
UBRARV CJPV 

Tertiary Stratigraphy 

and Paleobotany of the 

Cook Inlet Region, Alaska 

GEOLOGICAL SURVEY PROFESSIONAL PAPER 398-A 



.~ 

.... 

Tertiary Stratigraphy 

and Paleobotany of the 

Cook Inlet Region, Alaska 
By JACK A. WOLFE,·D. M~ HOPKINS,'.and ESTELLA ·B.· LEOPOLD 

TERTIARY BIOSTRATIGRAPHY OF THE COOK INLET REGION, ALASKA 

GEOLOGICAL SURVEY PROFESSIONAL PAPER 398-A 

Discussion of stratigraphic significance 

of fossil plants from the Chickaloon, 

Kenai, and Tsadaka Formations 

UNITED STATES GOVERNM'ENT PRINTING OFFICE.· WASHINGTON : 1966 



UNITED STATES DEPARTMENT OF TI{E INTERIOR · 

. I 

I, 

I 

STEWART L. UDALL, Secretary 

GEOLOGICAL SURVEY 

William T. Pecora, Director 

For sale. by the S~perintendent of Docu~ents, U,.S. Government Printing Office 
Washington, D.C. 20402- Price 70 cents (paper cover) 

-. 

\ 

_.:, 

.... _._ 



~. 

CONTENTS 

Abstract-------------------------------------------
Introduction ______________________________________ _ 

Previous geologic studies ______________________ --_ 
Acknowledgments ____________________________ - __ 

Evolution of stratigraphic nomenclature and age assign-
Inents------------------------------------------­

GeologY-------------------------------------------
Paleogene stratigraphy __________ - _________ ----_-

Chickaloon Formation ______________________ _ 
Flora and age _________________________ _ 
Fresh-water mollusks ________ :. __________ _ 

Wishbone Formation ______ ----- __________ - __ 
Neogene stratigraphy __________________________ _ 

Kenai and Tsadaka Formations _________ ---_-
Structure and tectonics ______________ -- __ 
Provincial stages ____________________ -- __ 

Seldovian Stage ___________________ _ 
Definition _____________________ _ 
Flora _________________________ _ 

Page. 

A1 
1 
2 
4 

4 
7 
7 
7 
9 

10 
11. 
11 
11 
12 
1:J 
14 
14 
15 

Geology-Continued 
Neogene stratigraphy-Continued 

Kenai and Tsadaka Formations-Continued 
Provincial stages-Continued 

Seldovian Stage-Continued 
~ollusks ______________________ _ 

Age __ ---------- .. --------------
Homerian Stage __ --_----_- ________ -

Definition _______________ : _____ _ 
Flora _________________________ _ 

~ollusks----------------------
Age.--------------------------

Clamgulchian Stage ________________ _ 
Definition _____________________ _ 
Flora _________________________ _ 

Age---------------------------
Summary of the floral sequence ______ _ 

Fossil-J?lant localities _______________________________ _ 
Fossil-mollusk localities _____________________________ _ 

References-----------------------------------------

ILLUSTRATIONS 

(Plates are in pocket~ 

PLATE 1. ~ap showing distribution of Neogene rocks. 
2. Structure section. 

FIGURE 1. lndexmaP-------------------------------------------------------
2. Map of Cook Inlet Region------·----------------------------~------
3. Generalized geologic map of the :Matanuska Valley ___________________ _ 

TABLES 

TABLE 1. Partial checklist of flora from Chickaloon Formation in Alaska, showing 
. occurrences of species in other selected areas------------------------

2. Checklist of Seldovian megafossil flora _____________ ----------_-------
3. Checklist of Homerian megafossil flora ___ ---- _____ ------------------_ 
4. Checklist of Clamgulchian megafossil flora. __________________________ _ 
5. Stratigrfiphic distribution of significant specjes in Kenai and Tsadaka 

Formations-----------------------------------------------------
6. Stratigraphic distribution of pollen types in Kenai and Tsadaka Forma-

Uons-----------~-----------------------------------------------

Page 

A2 
3 
8 

Page 

A9 
16 
19 
21 

22 

24 

III 

A17 
17 
17 
17 
18 
20 
20 
20 
20 
21 
21 
22 
25 
28 
28 



·:,. 

• 

TERTIARY BIOSTRATIGRAPHY OF THE COOK INLET REGION, ALASKA 
' . . 

TERTIARY STRATIGRAPHY AND'PALEOBOTANY OF THE COOK INLET REGION, ALASKA 

ABSTRACT 

The nonmarine sedime·ntary rocks of Tertiary age in .the Cook 
Inlet region, once thou~l:it to be. e~~_irely. of Eocene age, are 
shown by paleobotanical evidence to be mostly of Paleocene, 
Miocene, and Pliocene age. · · ·Our study of 'Ohickaloqn floras·· : 
confirms the Paleocene age -of the 'Chickaloon Formation,· ·as· 
suggested by Barnes and P~yne (1956). The Wishbone Forma­
tion has not yielded fossil plants, but its conformable and grada­
tional relationship to the underlying Chickaloon Formation indi­
cates that it is nt least partly of Paleocene age, although some 
rocl{S of Eocene age may be included. Our study of Kenai floras, 
shown to be 'illostly of Miocene and prob~ble •Pliocene age, con­
firms the suggestion of Barnes and Payne that two diffE~rent 

coal-bearing rock sequences of disparate age may be represented 
by the Chickaloon F~rmation of the 1\:latannska Valley and the 
Kenai Formation of the Cook Inlet•Susitna Lowlands. The 
Tsadaka ]!"'ormation, which rests unconformably upon the Chick­
aloon and Wishbone Formations, represents a marginal c;on­
glome~·atlc facies .of the Kenai Fo_r.mation; the fossil fl_oras i'udi­
cate that the Tsndaka Formation was deposited during the fi~t 
hnif of the 1\i.iocene Epoch. 
· 'l'hree new provincial time-stratigraphic units-'-the Seldovian, 

Homerian, ancl Clamgulc})ian Stages,-are proposed. These 
units encompass . all plant-bearing strll;ta -in Alaska and . in 
adjoining parts of the same ancient floristic provinces that ~re 
of a·pproximately the same age as those ·parts of the Kenai 
]!"ormation represented in the type and reference sections desig­
nated in this report. Rocks ·belonging to these three stagE~s are 
recogni:r.ed aild distinguished from one . another primarily 'bY 
fossil plantS~ · 

The',Seldovian Stage is characterized by a rich and diversified 
wur~n-temperate flo.ra containing many elements that are now 
exotic to Alaska but that were widespread during the Miocene .. 
At least 23 fossil 'Plant species appear to be restricted to the 
Seldovhm Stage. · Comparisons of· different floras suggest that 
lower and upper subdivisions of the. Seldovian Stage may· be· 
recognized~ . 1Paleabotanical correlations indicate that the ·Sel­
dovlan 1Stage cotTe~poilds approximately _to the lo\\'er ·half of 
the Miocene Serle~ as recognized in northwestern conterminous 
United States ~.nd Japan, but some upper Oligocene rocks may 
also ·be inCluded. 

'l'h~ Homerian Stage is characterized by a less d~versified a~d 
relatively provincial flora in which many of the.e~oti~ elements 
are lacking. At least 11 fossil plant species appear to· be re­
stricted to the Homerian Stage. The provincialism of the flora 
mn·}{eS correlation in traditional Epoch-Series terms difficult, 

but some paleobotanical ev:idenc~·.:·.ii~ClicateE! tha~. ~he Homerian 
Stage corresponds at least in part to the upper half of the 
Miocene Series· some lower.·Pliocene rocks may also be included. 

. The Clai~gul~hian ·Stage is· ~baracterized 'by an extremely 
provincial flora that is depauperate in species of woody plants. 
Nearly all the warm-temperate ~xotic genera bave disappeared. 
.Three species of willow and one species· of .. l\lder seem to 'be 
restricted to the Clamgt1lchian ,s'tage ; an. seem to be ancestral 
to living Alaskan species. The extreme ·:Provincialism of the 
flora makes correlations with deposits outside of Alaska im­
precise at the present time; we think, however, that the Clam­
gulchian Stage corresponds to at least part of the Pliocene 
Series. 

INTRODUCTION 

The low-lying areas adjoining upper' Cook Inlet and 
the lower courses of the Susitna and ~{atanuska Rivers 
in southern· Alaska · (fig. 1) are under lain by a thick and 
complex sequence of nonmarine sedimentary rocks of. 

· Te1~tiary age that are of considerable economic impor­
; tance because· they contain coal, petrole.u~, and·natural. 
: gas. These nonmarine sedimentary rocks contain ·abun­
; dant fossil· plants, but other· kinds· of fossils. are· ex­
; tremely rare. Any attempt to establi~h the ages of indi­
[ vidual fortnationaJ units iri the Tertiary sequence of the 
; Cook Inlet-Susitn·a Lowlands and of the neighboring 
; Matanuska Valley must be based.· upon fossil plants. 
i Because the fossil plants are abundant a.nd varied, ·they 
i can also· provide the basis for understanding .the time· 
1 st.ratigraphic sequence of the Tertiary rocks. · · . 
~ This:report sets forth new conclusions concerning the. 
; ages of the Chickaloon, the Tsadaka, and the . l{enai 
; Formations of the Cook Inlet.;Susitna Lowlands and. 
~the Matanuska Valley, based. on the ·fossil floras .they 
~contain, and it names and describes th~ee. time-strati­
~ graphic units . based: on ·fossil floras that can be recog­
; niz~d within th~ Kenai Formation and con:clative strati­
i graphic units. 

. The report is ba~ed primarily on a study by Wolfe 
of about 50 collections of ·fossil leaves and fruits ob­
tained by Wolfe and Hopkins in various parts of the 

Al 
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FIGURE 1.-Location of the Cook Inlet region (diagonal lines) and the Matanuska Valley (stippled), Alaska. 

·cook Inlet-Sustina Lowlands and the Matanuska Val­
ley during the summer of 1962 as well as upon examina­
tion of many small collections obtained from the region 
by other geologists. A companion paper (vVolfe, 1966) 
discusses the systematic relationships of these plant 
fossils and their floristic significance. The study of the 
fossil leaves is supplemented by preliminary palynologi­
cal studies by Leopold and 'Volfe· of 17 outcrop samples 
and several samples from well cuttings; the.palynologi­
cal studies of the subsurface samples confirm the results 
of study of pollen samples and mega.fossil collections 
from surface exposures, but only the surface pollen 
samples are discussed individually here. The strati­
gra.phic and geologic discussion is based primarily on 
the publications cited in this report, but it is supple­
mented by observations made by I-Iopkins and Wolfe 
while collecting fossil plants in 1962. 

PREVIOUS GEOLOGIC STUDIES 

The Tertiary sedimentary rocks of the Cook Inlet 
region attracted interest very early in the geological 
exploration of Alaska because of the coal deposits that 

: they contain. Prior to the 1950's, attention was focused 
. chiefly on the coal-bearing Tertiary rocks exposed 
· along the east. shore of Cook Inlet and in the Mata.nuska 
Valley because these are in areas relatively accessible 
to water, rail, ~u~d highway transportation. The results 
of early studies in these areas are summa.rized in l\1artin, 

. J ohnsou, and Grant's account ( i915) of the geology of 
· the western part of the l{enai Peninsula and in Martin 
·and Katz' description (1912) of the geology and coal 
: fields of the Mata.nuska Valley (fig. 2). A more det tiled 
:description of the stratigraphy of the Tertiary rocks 
exposed in the vVishbone Hill district in the western 

. part of the Matanuska Valley is given by Barnes and 
· Payne ( 1956) ; ma.ps of various parts of the Matanuska 
' Valley and Cooli: Inlet a.rea are given in vVa.ring ( 1936), 
·Tuck (1937), Ba.rnes (1962a., b; 1966), Barnes and 
· Sokol ( 1959'), Hazza.rd, Moran, Lia.n, and Si1nonson 
: ( 1963), and Davison ( 1963). The stratigra.phy of the 
; Tertia.ry rocks exposed along the north shore of Kache­
. mak · Ba.y and the east shore of Cook Inlet is described 
· by Barnes and Cobb ( 1959). 
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FIGURE 2.-~Iap of Cook Inlet region, showing areas covered by previous reports. 
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here and for their critical scrutiny of the supporting 
evidence.-' · 

Aside from reconn~h~~~nce descriptions and maps pre­
pared in the course of general regional geologic studies 
by Capps ( 1913, 1935), the Tertiary sedimentary rocks 
of the western and northern parts of the Cook Inlet EVOLUTION OF STRATIGRAPHIC NOMENCLATURE AND 

. AGE ASSIGNMENTS region received little attention prior to the middle 195_Q's. 
Field studies by F. F. Barnes in 1961 and 1962 (Barnes, The first fossil piants illustrated from western North 
1966) were the first undertaken by the Geological Sur- America came froin, Tertiary _sediments in the Cook 
vey to be devoted primarily to the Tertiary rocks of the Inlet ar~a. · .. ileer.de:8cribed and figured fossil plants ob­
northwestern part of the Cook Inlet region. · . tained £rom sedimentary rocks now known as the Kenai 

New interest in the Tertiary rocks of the Cook Inlet Formation from,Coal Cove at the. northern entrance to 
region arose in the 1950's with the growth of commer- : .Port Graham (his ''.English Bay" locality) and from 
cial investigations .. o£ ·the·· .. peti·oleurri possibilities the~e. Ninilchik in "Flora· fossilis alaskana" in 1869. Heer 
and with the discovery (from 1957 through 1965) of . correctly .'diagnose~ the' "English B~y;, ;fl~ra as being of 
six oil fields ancJ, ~ey.eral gas fields in sedimentary rocks·._ Miocene age,· but elsewhere in the sam;e work he diag­
of the Kenai Formation.·· .A~ aeromagnetic study of the . nosed floras. from Atanikerdluk, Greenland, and from 
Cook Inlet region by .Gran-tz~·, Ziet.z; and; Andreason the coal-bearing Tertiary sedimentary rocks of Spitz­
(1963) and newly published :'infO.:rination .-:on total bergen as also being of Miocene age. 'Both the upper 
depths of stratigraphic test wells and: production wells. .floras from Atanikerdluk, Greenland, and those of the 
in the Cook Inlet-Susitna Lowlands·.provided the ·first coal-bearing rock~ of Spitzbergen are. now known to 
information concerning the: general configuration of be of Paleocene age. It should benoted, however, that 
the basin containing the Tertiary ·sedimentary rocks of the terms "Paleocene" and "Oligocene;·, did not come 
the J(enai Formation. Extensive field and subsurface .into wide· use until the first decades o.f the 20th century 
geological, mineralogical, palynological, and geophysi- and that the term "P.aleocene'' w:~ not accepted by the 
cal studies have ~en unde~aken during the 1950's a~d Geological Survey until 193.9. ·. . . _ .·. . . 
1960's by the staffs of several oil companies, but aside Gardner (iri Gard1ier aiid Et.ting~hau~en, 1879, p. 8), 
from brief accounts of the structure of the .Swanson describing British Eocene fl9ras, questioned the Miocene 
River oil field and the 1\::ena{ 'j;as .. · fields {Parkinson; age assigned by I-Ie.er ·to the Atanikerdluk beds and 
1962; Hazzard ·and ,ot4~rs, 196.3;. Davison, 1963) and fleer's Miocei1e .. age .assig11:ments for other floras, as 
brief account~' o£ the general geology o£ the Cook Inlet well,: ·saying: · 
region ( l(elly, 1963 ; Hili, 1963 and in press) , results There i~ . no great break in passing· from Qne to the other 
of these studies remain unpublished. . - [Eocene to -Miocene floras]; when we compare them over many 

latitudes, and but little change beyond that brought about by 
ACKNOWLEDGMENTS altered temperature or J!lfgration. But' if Tertiary floras of 

'different ag~s are met with .in one .area, great changes on the 
In this investigation, we have been greatly.assisted.by · contrary are 'seen,: and· these are mainly due to progressive 

discussions with the geologists of several of the oil com- modifications' in· climate, and to altered distribution of land. 
parries that have ·been engaged in petroleum exploration Imperc~ptl.ply,. too, the. tropical memb~rs . of ~he flora disap-

peared; th:at is :to say, .tl;ley. migrated, for most of their types, 
in the Cook Inlet teg,ion. We have also benefited by · 1 think, iwtuaily survive at the present day, ~any but slightly 
the opportunity to examine a. number .of fossil plant al•tered~ -Tben the s~•btropical members-decreased, and the tern· 
collections that these geologists·· submitted to tis £rom pe~ate .fornis,··never. quite ·a'bsent ~_ven i~ the ¥iddle Eocenes, 
areas that we :were unable to visit personally and espe- preponderated. As . decreas.ing t~~p~·r'~ture ·drove t'he tropical 
cially £rom the opportunity to compare ideas and obser- forms south,. the more:·D.ofthern must have pressed closely upon 

.th~m~ . The· No~thern :Eoc;~:Ue, or the temperate floras of that 
vations concerning the palynology of the Tertiary rocks petiod •. must have. p.ushed·~: from their home in· the far north, 
of the Cook Inle.t regio!l· with Paul .We~~ndul).k, .of .. more:·and·.-'more south as climates chilled, and at least, in the 
Standard Oil Co. of California; with John ·Browning, Miocene time, occupied our latitudes. The relative preponder· 
o£ Shell Oil Co.; and with H. Tate Ames and· Walter · ence of these elements, I ·believe, will assist in determining t'he 
Riegel, of :rennsylvania State University. Dwight age of Tertiary deposits in:·Europe more than any minute com· 

parisons of species. Thus it. is useless to seek in 1:he ·Arctic 
Taylor, o£ the u~s. ·Geological Survey, kindly furnished. regions for' Eocene floras, :as we know them in our latitudes, 
determinatio11:s of f.ossil fresh-water mollusks and data· . for d:uring the Tertiary period the climate conditions of the 
concerning their possible p~leoecologica,l .and paleogeo- · earth did not permit their growth there. Arctic floras of tern­
graphic significance. . . . . porate, arid tlleref~re Miocene· aspect, are in all probability of 

We are especially indebted to Arthur Grantz and Eocene age, and what has been recognized in them as a newer 
or Miocene facies is due to their having been first studied in 

Farrell F. Barnes, of the U.S. Geological Survey, for Europe in latitudes which only became fitted for them in Miocene 
their discussion and criticism of the concepts presented times, 

.. 
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Dall and I-Iarris ( 1'892, p. 234-249) named the beds at 
Coal Cove and Ninilchik, Alaska, the Kenai Group 
(and on p. 249, the l(enai Series) and proceeded to ex­
tend this name to all beds of suspected Tertiary age 
throughout Alaska. Thus, the nrunes "l(enai Group," 
and "l(enai Formation" c::une for some years to be syn­
onynwus with nonmarine beds of suspected Tertiary age 
in Alaska, and "Kenai flora" to be applied to any Alas~ 
kan flora of suspected Tertiary age. Thus defined, the 
name "l(enai" was applied to beds now lmown to range 
in age from Albian to Pliocene. Although Dall and 
I-Iarris discussed the Alaskan Tertiary sequence under 
the heading "Miocene of the Kenai Group," they ac­
knowledged Gardner's view that the Atanikerdluk beds 
were of Eocene age and concluded (p. 252) that "it must 
be conceded that the view that the [Kenai Group] is of 
Eocene age does not seem unreasonable." 

Two years later, in a review of the fossil floras of 
Alaska, l(owlton (1894), was prepared to agree that 
those floras to which he assigned a Tertiary age repre­
sented the "Arctic Miocene" of Gardner (1879, p. 8) 
and that they corresponded to the Eocene of Europe as 
well as to floras of Fort Union age in the United States. 
In 1904, he placed a fossil plant collection from l(ukak 
Bay on the Alaska Peninsula (and by implication all 
other "l(enai floras") in the upper Eocene. 

The stratigraphic concept of the Kenai Formation 
was refined by Martin, Johnson, and 'Grant ( 1915), who 
presented the first systematic description of the Tertiary 
sedimentary rocks exposed on Kenai Penmsula. In 
the meantime, Martin and Katz (1912) mapped the Ter­
tiary sedimentary rocks of part of the Matanuska Val­
ley, subdividing them into the Chickaloon Formation 
and the Eska Conglomerate (of former usage). Floras 
from the Chickaloon Formation were diagnosed by 
I-Iollick (in Martin and J(atz, 1912, p. 49-52) as "A:rctic 
Miocene (Eocene)" and "probably Kenai." On tlus 
basis, ·Martin and l(atz stated (p. 5'2) :"The Chickaloon 
Formation is shown by its flora to be certainly Tertiary 
and probably Eocene. It is tl1e local equivalent of at 
least part of the Kenai Formation of Cook Inlet and is 
the approximate equivalent of the Tertiary coal-bearing 
beds which are present in many parts of Alaska." 
Martin and ICatz found no diagnostic fossils in their 
Eska Conglomerate; they stated (p. ·54) that "the only 
conclusion that can be drawn regarding its age is that 
it is certainly Tertiary and is possibly the equivalent 
of the Miocene conglomel'fttes that have been recognized 
at several places along tlw Pacific coast of Alaska." 

The name "ltenai flora·' continued for many years to 
be applied to Tertiary floras far beyond the limits of 
the l(enai Peninsula, but the name "l{enai Formation" 
gradually became restricted to Kenai Peninsula. Smith 

20(i.-78Q--06--2 

(in I-Iollick, 1936, p. 28) stated, for example, that "the 
name Kenai has been restricted to its more usual for­
mational sense and limited to beds dir~ctly connected 
with the l(enai beds in the type area [on Kenai 
Peninsula]." 

Hollick, in 19'36 in his exhaustive monograph on the 
Tertiary floras of Alaska, continued to treat all Alaskan 
floral material as though it were synchronous in age, 
saying (p. 21, 23) : · 

T·he most obvious fact in connection with the general facies 
of the flora is its unmistakable identity with the so-called Arctic 
Miocene flora of British America (Northwest Terptory), 
Greenland, Iceland, Svalbard ('Spitsbergen), New Siberia, Sak­
halin, and elsewhere in the holarctic region. This flora is now 
recognized as Eocene and is 'believed to 'be approximately equiva­
lent to the flora of the Fort Union and allied ·formations in the 
United States and the Canadian Provinces. 

• • • • • 
In view of the facts alJove set forth the general similarity 

of the Alaska Tertiary .flora to that of the Eocene in ·the ·States 
proper would appear to be demonstrated; but it may be objected 
that certain of the listed species also occur 1n strata more 
recent than the Eocene, that this fact has 'been 'ignored in the 
discussion of distribution and stratigraphy, ~nd that these 
species might indicate a later than Eocene age for the flora. 
Inasmuch, however, as such species are relatively few, and as 
certain of the Eocene species apparently ·persisted throughout 
Tertiary time ~nd are represented in our existing flora, it would 
be logical to infer that many species persisted into later Tertiary 
time 'before becoming extinct and would therefore be recognized 
as elements in Oligocene, Miocene, and Pliocene floras. 

Doubts were expressed as early as 1906 (Brooks, p. 
238) that rocks containing the so-called l(enai flora 
were all of the same age: 

At the type locality the Kenai is made up of only slightly 
indurated or entirely unconsolidated beds. The same terrane 
has, however, been identified in much more highly altered rocks 
which carry plant remains and also coal, such as those of 
Controller Bay, Matanuska River, and Cantwell River. These 
facts are difficult to reconcile, and it appears that the decipher~ 
ing of the Alaska Tertiary stratigraphy must await further 
investigations. It seems at least possible that the Kenai series 
of the Pacific littoral may include horizons younger or older 
than the Upper Eocene, and in any event that all the coal-bear­
ing beds of the Pacific coast province are not synchronous 
deposits. · · 

Brooks' doubts in 1906 were eventually confirmed by 
Barnes and Payne (1956) in a detailed study of the 
Tertiary sedimentary rocks exposed in the ''Vishbone 
Hill district of the Matanuska Valley. Their careful 
mapping showed that the Eska Conglomerate of Martin 
and Katz ( 1912) actually consists of two units sep-

. arated by an angular unconformity and having con­

. trasting degrees of lithification and structural com­
plexity. . Barnes and Payne ( 1956) proposed the name 
Wishbone Formation for the lower unit, which rests 
unconformably upon the Chickaloon Formation, and 
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the name Tsadaka Formation for the less consolidated 
and less deformed upper unit; the name Eska Conglom­
erate was abandoned ... They reasoned on structural and 
paleogeographic grounds that the Chickaloon and 
Wishbone· Formations are probabiy of Paleocene age. 
The Tsadaka Formation was thought to be Eocene or 
younger and to be correlative with the I\:enai 
Formation. 

Knowlton evidently had come to have some reserva­
tions around the turn of the century about the homoge­
neity of the so-called Kenai flora and. about the equation 
"Arctic Miocene= Eoc~ne." This doubt is shown by 
the presence of the word "Oligocene" in his handwrit­
ing on the labels of some of the Alaskan Tertiary fossil 
plant collections in the U.S. Nationall\fuseun:i. R. W. 
Brown, U.S. Geological Survey paleobotanist from 
1929 to 1959, also had occasionally expressed his belief, 
in conversation's, that floras of other than Eocene. age 
probably were included in the collections. However, 
Brown never undertook the thorough restudy of the 
Alaskan Tertiary fossil floras that would have been 
required to revise and refine their age assignments. 
Consequently, the I\:enai Formation was still assigned 
to the upper part of the Eocene Series by Barnes and 
Cobb (1959) in their careful .restudy of the stratig­
raphy of the Tertiary rocks in the Homer district. 

Wolfe began a· systematic reconsideration of the 
Alaskan Tertiary floras in 1960; some preliminary re­
sults were announced . by MacNeil, Wolfe,· Miller, and 
I-Iopkins (1961). They note~ that the dating of plant­
bearing Tertiary beds in Alaska has been hampered· by 
Gardner's old and still unproven· concept of the "Arcto­
Tertiary" flora and said, ,(p. 1802): 

However, evalu~Wm by Wolfe of new an·d old plant collections 
:from Alaskan rocks wh'ose age is determined by marine 'inverte­
brates clearly shows that floras of the same age in Alaska and 
in Oregon ·or Washington are similar on the specific level. In 
fact, except for the UbiquitOUS and long-r·angi:ilg conifers 'SUCh as 
Jf etasequoia, there i-s not one speCies known in both the ·Eocene 
flora of Alaska: ·and the Miocene flora of· Oregon.· Even on :the 
generic level, there'. is little resemblance behv.een these two 
fl:ora,s. Nearly all of the so-called "Arcto-Tertiary" genera are 
typical of the Oligocene ·and 'Miocene Alaskan floras ·rather than 
the Eocene. 

The preliminary study of the floras reported by Mac­
Neil, Wolfe, Miller, and Hopkins (1961) led to the con­
clusion that floras from Port Graham and Cache Creek 
(representing the Seldovian Stage of the present pa:. 
per) are "no older thai1 hite Oligocene." Studies of 
;Hollick's illustration led to the tentative conclusion 
that floras from the Kenai Formation at Homer ( repre­
senting the Homerian Stage of this report) were corre­
lative with those found in the Acila sAumardi zone of 
the Alaska Peninsula and thus of Oligocene age. Pollen 

studies by Paul Wesendunk were cited as demonstrat­
ing that the Tsadaka Forrn:ation is equivalent to some 
part of the Kenai Formatiol'l:. The Chickaloon For­
mation was thought to be of middle and early Eocene 
and possibly in part of ·Paleocene age. The prelimi-: 
nary conclusions reached in f961 ·are revl.sed and re~ 
fined in the present report. · 

Recent exploration. for petroleum and natural ·gas 
has shown that the Tertiary sequence _reaches thick~ 
nesses probably exceeding 18,000 feet and possibly 
reaching 25,000 .feet in some parts of the Cook IU:let 
lowland (Kelly, l963; Hill, 1963, 1966; Hazzard and 
others,' 1963). Petroleum geologists CO!flmonly apply 
the name ."Kenai Formation" to the entire Tertiary 
sequence in the Cook Inlet-Susitna· Low lands and the 
part of the Matanuska Valley that lies west o{ Moo~e 
Creek, although the sequence is said to contain. at least 
two unconformities (Hazzard and others, 1963); to 
include at least five thick sedimentary sequences of con­
trasting lithology (Kelly, 1963), and to include basal 
beds thought to he of· Paleocene age (IIazzard and 
others, 1963; Hill, 1966) ~ . . . 

In this. report,' we shall follow the current practice 
of applying the name Kenai Formation to ·a,n beds in 
the Cook Inlet region that are or· were probably once 
physically continuous· with the beds of the J{enai For-, 
mation exposed· in the type area. · The name Tsadaka 
Formation is, however; retained for ·those beds in the 
Wishbone. Hiil district to which the name Tsadaka 
Formation· was given by Barnes and Payne (1956). 
We wish to emphasize that other workers. (I{elly, 1963; 
Hill, 1963, 1966; Barnes,' 1966) have recognized several 
thick and distinctive .lithologic units within the Kenai 
Formation. Further. stratigraphic studies will prob­
ably result in the naming of several of these lithologic 
units as formations and ·thus in raising the Kenai ·For­
mation once again.to group s·tatus. The. paleobotanical 
studies reported.· here ~emonstrate that the Tsadaka 
F.ormation is equivalent to only a part of the· present 
Keriai Forma'tion; thus the Tsadal{a Formation pro~a­
hly will eventually. become a form-ation within a "ICer1ai· 
Group.'" · ·· · -· · · · - · 

The floras _ report"ed. here froiri the J{enai and the 
Tsadaka Formations indicate that the enclosing beds 
are mostly of Miocei1e and Pliocene age, although some 
beds of latest Oligocene age may be included. _Floras 
from the Chickaloon Formation indicate that the en-. . . 

· closing beds are of Paleocene age. The Chickaloon 
, and Wishbone Formations lie unconforn1ably below the 

Tsadaka Formation and contrast sharply with the 
Tsadaka in degree of lithification and complexity of 
structure. We suggest, therefore, that any beds in the 
subsurface that can be demonstrated to be of Paleocene 
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or Eocene age should be referred either to the Chicka­
loon or the Wishbone Formations unless they can be 
shown to lie conformably and gradationally beneath 
those parts of the Kenai Formation that contain N eo­
gene (Miocene and Pliocene) floras. 

GEOLOGY 

Most of the Cook Inlet region is underlain by igneous, 
volcani~, and sedimentary rocks of Mesozoic age; these 
rocks constitute the basement upon which the Tertiary 
sediments were deposited. The Matanuska Formation, 
the youngest part of the Mesozoic sequence, ranges in 
age from Albian to ~Iaestrichtian ( ~) (Grantz and 
Jones, 1960); it consists mostly of clastic marine sedi­
nlents. The Arkose Ridge Formation, which crops out 
in the southern Talkeetna Mountains just north of the 
Matanuska Valley, consists of coarse-grained clastic 
nonmarine sedimentary rocks of Albian or possibly 
Cenomanian age; it is possibly correlative with mollusk­
dated marine beds in the lower part o:f the Matanuska 
Formation (Grantz and Wolfe, 1961). 

The Tertiary sequence includes two older and more 
strongly lithified formational units-the Chickaloon 
Formation and the Wishbone Formation-and two 
younger and weakly lithified formational units-the 
l(enai Formation and the Tsadaka Formation. The 
Wishbone Formation rests conformably upon the 
Chickaloon Formation; both formations were deformed 
prior to deposition of the Irenai and Chickaloon For­
mations. The Tsadaka Formation rests with angular 
unconformity upon the Wishbone and Chickaloon For­
mations, and it evidently interfingers laterally with beds 
that are low in the Kenai Formation. 

The Chickaloon Formation is intruded by numerous 
dikes, stocks, and large sills in the eastern part of the 
~Iatanuska Valley. No intrusive rocks have been seen 
in the Wishbone Formation, but a small dike intrudes 
the overlying Tsadaka Forination at the eastern end of 
its outcrop area (Barnes and Payne, 1956, p. 23 and pl. 
2) . . At Castle ~fountain basaltic lava flows rest uncon­
formably upon conglomerate customarily correlated 
with the vVishbone Formation (Barnes, 1962a). 

The Tertiary sequence is covered throughout much of 
the Cook Inlet region by gl~cial drift of late Pleistocene 
age. The glacial cover is so extensive that exposures 
of the Tertiary rocks are largely limited to sea bluffs 
and to the walls of sharply cut stream valleys. 

PALEOGENE STRATIGRAPHY 

CHICKALOON FORMATION 

The Chickaloon Formation, named by ~1artin and 
Iratz (1912), consists of a sequence of nonmarine clastic 
sedimentary rocks at least '5,000 feet thick that is exposed 

in many places in the Matanuska Valley between Hicks 
Creek and Moose Creek ('fig. 3). The :formation is 
covered by younger Tertiary sediments west of Moose 
Creek, and the western limits of its distribution are not 
known. 

The Chickaloon Formation appears to rest uncon­
formably upon the Matanuska Formation of Creta­
ceous age in exposure on Anthracite Ridge (Waring, 
1936, p. 11-12, 17} and in the valley of Wolverine Creek 
(Grantz and "\Volfe, 1961, p. 1765); it may lie con:fonn­
ably upon the Matanuska Formation near the mouth of 
Moose Creek and in the Knob Creek area (Barnes, 
196'2b). The Chickaloon Formation is conformably 
overlain by the Wishbone Formation. 

Small stocks, large sill-like bodies, and narrow dikes 
intrude the Chickaloon Formation. These intrusive 
bodies are especially abundant in the eastern part of the 
Matanuska Valley; they are rare in the Moose Creek­
Eska Creek area (Barnes, 1962a) . 

The Chickaloon Formation consists of interbedded 
claystone, siltstone, feldspathic sandstone, and con­
glomerate and includes many beds of bituminous coal in 
the Moose Creek, Eska Creek, and Chickaloon areas. 
Most of the coal beds in the Moose Creek-Eska Creek 
area are in the upper 1,400 feet of the formation (Barnes 
and Payne, 1956, p. 14); those in the Chickaloon area 
appear to lie about midw::ty between the top and bottom 
of the formation (Capps, 1927, p. 42). Carbonate con­
cretions and thin beds of fresh-water limestone are 
scattered throughout the formation. 

Thick beds of conglomerate are a major component of 
exposures of the lower part o:f the Chickaloon Forma­
tion near the Chugach Mountain :front in the vicinity of 
Wolverine Creek and along the base of Arkose Ridge 
northwest of Moose Creek, but conglomerate beds are 
scarce in the lower part of the Chickaloon Formation 
adjoining the Castle Mountain :fault northeast of Moose 
Creek (Barnes, 1962a, Barnes and Payne, 1956, p. 15) . 
The basal part of the :formation in the Anthracite Ridge 
area consists o:f thick-bedded greenish-gray sandstone 
and a poorly defined pebbly sandstone which may repre­
sent a basal conglomerate containing well-rounded peb­
bles of quartz and chert in some places and angular 
pebbles of shale presumably derived from the Mata­
nuska Formation in others (Waring, 1936, p. 12-13). 
Higher parts o:f the Chickaloon Formation contain only 
a few lenses of pebble conglomerate that grade laterally 
into pebbly sandstone. Pebbles in the conglomerate 
beds consist mostly of quartz, chert, and fine-grained 
igneous and metamorphic rocks. Pebbles of granitic 
rocks are scarce or entirely lacking in most exposures; 
however, some of the conglomerate beds exposed north­
west of Wolverine Creek are rich in granitic pebbles 
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(F. F. Barnes, unpub. data), and the Tertiary rocks 
exposed in Fishhook Canyon of the Little Susitna River 
just south of the Castle 1\'lountain fault consist mostly of 
conglomerate rich in granitic pebbles and cobbles. 
Barnes (1962a) mapped the granite-rich conglomerate 
in Fishhook Canyon as representing a western extension 
of the Chickaloon Formation. This interpretation is 
adopted on figure 3, but the granite-bearing conglomer­
ate in Fishhook Canyon may represent the basal part of 
the Neogene sequence and may be an extension of the 
Tsadaka Formation. 

Barnes and Payne ( 1956, p. 44) suggested that the 
Chickaloon Formation was derived from areas far to 
tho north o:f the present northern margin of the Mata­
nuska Valley. The abundance of coarse-grained con­
glomerate in exposures of the Chickaloon Fonnation 
adjacent to the Chugach ~fountain front suggests that 
tho Chugach 1\iountains may also have been a majm· 
source of sediment during Chickaloon time. 

FLORA AND AGE 

'Ve have obtained megafossil floras from the follow­
ing locations: the coal-bearing sequence exposed in 
strip-mining pits in the Moose Creek, Eska Creek, and 

Knob Creek areas (locs.1 9870-9873 and 9881, table 1 and 
fig. 3) ; beds exposed in the bluffs along the north bank 
of the ~iatanuska Rl.ver just west of the 1nouth of Moose 
Creek .(loc. 5892); the canyon of Wolverine Creek (loc. 
987 4) ; and beds exposed along the old alinement of the 
Glenn IIighway just west of Packsaddle Gulch (loc. 
9877). The flora from locality 9870 was obtained from 
the Burning Bed coal group, and the flora from locality 
9881 is a composite collection from several horizons 
within and between the Premier and Jonesville coal 
groups; these floras represent ithe upper 800 feet of the 
Chickaloon Formation (Barnes and Payne, 1956, pl. 6). 
The floras obtained from strip-mining pits at localities 
0872-9874 arc in a structurally complex area in which 
individual coal groups cannot be continually traced 
(Barnes, 1962b), but the floras are thought to represent 
the same illlterval. The Matanuska Bluffs flora was 
obtained at the base of a 1,500-foot sequence that proba­
bly lies entirely below the coal-rich upper part of the 

1 All locality descriptions are given under sections on "Fossil-plant 
localities" and "ll'ossil-mollusk localities." In tbis report 4-digit num­
bers are USGS Paleobotany localities (except locs. 10002 and 10003) ; 
4-diglt numbers preceded by the letter "D" are USGS localities, Denver 
<!ntalog; and 5-digit numbers are USGS Cenozoic localities. 

TARI.J~ !.-Partial checklist of flora from Chickaloon Formation in Alaska, showing occw-rences of species in other selected areas 

[Generic names In quotation marks indicate that the species are invalidly assigned to those genera] 

Species 

Chickaloon Formation 
Chignik 

Locality 
Bay, 

Alaska 
1----.---..,--~--.,.---:---:--..--l Peninsula 

9877 9874 5892 9881 9870 9873 9872 9871 

Hamilton 
Bay, Fort Union Upper 

Kupreanof Forma- Atanikerd-
Isiand, tlon, High luk flora, 

southeast Plains Greenland 
Alaska 

------------------------1·-------------------------1----·1-----
Anemia elongata (Newb.) KnowL _________________ X ________ ---- ____ ---- ________ -------- -------- X --------
Dennstaedtia americana Know!_ ___________ ._ _______________________ ---- X ---- ---- -------- -------- X X 
Jf ymenophyllum confusU?n Lcsq __ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X ________________ -- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______ _ 
Onoclea hesperia R. W. Br _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X X _ _ _ _ _ _ _ _ X X X 
Osm1mda macrophylla Penh _____ -_-______________ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______ _ 
Glyptostrobus nordenskioldi (I-Ieer) R.·w. Br ___________ X X X X X ____ X X X X X 

• Metasequ,oia occidental1:s (Newb.) Chan_-'---------·- ---- X X X X X X X X X X X 
Alismaphyllites grandifolius (Penh.) R. W. Br ______ ---- ---- ____ X ____ ---- ____ X -------- -------- X --------
Carya antiq1tora Newb ______________________________________ X X ____ X X cf. X X --------
l'terocarya SP---------------------------------- ____ ---- ________ X ____ ---- ____ -------- -------- -------- --------
Co?nptonia sp_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X ---- ---- ---- X -------- -------- ------ __ --------
Corylites fosteri (Ward) BelL _____________________ ---- X X X ---- ---- ____ ---- -------- -------- X cf. 
Quercophyllum groenlandicus (Heer) Koch __________ -------- X ---- ---- ---- ---- ---- X -------- X X 
''Planera" microphylla Newb ______________________ ---- ---- X X ---- X ---- X -------- X X --------
Cocculusflabella (Newb.) Wolfe ___________________ ---- X ____ X X X X X X -------- X X 
Trochodendroides serrulata (Ward) Wolfe ____________________________ X ____ X ____ X -------- X cf. 
Hamamelites inaequalis (Newb.) R. W. Br _____________________ X ____ ---- ________ -------- -------- -------- --------
Sinotvilsonia BP--------------------------------- ---- X ---- X X ---- X ---- -------- -------- -------- --------
M acaranga sp __________________________________ -- ___ - ___ --- X ---- ---- ---- ---- -------- -------- -------- --------

BP---------------------------------------- ---- ---- ---- X ---- ---- ---- ---- -------- -------- -------- --------
11Plcro.spermiles" sp. cf. "P." dentat1.ts Heer _____________________ X ________________ --------------------------------
M elanolepis sp _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ X _ - - - - - - - - - - - - - - - - - - - - - - - - - - _ - _ _ _ - - - - - - - - - - - - -- - -
"Sapindus" a.ffinis Newb ________________________ ---- ---- X X X X ---- X -------- -------- X --------
Acer sp _____________________________ - _ - _ - _ _ _ _ _ _ _ - - _ - - - - - - - - - - - _ X -- - - - - - - - - - - - - -- - - - - - - - - - - -- - - - - - - - - - - - - - - - -
Decostea sp _________________________________________ --- - _- _ X X X X ---- _------- --- _-- _- __ ------ _----- _-
11 Piper" chapini Roll _________________ -----_----- ---- ---- ---- X ---- ---- ---- ---- -------- -------- -------- --------
Gretviopsis auriculaecordahts (I-I oil.) Wolfe ___ .. -____ _ _ _ _ X ---- X X X X ---- X X X X 
Dicotylophyllum alaskamtm (Holl.) Wolfe _______________________ X X ____ X ---- -------- X -------- cf. 
Dicolylophyllumjlexuosa (Ncwb.) Wolfe ___________ ---- ____ X X ---- ---- ---- ---- X X X cf. 
Dicotylophyllum richardsoni (Heer) Wolfe ______________________ X X ---- X ---- -------- -------- X X 
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Chickaloon Formation represented by the floras from loon and Atanikerdluk ~oras is similar, and at least H) 
the strip-mining pits (Barnes and Payne, i956, pl. 6), species are common to both floras. The resemblance 
although the actual height of the horizon above the base between the Chickaloon and the Fort Union floras is 
of the Chickaloon Formation is unknown. The W ol- considerably str9nger. ·of the 36 well-defined species 
Verine Creek flora was collected in a siltstone bed inter- reported here from the upper part of the Chickaloon 
stratified with conglomerate and lying about 1,000 feet Formation, 18 are also known from· the Fort Union. 
above the base of the Chickaloon Formati9n. The None of the species_ that occur in the Chickaloon Forma­
stratigraphic position of the ·Packsaddle Gulch flora is tion contradict a Paleocene age. 
unknown. In the latest correlation chart of the Alaskan Terti-

. The discussion that follows is based on a study of ary (MacNeil and others, 1961) rocks of Paleoce;ne age 
some of the elements in these floras. We also obtained were definitely recognized only in the Sagavanirktok 
small megafossil floras from several localities in the Formation north of the Brooks Range, but the present 
Chickaloon River area, but these localities have not study has resulted in the recognition of the Paleocene 
added any species not recognized in the l\fatanuska Series in several other areas in Alaska. The fQssil 
Bluffs and Wishbone Hill material and are not discussed floras from Hamilton Bay on Kupreanof Island in 
here. Pollen floras recovered from the Chickaloon southeastern Alaska (locs. 3652, 4389, 4391, 4392, 7474, 
Formation thus far are small and poorly preserved; they 7565) and from Chignik Bay (locs. 3519, 3522, 3523) on 
have been given only a cursory examination and are the south side of the Alaska Peninsula contain several 
not discussed here. species also found in the Chickaloon Formation (table 

The most diverse and best preserved floras in the 1). The Chignik Bay collections came frmn a series of 
Chickaloon Formation are those that occur in the ·upper rocks that rest with an. angular unconformity on the 
part in the Moose Creek-Eska Creek-Knob Creek area. Campanian and Maestrichtian (Late Cretaceous) 
These floras have many species in common, and some of Chignik Formation (C. A. Burk, oral corm:nun., May 
these species are diagnostic of Paleocene floras in other 1963) · Much of the Tertiary sequence in the Eagle­
parts of the world. The Matanuska Bluffs and Wol- Circle district in east-central Alaska is also probably 
verine Creek floras do not differ· greatly from floras in· of Paleocene age ( locs. 8680, 8681) . · ~ 
the upper part of the Chickaloon Formation and also The Chickaloon flpras probably grew in a subtropical 
contain some diagnostic Paleocene species. The Pack- or·warm-temperate Climate. Although the questionable 
sa,ddle Gulch flora is considerably different from the. _.familial relationships of many of the Chickaloon genera 
other floras, but it contains at least two ferns known make it difficult to draw conclusions from Recent dis­
from the Fort Union Formation of Paleocene age in the tributions, ·almost 50 percent of the Chickaloon species 
northern Great Plains. Thus, the Chickaloon Forma- has entire margins, indicating a warm-temperate or a 
tion appears to be entirely. of Paleocene age. subtropical climate. Dennstaedtia, M acaranga, Melano-

Several of the most characteristic species of the lepis, and the fan palms grow today in warm climates. 
Chickaloon flora are listed in table 1. As can be seen The presence of Metasequoia, Oarya, and .Acer does not 
fron1 that table, many of these forms are widely dis- contradict this conclusion; the distributions of both liv­
tributed in Paleocene rocks. Dennstaedtia americana, ing and fossil species of. these genera indicate that all 
Onoclea hesperia, Trochodendroides serrulata, "Plan- have been represented in subtropical and warm-temper­
era;' microphylla, 0 arya antiquora, Quercophyllum ate floras during some part of Cenozoic time. 
groenlandicus, Diootylophyllum flewuosa, .A·nemia elon- FRESH-WATER MOLLusxs 

gata, and Hymenophyllum confusum are restricted to Fossil fresh-water mollusks were found in the Chick-
beds of Paleocene age outside of Alaska and thus are aloon Formation in several places, but only those from 
valuable indices to this epoch. USGS Cenozoic locality 23367 on the Chickaloon River 

The Paleocene floras that most resemble the Chicka- were preserved well enough for identification. D. w. 
loon flora are the Fort Union flora of the northern Taylor determined the following gastrppods: Bellamya 
Great Plains (Brown, 1962) and the Upper Atanikerd- westoni (Tozer)~; Oampeloma edmonton_en~e Tozer; 
luk flora of northwestern Greenland (Heer, 1868). Thiaridae?, indeterminate. 
The Paleocene age of the Fort Union Formation is well The two forms identified to species are previously 
established on the basis of fossil mammals (Wood and knowri only from Maestrichtian beds in --w~lern Alberta 
others, 1941), and the Atanikerdluk flora is well dated but, according to Taylor, cou.ld well have longer tim~ 
by its stratigraphic relationship with beds containing a ranges. Ecologically, the mollusks add little informa­
rich marine molluscan fauna of early Paleocene age tion; both genera have extant species that live in warm­
(Koch, 1959, 1963). The general aspect' of the Chicka- .. temperate to tropical climates. 

... 
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WISHBONE FORMATION 

The Wishbone Formation, named by Barnes and 
Payne ( 19.5·6) , consists of a sequence 2,000 to 3,000 feet 
thick of coarse-grain,ed clastic nonmarine sedimentary 
rocks exposed at "\Vishbone IIill (between Moose Creek 
and Eska Creek) (fig. 3) . The Wishbone Formation 
rests con.fo.rmably and gradationally upon the Chicka­
loon Formation. . It "consists chiefly· of conglomerate, 
but incl,u.des many interbeds of ~rossbedded feldspathic 
su.ndstone, ~ few lenticular beds of siltstone, and some 
cl.aystone. Th~ co~1glomerate consists of firmly ce­
mented pebbles of fine-grainedigneous and metamor­
phic rocks, chert, vein quartz, and jasper in a sandy 
matrix" ( B~q1es, i962a) . Pebbles of granitic rocks 
are scarce. Barnes ( 1962a) assigned conglomerate beds 
overlying the Chickaloon Formation at Castle Moun­
tain to the Wishbone Formation, although, because fos­
sils .are lacking, the possibility ca1mot be excluded that 
these beds are more nearly correlative with the Miocene 
'rsadaka Formation. At Castle Mountain, the conglom­
erate assigned to the Wishbone consists of "alternating 
beds .of conglomerate 5 to 50 feet or more in thickness 
and arkosic sandstones that range froin a few in~hes to 
40 feet. The ba.sal portion of the conglomerate is coarse 
and contains pebbles as much as a foot in diameter. The 
pebbles consist mainly of igneous materials, including 
acidic porphyry,. fine-grained basic rocks, granite, and 
diorite, as well as .quartz, greenstone, and metamorphic 
rocks of various types" (Capps, 1927, p. 45). 

The "\Vishbop.e Formation and the overlying Tsadaka 
For1nation were originally included in the Eska Con­
glomerate of Martin and Katz (1912), but Barnes and 
Payne ( 1956) showed that the two formations differ 
in degree of lithification and sti·uctural complexity, that 
granitic pebbles are scarce in the vVishbone Fonnation 
at 'Vishbone :Hill and abundant in the Tsadaka Forma­
tion, and that the two formations are separated by an 
angular 'unconformity. The 'Vishbone Formation has 
not yielded identifiable fossils; however, it is thought 
to be at least partly of Paleocene age because it rests 
conformably· and gradationally upon the Chickaloon 
Formation. Some Eocene rocks may also be included. 
The Tsadaka Formn,tjon is of ~Eocene (Seldovian) age, 
as is shown in later paragraphs. 

NEOGENE STRATIGRAPHY 

KEN AI ·AND TSADAKA FORMA'£10NS 

The l{enai and Tsadaka Formations occupy. a roughly 
elliptical basin (the· Shelikov trough of Payne, 1955) 
extending frorb. the vicinity of the Peters Hills south­
ward to and beymid Seldovia and Cape Douglas (pl.1). 
The ·Kenai Formation con.sists chiefly of sandstone, 

siltstone, and claystone in the. central part of the·basin 
a~d a~so in some marginal areas. Coal or lignite beds 
are .extrein~ly abundant ill some parts of the sequence. 
Beds aiid lenses of'pebbly sandstone or pebble conglom~ 
erate are scattered sparsely through the sequence 
throughout the. basin. The Tsadaka Formation con­
sists chiefly of conglomerate and coarse-grained 'sand­
stone in ·the Wishbone Hill district, but Barnes and 
Payne ( 1956) also referred to the Tsadaka Formation 
a 1,000-foot sequence of predominantly sandy-textured 
rocks containing only a few interbeds of conglomerate 
found in exploratory holes driiled by the Geological 
Survey in 1932 about a mile· west of the head of Tsadaka 
Canyon ("\rVadng, 1934). The paleobotanical studies 
described in this report confir1n that the beds found in 
the Geological Survey drill 'holes are approximately 
the same age as the Tsadaka· Formation. 

· The thick conglomerate sequence of the Ts.acln,ka For­
mation constitutes a major part of the Neogene section 
at the margin of the basin in the Wishbone Hill district, 
and thick unnamed sequences of conglomerate are pres­
ent in the l(enai Formation-possibly at several strati­
graphic levels-in· a marginal belt extending along the 
west edge of the Cook Inlet region from the vicinity· of 
the Peters Hills southward to at least the vicinity of 
Chinitna Bay. Conglomerate beds form a relatively 
minor part of the l{enai Formation in exposures along 
the south shore of I\:achemak Bay. No published infor­
mation is available concerning the lithology of the 
l{enai Formation at the· perimeter of the basin in other 
areas. 

The best exposures of the margirial parts of the I\:enai 
Formation n,re those found in several places along the 
south shore of l{achemak Bay between Port Graham 
and a poin't 5 miles nor;theast of Seldovia. Seclimen­
tary rocks of the l{enai Forma,tion there bury a rugged 
topography carved in sedimentary and volcanic rocks 
of Jurassic age and having a local relief of at least 100 
feet. The small · ex.posures of the l{enai Fonnation 
between Seldovia and Port Graham consist of places 
where the present shoreline intersects a narrow, steep­
walled northeast-trending canyon cut in the Jurassic 
rocks and subsequently filled with Neogene clastic sedi­
ments (pl. 1); the exposures northeast of Seldovia ap­
par~ntly represent material filling a somewhat larger 
eroswnal valley or basin to which the buried canyon 
may have been tributary. The Neogene clastic sedi­
ments ih these exposures along the · south shore of 
Kachemak Bay ·consist of sandstone~ siltstone, and clay­
stone with a fe\v thin lignite heels. These grade into 
masses of conglomerate and taluslike· or colluvimnlike 
breccia in zones a few tens to· a few hundreds of feet 
wide adjoining the buried· slopes carved in the Jurassic 
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rocks. These relationships are well illustrated in fig­
ures 1 and 2 of Martin, Johnson, and Grant (1915) al­
though these authors interpreted as fault breccia the 
fossil talus or colluvium shown near the left and right 
margins of their figure 2. 

In the western Matanuska Valley and along the west 
margin of the Cook Inlet region, thick masses of N eo­
gene conglomerate adjoin modern steep mountain slopes 
underlain by older rocks. The presence of this con­
glomerate and of rugged topography buried beneath 
sediments of the ICenai Formation near Seldovia sug­
gests that the original basin in which the Neogene rocks 
were deposited may not have been much larger than 
the area presently underlain by the Kenai and Tsadaka 
Formations. 

Kelly ( 1963) distinguished five lithologic zones in 
wells penetrating the Kenai Formation in the central 
part of the basin. From top to bottom, these include his 
zone 1, about 5,000 feet thick, composed of massive sand 
beds; zone 2, several thousand feet thick, composed of 
sandstone, shale, and lignite; zone 3, several thousand 
feet thick, composed of siltstone, shale, and low-rank 
coal; zone 4, the "Hemlock producing zone" of local 
petroleum geologists, composed chiefly of conglomerate 
and sandstone and having a total thickness of about 700 
feet; and zone 5, consisting of several hundred feet of 
siltstone and shale. 

Hill (1963, p. 197) indicated that the upper massive 
sand sequence (Kelly's zone 1) is characterized· by 
pollen assemblages rich in birch and alder and that the 
sandstone, shale, and lignite or coal sequence below 
(ICelly's zones 2 and 3) is characterized by pollen as­
semblages containing elm and hickory. ' ICelly's zone 1 
of massive sand beds contains several large accumula­
tions of methane gas on both the east and west sides of 
Cook Inlet (Kelly, 1963) ; gas has also been obtained in 
a thick sandstone zone within Kelly's zone 2 (Hill, 1963, 
p.197). Kelly's zone 4, the "I-Iemlock producing zone," 
yields petroleum in the Swanson River oil field of north­
western Kenai Peninsula and in several newly dis­
covered oil fields on and near the northwest shore of 
Cook Inlet. ICelly suggested that the "Hemlock pro­
ducing zone" corresponds to the Chickalon Formation, 
and Hill assigns a Paleocene ( ~) age to some part of the 
ICenai Formation found in the subsurface, but no 
paleontological substantiation for these age assignments 
has been published. 

Sections of thick sequences of Neogene rocks based on 
surface exposures have been measured for the l{enai 
Formation only in the area between Swift Creek and 
Clam Gulch by Barnes and Cobb (1959). They have 
described a stratigraphic section approxiinately 5,000 
feet thick in the area extending eastward from Anchor 

Point along the north shore of Kachemak Bay and 
another stratigraphic section approximately 2,000 feet 
thick in exposures along the east shore of Cook Inlet 
between Cape Starichkov and Ciani Gulch. Their Cape 
Starichkov-Clam Gulch measured section lies mostly 
above their· Kachemak Bay measured section, but the 
lower part may include some rocks correlative with the 
highest part of the Kachemak Bay measured section. 
The ICachemak Bay measured section consists of a 
lower, predominantly fine-grained sequence in which 
the clastic beds are strongly lithified and the organic 
beds consist of subbituminous coal and an upper sandy 
sequence in which the clastic beds are only weakly lithi­
fied and in which the organic beds consist of lignite. 
Only the weekly lithified sandy and lignitic sequence is 
represented in the Cape Starichkov-Clam Gulch meas· 
ured section. Lithologic comparisons, comparisons in 
the rank of coal beds (Barnes, 1962c) , and comparison 
with the character of the pollen floras summarized by 
Hill (1963) all suggest that Barnes and Cobb's upper 
weakly lithified sandy and lignitic sequence corresponds 
to ICelly's zone 1 and Hill's "birch-alder zone." Barnes 
and Cobb's lower well-lithified coaly sequence probably 
corresponds to ICelly's zone 2 and part of his zone 3 
and to part of Hill's "elm-hickory zone." 

STRUCTURE AND TECTONICS 

The boundaries of the area underlain by Tertiary 
rocks in the Cook Inlet region (pl. 1) appear in most 
places to represent the outcrop of the unconformity that 
separates the Neogene sequence from older rocks. 
I-Iowever, the basin is bounded by the Castle Mountain 
fault along the north side of the western Matanuska 
Valley and by minor faults in several other localities. 
A major fault may also constitute the south boundary 
of the basin between ·ICnik Arm and l{achemak Bay. 
In that area, a nearly linear escarpment that is probably 
a fault scarp separates the pre-Tertiary rocks exposed 
in the rugged Kenai·Chugach Mountains from the low­
lands to the northwest which are apparently underlain 
by the Kenai Formation. 

The basin containing the Kenai Formation is divided 
into a deep southeastern segment and a shallow north­
western segment by a major structural discontinuity 
consisting of the Bruin Bay fault, the Moquawkie mag· 
netic contact, and the part of the Castle Mountain fault 
that lies east of Theodore River (Grantz and others, 
1963). Paleobotanical correlations suggest that areas 
south and east of this major structural discontinuity 
were subsiding much more rapidly than areas to .the 
north and west while the Neogene sedimentary rocks 
were accumulating because the individual provincial 
stages defined in this report appear to be represented by 
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much thicker stratigraphic sequences south and east of 
the discontinuity than to the north and west. The 
Bruin Bay fault and the Moquawkie magnetic contact 
may no longer be active structural features, but the part 
of the Castle Mountain fault that lies east of Theodore 
River has undergone movement within late Quaternary 
time; its trace across the Susitna valley is marked in 
many places by scarplets that transect morainal fea­
tlues of the Naptowne ("classical" Wisconsin) Glacia­
tion (1\::arlstrom, 1964). 

Superi1nposed upon the major basinal structure are 
several broad, gentle northeast-trending folds having a 
structural relief of several thousand feet. Dips on the 
flanks of these folds as seen in surface exposures and in 
published cross sections of subsurface structural fea­
tures (Parkinson, 1962; Hill, 1963) are generally less 
than 10°. Tl{~ larger folds northwest of the Castle 
Mountain-1\foquawlde-Bruin Bay structural discontinu­
ity are expressed in the landscape by large, rounded 
mountains such as Mount Susitna and the Peters Hills 
(pl.1) that are composed of pre-Tertiary rocks and that 
1·epresent the exhumed cores of anticlines involving the 
Neogene rocks. Comparable folds are present in the 
deeper part of the basin to the southeast of the Castle 
1\fountain-Moquawkie-Bruin Bay structural disconti­
nuity, but their cores remain deeply buried beneath a 
thick cover of Neogene and Quaternary sediments 
(Kelly, 1963). Some of these :folds were already grow­
ing while the 1\::enai Formation was accumulating. De­
hiiled. correlations between development wells in the 
Swanson River oil field show that individual strati~ 
graphic units thin over the crest of the low anticline 
there (Kelly, 1963, p. 296; Parkinson, 1962, p. 182). 
'ropographic anomalies on surfaces underlain by sedi­
ments of Quaternary age suggest that some of the anti­
clines may still be active (1\::elly, 1963, fig. 9; Hill, 1963). 

Smaller folds and small high-angle faults are super­
imposed upon the larger structural features in some 
areas. Small, steep, closely spaced folds in the Kenai 
Formation exposed in Cache Creek valley near localities 
9867 and 9868 (pl. 1) may represent landslide masses. 
Bari1es (1966) noted similar small areas of extremely 
disturbed structural features along the walls of valleys 
cut deeply into the Kenai Formation northwest of Cook 
Inlet. Elsewhere, the small faults that cut the I\:enai 
Formation typically have displacements of no more 
than a few ·tens of :feet. Minor faults in the Swanson 
River oil field appear to show increasing displacements 
with increasing depths (Parkinson, 1962, p. 182). This 
observation suggests that the faults were developing 
while. the 1(enai Formation was being deposited as was 
the major anticline upon which they are superimposed. 

206-780---6~ 

PROVINCIAL STAGES 

Surface exposures of the Kenai Formation contain 
abundant fossil leaf floras of varied character. Some of 
the differences among the local fossil leaf floras reflect 
diffe1~ences in the ecological conditions that prevailed 
nearby when the enclosing sediments were deposited. 
F~r example, fossil floras collected in the central part of 
the basin are generally poorer in species and genera than 
:fossil floras collected at approximately the same strati­
graphic level near the margin of the basin. Floras :from 
the central part of the basin consist largely of taxa 
whose nearest living relatives thrive in pond, swamp, 
and flood-plain enviroments; floras collected nearer the 
basin margin contain a better representation of the taxa 
that gre'v best in the varied sites available in a well­
chained envi~onment. · However, certain consistent difw 
ferences among the local fossil leaf floras are clearly 
correlated with differences in stratigraphic position 
within the Kenai Formation and are thought to reflect 
differences in the age of the enclosing beds. For 
example, beds low in the exposed part of the Kenai 
Formation contain leaves of species of .A.l!nus and Salim, 
among other genera, that appear to be ancestral to some 
of the species of Alnus and Saliw represented by leaves 
in higher beds of the formation. Beds low in the 
exposed part of the formation contain varied floras of a 
generally warm-temperate character, but beds high in 
the formation contain floras closely related to the 
present depauperate Hudsonian and Boreal forest of 
southern and central Alaska. 

Pollen floras obtained from the I\:enai Formation also 
show differences that are correlated with approximate 
stratigraphic position· and that therefore reflect evoluw 
tionary changes in the regional vegetation, as well as 
differences that can be correlated with geographic posi­
tion within the basin. Differences due to geographic 
position are less conspicuous in the pollen floras than in 
the leaf floras because some pollen types can be trans­
ported long distances by wind; consequently, upland 
plants are commonly represented by a few pollen grains 
in samples from positions in the central part of the basin 
where _leaves of upland plants are entirely lacking in the 
megafossil collections. In spite of this :fact, the pollen. 
floras are less useful than the leaf floras for age deter­
mination because pollen grains generally can only be 
distinguished at the generic level, whereas well­
preserved leaves can generally be distinguished at the 
species level. Our age determinations based on pollen 
samples taken from the l{enai Formation during the 
present study must depend more upon the abundance 
and variety of exotic genera than upon t~e preSence _or 
absence of taxa known to have a narrowly restricted' 
stratigraphic range. Furthermore, pollen· grains are· 
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readily eroded and redeposited, and reworked pollen 
grains comn1only are not distinguishable from grains 
derived from plants living at the time tha.t the enclosing 
sediments were deposited. Consequently, the presence 
at a given stratigraphic level of single grains of pollen 
of exotic taxa cannot be interpreted confidently as evi­
dence that those taxa were living in the area when the 
enclosing beds were laid down. In spite of these reser­
vations, our preliminary palynological studies generally 
have confirmed and amplified the stratigraphic results 
of our studies of the megafossil floras. 

Three time-stratigraphic units can be recognized 
within the Kenai Formation on the basis of the fossil 
leaf floras they contain. The lowest of these three 
units contains widespread floras much like the floras 
cqntained in beds of comparable age in Oregon, Wash­
ington, and Japan; we can state confidently that this 
unit includes beds of early or middle Thiiocene age. be­
cause its floras include taxa diagnostic of approxi­
~ately the first half of the ~Iiocene Series. Floras 
within the two higher time-stratigraphic units become 
increasingly provincial and are more difficult to place 
within the framework of Pacific Basin upper Miocene 
and Pliocene stratigraphy. Nevertheless, Neogene beds 
h1 1nany othei.· areas in Alaska can be correlated with 
one or ai1other of the three time-stratigraphic units 
recognized within the l(enai Forri1ation because they 
contain similar floras. Thus, these three units provide 
a useful standard on ·which to base correlations and 
age assignments within Alaska and probably within 
adjoining parts of Siberia and northwestern Canada. 
J?or these reasons, the three time-stratigraphic units 
are defined and described on the following.pages as the 
Seldov ian ( 0 ligocene ~ and Miocene) , Homerian ( Mio­
cene and Pliocene ~) , and Clamgulchian ( ~iiocene ~ and 
Pliocene) provincial stages. 

The Tsadaka Forn1ation contains a flora diagnostic 
of the Seldovian Stage, an indication that the forlna­
tion is equivalent in age to the oldest part of the Kenai 
Formation found in surface exposures. The lowest 
part of the Kenai Formation ·penetrated in petroleum 
exploration wells, however, may consisf of beds that are 
not present in any surface exposures from which we 
have floras and that may be appreciably older than the 
Seldovian Stage. Our paleobotanical studies indicate 
that beds belonging to the Seldovian Stage can be dis­
tinguished by their contained leaves from beds of Oli­
gocene age on Sitkinak Island and in the Gulf of 
Alaska, as "\vell. as in Oregon and 'V ashington (see 
'Volfe, 1966). Some of the lowest beds found· in sub­
surface penetrations of the Kenai Formation mav be of 
Oligocene age or older. " 

Seldovian Stage 

DEFINI'l'ION 

The Seldovian Stage is proposed as a provincial time­
stratigraphic unit that encompasses all plant-bearing 
strata in Alaska and in adjoining parts of the _sat-q.e 
ancient floristic province that are of approximately the 
same age as those parts of the l{enai Formation repre­
sented in the type section along the Chuitna River and 
near Capps Glacier and in the reference section near 
Seldovia Point, 2 n1iles north of Seldovia. R.ocks 
belonging to the Seldovian Stage are ·recognized pri­
marily on the basis of the fossil floras that they contain. 
The stage is named after Seldovia Point because strata 
of the J(enai Formation exposed in sea cliffs lf2 to 3 
miles east of Seldovia Point on the south shore or 
I\:achemak Bay contain an especial1y rich flora tha~ 
includes most of the elements upon which recog1~ition of 
the Seldovian Stage is based. These exposures, briefly. 
described by ~iartin (in Martin and others, 1915, p. 82). 
do not display either the top or the bottom of the Sei­
dovian. Stage; they are therefore designated as a refer-· 
eilce section rather than a type section. The type sec~ 
tion of the Seldovian Stage is designated as the 
sequence of strata of the Kenai Fonnation that is ex­
posed on the flanks of the ridge south of Capps Glaci~r 
and along the walls of the upper valley of the Chuitna 

. River downstream to the position of our locality D1949 
(pis. 1 and 2.) . · 

The top of the Seldovian Stage is de~ignat.ecl in the· 
type section. as lying at the level of. the coal bed from 
whicli our pollen specimen D1949 was collected. This 
speci1nen contains a typical Seldovian· polle1i flora. A. 
calcareous siltstone bed lying stratigraphically about 50 
feet above this coal bed and represented by our locality 
9844 contains a leaf flora typical of those contained in 
rocks of the Hmnerian Stage. 

'V e are not prepared at this time to define the base 
of the Seldovian Stage with precision. Recog11izably 
older flor~ are not known below the type section or i:p. 
any other surface exposures· of the l{enai Formation 
of which we are a ware. On Sitkinak Island, however, 
fossil plants have been collected frmn a coal-bearing 
unit that conformably underlies marine rocks of earliest 
~iiocene ("late Bhtkeley") age (G. W. Moore, written 
commun., Oct. 19, 1964; F. S. MacNeil, written com­
nlun., Sept. 12, 1962) .. A small collection in the posses-· 
sion of 1\-fr. C. E. Nickles of King Sahnon, Alaska, 
obtained from very near the highest part of the coal­
bearing rocks, contains the characteristic lower( n Sel­
clovian species Alnus evidens. Another collection (loc. 
10002), from about 2,000 feet stratigraphically below 
the Nickles locality, contains Aln~ts n.sp. aff. A. evidens. 
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A third collection ( loc. 10003) con1es from a locality 
that is thought to be at or below the horizon of locality 
10002; this third collection contains Alnus n.sp. aff. 
A. evidens, Oa'rpinus n.sp. aff. 0. cappsensis, and Oer­
cidiphyllun~ crenatum. The first two species are related 
and probably ancestral to species that we consider to 
be diagnostic of the Seldovian Stage. Thus, the 
Nickles collection is placed in the lower(~) Seldovian, 
but the two lmver collections (10002, 10003) are con­
sidered to be pre-Seldovian. A more precise definition 
of the position of the base of the Seldovian Stage must 
await additional collecting. 

FLOBA 

Strata assigned to the Seldovian Stage in various 
parts of the Cook Inlet region have thus far yielded 76 · 
species of plants based on fossil leaves (table 2) and 
25 pollen and spore forms representing at least 14 angio­
sperm genera and 19 families of tracheophytes. The 
leaf and pollen floras are typical of the "Arcto­
Tertiary" flora and are characterized by taxonomic 
r~chness, especially in the deciduous dicotyledon groups 
such as·Salicaceae, Juglandaceae, Betulaceae, Fagaceae, 
Ulmaceae, and Aceraceae. 

The following significant megafossil species appear 
t.o be restorictecl to the Seldovian Stage: Salim in­
quirenda, Aln~t8 healyensis, A. barnesi, A. Jai1·i, A. 
la1·gei, A. e'videns, A. cappsi, Carpinus seldoviana, 0. 
capz)ensis, Qum·c~ts ( Leucobalanus) fu'l"Uhjelmi, Q. 
(£.) bretz.i, ·and Fag~"s antipofi. Also restricted in 
A.laska to the Seldovian Stage are Zelkova oregoniana 
and Liq_~tidan~ba?' mio formosana, but these species are 
known to have longer time and stratigraphic ranges in 
other regions. In addition, the following taxa are 
abundant or common in the Seldovian Stage but are 
rare in the I-Iomerian Stage: Oarya bendirei, Pterocarya 
nigella, and OercidizJhylhi~'ln crenat~tm. Ul1n~"s is repre­
sented by fossil lea\'es in Seldovian beds and by pollen 
in son1e I-Iomerian beds. 

The leaf floras of the Seldovian Stage show some 
individual variation from one locality to another. This 
floristic variation is undoubtedly due in part to former 
environmental differences between parts of the Cook 
Inlet region during 'Seldovian time. For example, the 
richness of Seldovia Point flora (locs. 6061, 9·856-9858) 
probably reflects the diversity of the ecological and topo­
graphic conditions that prevailed there during Seldo­
vian time, and the strong dominance of Betulaceae in 
Seldovian beds from many other parts of the region 
probably reflects the rather monotpnous topography and 
the wide distribution of poorly drained sites that must 
have prevailed in areas nearer the center of the basin 
n-t: sedimentation. 

However, we think that at least part of the variation 
among different Seldovian floras reflects difference in 
age. The floras from Ts-adaka Cany6n, Little Susitna 
River, Redoubt Point, and Harriet Point have several 
similarities that set them somewhat -apart fron1 other 
Seldovian floras. These similarities include the lack 
of white oaks or other Fagaceae, a scarcity of maples 
(only one species, Acer fatisiaefolia, is lmown in these 
floras), and the occurrence of Alnus evidens and Oorylus 
harrimani. In contrast, the Seldovia Point flora, the 
Capps Glacier localities, and the Cache Creek localities 
have white oaks and other Fagaceae (abundant i.n ~he 
Seldovia Point flora), diverse maples, and Alnus cappsi. 
In addition, species of Salim that are closely related to 
Homerian or Clamgulchian forms are known mostly 
fron1 floras containing ";hite oaks and Alnus cappsi, 
and the predominantly Homerian species Spiraea weav­
eri is known from the Seldovian locality a.t Houston 
along with white oaks and Aln'ns cappsi. Although we 
have not yet. found the two types of floras in a sing~e. 
continuous stratigr~tphic sequence, the floras containing 
Alnus evidens or 0 orylus lwrrimani and lacking 
Fagaceae or 1naples other than Acer fatisiaefolia. are 
thought to be older than the floras containing A?n~ts 
cappsi, Fagaceae, and diverse maples; we therefore des­
ignate them tentatively in this. paper as lower ( ? ) ana. 
upper(~) Seldovian floras, respectively.· . . 

The pollen and spore samples of the Seldovian· Stage 
that have been studied · come from the type Seldovian 
section in the Capps Glacier-Chuitna River area (seven 
samples) and from the referred Seldovian section near 
Seldovia Point (two samples). Grain counts are based 
on at least 100 gTains except for one sample (D1719) in 
which only 36 grains were recovered. 

The most notable characteristic of all the Seldovian 
microfossil samples is the large proportion of dicoty­
ledon pollen exclusive of Betulaceae. Most of these 
dicotyledons represent genera now exotic to Alaska.: 
Oarya, Ju,qlans, Pterocarya, Ulmus-Zelkova, Liquidam­
bar, /lew, Tilia, and Nyssa. We have not observed ·all 
these genera in any one sample, although in various 
combinations at least four are present in any given 
sample.- Ul1nus-Zelkova is present in all samples, 
Oarya and Pterocarya in eight, and Nyssa in seven. 
Two samples have a low (1 and 1.5 percent of grains 
counted) representation of this exotic dicotyledon ele­
ment, but the other seven samples have between 7 and 
92 percent; locality D1949 (pl. 2), which is taken here 
as the top of the Seldovian in the type seotion, has 8 
percent. 

Pinus pollen is present in all samples and ranges in 
abundance from 1 to 18 percent. Picea is noted, son1e- . 
times in abundance (as much as 23- percent) in seven 
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Ii~E~;fl~~;.:;mi =~i~ iii~ =~=i =~i= ~i~~ ~~= ~~~~ ~~i~ ~iii=~~~~~~~ iiii ~i~~ iii= iiii :~: :~~ =~ii 1 ~~~i ~i:~ ~ii~ =~: ~~= i~i~ ~~~~ ~m =~i~ i~i~ 
Crataegus sp. ------------------------ ---- ---- ---- ---- ---- ---- -~-- ---- ---- ---- ---- ---- ____________ ---- ____ ---- X ____ ~--- ---- ---- ___ ._ ---- X ____ ---- ___ _ 

~;¥;.~~: !fe-a-ve;ii!oii~================ =~== :::: ==== ===·= :::: ::·:: :::: ==~= ==== :::: :::: =~=~ ==== =·=== ==== -~- :::: ==:: -~- ==== :::: :::: :::: :::: :::: ·x- :::: :::: :::: Cladrastis japonica (Tan. and Suz.) · 
Wolfe------------"------"------"-----------_· ___ -----------------~-- __ c~ ---- ---- ---- "--- ____ ---- ---- ____ ---- ________ ---- ~--- X ____ ---- ---- ____ ---- ---~ 

Alchornea? sp. (Populus delicata · . . . 
Chan.>----------------------------- ---- ---- ---- ---- ---- ---- ---- ---- --~~ ---- ---- ---- ---- ---- ---- ---- ---- ---- X ____ ---- ---- ---- ---- ---- ---- ---- ---- ----

~~~~:~:!!~R6-~~~~~~~~;====~===== ==== ==== ·==== ~~~·~ ==== ==== ==== =·=== ~=== ==== ==== ==== ==== ==== ==== ==== ==== ==== -~- =~= ==== ==== ==== ==== ===~ ~~~ ==== ==== ==== 

~~~~~~:£::~i:~====~========= ~~= =·=== ==== ==== ==== ==== ==== ===:= ==== ==== ==== ==== ==== ==== ==== =~= =~= ==== -~- ==== ==== ==== =~= ~~~ ~~~·~ ==== ~~~ ~~~ ==== sp. aft. A. crataegifolium Sieb. · · . . .. 
and Zucc ______________________ ---·- ---- ---- ____ ---- ________ ---- ---- ____ ---- ________________ ---- ________ X ____ ---- ________ -"-- ---- ________ ---- ___ _ 

Aes~Ezu~c'm-!j::~f.J~~~r:) ~~~====:::: ===: -~=== ==== :::: ==== ==== :::: :::: :::: ==== ==== ==== :::: :::: :::: :::: -~- :::_: :::: :::: :::: ==== ~::: ~ -~- :::: :::: :::: :::: 

Ei~!BtNJ.ii·~~~~i~ff.~~ijji :~; ~m i~i~ m~ ~~i~ ~~i~ m~ =i~i ii~~ m= m= j=i= ~~~i ~m ~~~~ =~= ~m jm ~~~ ~i== ~m ~m m- ~m ~iii=~~~ ~m =~~~ ~j~i 
Kalopanax sp ______ " _______ " _________ ---- ---- ---- ---- ---- ________ ---- ---·- ____ ---- ---- _______ ---- X ·---- ____________ ---- ---- ____________________ -"-- -'---· 
Vaccini1Lm SP-----------·------------- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- X ________ ---- ---- ____ ---- ____ -~-- ---- ---- ---- ---- ---- ---- ---- ---- ----

Frax~~~~-~;~l?,~:·-~~~--=~===::::::::::: ==== =~== :::: :::: :::: -~- ~::: =~·== :::: ::~: :::: :::: ==~= :::: :::: ·x- ::=: :::: :::: :::: :::: :::: ::== ==== :::: :::: :::: :::= ::::. 
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samples, but Abies and Tsuga are never abundant and 
occur in three and six samples, respectiv~ly. 

Pollen of Betulaceae is found in all the samples, 
typically in abundance (as much as 88. percent). Ex­
cept in two samples, Alnus is more abundant than pollen 
of the Betula-type (Betula, Oarpinus, Ostrya). 
Ericales are represented in five samples but do not com­
pose more than 4 percent of any tally. 

MOLLUSKS 

With one exception, all the identifiable fresh-water 
mollusks fr01n the l(enai Formation are from beds 
definitely of Seldovian age. Mayer (in Heer, 1869) 
described three species of mollusks from the Se.ldovian 
beds exposed at Coal Cove, Port Graham. D. W. 
Taylor has reclassified two of these mollusks as Plesiel­
liptio ona'riotis (1\fayer) and At/ elanoides furu.hjelmi 
(Mayer). Taylor considers that the third mollusk, 
"Paludina" abavia Mayer, may be one of the Hydro­
biidae, perhaps Lithoglyphus. Both Plesielliptio and 
J/ elanoides also occur at Houston, Alaska (USGS 
Cenozoic loc. 23343, same as USGS Paleobotany loc. 
9365; see (pl. 1). A fauna from the Eagle River 
locality (USGS Cenozoic loc. 23368, same as USGS 
Paleobotany loc. 9864) may also contain Plesielliptio 
onaTiotis, but the material is too poor to be certain. 
Fresh-water gastropods, including a new species of 
Oa1npeloma and a probable new species of Bellamya, 
also were obtained at Eagle River. 

AGE 

The precise age limits of the Seldovian Stage are un­
certain. Paleobotanical correlations indica;te that the 
beds from which upper(?) Seldovian floras have been 
obtained are of late early and (or) middle Miocene age; 
beds that have yielded lower(~) Seldovian floras proba­
bly are of early Miocene age, but some beds of late 
Oligocene age may also be included. 
· The upper ( ? ) Seldovian floras contain several species 

that are restricted to beds of early and middle Miocene 
age in Oregon and Washington: Salim inquirenda, Al­
nus faiTTi, .A. healyensis, QueTcus bretzi, Oocculus 
a1."riculata, Platanus bendirei, Alchomea? n. sp., and· 
Frawinus n. sp. "A." Some Seldovian species have an 
early and middle Miocene age range in ,Japan: Fagus 
antipofi, 0 occ1."lus a1."riculata, and Acer ezoanum. None 
of the other species known from upper ( ? ) Seldovian 
floras contradict an age assignment to the early half of 
the Miocene Epoch. Moreover, these floras probably 
are not of earliest Miocene age; in Washington and 
Oregon, the lobed oaks and 0 oooulus do not appear in 
the floras assigned to Wolfe's zone 1 (Wolfe, 1962, table 
89.1) representing the basal part of the Miocene Series. 

The upper(?) Seldovian floras appear to be correlative 
with the floras of either Wolfe's zone 2 or zone 3, which 
are considered to be of late early and early middle 
Miocene age, respectively. 

The lower ( ? ) Seldovian floras have not been as exten­
sively collected as have the upper(~) Seldovian floras, 
and thus their correlation is les·s certain. Several low­
er ( ? ) Seldovian species are indicative of a Miocene age: 
Ulmus sp. aff. U. newbeTry, Acer fatisiaefolia, and 
Pterooarya nigella. P. nigella is especially significant 
because middle and upper Oligocene rocks in Oregon 
and Washington contain a related and· probably ances­
tral species. Similarly, on Big Sitkinak Island 
Oarpinus oappsensis and Alnus evidens ·are probably 
descended from closely related species found in the non­
marine beds that lie below beds containing an early 
1\Hocene marine molluscan fauna (Wolfe, 1966) and 
below beds that contain .A.. evidens. An age of earliest 
Miocene seems most probable for the lower ( ~) Seldo­
vian floras, but we cannot exclude the possibility that 
some of them may be of latest Oligocene age. 

Pollen of the Compositae is not certainly known in 
other parts of the world in beds of pre-Miocene age, but 
it is abundant in some Miocene beds. We have not 
found Compositae ·pollen in any Seldovian flora, but 
we do not feel that any age significance can be attached 
to its absence. 

Homerlan Stage 

DEFINITION 

The Homerian Stage is proposed as a provincial time­
stratigraphic unit that encompasses all plant-bearing 
strata in Alaska and in adjoining parts of the same 
ancient floristic province that are of the same age as 
those parts of the l(enai Formation represented in the 
type section near Homer and in the reference section in 
the valley of the Chuitna River. Rocks belonging to 
the Homerian Stage are recognized primarily on the 
basis of the fossil floras that they contain. The stage 
is named after the town of Homer. 

The type section of the Homerian Stage is designated 
as the sequence of strata of the Kenai Formation ap­
proximately 2,000 feet thick that is exposed in coastal 
bluffs and in steep gullies and canyons along the east 
shore of Cook Inlet and the north shore of l{achemak 
Bay from Troublesome Gulch (loc. 4129, pl. 1) ·past the 
town of Homer to Fritz Creek (loc. 9853, pl. 1). A 
geologic map, geologic sections, and correlated 
measured stratigraphic sections of the beds included in 
the type section are given by Barnes and Cobb ( 1959, 
pis. 18 and 19) . 

The base of the Homerian Stage cannot be recognized 
and may not be represented in the type section. ,·The 
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lowest flora that has been collected there comes from 
beds exposed at the mouth of Troublesome Gulch; a 
sequence several hundred :feet thick of massi.ve sand­
stone beds underlies this flora in bluffs that extend north­
westward·to Anchor Point,.but these beds have yielded 
no :fossil ·plants. The base o£ the Homerian Stage !s 
represented, however, in exposures at our localities 
D1949 ·and 9844 on 'the lower Chuitna River (pl. 2). 
These exposures are designated as a reference section 
for the Homerian Stage, and the base o£ the stage is 
defined as lying immediately above the. coal bed at lo­
cality D1949, which contains a Seldovian pollen flora. 
Locality 9844, which lies 50 feet higher in the reference 
section, contains a leaf flora diagnostic of the Homerian 
Stage. · · 

The top of the Homerian Stage is represented in the 
type section but cannot yet be closely defined because it 
lies within a stratigraphic sequence about 1,500 feet 
thick in which we have not yet sought fossil plants. 
The highest flora typical of the Homerian Stage was 
obtained from exposures just west of the mouth of Fritz 
Creek (loc. 9853). Our· next higher flora, collected 
about 71h miles to the northeast and just west of the 
mouth of Cottonwood Creek (loc. 9855} contains species 
that we consider diagnostic· of the Clamgulchian Stage. 
A more precise definition· of the top ·of the Homerian 
Stage must await additional collecting within the strati­
graphic interval between these two localities. 

Strata assigned· to the I-Iomerian Stage· in various 
parts of the Co6k Inlet region have 'yielded 4 7 species 
of plants based on fossil leaves·· (table 3) and 26 pollen 
and spore types representing at least 15 vascular genera 
and 11 families of seed plants. Homerian leaf and 
pollen floras are much less diversified than Seldovian 
floras: Most o£ the· warm-temperttte elements now 
exotic to Alaska that .characterize Seldovian floras are 
lacking in Homerian floras. · The Homerian leaf floraS 
collected thus :far in .the Cook Inlet region are dom~ 
inated by Salicaceae and Betulaceae, but some o£ the 
pollen floras are dominated by Pinaceae. · 

The following megafossil species appear to be re­
stricted to the I-Iomerian Stage: Saliw alaskana, S. 
ahuitensis, S. kaahemakensis, S. tyonekana, Alnus 
aorylina, A. adumbrata, Carpinus aobb.i, Corylus· ahui­
tensis, Spiraea hopkinsi, Rhododendron weaveri,- and 
V aacinium homerensis. Salic~ceae and . Betulaceae 
dominate the.Homerian floras· both in numbers of speci­
mens and in numbers o£ species. In addition, Erica­
ceae form an important element in some individual 
floras.. Most of the warm-temperate exotic elements 
of the Seldovian. floras are: -lacking in floras from the 

Homerian Stage; only Carya, Pteroaar-ya, Carpinus, 
Cladrastis, and Taxodiaceae persist as rare elements in 
the lea£ floras. . Ulrllaceae occur rarely in pollen floras; 
fossil leaves of this :fainily have not yet been found in 
Homerian: strata in' the· Cook ·Inlet region. ·Fagaceae 
are lacking from- Homerian .floras of the Cook Inlet 
region, and Aaer,· common ·in· Seldovian floras, is rare 
in Homerian floras~ Leaves. of Fagus ·sp. cf. F. sana­
tieugeniensis Roll., are associated with a marine moll us-

: can fauna of late Miocene or early Pliocene age (F. S. 
MacNeil, oral commun:, 1961) on Cenotaph Island in 
Lituya Bay (fig. 1) ; these beds presumably must lie 
within the I-Iomerian or Clamgulchian stage. 

Early in our investigation, Wolfe (in MacNeil and 
others, 1961) erroneously placed the · type Homerian 
beds below beds that we now assign to the Seldovian 
Stage, basing his conclusions on study'· of . published 
illustrations of a few species :from each of these floras. 
However, study of new leaf and pollen floras from the 
Capps Glacier and Chuitna River area (pl. 2) and o·f 
pollen floras ·frmn wells penetrating strata of both 
stages indicates clearly that the Homerian Stage is 

• younger than and lies stratigraphically above the Sel­
dovian Stage. ·This conclusion is reinforced by Wolfe's 

· systematic studies (Wolfe, 1966), which show that 
Seldovian . species -are consistently morphologically 
more similar to Oligocmie s'pecies than are Homerian 
species: Furthermore·, Honie:fian pollen and leaf floras 
are more depauperate and more similar to Recent 
Alaskan floras than are Seldovian floras. 

The stratigraphically highest flora in the type section 
of the Homerian· Stage is that obtained at locality 9853 
immediately ·weSt or' Fritz Creek. No fossil plants 
have been colle~ted from the approximately 1,500. feet 
of strata between localities 9853 a:nd 9855 ; tl~e latter i~ 
the lowest locality assigned here to the Clamgulchia;n 
Stage. We p.ropose th~t all .or part of the beds in this 
interval should be assigned to. th~ Horrl,erian Stage, if 
they contain Alnus adumbrata or to the Clamgillchian 
Stageif they contain A~nus sahmidtae. 

The pollen and spore flora from the Homerian type 
· section is known from five- samples, and we have· one 

sample (D1717, pl. ~) that lies several hundred feet 
stratig~aphically above the beds at iocali~y 9844, whi~h 
are considered to be the.lowest Homerian rocks in the 
Chuitna River reference section (pl. 2). 

In contrast to the richness and abundance of the 
exotic· dicotyledon element in the Seldovian pollen 
floras, this: element is. poorly represented in the Homer­
ian pollen floras. · Thus far, only three ·exotic dic<?tyle­
_don genera are ·known; Oarya and PteroaaT'lJa each 
hav:e been found in two samples, and Ulmus, in three. 

-. 
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TABLE 3.-Checklist of Homerian megafossil flora 

[Numbers indicate localities] 

Species 

Cache . Chuitna River 
Creek 

9868 9844 4130 9852 4129 9366 

Type section, Hom:erian · 

5820 5821 9851 9361 4131 9853 
----------------1·-------------------------------
Osmunda BP---------------------------- ------ X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
g~~f~~r~b~sc~.u~~;~:;bt~~o~gYiieer~==== _x___ ~ :::::: _x ___ ------_X ___ :::::::::::::::::: _X ___ :::::: _x __ _ 
Metasequoia glyptostroboides Hu and Cheng_ X X X X X X ------ ------ ------ X X 
'11axodium distichum Rich _____________ . ___ ------------------------------ X ------ ------ ------ X ------ ------
'11ypha sp __ . ________________________ :.. ___ ------ X ------ ------ ------ ------ ------ ------ ------ X ------ ------
Cyperacites BP ... ------------------------- ------ X ------ X ------ ------ ------ ------ ------ X ------ X 
Populus eotremuloides KnowL ____________ ------ ------------·X ------ ------ ------ ------ ------ ------ ------ ------

kenaiana·Wolfe.:. ____________________ ------ X ------ X ------ ------ ------ X ------ ------ ------ ------
washoensis R. W. Br ________________ -----·- ~----- -c----- X ------ ------ ------ ------ ------ ------ .:. _____ ------

Salix alaskana Roll _____________________ ------------ ------ ------ ------ ------ X ------ ------ X X 
chuitensis Wolfe____________________ X X ------ ------ ------ ------ _. ___ ..:._ ------ ~----- X ------ X 
confi,rmata (Roll.) Wolfe------.------------------------------------------- X X ------ ------ X X 
coolcensis Wolfe __________________ ..:. __ ------------------------------------------------------------------ X 
lcachemakensis Wolfe ________________ ------------------ X X ------ ------ ------ ------ X ------ X 
tyonekana Wolfe ____________________ ------ X ------ X ------ ------ ------ X ------ ------ ------ ------

Myrk~~;~~~~~e-e~~-~~1~~~==~:::::::::: :::::: -~--~ :::::: :::::: :::::: ===~== :::::: ::::::::::::_X ___ :::::::::::: 
Carya bendirei (Lesq.) Chan. and Axelr ____ _: _____ ------ ------ ------ ------ ------ ------= ------ X ____ ..;_ ------ ------
Pterocan}a sp. cf. P. niqella (Reer)· Wolfe __ ----·-- X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
Alnus ad:mnorata (Roll.) Wolfe_._._________ X cf. X ------ ------ ------ ------ X X X ..: ___ :..:.. X 

corylina Knowl. and Cock ___________ X X X cf. X ------ ------ ------ X X X X 
sp. aff. A. healyensis Wolfe ___________ ------ X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------

Betula sp. cf. B. thor KnowL _____________ ------ X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------· 
Carp·inus cobbi Wolfe ____________________ ------------ X · ~----- ------ ------ ------ ------ ------ X ------ ------
Corylus chuitensis Wolfe_________________ X X ------ :_ _____ ------ ------ X ------ ------ X ------ ------
Cercidiphyllum crenatum (Ung.) R. W. Br_ X ------ ------ ------ ------ ------ ------ ------ ------ ___ ;.. __ ------ -----.-
Hydrangea bendirei (Ward) Know!_ _______ ------ ------ ------ ------ ------ X ------ ------ ------ ------ ------ ------
Ribes sp ___ - _ --- -- --- ----- -------- - ---- - ----- --- -- - - ---- - '"'----- -- _- __ ----- _ - -- --- ------ X X ------ ------
Z:'runus BP----------------------------- ------ ------ ------ -----·- ------ ------ :_ _____ ------ ------ X ------ ----·--
Rub·tts BP------------------------------ ------ X ------ ------ ------ ------ ------ ------ ------ ---·--- ------ ------. 
Spiraea hoplcinsi Wolfe__________________ X· X ------ ------ X X ------ ------ ------ X X X 

weaver·i Roll_ - - - ------ ---- - --- - - --- - - - --- - - - --- - ----- ----- - -- ·---- X -...:-:.;-- - --.:.-- X ·X X X · 
Cladrastis japonica (Tan. and Suz.) Wolfe __ ------ X ------ ------ ------ ------ ------ ------ ------ cf. ------ ------
Sophora sp __________ :_ ________________ . __ ------ X ------ .------ ------ ------ ------ ------ ------ ------ _____ :. ------
Acer sp. cf. A. glabroides R. W. Br ________ ------ ------ ------ ------ _. ___ .:. ______ :_ ------ .:.-----· X ------ ------ ------

:::;~:ff~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;~;;; ~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ :~::: ~.~~~~~ ~~~~~~ 
Arbutus BP----------------------------- ------ X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------
Rhododendron weaveri (Holl.) Wolfe _______ ------ X ------ ------ -~---- ------ _: _____ ------ ------ ----.:.- X · X 
l'accinium homerensis Wolfe ______________ ------------------------------------------ .X X X X 

i5i.~J!i."fi~ ~::::: = = = = = =:::: =: = =::: =::: :::::: -~--- :::::: :::::: : ~::: :::::: :::::: : ~-::: : ~::: -~--- :::::: :::::: 
Syntphoricarpos BP---------------------- ------ X ------ ------ ------ ------ ------ ------ ------ ------ ------ ------

Three of the samples contain two of these genera, one 
sample has only Ulmus, and two samples entirely lack 
the exotic element. Oarya and Pterocaryt~ are also 
represented by leaflets, but as yet Uhrvus is represented 
in the Homerian of the Cook Inlet ar~a <?nly by pollen. 
The abundance of the exotic elements in the Homerian is 
low and does not exceed 3 percent' in any one sample. 

Betulaceae and Pinaceae dominate ~11 the Homerian 
microfossil floras. Although none of the megafossil 
floras of Homerian age in the Cook Inlet region are 
known to contain Pinaceae, leaves and seeds of several 
genera of this family have been found in late(~) 
Seldovian or IIomerian beds at the base of the Wrangell 

lavas near McCarthy, Alaska (locs. 9933, 9935) (fig. 1). 
In all samples, Alnus pollen is more abundant than that 
of the· Betula type. ·Total Betulaceae pollen represents 
between 20 and 80 percent of pollen tallied in each sam­
pie. Pinus occurs in each sample, and Picea in five of 
the six samples studied. Abies and Tsuga are some­
what better represented in Homerian than in Seldovian 
pollen floras; each genus occurs in five Homerian sam­
ples. Ericales are also better represented in the 
Homerian and were noted in five samples; in three sam­
ples, Ericalean pollen repr'esents at least 5 percent of the 
pollen tallied. No Compositae pollen has been found as 
yet in Homerian strata. · · 
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MOLLUSKS 

A fresh-water clam has been collected from USGS 
Cenozoic locality 23396 on the southeast side of the 
Moquawkie magnetic contact along the Beluga River~ 
Because most exposures· of the Kenai Formation on the 
same side of the contact in the Chuitna Valley about 7 
miles to the south are of Homerian age, this clam is 
probably also of Homerian age. D. W. ~ayl?r h~s 
determined the specimen as probably Hyprwpszs; this 
genus is today confined to tropical and warm-temper­
ate East Asia. 

AGE 

· The age limits of the Homerian Stage are very uncer­
tain. Although the stratigraphic relationships indicate 
clearly that the Homerian Stage is younger. than· the 
Seldovian Stage and hence younger than the early half 
of the Miocene Epoch, there is little in the Homerian 
floras themselves to strengthen this assertion. The gen­
eral provincialism of the Homer.ian flora makes correla­
tion difficult with floras in Oregon and Washington. or 
in Japan. The occurrence in Homerian floras of Pte,ro~ 
carya cf. P. nigella and Oarya bendirei indicates that at 
least part of the liomerian Stage can be no younger 
than late Miocene in age; neither of these species is 
known above the Miocene in Washington or Oregon. 
More significantly, Alnus adurnbrata is known from the 
late Miocene Stinking Water flora in Oregon (reported 
there as Alnus harneyana Chaney and Axelrod, 1959, 
P~ l58).. . 

Unnamed beds on the west shore of Port Moller on 
the Alaska Peninsula (loc. 5182, fig. 1) have produced 
a small Homerian flora containing SaU{l) kaclwmakensis 
and S. alriskana. The age of these beds is not certainly 
known but on lithologic and stratigraphic evidence, 
C. A. Burk (oral commun., May .1963) considers them 
to be equivalent to marine beds exposed east o£ Port 
Moller which contain a molluscan fauna that F. S. Mac­
Neil (oral commun., July 1963) .places in the later half 
of the Miocene Epoch. 

The evidence, although not conclusive, indicates that 
strata of the Homerian Stage represent at least part of 
the upper half of the· Miocene Series. The yo~ngest 
part of the Homerian Stage may be of early Phocene 
age, but we have no evidence to either support or 
contradict this suggestion. 

Ciamgulchtan Stage 

DEFINITION 

Th{} Clamgulchian Stage is proposed as a provincial 
time-stratigraphic unit that encompasses all plant­
bearing strata in Alaska and. in adjoining parts of the 
same ancient floristic province that are of approximately 

the same age as those parts of the Kenai Formation that 
are represented in the type section on the east shore of 
Cook Inlet and in the reference section on the north 
shore of l{achemak Bay. Rocks belonging to the Clam­
gulchian Stage ·are recognized primarily on the basis of 
the fossil floras that they contain. The stage is named 
for the village of Clam Gulch, near the north end of 
the type section. · . . . 

The type section of the Clamgulcluan Stage IS desig­
nated as the sequence of strata of the Kenai Formation 
at least 2,000 and possibly 3,000 feet thick that is exposed 
in coastal bluffs along the east shore of Cook Inlet from 
Happy Greek (loc. 9883, pl. 1) northward to a point 
4 miles north of Clam Gulch (loc. 9860). The type 
section has yielded several good floras, but we do not 
have large floras from either the top or the bottom of 
the stage there. Floras from less than 1,500 feet above 
the base of the stage are present, however, in exposures 
in sea bluffs and steep gullies and canyons along the 
north shore of Kachemak Bay between Cottonwood 
Creek (loc. 9855) and Swift Creek (loc. 9859). Geo­
logic maps, geologic sections, and correlated measured 
sections are given for the type section and the reference 
section by Barnes and Cobb (1959, pls.17, 18, and 19)_. 

The strata definitely assigned to the Clamgulch1an 
St:tge in the reference section on the north shore of 
ICachemak Bay include approximately 1;500 feet of beds 
that lie above Barnes and Cobb's (1959, pl. 19) coal bed 
G and that are exposed between Cottonwood Creek and 
Swift Creek. The upper part of this sequence consists 
of poorly lithified clastic beds and of lignitic organic 
beds as does the sequence that constitutes the type sec­
tion.' The lower part of the strata exposed in the refer· 
ence section however, is well lithified. The organic 
beds consist' of subbituminous coal and are similar in 
general lithologic character to the strata making up the 
Homerian Stage in the type section. 

The lowest flora typical of the Clamgulchian Stage 
· was· obtained just -above ·Barnes and Cobb's coal bed G 
in the ICachemak Bay reference section (Ioc. 9855). 
Strata about 1,500 feet thick, which we have not yet 
searched for fossii plants, separate this typical Clanl­
gulchian flora from our highest liomerian flora ob~~ined 
near the mouth of Fritz Creek (loc. 9853). Additi~nal 
collecting within this stratigraphic interval must be 
done before the boundary between the liomerian and 
Clamgulchian stages can be precisely defined in the 
reference section. 

The strata assigned to the Clamgulchian Stage may 
represent the youngest Tertiary rocks exposed in the 
Cook Inlet region. Consequently we are not prepared 
to attempt to define the top of Clamgulchian Stage with 
precisi~on. . The Clamgulchian flora is closely related to 
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tho n1odern Alaskan flora; the former contains some 
species that are still extant in Alaska and others that 
probably are ancestral to n1odern species. Nevertheless, 
the Clamgulchian floras are readily distinguished both 
by their general floristic composition and 'by the pres­
ence of a few extinct taxa from late Pleistocene a.nd 
Recent floras in Alaska. Criteria for recognizing the 
upper limit of the Clamgulchian Stage and selection of 
a reference section in which the upper limit can be pre­
cisely defined must await further study of late Tertiary 
and early Pleistocene rocks in Alaska and of the floras 
that they contain. 

FLORA 

Rocks of the Clamgulchian Stage in the Cook Inlet 
region have yielded 20 species based on megafossil 
plants (table 4) and 21 pollen and spore types represent­
ing at least 11 angiosperm genera and 16 tracheophyte 
families. The Clamgulchian floras are depauperate in 
species of woody plants, and nearly all the warm-tem­
perate elements now exotic to Alaska are absent. The 
pollen and leaf floras collected thus far from the Cook 
Inlet region are dominated by Betulaceae. However, 
we. expect that leaf floras from areas that had greater 
topographic diversityduring Clamgulchian times might 
be dominated by Pinaceae. 

The following megafossil species appear to be re­
stricted to the Clamgulchian Stage: Saliro ninilchiken­
sis, S. leopoldae, S. kenaiana, and Alnus schmidtae. 
All these species appear to be intermediate between 
I-Iomerian and Recent ·species. The exotic element is 
greatly ~·educed in Clatilgulchian leaf floras and is rep­
resented only by Glyptostrobus and Rhus. 

The three pollen samples frmn the Clamgulchian 
rocks on the north shore of l(achemak Bay and. the two 
samples from the type section show an even greater 

TABLE 4.-Checklist of Claingulchian megafossil flora 

[Numbers indicate localities] 

Species 

Kachemak 
Bay 

Type section, 
Clamgulchian 

9855 9854 9859 9883 9360 9763 9862 9861 9860 
--------------1--------- ' 
.Ii:quisetunl SP----------------------------- ________ -~-- ---- X ____ X _______ _ 
Glvptostrobua euro]Jaeus (Brong.) Heer ____________ ---- X X _______________ _ 
OrJperacitea SP----------------------------- X X ---- X X ---- X X X 
Carex SP---------------------------------- ____________ ---- ____ ---- X _______ _ 
Pota;~~~~t_o_~~~::::::::::::::::::::::::::: :::: :::: :::: :::: :::: :::: ~ :::: ::~: 
Popttlus tacamahacca Mill_________________ ____ X cf. ____ X ____ X _______ _ 
Salix confirmata (Roll.) Wolfe_____________ X ---- ---- ---- ____ ---- ---- ---- ----

cookensis Wolfe __ --------------------- ____ ---- ---- ____ X ____ X ____ X crasstjulis Trautv_____________________ ____ ____ ____ ____ ____ ____ X 
kenaiana Wolfe __ --------------------- ____ ---- X ---- X X X ____ X 
lt:o1>oldae Wolfe_---------------------- X X --------.X X X X.----ninilchikensis Wolfe___________________ ____ ____ ____ ____ ____ ____ X 

Alnus incana (L.) Moench________________ ____ X ____ X X X X 
schmidtae Wolfe_______________________ X ---- X ---- X ---- X ---- ----

J3etula papyri{era Mlchx___________________ X X ---- ---- ---: ---- ---- ---- ----Malus sp. cf. 1.~usca (Raftn.) Schn __________________________________ ·--- X 

svtr:~~ cl.e~eb!a~~~~ilici?iiisciiti::::::::::: -~- :::: :::: -~- :::: :::: :::: :::: ·x-
Rhus sp. off. R. glabra L------------------ ____ ---- ---- ---- ____ ____ X _______ _ 

decrease than the I-Iomerian pollen floras in the exotic 
dicotyledon element. Although four samples contained 
pollen of exotic genera-Pterocarya, Ul1nus, Liquida1n­
bar, and Tilia-each is represented by only a single 
grain. Because Pterocarya and Ulmus are represented 
by foliage and pollen in known Homerian rocks, both 
of these genera may have survived into the Clamgul­
chian. Liquidambar and Tilia, however, are unknown 
in the Homerian megafossil and microfossil floras, and 
the occurrence of these genera in the Clamgulchian sam­
ples may be the result of redeposition from beds of Sel­
dovian or earlier Tertiary age. The possibility of 
redeposited pollen in Clamgulchian samples is indicated 
by the presence of limy cobbles bearing imprints of 
Alnus leaves in a small lens of conglomerate between 
localities 9860· and 9861. These leaves are too frag­
mentary for specific determination, but it is clear that 
some consolidated fossiliferous beds were being eroded 
during the Clamgulchian. 

Betulaceae dominate all our Clamgulchian pollen 
samples and range in abundance frmn 45 to 95 percent. 
Although most of this total consists of Alnus, pollen of 
the Betula type is the dominant form in one sample. 
Piwus and Picea are present in all samples, but pollen 
of the former genus is the more abundant of the two. 
Abies has not been found in any sample, and Tsuga is 
present in four samples. Pollen of Ericales is not as 
common as in the I-Iomerian samples; pollen assigned 
to this order was seen in only three samples and forms 
no more than 3 percent in. any tally. The only Campo­
sitae pollen that we have found in the Kenai Formation 
consists of a single grain· found in sample D1955. 

AGE 

The Clamgulchian Stage is younger than the Home­
rian Stage and older than the glacial part of the Pleis­
tocene Epoch ; beyond this, we have no strong evidence 
bearing on the age in traditional epoch terms of the 
Clamgulchi,an Stage. If it is accepted that the Home­
rian Stage is equivalent to at least part of the later 
half of the ~iiocene Epoch, it follows that the Clanl­
gulchian Stage cannot be older than late Miocene. 

The occurrence of several Recent species and of sev­
eral other species closely related to Recent species in 
·clamgulchian floras also indicates that the Clam­
gulchian Stage falls somewhere within the later Neo­
gene. The only Clamgulchian· species known in the 
Neogene of the northwestern conterminous United 
States is the extant Alnus incana, which, as fossil, is 
known from the Pliocene Troutdale flora. Because A. 
inca;na is interpreted by Wolfe ( 1966) as descended 
from A.. corylina, which is known in the latest Miocene 
of Oregon, the occurrence of A.. inc ana in Clamgulchian 
strata is an indication that this stage is of Pliocene age. 
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TABLE 5.-Stratigraphic distribution of significant species 

[8, fossil found at indicated locality. 0, determination based on fragmentary material. Dashed range lines indicate a possible 
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Summary of the Floral Sequenc_e 

. Dat'a obtaii1ed from a study of megafossils (table 5) 
and from a preliminary study of microfossils (table 6) 
indicate that three time-stratigraphic units-the Sel­
dovian, Horrierian, and Clamgulchian provincial : 
stages-can be. recognized in surface outcrops of the 
Ke1i.a.i Formation. Megafossil plants are more clearly 
diagnostic of' the three provincial stages at the present 
time, but microfossils are more useful in determining 
stage assignme11ts for subsurface samples. 

The stratigraphic ranges of individual plant species 
given iri. table 5 are abstracted from the checklists given 
earlier and illustrate graphically the bases for recogni­
tion of the three provincial stages .. The relative strati­
graphic positions of some of the Seldovia~ floras are 
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somewhat debatable; for purposes of the table they are 
broken into two groups, thought to represent the lower 
and upper parts of the Seldovian Stage. The Home­
rian flora from locality 9844 on the Chuitna River is as­
sumed to be at least as old if not older than the lowest 
flora collected in the · Homerian type section. The 
C.lamgulchian localities on Kachemak Bay are assumed 
for purposes of placement in table 5 to be at least as 
old as the lowest locality in the Clamgulchian type 
section. 

Table 6 indicates the known stratigraphic ranges of 
various genera in the pollen floras of the Kenai Forma.:. 
tjon, and presents a generalized concept of the relative 
abundance of the genera. Several forms are found in 
all three stages, but the exotic broad -leaved element is 



,.. 

STRATI9RAPHY AND. PALEOBOTANY A23 

in Kenai and Tsadaka Formation, Cook Inlet region, Alaska. 

extension of range of species based on generic deter~ination of polle~ ( +) ; number of grains given in parentheses] 
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obviously more abundant and diverse in the Seldovian 
Stage. Juglam, /lere, Nyssa, and possibly Liq~tida1nber 
appear to. be restricted to the Seldovian pollen floras. 
Our somewhat limited sampling is probably responsible 
for the apparent restriction of Oorylus to the Homerian 
and of Compositao to the Clamgulchian; the former is 
known from leaves in the Seldovian as well as the 1-Iom­
erian, and Compositae pollen should also be expected 
throughout the Clamgulchian. The first occurrence of 
Compositae pollen might be tak~n by some palynologists 
to mark the base of the l\1iocene Series, but our experi­
ence in Miocene floras in Oregon and the late Pliocene 
or early Pleistocene "Submarine Beach" at Nome indi­
Gates that pollen of Compositae is rare or lacking in 
many floras of undoubted Neogene age. It would seem 
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that the presence of this group is not consistent enough 
to be a helpful index to sediments of post-Oligocene age. 

Pollen-abundance diagrams were prepared for each 
of the pollen floras discussed in this report, but they are 
not reproduced here because they yielded little or no 
information that is not already apparent frmn generic 
lists of the various assemblages. A progressive general 
impoverishment of the I\:enai pollen flora through time 
is apparent even from the limited sampling of the pollen 
reported here and is fully confirmed by the study qf the 

· megafossils. A general predominance of Betulaceae 
and Pinaceae is characteristic of all I\:enai Formntion 
samples examined thus far, except for two from the 
Seldovian type section near Capps 'Glacier which are 
dominated by Ulmus-Zelkova pollen. ~1ore significa.nt 
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TABLE 6.-Stratigraphic distribution of pollen types in Kenai ana Tsaaaka Formation8. 

[ +. present but not included in counts; 0, less than 2 percent! •, more than 2 percent] 
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are minor changes in the frequency of the exotic broad­
leaved element; this element represents 5 and 19 percent 
of the count in two samples collected near Seldovia 
Point and from 1 to 92 percent of samples collected in 
the type section of the Seldovian Stage. In contrast, 
broad-leaved trees are represented by no more than 5 
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percent of the Hon1erian pollen tallies and by less than 
1 percent of the Clamgulchian tallies. The parameter 

. of the pollen floras expressed by the percentage of now­
exotic forms appears to constitute a highly useful strati­
graphic tool for the recognition of the three stages 
erected here. 

. .., 
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Both the megafossil and the microfossil floras demon­
strate that the broad-leaved forest trees now most com-. . . 

mon in. warm-temperate floras were not dominant in 
th~ Co9~ Inlet region after the Seldovian Age. Repre­
sentatives of typically warm-temperate families such as 
Juglandaceae, Fagaceae, Ulmaceae, and Aceraceae grad­
u.ally ~isappeared, whereas representatives of typically 
cool-temperate families such as Betul.aceae, Rosaceae, 
Ericace~e, and· Caprifoljaceae prolife~ated a.nd beoame 
steadily more abundant in floras that gradually ap­
proached the character of the modern boreal floras of 
southei·n Alaska. .Although deteriorating climatic con­
ditions undoubtedly played a majo.r role in dictating 
the ·changing generic . composition of successively 
younger J(enai floras, ·assumptions concerning past cli­
matic conditions do no~ provide a secure basis for dating 
individual fossil floras~ Instead, age assignments must 
be based upon accumulated knowledge of the strati­
graphic ranges of the individual species represented in 
the megafossil floras. and of the considerably longer 
local stratigraphic ranges of the individual genera con­
stituting the microfossil floras. Heer ( 1869) , in basing 
his Miocene age assignment of certain Kenai floras upon 
the supposed presence in them of plant species found 
in Miocene beds in Switzerland, w.as more nearly cor­
rect than his critics, who mtmed these floras "the Arctic 
Miocene" and diagnosed them as· Eocene throughout the 
next 80 years because they believed that a.n Eocene flora 
found in northern latitudes should resemble a ~Eocene 
flora found in middle latitudes ! .. 

FOSSIL~PLANT LOCALITIES 

Dcsm·iption of some tossiZ-pZam,t locaUties in ChiclcuZoon 
Formation 

USGS Paleo­
botany locality 

5892:----------

9870---~------

987L---~-----

9872 _________ _ 

Deacription. oJ Zooazity, ~olZector and year (if known) 
Lat 61 °40.3' N., long 149°03.5' W. North side 

of Alaska Railroad cut on north side of 
Matanuska River. About 1,500 ft above base 
of formation. Anchorage ( C-6) quad. Mar-
tin, 1910 ; Hopldns and 'Volfe, 1962. . 

Lat 61 °42.6' N., long 149°05' W. ·At new cut at 
old Baxter mine on east side of Moose Creek 
valley. Premier coal group. Anchorage 
(C-6) quad. Hopkins aild ·wolfe, 1962. 

Lnt 61 °45.2' "tf.; long 148°52.9' W. Hanging 
wall of strip pit topographically high in Mrak. 
mine. Stratigraphically · below 9872. An­
chorage (D-6) quad. Hopkins and Wolfe, 
1962. 

Lat 61 °44.9' N., long 148°53.5' W. Hanging wall 
of strip pit topographically lower than 9871 
in Mrak mine. !Stratigraphically· above 9871. 
Anchorage (C-6) quad. Hopkins and Wolfe, 
1962. 

Desoription of. some to8si't-pl01nt localities in Oltickaloon 
Forrna-tion--'-Con tin ued 

USGS Paleo- ·. . . . 
botany locality· · Deacription oJ ZocaUtu, collector and year (iJ known) 

9873---------- Lat 61 °44.8' N., long 148°52.8' W. Hanging wall 
of· strip. pit topographically lower than 9872 
in Mrak mine. Stratigraphically above 9872. 
Anchorage ( C-6) quad. Hopkins and 'Volfe, 
'1962. 

9874-----'----- Lat 61 °38.3' W., long 148°57.5' W. 'Vest side of 
valley of Wolverine Creek. Anchorage (C-6) 
quad. Hopkins and Wolfe, 1962. 

9877 _________ ..:. Lat 61°48.0' _N., long 147°59.5' W. North side 
of cut- along old Glenn Highway. Anchorage 
(D-3) .quad. Hopkins and Wolfe, 1962. 

9881__________ Lat 61 °44.4' N., long 148°57.5' to 148°58.4' W. 
Collections from dumps of strip pi~ in Evan 
Jones m~ne. Between .Premier (No. 5) and 
Jonesville (No. 3) coal groups. Anchorage 
(C-6) quad.' H;opkins and Wolfe, 1962. 

Description· of megafossiZ-pUmt localities·in Kenai ana Tsaclaka 
· Formations 

USGS Paleo- Deacription of locality, atage aaaignment, 
botany locality and collector and year ( i! known) 

. 3505__________ Chinitna Bay, nea·r entrance to bay on north 
·side. From sandstone at top of exposure 

.. above conglomerate .. Seldovian ( ?) • Stan­
ton and Martin, 1904. 

· 4129 ________ _._ At entrance to Troublesome Gulch. Seldovia 
(C-5) quad. Homerian. Weaver, 1906. 

· 4130__________ 0.5 mile south. of town of. Old Tyonek on sea 
cliff. 'fyonelc (A-4) quad. Homerian.­
Weaver, 1906. 

413L _________ Near entrance to Fritz Cre~l{, Kachemak B::tY· 
Seldovia .(C-4) quad. Homerian. 'Veaver, 
1906. 

: 5820 _________ _ Bluff Point, 7 miles west of Homer, "30 ft. 
below Bradley coal" a~cording to the spe~i­
men label, but F .. ~· Barnes informs us that 
the Cooper coal bed is the only named coal 

I ! 582L ____ . ____ _ 

l 

bed present at Bluff Point. Seldovia (C-5) 
quad. .Homerian. Stone and Stanton, 1904. 

Talus on J;leach at Bluff Point about 1.5 miles 
west of Cook ln.let Cqal Field Company's 
mine. Seldovia ( C-5) quad. Homerian. 
Stone and Stanton, 1904. 

1 606L ________ _ 2.5 miles southwest of Point Naskowbak. Sel­
' dovia (B.:.5) quad. Seldovian. Martin, 1911. 
;! 6063---'------- · From Cache Creek, 1.5 miles above Cache Creek 
.I 
~ 

~ 
~ i 6066 _________ _ 

' . i 8380 _________ _ 

~ 9359 _________ _ 
l . 

; 9360 _________ _ 

Mining Company's camp. ·Talkeetna (B-2) 
quad. Seldovian. Capps, 1911. 

Mills Creek Basin, Chicago Gulch. Tallwetna 
(B-4)· .. quad. S~ld.ovian. Capps, 19ll. 

l.Jat 61 °41' N., long 149°08' W. Core materi~l. 
Anchorage. ( C-6) quad. Seldovian. War-ing 

.. and :pavids~m, 1932. 
Lat 61~t2.1' N., long.149°05.6' W. West side of 

·· Tsadaka .Canyon. Anchorage (C-6) quad. 
Seldovian. Barnes, Bender, and Brown, 
1955 ; Hopkins and Wolfe, 1962. 

Lat 60°01.8' · N~, long ·151 °42.1' ,v. 0.75 niile 
south of mouth of Deep Creek. Kenai (A-5) 
quad. Clam~ulcbia~! p~p.qer p,pq l3rown1 
1955, 



A26 TERTIARY BIOSTRATIGRAPHY,. COOK INLET REQION, ALASKA 

Dcsc·ription of megafoss·il-plant locaUties in Kenai aml Tsadaka 
Form.ations-Continued 

USGS Paleo- Description of locality, stage assignment, 
botany locality . and collector and year (if known) 

936L_________ Lat 59°39.4' N., long 151 °26.3' W. Sea c~if! 

about 1 mile south of Millers Landing. Sel­
dovia (C-4) quad. Homerian. Barnes, 
Bender,. and Brown, 1955; 'Volfe, 1962. 

9364 __________ Lat 61 ~39.8' N., long 149°27.9' W. On Coal 
Creek. Anchorage (C-7) quad. Seldovian. 
Barnes, Bender, ·and Brown, 1955. 

9365 __________ Same ··as USGS Cenozoic loc. 23343. Lat 
61 °38.4' N., long 149°50.8' W. In Houston 
strip ilit. Anchorage (C-8) quad:·: Seldo­
viai};· Barnes and Brown, 1955 ; Hop_kins and 
Wolfe, 1962. 

9366 __________ Lat 59"40.3' N., long 151 °42.4' W. 0.25 mile 
northw~st of mouth of Diamond Creek. Sel­
dovia· (C-5) quad. Homerian. Bender and 
Brown; 1955. 

9760 __________ 0.25 mile west of southern tip of Redoubt 
Point·. ·Kenai (B-6) quad. Seldovian~ Gulf 
Oil Corp. 

976L _________ Cape Douglas. Afognak quad. Seldovian. 
Gulf· Oil Corp. 

9763__________ r~at 60°1l.5' N., long 150°28.5' W. Sea cliff 
north of Ninilchik. Clamgulchian. Gulf 
Oil Corp. 

9844 ___ ..:, __ ..:, ___ Lat 61 °07~1' N., long 151 °18.1' W. South bank 
of Chuitna· River. Tyonek (A-4) quad. Ho­
meri~n. Barnes, 1961; Wolfe, 1962. 

9845 __________ Lat 61"18.0' N., long 151 °46.2' W. Cliffs on 
south side of Capps Glacier. Tyonek (B-5) 
quad.· Seldovian. Wolfe, 1962. 

9846 __________ tat 61 °16_.7:' N., long 151 °45.1' ''"'· We~t side of 
high :hill .. Tyonek (B-5) quad. Seldovian. 
Barnes,.1001·; 'Volfe, 1962. 

9848---------- Lat 61 6 i4.2' N., long 151 °14.7' W. South bank 
of Beluga River. Tyonek (A-4) quad. Sel­
doviarl. 'Volfe, 1962. 

98-19__________ Lat 61 6"1.5.1' N., long 15r14.4' W. North bank 
of Beluga River. Tyonek (B-4) quad. _Sel­
doviail. 'Volfe, 1962. 

9850 __________ Lat 6.1°~5.6' N., long 151 °31.2' ,V. East bank 

of Coal Creek. Tyonek (B-5) quad. Sel­
dovian. 'Volfe, 1962. 

985L---.. ----- r..~at 59°.38.6' N., long 151 °35.1' ,V, In sea cliffs 
· west of Homer. Seldovia ( C-5) quad. Ho­

meri'an. 'v olfe, 1962. 
98[)2 __________ Lat 59f.43.2' N.; long 151 °49.4' ,V. 0.25 mile 

south of Mutnala Gulch in sea cliffs. Seldovia 
( C-5) quad. Homerian. 'Volfe, 1962. 

9853 __________ r~at 59°40.9' N., long 151 °22.6' ,V, Just west 
of mouth of Fritz Creek. Seldovia (C-4) 
qua~. Homerian. 'Volfe, 1962. 

9854---------- Lat 59°45.1' N., long 151 °10.2' W. 0.33 mile 
west of mouth of Eastland Creek. Seldovia 
( C-4) quad. Clamgulchian. 'Volfe, 1962. 

9~5----------· Lat 59°44.0' N., long 151 °12.4' W. 0.25 mile 
west of month of Cottonwood Creek. Seldo­

.. via ( C-'f) quad.. Clamgulchian. Wolfe, 
1962. 

Description of rnegafo·ssil-plant localities in Kenai and 'i'sadaka 
Formations-Continued 

USGS Paleo- Description of locality, stage assignment, 
botan11 locality and QoZZector and year (if known) 

9856 __________ Lat 59°23.7' N., long 151 °53.7' ,V, North side of 
Coai Cove on Port Graham;. probably the 
"Sinus.Anglorum" (English Bay) locality of 
Heer. Seldovia ( B-6) quad. Seldovian. 
Hopkins, Schmidt, and Wolfe, 1962. 

9857 -----~- ---· Lat 59°25.0' N., long 151 °53.1' W. 0.6 mile 
south of· Point Pogibshi. Seldovia ( B-6) 
quad. Seldovian. Hopkins,· Schmidt, and 
Wolfe, 1962. 

9858-------.,.-- Lat 59~28.3' N., long 151 °40.6' )V. 0.7 ~qile east 
of Seldovia Point.. Seldovia ( B-5) quad. 
Seldovian. Hopkins, Schmidt, and. Wolfe, 
1962. ~l·. 

9859__________ Lat 59°49.2' N. long 151 °07.4' W. East bank of 
Swift Creek. Seldovia. (D--:4) qua~;l. . Cla,m­
gulcliian. Hopkins and Wolfe, 1962. 

9860 __________ . I .... at 60°15.2' N., long 151 °23.5' W. Sea cliff~ 0.9 
mile north of Clam Gul-ch~ Kenai· "(-B-4) 
quad. Clamgulch'i'an. Hopkins and Wolfe; 
1962 .. 

986L _________ Lat 60°15.7' N., long 151 °23.3' ,V, Sea ·cliffs 1.5 
miles north of Clam Gulch. Kenai ( B-4) 
quad. Clamgulchian. Hopkins ai1d Wolfe, 
1962. 

9862---------..., r~at 60°12.5' N., long 151 °25.5' W. Sea cliffs 2.4 
miles south ·of Olam Gulch. Kenai (A-4) 
quad. Clalngulchian. Hopkins and Wolfe, 
1962. 

9863 __________ Lat 61 °19.1' N., long 149°36.5' W. South bank 
of Eagle River. Anchorage (B-7) quad. 
Seldo.vian. Hopkins and Wolfe, 1962. · 

9864 ___ _. ______ Same as USGS -cenozoic loc .. 23368. Lat 61~ 
18.7' ·N., ·long 149°34.8' W. South bank of 
Eagle River. Anchorage (B-7) quad. Sel­
dovian. Hopkins and Wolfe, 1962. 

9865__________ Lat 61°S9.4' N., Jong 149°27.8'· W. North bank 
of Lit·tle Susitna River. Anchorage ( 0-7) 
qua('. Seldovian. Hopkins imd ·.\Volfe, 1962. 

9866 __________ Lat 61 o.:H.7'·N., long·149°14.7' W. West bank of 
Little Susitna River. Anchorage (C~6) quad. 
Seldovian. · Hopkins and Wolfe, 1962. 

9867 __________ Lat 62°~J.4' N., long 150°58.7' W;. South side ·o:i· 
.Oaclie Creek opposite mouth of Rambler 
Creek ... T~lk~etna. ( B~2) · quad. Seldovian. 
Hopkins and Wolfe, 1982. 

9868 __________ Lat 62°,29.9' N;, loiig"l50°56~9'· W. South side of 
Cache Creek Talkeetna (B-2) quad~· 

Homerian. Hopkin's and Wolfe, 1962. 
9883 __________ . Near nionth of Happy Creek. Seldovia (D-5) 

. quad.· ·clamgulchian. Benninghof, 1955. 
: 9884__________ North of Harriet Point. Sec. 13, T. 5 N., R. 18 

W. · Kenai ( 0-6) . quad. Seldovian. Shell 
Oil Co. 

; 9885 __________ North of Harriet Point. s~. 25, T. 5 N., R. 18 
W. Kenai (B-{i) quad. Seldovian. Shell 
Oil Co. 

, 988()-~ .... ------- North of Harriet _Point, Sec. 15, T. 4 N., R. 18 
. "\oV. ~{enai (B-6) (}_t1ml. Seldovian. Shell 
Oil Co. 
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Description of rncgafossil-plant localities in Kenai and Tsadaka Description of fossil-plant localities o·u.tside the Oook Inlet re-
Fo·rmations-Continued gion rnentioned in temt . 

USGS Paleo­
botany locality 

9881---.. ------

9981----------

Description of locality, sta.ge assignmet~>t, 
and collector and. year ( i/ known) 

Near Redoubt Point. Se<!. 33, T. 3 N., R. 18 W. 
Kenai ( B-6) quad. Seldovian. Shell Oil Co. 

Lat 61 °18.4' N., long 151 °46.5' W. Cliffs on 
·south side of Capps Glacier. •ryonek (B-5) 
quad. Seldovian. British Petroleum Co., 
1002. 

9945---------- On Harriet Creek, 21.85 miles east and 30.15 
miles north of southwest corner of Kenai 
quad. (Scale 1: 250,000). Kenai (B-6) 
quad. Seldovian. Mobil Oil Co. 

DescriiJtiott of microtossil-tJlan.t locaUties in Kenai Formation 

USGS locality, Desor£ptio1t of locality, stage assrgnmeltt, and. 
Dc"ver catalog· collector· and year 

D1717 ________ . Lat 61 °06.8' N., long 151 °20.4' ,V. Tyonek (4-
4) quad. Homeriun. Barnes, 1061. 

D1718--------- Lat 61 °00.3' N., long 151 °30'W. Tyonek (A-5) 
quad. Seldovian. Barnes, 1961. 

D1710--------· Lat 61 °9.4' N., long 151 °30.4' ,V. Tyonek (A-
5) quad. Seldovian. Barnes, 1961. 

D1720--------· Lat 61 °10.2' N., long 151 °34.1' ,V. '.ryonek (A-
5) quad. Seldovian. Barnes, 1961. 

D1775----.:.---· Sec. 34, T. 51 S., R. 14 ,V. Kenai (A-5) quad. 
Clamgulchian. Barnes, 1960. 

D177(i ________ . Sec. 24, T. 6 S., R. 14 \V. Seldovia (C-4) quad. 
Homerian. Barnes, 1960. 

D194S--------· Same as loc. 9860. ·Kenai (B-4) quad. Clnm­
gnlchian. Hopldns and \Volfe, 1062. 

Dl944--------· Same as loc. 9858. Seldovia (B-5) quad. Sel­
dovian. Hopkins, Schmidt, and \Volfe, 1962. 

D1945--------· Carbonaceous claystone 30 ft stratigraphically 
above loc. 9859. Seldovia ( D-4) quad. Clam­
gulch ian. Hopkins and 'Volfe, 1962. 

D1946--------· Snme as loc. 9845. Tyonek (B-5) quad. Sel­
dovian. 'Volfe, 1962. 

D1947 ________ , Sume as loc. 9366. Seldovia (C-5) quad. 
Homerinn. Bender and Brown, 1955. 

D1948--------· Coal bed 10 ft stratigruphically below loc. 9853. 
Seldovia (C-4) q~ad. Homerian. Wolfe, 
1962. 

D1949 ________ . Coal bed about 30ft stratigraphically below loc. 
9844. Tyonek (A-4) quad. Seldovlan. Wolfe, 
1962. 

D1950--------· Coal bed 30 ft stratigraphically above loc. 9851. 
Seldovia ( C-5) quad. Homerian. Wolfe, 1962. 

D195L-------· Coal bed 130ft stratigraphically above loc. 9851. 
Seldovian (C-5) quad. Homerian. Wolfe, 
1962. 

D1952--------· Conl bed about 125 ft stratigraphically lower 
than loc. 9846. Lat 61 °15' N., long 151 °45' 
,V, Tyonek (B-5) quad. Seldovian. Wolfe, 
1962. 

D195S--------· Coal bed about 150 ft stratigraphically above 
loc. 9845. Tyonek ( B-5) quad. Seldovian. 
Wolfe, 1002. 

Dl!l54--------· Same ns loc. 9854. Seldo\'in ( C-4) qund. 
Clamgulchian. 'Volfe, 1962. 

Olfl;)(i ________ . Same as loc. 98G5. Seldovia ( C-4) quad. 
Clamgulchian. 'Volfe, 1962. 

Dl97S--------- Same as loc. 9857. Seldovia (B-6) quad. Sel­
dovian. Hopkins, Schmidt, and Wolfe, 1962. 

USGS Paleo­
botany locality · 

. 8519 ... _..;. ... ___ :.__ ..... 

Locality description, Btrati.grap1tio assignment, and 
collector and vear <'I known) 

About 1 mile east of nor~h from Alaska Packers. 
Association cannery at Chignik and about 200 
yd south of native village. Paleocene. Chig­
nik quad. Stanton, 1994. · 

3522----------· From steeply inclined beds in valley of creek 
about 1 mile northeast of Pacific Packing and 
N. W. Com·pany cannery, Anchorage Bay. 
Paleocene. Ohignik quad. Stanton and 
~stone, 1904. 

3528----------· Talus slopes on mountain about 1 mile south­
east of Pacific Packing and N. W. Company 
cannery, Anchorage· Bay. Chignik qmi.d. 
Paleocene. Stanton and· Stone, 1904. 

: 3652----------· Head of Hamilton B~y,· Kupreanof Island. 
Petersburg quad. P~tleoceue. Kindle, 1905. 

4389---------- South side of Hamilton 'Bay, near head. High­
est of three horizons. Petersburg quad. 
Paleocene. Atwood, 1007. 

. 4391----------· South side of Hamilton Bay, near head. Inter­
mediate of three horizons. Petersburg quad. 
Paleocene. At-wood, 1007. 

: 4392----------· South side of Hamilton Bay, near ·head. Lowest 
of three horizons. Petersburg quad. Paleo­
cene. Atwood, 1907. 

5182-------:..--. West side of Herendeen·. Bay, opposite Marble 
Point. Port Moller quad. Homerian. At­
wood and Eakin, 1008. 

· 7474----------· Hamilton Bay, Kupreanof Island. Petersburg 
quad. Paleocene. Wright, 1904. 

.1565---------- Near head of Hamilton Bay, in middle of broad 
bead land and on south side of 'bay. A little 
south of 4.25 mlles true east of Point Hamil­
ton, opi>osite 8.25 fathom mark. Petersburg 
quad. Paleocene. Btiddirlgton, 1922. 

;8680----------· Crooked River (trfbtttary of Seventymile 
River), a-bout 1 mile ft.:o~ mouth. Eagle quad. 
Paleocene. Mertle, 1938. 

'8681----------· Fourth of July Creek, about 7 miles from mouth. 
Charley River quad. Paleocene. Mertle, 1938. 

:9924----------· Lat 63°52.6' N., long 148°40' W. From interval 
of about No. 1 bed, on"east side CYf Coal Creek. 
Healy (D-4) quad. Seldovian. Wolfe, 1963. 

.9933----------· Lat 61 °39.7' N., long 142°10.1' ,V, South side of 
·Skolai Creek. McCarthy (0-4) quad. Up­
per(?) Seldovian o.r Homerian( ?). 'Volfe, 
1963. 

,9985----------· Lat 61 °39.2' N., long 142°40.7' W. Northeast 
side of West Fork Gla.cier. McCarthy (C-5) 
quad. Upper ( ?) Seldovlan. Wolfe, 1963. 

,10002---------· Lat 56°32' N., long 154°07' W. Sltkinak Is­
land. Trinity Islnrids quad. Oligocen~. 

Earle Taylor. 
~0003---------· Lat 56°32' N., long 154°07' ,V. Sitkinak Island. 

Trinity Islands qund. Oligocene. G. w. 
1\:loore, 1962. 
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Grantz,· Arthur, and Jones, D.· L., 1960, Stratig.taphy and age· 
of the Matanuska Formation, south-central Alaska, .in 
Short: papers ill, the geological scienc~s: U.S. Geol. Survey 

USGS Oenozoio: Locality description! stratigr~phic assignment. and Prof. Paper 400-B, p. B347-B350. . . .. ·- ........ 
locality · co lector and year. . . 

23343 
· · S ... us· GS · ·· · · 9 6 h. i Grantz, Arthur, and Wolfe, J. A., 1961,· Age of the Arkose Ridge · ..; ___ ..;_..;_..:. · arne as · Paleobotany loc. · 3 5. :A:nc or-· 

· age. ( d-8) quad. Kenai 'Formation. Seldov- ··. , Fo,rmation, south-central Alaska: Am. Assoc ... Petroleum: 
ia·ri. ·Barnes and Brown~ i955; Hopkins and .Geologists Bull., v .. 45, l1°· 10, p. 1762-1765. 
Wolfe, 1962. ; Grantz, Arthur, Zeitz, Isidore, and Andreasen, G. E., 1963, An 

23367 ________ .:.. Lat 6r48.2' N., long 148o26.5" W.· ·Along west· : aeromagnetic reconnaissance of the Cook Inlet area, Alaska: 
side of Chickaloon River.' 'Anchorage (D-4) · U.S. GeoL Survey Prof. Paper 31(h.G, p: 117-134.- ...... · .... 
quad~· Chickaloon . Formation. Paleocene. ~ Hazzard, J .. C., Moran, w_,. R., Lian, H .. M., and Simonson, R. R., 
Hopkins and wolfe, 1962-. '· ·_ 1963, The search. for oil in Alaska : an analysis of a success-

23368 _________ Same as USGS Paleobotany1oc. 9864. Anchor- ful exploration cycle;. in Proceedings ·of the Second Sym-
.age· .. (B-7) quad~··,. Kenai·, Formation .. Sel.:.~ posium on .the (l~velopment of .. petr.oleum resou:r:ces of Asia 
.. dovian.. Hopkins and Wolfe, 1962. arid· the Far East: Unite·d Nations Econ.· Comm. As~a. ancl 

23300---~----- J.Jat 6r13.4~. N., long 15r11.3' w. Along north Far . East~ Mineral' Resources Dev·el: . s'er. no~"18, v .... l, ,.p. 
side of .. Beluga River.. Tyonek (A-4) quad. 372-380. . · ·· · 
Kenai. Formation .. Homerian( ?). Bar11es,·. ( Heer;Os~ald, 186~ •.. Flora fossilis· a~ctic.a: Ziii-ich~·-·J. ·wm:ster 
1962. ·. ·· .. and CO., v. 1, 192:.p., 49_ pis: · · . · · . 

i; -·-·--1869, Flora fossilis alaskan~: K. Sv~nska Vetens.l{ap~· 
. REFERENCES: 

Barnes, F. -F;, 1962a, Geologic. map of :l~wer.Matanuska Valley, 
Alaska: U.S. Geol. Survey 1\fisc. Geol. Inv. Map I-359. 

--- 1962b; Topographic··and geologic map of the Knob .. Creei<:' 
area .Of 'the Wishbone ·Hill district, · Matanuska coal field, 
Alaska: U.S. Geol; Survey Coal Inv. Map 0-51. 

--- 1962c, Variation in rank of Tertiary coals in- the· Cook 
Inlet basin, Alaska, in. Short. papers in geology and hy­
drology: ·u.s. Geol. Survey ·Pro;f. J;'aper. 450-C, p. C14-C16. 
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