rocks from which this assemblage has been obtained have 
been assigned t o  the Kulthieth Formation (Stonely, 1967), they could 
equally well be the nonmarine equivalent of the Poul Creek Formation 
(Flafker, o r a l  commm., Oct. 1968). None of the species and only one 
genus (u) are known in  the Alaskan Ravenian and Kummerian f loras.  



I 
The species of Ainus i s  par t icu lar ly  signif icant  because it  i s  eharacter- 
i s t i c  of the pre-Seldovian (lowermost) part  of the Kenai Formation, which 

I i s  here termed Angoonian. The only l oca l i t y  where t h i s  species i s  known 
i n  a de f in i t e  relat ionship t o  the marine geochronology i s  on Sitkinak 
Island;  there A.  evidens i s  known from a l oca l i t y  in nomarine beds t ha t  

' conformably underlie marine beds of l a t e  Blakeley (early Miocene) age ' ( ~ o l f e a n d o t h e r s ,  l ~ , p . A 1 7 ; H o o r e ,  1969). Areasonableassumption 
i s  t ha t  the plant-bearing beds on Sitkinak Island and a t  Marvine Glacier 
are probably of ear ly  Blakeley ( l a t e  Oligocene) age, This age assignment 
indicates t ha t  the beds a t  Marvine Glacier are nonmarine equivalents of 
some part of the  %ul Creek Formation. 

Three l oca l i t i e s  from the  Gulf of Alaska section have yielded leaves 
of Neogene age. Locality 11183 occurs in nonmarine beds that ,  on s t ruc tura l  
and l i thologic  evidence, may be equivalent t o  the Yakataga Formation 
(Flaf'ker, o r a l  coriuttun., Oct . 1968). The Yakataga Formation ranges i n  
age from ear ly  middle Miocene thmugh ear ly  Pleistocene (~ la fker ,  1967). 
The leaves represent: O s m d a  sp., G 1  tostrobus sp., Metase uoia c f .  g. 
gly-ptostroboides Hu and Cheng, Mnus-.) Wolfe, an: =r sp. 
The species of Ainus i s  charac ter i s t ic  of the Seldovian Stage of the Kenai 
Formation; the species i s  a l so  known from the Unga Conglomerate, which 
contains mollusks of middle Miocene age ( ~ k ,  1965, p. 213). The leaves 
from l o c a l i t y  11183 indicate, therefore, tha t  the enclosing beds a r e  no 
younger than middle Miocene and hence are probably from the lower part 
of t h e  Yakataga Formation. 

I aca l i t y  11184 from the  Yakataga Formation i n  the Pinnacle Hil ls  
i s  close s t ra t igraphica l ly  t o  marine mollusks of l a t e  Miocene age 
(F. S. McCoy, o r a l  comnun., April 1968). The one species present i s  
Carpinus Wolfe, a species charac ter i s t ic  of the Homerian Stage of 
t h e  Kenai Formstion ( ~ o l f e  and others, 1966). 

Locality 111% occurs in marine rocks in Lituya lhy. The of the 
mllusXs in the same pa r t  of the sect ion i s  considered t o  be l a t e  (but 
not l a t e s t )  Eocene (F. S .  *coy, o r a l  co~mrmn., April 1968). The single 
l e a f  represents a species of w; t h i s  genus i s  not known t o  be present 
i n  the  Homerian and is thought t o  have become extinct  in  Alaska by the 
end of the  Seldovim Stage. m e  genus i s  represented, however, i n  pollen 
f l o ra s  from l a t e  Miocene rocks on the Queen Charlotte Islands (Martin 
and Rouse, 1966). The genus may, therefore, have persisted somewhat longer 
i n  southeastern Alaska than i n  other areas of the s t a t e  or t he  Seldovian 
Stage may include some rocks t h a t  i n  the marine megafossil geochronology 
a re  of ea r ly  l a t e  Miocene age. 

Angoonian Stage 

Fundamental t o  an understanding of Alaskan Tertiary strat igraphy 
i s  the  type of assemblage represented i n  the Tsadaka Formation and the 
lowest part  of t he  Kenai Formation i n  the Cook In l e t  region. This typ? 
of assemblage i s  wi&espread in Alaska; for  example, such an assemblage 
is known from St .  Lawrence Island, various areas of the  Alaska Fange, 

the  Copper River basin, the Matanuska Valley, the Cook I n l e t  basin, the 
Alaska Wninsula, the  Trini ty Islands, the Malaspina Distr ict ,  Admiralty 
Island. and Kuiu Island. This type of assemblage i s  typical ly composed 
of ~lnk evidens and ~e t a se~uo ia j - a l t hough  othe; species, f o r  example, 
Cercidi h y l l u m  crenat are represented a t  many l oca l i t i e s .  This 
assemblke was a t  oneyime considered t o  be "lower(?) Seldovian" ( ~ o l f e  
an& others, 1966) but has since been excluded from the  Seldovian Stage 
(~ah rha f t i ng  and others, 1969). 

The only known Alaskan section in  which the Tsadaka type of assem- 
blage i s  represented and i n  which recognizably older and younger 
assemblages a r e  a l so  represented i s  i n  the  Kootznahoo Formation on 
Admiralty Island near the town of Angoon. Geologic mapping (Lathram 
and others, 1965) and my own observations made during 10 days of f ield-  
work i n  1961 indicate t ha t  the section i s  continuous, althou& some repe- 
t i t i o n  i s  present because of fau l t s  of small displacement. This section, 
therefore, i s  desirable as a type sect ion f o r  a stage characterized by 
the  Tsadaka type of assemblage. 

Definition.--The Angoonian i s  here proposed a s  a provincial stage 
f o r  plant-bearing rocks the same age as those i n  the type section in the I 
Kootznahoo Formation. The type section is designated as the rocks exposed 
from the north shore of h n g  Island (see f i g s .  4 and 5 )  south (and 
s t ra t igraphica l ly  upward) t o  the rocks exposed on the  south side of the 
small is land near the west end of Xanalku Bay. Thus the rocks a t  l oca l i t i e s  I 
9825 and 9829 are  def in i te ly  excluded from the Angoonian. 

I 

Flora.--The assemblage i n  the type sect ion of the  Angoonian has not - 
been completely studied; some items remain indetermined. The species thus 1 
f a r  determined include : 

Gymnospermae 
Ginkgoales 

Ginkgoaceae 
Ginkgo sp. 

Coniferales 
Taxodiaceae 

Metasequoia cf .  M. $lyptostroboides Hu and Cheng 
Angiospeme 

Dicotyledonae 
Juglandales 

Jwlandaceae - 
Juglans 1f lcaKnar l .  
Rerocarya-Juglam'' o r ien ta l i s  M w G .  1 

Faaales - 
Betulaueae 

Alnus evidens (~011. ) Wolfe -- Ainus carpinoides Lesq. - 
Fagaceae 

sp. 
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Figure 4,- Generalized geologic map of part of Kootznahoo Inlet. 

Data frm lathram and others (1965). TlGS (stippled ) is t h e  sandy 

and silty part of the Kootznahoo Formation; Tkc ( U n c d )  is t h e  

conglomeratic pad. PL represents undifferentbted Paleozoic 

rocks. Heavy lines represent faults, Crosses represent p1ar.t 

localities. 
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F i v  5.9- Generalized stratigraphic 
section of t h e  type section of the 
Angoodan Stage. 



Angiospermae (continued) 
Dicotyledonae (continued) 

Rosales 
Hamamelidaceae 

Fothergil la  sp. 
Sapindales 

Aceraceae 
Acer af  f . 2. glabroides R. W .  Br . - 

Waumales 
Vitaceae 

Vi t i s  atwoodi Holl. -- 
V i t i s  rotundifolia  Newb. - 

Mlvales 

T i l i a  aspera (Newb.) h t d .  
m s i a  sp. [Celt is  obliquifol ia  Chan. 1 

Incertae sedis  
Ficus alaslrana Newb. - 

The Angoonian assemblage i s  f l o r i s t i c a l l y  and physiomornically 
temperate. None of the species and only a few of the genera are known i n  
Kummerian assemblages i n  Alaska or the Pacific Northwest. Most Angoonian 
species a r e  related t o  extant species tha t  l ive  i n  temperate climates. 
The percentage of species t ha t  have entire-margined leaves i s  1-2, t ha t  
i s ,  about the same a s  today in northeastern United States.  

& .--Only one Alaskan Angoonian assemblage i s  known i n  de f in i t e  
s t ra t ia raphic  relat ionship t o  marine rocks. On Sitkinak Island of the  , 
~rinity ~ i l a n d s ,  &us evidens, Cercidiphyllum crenatum, and  etas sequoia# 
occur in nonmarine beds a few f ee t  below a conformable contact with over- - 

lying marine beds; the  marine beds a r e  considered t o  be of l a t e  Blakeley 
(ear l ies t  Miocene) age. Presumably the plants  could be as young as 
e a r l l e s t  Miocene, but I here assume tha t  a l a t e  Oligocene age is m r e  
probable. I n  conterminous United States Angoonian assemblages include 
the  Bridge Creek and Willamette f loras .  Ebth have radiometric ages of 
about 31 million yews (~vemden  and James, 1%) ; i n  the mamalian 
chronology t h i s  i s  presumably very ea r ly  i n  the middle Oligocene. The 
Willamette f lora,  however, comes from beds tha t  overl ie  with an angular 
unconformity nonmarine beds t ha t  have yielded the Goshen f lora ;  i n  turn, 
t h e  Goshen beds conformably overl ie  marine beds containing mollusks of 
the Molopophorus zone (middle Lincoln) (vokes and others, 1951). 
These 8a ta  indicate t ha t  probably the l a t e  Oligocene of the  marine mega- 
f o s s i l  workers i s  equivalent, a t  l e a s t  i n  part ,  t o  the middle Oligocene 
of the vertebrate workers. In t h i s  report, the Angoonian is considered 
t o  be of l a t e  Oligocene age. 

The assemblage from loca l i t y  9829, which i s  s t ra t igraphica l ly  below 
t h e  type sect ion of the Angoonian, includes: Cercidiphyllum crenatum, 
T T O ~ ~ t e a "  eocernua, matanus n . sp., "~e t racera*  oregons, and Wil l i s ia  sp. 
The Platanus i s  the same elaborately toothed species knam i n  the Goshen, 
Sweet Home, and Scio f loras,  all of which are of middle Oligocene (middle 

and upper Lincoln) age. Neither the "OcoteafT nor the "Tetracera" are 
known in conterminous United States i n  beds younger than middle Oligocene, 
whereas the Cercidiphyllum and Will is ia  make t h e i r  f i r s t  appearance i n  
beds of middle Oligocene age. The assemblage from loca l i t y  9826, which 
is  strat igraphical ly above the type section of the Angoonim, includes 
Alnus bakes i ,  ~a_@;us mtipofi, anh Quercus furuhjelmi. This assemblage 
i s  thus of Seldovlan age, which i s  considered t o  be of ear ly  t o  middle 
Miocene age. 

The Angoonian Stage i s  separated from the  Kummerian by a stage 
containing a d is t inc t ive  assemblage. In Washington, f o r  example, assem- 
blages similar t o  the lower Kootznahoo and the  Goshen occur i n  beds 
demonstrably younger than the K-erian ( ~ o l f e ,  1961, 1 w ) .  As yet I 
know of no sect ion in which assemblages of the Goshen and lower Kootznshoo 
type occur above Kummerian and below Angoonian assemblages, and thus no 
stage is here proposed for  the Goshen equivalents. 

Correlation of some other Alaskan f lo ra s  

Chaney (1967, p. 228) has recently expressed the  opinion tha t  the 
lower floras--the Seldovien and the Tsadaka (Angoonian) equivalents--of 
the Kenai Formation are  of early Oligocene age; previously they had been 
referred t o  the  Eocene (chancy, 1964). This opinion i s  contrary to tha t  
of Wolfe and others (1960) who have referred these f loras  t o  the l a t e  
~ l i g o c e n e ( ? )  and early t o  middle Miocene. Chaney's opinion i s  based on 
a proposed correlat ion of the Xenai f loras  t o  f loras  purported t o  be of 
ear ly  Oligocene age from the Port Moller region of the Alaska Wninsula. 
Chaney fur ther  considers these Ebrt MolLer assemblages t o  be "The nearest 
occurrence of well-dated marine sediments with associated plant-bearing 
beds ..." t o  the Cook In l e t  basin. The Port Moller assemblages are, of 
course, over 300 miles farther from the Cook I n l e t  basin than are the 
assemblages from the Katalla d i s t r i c t  (see figure 6). Some of the Port 
Moller assemblages discussed by Chaney, mreover, had been previously 
shown ( ~ o l f e  3 W k ,  1965, p. 233-236) t o  be mostly of Paleocene age, 
i n  conformity with evidence from the middle Eocene Foraminifera from the 
overlying beds (Burk, 1965, p .  113). Chaney also included i n  his  correlation, 
however, plant assenblages that ,  on marine molluscan evidence, are of 
middle Miocene age and same tha t  are of l a t e  Miocene-early Pliocene age 
(Burk, 1965, p. 116-117). The strat igraphic basis  for  Chaney's proposed 
correlat ions i s ,  therefore, invalid. 

The paleobotanical basis for  Chaney's (1967) correlations, i f  valid, 
would be of considerable significance, and I w i l l ,  therefore, examine the  
evidence he c i t e s  i n  de ta i l .  Chaney (1967, p. 228) l i s t s  12 genera tha t  
he thinks are  c o m n  t o  the Seldovian and h i s  purported early Oligocene 
assemblages from the Alaska Peninsula. Chaney a lso  s t a t e s  that  %my of 
the  Seldovian species (although he does not l i s t  them) have been recorded 
by Hollick (1936, p .  1 8 1 9 )  from Chaney's purported early Oligocene of 
the Alaska Peninsula. The following are the genera l i s t e d  by Chaney: 

Acer.--Hollick (1936) l i s t e d  two species of hcer i n  three assemblages from - 
the Port Moller region. One of these two species, Acer arcticum Heer, 





i s  based on specimens ( ~ o l l i c k ,  1936, pl. 78, f igs .  7, 8) tha t  have the 
large rounded teeth and venation pattern of Dicotylophyllum richardsoni 
( ~ e e r )  Wolfe. The other species l i s t e d  by Hollick i s  trilobatum 

productum (A. Br . ) Heer . Hollick, however, was following Knowlton (1894) 
in th i s  l i s t ing ,  and I concur with Hollick (1936, p. 135) t h a t  "...the 
identif icat ion does not appear t o  be altogether conclusive ..." Note tha t  
none of the s i x  species of l i s t e d  i n  the Seldovian ( ~ o l f e  and others, 
l*, p. M6) was l i s t e d  i n  the Fort Moller assemblages by HoUick. Also 
signif icant  i s  the f ac t  t ha t  the Port Moller l oca l i t i e s  t ha t  produced the 
purported species of Acer a re  now considered t o  be of Paleocene-early 
Eocene age ( h r k ,  1 s  

Ainus .--Hollick (1936) l i s t e d  a single species of Alnus a s  occurring i n  
the Port Moller assemblages. This material of t h i s  species, A. kefersteini  
(~oepp . ) Heer, has the numerous c raspedodrome marginal t e r t i a r y  veins 
extending from the basal  secondary veins and the rounded t o  sharp teeth 
separated by arcuate sinuses of Grewio s i s  ariculaecor&atus (~011 .  ) Wolf e. 
Apparently Chaney (1967, p .  2 2 5 , d  thinks t h a t ,  because I (1966) 
t ransfer r id  cer ta in  of ~ o i l i c k ' i  material-described as.Corylus t o  6 
a l l  of Hollick's material  of Corylus was so transferred. However, I 
specif ical ly s ta ted  i n  the synonymies tha t  only part of Hollick's material 
was t o  be considered a s  m. Not one of the s ix  Seldovian species of 
Alnus has ever been l i s t e d  i n  the Fort Moller assemblages, except for  A. 
.barnesi, which i s  thought t o  occur i n  the mollusk-dated middle Miocene 
beds on Unga Island (Eurk, 1965, p. 236). 

Eetu1a.--Hollick l i s t e d  two species of Betula from the h r t  Moller 
assemblages, nei ther  of which was l i s t e d i f e  and others, 1966, p. ~ 1 6 )  
i n  the Seldovian. I am unsure of the familial  relat ionship of the specimens 
on w%ich the c i ta t ions  are based; a t  l e a s t  one could be betulaceous, but 
i s  not the Seldovian species 2. sublutea Tan. and Suz. 

Cercidiphyl1m.--Hollick did not l i a t  any Cercidiphyllum from the Port 
Moller assemblaaes . F'resumablv Chanev i s  accentim Brown's t ransfer  of - - 
cer ta in  of Hollick's material  l i s t e d  as kpulus  arc t ica  Heer, 2. 

ca Ward, and 2. richardsoni Heer t o  Cercidiphyllum arcticum 
Heer R. W. Br. These s~ecimens have. however. since been transferred ?=?- 

t o  ~occu lus  f l abe l l a  (~ewb. ) Wolfe and' ~icotylophyllum richardsoni (Wolfe, 
1966, p. ~9). None of Hollick's material from the Fort Moller region 
represents Cercidi h llum and none of it  has ever been referred t o  the 
Seldovian s-natum ( k g .  ) R. W. Br. 

Fraxinus . - -A single lamina from the Port Moller region was described as 
F. herendeenensis by Knowlton (1894), a species t ha t  has never been recorded - 
from a Seldovian assemblage. The specimen has t e r t i a r y  veins t ha t  are 
closely spaced, unbranching, oriented a t  r ight  angles t o  the  secondary 
veins, and of uniform strength throughout the i r  course; i n  Fraxinus, the 
t e r t i a r y  veins are typica l ly  widely spaced, branching, oriented obliquely 
t o  the secondaries, and th in  conspicuously. The PDrt Moller specimen, 
therefore, cannot represent Fraxinus . The specimen has the  same in tercos ta l  
t e r t i a r y  venation pattern and sharp (almost spinose) tee th  as i n  Dicotylo- 
phyllum flexuosa (~ewb. ) Wolfe and probably represents t ha t  species. 

Ginkgo.--The same species of Ginkgo apparently occurs in both the Port 
Moller and Seldovian assemblages; it a l so  occurs in Paleocene assemblages 

I 

i n  the Cook In l e t  region ( ~ o l f e ,  1966, p. z). Ginkgo i s  of a m s t  no 
s t ra t igraphic  value for  Tertiary correlations, considering tha t  apparently 
the same species ranges throughout the Tertiary (Tralau, 1968). 

G1yptostrobus.--The material of Glyptostrobus from the Port Kaller region 
l i s t e d  by Hollick i s  tha t  from Chignik Bay, which I ( ~ o l f e  and others, 
1966, p.  ~ 9 )  consider t o  be G. nordenskioldi ( ~ e e r )  R. W. Br. ; t h i s  species 
has a lso  been l i s t ed  ( ~ o l f e  and others, 1966, p .  Ag) from the Paleocene 
of the Cook In l e t  region. The Seldovian G1 tostrobus i s  considered t o  
represent 5. europaeus ( ~ r o n ~ .  ) Heer ( W o l m J 3 3 ) .  Again, the  
Port Moller and Seldovian species are d i s t i nc t  and represent a genus 
t h a t  ranges throughout the ent i re  Cenozoic. 

Metase uoia.--The material from the Pnrt Moller assemblages l i s t e d  by 
'Hollic; as  Sequoia langsdorfii (8rong.) Heer was transierred by Chaney 

(1951) t o  Metasequoia occidentalis (~ewb. ) Chaney. Note, however, tha t ,  
although the Port Moller material i s  accepted a s  tha t  species ( ~ o l f e  and 
others, 1966, p. A9), the Seldovian material i s  thought t o  represent M. I 
glyptostroboides Hu and Cheng (Wolfe, 1966, p. ~ 3 ) .  

=.--The only from the -rt Moller region i s  based on the unfigured 
f ruc t i f ica t ions  referred by Lesquerew (1883) t o  N. arc t ica  Heer from 
middle Miocene marine beds on Unga Island. This material was l a t e r  t rans-  I 
ferred by Brown (1939) t o  cercidiphyllum arcticum. Similar, i f  not 
cons~ec i f i c .  fruct if icat ions have also been collected a t  one of the l oca l i t i e s  
near-port &aham; the taxonomic status of t h i s  type of f ruc t i f ica t ion  i s ,  
however, i n  need of considerable c lar i f ica t ion  (chandler, 1961, 1964). 
In  any case, there i s  no basis for  the occurrence of Nysss. i n  the Port 
Moller assemblages . 
Popu1us.--All the species of Pnpulus l i s t e d  by Hollick from the h r t  
Moller region have been transferred t o  Cercidi h llum arcticum by Brown 
(1939) and thence t o  other genera by mi-e i s  no taxonomic 
bas is  f o r  Chaney's l i s t i n g  of Populus i n  the  Port Moller assemblages. 

Pterocarya.--No species of Pterocarya was l i s t e d  by Hollick from the Port 
m l l e r  assemblages. Chaney i s  apparently assuming that  because I trans- 
fe r red  Heer's % r t  Graham species J lans n i  e l l a  t o  Pteroca a (a  species 
never recorded i n  the Port Moller aEembli*ll the ma teza l  l i s t e d  
as Juglans by ei ther  Hollick o r  Heer should a lso  be so transferred. This 
assumption i s  clearly unfounded. The other species of J q l a n s  t ha t  Heer 
described from PDrt Graham was transferred t o  ( ~ o l f e ,  1966, p. ~14). 
Note a lso  tha t  some material at tr ibuted t o  both Juglans and Pterocar 
by Bollick (1936) was transferred t o  Dicotylophyllm f l e x u o s ~ ~  
Wolfe (Nolfe, 1966, p. ~1). There i s  no taxonomic basis for  the inclusion 
of Pterocarya in the h r t  M l l e r  assemblages of Hollick. 

Sa1ix.--This genus was recorded from two loca l i t i e s  by Hollick (1936) from - 
the Port Moller region. Salix minuta Knarlt. from l m a l i t y  539 i s  based 



e
 p
.
-
+
 

Y
 a
 

rY
F

Lg
gg

2 
Y

 r
. 

9l
 

o
w

 *
3

 :: 
t
n

P
P

"
.
"

&
 

+
Y

 
7
 

r.
 m

 *c
+ 

m
 

m
 m

 
P 

!
a

C
+

n
-
2

#
*
 

G
 
z

y
r

*
*

 
m

a
m

e
y

g
 

c+ 
* 

R
o

a
 

o
 

c
tm

 s
m

 #
 

P
F

 
m

 
pm

ec
'E

Iz
 

E
$

P
g

s
w

 
2
2
g
 g

;!? 
m

m
p

 
Z
P
 

2
2

K
U

E
 

3
3

C
+

P
P

 
n
 
o
 
r
. 

m
m

m
o

w
g

 
m

m
o

m
 

o
a

&
 

C
e

P
x

t
n

 P
 

$
2

 H
*

 e
 

o
9

4
 

~
m

r
 

m
m

~
r

y
o

 
. 

m
o

m
m

y
 

3
G

r
t

 
P

 

c+
 
g 

@
 g

m
 

5
0

 g
 P

P
; 

" '
;'$

 
" 

F
e

r
n

 
v
 

Z
C

 P
 

P
 

Y
3

 

82
x8

 
a
 r
 n

- 
g 

n-
 

F
a

g
e

E
 

E
.E

m
 s 

* 
w

m
E

a
$

 
3
 

x
m

 ct
 

A
w

 
m

c
t

r
 

is
 ;g 

$ 
Y

 
m

 G
 
e

r
.
 

g 

o
 

tn
 

d
-

o
 

w
 m

 
m

r
m

r
r

r
a

m
 

cn
 

P
o

 P
 

$E
 $

",3
, 

*
o

 
D

u
c

+
@

O
 <

 
3 

:er 
sK

L
3

w
" 

3
-8

 ,
e 

,s
g 

$ 
z

r 
w

z
w

 
p

$
E

g
$

.$
s:

 
g 

g:
gz

E
;%

F 
ge

-. 
s 

B
v

 
$
6
 

P
O

 
0
 

O
e

r
n

r
l

 
D

(
R

 
P

2
Z

g
v

p
 

G
$

 
0
 
**

**
 

r
.r

.y
m

 
+'2 

er 
w

 $
 z

3
 

. rt
 
d
 1 

@
r
.
p
r
 

4
 
r
r
.
 

gz
g;;:

*2 
r; 

"
"

"
2

0
g

"
 

F
* 

P 
r
.
r
~

 
m

 (R
 

q
m
 

Y
d

E
c

+
Y

m
 

m
 L

a
m

 v
r

r
m

S
 

P
o

, 
P

.m
 

o
w

 m
 P

w
 

P
Z

t
n

 
P
.
P
 

8 
g

P
 

o
o

m
 

~
o

o
r

~
a

r
.

m
m

t
n

 
P

G
o

P
v

 
m

 m
 

3
 
,E 

*
$

4
o

 5
 

g:
5;

E
eE

o$
E

 
m

w
w

w
 

m
m

r
w

 
a

w
w

a
~

 6
%

 
0

2
2

4
 

F
%

g
.tn

 
~g

.e:
E-

,,, 
P

y
 o
 

o
r

m
e

r
 

w
w

 m
 

$
$

5
g

o
p

,E
* 

g
q

v
 E

P
L

w
r.

 
E

$
Y

V
P

 
g

o
$

 
m

+
%

L
c

z
%

,g
z

 
w

o
 

P
o

 

""
Z'

 
$ 

d
U

.
 

g
T

0y
' 

5 
~1

 
T

O
 

~
c

+
m

 
to 

P
O

 1
3

 m
 Y

 C
+

gz
 

P
 m

 
Y

 
m

 Y
 

m
q

 
m

 
e

w
g

 
T

O
 

& 
P

 

"
1

 m
 

'dr 



An apparent disagreement ex is t s  over the age of f o s s i l  plants collected 
from the  Tolstoi Formation a t  Coal Bay on the Alaska Peninsula. I considered 
the  plants t o  be of l a t e  Oligocene o r  ear ly  t o  middle Miocene i n  age, tha t  
i s ,  of Seldovian age as t h i s  term was used by Wolfe and others (1966). 
The marine molluscan fauna i s  probably of early Blakeley ( l a t e  Oligocene) 
or possibly of l a t e s t  Lincoln ( l a t e s t  middle Oligocene) age (MacNeil 2 
h k ,  1965, p. 222). Rothwell, however, considered the foraminifera t o  
be mostly of ea r l i e s t  Oligocene age (in W k ,  1965, p. 230). It  should 
be pointed out, however, tha t  Rothwell's usage of early Oligocene i s  
such tha t  he considers part of the Astoria Formation t o  be of l a t e  Oligo- 
cene age ( t h i s  i s  considered by molluscan workers t o  be of middle Miocene 
age; see Moore, 1963) and the  lower par t  of the Blakeley "stage" and 
the I h c o l n  "stageT' t o  be of ea r ly  Oligocene age (w. T .  Rothwell, o r a l  
commun., March 27, 1964). The discrepancy, i f  such exists ,  ktween the  
foraminifera, on the one hand, and the plants  and mollusks, on the  other, 
i s  not s ignif icant .  I n  t h i s  report I am accepting the  geochronology of 
the  marine mollusks i n  regard t o  the placement of epochal boundaries i n  
the  western North American Tertiary, and thus the Coal Bay plant assemblages 
are considered t o  be most probably of l a t e  Oligocene (Angoonian) age. The 
Coal Bay assemblages include Salix, F a y s ,  Cocculus, and s; these 
assemblages represent broad-leaved deciduous forest  . A s  elsewhere i n  
Alaska, broad-leaved deciduous fores ts  of Oligocene age are i n  the l a t e r  
pa r t  of tha t  epoch. 

A f l o r a  of the same composition a s  the Angoonian and Seldovian f loraa  
does indeed occur i n  the Gulf of Alaska sequence; the .4ngoonian assemblage 
occurs i n  rocks of questionable s t ra t igraphic  position tha t  could, on 
l i thologic  and s t ruc tura l  grounds, be considered the nonmarine equivalent 
of the Poul Creek Formation. This interpretat ion would indicate a l a t e s t  
Lincoln or Blakeley age for  the  Angoonian assemblage. As noted previously 
a Eilakeley age is indicated for  another Angoonian assemblage on Sitkinsk 
Island. The available evidence indicates tha t  the Angoonian assemblages 
a r e  of ear ly  Blakeley ( l a t e  Oligccene) age. 

The Seldovian assemblages are younger than the Angoonian assemblages. 
This relat ionship can be demonstrated both i n  the Alaska Range sect ion 
( ~ a h r h a f ' t i n ~  and others, 1969) and the  Kootznahoo section. I f  the  
Angoonian assemblage i s  of l a t e  Oligocene age, as the evidence thus f a r  
indicates,  then the Seldovian f loras  are most probably ear ly  Miocene a t  
the  oldest .  Only two small assemblages of Seldovian type occur i n  
marine sections i n  which ages independent of the plants can be obtained. 
One is the sequence on Unga Island off the Alaska Peninsula. The &@;a 
Conglomerate Member of the  Bear Lake Formation of Burk (1965) contains 
marine mollusks thought t o  be of middle Miocene age. The plants from 
t h i s  member include Alnus barnesi Wolfe, a characterist ic  Seldovian 
species. The microfossil f l o r a  contains Carya, Pterocarya, Fagus, 
Quercus, Ulmus, Liquidambar, and m; t h i s  assemblage i s  s imilar  t o  
those reported from the  type sect ion of the Seldovian ( ~ o l f e  and 
others, 1966). The plant megafossil assemblage from possible Yakataga 
Formation ( loca l i ty  11183) includes Alnus cappsi (~011. )  Wolfe, a species 
t ha t  i s  h a m  i n  Alaska only from the  Seldovian. The increasing body 

of evidence from marine foss i l s  substantiates the conclusion of Wolfe, 
Hopkins, and kopold  (1966) that  the Seldovian Stage is mostly of early 
and middle Miocene age and c lear ly  i s  not consistent with Chaney's 
opinion tha t  the Seldovian Stage i s  of early Oligocene age or Axelrod's 
opinion t h a t  the Seldovian assemblage from Fbrt Graham i s  of Eocene age. 

The provisional age assignment of the Homerian Stage t o  the upper 
Miocene was based both on specif ic  composition and the  small assemblage 
from Herendeen Bay on the Alaska Peninsula. The Herendeen Bay assemblage 
contains charac ter i s t ic  Homerian species of and i s  closely related 
strat igraphical ly t o  aollusks of l a t e  Miocene-early Pliocene age (Burk, 
1965). A Homerian assemblage from the Alaska Range section has a minimal 
potassium-argon age of 8 million years, an age not inconsistent with a 
l a t e  Miocene age ( ~ a h r h a f t i n ~  and others, 1969, p. 2i'-28). A pollen 
assemblage similar  t o  tha t  of the type sect ion of the  Homerian has been 
obtained from rocks i n  the Bering Sea that  contain marine diatoms referable 
t o  the l a t e r  half of the fiocene (~opkins and others, in press). A small 
collect ion of leaves from the Yakataga Formation exposed i n  the Pinnacle 
Hills contains the characterist ic  Homerian Carpinus Wolfe, and the 
marine megafossils from the same section iinlicate a l a t e  Miocene age 
(F. S. McCoy, o ra l  commun., April 1968). Again, the  increasing body of 
independent evidence indicates a probable l a t e  Miocene age f o r  the Homerian 
and contradicts Chaney's (1967) opinion tha t  the  Homerian i s  of middle 
Oligocene age. The general epochal assignments of the  Seldovian, Hornerian, 
and Clamgulchian types of assemblages has received considerable confirmation 
from the work of fotianova (1964, 1967), Chelebaeva (19671, and Sinelnikova 
and others (1%7), who have noted a similar sequence on Sakhalin and 
Kamchatka. 

Although some revisions based on f i r t h e r  co l lec t ing  and study w i l l  
undoubtedly be made, I do not think tha t  the ten ta t ive  correlations 
presented in figures 7 and 8 wi l l  change radical ly with new information. 
Cri t ics  of the age assignments presented here are I think obligated t o  
present both detai led al ternative systematic treatment of the plant 
megafossils and detai led knowledge o f  the physical stratigraphy of the 
plant-bearing beds. Opinions based on a lack of detai led taxonomic 
work and a lack of knowledge of paleobotanical and strat igraphic l i t e r a tu re  
can not be of service t o  biostratigraphy or t o  botany. 

F lor i s t ic  and vegetational analysis  

F lor i s t ic  analysis 

Interpretat ions of f l o r i s t i c  history, as Mason (1947) has pointed 
out, must involve ". . .piecing together genetic lineages." In the Neogene 
of western North America, t h i s  piecing together can be done with greater 
confidence because of our considerable knowledge of Neogene assemblages. 
The lineage, f o r  example, tha t  has produced the modern Alnus incana can 
be traced from a r ich broad-leaved deciduous fores t  during the ear ly  and 
middle Miocene in to  a r ich  conifer forest  during the l a t e  Miocene and 
f ina l ly  i n to  a depauperate boreal conifer fores t  during the Pliocene 







( ~ o l f e ,  1966). Similarly an extinct  lineage of Lyonothamnus was during 
the ea r ly  and middle Miocene a member of a warm temperate, summer-wet, 
broad-leaved deciduous forest  in the Pacific Northwest, but by the l a t e  
Eocene the  lineage was a member of a conifer-sclerophyllous broad-leaved 
fores t  t ha t  l ived under a surraner-dry climate i n  Nevada ( ~ o l f e ,  1964). 

L i t t l e  paleobotanical work has been done on Faleogene--particularly 
Eocene--assemblages in western North America. The history of various 
lineages i s ,  therefore, obscure. Although the genera and species can 
be, f o r  the most part, discussed i n  terms of the  most closely related 
l iv ing  genera and species, the detai led history of Paleogene lineages i s  
t o  a great  extent speculatory. Despite these qualif icat ions,  however, 
t he  general f l o r i s t i c  relationships of some Paleogene assemblages t o  
isochronous assemblages elsewhere and t o  &ern f l o r i s t i c  regions can 
be discerned. 

Vegetational analysis 

Introduction 

The rel iance by many Tertiary paleobotanists on the f l o r i s t i c  
relat ionships of f o s s i l  assemblages i n  arr iving a t  an understanding of 
past climates and vegetational types has led t o  considerable confusion, 
both i n  f l o r i s t i c  and vegetational history. This approach fundamentally 
r e l i e s  upon an extremely s t r i c t  application of uniformitarianism t o  
tolerances of families, genera, and species. MBny workers have an 
inherent d is l ike  f o r  any ideas tha t  indicate t h a t  tolerances of members 
of a part icular  taxonomic category have changed through time. It seems 
clear, however, tha t  tolerances must have changed i n  m y ,  i f  not most, 
groups during time. For example, the tolerances of extant members of 
P l a t y c a r p  and are mutually exclusive, and yet both genera are 
abundantly represented i n  the early Eocene b d o n  Clay ( ~ e i d  and Chandler, 
1933); Platycarya has, on Taiwan and mainland China, an opportunity t o  
extend i t s  range downslope in to  the Wratropical  Rain fores t .  Similarly 

has an opportunity t o  extend i t s  range northward in to  lowland 
Taiwan. The conclusion appears inescapable t ha t  the  present tolerances 
of the two genera are mutually exclusive. Some workers (Axelrod, 196613) 
have suggested tha t  such mixtures i n  fo s s i l  assemblages are due mostly, 
i f  not entirely,  t o  the ear ly  Tertiary climates and middle lat i tudes 
having been "warm temperatef', tha t  i s  an essent ia l ly  f ros t less  climate 
tha t  had high equabil i ty but a low mean annual temperature. Thus 
Takhtajan (1957) and Axelrod (1966b) have suggested tha t  the distr ibution 
of and cer ta in  mangroves i s  controlled mostly by marine, not land, 
temperatures, and t h e i r  presence i n  the "warm temperatef' London Clay f lora  
i s  a fbnction of mar-ine temperatures. This explanation hardly seems 
appropriate inasmuch a s  Nipa f r u i t s  a r e  widely dispersed today i n  w a r m  
marine waters; it seems c lear  tha t  today it is  the environmental 
tolerance of the adult  sporophyte on land tha t  l i m i t s  the distr ibution 
of a. 

Theoretically it is highly probable tha t  the tolerances of lineages 
have changed through time : how else could members of a subclass such a s  
Dicotyledones have diversif ied and occupied widely different  habi ta t s?  
I f ,  a s  generally thought, the more primitive members of various families 
are t ropica l  i n  distr ibution,  then most, i f  not a l l ,  "temperateT' genera 
must be descended from lineages tha t  were once tropical .  The use of 
f l o r i s t i c  relationships t o  determine vegetational and climatic relat ionships 
of f o s s i l  assemblages has an inherent tendency t o  obscure patterns of 
changing tolerances of given lineages; the fundamental assunption of t h i s  
method i s  tha t  tolerances have changed l i t t l e ,  i f  a t  a l l .  A given 
association i s  i n  a constant s t a t e  of f lux when viewed i n  time; d i f ferent  
populations react d i f ferent ly  t o  environmental change. I f  what i s  
desired i s  an analysis of the  history of a vegetational type such as the  
Mixed Mesophytic forest  or  the Wratropical  Rain forest ,  then methods 
largely independent of f l o r i s t i c  composition must be used t o  ident i fy  a 
f o s s i l  assemblage as a part icular  vegetational type. 

Foliar physiognomy and vegetational analysis 

One of the most basic methods of analyzing the  climatic and vege- 
ta t ional  indications of a f o s s i l  leaf  f l o r a  is by an analysis of the 
physiognomy of the leaves. I n  his comprehensive analysis of the  Tropical 
Rain forest  Richards (1952, p. 154) s ta tes :  

"...conclusions as t o  the climates of Tertiary f loras  are 
perhaps more firmly based when they are drawn from a 
s t a t  i s t i c a l  studv of leaf  s izes  and similar features.  . . 
than when. . .they. . . rest  on the taxonomic a f f i n i t i e s  of 
the fo s s i l  f l o r a  rather than i t s  physiognomy, which appears, 
a t  l e a s t  as f a r  as modern vegetation i s  concerned, t o  be a 
very sensi t ive index of environmental conditians." 

The strong relationship between f o l i a r  physiognomy and climate has been 
previously recognized by 5ews (1927) and part icularly by Bailey and 
S i m o t t  (1915, 1916), who were the f i r s t  t o  apply t h i s  relat ionship t o  
an analysis of fo s s i l  f loras.  Several paleobotanists (for  example, 
Chaney and Sanborn, 1933, MacGinitie, 191, Wolfe and Hopkins, 1967) 
have followed the lead of Mi l ey  and Sinnott.  

Various physiogyomic features of foliage are probably related t o  
climatic conditions. Features such as s ize  can be useful, but the 
influence of the depositional environment on sort ing i s  a d i f f i c u l t  
fac tor  t o  evaluate; larger leaves w i l l  tend t o  be fragmented, and thus 
the  percentages of species in the larger size-classes w i l l  probably be 
minimal figures for  f o s s i l  assemblages. Tropical rain fores ts  have a 
considerably higher percentage of species that  have large leaves than 
do temperate forests .  The presence or absence of d r i p t i p s  i s  a l so  of 
s i p i f i c a n c e ;  t h i s  adaptation i s  part icularly predominant i n  t ropica l  
ra in  fores ts .  The organization (compound vs. simple) and major venation 
pattern (pinnate vs. d i f fers  somewhat between t ropica l  and 
temperate vegetation {Bailey and Sinnott, 1916), but the lack of an 



obvious correlat ion between environment and these features makes appli- 
cation of such differences very uncertain. One exception i s  the leaves 
of l ianes;  Richards (1952, p. 107) notes : 

"The leaves of rain-forest climbers usually f a l l  in to  the 
'mesophyll' s ize-class and approximte i n  texture as well as 
s ize  t o  those prevailing i n  the t r ee  stratum which they reach. 
I n  shape, however, they tend t o  be d i f ferent .  Simple e l l i p t i c a l  
o r  oblong-lanceolate leaves are r e l a t i ve ly  uncommon, and 
there i s  a mrked tendency, as i n  a l l  climbing plants, towards 
shor t  leaves broadest a t  the reniform or cordate base.. . The 
main veins usually diverge i n  a palmate manner.. .well-defined 
dr ip- t ips  are not uncommon... The type of leaf  described i s  so 
s t r ik ingly  prevalent among climbers, especial ly twinners, t ha t  
it i s  d i f f i c u l t  t o  believe it  i s  due t o  chance." 

TXe correlat ion between climbers and climate i s  s t r ik ing .  Richards 
(1952, p. 102-103) again notes : 

"Climbing plants ... a re  f a r  more abundant i n  the Tropical Rain 
fores t  than i n  any other plant formation...in the West Indies, 
where Rain fores t  and similar  formations are the  predominant 
vegetation, woody l ianes form about 8% of a l l  the flowering 
plants. . . In  Europe climbing plants form less  than 2$ of 
the f lora . .  . The great abundance of l ianes i n  the tropics i s  
hardly surprising i n  view of the grea t  advantage of the climbing 
habit  i n  a closed and very t a l l  community such-as a ra in  forest  . I 1  

Climbers, moreover, are especial ly abundant i n  openings i n  the Tropical 
Rain fores t ,  par t icu lar ly  along r ivers ( ~ i c h a r d s ,  1952, p. 103). 
Richards a lso  suggests tha t  most l ianes are intolerant  of high rates 
of evaporation i n  the fores t  undergrowth; the  abundance of l ianes may, 
therefore, indicate the lack of a pronounced hot, dry season. 

Another physiognomic character of leaves t ha t  may prove t o  be useful  
i s  the densi ty of venation. Tropical leaves have a pronounced tendency 
f o r  the  lamina t o  be supplied with many veins and t h i s  resul t s  in very 
small areoles ; highly branching f ree ly  ending veinlets  are less  common 
than i n  temperate plants. There i s  c lear ly  genetic control of the 
ultimate venation p t t e r n ,  because, for  example, i n  Tiliaceae, even the 
temperate members (such a s  -a) have small areoles with few f ree ly  
ending veinlets  and i n  Sapindaceae even the  t ropica l  members (such a s  
~ u p h o r i a )  have branching f ree ly  ending ve in le ts .  I n  both examples, 
however, the areoles of the t ropica l  members a r e  typical ly smaller than 
the  areoles of  temperate members of the same family. This relat ionship 
of venation t o  climate i s  probably a l so  connected t o  the general xero- 
morphic nature of t ropica l  leaves; leaves of plants inhabiting xeric 
regions i n  the  temperate zones a lso  tend t o  have smaller areoles than 
re la ted  species or genera tha t  inhabit mesic regions of the tempra te  
zones. A s  yet  no quantification of t h i s  relat ionship has been made, 
involving a s  it  does the clearing of leaves of a l l  or most woody 

dicotyledonous species of f loras i n  different  climatic regimes. The 
relat ionship i s ,  however, useful in determining the "tropicsl i ty" or 
"temperateness" of a given extinct species o r  genus re la t ive  t o  extant 
related species and genera. 

An addit ional  physiognomic character of leaves tha t  i s  correlated 
with climate i s  texture.  This i s  d i f f i cu l t  t o  evaluate i n  some instances 
because of the type of preservation. I n  most instances, however, the 
texture of a given leaf can be approximately determined. A coriaceous 
texture i s  typica l  of 'Tmesophyllous" tropical  plants, a s  well as the 
"microphyllous" species of a r id  and f r i g id  c l i m t e s .  I n  addition, a 
coriaceous leaf  indicates tha t  the plant was evergreen. Thin leaves are 
part icularly predominant i n  mesic temperate habitates and indicate a 
deciduous habit for  the  plants. 

Perhap the most s t r ik ing  correlation between climate and f o l i a r  
physiognomy i s  the  leaf  margin. As originally pointed out by Bailey and 
Sinnott (1915), leaves tha t  have ent i re  margins a r e  overwhelmingly 
prevalent i n  t ropica l  regions, and leaves tha t  have nonentire margins 
are characterist ic  of mesic temperate regions. The exact relationship 
between various environmental factors and the leaf  margin i s  unclear; 
probably physiological a r id i t y  i s  i n  part responsible, as suggested by 
Bailey and Sinnott (1916, p. 36) .  In any case, the correlat ion of the 
ent i re  reargin on leaves tha t  belong t o  the "mesophyll" size-class with 
the tropical  climates i s  s tr iking.  

Within a given vegetational type i n  a limited region, the leaf 
margin percentage does not appear t o  vary greatly, even a t  different  
a l t i tudes .  Two examples are c i ted  in support of t h i s  contention. Data 
compiled on the vegetation of Taiwan are given i n  tab le  2. Percentages 
of entire-margined species were compiled for  each 203 m in terva l  f o r  
species whose a l t i t u d i m l  l imits  are given by Li (1963). The in terva l  
from 400 t o  600 m represents the ecotonal region between the lowland 
Bra t ropica l  Rain forest ,  which generally extends up t o  500 m, and the 
Subtropical oak-laurel forest. The percentage f o r  the 600 t o  800 m 
in terva l  i s  grea t ly  influenced by the Sun-Moon Lake area;  t h i s  upland 
lake (750 m )  i s  connected with the lowlands by a broad valley, up which 
extend many flmdamentally tropical  species t o  t h e i r  highest a l t i tude  i n  
Taiwan. The Subtropical forest ,  once the ecotonal region i s  passed, has 
a very uniform percentage through an interval  of 1,200 m (about 3,700 
fee t ) .  A second example i s  taken from the vegetation of Oregon, based 
on a l t i t ud ina l  ranges given by Hitchcock and others (1959, 1961, 1964). 
The percentage for  species tha t  occur below 500 m and the percentage 
for  those tha t  occur above 500 m are almost ident ica l  ( table 3 ) .  

A more signif icant  e f fec t  on leaf  margin percentages i s  the habitat,  
t ha t  i s ,  whether a species i s  typical ly a slope or a stream- or lake-side 
species. Table 3 indicates tha t  vegetation i n  f l uv i a t i l e  o r  lacustr ine 
habitats, whether t rees  or shrubs, has consistently lower percentages of 
entire-margined species. This i s  part icularly s i q i f i c a n t  i n  the appli- 
cation of leaf mrg in  analyses to f o s s i l  assemblages: MacGinitie 



Table 2.--Relationship between l e a f  margins and a l t i t u d e  i n  t h e  modern 
t r o p i c a l  and subtropical  vegetat ion of Taiwan. Data compiled 
from Li (1963). 

Al t i tud ina l  Percent e n t i r e -  
i n t e r v a l  (m) Vegetation margined species 

1,800 - 2,000 sub t rop ica l  40.5 
1,600 - 1,800 sub t rop ica l  41.2 
1,400 - 1,fM subt rop ica l  39.5 
1, ZOO - 1,400 sub t rop ica l  40.5 
1,000 - 1,200 sub t rop ica l  41.8 

800 - 1,000 sub t rop ica l  44.8 
600 - sub t rop ica l  48.0 
400 - 6-30 subtropical-paratropical  47 -0 
200 - 400 subtropical-paratropical  47.5 

o - 200 para t rop ica l  63.5 

Table 3.--The e f f e c t  of h a b i t a t  on l e a f  margins. Data based on Hitchcock 
and others  (1959, 1961, 1%). 

Percentages of species t h a t  
have entire-margined leaves 

Habitat 

West of Cascades, below 500 m 
l a c u s t r i n e  o r  f l u v i a t i l e  
Slope o r  woodland 
A l l  h a b i t a t s  

West of Cascades, above 500 m 
Lacustrine o r  f l u v i a t i l e  
Slope or  woodland 
A l l  h a b i t a t s  

Trees Shrubs Ligneous - 

(1953, p. 46) has noted t h a t  ". . . f o s s i l  f l o r a s  represent,  almost without 
exception, the  special ized streamsiLe or  lakeside f l o r a s  of the  time and 
place.. .".  F o s s i l  assemblages may, therefore,  y i e l d  lower percentages 
of entire-margined species than the  percentage based on the  unknown f l o r a  
of t h e  e n t i r e  region. I n  dealing with temperate Neogene f lo ras ,  it 
might be possible  t o  a r r ive  a t  a b e t t e r  estimate of t h e  regional  percentage 
by, f o r  example, weighting the  probable woodland and slope species more 
than the  probable stream- and lake-side species ( l a r g e l y  members of 
Salicaceae and ~ e t u l a c e a e  ) . In  deal ing with Paleogene t r o p i c a l  and 
subtropical  assemblages, however, the h a b i t a t s  of many, i f  not most, 
species a r e  highly conjectural,  and hab i ta t  data  from modern t r o p i c a l  and 
sub t rop ica l  vegetation a r e  l a rge ly  lacking. The tendency f o r  l acus t r ine  
and f l u v i a t i l e  species t o  be more widespread and fewer i n  number than 
slope and woodland species  i s  a compensating f a c t o r  i f  severa l  assemblages 
of a given age and from a given region a r e  considered a s  one. For example, 
i n  the  l a t e  Miocene f l o r a s  e a s t  of  t h e  Cascade Range, the  same species of 
Salicaceae and Betulaceae occur regular ly i n  d i f f e r e n t  f lo ras ,  whereas 
the g rea tes t  f l o r i s t i c  difference between individual  f l o r a s  occurs i n  
the  probable slope and woodland species. The l a r g e r  the f l o r a  and the 
more l o c a l i t i e s  represented, therefore, t h e  more v a l i d  the  l e a f  margin 
analysis  becoaes . 

The probable over-representation of l acus t r ine  and f l u v i a t i l e  plants  
i n  megafossil  assemblages a l so  indicates  t h a t  consideration of leaf  
margin percentages should be based on species ra ther  than on specimens. 
Bailey and Sinnott  (1916) note t h a t  i n  t r o p i c a l  f o r e s t s  the  individual  
plants  t h a t  have nonentire margins a r e  extremely ra re ,  and t h a t  a 
consideration of the  percentage of leaves t h a t  have e n t i r e  margins would 
probably produce an even stronger percentage gradient between the t r o p i c a l  
and temperate vegetation than a consideration of the  percentage of 
species;  i n  f o s s i l  assemblages, the percentage should, however, be based 
s o l e l y  on species. 

Relation of leaf  margins t o  climate 

In  order t o  properly evaluate the  cl imatic  s i s i f i c a n c e  of a l e a f  
margin or  o ther  physiognomic analysis ,  terms such a s  "tropical ' ' ,  "sub- 
t ropical ' ' ,  "warm temperate", should be r e l a t e d  both t o  cl imatic  conditions 
and leaf  margin percentages. These terms have been given rigorous 
def in i t ions  by some climatologists and geographers, but there a r e  almost 
a s  many def in i t ions  as  climatologists and geographers. Similarly, 
botanis ts  use terms such as  "subtropical fo res t f '  i n  widely d i f f e r i n g  
manners. 

Tropical Rain f o r e s t  

The most commonly accepted d e f i n i t i o n  of t r o p i c a l  climates xsed by 
cl imatologists  is  tha t  the mean temperature of the  coldest  month i s  not 
below 18'~. I f  t h i s  def in i t ion  i s  accepted, the f o r e s t  of Hong Kong 
and lowland Taiwan t h a t  has been termed Tropical Rain f o r e s t  by some 
botanis ts  ( ~ i ,  1963, f o r  example) is  not t r u l y  t rop ica l ;  these two 



regions have cold months means of l e s s  than 1 6 " ~ .  Regions tha t  have 
tropical  climates under the  meteorological defini t ion and f o r  which leaf 
margin percentages have been compiled (data a f t e r  Bailey and Sinnott,  1916 
and Brown, 1919): 

Brazil, Amazon lowland 89 
Malaya 86 
Florida Keys 83 
mi l ippine  Islands, 200 m a2 
Ceylon, lowland 81 
Manilla 81 
East Indies 79 
Philippine Islands, 450 m 76 
Hawaii, lowland 75 
Ri l ipp ine  Islands, 700 m 72 
Philippine ~ s l a n d s ,  1,100 m 69 

The vegetation i n  most of these regions has generally been regarded as 
Tropical Rain fo re s t .  Notable exceptions are the oak-laurel forest  
(termed Submontane Rain fores t  by Richards, 1952, p. 86) a t  700 m i n  the 
Philippine Islands, lowland Hawaii (presumably Subtropical Rain forest  
i n  Richards' terminology), and the montane forest  (termed Montane Rain 
forest  by Richards, 1952, p. 87) a t  1,100 m i n  the mi l ippine  Islands. 

. I n  terms of the climatologist,  percentages above 68 could be termed 
tropical ,  but t o  most botanists  the Tropical Rain forest  i s  indicated 
by percentages above 75. 

Paratropical Rain forest  

There i s  no universal ly accepted defini t ion of "subtropical," e i ther  
i n  regard t o  climate o r  vegetation. The use of the t e rn  by Richards 
(1952) includes regions t ha t  a r e  frost-free,  whereas Wang (1961) and 
L i  (1963) apply the term exclusively t o  regions tha t  typica l ly  receive 
f ro s t .  As used by Richards, the terms "Submontane Rain fores t ,  " "Montane 
Rain forest ,"  and "Subtropical Rain fores t , "  indicate vegetation tha t  
i s  similar t o  the Tropical Rain forest  except tha t  the Tropical Rain 
fores t  has more s to r i e s  and i s  thus somewhat more complex. F lo r i s t i ca l l y  
these other vegetational types are  closely a l l i ed  t o  the Tropical Rain 
forest  but are typical ly l e s s  r ich .  Wang (1961) has used the term 
"extratropical ra in  fores t"  f o r  the vegetation of lowland southern 
China (the "Subtropical Rain fores t"  of Richards). Wang's term i s  
preferable t o  Richards' i n  that, as noted previously, Queensland and 
Hawaii are t ru ly  t ropica l  (not subtropical) i n  the commonly accepted 
meteorological def in i t ion  of t ropical .  "Extratropical," however, has 
too broad a connotation; the  temperate conifer ra in  fores t  of the Olympic 
Peninsula of Washington i s  an "extratropical ra in  forest . ' '  

The term "Bra t rop ica l  Rain forestT'  a m  meaning close)  i s  here 
proposed for  the vegetation tha t  R i c h a r d s ( e 2 )  termed "Subtropical 

Rain fores t"  and tha t  Wang (1961) termed "extratropical r a in  forest ."  
This type of forest  i s  vegetationally similar to, but simpler i n  s tmc tu re  
than, the Tropical Rain fores t ;  f l o r i s t i ca l l y ,  the Paratropical Rain 
fo re s t  i s  closely a l l i ed  t o  the  Tropical Rain forest .  The Paratropical 
Rain fores t  appears t o  be limited poleward by the presence of f ro s t ;  
f o r  example, the Paratropical Rain fores t  of Taiwan has been subjected 
t o  -1°C only once a s  fa r  as the records are known (~i, 1963, p. 6) and 
it  i s  unknown how wide spread t h i s  f r o s t  was i n  Taiwan. The mean annual 
temperature ranges from about 22°C up t o  about 25°C. The mean cold month 
temperature has a mean of about 15'C t o  25-C. Precipitation can be 
seasonal, but extended dry periods a r e  lacking. These climatic conditions 
a lso  pertain to the Montane and Submontane Rain fores ts  of Richards 
(1952)~ and, except fo t  the precipi tat ion regime, t o  some of the monsoonal 
fores ts  of the tropical  region. Leaf margin percentages for  the Para- 
t ropica l  Rain forest  vary from 57 up t o  75 ( table 4 ) .  Note tha t  the 
Paratropical Rain forest  includes vegetation tha t  i s  predominately broad- 
leaved evergreen, although some deciduous plants may be (and typical ly 
a r e )  present, Some workers have applied d i s t i nc t  t e r n  such a s  "Semi- 
deciduous fores t i f  i n  instances i n  which a large part of the vegetation i s  
deciduous; such refinements are probably not readily recognizable i n  
re la t ion  t o  f o s s i l  assemblages. 

Note tha t  the leaf margin percentages of vegetation of t ropica l  
mountains (submontane Rain forest ,  Montane Rain fores t )  and of the Para- 
t ropica l  Rain forest  have about the same range. This indicates some 
s imi lar i ty  of environmental conditions, a t  l e a s t  those tha t  a f fec t  leaf  
margins. Most Tertiary leaf  assemblages, however, come from rocks tha t  
are thought t o  have been deposited a t  low elevations, and thus the term 
Wratropical  Rain forest  i s  appropriate for  those lowland, broad-leaved 
evergreen assemblages tha t  have leaf  margin percentages i n  the range of 
57 t o  75. 

Some workers m y  object t o  the introduction of paratropical on the 
grounds tha t  the concept t o  which the term i s  applied i s  the same concept 
a s  subtropical. The term subtropical, however, covers a much broader 
range of climates and vegetation types than does paratropical. As noted 
previously, t ropical  i s  applied t o  climates i n  which the mean temperature 
of the cold month i s  above 18'C and subtropical i s  typically applied t o  
climates tha t  have cold month means between about 6 " ~  (Landsberg, 1964, 
p. 924) and 18°C. Within t h i s  broad climatic range, the vegetation i n  
mesic regions can be readily c lass i f ied  in to  two major types. The f i r s t ,  
which I c a l l  paratropical, i s  physiognomically similar t o  the Tropical 
Rain fores t  Fn that  more than one t r ee  s tory  i s  present, woody l i m e s  are 
diverse and abundant, and buttressing of the t r e e  trunks i s  present. The 
second, t o  which I prefer t o  r e s t r i c t  the term subtropical, i s  physiognomically 
dissimilar  t o  the p r a t r o p i c a l  vegetation and typical ly has a single t r ee  
level ,  lacks a diverse and abundant woody l iane element, and buttressing 
i s  absent. Despite the fact  t ha t  both Paratropical Win land Subtropical 
fores ts  are dominately broad-leaved evergreen and tha t  both forest  types 
are f l o r i s t i c a l l y  related, the physiognomy of the two types d i f f e r s  more 
than does the physiofpomy of the Tropical and Parstropical Rain fores ts .  

(Page 43 follows) 



Table &.--Percentages of species t ha t  have en t i r e  margins i n  some modern 
f l o ra s .  

Flora - 
Brazil, lowland 
mlaya  
Fhilippine Islands, 200 m 
Ceylon, lowland 
Manilla 
East Indies 
Philippine Islands, 450 m 
West Indies 
Hawaii, lowland 
Ceylon, upland 
R i l i pp ine  Islands, 700 m 
Hong Kong 
Hainan, lowland 
Pnilippine I s  lands, 1,100 m 
Taiwan, 0- 500 m 
Hawaii, upland 
Hainan, upland 
Taiwan, 500-2,000 m 

' Mixed Mesophytic forest ,  China 

Fercent- 
age 

88 
86 
82 
81  
81 
77 
76 
76 
75 
73 
72 
72 
70 
69 
61 
57 
55 
45 
30 

Vegetation 

Tropical &in forest  
Tropical Rain forest  
Tropical Rain forest  
Tropical Rain fores t  
Tropical Rain forest  
Tropical Rain forest  
Tropical Rain forest  
Tropical Rain forest  
Paratropical Rain fores t  
Submontane Rain  fores t  
Submontane Rain forest  
Paratropical Rain forest  
Paratropical Rain forest  
Montane Rain forest  
Bra t rop ica l  Rain fores t  
Montane Rain forest  
Subtropical forest  
Subtropical forest  
Warm temperate forest  

Subtropical fores t  

The term Subtropical fores t  i s  reserved here f o r  broad-leaved 
evergreen vegetation tha t  grows under a climate i n  which f ros ts  are 
present, although never severe o r  of long duration. Some workers 
might prefer  the term "warm temperate, " but the  fixed Mesophytic 
fores t  of east  cent ra l  Asia, for example, i s  t rad i t ional ly  considered 
t o  be warm temperate and it exis t s  i n  a region tha t  receives re-r, 
hard f ro s t s  (wang, 1961). The oak-laurel fores t  of southern China and 
a t  moderate a l t i tudes  on Taiwan i s  an example of a subtropical fores t .  
Vegetationally, therefore, the term subtropical  indicates a broad- 
leaved evergreen fores t  ( i n  some instances conifers  and broad-leaved 
deciduous planta are important consti tuents  of t h i s  fores t )  tha t  ex is t s  
under moderate f ro s t .  Mean annual temperature ranges from about l5'C 
t o  lg0C and the mean of the coldest ;nonth ranges fron about 6°C t o  
10°C. Leaf margin percentages vary from about 39 up t o  55. 

Warm temperate forest  

As w i l l  be shown, only one Gulf of Alaska Ravenian or K m e r i a n  
assemblage has a leaf  margin percentage below 39. The w a r m  temperate 
vegetation thus needs t o  be mentioned only briefly.  This modern 
vegetation i s  broad-leaved deciduous and may have a signif icant  amount 
of conifers intermixed. Broad-leaved evergreens are present but not 
dominant. Freezing temperatures can be expected during several  months 
of the year and the temperature regiae has a pronounced seasonality. 
The mean annual temperature ranges from about 11°C t o  1 6 " ~  and the mean 
of the coldest month ranges from about -3" C t o  5°C. Leaf margin 
percentages vary from about 2Q up t o  35. Under less  seasonali ty but 
the same mean annual temperature, the warm temperate brad-leaved 
deciduous forests  are typical ly replaced by conifer forests .  

Lower Ravenian 

Flor i s t ic  analysis 

Systematic l i s t  of the  Alaskan lower Ravenian (lower upper ~ o c e n e )  
f lora .  

Fi l icineae 
Fil icales 

Schizaeaceae 
Anemia n. sp . 

Cyatheaceae 

Allantodio s i s  etensis  Wolfe 
mopterisPsp . p"- alashanum Holl . 

Gynmospermae 
Coniferales 

Taxodiaceae 
Glyptostrobus sp . 

Angiospermae 
Monoco tyledonae 

Principes 
Palmae 

Sabali tes sp. 
Dicotvledonae 

juglandales 
Juglandaceae 

Platycarya sp. [Ulmus pseudobrauni 9 o l l . j  
Fagales 

Be tulaceae 
Alnus n. sp. A - 
Ainus n. sp. 3 - 

Urticales 
Ulmaceae 

Girroniera sp . 
Girroniera sp . 



Angiospermae (continued) 
Dicotyledonae (continued) 

Ranales 
Tetracentraceae 

Tetracentron sp . [ Cercidiphyllum piperoides (Lesq. ) 
I a M .  1 

Menispemceae 
Anamirta aff. A. cocculus Wight and Am. 
Calkinsia n. sp. 
Cocculus sp. 
Diploclisia sp. 
Limacia aff. A. oblon a Miers 
aff. Tinomisciumdmpea conditionalis Holl. ] 
Pycnarrhena s p . 

Illiciaceae 
Illicium sp. 

Anonaceae 
Cananga sp. 
Dasymaschalon? sp . 

Myristicaceae 
Knema sp. - 
Myristica sp. 

Lauraceae 
Cinnamomo h llum sp. [Neolitsea lata MacG.1 
Lauro 1:; sp. [ C  toca rGarensis Sanb. ] 
1 . ruYms -- s 2 F m  
Iaurophyllum sp . 
Laurophyllum sp. 

Rosales 
Legwnkosae 

Caesalpinites sp. 
Geraniales 

Rutaceae 
Euodia af f. E .  crassifolia Merr . 
hmnga sp. Tfirsea spstiosa ~011. ] 

Sapindale s 
Anacardiac eae 

Melanorrhoea sp. iSemecarpus alaskana Holl.] 
Celastrac eae 

Celastrus comparabilis Holl . 
Icacinaceae 

Goweria n. sp. 
Goweria dilleri (~narlt . ) Wolfe -- 
Paleophytocrene sp. [Car lithe~ elytraeformis Holl.] 
Fhytocrene aff. P. bl*) Rrr. 
Rytocrene sordiza E r  &cG. 
Pyrenacantha sp. 
Stemonurus aff. 2. scorpiodes Becc. 

Sapindaceae 
Allophylus n. sp. 

Angiospermae (continued) 
Dicotyledonae (continued) 

Sapindales (continued) 
Sabiaceae 

Meliosma aff. _M. pungens Walp. 
Meliosma sp. 

Rhamnales 

Sageretia sp. 
Zizyphus aff. Z. fungi Men. 

Vitaceae 
Vitis sp. - 

Parietales 
Actinidiaceae 

Saurauia sp. 
Dipterocarpaceae 

Parsshorea sp. [Rhamnus pseudogoldianus Holl.] 
Myrtiflorae 

Barringtoniaceae 
Barringtonia sp. 

Alangiaceae 
Alangium aff. A.  1ong;iflorum Merr. 
Alangium sp. 

Mvrtaceae 
Eugenia sp. 

Wellif lorae 
Cornaceae 

Hastixia sp . [ C o r n u s  irregularis Holl . ] 
Ericales 

Clethraceae 
Clethra sp. 

Tubiflorae 
Verbenaceae 

Clerodendm sp. 

The known flora of this substage in Alaska is diverse despite the 
small size of the collections. Altogether at least 68 species are 
represented, although only 57 shciw sufficient characters to be determined 
to family. At least 47 genera and 31 families are represented. The 
most diverse families represented are Menispermaceae, Lauraceae, and 
Icacinaceae. The strong floristic relationship of this flora to that 
of the London Clay is apparent in that 23 families and 10 genera are 
common to both floras, despite the fact that a leaf flora is being 
compared to a fruit and seed flora and each have their own organ genera. 
The floristic similarities are even more pronounced in that the most 
diverse families of the London Clay are also diverse and represented 
in the Alaskan lower Ravenian. The majority (27) of the genera and 
all the families except for Myristicaceae, Barringtoniaceae, and Clethraceae, 
are also known in early or middle Eocene floras from western conterminous 
United States. Twenty-one of the lower Rawnian species are represented 



by the same or closely related species i n  the Eocene f loras  from western 
Conterminous United Sta tes .  F lor i s t ica l ly ,  therefore, the lower Ravenian 
f l o ra  of Alaska i s  closely related t o  the early-middle Eocene f lo ra  of 
Eurasia and western conterminous United States,  as well as t o  the lower 
Ravenian f l o r a  of Washington. 

The relat ionship of the Alaskan lower Ravenian f l o ra  to extant 
f loras  i s  c lear :  the Alaskan lower Ravenian f l o ra  i s  overwhelmingly 
paleotropical. Not one of the genera or families determined i s  exclusively 
neotropical, whereas four of the families and 23 of the genera are 
exclusively paleotropical; t o  the generic f igure can be added s ix  addit ional  
ex t inc t  genera tha t  have the i r  closest l iv ing  re la t ives  res t r ic ted  t o  
the paleotropical  region. In instances i n  which a genus i s  found i n  both 
old and new worlds, the f o s s i l  most closely resembles the old world 
representat ives.  A few genera are today of warm temperate distr ibution 
i n  Asia; the  significance of these genera i s  discussed i n  a l a t e r  section. 

Several Alaskan lower Ravenian genera a r e  today exclusively members 
of the Tropical Rain fores t  and some species of more wide-ranging genera 
a r e  most closely related t o  members of the Tropical Rain fores t :  

Limac i a  
Pycnarrhena 
Knema - 
Myristica 
Euodia 
Luwnga 

Celastrus 
S t  emonurus 
Pnyt oc rene 

The bulk of the  genera and species, however, a r e  related t o  members of 
the present fa ra t ropica l  Rain forest  or the Submontane Rain forest  of 
the Paleotropical region. 

Vegetational analysis 

I n  order t o  eliminate, a t  l e a s t  par t ia l ly ,  the  e f f ec t  of probable 
over-representation of stream-side plants, the various lower Ravenian 
assemblages have been treated as one f o r  the leaf  margin analysis. 
This procedure a l so  yields a considerably la rger  s t a t i s t i c a l  base than 
i f  percentages f o r  each assemblage are calculated. It  could be argued 
tha t ,  because the assemblages are not from the same precise strat igraphic 
plane, combining the  assemblages eliminates any poss ib i l i ty  of recognizing 
major but br ie f  climatic fluctuations (indeed, t h i s  happened when 1 
computed the  percentage for  the type Ravenian--Upper hge t - -  tha t  was 
published by Wolfe and Hopkins, 1%). If the individual Alaskan assem- 
blages were larger,  separate computations should indeed be made, but 
m s t  assemblages contain such small numbers of species tha t  individual 
computations are not firmly based s t a t i s t i c a l l y .  I f ,  for  example, the 
percentage f o r  l oca l i t y  3847 (80 p r c e n t )  i s  compared with tha t  for  
l oca l i t y  1U60 (57 percent ), a considerable deteriorat ion of climate 
might be construed; such a conclusion should, however, be based on a 
la rger  body of data, tha t  i s ,  a t  l e a s t  20 or more specif ic  en t i t i e s  
from a given loca l i t y .  

The percentage of Alaskan lower Ravenian dicotyledonous species 
tha t  have ent i re  margins i s  65; t h i s  f igure i s  based on 62 species. 
In terms of the percentages discussed previously, the lower Ravenian 
assemblage i s  nei ther  Tropical Rain fores t  nor Subtropical fores t ,  but 
the percentage i s  intermediate between tha t  f o r  the Paratropical Rain 
fores t  of Hong Kong and tha t  f o r  the  Paratropical Rain forest  of Taiwan. 

I n  leaf s ize  and f o l i a r  organization (table 5 ) ,  the Alaskan laver 
Ravenian assemblage compares well with the Submontane Rain forest  of 
the Philippine Islands (Brown, 1919), part icularly i f  it i s  kept in 
mind tha t  leaves of larger size-classes are under-represented i n  f o s s i l  
assemblages. I have also included i n  table 5 the figures f o r  the ear ly  
Miocene Collawash f lo ra  of Oregon, which i s  a Mixed Mesophytic warm 
temperate forest .  Clearly the Alaskan lower Ravenian i s  unrelated 
vegetationally t o  the Mixed Mesophytic forest ,  although there i s  some 
f l o r i s t i c  s imilari ty.  

Comparisons of the leaf  size-classes of the Alaskan ear ly  Ravenian 
assemblage t o  the extant Australian rain forests  are informative. I n  
a detai led study Webb (1959) has shown signif icant  differences i n  leaf  
s ize  between the various fores t  types, ranging from Tropical Rain fores t  
t o  temperate ra in  fores t  types. Based i n  part on a study of leaf s ize-  
classes, Webb also fonnally subdivided the three major fores t  formations 
of eastern Australia. I n  table 6 some of Webb's data a r e  summarized. 
The notophyll s ize-class i s  an addition t o  the Raunkiaer (1934) system 
of size-classes and represents the smaller (2,025-4,500 sq mm) lea-res 
t ha t  Raunkiaer included i n  h is  mesophyll size-class (as used elsewhere 
i n  t h i s  report, mesophyllous i s  used i n  accordance with Raunkiaer's 
original  defini t ion).  Omitted from table 6 are Webb's data for  most of 
the subformations representing woodland or thicket vegetation; a l l  these 
have 40 percent or more microphyll species and typical ly a l o w  percentage 
of mesophyll species. The Alaskan early Ravenian assemblage i n  terms 
of species i s :  34 percent mesophyll, 50 percent notophyll, and 16 percent 
micmphyll. Clearly, the ear ly  Ravenian does not represent temperate 
vegetation. 

Based on leaf  size-classes, the Alaskan early Ravenian assemblage 
i s  similar to two Australian vegetation types: the Complex Notophyll 
Vine forest  (Paratropical Rain fores t )  and the Simple MesophyU Vine 
forest  (Submontane %in fores t ) .  The Simple Mesophyll Vine fores t  i s  
in Australia, as elsewhere, t ropica l  i n  the meteorological defini t ion.  
The Complex Notophyll Vine forest  i s  both t ropica l  and subtropical i n  
the  meteorological defini t ion;  t h i s  forest  extends from about la t i tude  
21' S. t o  about 35" S.   ebb, 1959). This area of the Complex Notophyll 
Vine forest  lacks f r o s t  and, as elsewhere i n  the paratropical  regions, 
the mean annual temperature ranges from about 22'C t o  25OC. Webb 
(1959, p. 552-5531 notes tha t  "All the Rain forest  formations, away 
from the i r  optimum, have smaller leaf sizes, and undergo other physiognomic 
and s t ruc tura l  changes associated with gradients of temperature (a l t i tude  
or la t i tude)  s o i l  properties (moisture, drainage, f e r t i l i t y ) ,  and 
exposure." Because the Alaskan early Ravenian assemblage has a somewhat 



Table 5.--Comparisons between modern and fossil foliar physiognomy. 

Flora - 
Alaskan early Ravenian 
Alaskan middle Ravenian 
Alaskan late Ravenian 
Alaskan Kummerian 
Culled dipterocarp forest, Fhilippines 
Virgin dipterocarp forest, Philippines 
Midmountain forest, Philippines 
Mossy forest, Philippines 
Collawash, early Miocene, Oregon 

Number Percent Percent 
of Percent less than less than 

species entire 5 cm in width 10 cm in length 

F 
v3 Table 6.--Distribution of leaf size-classes in the vegetation of eastern Australia. 

Data from Webb (1959). 

Percent of species that are: 
Formation (this report 1 Subformation (after  ebb) Mesophyll Notophyll Microphyll 

Tropical Rain forest Complex Mesophyll Vine forest 50-70 30-40 0- 5 
Monsoon forest Semi-evergreen Mesophyll Vine forest 30 40 
Submontane Rain forest Simple Mesophyll Vine forest 30- 50 40- 50 5-15 

30 

Submontane Rain forest Simple Notophyll Vine forest 0- 30 5 5- 70 0-40 
Montane Rain forest Microphyll Mossy thicket 0 0 100 
Paratropical Rain forest Complex Notophyll Vine forest 15-30 50-70 10- 20 
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Table 7.--Numerical. abundance of plant megafossils from Alaskan lower Ravenian. 

Species Total - 
48 
48 
40 
39 
37 
28 
20 
19 
19 
19 
17 
14 

Percent 

9.6 
9.6 
8.0 
7.8 
7.4 
5.6 
4.0 
3.8 
3.8 
3.8 
3.4 
2.8 
2.6 
1.8 
1.8 
1.6 
1.6 
1 .4  
1 . 4  
1 .o 
0.8 
0.8 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
12.4 

100.6 

Limacia sp, ...................... 
Celastrus comparabilis ----------- 

platvcarya sp. ------------------- 
Meliosma aff. _M. ~ ~ e n s  --------- 
v i t i s  sp. ........................ - 
Sabalitcs sp, .................... 
Phytocrene sp. ------------------- 
Eugenia sp, ...................... 
Dryopteris sp. ------------------- 
Clethra sp,  ...................... 
"hurust' sirnilis ----------------- -- 
bU8 n. sp. B, ------------------ - 
hrashorea sp. ------------------- 
Cleroaend- sp. ----------------- 
Meliosma aff.  M. pendens --------- 
Allantocliopsis pugetensis -------- 
Melanorrhoea sp. ------..---------- 
n~ryptocarya" presamarensis ------ 
Glyptostrobus sp. ---------------- 
Alannium aff. A. longiflorum ----- 
Hemitelea pinnata ---------------- 
m r i s t i c a  sp. .................... 

guodia sp. ....................... - 
Barringtonia sp. ----------------- 
Others -----------------Ah-------- 
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Middle Ravenian 

F lo r i s t i c  analysis 

Systematic list of the Alaskan middle Ravenian (middle upper 
Eocene ) f lora.  

F i l i c  ineae 
Fi l ica les  

Schizaeaceae 
Iggodium n. sp. 

Aspidaceae 
ALlantodiopsis pugetensis Wolfe 

Gymnospenme 

Glyptostmbus sp .  
Angiospeme 

Monocot yledones 
Principes 

Palmae 
a o e n i c i t e s  sp. 
Sabali tes  sp. 

Dicotyledones 

Carya cashmanensis Wolfe 
Fagelhardia s p. 
Platycarya sp. [Ulmus pseudobrauni 
Pterocarya pugetensis Wolfe 

Fagaceae - 
D~ophyllum p-tensis Wolfe 

Urticales 
Ulmaceae 

LnrnUs sp. - 
Ranales 

Tetrgcentraceae 
Tetracentron sp. [Cereidiphyllum piperoides 

(Lesq.) LaM.1 . - 

Menispermaceae 
Calkinsia n. sp .  

huraceae 
Cimamomophyllum n. sp. 
Laurophyllum sp. [Cryptocarya 
Laurophyllum n . sp . A 
Laurophyllum n. sp. B 
Laurophyllum sp. 
Iaurophyllum sp. 

Sanb. 1 

Angiospermae (continued) 
Dicot yledones (continued) 

Rosales 
IEamameliweae 

Liquidambar? sp. 
Eucomniaceae 

Euconrmia sp. 
Leguminosae 

Legminosites sp. 
Sapindales 

Anacardiaceae 
Genus indet . 

Sapindaceae 
Allophylus sp. 
Sapindus? sp. 

ParietaLes 
Theaceae 

Ternstroemites sp. 
Ineertae sedis  

Artocarpides kummereasis Wolfe 
Macclintockia sp  . 

The t o t a l  number of species known from the Alaskan middle Ravenian 
i s  smaller than f o r  the ear ly  Ravenian. This apparent lesser  diversi ty 
may be a function of the fewer l oca l i t i e s  of middle Ravenian age t ha t  
were collected. Locality 11165 has produced representatives of 37 
species, although not a l l  could be determined t o  family because of poor 
preservation. This assemblage i s  thus the  r ichest  known from a single 
Alaskan Eocene locali ty.  

I n  contrast  t o  the lower Ravenian assemblages, Lauraceae are  
proportionally be t te r  represented; Menispermaceae are poorly represented 
end Icacinaceae a r e  apparently absent. Juglandaceae are a lso  better  
represented i n  the middle than in the lower Favenian. Most middle 
Ravenian families and genera are known i n  the  lower Ravenian, e i ther  i n  
Alaska o r  conterminous m i t e d  States.  Many species are also common t o  
the two substages, and it i s  clear  tha t  the bulk of the middle Xavenian 
f l o r a  i s  closely a l l i e d  f l o r i s t i ca l l y  t o  the lower Ravenian. 

The relationships of the middle Ravenian f l o ra  t o  extant f l o r i s t i c  
regions i s ,  as in the lower Ravenian, A s i a n .  The f l o r i s t i c  s imi lar i t ies  
of the  middle Ftavenian t o  the Indomalaysian region i s ,  however, much 
l e s s  pronounced. The strongest relat ionship of the  middle Ravenian 
appears t o  be Kith the Subtropical forest .  The representation of 
Juglmdaceae (exclusive of ~ terocarya) ,  Fagaceae, Lauraceae, Liquidambar?, . 
and Theaceae, gives the Alaskan middle Ravenian a taxonomic aspect tha t  
i s  more similar  t o  tha t  of the Subtropical oak-laurel forest  of eastern 
Asia. 



The Mixed Mesophytic element, although not dominant, i s  more 
pronounced i n  the middle than i n  the lower Ravenian. The Juglandaceae 
(exclusive of Engelhardia), E, Tetracentron, E u c o d a ,  an& Liquid- 
ambar?, are members of t h i s  element. Note, however, tha t  f ive of the  - 
seven Mixed Mesophytic genera i n  the Alaskan middle Ravenian a r e  known 
in  correlat ive assemblages i n  the h g e t  Group, and a sixth--Platycarp--  
i s  a common member of ea r ly  and middle Eocene assemblages i n  conterminous 
United States.  

Vegetational analysis 

The percentage of middle Ravenian species that  have e n t i r e  margins 
i s  54, compared t o  65 f o r  the  lower Ravenian. The middle Ravenian 
f igure i s  based on 37 dicotyledonous species. Comparisons with modern 
vegetation ( table 4 )  indica te  tha t  the middle Ravenian i s  only marginally 
Paratropical Rain fo re s t  or more probably i n  the wanner part  of the Sub- 
t ropica l  fores t .  The leaf  margin analysis i s  corroborated by the  propor- 
t ionate ly  fewer coriaceous and hence probably broad-leaved evergreen 
species, the  sparse representation of probable l i m e s  ( the  only probable 
l iane is ~ a l k i n s i a ) ,  and the  almost t o t a l  lack of leaves tha t  have 
drip- t i p s .  

The contrast between the  lower and middle Ravenian i n  regard t o  
both vegetation and f l o r a  i s  s ignif icant  i n  that  both l i n e s  of reasoning 
indicate a cooler climate for  the middle Ravenian. In Alaska, l i gh t  
f ro s t s  p ~ b a b l y  characterized the middle Ravenian climate, whereas they 
were lacking in the  ea r ly  Ravenian. I n  the middle Ravenian of the 
Puget Group, the  physiognomic characters of the fol iage indicate the 
persistence i n  conterminous United States of Paratropical Rain forest  
and hence frost-free climate. The middle Ravenian f l o ra s  of the Faget, 
Group, however, a l so  indica te  a climate cooler than tha t  of the  lower 
Ravenian, as sham by a decline in the leaf  margin percentages from 
72 t o  62. 

Upper Ravenian 

F lo r i s t i c  analysis 

Systematic l i s t  of t h e  Alaskan upper Ravenian (uppernost Eocene) 
f l o ra  . 
Gymnospermae 

Conif erales 
Taxodiaceae 

Glyptostrobus sp. 
Angiospermae 

Dicot yledones 
Salicales 

Salicaceae 
Ebp-dus? sp. 
Sa l ix  n.  sp. - 
Sa l ix  sp. - 

Angiospennae (continued) 
Dicotyledones (continued) 

Juglandales 
Jvglandaceae 

Juglans ( ~ a r d i o c a r ~ o n )  sp. 
Rerocarya pugetensis Wolfe 

Fagales 
Betulaceae 

Alnus cuprovallis Axelrod 
Ainus sp. 
Alnus sp. 

Ranales 
Menispemeae  

Cocculus sp. 
b s a l e s  

IIamamelidaceae 
Corylopsis sp. 

Rosaceae 
Prunus sp. [Euonymus nevadensis Axelr . ] 
Sorbus n. sp. 

Sapindales 
Aquifoliaceae 

I lex  n. sp. - 
Rhamnales 

W a c e a e  
l3immm? sp. 

Malvales 
Tiliaceae 

Ti l ia  n. sp.  - 
Willisia sp. 

Myrtiflorae 

Eugenia? sp. 
Incertae sedis 

Dicotylophyllum sp. 

The Alaskan upper Ravenian i s ,  unfortunately, known from but a 
s ingle loca l i ty ;  the presemation of the leaves, however, i s  the best 
f o r  any of the Alaskan Eocene loca l i t i e s .  A t  l e a s t  21 specif ic  e n t i t i e s  
are represented, but only 19 were suf f ic ient ly  complete t o  determine t o  
family, and one of these (Dicotylophyllum sp.),  although the most abundantly 
represented species, i s  thought t o  represent an extinct  genus. 

The upper Ravenim assemblage i s  not closely a l l i e d  f l o r i s t i c a l l y  
t o  the  lower or middle Rawnian. Only 5 of the  15 genera are known from 
t h e  e a r l i e r  Ravenian assemblages. Significant a l so  i s  t ha t  Lauraceae, 
FWtaceae, and Dipterocarpaceae are unrepres ented i n  the upper Ravenian. 
Falynologic evidence, hnuever, indicates t ha t  some of the upper Ravenian 
genera, f o r  example Salix, Judans ,  and m, were represented in 
Subtropical o r  Paratropical Rain fores t  i n  conterminous m i t e d  States 



during the e a r l i e r  Eocene (E. B. Leopold, ora l  conrmun ., Jan. 1969; 
Wolfe, unpublished data)  and leaves of Pnpulus are known i n  Subtropical 
forest  i n  the middle Eocene (Mac~ini t ie ,  i n  press). One element, 
represented by Corylopsis and ~ i c o t ~ l o ~ ~ ~ l l &  sp., appears t o  be derived 
from high la t i tude  warm temperate and subtropical R%leocene assemblages, 
although Corylopsis was also a member of k r a t r o p i c a l  Rain fores t  during 
at l ea s t  the ear ly  Eocene (chandler, 1964). Part of the Alaskan upper 
Ravenian f lora  nay, therefore, have been derived from elements t ha t  
were present but rare  i n  the Paratropical B i n  and Subtropical fores ts  
of the early and middle Eocene. 

The Alaskan upper Ravenian also has two species tha t  occur i n  upper 
Ravenian upland assemblages i n  conterminous United Sta tes .  Ainus 
cu rovall is  and h u s  sp. a re  a l so  knovn in assemblages such as  tha t  
frzm Copper ~asi-bod, 1%6b). The lowland upper Asvenian assem- 
blages from conterminous United States (Puget Group, John Day Gulch 
assemblage of t he  Clarno  orm mat ion) also has one species, Pterocarya 
pge tens i s ,  t ha t  also occurs i n  the Alaskan upper Ravenian. The Alaskan 
upper Ravenian rosaceous genera have not been val id ly  recorded from 
ea r l i e r  hleogene assemblages; I s u w s t  that  the strong representation 
of the family i n  upper Ravenian f loras  throughout western North America 
i s  a reflection of the time of diversif icat ion of Rosaceae. Note tha t  
Chandler (1964) has only recorded one rosaceous genus, the pa r t i a l ly  
t ropica l  =, i n  the Brit ish Eocene. 

The relationships of the Alaskan upper Ravenian t o  modern f l o r i s t i c  
regions i s  not c lear .  The taxa probably derived from the main elements 
of the Alaskan ear ly  and middle Ravenian--Cocculus, Willisia, Eugenia? 
sp., and Glyptostrobus--are, of course, i n  a broad sense paleotropical. 
Corylopsis and Pterocarya are found today only or  primarily in the Nixed 
Mesophytic forest ,  and a l l  but four of the upper Ravenian genera also 
range in to  tha t  fores t  type. In general the Alaskan upper Ravenian 
f lora  has i t s  closest  relat ionship t o  the broad-leaved deciduous forest  
of eastern Asia. 

Vegetational analysis 

The dicotyledonous species represented in  the Alaskan upper 
Ravenian have leaves tha t  a re  overuhelmingly nonentire. O f  the 20 
dicotyledons k n m ,  only 20 percent have ent i re  margins. The leaf 
margin percentage i s  about midway between that  fo r  mesic temperate 
forests ,  such a s  New England, and tha t  for  mesic warm temperate forests ,  
such as the Mixed Mesophytic forest .  I f ,  as discussed previously, 
stream-side types a re  probably overrepresented ( th is  i s  a part icularly 
reasonable assumption fo r  a small assemblage ), the upper Ravenian 
vegetation is more comparable t o  the Mixed Wsophytic fores t .  The 
dicotyledons represented are predominately deciduous; only four species 
--the~Cocculus,~Willisia, Eugenia?, and a fragmentary, generically 
indetermined species--have a coriaceous texture and thus were probably 

Vegetationally and f l o r i s t i c a l l y  the Alaskan upper Ravenian 
assemblage i s  most similar t o  the extant Nixed Mesopbytic fores t  of 
A s i a .  To consider, houewr, the fores t  represented by the Alaskan upper 
Ravenian as  a l i n e a l  predecessor f l o r i s t i c a l l y  o r  vegetationally of the 
Mixed Mesophytic forest  may not be valid. A t  leas t  four of the upper 
Ravenian species--Pterocarya pugetensis, Ainus cuprovallis, Ainus sp., 
and Sorbus sp.--appear t o  represent lineages tha t  survived i n  Alaska 
a f t e r  the l a t e  Ravenian; during the early and middle Miocene (~eldovian)  
these lineages participated i n  the c w l  Alaskan facies of the Mixed 
Mesophytic forest ,  but i n  the l a t e  fiocene (~omerian) the lineages had 
adapted t o  a predominately conifer forest .  One lineage has since become 
extinct ,  but some of the lineages of Ainus are s t i l l  represented i n  the 
extant Boreal forest .  Other genera, as noted previously, are unrepresented 
i n  e i ther  the Neowne or extant Mixed Mesophytic forest. fo r  example, 
Will isia,  ~ u ~ e n i a i ,  and the genus represented by Dicotyiophyllum sp.j 
Willisia,  however, was a member of broad-leaved deciduous forest  i n  the 
Pacific Northvest during the l a t e  Oligocene, but a f t e r  t ha t  the lineage 
then became extinct. In lineages i n  which the f o s s i l  record i s  even - 

moderately known, i t  is  apparent t ha t  vegetational types have undergone 
mch f l o r i s t i c  change during the Tertiary. 

I 
The p r t i c u l a r  forest  represented by the Alaskan upper Ravenian 

probably is not the l inea l  predecessor of the extant Mixed Mesophytic 
fores t .  A s  sham la ter ,  the younger Kumerian assemblages indicate a 
return t o  a t  leas t  subtropical conditions; what became of the fores t  
zone represented by the upper Ravenian i s  not clear. This zone was 
probably res t r ic ted  t o  c o d  upland areas; i n  conterminous United States, 
early Oligocene assemblages from the northern Rocky Mountains such as 
the Ruby (~ecke r ,  1961) are vegetationally similar t o  upper Ravenian 
assemblages that  apparently grew a t  moderate elevations i n  the Pacific 
Northwest. How extensive these cool upland areas were during the early 
Oligocene i s  unknown. 

Kunmer ian 1 

Flor is t ic  analysis 

Systematic l i s t  of the Alaskan Kummerian (lower Oligocene) f lora .  
1 

Filicineae 
Fi l ica les  

Schizaeaceae 
Anemia? sp. - 

Blechweae 
Woodwardia sp . 

Angiospenme 
Dicotyledones 

Fagales 
Betulaceae 

evergreen. Ainus sp. 
Betula sp . - 



Angiospenme (continued) 
Dicot yledones (continued ) 

Fagales (continued) 
Fanaceae - 

Fagus sp. 
Ranales 

Tetracentraceae 
Tetracentron sp. 

Magnoliaceae 
Piagnolia re t icula ta  Chan. and Sanb. 

MenispemceAe 
IfyPserpa? sp. 

Isuraceae 
Laurophyllum sp. [ Nec tandra presanguinea Chan . and Sanb . 
Laurophyllum sp. [Cryptocarya presamarensis Sanb.] 
Iaurophyllum raminenrum Potb . 
La,wophyllum n . sp . C 
Laurophyllum n. sp. D 
Iaurophyllum sp. 
Laumphyllum sp. 

Rosales 
Platanaceae 

Platanus sp.  [Eaallotus comstocki Sanb.] 
Sapindales 

Sapindaceae 
Allophylus wilsoni Chan. and Sanb. 

Tubif lorae 
Verbenaceae 

Hoolmskioldia s p i r t  ( ~ e s q .  ) MacG.? 
Incertae sedis 

Macclintockia pugetensis Wolfe 
Artocarpoides kunrmerensis Wolfe 

The Alaskan Kummerian assemblages, although not diverse, give 
c l ea r  evidence of old world a f f in i t i e s .  AZ1 the laurels represent fo l i a r  
types exemplified by the dominately paleotropical Lindera, Litsea, and 
Cryptocarya. Other paleotropical elements include m e r p a ?  and 
Holmskioldia?. The Alaskan Kummerian has stronger relationships t o  the 
Subtropical fores t  than t o  the Paratropical Rain forest ;  as noted in  
the discussion of the middle Ravenian assemblages, Lauraceae have the i r  
greatest  diversi ty i n  the Subtropical fores t .  

The h is tor ica l  f l o r i s t i c  relationships of the Alaskan Kunanerian 
assemblages i s  somewhat obscure; th is  i s  largely the resul t  of the high 
representation of Lauraceae (9 percent of the specimens a t  loc. 11169 
represent ~auraceae),  a family i n  which f o l i a r  taxonomy i s  d i f f i cu l t  t o  
determine, and of the small s i z e  of the assemblages. Some of the laurels, 
fo r  example "Cryptocaryaf' presamarensis, and Tetracentron appear t o  
represent species known i n  the lower and middle Ravenian; whether such 
lineages adapted t o  the cool l a t e  Ravenian climate and were minor elements 

of the Alaskan vegetation a t  that  time is unknown. It i s  equally possible 
that  such widespread lineages were to t a l ly  eliminated from Alaska during 
the l a t e  Ravenian and spread northward wa in  during the Kummerian. 
Lacking more information, I assume tha t  many Alaskan Kunrmerian lineages 
followed t h i s  pattern. 

Some lineages, fo r  example those represented by the Betula and the 
w, are not known i n  the Subtropical and Paratropical Rain forests 
during the middle Ravenian and ea r l i e r  times, e i ther  in Alaska or the 
Pacific Northwest. Both genera are represented i n  the Clarno nut bed 
assemblage ( ~ c o t t  & Chandler, 1964, p. 58), which represents Faratropical 
Rain forest .  Both genera, however, are also represented in  the broad- 
leaved deciduous forest  of the upper Ravenian; Betula i s  known in  both 
the John Day Gulch and Republic assemblages, and Fagus i s  known i n  the 
pres-mbly  upper K m r i a n  assemblage from Joseph Creek, Bri t ish Columbia. 
Both genera could presumably have been represented i n  the Alaskan upper 
Ravenian and the Kummerian representatives could belong t o  the same 
lineages. 

The f l o r i s t i c  relationships of the Alaskan Kummerian t o  the 
Kurmnerian assemblages from the Wcific Northwest i s  strong; of the 12 
speci f ica l ly  determined Alaskan species, 10 are known in  the Kumerian 
of the Pscific Northwest. Alaska again was par t  of the sane f l o r i s t i c  
province as  the lowland Pacific Northwest, as i n  the early and middle 
Ravenian . 

Vegetational analysis 

The leaf margin percentage for the Alaskan Kutmerian assemblage i s  
55; th is  f i v e  i s  based on the items in  the systematic l i s t  plus nine 
f r apen ta ry  o r  poorly preserved, indetemined en t i t i e s .  The Kunanerian 
percentage i s  the same as that  for  the middle Aavenian, and is indicative 
of Subtropical forest .  Most species have coriaceous leaves, thus 
indicating an evergreen habit. The texture of the leaves in continental 
deposits (loc. 11169, for  example) i s  predominately coriaceous as it is 
a t  l oca l i t i e s  i n  marine rocks (loc. 11168, fo r  example), in which 
coriaceous leaves would presumably have a higher probability of being 
preserved. The s ize  of the leaves is small in the collections from 
marine rocks; the small s ize  i s  probably a resul t  of destruction of 
larger leaves i n  marine currents. Most of the leaves do not have 
pronounced drip-tips, although such t ips  are  present on a t  leas t  two 
species of Lauraceae. The l i m e  element i s  poorly represented, the 
H y p e ~ a ?  sp. being the only probable representative. The vegetational 
asalysls  thus corroborates the f l o r i s t i c  analysis i n  indicating tha t  
the Kumnnerian assemblage represents Subtropical fores t .  

The Alaskan Kummerian assemblages, although indicating a strong 
f l o r i s t i c  relat ionship t o  the correlative assemblages i n  the Pacific 
Northwest, apparently represent a cooler vegetation. The Cl8rno nut 
bed and the Comstock assemblages of Oregon, and the LaPorte assemblage 



of northern California contain nunemus representatives of Menispermaceae, 
Anonaceae, Icacinaceae, and Dipterocarpaceae . Leaf margin percentages 
range from 64 t o  67, indicating def in i te  Paratropical Rain fores t .  

An interest ing aspect of the Alaskan Kmer ian  assemblages i s  
the presence of a probable strand element. The extinct genus W c l i n t o c k i a  
appears t o  have been a strand plant .  Although the genus i s  represented 
i n  nonmarine rocks of the m e t  Group, the sea was presumably not f a r  
d is tant  from the Puget basin of deposition. The common representation 
of Macclintockia i s ,  however, i n  marine rocks or nonmarine rocks tha t  
interfinger a short distanee l a t e r a l l y  with marine rocks. The genus 
i s  knam in such si tuations a t  three local i t ies  in the Pacific Northwest 
and a t  13 l rxa l i t i e s  i n  the Alaskan Kummerian. Koch (1963) has noted 
a similar s i tua t ion  fo r  the Igleocene species of Macclintockia. Whatever 
family Elacclintockia represents, it appears t o  have favored a lowland 
habitat  near the sea. Another possible strand plant i s  Allophylus 
wilsoni. The occurrence of t h i s  species in the post-Kumerian of 
Oregon (chancy and Sanborn, 1933) i s  in rocks tha t  were probably l a i d  
down near the margin of a withdrawing embayment ( ~ o k e s  and Snavely, 1$8), 
and the f ive  Alaskan occurrences--all with Macclintockia--are i n  marine 
rocks. 

Climatic summary 

!he early Ravenian (early l a t e  ~ o c e n e )  vegetation of Alaska, as  
interpreted here, indicates t ha t  t h i s  was the warmest knonn period in  
the  Alaskan Tertiary; comparisons cannot be made, however, t o  the early 
and middle Eocene, because assemblages of t ha t  age are not yet known in  
Alaska. The climate during the ear ly  Ravenian i s  indicated t o  have been 
p ra t rop ica l ,  that  i s ,  it was characterized by a lack of f ros t ,  a mean' 
annual temperature of 22'C t o  25"C, abundant precipitat ion throughout 
the year, and l i t t l e  seasonality of temperature or precipitat ion.  The 
mean temperature of the coldest month could have been as low as  about 
lS°C, and thus the climate would, i n  tha t  case, not be considered t o  be 
s t r i c t l y  t ropica l  i n  the sense t h i s  term i s  used by most climatologists. 

The middle Ravenian (middle Late ~ o c e n e )  assemblages indicate a 
somewhat cooler climate, probably in  the warmer range of subtropical 
climates. Frosts probably occurred, although they would have been mild 
and of short duration. Extant vegetation similar  t o  that of the middle 
Ravenian l ives  unaer climates in  which the temperature drops as  low as  
-7"C, the mean annual temperature ranges f r o m  15°C t o  lg"C, and the mean 
temperature of the coldest month varies from 5'C t o  10°C (Wang, 1961, 
p. 131). Precipitation would again have been abundant and dis t r ibuted  
throughout the year. 

The l a t e  Ravenian ( l a t e s t  ~ o c e n e )  assemblages indicate c om iderably 
cooler temperatures than e i the r  the early or middle Ravenian. The climate 
was temperate, t ha t  i s ,  temperatures probably a t  leas t  as  low as -lb°C, 
a mean annual temperature in  the range of ll°C to  16"C, and the mean 

temperature of the coldest month i n  the range of -3°C t o  5OC. These 
data are based on the climatic conditions of similar extant vegetation 
(Wang, 1961, P. 97). 

By the Kummerian (early Oligocene), climatic conditions were again 
subtropical. The climate was probably about the same as that  of the 
middle Ravenian. Based on probable post-Kmerian assemblages from 
Admiralty Island i n  southeastern Alas-, the subtropical conditions 
persisted in to  the middle Oligocene, but a t  the end of that  time another 
major deteriorat ion occurred that  resulted in  the cool temperate climate 
of the Angoonian--cooler than even the l a t e  Ravenian. During the warm 
periods of the early-middle Ravenian and Kutanerian, the vegetation and 
hence the climate showed l i t t l e  zonation in  comparison t o  the cool 
periods of the l a t e  Ravenian and the Angoonian, when considerable 
zonation of vegetation i s  apparent. 

faleogene climates 

The sa l i en t  feature of the Alaskan lower and middle Ra.venian and 
Kumerian assemblages is tha t  they are broad- leaved evergreen forest  ; 
from the standpoint of fo l i a r  physiognomy and f l o r i s t i c  analysis the 
lower Kunrmerian vegetation i s  similar t o  the extant Paratropical Rain 
and Submontane Rain forests .  The assumption i s  here mde, that the 
Alaskan Paratropical Rain forest ( the geographic and topographic 
position demand t h i s  appellation) grew under climatic conditions comon 
t o  these two extant forest  types. Such conditions are:  

1 )  a lack of frost ,  
2) a mean annual temperature of 22°C t o  25"C, 
3) abundant precipitation, and 
4 )  no pronounced dry season. 

Compare these conditions with the climatic conditions a t  Cordova today: 

1 )  minimal temperature - a ° C ,  
2) a mean annual temperature of S°C, 
3) precipitation of 3,700 m, 
4 )  precipitation of dr ies t  month 154 m. 

In  regard t o  precipitation, no drast ic change i s  needed; the Para- 
tropical  Rain forest  exists  under l e s s  precipitation, both yearly and 
d r y  month, than Cordova receives today. Clearly, however, the temperature 
re- during the early Ravenian in Alaska must have been greatly 
different  than tha t  today. 

The poss ib i l i ty  that  the Alaskan Paleogene assemblages described 
i n  t h i s  report may not be a t  the lat i tude a t  which the enclosing beds 
were l a i d  down i s  an important consideration. Some proponents of large 
scale continental d r i f t  during the Tertiary have i n  f ac t  suggested that  
the warn character of the Gulf of Alaska Emene floras indicates that  
they lived a t  more southerly lat i tudes and the containing rocks have 
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t o  the warm period f loras .  Climatic changes of the magnitude suggested 
in t h i s  report and occurring within a period of a million years--perhaps 
within e period of thousands of years--probably would not allow suff ic ient  
time fo r  extensive adaptations of a l l  the lineages; the f lo ra  following 
a major deteriorat ion would probably be composed primarily of lineages 
tha t  were  preadapted t o  a cool climate. These lineages would i n  part 
have been members during the warm periods of the tropical  fores ts  and 
i n  part  haw been members of cooler upland forests .  Because ro r th  America 
was, compared t o  today, re la t ive ly  low-lying during most i f  not a l l  of 
the ea r ly  Tertiary, the upland sources fo r  temperate lineages would have 
been limited. The depauperateness of temperate vegetation following the 
deteriorat ion 32 million years ago i s  apparent both in  Oregon and Alaska. 
The Bridge Creek assemblage has been extensively collected over a period 
of about 9 years and from many l oca l i t i e s  in an area of several hundred 
square miles; the t o t a l  number of species known is about 75, i n  camparison 
t o  the vegetationally com-rable Miocene Collauash assemblage, which 
includes a t  l ea s t  140 megafossil e n t i t i e s  from a single locali ty.  Similarly, 
the Alaskan assemblages coeval with the Bridge Creek are known from at 
l eas t  30 l oca l i t i e s  i n  an area of about 250,000 square miles; less than 
50 species are  ham from a l l  these assemblages in  comparison t o  the 
vegetationally ccanparable Seldovia f a in t  assemblage (approximately 
coeval with the Collawash), which includes a t  leas t  50 megafossil 
e n t i t i e s  from a single locali ty.  

2. Latitudinal differences in  the ef fec t  of fluctuations. The ef fec t  
of the climatic fluctuations i s  more pronounced a t  high la t i tudes  than 
a t  middle lat i tudes,  and apparently more pronounced a t  middle la t i tudes  
than a t  low lat i tudes.  I n  Alaska, the differences between the leaf  
margin percentages fo r  the warm l a t e  Eocene and cool l a t e s t  Eocene 
assemblages i s  about 45, whereas i n  the Pacific Northwest the difference 
i s  about 30. The differences between the Alaskan warm ea r l i e r  Oligocene 
and cool l a t e r  Oligocene assemblages a t  the same la t i tude  (60' B.) is 
about 50, whereas the equivalent difference i n  the Pacific Northwest i s  
about 42. So f a r  as known, low la t i tude  climates d id  not f luctuate 
s igni f icant ly  during the Tertiary. Note also that  during warmer periods, 
the difference between the percentages of ent i re  leaf  margins f o r  Alaska 
and the Wcific Northwest are only about 5 t o  12, whereas i n  the (cooler) 
l a t e s t  Eocene the difference is about 34 and in  the l a t e r  Oligocene it 
i s  about 19 t o  22 (the lesser difference i n  the l a t e r  Oligocene as  
compared Kith the l a t e s t  Eocene i s  probably a function of the leaf  margin 
analysis, that  is, 34 subtracted from the Bridge Creek percentage of 25 
yields an obviously impossible prcentage of -9). 

The differences suggested above indicate tha t  a cause of c l b a t i c  
change i s  needed that  has a s igni f icant ly  greater effect  the higher the 
la t i tude .  I f  the cause i s  a change i n  the inclination of the axis of 
rotation, the ef fec t  would be greater  on the vegetation of higher than 
on tha t  of middle lat i tudes,  and low la t i tudes  would have l i t t l e ,  i f  
any, vegetational change. 

3. Apparently less seasonality during the Tertiary. The seasonality 
of present temperatures i s ,  of course, primarily the resul t  of the 
inclination of the axis of rotat ion.  A number of workers (see, for  
example, MacGinitie, 1962, in press ) have argued from vegetational 
analysis of Tertiary plants t ha t  seasonality was not as pronounced in  
the Tertiary as  now. Seasonality, of course, probably was never to ta l ly  
absent during any prt of the Tertiary. The eccentrici ty of the earth 's  
orbit  results ,  fo r  example, in the earth receiving about seven percent 
more so lar  radiat ion during perihelion. If a t  any time the earth had 
almost no inclination, t h i s  would result a t  times in  the reversal of the 
northern hemisphere's seasons; perihelion now occurs, of course, during 
January. 

The western edges of continents must always receive less  precipitation 
during what i s  now the summer than during the winter because of the 
Coreolis effect .  Nevertheless, assemblages such as  the Clarno nut bed 
do not represent savanna vegetation, which grows under extended dry 
p e r i d s  such as now prevail i n  Oregon, but represents Bra t ropica l  Rain 
forest ,  which has ample precipitation throu@out the year (the precipitation 
is, as of most vegetational types, greater during some parts  of the year 
than during others). Similarly, the Mixed Mesophytic fores t  of the 
Oregon Neogene contains many genera, the extant species of which w i l l  
not g m  under a climate tha t  has extended dry periods during the growing 
season. The Mixed lksophytic forest  survives today only in  areas that  
have no extended dry period during the groKing season. 

The probable ef fec t  of l e s s  inclination of the axis of rotat ion 
would be t o  lessen seasonality of temperature and thus of precipitation. 
During periods of weak zonal circulation (caused largely by weaker 
l a t i t ud ina l  differences in temperature), the low pressure system in  the 
northeastern Pacific tends t o  s p l i t  up into two weaker lows, one of 
which extends f a r  southward and in turn depresses the eastern Pacific 
high pressure system southward; during such periods, precipitat ion 
conrmonly occurs i n  California and the Wcific Morthwest ( ~ l e t c h e r ,  
1966). 

4. Northward extension of Tropical Rain forest  dur- the T e r t i a q .  
Most Claiborne (Eocene) assemblages from as f a r  north as  lat i tude 36" 
represent Tropical--not Paratropical--Rain forest .  The leaf margin 
percentages fo r  most of these assemblages ranges from 76 t o  83; t h i s  
i s  a clear indication of Tropical Rain forest .  The other physiognomic 
features of the foliage, fo r  example, the numerous d r i p  t ips ,  also 
indicate Wopical Rain forest .  Today Tropical Rain fores t  extend t o  
areas that  are about 45" from the caloric equator during periods of the 
year. Under a no- t i l t  condition, !tropical Rain fores t  could presumably 
extend t o  about 45" N. lat i tude;  loca l  conditions, of course, might not 
allow such B northward extension i n  every region. 

5. Appsrent periodicity of climatic fluctuations. In an ea r l i e r  dis- 
cussion of Tertiary climatic change, it was suggested that  the climate 
warmed gradually from the late Wleocene t o  the Eo-Oligocene, but it was 



also recognized that the data were too incomplete t o  determine whether 
o r  not t h i s  trend was interrupted by fluctuations. Increasing evidence 
( ~ o l f e  and Schorn, unpublished data)  indicates that  the cool period of 
the l a t e  Paleocene was followed by a pronounced warm period i n  the e a r l i e s t  
Eocene ; t h i s  would correspond, f o r  example, t o  the London Clay f 101% 
(chandler, 1964) of l a t e  Ypresian age. This period was followed by 
another cool period and then by the warm period of the early l a t e  Eocene. 
Chandler ( 1 s )  hm interpreted a l l  the Br i t i sh  Eocene assemblsges t o  
represent the same vegetational type, but, as Richards (1952, p. 154) has 
pointed out, the f l o r i s t i c  approach used by Miss Chandler may not be 
completely rel iable.  I f  the Br i t i sh  Eocene vegetation fluctuated between 
marginally Tropical and Paratropical Rain fores t  or between the extremes 
of Wratropical  Rain forest ,  there would be l i t t l e  recognizable f l o r i s t i c  
difference between the various assemblages. I have computed leaf margin 
percentages fo r  the Br i t i sh  Eocene f r u i t  and seed assemblages, using 
the assumptions of Eduards (1936); t ha t  i s ,  a seed of huraceae almost 
cer ta in ly  was borne by a p lsnt  t h a t  had entire-margined leaves. The 
Br i t i sh  Eocene assemblages show s t r ik ing  climatic changes. For example, 
the London Clay has an assumed percentage of about 76, whereas the succeeding 
Lower Bagshot assemblage has a percentage of 50 and the even younger 
Bartonian has a percentage of 80. Using the European-west American 
correlat ions suggested by Clark and Vokes (1936) for  the Eocene, the 
f luctuations in  the Br i t i sh  Eocene m t c h  those in  the west American Eocene. 

One significant  problem i n  the discussion of Paleogene climates i s  
the probable l a t e s t  Eocene ( l a t e  Etavenian) cool period. The Alaskan 
assemblage of l a t e  Ravenian age c lear ly  represents a considerably cooler 
climate than e i ther  the middle Ravenian or the Kunrmerian. In  conterminous 
United States,  the upper Ravenian assemblages in  the type section of 
the stage similarly represent cooler vegetation than e i ther  the middle 
Ravenian o r  Kummerian assemblages from the Puget Group. I n  the Eocene 
t o  Oligocene Clarno Formation of Oregon, the cool period can a l so  be 
detected: the Clarno rmt bed assemblage, which i s  of K m r i a n  age and 
a correlat ive of the Comstock assemblage, on f l o r i s t i c  grounds, probably 
represents the M a t r o p i c a l  Rain fores t .  The West Branch Creek assem- 
blage of the Clarno i s  the Clarno f lo ra  of most authors; t h i s  assemblage 
i s  i n  the basal part  of the Clarno Formation ( ~ a y ,  ora l  commun., Feb. 
1969) strat igraphically well below the nut  be& and i s  probably of ear ly  
o r  middle Ravenian age. No leaf  margin percentage has been collrputed 
fo r  the West Branch Creek assemblage, but it i s  estimated t o  be i n  
excess of 60. Strat igraphically between the two well-known Clarno assem- 
blages is the John B y  Gulch assemblage; based on 38 species of dicotyledons, 
the leaf  margin percentage fo r  t h i s  assemblage i s  36, and the dicotyledons 
include genera such as  Betula, mhonia, and E. The John Day Gulch 
assemblage a s i n  indicates a l a t e  Eocene cool period. 

Axelrod (196613) has obtained a number of potassium-argon ages fo r  
various assemblages from Washington, Idaho, and Kevada. The age obtained 
on the Republic assemblage (55 million years) i s  not in agreement with 
new data, which indicate a considerably younger age (~bradovich, writ ten 
conmrun., Aug. 29, 1%). The complex stratigraphy in the Challis volcmics 

indicates that  the ages obtained fo r  the Thunder Mountain and the Salmon 
assemblages cannot be accepted as  re l iable  a t  this time (3. F. Leonard, 
o r a l  c o m . ,  Jan. 1969). Only three of the ages on Eocene assemblages 
published by Axelrod ( l w b )  can be accepted as  probably reliable: 
Copper Basin (39 + 1, 40 k 1 million years), B u l l  Run (35 t o  42 million 
years; the average would be 38.5 million years), and Lower Cedanrille 
(40 million years). I think that  the available radiometric data support 
the concept t ha t  the cool "uplandf' assemblages represent a period verg 
l a t e  i n  the Eocene ( tha t  i s ,  centering approximately around 38 t o  40 
million years ago). 

The fluctuations of the l a t e  Eocene and Oligocene and Miocene have 
been documented e i ther  i n  t h i s  report o r  by Wolfe and Hopkins (1967). 
The Oligocene climatic deterioration has been recognized not only in 
,western North America, but also in  western Europe (~emejg, 1944) and 
/in central  Asia ( ~ h i l i n ,  1966). Vlasov (1964) notes that ,  based on 

I I studies of the Tertiary molluscan faunas of eastern Siberia, the Tertiary 
1 climates certainly displayed considerable fluctuations. Where radio- 
! metric control  i s  good or inferred by correlations t o  assemblages that  

1 1  are radiometrically dated, the fluctuations appear t o  f i t  a F t t e r n  

t f  
that  has a periodici ty of about 9.5 million years, that  i s ,  a given warm 
or cool period apparently lasted about 4.5 t o  5.0 million years. Much 

j more radiometric control i s  needed t o  detemine i f  t h i s  suggested perio- 
d ic i ty  is  valid, but the available data strongly indicate that  the 
climatic fluctuations are  periodic. Some other fac tor  then the 9.5 
million-year periodici ty i s  involved in  climatic change because the 
peaks and troughs of the leaf nvsrgin curves decline from sometime in  
the Eocene as the Quaternary i s  approached. 

The proposed periodicity of ellmatic change has obvious significance 
t o  the interpretat ion of past. vegetation. During various cool and w a r m  
periods, various c l i m t e s  would be more widespread tbcm a t  other times 
and these climates would favor the extensive development of part icular  
vegetation types. For example, today the Paratroptcal Rain forest  i s ,  
compared t o  both the Subtropical and Tropical Rain forests, of limited 
distr ibution and could even be thought of as an ecotone between these 
two other vegetational types. During the warm periods of the Eocene, 
however, the climate that  favors Bra t ropica l  Rain fores t  was widespread. 
Chaney (1949) has interpreted some Paleogene assemblages as ecotonal, 
but the f ac t  t ha t  these "ecotonal" assemblages are  geographically wide- 
spread indicates that  they represent a vegetational type and not the 
t rans i t ion  vegetation between two other vegetational types. A second 
example i s  t ha t  of the w a r m  temperate climate t h a t  favors the development 
of the f ixed Mesophytic fores t .  During the Miocene, the climate favoring 
t h i s  vegetation was apprent ly  more widespread than a t  any other time 
i n  the  Tertiary; i n  western North America assemblages representing t h i s  
vegetation occur over a la t i tude  of 30a, and in eastern Asia e similar 
la t i tudinal  range during the Miocene appears pmbable. This long period 
of extensive warm temperate c l i m t e  (from about 14 t o  about 32 million 
years), during which the periodic fluctuations were minor in  comparison 
t o  the older fluctuations, allowed the development of a r ich warm 
temperate fores t  that  is called the Mixed Mesophytic forest .  



a l so  recognized that  the data were too incomplete t o  determine whether 
o r  not t h i s  trend was interrupted by fluctuations. Increasing evidence 
( ~ o l f e  and Schorn, unpublished data)  indicates that  the cool period of 
the l a t e  Paleocene was followed by a pronounced warm period in  the ea r l i e s t  
Eocene; t h i s  would correspond, fo r  example, t o  the London Clay f lo ra  
(chandler, 1964) of l a t e  Ypresian age. This period was fo l lared  by 
another cool period and then by the warm period of the ear ly  l a t e  Eocene. 
Chandler (1s) has interpreted a l l  the Brit ish Eocene assemblages t o  
represent the same vegetational type, but, as Richards (1952, p. 154) has 
pointed out, the f l o r i s t i c  approach used by Miss Chandler m y  not be 
completely rel iable.  I f  the Br i t i sh  Eocene vegetation fluctuated between 
marginally Tropical and Paratropical Rain forest  o r  between the extremes 
of Paratropical Rain forest ,  there would be l i t t l e  recognizable f l o r i s t i c  
difference between the various assemblages. I have computed leaf margin 
percentages fo r  the Br i t i sh  Eocene f r u i t  and seed assemblages, using, 
the assumptions of Edwards (1936); that  is ,  a seed of Lauraceae almost 
cer ta in ly  was borne by a plant t h a t  had entire-margined leaves. The 
Br i t i sh  Eocene assemblages show s t r ik ing  climatic changes. For example, 
the London Clay has an assumed percentage of about 76, whereas the succeeding 
Lower Bagshot assemblage has a percentage of 50 and the  even younger 
a r t o n i a n  has a percentage of 80. Using the European-west American 
correlat ions s u a e s t e d  by Clark and Vokes (1936) for the Eocene, the 
f luctuations i n  the Br i t i sh  Eocene match those i n  the west American Eocene. 

One significant  problem in  the discussion o f  Paleogene climates i s  
the probable l a t e s t  Eocene ( l a t e  ~avenian)  cool period. The Alaskan 
assemblage of l a t e  Ravenim age clearly represents a considerably cooler 
climate than e i ther  the middle Ravenian or the Kunrmerian. In  conterminous 
United States, the upper Ravenian assemblages i n  the type section of 
t he  stage similarly represent cooler vegetation than e i the r  the middle 
Ravenian or Kurmnerian assemblages from the Fuget Group. In  the Eocene 
t o  Oligocene Clarno Formation of Oregon, the cool period can a l so  be 
detected: the Clarno nut bed assemblage, which i s  of Kummerian age and 
a correlat ive of the Comstock assemblage, on f l o r i s t i c  grounds, probably 
represents the Bra t rop ica l  Rain fores t .  The West Branch Creek assem- 
blage of the Clarno i s  the Clarno f lo ra  of most authors; t h i s  assemblage 
i s  in the basal part of the Clarno Formatim (Hay, o r a l  ccrmrmn., Feb. 
1969) strat igraphically well below the nut bed and is probably of early 
or middle mvenian age. No leaf  margin percentage has been computed 
fo r  the West Branch Creek assemblage, but it  i s  estimated t o  be i n  
excess of 60. Strat igraphically between the two well-known Clarno assem- 
blages i s  the John Day Gulch assemb+ge; based on 38 species of dicotyledons, 
the leaf  margin percentage fo r  this'assemblage i s  36, and the dicotyledws 
include genera such as Betula, -nia, and=. The John Day Gulch 
assemblage again indicates a late '  Eocene cool period. 

Axelrod (1966b) has  obtaGed a number of potass imargon ages fo r  
vsrious assemblages Pram ~ a s H n g t o n ,  Idaho, and Nevada. The age obtained 
on the Republic assemblage ('55 million years) i s  not in agreement with 
new data, which indicate a.  considerably younger age (~bradovich, writ ten 
commun., Aug. 29, 1966). The complex stratigraphy i n  the  Challis volcanics 

years ; the avFage would be 38.5 million and Lower Cedarville 
(40 million.gears ) . I think that  the available radiometric data support 
t he  concept that  the cool "upland'T assemblages represent a period very 
l a t e  in- the  Eocene ( tha t  i s ,  centering approximately around 38 t o  40 
mill,Mn years ago). 

The fluctuations of the l a t e  Eocene and Oligocene and Miocene have 
Been documented e i ther  i n  t h i s  report o r  by Wolfe and Hopkins (1967). 
The Oligocene climatic deterioration has been recognized not only in 
western Morth America, but also in western Europe (~emejz, 1964) and 
in  central  Asia ( ~ h i l i n ,  1966). Vlasov (1964) notes that ,  based on 
studies of the Tertiary molluscan faunas of eastern Siberia, the Tertiary 
climates certainly displayed considerable fluctuations. Where radio- 
metric control i s  good o r  inferred by correlat ions t o  assemblages tha t  
are radiometrically dated, the fluctuations appear t o  f i t  a pattern 
that  has a p e r i d i c i t y  of about 9.5 million years, that  i s ,  a given warm 
or cool period apparently lasted about 4.5 t o  5.0 million years. Much 
more radiometric control i s  needed t o  detelmine i f  t h i s  suggested perio- 
d ic i ty  i s  valid, but the available data strongly indicate that  the 
climatic fluctuations are periodic. Some other fac tor  than the 9.5 
million-year periodicity i s  involved in  climatic change because the 
peaks and troughs of the leaf mrgin  curves decline from sometime i n  
the Eocene as the Quaternary i s  approached. 

The proposed periodicity of climatic change has obvious significance 
t o  the interpretat ion of past vegetation. During various cool and uarm 
periods, various climates would be more widespread than a t  other times 
and these climates would favor the extensive development of part icular  
vegetation types. For example, today the Bra t ropica l  Rain forest i s ,  
compared t o  both the Subtropical and Tropical R a i n  forests ,  of limited 
d is t r ibut ion  and could even be thought of as an ecotone between these 
tuo other vegetational types. During the warm periods of the Eocene, 
however, the climate that favors M a t r o p i c a l  Rain fores t  was widespread. 
Chaney (1949) has interpreted some IBleogene assemblages as ecotonal, 
but the f a c t  tha t  these "ecotonal" assemblages are  geographically wide- 
spread indicates that  they represent a vegetational type and not the 
t rans i t ion  vegetation between two other vegetational types. A second 
example is tha t  of the warm temperate climate tha t  favors the development 
of the Mixed Mesophytic fores t .  During the Miocene, the climate favoring 
t h i s  vegetation was apprent ly  more widespread than a t  any other time 
i n  the Tert iary;  i n  western North America assemblages representing t h i s  
vegetation occur over a la t i tude  of 30°, and in  eastern Asia a similar 
l a t i t ud ina l  range during the Miocene appears probable. This long period 
of extensive warm temperate climate (from about 14 t o  about 32 million 
years), during which the periodic fluctuations were minor i n  comparison 
t o  the older fluctuations, allowea the development of a r i ch  warm 
temperate fores t  that  i s  called the Mixed Mesophytic fores t .  



The concept of major climatic fluctuations has an important bearing 
on concepts of past  zonation of vegetation and hence climate. Chaney 
(1940, I*), f o r  example, has attempted t o  indicate the  zonation of 
cer ta in  vegetational types i n  the Paleogene, through the  use of "isoflors." 
As Good (1954, p. 266-267) has remarked: 

"These conclusions a s  t o  the  former d is t r ibut ion  of cer ta in  
climatic values may in fac t  be ent i re ly  jus t i f iab le  but it 
i s  c lear  enough t h a t  the  proof of t h i s  by the  use of i sof lors  
can have va l id i t y  only when there can be no room f o r  doubt 
as t o  the exact contemporaneity of the f o s s i l  f l o r a s  involved, 
and the paper [Chaney, 19401 makes it c lear  t ha t  t h i s  funda- 
mental basis  does not exist." 

As i s  discussed in t h i s  report, Good's doubt i s  well  substantiated, 
because the "isoflors" were based on assemblages t h a t  range from Late 
Cretaceous t o  Pliocene. Axelrod's (1966a) attempt t o  determine both 
l a t i t ud ina l  and a l t i t ud ina l  zonation of vegetation i s  s imi lar ly  deficient  
i n  comparing f lo ra s  of widely different  ages, ranging from l a t e  Eocene 
(Steels Crossing--early ~aven ian )  t o  early Miocene ( ~ o r t  Graham assemblage 
of the Kenai--early ~e ldov ian ) ;  t ha t  i s ,  assemblages d i f fer ing  i n  age 
by approximately 20 mill ion years have been considered isochronous. 

The suggested hypothesis of periodici ty of cl imatic change has a 
considerable amount of data tha t  appear t o  f i t  the model well .  I would, 
however, emphasize the word "appear. " That major cl imatic fluctuations 
occurred during the Tert iary i s ,  I think, well  documented i n  diverse 
areas (~emejr, 1964; Zhilin, 1964; Vlasov, 1964; Wolfe and Hopkins, 1967; 
Devereux, 1%7), including cent ra l  m o p e ,  central  Asia, the  Far East, 
Alaska, the Pacific Northwest, and New Zealand. The periodici ty (or  
lack of )  of these f luctuations can only be tes ted  by radiometric ages ' 

and those available indeed appear t o  f i t  a periodic model. More 
radiometric ages, coupled with studies of plant assemblwes i n  sequences, 
are c l ea r ly  needed. 

If the per iodic i ty  proves t o  be valid, I think tha t  i t  i s  clear  
t ha t  the climatic changes most probably resul t  from a fac tor  outside 
the earth.  Conceivably the  earth might have a nutation longer than the 
known 26,000-year nutation, but probably astronomical observations would 
have detected longer nutations. The cycles suggested by Malankovitch 
(1939) are f a r  too short  ( in  terms of hundreds of thousands of years) 
t o  be involved i n  the  periodici ty suggested here. Assuming that the 
9.5 million-year periodici ty resul t s  from changes i n  the ear th ' s  inclinstion, 
it i s  unlikely tha t  a long period nutation i s  involved, because the 
changes appear t o  have been sudden, not gradual as i n  a nutation. 

History of the Arcto-Tertiary concept 

This concept has been the primary contribution of paleobotany t o  
the f i e l d  of' h i s t o r i c a l  plant geography. The concept fundamentally 
envisions t ha t  a broad-leaved deciduous forest  of a par t icu lar  f l o r i s t i c  

composition evolved i n  the Arctic during the Cretaceous, persisted there 
during the ear ly  Tertiary, and, i n  response t o  gradually cooling climate, 
migrated southward during the middle Tert iary in to  middle lat i tudes 
where the forest  pers i s t s  today i n  east-central  Asia and soatheastern 
North America. During i t s  migration, the Arcto-Tertiary f l o ra  (or 
~ e o f l o r a )  supposedly underwent l i t t l e  change i n  f l o r i s t i c  composition. 
The fundamental significance of  t h i s  concept t o  plant geography is 
c lear ;  the concept i s  accepted as f a c t  i n  standard textbooks on plant  
geography such as Cain (1944) and Good (1953). Good, in fact ,  bases 
one of h is  s i x  principles of h is  theory of tolerance on the geofloral  
concept (1953, p. 361): "Great movements of species and of f loras  have 
taken place i n  the past and are apparently s t i l l  continuing." As  outlined 
i n  the  present report, however, the  concept of a n  Arcto-Tertiary Geoflora 
is not supported by our current knowledge of the  Alaskan Tertiary 
vegetational and f l o r i s t i c  history. I w i l l ,  therefore, examine i n  
considerable de t a i l  the history of the Arctc-Tertiary concept; it i s ,  
I think, in teres t ing  t o  consider how such a concept--approximately 100 
years old--could gain wide acceptance as fac t .  

The concept of homotaxis i s  the fundamental concept on which 
the Arcto-Tertiary and other geofloral theories are based. In 
enunciating h i s  theory of homotaxis, Thomas Huxley stated (1870, p .  
x l i i )  : "It i s  possible that  similar, or even identical ,  faunae and 
f lorae i n  two different  loca l i t ies  may be of extremely different  ages ..." 
This fashionable theory was then adopted by two men--the paleobotanist 
Gardner and the neobotanist Gray--and the adoption had a profound ef fec t  
on botanical thinking for  the next 90 years. 

Gray's adoption of homotaxis was an ef for t  t o  explain the close 
f l o r i s t i c  relationship between temperate eastern Asia--especially Japan-- 
and temperate eastern North America. Gray (1878, p. 192-193) remarked: 

"The [polar]  lands...were once the home of those trees, where 
they flourished i n  a temperate climate. The cold period which 
followed, ~tnd which doubtless came on by very slow degrees during 
ages of time, must have long before i t s  culmination have brought 
down to our lat i tudes,  with the similar climate, the forest  they 
possess now, or rather the ancestors of i t . .  . Geologists give 
the same name [Miocene Tert iary]  t o  these beds, i n  Greenland and 
Southern Europe, because they contain the remains of ident ica l  
and very similar species of plants;  and they used t o  regard them 
as  of the same age on account of t h i s  identi ty.  But in  f ac t  t h i s  
ident i ty  i s  good evidence tha t  they cannot be synchronous. The 
beds i n  the  lover lat i tudes must be la te r ,  and were forming when 
Greenland probably had very nearly the climate which it  has now." 

Huxley's "possible" was transferred t o  "good evidence" without any 
addit ional  data. Rote a lso  tha t  Gray's a t t i tude  involves l i t t l e  o r  no 
evolution of the  plant lineages during the i r  supposed migrations. 



Gardner's writings have similarly affected paleobotanical thought. 
Discussing the Tertiary, and especially the Eocene, f loras of Europe, 
Gardner (2 Gardner and Ettingshausen, 1879, p. 8) s ta ted:  

"There i s  no great break in passing from one t o  the other 
IEocene t o  Miocene f loras]  when we compare them over many 
la t i tudes ,  and but l i t t l e  change beyond tha t  brought about 
by a l te red  temperature or migration. But i f  Tertiary f loras 
of d i f ferent  ages are met with in one area, great changes on 
the contrary are seen, and these are  mainly due t o  progressive 
modifications in  climate, and t o  a l te red  distr ibution of land. 
Imperceptibly, too, the tropical  members of the f lora  disappeared; 
t ha t  is t o  say, they migrated, for  most of t h e i r  types, I 
think, actually survive a t  the present day, many but s l i gh t ly  
a l te red .  Then the subtropical members decreased, and the 
temperate f o m ,  never quite absent even in  the Middle Eocenes, 
preponderated. As decreasing temperature drove the tropical  
forms south, the more northern must have pressed closely upon 
them. The Northern Eocene, o r  the temperate f loras of t ha t  
period, m s t  have pushed, from the i r  home in  the f a r  north, 
more and more south as  climates chil led,  and a t  las t ,  i n  the 
Miocene time, occupied our la t i tudes .  The relat ive preponderance 
of these elements, I believe, w i l l  a s s i s t  i n  determining the 
age of Tertiary deposits i n  Europe more than any minute 
camparison of species. Thus it i s  useless t o  seek i n  the 
Arctic regions for  Eocene floras,  as  we know them in  our 
la t i tudes ,  fo r  during the Tertiary period the climate condi- 
t ions of the ear th  did not permit t h e i r  growth there. Arctic 
f loras  of temperate, and therefore Miocene aspect, are in a l l  
probabil i ty of Eocene age, and what has been recognized in  them 
as  newer o r  Miocene facies i s  due t o  the i r  having been f i r s t  
studied i n  Europe i n  la t i tudes  which only became f i t t e d  for 
them i n  Miocene times . " 

Gardner, as did Gray, thus had a concept of  rather s t a t i c  composition 
of plant communities and of l i t t l e  morphologic evolution. Gardner's 
use, however, of "in all  probability" indicates that  he did not a t  that  
time consider the theory proved. Four years la ter ,  Gardner (1883, p. 3 )  
s t i l l  adhered t o  homotexis : 

"It i s  obvious. ..that f loras from the south of England, 
supposed t o  be of the same age, are too widely separated i n  
la t i tude  from those of Greenland t o  permit any userul  comparison 
being made d i r ec t ly  between t h e i r  species.* 

Gardner vras also the f i r s t  paleobotanist t o  d i rec t  himself t o  the 
s igni f icant  problem of what f lora  or vegetation existed in  the north 
when temperate f loras were present a t  mid la t i tudes :  

" . . .the plant-beds below the London Clay [Paleocene of today 1 
are  f i l l e h  with Plane an& forms resembling Hazel and Lime, 

which represent a climate so nearly approximating t o  that  of 
these la t i tudes  a t  the present day that  no fores t  of leafy 
t rees  could possibly have co-existed Kith them in  the Arctic 
Circle. I' (Gardner, 1883, p. 7). 

Four years la ter ,  however, Gardner (1887a, p. 299) made a statement that  
the proponents of the hrcto-Tertiary Geoflora have curiously neglected: 

"These determinations {of Miocene species in  the Upper 
Atanekerdluk f lora  of Greenland] are for the most part  based 
upon specimens which I regard, under any circumstances, as 
too fragmentary t o  be of any value...it  would...have been just  
as easy t o  have identif ied them with e i ther  Cretaceous, Eocene, 
or l iving species as  with Miocene. It  i s  not a l i t t l e  significant  
that  none of the f iner  and most dist inctive plants of the Mull, 
the Antrim, or the Atanekerdluk floras in  question were, or 
could be, identif ied with Miocene species, but were a l l  
admitted t o  be peculiar. Among these, we have the =@ 

rmites...frm Ataneke rdluk... recall ing the larger leaves of 
Sezanne a f lora  of the type section of the Faleocenej ... But =--T 
the best marked and most thoroughly characterist ic  leaves of 
the whole are the Daphnogene u, Hr., and the MacClintockia 
tr inervis,  Hr., forms which are  equally represented in the 
Tbsnet f lora  of Gelinden [ a  Belgian Paleocene f lo ra ]  and i n  
the Antrim floras. .  .they evidently existed in  one def in i te  
stage and no other, and afford paleontological evidence tha t  
should be conclusive. " 

This statement clearly contradicts Gardner's own ideas and by inference 
brings into question the concept of homotaxis as  applied t o  f loras .  
Gardner was correlat ing f loras because of similar or identical  species, 
that  i s ,  he was using the same Fundamental basis for  correlation as did 
Oswald Heer, but he disagreed only with Heer's taxonomy. Note tha t  
Gardner did not consider any species from the Atanekerdluk t o  be Miocene 
species. Gardner had apparently arrived a t  the conclusion tha t  "minute 
comparison of species" was, a f t e r  a l l ,  the basis fo r  paleobotany. 

Not only had Gardner decided that European Paleogene plant assem- 
blages could be correlated with high lat i tude assemblages by means of 
standard biostratigraphic methods, he a h  o thought that  some assemblages 
described by Heer from the Arctic were--as Heer thought--of Neogene age. 
"The f i r s t  acid eruptions were Miocene, as  shown by the f loras preserved 
i n  ~celand." (~ardner ,  1887b, p. 91). l o t  only has Gardner's reversal  
i n  h is  theories been overlooked (or ignored) by the proponents of  the 
Arcto-Tertiary concept, even Friedrich (I*), i n  h i s  revislon of the 
f lora from one of the classic Icelandic Tertiary local i t ies ,  has apparently 
been unaware of Gardner's opinion on the Icelandic assemblages. 

The term "arcto-tertiary" was f i r s t  coined by Engler (1882) as the 
"a rc to - t e r t i be  Element." Engler (1882, p. 327) s ta ted  (loosely trans- 
lated) that  th is  element was ". . .distinguished by numerous conifers and 
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observation was tha t  of Chaney (1927, p. 98) : "The Arctic f l o ra s  of 
Greenland and Spitzbergen have been cal led Miocene i n  age, but it seems 
probable that . .  .several horizons are represented, of which the oldest 
m y  be Eocene or Oligocene." 

After publication of Hollick's work, there was no fur ther  research 
on Alaskan Tertiary f l o ra s  u n t i l  the present decade. Most Arctic Tertiary 
f loras ,  indeed, were neglected u n t i l  about 1955. In  the meantime, the  
Arcto-Tertiary concept of homotaxis was almost unchallenged. hb l i shed  
or ig ina l ly  as a theory, it became increasingly accepted a s  a f ac t  by 
almost a l l  paleobotanists (Krystofovich, 1929; Berry, 1930b; Chaney, 
1936). The most thorough discussion of the Arcto-Tertiary theory was 
by Chaney (1936; 1938; 1940)~ who remarked (1940, p . 474 ) : "Only the 
evidence of t h e i r  s t ra t igraphic  occurrence has subsequently demonstrated 
tha t  the "Arctic Miocene" f l o ra  of Heer comes from lower levels  t h m  
the Bridge Creek and other Middle Tert iary f loras  from temperate la t i tudes ."  
What, i n  fact ,  was the "evidence"? horn the preceding discussion, i n  
1940 only two f loras  i n  Alaska were known t o  have some independent 
evidence as t o  age. One of these f loras ,  from the Alaska Peninsula, 
was considered t o  be Eocene, but the  other, from the Bering River coal 
f i e l d  (13erg Iake f lora  of m e y ) ,  was considered t o  be Oligocene or 
Miocene. Each of these two f lo ra s  contained about 30 species. This, 
then, was the i n  f ac t  contradictory "evidence of t he i r  s t ra t igraphic  
occurrence. '' 

Chaney's concept of the  Arcto-Tertiary Geoflora c lear ly  has i t s  
roots  i n  Clementsian ecology: "The d i f ferent ia t ion  of Tert iary vegetation 
i n t o  a ser ies  of climaxes, o r  a c l i s e r e ,  i n  response t o  differences i n  
la t i tude  and a l t i tude  was suggested by Clements almost twenty years 
ago" (chancy, 1936, p. 62). The Clementsian ecology was coupled with 
H d e y ' s  homotaxis: "It might even be said tha t  i f  a f l o r a  from Oregon 
was closely similar  i n  composition t o  one from Alaska, the  age of the 
two must be different1 '  (Chaaey, 1936, p. 319). The confusion of 
vegetation and f l o r a  i s  c lear ly  apparent i n  the more sophist icated 
Arcto-Tertiary concept of Chaney: "A separation i n  l a t i t ude  of 20 
degrees may be expected t o  have involved, i n  the past a s  a t  the  present 
time, the development of plant  assemblages of wholly d i s t i nc t ive  compo- 
s i t ion"  (~haney, 1936, p. 319). It i s ,  of course, t r ue  tha t  there i s  
some vegetational difference between the coastal  conifer fo re s t  of, 
f o r  example, Cordova, and the lowland fo re s t  of the Pacif ic  Rorthwest 
today; f l o r i s t i ca l l y ,  however, the difference i s  much l e s s .  Approximately 
70 percent of the  species of woody plants near Cordova extend southuard 
in to  the  Pacific Northwest and about 40 percent are found a t  low a l t i t udes .  
The present strong l a t i t ud ina l  zonation of vegetation has not only been 
extended back i n  time by the proponents of the Arcto-Tertiary concept, 
but they have a lso  equated--erroneously I th ink--ve~eta t ional  zonation 
with f l o r i s t i c  zonation. 

One of the m i n  points of Chaney's (1940) paper was tha t  the  Arctic 
Tert iary f loras  showed c l ea r  evidence of climatic zonation and tha t  no 

subtropical  f loras  had been discovered there.  A curious aspect of the 
development of the theory of an Arcto-Tertiary Geoflora i s  the vege- 
t a t i ona l  treatment by the proponents of t h i s  theory of the so-called 
Berg Iake f l o ra .  This assemblage (loc. 3847) was originally published 
by Hollick, who l i s t e d  18 species (Rollick, 1936, p. 15). Although 
temperate genera were l i s t e d  (FD us, Juglans, manera, Ulmus, Rhaanus, 
Cornus Rhododendron, and i r a x e a n  equal number of t ropica l  t o  -> 
subtropical  elements were l i s t e d  (Ar t~car~id ium,  Mohrodendron, l4%gnolia, 
Cinnamomum, Persea, Ma1 oenna, Terminalia, and Seneca . Without ! 
any revision of Hollic$s taxonomy, Chaney ( 1 9 4 4 ! e d  the Berg 
Lake f l o r a  t o  be temperate, and the same opinion was re i te ra ted  l a t e r  
(~haney, 1%). The simple u t i l i z a t i on  of leaf  margin percentages 
(71 percent of Hollick's "species" have en t i r e  margins) would have 
indicated t h a t  t h i s  assemblage could not be temperate. Note that  the 
systematic revision of Hollick's i l l u s t r a t ed  Berg lake material indicates 
t&e presence of: Dryopteris, Platycarya, hlnm, -Knew, Myristica, 
Cinnam,mophyllum, Luvunga, Melanorrhoea, Celas t ru s  , Brashorea, and 
Almgium. Even wlthout additional collections, it should have been 
apparent t h a t  the Eerg Lake assemblage f l o r i s t i c a l l y  was closely a l l i e d  
t o  the modern t ropica l  f lora.  Further, the  "clinaatic zonation'' was 
based on "~ocene" f loras  that  were e i ther  small o r  of other ages. Three 

I 
examples w i l l  i l l u s t r a t e  t h i s  point: (1) The "temperate" Kobuk River 
f l o ra  was known t o  contain but one species, a Ginkgo (howlton & 
Mendenhall, 1 9 2 ) ,  which i s  hardly s d f i c i e n t  t o  determine climate or I 
age; (2) the "temperate ~ocene"  Norton Sound assemblage had been shown 
t o  be of medial Cretaceous age (Martin 2 Hollick, 1930, p. 21); (3) 
the "Eocene" Simonova f lo ra  was thought t o  be of Late Cretaceous age 
( ~ r ~ s t o f o v i c h ,  1929, p.  304). The supposed cl imatic zonation thus loses 
considerable validi ty,  a t  l e a s t  i n  regard t o  high la t i tude  floras as 
they were then known. 

The supposed strong resemblance mentioned by Chaney (1936) between 
middle Tert iary f loras such as the Bridge Creek and the "Kenai f loraf '  
has never been documented. Only f ive  species have ever been l i s t e d  
{~haney, 1952, p. 107) as conspecific between the Alaskan "Eocene" and 
the Bridge Creek, which i s  not impressive i n  view of the f ac t  that  
Hollick l i s t e d  over 300 species from the  Alaskan Tertiary. 

Opposition t o  the Arcto-Tertiary concept began on a theoret ical  
basis in 197.  Mason (1947, p. 205) argued: 

"It is d i f f lcu l t . . . to  envisage such f l o r i s t i c s  as an Arcto- 
Tert iary f l o r a  (~haney, 1936) i n  contrast  t o  a -0-Tertiary 
f l o r a  (Axelrod, Mss.) as accounting for  f l o r i s t i c  sources 
and centers  of origin during Tert iary time. Such concepts 
of f l o r i s t i c  organization and development demand unity and 
s t a b i l i t y  of communities i n  time and space beyond what i s  possible 
i n  the l i g h t  of the nature of f l o r i s t i c  dynamics such a s  are 
bound up with the genetics of the  population, the physiology 
of the  individual, and the d ivers i ty  and f luctuation of the 
environment." 



Mason's reasoning was apparently ignored by proponents of the Arcto- 
Tert iary concept but found support i n  subsequent work on high l a t i t ude  
Tert iary f loras.  Preliminary studies of the Alaskan Tert iary f loras  
indicated tha t  the Arcto-Tertiary concept was invalid. We (Mac~ei l  
and others, 1961, p.  1802) s ta ted  tha t :  

'T...evaluation by Wolfe of new and old plant collect ions from 
Alaskan rocks whose age i s  determined by marine invertebrates 
c lear ly  shows tha t  f loras  of the same age i n  Alaska and i n  
Oregon o r  Washington are similar on the specif ic  level." 

MacGinitie (1962, p. 87) ". . .questioned whether any f lora,  a s  a 
uni t ,  migrated during the  Tertiary.. .The terms 'Arcto-Tertiary, ' 'Madro- 
Tertiary, ' and the l i k e  imply extremely useful concepts i f  we do not 
think of these terms a s  representing areas or centers from which mass 
migrations occurred. They picture t o  us i n  a general way the vege- 
t a t i on  occupying an area.. ." MacGinitie (1962, p. 88), moreover, 
concurred tbt the Port Graham assemblage (early Seldovian of present 
usage) was of e a r l i e r  Miocene age. 

Preliminary evaluation of the ea r l i e r  Paleogene f loras  of Alaska 
( ~ o l f e ,  1964, p. ~ 6 )  indicated that  they contained ". . .abundant cycads, 
palms, Lauraceae, Menispemaceae, Alan ium and other taxa indicative 
of subtropical i f  not t ropica l  c l i e  In connection with a discussion 
of the Kenai assemblages, it was noted ( ~ o l f e ,  1966, p. a): 

"The general aspect of the  Chickaloon f lo ra  i s  so grea t ly  
dissimilar  t o  the overlying Seldovian f l o ra  t ha t  i t  i s  
evident tha t ,  a s  a f l o r i s t i c  type, the Seldovian f l o ra  did 
not ex is t  i n  the  Kenai region during the Paleocene. The 
nearest well-dated Eocene f loras are those of middle and 
l a t e  Eocene age a t  the head of the Gulf of Alaska.. .these 
Eocene f loras  look very much l i ke  those i n  the Eocene a t  
middle la t i tudes .  " 

A t  about the same time tha t  revision of Alaskan f lo ra s  was under- 
taken, advances w e r e  a l so  being made i n  Siberia.  Most of the  Siberian 
work has been on Neogene assemblages. The c lass ic  Upper Dui f l o ra  of 
Sakhalin, f o r  example, had been described by Heer (1878) a s  part of h is  
"Arctic Miocene." Chaney (1940, 1%) has considered the  Upper lXli as 
an Eocene f lora,  but marine mollusks indicate a middle Miocene age f o r  
t h i s  assemblage (~rys tofovich ,  1960, 1964). Fotianova (1964) described 
a l a t e  Miocene assemblage from mollusk-dated rocks on Sakhalin, and 
she (1967) has a lso  discussed the signif icant  aspects of the Upper Dui 
assemblage. The Fliocene plants from the predominantly marine Enemtensky 
Formation on Kamchatka were described by Fotianova (2 Sinelnikova and 
others, 1967), who remarked on the vegetational s imi lar i ty  of the Enem- 
tensky and Claqylchian  assemblages and the general s imi lar i ty  of Neogene 
vegetational history a t  northern la t i tudes .  

I n  1967 Chmey attempted t o  defend the Arcto-Tertiary concept, 
claiming tha t  Neogene assemblages were u n k n m  north of Hokkaido and 
Washington. Chaney was apparently unaware of the Siberian paleobotanical 
work (his  most recent c i t a t i on  concerning Siberian paleobotany i s  a 
1935 paper) and the strat igraphic work in Alaska published by Burk 
(1965), which included l i s t s  of plants from Neogene, mollusk-dated rocks. 
Chaney a lso  re l ied  heavily on the pollen f l o ra s  described by Manurn 
(1963) from mollusk-bearing uni t s  on Spitzbergen t o  establish the 
presence of the  Arcto-Tertiary Geoflora a t  high la t i tudes  during the  
Paleogene. These mollusks were a t  one time thought t o  be of Faleocene- 
Eocene age, but recent work ( ~ a c ~ e i l ,  1965; Durham and MacNeil, 1967) 
indicates tha t  the mollusks a r e  probably no older than middle Miocene. 

Some workers might argue tha t  the probable lack of Arctic waters 
pouring in to  the North B c i f i c  i n  combination with a warmer Japan Current 
would lead t o  warmer conditions along the Alaskan coast. Paratropical 
Rain or Subtropical forest  could then extend along a narrow coastal  
s t r i p ,  but i n  areas of in ter ior  Alaska, i n t e r io r  northern North America, 
and in t e r io r  northern Siberia, an Arcto-Tertiary Geoflora could have 
persisted during the Paleogene. Such an hypothesis had no more f ac tua l  
foundation than the previously discussed "evidencef' for  the Arcto-Tertiary 
concept. A s  noted elsewhere, a fan palm i s  known from in ter ior  Alaska 
( l a t  653" N.); the age of t h i s  palm i s  unknown, but the occurrence 
indicates t ha t  warn conditions extended a t  times in to  central  Alaska. 
Insofar  as I am aware, no def in i te  Eocene o r  Oligocene assemblages are 
known from the Canadian shield area; analysis of the poorly known 
Tert iary plant assemblages from the  Arctic Islands north of Canada may 
shed considerable l i gh t  on the f l o r i s t i c  and vegetational history of 
that region, but neither s trat igraphic nor paleobotanical knowledge i s  
suf f ic ient  a t  present. 

The existence of Paratropical Rain forest  a t  la t i tude  60" N. i n  
fact  probably indicates tha t  temperate broad-leaved deciduous fores t  
was not present i n  Alaska during the ear ly  Ravenian. The h a m  ear ly  
Ravenian asselnblages are not marginally Paratropical Rain fores t ;  they 
indicate tha t  north from the  Gulf of Alaska region more of t h i s  vegetation 
extended. North from the northern l i m i t  of the Paratropical Rain fo re s t  
it i s  reasonable t o  expect the d e v e l o p n t  of subtropical vegetation. 
Considering the generally s l i gh t  zonation of climate during warm periorls 
of the  Paleogene, it i s  possible tha t  a l l  Alaska was occupied by Para- 
t ropica l  Rain and Subtropical fores t  during the ear ly  Ravenian. Concei-ably 
montane areas could have supported temperate vegetation, but on Taiwan 
today the Paratropical Rain fores t  i s  separated a l t i tudina l ly  from the  
temperate forest  by 1,500 m. Mountains of t ha t  height are not known t o  
have existed i n  Alaska during the Paleogene. Large mouatain masses 
such as the central  part of the hlaska Range and the Wrangell Mountains 
a r e  largely or en t i r e ly  of l a t e r  Neogene origin. The deposition of the  
Nenana Gravel marks the beginning of the up l i f t  of the cent ra l  part  of 
the Alaska Range, and t h i s  gravel i s  probably mostly of Pliocene age 
( ~ a h r h a f t i ~  and others, 1969). The Wrangell lavas, which form the  



bulk of the high country of the Wrangell Mountains, overlay the Frederika 
Formation of middle Miocene age (Mac~evett, i n  press) .  If, therefore, 
temperate broad-leaved deciduous fores t  existed during warm periods 
such as the ea r ly  Ravenian, the forest  would most probably have been 
a s  isolated pockets i n  montane areas of the northern and in ter ior  parts  
of the northern continents. 

I n  Siberia, much the  same overal l  vegetational development occurred 
as in Alaska. I n  the  Paleogene: "The Eocene was the warmest epoch t o  
occur during t h i s  time span. I n  places, the temperate forest  zone 
moved northward, beyond la t i tude  50-60" N. Proof of t h i s  s h i f t  i s  the 
f a c t  tha t  i n  the south Urals and i n  West Kazakhstan Late Cretaceous 
Platanaceae fores ts  were succeeded by narrow-leaf, subtropical  vegetation, 
including palms. " (~akhrame~ev,  1966, p. 16).  The important point i s  
tha t  Vakbameyev in fe r s  t ha t  temperate vegetation must have been present 
north of l a t i t ude  50"-60' M. ,  although, insofar as I am aware, no 
temperate Eocene assemblages are known from Siberia.  The presence i n  
western Siberia of the  extensive embayment t ha t  l a s t ed  u n t i l  the ear ly  
Oligocene would a l so  have favored the development i n  Siberia of t ropica l  
or subtropical vegetation. The fores ts  of Siberia during the Eo-Oligocene 
represent, insofar  a s  known, dominately broad-leaved evergreen vegetation 
(I l j inskaja,  1963). 

Also s igni f icant  i s  the work of Dorofeyev (1963), who has described 
large f r u i t  and seed assemblages from loca l i t i e s  tha t  are a t  lat i tudes 
55' t o  60" N. The loca l i t i e s  are i n  rocks tha t  r e s t  on e a r l i e r  Oligocene 
marine rocks, and Dorofeyev assigns some assemblages t o  the Oligocene 
and some t o  the Neogene. The assemblages a r e  f l o r i s t i c a l l y  a l l i e d  t o  
the broad-leaved deciduous fores ts  . The lack of leaf  assemblages 
necessarily makes rel iance on the f l o r i s t i c  relat ionships t o  determine 
vegetation; the occurrence of genera such a s  Ma~polia, Sinomenium, and 
Leitneria indicates a warm temperate forest .  The f l o r i s t i c  relationships 
of the various assemblages indicate tha t  Mixed Mesophytic forest  persisted 
i n  cent ra l  Eurasia a t  northern la t i tudes  well in to  the  Miocene, just  as 
t h i s  vegetational type did i n  Alaska. Some genera, f o r  example W o l i a ,  
tha t  persisted i n t o  the  Miocene i n  c en t ra l  Eurasia a r e  not known i n  the  
Alaskan Miocene; t h i s  may indicate t ha t  the wanner summers of an in ter ior  
location allowed some genera tha t  a r e  sensi t ive t o  t h i s  parameter of 
tolerance t o  pe r s i s t  longer i n  the in ter ior  of continental  regions. 
Dorofeyev (1963) notes t ha t  continental i ty increased from the Oligocene 
in to  the Miocene. 

Also s igni f icant  i s  the recognition by Russian workers of what i s  
probably the same Oligocene climatic deteriorat ion a s  detected in 
western North America. Zhil in (1966, p. 2)  remarks t ha t  the f l o r i s t i c  
data from Kazakhstan ".. .indicate a considerable difference of climate 
between the Early Oligocene and the second half of the Oligocene in 
West Kazakhstan. The Early Oligocene climate was t r ans i t i ona l  from 
subtropical t o  warm temperate.. .The climate a t  the end of the Late 
Oligocene can be described a s  warm temperate." Zhilin, of course, did 
not have the radiometric data available tha t  indicate tha t  t h i s  climatic 
s h i f t  was rapid ( ~ o l f e  and Hopkins, 1967). 

The large l a t e  Oligocene leaf  assemblage described by Krystofovich 
(1956) and h is  colleagues from la t i tude  48* N. i n  Kazakhstan a lso  indicates 
tha t  the in ter ior  vegetation was not s ignif icantly d i f ferent  from the  
Alaskan vegetation a t  that  time. The leaf margin percentage for  t h i s  
E u r a s i a  assemblage i s  18 a s  compared t o  6 t o  22 for  the Alaskan l a t e  
Oligocene assemblages. I f ,  during the l a t e r  Oligocene and most of the 
Miocene, continentality did not play a signif icant  role i n  the d i f fer -  
en t ia t ion  of vegetation, I do not think continental i ty was a signif icant  
fac tor  during the ea r l i e r  Pale3gene. During the Paleogene neither  
l a t i t ude  nor continental i ty appear t o  have been as signif icant  i n  the  
d i f ferent ia t ion  of vegetation a s  they are today. 

The conclusion i s ,  I think, inescapble  tha t  the Arcto-Tertiary 
concept has never had a sa t i s fac tory  strat igraphic foundation . The 
older concepts of the relat ionships between plants and t h e i r  environments 
allowed, i f  not demanded, the  acceptance of an Arcto-Tertiary Geoflora. 
A s  knowledge of genetics and physioloey increased, it  should have been 
apparent, as Mason (1947) pointed out, tha t  the Arcto-Tertiary concept 
was invalid. The discarding of t h i s  concept as currently used i s  
indicated by the Alaskan and Siberian assemblages of f o s s i l  plants  and 
i s  fundamental t o  an understanding of f l o r i s t i c  and vegetational history. 

A theory of the origins of the Mixed Mesophytic fores t  

The Mixed Mesophytic fores t  i s  a f l o r i s t i c a l l y  and vegetationally 
complex type (~ang, 1961). It i s  a warm temperate type of vegetation 
tha t  i s  f l o r i s t i ca l l y  diverse, notably i n  families such as Salicaceae, 
Juglandaceae, Betulaceae, Fagaceae (including the "lobedT' oaks ), Ulmaceae, 
Hamamelidaceae, Rosaceae, Aceraceae, Rhamnaceae, and Ericaceae. Notable 
a lso  i s  the presence of numerous monotypic and oligotypic genera, f o r  
example, the woody ranalean Cercidiphyllum, Euptelea, Trochodendron, 
and Tetracentron. No single genus or family dominates the canopy of 
the  fores t ;  next t o  the t ropica l  fores t  types, the Mixed Mesophytic 
forest  i s  the most complex and most diverse vegetational type extant. 

The origins of t h i s  fores t  have a t t rac ted  the at tentions of both 
botanists  and paleobotanists f o r  over a century. A s  noted i n  the 
preceding section of t h i s  report, the widely accepted explanation of 
the origin of t h i s  forest--the concept of an Arcto-Tertiary Geoflora-- 
i s  contradicted by what i s  Imam of the Tert iary s t ra t igraplq  a t  high 
northern lat i tudes (see previous sect ions) .  The vegetational and 
f l o r i s t i c  history of the northern hemisphere has been confused i n  large 
part  because of the apparent confusion by many paleobotanists of vegetation 
and f lora.  This confusion i s  inherent i n  such a concept as a "Geof lora, " 
which includes both taxonomic composition and vegetational type. Similarly 
it must be emphasized tha t  the Mixed Mesophytic fores t  is recognized by 
both taxonomic composition and vegetational type. Only by keeping 
d i s t i nc t  the history of warm temperate vegetation from the history of 
lineages can the origins of the Mixed Mesophytic forest  be understood. 
Warm temperate vegetation has probably always been present on the ear th  
since the time of origin of land plants .  Clearly, however, the  composition 



of warm temperate vegetation pr ior  t o  the origin of the  angiosperm and 
the i r  assumption of dominance i n  the l a t e r  Cretaceous i s  of l i t t l e  value 
t o  t h i s  discussion. Although some workers have s ta ted  tha t  the "Arcto- 
Tert iary Geoflora" should be cal led the  "Arcto-Cretaceo-Tertiary Geoflora," 
the evidence f o r  the presence of most Mixed Mesophytic genera in the 
Cretaceous has never been documented. Considering the  nature of l a t e  
Cretaceous pollen f loras  (see, f o r  example, Gdcziln and others, 1967), 
i n  which almost no extant dicotyledonous genera have been detected, it 
i s  c l ea r  tha t  l a t e  Cretaceous vegetation could not have represented a 
Mixed Mesophytic fores t .  Similarly, Paleocene f loras,  although somewhat 
more modern i n  taxonomic composition, contain numerous extinct  genera. 
Some Mixed Mesophytic genera can be recognized, f o r  example, m, 

- 

Corylopsis, and Sinowilsonia, but the inclusion i n  the same assemblages 
of genera such a s  Fagopsis, Yterospermites, Grewiopsis, Macclintockia, 
and numerous species of Dicotylophyllum tha t  cannot be relegated t o  any 
extant familv indicates tha t  none of the  Paleocene fores ts  can properly 
be classed a s  Mixed Mesopiqrtic. Indeed the f a c t  tha t  a few species, 
notably Cocculus f labella,  - Querc ophyllum groenlandica, Dicotylophyllum 
flexuosa, and g. richardsoni, appear t o  have dominated the warm temperate 
vegetation over very broad areas and tha t  the Paleocene assemblages a r e  
not ~ r t i c u l a r l y  diverse indicates a l so  t ha t  vegetation resembling the 
Mixed Mesophytic forest  was not i n  existence during the Paleocene. Not 
u n t i l  the Eocene did signif icant  numbers of Mixed Mesophytic genera 
becom recognizable. 

I n  the following discussion I have used in many instances only 
generic records. This i n  part stems from the f ac t  tha t  the occurrences 
of many Mixed Mesophytic genera are documented by diverse organs-- 
f ruc t i f ica t ions ,  leaves, and pollen--and it  cannot, of course, be 
d e t e d n e d  i n  most instances whether a par t icu lar  seed belongs t o  the 
same lineage as a part icular  leaf species. The assumption i s  made, f o r  
example, t ha t ,  i f  a part icular  Mixed Mesophytic genus i s  known from non- 
f o l i s r  organs only from t ropica l  types of vegetation i n  the Eocene, an  
Oligocene leaf  species from temperate vegetation was probably derived 
from a t ropica l  lineage. The record of lineages known from leaf  species 
i s  more complete from the l a t e  Eocene and younger horizons than i n  pre- 
l a t e  Eocene time. Note t ha t  i n  the following discussion the unqualified 
use of the  word t ropica l  i n  reference t o  vegetation denotes both Tropical 
and Paratropical Rain fo re s t .  

The Alaskan ear ly  and middle Ravenian (early and middle par t s  of 
the l a t e  Eocene) and Kummerian (early Oligocene) assemblages represent, 
respectively, Paratropical Rain fores t  and the  l a s t  two Subtropical 
fo re s t .  These assemblages contain a s igni f icant  number of Mixed 
Mesophytic genera and lineages, including: 

Carya (bendirei type) 
Platycarya 
Pterocarya 
ALnus - 
Betula 

U h s  (newberryi type) 
Tetracentron 
Cocculus 

Liquidambar ? 
Flatarms (bendirei type) 
Euodia 
Celastrus 
Sagere t i a  
Zizyphus 
Vit is  - 

Most of these genera and many others have been recorded from t ropica l  
Eocene and early Oligocene f loras  in the Pacific Northwest (Wolfe, 1968, 
and unpublished data; Scott,  2 Chandler, 1964): 

Carya 
Juglans 
b u s  - 
Betula 
FagLls 
Quercus 
Calyc ocarpum 

Euptelea 
Cercidiphyllum 
Tetracentron 
Liriodendron 
Magnolia 
Fothergilla 
Hamamelis 

Additional Mixed Mesophytic genera have been recorded from various 
subtropical or t ropica l  Paleogene assemblages i n  Eurasia an6 North 
America: 

ZeUrova 
Ci~amomum 
Exbucklandi a 
Fortunearia 
Sinowilsonia 
&bus 
EBchysandra 
Ailanthus 
Cedrela 
I l e x  - 
Rhus - 

Toxic odendron 
Acer - 
Ampelopis 
Paliurus 
T i l i a  
Ac t i n id i a  

Cornus 
Diospyros 
Symploc 0s 
Halesia 
Styrax 
Ehretia 
Catalpa 
Sambucus 

The signif icant  f a c t  i s  tha t  these genera occur with regulari ty i n  
f o s s i l  assemblages t ha t  on physiognomic c r i t e r i a  and overal l  f l o r i s t i c  
composition represent t ropical  or subtropical vegetation. Significant 
also i s  the  f ac t  t ha t  some of these genera (Plat  a a, Tetracentron, 
Trachodendron, Euptelea, Calycocarpum, Fortun-lthough apparently 
widespread i n  the Paleogene tropical  forests, have not been recorded 



from the Mixed Mesophytic fo re s t  a s  represented i n  the Neogene of 
western Eorth America. The evidence thus indicates tha t  some of t h e  
most charac ter i s t ic  genera now endemic t o  the Mixed Mesophytic fores t  
a t ta ined  the i r  widest d is t r ibut ion  i n  the hleogene t ropica l  fores ts  
and not i n  the Neogene Mixed Mesophytic fores t .  The modern d is t r ibut ion  
of many Mixed Meso~hytic genera and al l iances i n  f ac t  indicates t h a t  
many a re  fundamentally t ropica l  or subtropical today, the Mixed Mesophytic 
representatives being only warm temperate out l ie rs ;  the following genera 
exemplify t h i s  distr ibution:  

CJuercus 
Akebia 
Cocculus 
Calycocarpum 
Euodia 
Vi t i s  - 
Liriodendron 

Mappolia 
Liquidambar 
C e l a s t m  
Sageretia 
Zizyphus 
Alangium 
Clethra 

It i s ,  therefore, not surprising tha t  paleobotanical evidence a l so  
indica tes  tha t  many Mixed Mesophytic genera adapted t o  warm temperate 
conditions a f t e r  a t t a in ing  a wide d is t r ibut ion  i n  t ropica l  fores ts  
during the Paleogene. 

The l a t e  Ravenian ( l a t e s t  Eocene ) assemblages from Alaska, Br i t i sh  
Columbia, and conterminous United States record a pronounced in terva l  
during which most of the region was occupied by broad-leaved deciduous 
fo re s t .  By the l a t e s t  Eocene, some taxa that ,  e a r l i e r  i n  the Tertiary, 
were d is t r ibuted  i n  the Paratropical Rain o r  Subtropical fores ts ,  had 
become adapted t o  more temperate climates. The Alaskan l a t e  Ravenian 
assemblage includes: 

~opu lus?  Ainus (cappsi type) 
Salix - Corylopsis 
Juglans (~ardiocaryon ) Fh%mus 
Pterocarya pugetensis - T i l i a  

To t h i s  l i s t  can be added genera known from l a t e  Ravenian f l o ra s  fa r ther  
south t ha t  display a similar  d is t r ibut ion  pattern: 

Zelkova 
- I .  . -  . 

Betula ( p a w i f e r a  type) - 
m n d i r r i  type) 

-- 
Vitis  - 

Ulmus - 
These warn temperate fores ts  were apparently taxonomically depsuperate 
in compsrison with the  Mixed Mesophytic forest  of the  Neogene . Note 
tha t  Hamamelidaceae are almost absent, i n  contrast t o  the widespread 
occurrences of Liquidambar and Exbucklandia i n  the middle Eocene of 
the f a c i f i c  Northwest. Cercidiphyllum, Euptelea, Liriodendron, Magnolia, 
and Platycarya, a re  a l so  absent from these l a t e  Ravenian temperate 

assemblages, although these genera are present i n  the early Oligocene 
t ropica l  assemblages i n  the Pacific Northwest. Some genera had apparently 
not achieved a distr ibution outside the t ropica l  vegetation during the 
l a t e s t  Eocene and probably extended in to  the temperate regions only a t  
a l a t e r  time. Also of si@ficance i s  tha t  genera such as ere 
represented by only a few species i n  the  l a t e  Ravenian but are w e l l  
represented i n  l a t e r  temperate vegetation, and, of course, "lobed" oaks 
are t o t a l l y  lacking i n  the l a t e r  Ravenian assemblages. Although vegeta- 
t ional ly  the  l a t e  Ravenian temperate forest  i s  probably similar t o  the 
extant Mixed Mesophy-tic forest  and although some f l o r i s t i c  s imi lar i t ies  
ex is t ,  i n  general the l a t e  Ravenian temperate fores t  i s  not a Mixed 
Mesophytic fores t .  

During the  ear ly  t o  middle Oligocene, temperate vegetation was 
apparently r e s t r i c t ed  t o  upland regions i n  the i n t e r io r  of the continent. 
Such assemblages a s  the Faby of Montana ( ~ e c k e r ,  1 s 1 )  and, i n  part,  the 
Florissant  of Colorado (Mac~init ie ,  1953) represent t h i s  type of 
vegetation. Various lineages and genera are represented i n  these two 
assemblages t ha t  indicate a f l o r i s t i c  relat ionship t o  l a t e  Ravenian 
vegetation. Species of e, Dipteronia, ~agops i s ,  @, Rosaceae, and 
Uhaceae were represented i n  the ear ly  and middle Oligocene upland and 
l a t e  Ravenian assemblages by identical  or closely related species. 
Note, however, tha t  most characterist ic  Mixed Mesophytic genera lacking 
i n  the l a t e  Ravenian are also lacking i n  the ear ly  and middle Oligocene 
temperate vegetation but are present a t  t ha t  time i n  t ropica l  vegetation. 
Some groups, f o r  example, the "lobed" oaks and most Ericaceae, a r e  not 
knom i n  any ear ly  and middle Oligocene assemblages. As w i t h  the l a t e  
RavenFan assemblages, the upland early and middle Oligocene assemblages 
represent warm temperate vegetation but not the Mixed Mesophytic forest .  

The rapid climatic deterioration of the l a t e  Oligocene (the deteri-  
oration i s  probably of l a t e s t  middle Oligocene age in the marine mega- 
f o s s i l  chronology but i s  apparently of ea r ly  middle Oligocene age i n  
the  vertebrate chronology, tha t  i s ,  about 32 million years ago) led t o  
d d e  lowland areas of warm t o  cool temperate climate. Assemblages such 
a s  those of Angoonian age i n  Alaska (~sadaka)  and Oregon (Bridge Creek, 
~ i l l a m e t t e  ) represent broad-leaved deciduous fo re s t  ; i n  Oregon broad- 
leaved evergreens such as Cinnamom, Paleo ocrene, and Will is ia  were 
a minor element i n  the  vemtation (Wolfe. i:%ck and other-, 
but t h i s  element i s  represented only by i i i i i s i a  in southeastern G s k a  
and i s  lacking i n  the Cook I n l e t  and other regions of Alaska. F lo r i s t i ca l l y  
t h i s  vegetation i s  closely related t o  t ha t  of the  uplands of the ear ly  
and middle Oligocene, as sham by numerous closely re la ted  species of 
Alnus, Betula, Rosaceae, e, and Dipteronia. Added t o  the Angoonian -- 
assemblages i n  Oregon, however, are genera o r  lineages tha t  have not 
been recorded from older upland assemblages but were found i n  the low- 
land ear ly  and middle Oligocene: 

Engelhardia 
Cercidiphyllum 
C i r m a m m  
Exbucklandia 

Liquidambar 
Platams (dissects type) 
Toxicodendron 



This element appears t o  have been added t o  the temperate vegetation 
during, or shor t ly  a f t e r ,  t h e  major climatic deteriorat ion.  I n  Alaska, 
but not i n  Oregon, Salicaceae played a major role i n  the vegetation. 
Some Mixed Mesophytic genera t ha t  had been members of the temperate o r  
the t ropica l  fores t  of the ea r ly  and middle Oligocene apparently became 
extinct i n  western North America a t  about the time of the deteriorat ion;  
these include Platycarya, Tetracentron, Trochodendron, Euptelea, and 
Calycocarpum. Renewed warming i n  the l a t e s t  Oligocene resulted i n  
marginally subtropical ( leaf  margin percentages are  about 40) assemblages 
i n  a t  l e a s t  coastal  Oregon, and warm temperate assemblages i n  Alaska. 
I n  Oregon, Lauraceae w e r e  represented by several species, but b r d -  
leaved deciduous species were s t i l l  apparently dominant members of 
the vegetation; most of these species are e i t he r  conspecific with or 
closely related t o  species of the older l a t e  Oligocene temperate assem- 
blages. I n  Alaska, the  f l o r a  was more diverse than during the ea r l i e r  
and cooler part  of the  Angoonian; broad-leaved evergreens a r e  represented 
by Engelhardia (charac ter i s t ic  involucres have been found i n  l a t e  
Angoonian rocks i n  the cen t r a l  Alaska ~ a n ~ e ) ,  E, and A l q i m .  
Pollen records include ~ e d r e l a / ~ e l i a .  Rosaceae were apparently more 
diverse i n  Alaska than previously and include Duchesnea o r  Fragraria, 
Rubus, Sorbus, and Spiraea. The temperate vegetation appears t o  have -- 
been enriched, pa r t l y  through the adaptation of t ropica l  lineages t o  
temperate climates and p r t l y  through the diversif icat ion of lineages 
previously present in the  temperate vegetation. 

The ear-(early Seldovian) appears t o  have been cooler 
than the l a t e k ~ e n e .  Leaf margin percentages i n  Oregon for  ear ly  
Miocene assemblages a r e  about 25 and in Alaska are about 12. Despite 
the cooling, the broad-leaved deciduous fores t  appears t o  have been 
taxononically more diverse than anytine i n  the Angoonian. I n  Oregon, 
the Collawash assemblage contains representatives of 140 megafossil and 
about an addit ional  20 microfossi l  en t i t i e s ;  t h i s  assemblage i s  the  
r iches t  Neogene assemblage known i n  North America, although the  middle 
Miocene Latah f l o ra  approaches the  Collavesh in diversi ty.  The inclusion 
i n  the Collawash of diverse Salicaceae, Juglandaceae, Betulaceae, 
Fagaceae (including "lobed" oaks), Ulmaceae, Hamamelidaceae, Rosaceae, 
Aceraceae, and Ericaceae, along with some broad-leaved evergreens such 
a s  Lauraceae, indicates t ha t  f l o r i s t i c a l l y  the warm temperate vegetation 
was a Mixed Mesophytic fo re s t  for  the  f i r s t  time. This vegetation i n  
Oregon, however, lacked some genera t ha t  were present e a r l i e r  i n  the  
Tertiary i n  North America and today are members of the Asian o r  eas t  

I American Mixed Mesophytic fo re s t :  Platycarya, Euptelea, Trochodendron, 
Tetracentron, Calycocarpum, Corylopsis, Sinowilsonia, Fortunearis, 
E u c o d a ,  and Diptemnia. Some of these genera apparently did not 
adapt t o  temperate conditions i n  western North h r i c a ,  although some, 
f o r  example, Dipteronia, have a record i n  the temperate vegetation of 
t h i s  region from a t  l e a s t  the  l a t e  Eocene through the l a t e  Oligocene. 
These genera were following a d i f ferent  pat tern i n  western North America 
than i n  Eurasia. 

Families such a s  Betulaceae, Salicaceae, Rosaceae, and Aceraceae, 
and genera such a s  and Castanea tha t ,  although present i n  the 
Paleogene subtropical and t ropica l  fores ts ,  were taxonomically depauperate 
i n  the  Paleocene and Eocene f loras  were able t o  adapt readily t o  the 
new temperate climates and diversif ied.  From both described and undescribed 
material from the Tertiary of western North America, tab le  g has been 
compiled. Although the table may r e f l ec t  i n  par t  the lesser  knowledge 
of Eocene and Pliocene f loras  a s  compared t o  other epochs, the table 
probably r e f l ec t s  primarily the re la t ive  d ivers i ty  of the  families. 
Ericalean pollen i s  known from e a r l i e r  Paleogene rocks but i s  rare.  
Lineages of some Rosaceae and Aceraceae can be traced t o  the upland 
f lo ra s  of the early-middle Oligocene, but i n  the instances of Salicaceae 
and Betulaceae, new morphologic types appeared apparently suddenly and 
d ivers i f ied  rapidly. The d ivers i f ica t ion  of Populus, Betulaceae, 
Rosaceae (at l e a s t  i n  part),  and Aceraceae, appears t o  have reached 
i t s  m a x i m  i n  the ear ly  and middle Miocene in the Mixed Mesophytic 
fores t  as f a r  as the west American record i s  concerned. Note that  the 
d ivers i ty  of Betulaceae and Aceraceae was greater i n  the Mixed Mesophytic 
fores t  of the Miocene of Asia ( ~ a n a i ,  l s l ) ,  as it is  today i n  Asia. 
Both and Ericaceae, although present i n  considerable diversi ty i n  
the Miocene Mixed Mesophytic fores t ,  continued t o  d i v e r s i a  i n  western 
North America a f t e r  the decline of the Mixed Mesophytic forest  here; 
Ericaceae continued t o  diversiFy a lso  i n  the Mixed Mesophytic forest  
of Asia, as  evidenced by the richness of genera such as Rhododendron, 
which is unparalleled i n  Morth America. Note t ha t  warm temperate 
rosaceous and ericaceous genera display the  greatest  degree of endemism 
i n  the extant Mixed Mesophytic fores t .  This probably indicates tha t  
many of these genera are of more recent origin;  by the time they had 
evolved, the Alaskan forest ,  although of Mixed Mesophytic type, def in i te ly  
indicates a cooler climate than was present i n  conterminous United States 
(Wolfe and Leopold, 1967) and would thus inhib i t  the interchange between 
Asia and North America of more newly evolved highly warm temperate genera. 
An addit ional  bar r ie r  t o  the dispersal  of some taxa during the Miocene 
may have been precipitation: the Mixed Mesopwic forest  of the  Pacific 
Northwest includes numerous genera tha t  have, a t  l e a s t  during the l a t e r  
Tertiary, displayed a proclivi ty for  summer dry climates. Included are:  

C e r c o c a m  
Holadiscus 
Heteromeles 
Iiyonothamnus 
Feraphyllum 
Ceanothus 

Colubrina 
Karwinskia 
Xylonagra 

Garrya 
Arbutus 
Arctostaphylos 

The mechanics of the atmospheric c i rcula t ion  of  the earth demand that  
the  west coasts of major land masses be winter wet; although the Miocene 
Mixed Mesophytic forest  in the Pacific Northwest probably had much more 
summer precipi tat ion than a t  present, the climate probably could not 
have been a s  suwner-wet as i n  the regions where the Mixed Mesophytic 
fores t  s t i l l  survives. Alaska receives more s m e r  precipi tat ion today 
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than in  the Wcific Northwest, and the same relat ionship probably prevailed 
in  the Miucene . Thus, the cooler climate i n  combination with the wetter 
sunaners may have acted as an effective barr ier  t o  the exchange between 
Eurasia and western morth America of many genera. 

The Mixed Mesophytic forest  of the Miocene of western North America 
thus appears t o  have had three major sources: 

1 )  Genera derived d i rec t ly  from the Paleogene tropical  and 
subtropical forests .  

2 )  Genera that  had adapted by the l a t e  Eocene o r  early-middle 
Oligocene t o  in t e r io r  warm temperate uplands. 

3)  Genera that  evolved during the Oligocene and Miocene from 
lineages that  were associated with e i ther  group 1 or 
group 2. 

The history of the Mixed Mesophytic forest  has involved l i t t l e  i f  am 
significant  amount of migration of the association on a major scale.  
As  a recognizable f l o r i s t i c  and vegetational uni t  the Mixed I k s o p w i c  
forest  developed in the early and middle Miocene f r o m  the depauperate 
temperate vegetation that resulted from the middle-late Oligocene 
climatic deterioration. The progressive enrichment of the Mixed 
Mesophytic forest  i n  Asia continued during the Meogene, probably both 
by diversif icat ion o f  lineages already part of the forest  and by 
extensions into the forest of subtropical and tropical  lineages. In  
western North America, the Mixed Mesophytic fores t  was eliminated by 
increasingly pronounced summer-dry conditions by the end of the middle 
Miocene, although individual lineages of the Mixed Mesophytic fores t  
pers is t  t o  th is  day in  western North America. 

In  eastern North America, the Mixed Mesophytic forest  does not 
appear t o  have been as r ich a t  any p i n t  i n  time as the Mixed Mesophytic 
fores ts  of e i ther  eastern Asia or western North America. Almost a l l  
woody genera now present i n  the eastern Mixed Mesophytic forest  were 
a l so  present in the west American forest .  Although the Neogene f o s s i l  
record in  eastern Xorth America i s  scanty, megafossil and microfossil 
assemblages from the middle and l a t e  Miocene of the central  Atlantic 
coast s ta tes  indicate that  numerous Mixed Mesophytic genera were 
appren t ly  not present there that  were i n  western North America: 

Schoepfia 
Mahonia 
Litsea 
Umbellularia 

Lyonothamnus 
Wraphyllum 
Cedrela 
Euodia 
Pis tacia 
Colubrina 
Karwinskia 
Zizyphus 
Xylonagra 



Cercocarpus 
Holodiscus 

Garrya 
Arbutus 
Clerodendrwn 
Idesia 

Although m y  of these genera are apparently l e s s  tolerant  of summer 
moisture, others are  typica l  of regions of summer-wet climate today. 
Certain of the genera would be expected i n  eastern North America i f  
there had been an Arcto-Tertiary Geoflora tha t  gradually migrated 
southward. The apparent depauperateness of the eastern Mixed Mesophytic 
fores t  may be the resul t  of four major factors:  

1 )  The middle-late Oligocene climatic deteriorat ion that  
probably would leave--as it did  i n  northwestern North 
America--a depuperate flora, 

2) the elimination a t  the sane time of the t ropica l  forest  
ent i re ly  o r  i n  large part from southeastern United 
States,  thus making it more d i f f i cu l t  fo r  a progressive 
enrichment of the temperate forest  from the tropical  
forest ,  

3) the essent ia l  i so la t ion  of eastern North America both from 
Europe and western North America, 

4)  the l i t t l e  topographic diversi ty of eastern North America. 

The f i r s t  two factors may account fo r  the poor rleveloment of fundamentally 
tropical  families i n  the eastern Mixed Mesophytic fores t .  A t  present, 
only three genera of Lauraceae-- Lindera, Persea, and Sassafras--are 
represented i n  the eastern forest ,  as  compared t o  the Miocene of western 
North America where s i x  genera (~innamomum, Lindera, Litsea, Persea, 
Sassafras, and Umbellularia) were represented, and t o  the forest  of 
eastern Asia where s i x  Renera have been, and are now, represented 
(cinnamomum, Lindera,   it sea, Neolitsa, - Wrsea, and sassafras ) . In 
western North America. the Miocene forest. i n  addition t o  Lauraceae. 
contained many genera' of fundamentally subtropical or t ropica l  relation- 
ships : ~ e d r e l a ;  Clerodendrum, ~occulus ,  ~o lubr ina ,  ~ iospyros ,  Exbucklandia, 
Gordonia, Idesia, Karwinskia, Magnolia, m, O r e w o a ,  Oreopanax, 
Pis tacia, Schoepf ix, V i t i ~ Z i ~ y p h u s  ; m i i f  these p s i  genera p l u s  
many other aenera were and are well r e~ resen ted  i n  the Asian Mixed 
Iksophytic fores t .  In  eastern North America, the c-ratively few 
genera-of t h i s  type are: Berchemia, ~ a l ~ c o c a  , co&lus, ~ i o s ~ ~ r o s ,  
Gordonia, mgnolia, =, S y n q l o c o s , ~  Genera of iauraceae, 
Leguminosae, and Sapotaceae tha t  were abundant i n  the t ropica l  Paleogene 
fores t  of eastern North h r i c a  are, for  the mst part, unrepresented 
by species i n  the Mixed Mesophytic forest--Tertiary or extant--of the 
same region. 

The fourth factor may account fo r  the l i t t l e  generic diversif icat ion 
tha t  took place i n  families such as Rosaceae and Ericaceae, and the 
t h i r d  factor--isolation--prevented any great amount of f l o r i s t i c  inter- 
change with regions tha t  had topographic diversi ty.  It should be noted 
tha t  the Faleogene tropical  fores t  of eastern Borth America had few 
genera i n  common with the Paleogene forest  of western North America 
and Eurasia; the isolat ion of eastern North America appears t o  have been 
ancient (Mac~init ie ,  i n  press). Most of the vicarious species between 
eastern North America and eastern Asia today belong to genera tha t  a re  
found in  Faleogene tropical  fores ts  and that  have--in western Morth 
America and Eurasia--shown a def in i te  tendency t o  become readily adapted 
t o  temperate conditions; these same genera have in  some instances been 
recorded from the EBleogene t ropica l  forest  of eastern Morth America 
( ~ r a ~ ,  1960). E s t o r i c a l  factors have, therefore, probably been respon- 
s i b l e  f o r  the independent development of the Mixed hksophytic fores t  
in Eurasia, western North America, and eastern North America, as well 
as fo r  the greater similari ty between the forest  i n  the Miocene of 
western North America and Eurasia. 

The lineages that  are represented in  the Mixed Mesophytic forest-- 
whether that  extant i n  eastern Asia and eastern North America or t ha t  
of the Neogene of western Borth America--are in  t h i s  forest  coincidentally. 
The lineages have, i n  some instances, followed similar patterns of 
distr ibution,  but as the history of the lineages has become clearer  
through paleobotanical work, several different  patterns have emerged. 
I think tha t  as more work i s  done, many more patterns w i l l  become 
apparent. Some lineages have followed a general pattern fo r  a longer 
period than have other lineages, for  example, some lineages have been 
adapted t o  temperate climates f o r  a longer period. Some lineages have 
part icipated in  the temperate vegetation of North America but became 
extinct  before the optimal development of the Mixed Mesophytic forest .  
The warm temperate forest  of the northern hemisphere has been and w i l l  
continue t o  be in a continual s t a t e  o f  flux; lineages have entered 
and departed from th i s  vegetation a t  different  times i n  different  places 
i n  response t o  different  and changing parameters of the tolerances of 
t he  individual members of the lineages. Various lineages have diver- 
s i f i e d  i n  the warm temperate vegetation a t  different  times and i n  
different  regions. The history of the Mixed Mesophytic forest  i s  
complex and can be understood only by reconstructing the patterns of 
distr ibution in  space and time of the component lineages. 

Paleogene t ropica l  migration routes 

The existence in  Alaska during parts of the Paleogene of Para- 
t ropica l  Fiain forest  has an important bearing on the times and routes 
of migration of tropics1 lineages. In a significant  paper, van Steenis 
(1962) has discussed i n  de t a i l  the significance of trans-Pacific mgio- 
s p e m u s  genera and families and concludes that  the only means of 
at taining such a bicontinental distr ibution for a tropical  group i s  by 
means of former trans-Facific land bridges that  were within present 
tropical  lat i tudes.  



The disjunctions of northern warm temperate o r  subtropical genera 
between North America and Eurasia i s ,  as van Steenin (1962, p. 243) 
points out, i n  many instances involved with the disjunctions of t ropica l  
groups. The probable phytogeographic history of m y  warm temperate 
o r  subtropical disjunct  groups has been discussed i n  the preceding 
section of t h i s  report ;  such disjunctions have, i n  many instances, the 
same basic h i s to r i ca l  pattern as  the disjunct t ropica l  groups. 

Van Steznis (1962) i s  primarily concerned with the " ~ m ~ h i -  
transpacific genera and families t ha t  are megathems (that  is, "adapted 
t o  t ropica l  climatef'; van Steenis, 1962. P. 239). He concludes (D. 290) , -  - .  
"...that there i s  no reason t o  assume s ign i f i cmt  changes during'the 
eolo i c a l  i n  the thermo-ecology of the m,jori t  of the tropical  

$ner% concerned? Tropical lineages could not, t hck fo re ,  have 
adapted t o  cool conditions t o  cross, f o r  example Beringia, and then 
re-adapted t o  t ropica l  conditions. Van Steenis (p. 271-322) also 
discusses seven other explanations fo r  the present distr ibution of 
t ropica l  groups, some of which, f ~ r  example, polyphyletic origins, are 
almost cer ta in ly  improbable. !Be only explanation that  van Steenis 
considers credible i s  that  of trans-oceanic land bridges a t  t ropical  
la t i tudes .  

The data presented here indicate that  van Steenis '  explanation is, 
a t  l ea s t  i n  regard t o  some t ropica l  disjunctions, not necessary. He 
was led t o  disregard the significance of the Beringian route for 
t rop ica l  genera fo r  two major reasons. F i rs t ,  he assumed (p. 271) a 
"steady s t a t e "  framework for the earth, t ha t  i s ,  there has been l i t t l e  
or no continental  d r i f t ,  the inclination of the axis of rotation has 
been unchanged, and la t i tudinal  climatic zonation has changed l i t t l e .  
From these assumptions he concludes (p. 271) that  the areas between 
la t i tudes  50" t o  70' IT. "...might have been warmtemperate t o  subtropical 
and the majority of the t rees  must have been deciduous." Second, van 
Steenis accepts Ip. 271-281) without question the concept of the Arcto- 
Tert iary Geoflora and as well considers the London Clay f lora  t o  be 
atypical  of Eocene vegetation a t  la t i tude  50" N .  Chandler (1964, 
p. 86-89) has adequately invalidated van Steenis '  conclusions regarding 
the London Clay; t ha t  assemblage almost certainly represents warm 
Paratropical t o  marginally Tropical Rain fores t  (Richards, 1952, 
P. 154). 

Van Steenis (1962, p. 273) recognizes the physiological problems 
encountered i f  t ropica l  plants had grown a t  high northern lat i tudes:  
"Though a t  present low temperature i s  more important than l ight ,  increase 
of the world's temperature w i l l ,  a t  a r c t i c  la t i tudes ,  very soon find 
i t s  bottleneck i n  the form of t h i s  same l ight ."  He thus considers 
reasonable the existence during the Paleogene of bmad-leaved deciduous 
and conifer  fores ts  a t  high northern lat i tudes.  Discounting the 
occurrence of palms i n  the Greenland Tertiary, van Steenis (p. 2'72) 
s ta tes :  

"...petlms have never been found beyond about 50" l a t i t ude .  
Their distr ibution forms a moat important argument fo r  the 
conservative view of only s l ight  climatic changes i n  
zonation a t  medium la t i tudes  and a f u l l  confirmation of 
the steady s t a t e  principle ." 

No mention i s  mad.e of the well-documented occurrences of fan palms a t  
lat i tudes 57- and 61.5" N. i n  Alaska ( ~ o l l i c k ,  1936). 

The data presented in  the present report clearly indicate that  
tropical  forests  ( in  van Steenis '  concept of tropical  vegetation, the 
Bra t ropica l  Rain fores t  i s  included) indeed existed i n  Alaska. The 
Alaskan esr ly  Ravenian ( ea r l i e s t  l a t e  Eocene) assemblages include some 
of van Steenis'  "Amphi-transpacific" genera: S ere t ia ,  Meliosma, and 
sawauia.  van steenis (p. 268), mreover, coa*t more significant  
than genera are the various exclusively "pantropical larger megathem 
families" and the "tropical  pro-majore p&rten pantropical families. 
I n  the f i r s t  category are the early Ravenian Anonaceae, Wrist icaceae,  
and Lecythidaceae (including ~arringtoniaceae ), and in  the second 
category are the early Ravenian Wlmae, Menispermaceae, Lauraceae, 
Rutaceae, Anwardiaceae, Icacinaceae, Sapindaceae, Vitaceae, Theaceae, 
Myrtaceae, and Verbenaceae. Added t o  these are the ear ly  Ravenian 
groups that are exclusively paleotropical. Considering the small 
s ize  of the known Alaskan ear ly  Ravenian f lora,  the families l i s t e d  
above are impressive evidence that  many pmtropical  o r  "Amphi- 
transpacific" genera and families could have attained such a distr ibution 
by way of Beringia. By analogy, some t ropica l  groups m y  have been 
distr ibuted by way of a high lat i tude southern hemisphere migration 
route, although paleobotanical documentation for such a route i s  
lac king. 

Considering tha t  many fundamentally tropical  groups were distr ibuted 
through Beringia and in to  middle lat i tudes of western North America 
during the Tertiary, it i s  significant  that  the present t ropica l  f loras 
of the Americas and southeastern Asia do not have more genera in common 
today. The knam Paratropical Win forest  of the Paleogene of western 
United States contains the following now exclusively peleotropical 
groups : 

Menispermaceae : Anamlrta, D i  ploclisia, m e r p a ,  Limacia, 
Fycnarrhena, Tinomiscium, Tinospora 

Myristicaceae: Knema, m r i s t i c a  

honaceae : Cananga 

Olacaceae : Erythropalum, 

Rutaceae : E M i a ,  L u m g  



Anacardiac eae : Dracontomelon, Poupartia 

Icacinaceae: =, f iquel ia ,  Rytocrene, erenacantha, 
S t  emonurus 

Vitaceae : Tetrastigma 

Barringtoniaceae: Barringtonia 

Dipterocarpaceae : e, Parashorea 

Alangiaceae : Alan~um 

Cornaceae : Mas t i x i a  

The f ac t  t ha t  these genera have not survived i n  the American tropics 
may indicate t ha t  the major ba r r i e r  t o  f l o r i s t i c  interchange was i n  
southwestern North America. As noted previously, there was apparently 
l i t t l e  f l o r i s t i c  interchange during the Paleogene between the t ropica l  
vegetation of western United Sta tes  and the  Gulf Coastal Plain; the  
l a t t e r ,  which had a great  d ivers i ty  of "mesophyllous" legumes, was 
apparently f l o r i s t i c a l l y  and vegetat ionally a l l i e d  t o  the Caribbean 
and South American region, whereas the western American t ropica l  
fores ts  were dominately paleotropical. What the bar r ie r  Is ) was (were) 
i s  unknown; the t ropica l  lineages of the western North American 
Paleogene were, for  the most part,  not incorporated into the extant 
t ropica l  vegetation of North America. I suspect tha t  the bar r ie r  
must have been la rge ly  climatic, such as a wide region of highly 
seasonal precipi tat ion tha t  would have led t o  savanna vegetation 
la rge ly  impassable for  lineages of the Bra t ropica l  Rain fores t .  

Disjunctions of t ropica l  genera and families, therefore, my not 
be the resul t  of migrations of lineages across t ropica l  l a t i t ude  land 
bridges tha t  have subsequently disappeared. Some of the migrations 
were probably by way of Beringia. The times of such migrations could 
have been during the  Paleocene  o oh ser  , Macara a, Melanole i s  
and Sabalites, a r e  h m m  Rm the EsLdPRileocen: X 6 w h u k ,  
196s]-~ocene (assuming a warming i n  Alaska simultaneous with 
t ha t  lmom i n  middle la t i tudes) ,  ear ly  l a t e  Eocene, o r  the  ear ly  
Oligocene (in Alaska the  very warm Subtropical fores t  indicates t h a t  
l oca l ly  wanner areas might have allowed some t ropica l  lineages t o  have 
migrated through). Chance d ispersa l  through t ropica l  o r  middle la t i tudes  
across various islands should a lso  not be overlooked as a means of 
a t t a in ing  pantropical or "Amphi-transpacific" distr ibution;  such 
migrations a r e  "land-bridge dispersals" of van Steenis (1962). It i s  
doubtful i f  each t ropica l  disjunction can be explained i n  terms of 
precisely the same pattern i n  regard t o  both time and space. I think 
tha t  various patterns, a s  discussed i n  reference t o  the Mixed Mesophytic 
fores t ,  w i l l  be found t o  be va l id  i n  explaining tropical  disjunctions. 

Locality data 

3842. Grade Tra i l  cabin, opening along west contact of coal with shale. 
Kushtaka Formtion. Collector : Maddren, 1 9 5 .  Middle Ravenian . 

3846. Fron creek f l a r ing  in to  head of Canyon Creek from M t .  Chezum a t  
elevation of 2,000 fee t .  Kushtaka Formation. Collector: Maddren, 
1905. Lower Ravenian. (~eference  t o  the  topographic m8p published 
by Wrt in ,  1 9 ,  indicates tha t  the 2,000-foot contour on his map 
i s  well  below the conspicuous break i n  slope, and t h i s  collect ion 
i s  thus from beds strat igraphical ly below loca l i t i e s  11163 and 
ll1a ) 

3847. From gulch on creek emptying in to  Berg Lake where Happy Hollow 
t r a i l  passes around shore. Kushtaka Formation. Collectors : 
Martin, Bige ,  and Maddren, 195. Irower Ravenian. 

3879. Yakutat Bay, west shore a t  Dalton's coal  outcrop on Esker Stream. 
Kulthieth Formation. Collector: Tarr, 1905. Lower Ravenian. 

9389. East slope Charlotte Ridge, 0.4 mile NE of WE cor. sec. 10, 
T. 17 S., R. 7 E., a t  approximate a l t i t ude  of 1,000 fee t .  About 
200 f ee t  below base of Tokun Fonnation. Kushtaka Formation. 
Collector: F. F. Barnes, 1955. Middle Ravenian. 

9551. Small stream 3.0 mile N .  45' E. of north end of Hanna Lake, 
near edge of moraine. Kulthieth Formation, probably upper part .  
Collector: Miller, 46Mdr 43. Kunmerian? 

9552. Near top of Sp l i t  Creek Sandstone Member, 6.11 miles S. 76g W. 
from the  point of intersect ion o f  the two principal  t r ibutar ies  
of Boris Creek; l a t  Q013'38" N., 10% 1 ~ 0 1 7 ' 1 4 "  W. Katalla 
F o m t i o n .  Collector: Rossman, 44AR5 1. Kulmnerian. 

9553. Near US= Cenozoic loc. 17831 (see Miller, 1961b); 1st 60'18.5' N.,  
long 142'47.0' W. Mollusks from t h i s  l o c a l i t y  include Volsella 
a f f .  V. ewenensis  lark), Tellina cf . lincolnensis Weaver, and 
~ o l e n a  c f .  c la rk i  (weaver and Palmer), as determined by H. E. Vokes 
' m e n  commun . , 1948). Vokes regards the  mollusks t o  be of 
middle Oligocene, f .e . ,  Lincoln age. Upper part  Kulthieth Formation. 
Collector: Miller, 47M-b- 60. Kummerian. 

9888. Sec . 10, T. 19 S . , R. 6 E ., loner part Katalla Formation. 
Collector: Shell  O i l  Co., 6 s  30. Kummerian. 

9889. Sec. 10, T. 19 S., R. 6 E., lower part Katalla Formation. 
Collector: Shell  O i l  Co., 6 ~ 4  35. Kummerian. 

9891. Sec. 30, T. 16 S., R. 9 E., i n  saddle jus t  north of Doughton 
Feak. Kushtaka Formation. Collector: Shel l  O i l  Co., 6W 603 
200. Kummerian. 



9893. Sec. 19, T. 18 S., R .  16 E. Upper part Kulthieth Formation. 
Collector: Shell  O i l  Co., 6211 1609 40. Kumnerian. 

9894. Sec. 19, T. 18 S., R. 16 E .  Upper part Kulthieth Formation. 
Collector: She l l  O i l  Co., 6 2 ~  1609 367. Kmer ian .  

11157. Lat 60~24.8 '  N . ,  long 143O51.8' W. Frombed of creek. Kushtaka 
Formation. Collector: Wolfe, 1968. Lmer Ravenian. 

11158. Lat a " 2 5 . 2 '  N., long 143O48.8' tl. From west wall of canyon. 
Kushtaka Formation. Collectors: Wolfe and Larson, 1968. Lower 
Ravenian . 

11159. L a t  60'25.2' B., long 143O48.8' W. From west wall of canyon, 
ahout 200 fee t  north of loc .  11158. Kushtaka Formation. Collector: 
Gunn, 1968. Lower Ravenian. 

l l160.  Lat 60~24.0 '  N. ,  long 143°57.5' W .  From slump area just  south 
of creek. Kushtaka Formation. Collector: Wolfe, 1968. Lower 
Ravenian. 

11162. Iat 60'23.9' N. ,  long 143"57' W. From sandstone bed jus t  
beneath cres t  of ridge and about 800 f ee t  higher than loc .  11160. 
Kushtaka Formstion. Collector: Wolfe, 1968. Lower Ravenian. 

11163. Lat 60O26.5' N., long 143O57.4' W. Fromwest s ide of small 
gully. Kushtaka Formation. Collectors : Wolfe, Larson, and 
Gunn, 1968. Middle Ravenian. 

11164. Lat 60~26.7' N . ,  lo? 143O57.5' W. Along east  s ide of small 
gully.  Kushtaka Format~on. Collectors : Wolfe, Iarson, and 
Gunn, 1968. Middle Ravenian. 

11165. Lat 60~25.5' N., long 144O7.7' w. Cli f f  face about 300 f e e t  
below contact with Tokun Formation. Kushtaka Formation. Collectors: 
Wolfe, Larson, and Gunn, August, 1968. Middle Ravenian. 

11166. bt 60O28.5' B., long 143O37' W.  A t  base of prominent c l i f f .  
Kushtaka Formation. Collectors : Wolfe, Larson, and Gunn, 1w. 
h e r  kvenian .  

11167. Lat Q"27.1' 73 ., long 143"511 W. Just above prominent break 
i n  slope, from concretionary bed. Kushtaka Formation. Collectors: 
Wolfe and Larson, 1968. Upper Ravenian. 

11168. Lat 60O16.7' M., long 143"51.8' W. From southeast s ide of 
northeast t i p  of Nichiwak Wuntain, about same a l t i tude  a s  top 
of Bering Glacier. S p l i t  Creek Sandstone Wmber, Katalla F o m t i o n .  
Collectors: Wolfe, Larson, and Gunn,  1968. 

11169. Lat 60~27.5' N., long 143'48.8' W. On south side Carbon Ridge, 
about 50 fee t  below c re s t .  Kushtaka Formation. Collectors: 
Wolfe, Larson, and G u n n ,  1966. Kwnerian. 
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11170. Lat 60°19.5' N., long 142'29.9' W. On south side of valley 
of creek. Kulthieth Formation. Collectors : Wolfe, hrson ,  
and Gunn, 1 s 8 .  Lower Ravenian. 

11183. Ut 60'6.11 N., long 13g011.5' W. North side of Haenke Glacier. 
Yakataga Formation? Collector: Plafker, 1968. Seldovian. 

11184. Iat 60O9.3' N., long 140°X).5' W. Yakataga Formation. 
Collector: Ih i l l i p s  Petroleum Co., 1967. Homerian. 

11185. bt 60'8.8' m., long 140°8.25' W. R u l  Creek Formation? 
Collector: Bri t ish Petroleum Co., GB 1215. Angoonian. 

11186. Southwest shore of Cenotaph Island i n  Lituya Bay; along 
s t r i k e  of beds from a point 0.85 mile N. 84' W. of easternmost 
cape on the  island t o  a point 0.68 mile S .  70" W. of the same 
cape. Unnamed beds of l a t e r  Miocene age. Collector: Miller, 
58& 333. Seldovian or Homerian. 

11188. Unknam position i n  Basin Creek Member, Katalla Formation; 
1-60 miles N .  11° W. from the point of intersect ion of the two 
principal  t r ibutar ies  of Wlrls Creek, l a t  60~13'38" N. ,  long 
144°17'14'1 W .  Collector: Rossman, 44Ah 27. Kummerien. 

11189. The map furnished by British Petroleum has an area west of 
Hope Creek of about 10 square miles c i rc led  and the notation tha t  
t he i r  l oca l i t y  GA3024 i s  "in t h i s  area." This area only has rocks 
t ha t  belong well  up i n  the Katalla Formation. Because th i s  
l oca l i t y  produced both Mcclintockia pugetensis and Platanus, the 
l oca l i t y  data are probably erroneous. 

GAS 29181. Headwaters of Redwod Creek, 2,000 f e e t  north of junction 
with eas t  fork. Lower part Xatalla Formation. Collector: Hama, 
1938. Kummerian . 

Faunal data 

Mollusks from the Stillwater, Kushtaka, and Tokun Formations have 
been l i s t e d  i n  the section on physical stratigraphy, and a few mollusks 
were l i s t e d  from the Katalla Formation. Other important loca l i t ies  
i n  the  Sp l i t  Creek and Basin Creek beds of the  Katalla are: 

USGS Cenozoic l oca l i t y  15796. 3.47 miles S.  55" E. of junction of 
principal  t r ibutar ies  of h r l s  Creek, Miller Hil ls .  Sp l i t  Creek 
beds. Fossils include (H. E. Vokes, m i t t e n  commun., Jan. 12, 
1956) : 

Spisula c f .  2. packardi Dickinson 
Spisula a f f .  S .  pittsbur-is Clark f ru s t r a t a  
Molopophorus a f f .  _M. stephensoni Dickerson 
Molopophorus c f .  M, da l l i  Anderson and Hanna 
Perse sp. cf. 2. & n i c k e r s o n )  

Tegland 



USGS Cenozoic loc . 15815. 8.18 miles N. 69" E. of junction of two r a in  
t r ibutar ies  of Burls Creek, Miller Hil ls .  Basin Creek beds. 
Fossils include (H. E .  Vokes, written comun., Jan. 12, 1946): 

Nemocardium weaveri (Anderson and Martin) 

In h is  report on the  above collections, Vokes was concerned because 
the Nemocardium, which was collected s t ra t igraphica l ly  above loca l i t y  
15796, i s  only known from beds strat igraphical ly lower than Sp l i t  Creek 
equivalents i n  the Pacif ic  Northwest. The Nemocardium indicated a 
correlat ion t o  the Keasey Formation, but the fauna of the Sp l i t  Creek 
i s  correlat ive t o  the fauna of the younger Molopophorus stephensoni 
zone. Part of the  problem may be tha t  !. weaveri has a somewhat longer 
range i n  Alaska than i n  the Wcif ic  Northwest, 8nd Vokes (written connnun., 
Jan. 12, 1946) noted tha t  Durham (1964) reported a Nemocardium from 
middle Oligocene beds i n  Washington tha t  Vokes considered t o  be a t  
l e a s t  subspecif ical ly d i s t i nc t  from!. weaveri s . s .  I n  any case, the 
correlat ion of t he  S p l i t  Creek and Bxsi- Creeko-the upper part of 
the  lower half of the Oligocene (marine megafossil terminology) is 
reasonably well established. 
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Botanical Nomenclature; the reports  a re  produced by of fse t  and a re  
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of the plants  i s  not discussed i n  t h i s  repor t .  Following, however, 
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and s t ra t ig raphic  interpretat ions presented previously. Hollick (1936) 
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Dryopteris sp . 
-- 

Dryopteris sp. 
Hemitelia p i m a t a  MacG. 
Dryopteris sp. 
Glyptostrobus sp. 
Celastrus comparabilis Holl. 
Melanorrhoea sp. 
Platycarya sp .  
Alnus sp .  - 
Gmeria d i l l e r i  Wolfe -- 
indet .  l ea f  
m r i s t i c a  sp.  
indet. leaf  
Cams sp. 
Cinnamomophyllum sp. [Keolitsea 3 MacG.] 
Luvun? sp. 
Alanp(~um sp .  
Celastrus comparabilis Holl . (holotype) 
Allantodiopsis p m t e n s i s  Wolfe 
Knem sp. - 
Parashorea sp. 

P1. 93, f i g .  3 from loc. 5892, Chickaloon Formation, Paleocene 
n. 93, f i g .  6 
P1. 93, f i g .  7 
m. 98, f i g .  7 

Myristica sp. 
M x e  orrhoea sp . 

sp. [Cryptocarya presamarensis 

P1. 99, f i g .  1 h s t i x i a  
PI. 99, f i g s .  2, 3 hrashorea  sp. 
P1. 99. f i g .  4 indet. l e a f  
m. ii4, f ig.  10 Laurophyllum sp . 
PI. 115, f i g .  1 sp. [Cryptocarya presamarensis 

Pl. 118, f i g .  1 a f f  . Tinomiscium sp. 
PI. 120, f i g s .  3, 4 Faleophytoc rene s p  . 
Between Hollick (1936) and t h i s  report, 55 species from the  Gulf of 
Alaska Ravenian and Kummerian have been i l l u s t r a t ed .  

Plate  1 

[All f igures na tura l  s i z e  except f o r  91 

Figure 1. Hemitelia g i l n t a  MacG. Loc . 3846, Kushtaka Formation. 
2. Laurophyllum sp. [Iaurus s imi l i s  Knowlt.]. Tac. 11157, 

Kushtaka Formation. 
3. Platycarya sp. [U lmus pseudobrauni Holl. 1. Loc. 11170, 

Kulthieth Formation. 
4. Girroniera sp. Loc. 11158, Kushtaka Formation. 
5. Allantodiopsis pugetensis Wolfe. Loc. 11159, Kushtaka 

Formation. 
6. Limacia sp. Loc. 11159, Kushtaka Formation. 
7. Anamirta sp. h e .  11170, Kulthieth Formation. 
8. sp .  l a c .  11170, Kulthieth Formation. 
9. Sabs l i tes  sp. Loc. 11160, Kushtaka Formation. 

mate  2 

[All  f igures na tura l  s i z e ]  

Figure 1. Stemonurus sp. Loc. 11158, Kushtaka Formation. 
2. Meliosma sp. Loc . 11170, Kulthieth Fonnation. 
3. Euodia sp. Loc. 1 ~ 5 8 ,  Kushtaka Formation. 
4.  Clerodendrum sp. Im. 11158, Kushtaka Formation. 
5. Parashorea sp. ~ s e u d o g o l d i a n u s  Holl . ] . h c  . 38-47> 

Kushtaka Format ion. 
6. Fhytocrene sordida (ksq. ) MacG. Loc. 11170, Kushtaka Formation. 
7. Phytocrene sp. Loc. 11158, Kushtaka Formation. 



Pla te  3 Plate  5--continued 

[ A l l  f igures  n a t u r a l  s i z e ]  

Figure 1. Dicotylophyllum sp.  [Artocarpoides kummerensis Wolfe]. 
Loc. 11164, Kushtaka Formation. 

2. Pfioenicites sp.  Loc. 11165, Kushtaka Formation. 
3. Laurophyllum sp.  {Laurus s i m i l i s  Knowlt.1. Loc. 11165, 

Kushtaka Formation. 
4. Pterocarya pugetensis Wolfe. Loc. 11165, Kushtaka Formation. 
5. Laurophyllwn sp. Loc. 11165, Kushtaka Formation. 
6. Lygodium s p .  Loc . 9389, Kushtaka Formation. 
7. Calkinsia sp.  Loc. 11165, Kushtaka Formation. 
8. Sapindus? sp.  Loc. 11165, Kushtaka Formation. 
9. Carya cashmanensis Wolfe. Loc. 11165, Kushtaka Formation. 

10.  Dryophyllum pugetensis Wolfe. Loc. 11165, Kushtaka 
Formation. 

Plate 4 

[ A l l  f igures  n a t u r a l  s i z e ]  

Figure 1. 
2. 

T i l i a  sp.  Loc. 1 ~ 6 7 ,  Kushtaka Formation. 
w m s  sp.  Loc. 11167, Kushtaka Formation. 
I l e x  sp.  Loc. 11167, Kushtaka Formation. - 
&us cuproval l is  Axelr. Loc. 11167, Kushtaka Formation. 
Wi l l i s ia  sp.  Loc. 11167, Kushtaka Formation. 
Corylopsis sp. Loc . 11167, Kushtaka Formation. 
S a l i x  sp. Loc. 11167, Kushtaka Fonnation. 
G l i a  r e t i c u l a t a  Chan. and Sanb. Loc. 11169, 

Katal la  Format ion. 
Macclintockia pugetensis Wolfe. Loc. 9891, Kushtaka 

Formation. 
Laurophyllum sp  . Loc . 11169, Kushtaka Formati on. 
Iaurophyllum sp.  Loc. 9551, Kulthieth Formation. 
Lauro h llum sp.  [Cryptocarya presamarensis Sanb.]. 
---?r Loc 111 9, Kushtaka Formation. 

Plate  5 

Figure 1. Pterocarya pugetensis Wolfe. Loc. 1 ~ 6 7  (upper Ravenian), 
Kushtaka Formation. 

2. Sorbus sp. Lm. 11167 (upper Fiavenian), Kushtaka Formation. 
3 .  A .  W r i i t i c a  SP. [pgn;?a ova l i s  of Holl.] .  l o c .  3847 

Lower RaveAlan Kushtaka Formation. 
B. M p i s t i c a  ceylanica DC. Modern l e a f  from Mindoro, 

Philippine I s lands .  
4 .  A, C. Earringtonia sp. Loc . 11170 (Lower ~ a v e n i a n ) ,  

Kulthieth Formation. 

Figure 4. B, 

5 .  A .  

B. 

6. A .  

B. 

7. A. 

B. 

8. A. 

B. 

9. A .  

B. 

10. A .  

D.  Barringtonia acutangula (L.)  Gaertn. Modern l e a f  
from Iuzon, Fhilippine Is lands.  

wormskioldi of Holl . ] .  Loc. 3879 
Kulthieth Formation. 

Can- F o y a t a  Bai l l .  Modern l e a f  from Luzon, 
Phlllpplne Is lands.  

Saurauia sp. h . 3846 ( ~ m r  ~ a v e n i a n ) ,  Kushtaka 
Fonnation. 

Saurauia reinwardtima Miq. Modern l e a f  from Java, 
Indonesia . 

Eugenia sp. Loc . 11170 (bwer  ~avenian) ,  Kulthieth 
Formation. 

Eugenia jambos L. Modern l e a f  from Luzon, Fhilippine 
Is lands.  

Knema s p  . [ Hmmus mar ina tus  of Holl . ] . Loc . 3847 
7 h e r  -n*ka. Formation. 
Knema glauca ( ~ l a n c o )  Merr . Modern l e a f  from Mindanao, - 

Fhilippine Islands. 
AJnus cu r o v a l l i s  Axelr. Copper Basin assemblage ( k t e  
- W b v a d a .  
Alnus c u p r o v z l i s  Axelr. Iac.  I l l 6 7  (upper ~ a v e n i a n ) ,  - 

Kushtaka Formation. 
Wrashorea sp. [Rhaumites cashmanensis Wolfe]. Loc. 9731 

(Middle ~ a v e m g e t  Group, Washington. 
B. Wrashorea malaanonan ( ~ l & c o )   err. ~ o d e r n  l e a f  from 

B r i t i s h  North Eorneo. 
C .  Doona sp. [ F h m i d i w n  chaneyi Potb.] .  IaPorte assemblage 

7 ~ u m m e r i a n  1. California .  
D.  o v a l i f o l i a  Shw. Modern l e a f  from Ceylon. 
E . Rhamnidium elaeoca a Reiss . Modern l e a f  from Paraguay. 

11. A, C . Wrashor&amnus paeudo@ldianus Holl . I .  I ac  . 
3847(Lower ~ a v q  Kushtaka Formation. 

B, D.  Farashorea melaanonan (Blanco) Merr. Modern leaf  
from Br i t i sh  North Borneo. 

m a t e  6 

Figure 1. A, C. Luwn a sp.  [Persea s t i o s a  Holl. 1. Loc. 3847 
R a v e * m K u % t a k s  Formation. 

B, D. Luvun~a l a t i f o l i a  Tan. Modern l e a f  from B r i t i s h  
North Borneo. 

2. A. & l i o s m  sp. Lac. 11170 ( h e r  ~ a v e n i a n ) ,  Kulthieth 
Formation. 

3. Meliosma w e n s  Walp. Modern l e a f  from Salween 
watershed, southern China. 

[ U h s  seudobrauni Holl.] .  Loc. I l l 7 0  
g u l t h i e t h  F o m t  ion. 

B. P l a t y c a r p  s t rob i lacea  Sieb. and Zucc. Modern leaf  
from c e n t r a l  China. 



Figure 4. A, C .  Melanorrhoea sp .  [Sernecarpus alaskana Holl.]. b c s .  
3847. 11158 (Lwer ~aven ian ) ,  Kushtaka Formation. 

B. ~e l&r&oea bc iocarpa  Engl. Modern leaf from Br i t i sh  
North Borneo. 

5 .  A. Sternonurus sp. Loc. 11158 (Lower ~avenian), Kusht- 
Formation. 

3. Stemonurns scorpioides Becc . Modern leaf  from Sumatra, 
Indonesia. 














