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FOREWORD

By Pumwure S. Smith

The determination of the relative age of geologic events and
their assignment to definite positions in the geologic time
scale is one of the most significant phases of geologic investi-
gation. Pertinent as a subject of research for itself, this
determination becomes of inestimable value in any applica-
tion of geologic principles to practical problems, because it
at once eliminates untenable assumptions and focuses atten-
tion on the probable solutions. Just as in trials before the
courts of law the time of the commission of an act is one of
the principal facts to be established, so before the searching
usnalysis involved in the investigation of geologic events the
time of occurrence is of paramount importance. Various lines
of evidence are used in arriving at a conclusion as to the
time of a geologic event, but of all those commonly used the
most conclusive is the chronology that has been built up as an
outcome of the study of the forms of life found as fossils
buried in the rocks that were in process of formation when
the fossils were living plants or animals. The building of
such a chronology is not a simple process. Each step in its
construction must be based on critical evidence and carefully
tested in the light of all available information, in which the
stratigraphic succession shown by the rocks is balanced
against the developmental stage of the fossils they contain.

Obviously the developmental progress of life is best traced
by skilled systematists, who approach the problem primarily
from its biologic aspect, though they fortify their conclusions
by drawing freely on the evidence afforded through study by
geologists of actunl rock sequences in the field. In the main,
the accompanying report represents the results obtained by
such n systematist in the course of his studies of the plant
remains that have been collected during many years in Alaska
from rocks that are regarded as forming a single major time
unit—the Mertinry. The correct identification of species, the
accurate description of the forms that have been differentiated,
and the placing of them in their systematic relations with all
other known forms constitute a notable contribution to science,
This information furnishes a firm foundation and one from
which subsequent studies may be made with sureness.

The long experience that Dr. Hollick had in exawmining and
reporting on practically all the plants from the Tertiary
rocks of Alaska made him the outstanding authority on this
subject. Not only did his specialized knowledge include the
Alaskan plants of this particular period but he also studied
the Alaskan floras of the preceding epoch—the Upper Cre-
taceous—and prepared the most authoritative report that has
been published on that subject also.! These two volumes
therefore combine to give the specialist a comprehensive inven-
tory of plants that are known to have tenanted Alaska during
the final epoch of the Mesozoic era and the succeeding Ter-
tiary period. They therefore treat of the plants of a most
significant and interesting period in the geologic history of
Alaska? '

To the geologist interested primarily in the geologic aspects
of the distribution of past floras the accompanying report may,
in a measure, prove disappointing, because those aspects have
been given least attention by the author. To suggest some of
the geologic setting of these floras, a section on the general
field occurrence of the Tertiary rocks in Alaska has been in-
serted. That section is principally a compilation from the
reports of others, and its value lies in bringing together in a
brief form the more salient facts that have been scattered
through many volumes. Unguestionably much material is
already in hand for a more adequate correlation of the known
Tertiary deposits of Alaska than is attempted in this geologic
sketch, but the assimilation and interpretation of that ma-
terial would have required much longer delay in the publica-
tion of Dr. Hollick’s report. Such delay did not seem desir-
able, fov his systematic studies are in themselves most valu-
able tools for botanists and paleobotanists, as well as of use
in further decipuering the history of the Teriiary and thus
affording means of advancing geologic knowledge.

1 Hollick, Arthur, The Upper Cretaceous floras of Alaska: U. 8.
Geol. Survey Prof. Paper 159, 123 pp., 1930.

21t is regrettable that Dr. Hollick did not live to see the prescnt
volume through the press. He had completed the nranuscript before
his death on Mar. 11, 1933, but the proof reading has been done by
some of his associates.
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THE TERTIARY FLORAS OF ALASKA

By ArreUur Horvick

INTRODUCTION
OBJECT AND SCOPE OF THIS PAPER

The object of this paper is to describe and discuss
the Tertiary floras of Alaska, so far as they are known,
in a manner similar to that in which the Upper
Cretaceous floras were treated,! in order that the two
contributions may constitute companion papers on the
later extinct floras of the Territory.

HISTORICAL REVIEW

Probably the earliest published references to what
may be identified as Alaskan Tertiary plant remains
were made by Grewingk,® who mentioned the follow-
ing forms:

Newropteris acutifolia? [=N. acutifolic Brongniart?], Unga
Island (pp. 170, 364).

Abies sp.,, Kadjak [Kodiak] Island (p. 364) [=“Pinus-ar-
ten ”, n. 1667].

Tazodiwm sp., Tschugatsk [Kenai] Peninsula and Unalaschka
[Unalaska] Island (pp. 114, 364).

Coniferous wood, Unga Island (p. 864)
Holz”, p. 1707].

Impressions suggestive of Gramineen, Unga Island (p. 170).

Alnus sp., Tschugatsk Peninsula (pp. 114, 364).

[=* Bitumindses

It may be assumed that it was Grewingk’s intention
to identify Newropteris acutifolia as the Carbonifer-
ous species V. acutifolia Brongniart. Inasmuch, how-
ever, as Paleozoic fossils are unknown from Unga
Island, it is almost certainly the Tertiary fern from
that island subsequently described under- the name
Osmunda doroschkiana Goeppert. (See p. 40, pl. 2,
fig. 1a; pl. 109, fig. 7.) Grewingk did not give any
authority after the namne but a comparison between
our figures of 0. doroschkiana, above cited, and those
of V. acutifolia Brongniart ® shows a closely similar
surficial appearance between the two species.

An abstract of the original paper, by the same
author,! was issued subsequently, in which he men-

1 Hollick, Arthur, The Upper Cretaceous floras of Alaska, with a
description of the plant-bearing beds by G. C. Martin: U. 8. Geol. Sur-
vey Prof. Paper 159, pp. 1-123, pls. 1-87, text figs. 1-5, 1930.

2 Grewingk, C. C. A., Beitrag zur Kenntniss der orographischen und
weognostischen Beschaffenheit der Nordwest Kiiste Amerikas, mit den
anliegenden Inscln: Russ. k. min. Gesell. St. Petersburg Verh., Jahrg.
18:48-49, pp. 76-424, pls. 4-7, maps 1-3 and two in text, 1850.

3 Brongniart, A. T., Histoire des végétaux fossiles, vol. 1, pl. 64, figs.
6, 7, Parls, 1828 [1830].

¢ Grewingk, C. C. A., Beitrag zur Kenntniss der orographischen und
geognostischen Beschaffenheit der Nordwest Kiiste Amerikas mit den
anliegenden Inseln: Heldelberger Jahrb. Lit., Jabrg. 44, pp. 230-244,
1851,

tioned (p. 235) fossil stumps, trunks, and branches
of trees, presumably of Tertiary age, on Unga Island.

During the years 1847-52 specimens of fossil plants
were collected at several localities on the shores of
Cook Inlet, Alaska Peninsula, and the Aleutian
Islands,® and in southeastern Alaska.® -Of these speci-
mens 17 were listed by Goeppert” and were, for the
most part, identified as Old World Miocene species.
Three were named as new species, including Osmunda
doroschkiana, from Unga Island (named in honor of
the collector, and probably identical with the speci-
men provisionally identified by Grewingk as the
Paleozoic species Neuropteris acutifolia Brongniart,
previously mentioned), but without descriptions, and
others were identified generically only. Most
of these names are therefore nomina nuda. One
species only was identified as other than Tertiary in
age. This was represented by several specimens from
Alaska Peninsula, north of Cape Jaklek [Gaklek or
Alklek], contained in “ grauwacken artigen Gesteine ”,
two of which were described as resembling Calamites,
in regard to which Goeppert remarked:® “nicht in
den Bereich der Tertiir formation gehorend.”

Three other papers by Goeppert were issued under
the same title—two of them ® identical with the orig-
inal; the third one* in the form of an abstract.

In the meantime a much more extensive collection
of fossil plants from southeastern Alaska and the
Cook Inlet region was made by Hjalmar Furuhjelm,
of Helsingfors, Finland, who, for about a decade, was
governor of the Russian-American possessions. The
larger part of the specimens collected by Furuhjelm
were lost when the vessel on which they were shipped
was wrecked; but those that were saved ultimately
came into the possession of Baron Nils Adolf Eric
von Nordenskiold, of Arctic exploration fame, who

5 Neniltchik [=Ninilchik] : West shore of Cook Inlet, * Mitte des
Meerbusens Beketinzisnakiknu” [=?] and on * Landzunge, Takets-
chek oder Osipnago” [=?]; Sahavoschen [=Zachareffskaia or Zach-
ary] Bay, Unga Island; Korovin Bay, Atba [=Atka] Island; Ugolni
[ =TUkolnoi or Pavlof] Bay; and from the islands of Kodiak and Uyak.

¢ Hudsnoi [=Hudsunoo or Kootznahoo] Island.

7 Goeppert, H. R., Ueber die Tertiiirflora der
Schlesischen Gesell. vaterl. Kultur, Abt. Naturwiss,
Jahresb,, pt. 2, Abh,, pp. 195-207, 1861. :

8 Idem, p. 204.

o Goeppert, H, R., Ueber die Tertiiirflora der Polargegenden: Acad.
imp. seci. St.-Pétersbourg Bull,, vol. 3, pp. 448-461, 1861 ; Mélanges
physiques et chimiques tirés du Bulletin, vol. 4, pp. 695-712, 1861.

10 Goeppert, H. R., Ueber die Tertilirflora der Polargegenden : Schle-
sischen Gesell. vaterl. Kultur, 44te Jahresb., pp. 50-52, 1866 [1867].

1

Polargegenden :
u. Med., 39te



2 . .THE TERTIARY FLORAS OF ALASKA

submitted them to the eminent paleobotanist Prof.
Oswald Heer, of Zurich, Switzerland, for identifica-
tion and description; and subsequently the results of
Heer’s studies were presented before the Royal Acad-
emy of Science of Sweden by Nordenskicld.!* About
50 identifications were listed, including 28 species pre-
viously described, mostly from the Tertiary of the
Old World; 12 identified generically only; and 10 de-
scribed as new species. The list was arranged accord-
ing to localities, and the new species, for the most part,
were briefly described.

. Up to this time none of the identifications or de-
scriptions had been- accompanied by an illustration,
but in 1869 Heer’s paper on the fossil flora of Alaska 2
was issued, in which the species previously published,
together with others subsequently identified (about 50
in all), were described and figured and were discussed
in connection with their botanic and geologic rela-
tionship and climatic significance.

In 1871 Eichwald ** published a list of the Alaskan
fossil plants recorded by Goeppert and Heer, of which
he figured 9 species, including Calamites ambiguus
n. sp.,'* from the coast of Alaska Peninsula north of
Cape Jaklok [= Aklek, Taklek, Iaklek], which is evi-
dently identical with the unnamed species of Calamites
mentioned by Goeppert (see p. 1) as having come
from Alaska Peninsula north of Cape “ Jaklek.” The
figure is clearly indicative of a Calamites and may be
definitely eliminated from the Tertiary flora.

~ In 1883 Lesquereux ** described and figured 21 Ter-
tiary species from the Cook Inlet-Alaska Peninsula
region, collected by William Healey Dall, at that time
on the United States Coast and Geodetic Survey.
Seven of these were described as new, and the. re-
mainder were identified as previously recorded Alaska
and Old World Miocene species. A reprint of the
text of this paper, without the illustrations, under the
same title, was subsequently included as a separate
chapter or section in Lesquereux’s report on the Cre-
taceous and Tertiary floras.

11 Heer, Oswald, Utdrag ur ett bref af Professor Oswald Heer
rérande fossila vexter friin Nordvestra Amerika, insamlade of Berg-
miistaren Hj. Furubjelm: K. svenska vet. akad. Ofvers. Férh., vol. 25,
no. 1, pp. 63-68, 1868, .

12 Heer, Oswald, Fossile Flora von Alaska: K. svenska vef.-akad.
Handl., vol. 8, no, 4, pp. 1-41, pls. 1-10 and two text figs., 1869.
Reprinted as TFlora fossilis Alaskana: Flora fossilis arctica, vol. 2, pt.
2, 1869.

3 Eichwald, Edward von, Die Miociin- and Kreideformation von
Alaska und den Aleutischen Inseln, Abt. 1, Fossile Pflanzen der Mio-
cinformation : Geognostisch-palaeontologische Bemerkungen ueber die
Halbinsel Mangischlak [a peninsula in the Caspian Sea] und die
Aleutischen Inseln, pp. 107-116, pl. 4 (VI on plate and in text), figs.
1-9, St. Petersburg, 1871.

14 Jdem, p. 114, pl. 4 (VI), fig. 9.

15 Lesquereux, Leo, Contribution to the Miocene flora of Alaska:
U. 8. Nat. Mus. Proc,, vol. 5, pp. 443-449, pls. 6-10,.1882 [Feb. 13,
1883].

18 U. 8. Geol. Survey Terr. Rept., vol. 8, pp. 257-263, 1883.

Also in 1883 Newberry *" described a number of
fossil plants, mostly from the western part of the
United States, and seven new Tertiary species from
Alaska, in part from southeastern Alaska and in part
from the Cook Inlet region. One of the specimens
was stated to have been collected by the United States
steamer Saginaw, February 18, 1869, and the others
by Captain Howard, United States Navy.?®

The Captain Howard mentioned wasevidently Capt.
W. A. Howard, of the United States Revenue Cutter
Service. In 1867 the revenue cutter Léncoln, under
command of Capt. J. W. White, was dispatched to
Alaska for the purpose of obtaining information in
regard to the then recently purchased territory, and
Captain Howard was in general charge of the expe-
dition.*®

In 1886 TFelix 20 described and figured, under the
name Pityoxylon inaequale, a specimen of fossil
coniferous wood, presumably of Tertiary age, col-
lected by one of the Krause brothers—Arthur or
Aurel—in the vicinity of Danadku [=Silver] Lake,
near Yakutat Bay.

In a list of identifications of fossil plants by Les-
quereux,? published in 1887, four specimens of Ter-
tiary age from Alaska were included as follows:

Carem, leaves, Sitka. B. W. Nelson, collector.”

Sagittaria n. sp.?, idem,

Ginkgo adiantoides (Unger) Heer, idem.

Corylus macquarrii (Forbes) Heer, Unga Island.
Dall, collector.

In 1892 Dall and Harris ?® briefly referred to fossil
plants as correlation factors and, under the heading
“Alaska ”, listed 9 of Tertiary age—5 from Kuiu
Island, southeastern Alaska, 1 from Port Graham or
English Bay, Kenai Peninsula, 1 from Unga Island,
Alaska Peninsula, and 2 from the district adjacent to
Norton Sound (Topanica Creek and TUlukak

17 Newberry, J. 8., Brief descriptions of fossil plants, chiefly Tertiary,
from western North America: U. 8. Nat, Mus. Proc., vol. 5, pp. 502—
514, 1882 [Mar. 21, 1883]. .

18 The steamer Seginaw, United Mtates Navy, cruised through the
Alexander Archipelago of southeastern Alaska during the winter of
1868-69, under Commander (subsequently Rear-Admiral) Richard
Worsam Meade, according to Marcus Baker (Geographic dictionary of
Alaska, 2d ed.: U. S. Geol. Survey Bull. 299, p. 48, 1906).

1 Communication dated February 17, 1912, from Capt. Comnrandant
E. P. Bartholf, United States Revenue Cutter Service, to Alfred H.
Brooks, United States Geological Survey. -

20 Felix, Johannes, Untersuckungen iiber fossile Holzer, Abt. 2:
Deutsche geol. Gesell. Zeitscbr.,, vol. 38, Jahrg. 1886, p. 483, pl, 12,
fig. 8.

21 Lesquereux, Leo, List of recently identified fossil plants belonging
to the United States National Museum, with descriptions of several
new species: U. S. Nat. Mus. Proc., vol. 10, pp. 21-46, pls. 1-4, 1887.

22F. H. Knowlton (Iossil flora of Alaska: Geol. Soc. America Bull,,
vol. 5, footnote §+%, p. 575, 1893) remarked: “I am informed by Mr.
Nelson that he never visited Sitka and did not bring back any fossil
plants from Alaska. This throws doubt on the specimens so re-
corded, and their locality and collector remain unknown. I have
retained them, however, as recorded by Lesquereux.”

23 PDall, W. H., and Harris, G. D., Correlation papers—Neocene:
U. 8. Geol. Survey Bull. 84, pp. 232-268 and map, 1892.
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[=Ulukuk] River, a branch of the Unalakleet). The
district in the vicinity of Norton Sound represents a
site for fossil plants not previously recorded.

It may also be of interest to note here that the de-
scriptive designation Kenai was applied in this bulle-
tin, for the first time, to the strata in which the Ter-
tiary plant remains were recognized ; but it is not very
clear whether it was the intention of the authors to
restrict the application of the term to such strata and
their included plant remains as could be correlated
with those of Kenai Peninsula, or to apply it to the
Tertiary of Alaska in general. Personally I am in-
clined to think that it would be best to restrict the use
of the term, in connection with the Alaska fossil floras,
to species that may be correlated with those from the
type locality at Port Graham and adjacent territory,
on Kenai Peninsula. In regard to the exact age of
the Kenai flora the authors were noncommittal, but
Miocene? was the stratigraphic term generally used
in connection with it, and Dall 2 remarked :

The distribution and character of this group have been
somewhat fully discussed because, up to very recently, authori-
ties were practically unanimous in referring it to the Miocene,
a view which cannot yet be said to be definitely refuted.
* * * It must be conceded that the view that the latter
[Kenai group] is probably of Eocene age does not appear un-
reasonable.

Incidentally it may also be pertinent to recall here
that, of the approximately 100 Alaska Tertiary plants
described or listed up to that time, all but 13 had been
recorded from Port Graham and the Cook Inlet-
Alaska Peninsula coastal region. Of the 13 men-
tioned 10 were collected at localities in southeastern
Alaska, 1 in the vicinity of Yakutat Bay (the only
intermediate locality), and 2 in the vicinity of Norton
Sound, about 500 miles northwest of Cook Inlet and
700 miles north of the farthest fossil-plant locality
on Alaska Peninsula.

In 1890 fossil plants were collected by C. H. Town-
send, resident naturalist on the United States Fish
Commission steamer Albatross, at Herendeen Bay, on
the north side of Alaska Peninsula. They were
identified as Tertiary species and were described and
figured in a comprehensive paper by Knowlton,* in
which were listed all the then recognized fossil plants
of Alaska, arranged in taxonomic sequence, without
regard to locality or stratigraphic position. In this
paper 98 Tertiary species were included, and follow-

2 Dall, W, H., and Harris, G. D., op. cit., p. 252.

% Knowlton, ¥, I, A review of the fossil flora of Alaska, with de-
scriptions of new species: U, 8. Nat. Mus. Proc, vol, 17, no. 998,
pp. 207-240, pl. 9, 1894 ; also an abstract of this paper, under the title
‘* Tossil flora of Alaska ”: Geol. Soc. America Bull, vol, 5, pp. 573—
590 (without plate), 1893; and a contribution practically identical in
contents with the original paper, under the heading * Report on the
fossil plants collected in Alaska in 1895, as well as an enumeration of
those previously known,” in Dall, W. H., Report on coal and lignite
of Aluska : U. 8. Geol. Survey 17th Ann. Rept., pt. I, pp. 876-897, 1896.

ing the systematic part is a discussion of the floras,
especially in connection with the views expressed by
various authorities in regard to the exact stratigraphic
position of the flora recognized as Tertiary in age.
Several expressions of opinion are cited, and Knowl-
ton remarks: 2

The geological age of these coal-bearing rocks, from which
most of the plants enumerated in this paper came, has usually
been regarded as Miocene. Heer * * * referred them un-
hesitatingly to this horizon. * * * Lesquereux and at first
Newberry do not appear to have seriously questioned their
Miocene age. * * * Mr. J. Starkie Gardner appears to have
been the first to question the Miocene age * * * of the Arctic
floras in general. * * * This change of view as to the age of
the so-called Arctic Miocene, as proposed by Gardner,” has
aiready received considerable confirmation from American
paleobotanists, and while it can hardly be regarded as settled,
it may be accepted as extremely probable,

In 1896 fossil plants were collected in the Yukon
River Valley by J. E. Spurr and others, which were
examined and reported upon by Knowlton. For the
most part the identifications were provisional, and the
principal matter of interest in connection with them
is that certain of them represent the first identified

remains of a Tertiary flora from the Yukon region.

In 1898 appeared a posthumous work on the Creta-
ceous and Tertiary floras of North America by New-
berry,® in which were again described and for the
first time figured the specimens from Alaska men-
tioned on page 2 as having been collected in 1867 and
1869 in southeastern Alaska and the Cook Inlet region.
Specimens from the Yukon Valley, collected by W. H.
Dall, were identified by Newberry as the Arctic Mio-
cene species Pterospermites dentatus Heer,*® but this
was subsequently recognized as an erroneous identifi-
cation of a Cretaceous species ** and may therefore be
here regarded as merely representing an item of inci-
dental interest.

In 1902 an impetus was given to the investigation
of the fossil floras of Alaska by Collier,*> who made
collections of fossil plants at a number of localities on
the Yukon River. The specimens were recognized as
representing important factors in connection with the
identification and correlation of the stratigraphy of

2 Knowlton, F, H., op. cit. (1894), pp. 237-238.

27 Gardner, J. S, and Ettingshausen, Constantin, A nronograph of

the British Eocene flora, vol. 1, pp. 7-8, London, Palaeont. Soc., May
1879. .
2 Knowlton, F. H., Report on a collection of fossil plants from the
Yukon River, Alaska, obtained by Mr. J. E. Spurr and party, during
the summer of 1896, in Spurr, J. E., Geology of the Yukon gold dis-
trict, Alaska; U. S. Geol. Survey 18th Ann. Rept., pt. 3, pp. 194-196,
1898.

® Newberry, J. 8., The later extinct floras of North America, edited
by Arthur Hollick: U. S. Geol. Survey Mon. 35, pp. 1-295, pls. 1-68,
1898.

8 Jdem, p. 133, pl. 53, figs. 1, 2; pl. 54, fig. 4.

St Hollick, Arthur, The Upper Cretaceous floras of Alaska: U, 8.
Geol. Survey Prof. Paper 159, p. 2, 1930.

32 Collier, A. J., The coal resources of the Yukon, Alaska: U. S. Geol.
Survey Bull. 218, pp. 1-71, pls. 1-6, 1903,
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the region, and in 1903 I was detailed to explore the
region further, with Sidney Paige as assistant, and to
collect addltlonal material, especially fossil plants.
Specimens of Cretaceous and Tertiary plants were

collected at numerous localities between Eagle City .

and Anvik, and those subsequently identified as Ter-
tiary species are included in the descriptive part of
this paper, together with additional identifications of
similar Tertiary material subsequently collected by
other Geological Survey parties in the Yukon region
and elsewhere in Alaska. Many of these collections
were made the subjects of brief reports by Knowlton
and by me, which were included, from time to time, in
papers on the geology of Alaska issued by the Geologi-
cal Survey. Many of these reports, however, included
merely generic identifications and provisional specific
1dentifications, sufficient to determine the Tertiary
age of the rocks in which they were found. Subse-
quent critical examination and study of the specimens
frequently resulted in more satisfactory identifica-
tions and in the elimination of errors. Nevertheless,
despite the occasional errors of identification in the
original lists, the general facies of the flora was cor-
rectly recognized in almost every instance and .the
stratigraphic position of the plant-bearing beds was
seldom misinterpreted.

In connection with the Harriman Alaska Expedi-
tion of 1899 a collection of fossil plants was made by
De Alton Saunders at Kukak Bay, Alaska Peninsula,
included in which were specimens that were subse-
quently examined, identified as Tertiary species, and
described and figured by Knowlton.®* The list of
identifications was also included in a report by At-
wood ** published subsequently. Collier ®* gives a
brief paragraph on fossil plants of Cenozoic age, and
a plate on which are depicted five characteristic Ter-
tiary species, reproduced from Heer.3

In 1907 specimens of fossil wood from Alaska were
described by Platen,® which included two listed under
the heading “ Holzer aus Alaska ” (pp. 146-149 of the
original publication) We may infer that these are
Tertiary spemes, although the exact localities are un-
certain.

In 1911 I gave an outline of results attained and
conclusions drawn from studies of collections of

8 Knowlton, F. H., Fossil plants from Kukak Bay: Alaska, vol. 4,

pp. 149-162, pls. 22-33, Harriman Alaska Expedition, 1904. :
4 Atwood, W. W., Geology and mineral resources of parts of the

Alaska Peninsula: U. 8. Geol. Survey Bull. 467, pp. 5254, 1911.

35 Collier, A. J., Geology and coal resources of the Cape Lisburne
region, Alaska: U. 8. Geol. Survey Bull, 278, p. 36, pl. 6, 1906.

30 Heer, Oswald, Flora fossilis alaskana: Flora fossilis arctica, vol.
2, pt. 2, 1869.

37 Platen, Paul, Untersuchungen fossiler Holzer aus dem Westen der
Vereinigten. Staaten von Nordamerika, pp. 1-156, pls. 1-8, Leipzig,
1907 ; Naturf. Gesell. Leipzig Sitzungsber., Jahrg. 34, pp. 1-164, pls.
1-3, 1907 [1908].

38 Hollick, Arthur, Results of a preliminary study of the so-called
Kenai flora of Alaska: Am, Jour. Sci., 4th ser., vol. 31, pp. 327-330.
1911,

Alaskan fossil plants thus far identified as Tertiary;
and on December 31, 1912, I read a paper before the
Geological Society of America,* in which I discussed
the differentiation and correlation of the Cretaceous
and Tertiary floras of Alaska, based upon studies of
the collections made personally and by other members
of the Alaskan branch of the Geological Survey.
These studies and the study of additional material
brought in subsequently by Survey parties, from time
to time, served as the basis of the paper already issued,
on the Cretaceous floras,*® and of the present one on
the Tertiary floras.

Several lesser contributions directly or indirectly
relating to the Tertiary flora of the Territory have
been issued in the meantime, among which may be
mentioned one by Thomas,** on a more or less prob-
lematic fossil collected by George F. Kay in the Bering
River coal field, and also many individual reports
by Knowlton and Hollick, included in bulletins of the
Geological Survey relating to the geology of Alaska,
similar to those previously listed. "

All the fossil material described in the present paper
is deposited in the United States National Museum.

SPECIES INCLUDED

Below is a taxonomic list of the species described in
this paper:
Thallophyta :
Algae:
Rhodophyceae (Rhodomeniales) :
Rhodomelaceae:
Chondrites Sternberg:
Chondrites heeri Eichwald?
Pteridophyta :
Filicineae :
Filicales:
Polypodiaceae :
Onoclea Linnaeus :
Onoclea sensibilis Linnaeus.
Dryopteris Adanson:
Dryopteris meyeri
comb.
Hausmannia Dunker:
Hausmannia atwoodi Hollick, n. sp.
Dennstaedtia Bernhardi:
Dennstaedtia blomstrandi
lick, n. comb.
Asplenium Linnaeus:
Asplenium alaskanum Hollick, n. sp.
Pteris Linnaeus:
. Pteris inequilateralis Hollick, n. sp.
Pteris oeningensis Unger?
Pteris pseudopennaeformis Lesquereux.
Pteris sitkensis Heer.

(Heer) Hollick, n.

(Heer) Hol-

2 Hollick, Arthur, Preliminary correlation of the Cretaceous and
Tertiary floras of Alaska [abstract]: Geol. Soc. America Bull, vol.
24, no. 1, p. 116, 1913.

4 Hollick, Arthur, and Martin, G. C., The Upper Cretaceous floras of
Alaska, with a description of the plant-bearing beds: U. 8. Geol. Survey
Prof. Paper 159, 1930.

4 Thomas, A. O, On a supposed fruit or nut from the Tertiary of
Alaska : Towa Acad. Sci. Proc., vol. 24, pp. 113-117, pl. 5, figs. 1-4,
1917.
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I’'teridophyta—Continued.
Filicineae—Continued.
Filicales—Continued.
Osmundaceae :
Osmunda Linnaeus:
Osmunda doroschkiana Goeppert.
Osmunda dubiosa Hollick, n. sp.
Tilicales of uncertain family relationship:
Pecopteris Brongniart:
Pecopteris sp. Heer.
Anthrophyopsis Nathorst:
Anthrophyopsis hamiltonensis Hollick,
n. sp. ’
Bquisetinae :
Bquisetales :
Bquisetaceae:
Equisetum Linnaeus:
Equisetum arcticum Heer,
. Equisetum globulosum Lesquereux.
Spermatophyta :
Gymnospermae :
Cycadales:
Cycadaceae:
Ceratozamia Brongniart:
Ceratozamia wrightii Hollick.
Diotn Lindley:
Dioin inopinus Hollick.
Dioin praespinulosum Hollick.
Ginkgoales:
Ginkgoaceae:
Ginkgo Linnaeus: .
Ginkgo adiantoides (Unger) Heer.
Ginkgo reniformis conformis Hollick, n.
var.
Coniferales:
Taxaceae:
Taxites Brongniart:
Taxites olriki Heer.
Taxites microphyllus Heer.
Pinaceae:
Pinus Linnaeus:
Pinus macclurii Heer?
Pinus sp. Heer.
Pinus? (leaves) Knowlton.
Pinus? (scales) Knowlton.
Pinites (Witham) Lindley and Hutton:
Pinites pannonicus (Unger) Goeppert.
Pinites sp. Goeppert.
Pinites sp. Goeppert.
Pityoxylon Kraus:
Pityoxylon inaequale Felix.
Pityoxylon macclurii (Heer) Kraus.
Picea Link:
Picea harrimani Knowlton.
Picea (branches) Knowlton,
Picea? (seed) Knowlton.
Abies Hill:
Abies sp. Grewingk.
Sequoia Endlicher:
Sequoia brevifolia Heer.
Sequoia disticha Heer.
Sequoia heerii Lesquereux.
Sequoia langsdorfii (Brongniart) Heer.
Sequoia spinosa Newberry.
Sequoia (cone) Knowlton.

858—36——2
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Spermatophyta—Continued.
Gymnospermae—Continued.
Cycadales—Continued.
Pinaceae—Continued.
Taxodium L. C. Richard:
Taxodium crassum Hollick, n. sp.
Taxodium dubium (Sternberg) Heer.
Taxodium dubium longifolium Massa-
longo.
Taxodium dubium normale Massalongo.
Taxodium occidentale Newberry.
Taxodium tinajorum Heer.
Taxodium sp. Grewingk.
Taxodium sp. Heer.
Glyptostrobus Endlicher :
Glyptostrobus europaeus (Brongniart)

. Unger.
Widdringtonia Endlicher :
Widdringtonia sp. Heer.
Thuites Sternberg:
Thuites ehrenswiirdi Heer.
Thuites (Chamaecyparis) alaskensis Les-
quereux,
“ Coniferous wood ", Grewingk.
Angiospermae . (Monocotyledonae) :
Pandanales:
Sparganiaceae:
Sparganium Linnaeus:
Sparganium sp. Heer.
Naiadales:
Naiadaceae:
Caulinia Willdenow :
Caulinia laevis (Goeppert) Goeppert.
Alismales:
Alismaceae:
Sagittaria Linnaeus:
Sagittaria pulchella Heer:
Sagittaria sp. Lesquereux.
Poales (Graminales) :
Poaceae:
Arundo Linnaeus:
Arundo pseudogoepperti Berry?
Phragmites Trinius:
Phragmites alaskana Heer?
Phragmites sp. Heer.
Poacites Brongniart:
Poacites tenue-striatus Heer.
Poacites sp. Heer.
“Impressions suggestive of Gramineae”
Grewingk. '
Cyperaceae :
Carex Linnaeus:
Carex servata Heer.
Carex (leaves) Lesquereux.
Arecales (Palmales) :
Arecaceae:
TFlabellaria Sternberg (1822), not Defrance
(1820) nor Cavanilles (1790) :
Flabellaria florissanti Lesquereux.
Flabellaria alaskana Hollick, n. sp.
Liliales:
Smilacaceae:
Smilax Linnaeus:
Smilax reticulata Heer.
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Spermatophyta—Continued.
Angiospermae (Dicotyledonae—Choripetalae) :
Piperales:
Piperaceae :
Piper Linnaeus:
Piper chapini Hollick, n. sp.
Piper concavum Hollick, n. sp.
Piper convertabilis Hollick, n. sp.
Piper disputabilis Hollick, n. sp.
Piper septentrionalis Hollick, n. sp.
Salicales:
Salicaceae:
Populus Linnaeus:
Populus amblyrhyncha Ward.
Populus arctica Heer.
Populus arctica var. b, Heer.
Populus balsamoides Goeppert.

Populus congerminalis "Hollick, n. sp.

Populus flexuosa Hollick, n. sp.
Populus genetrix Newberry.
Populus gaudini Fischer-Ooster.
Populus glandulifera Heer.
Populus hookeri Heer.
Populus latior Alex. Braun.
Populus leucophylla TUnger.
Populus mutabilis Heer.
Populus obscura Hollick, n. sp.
Populus richardsoni Heer.
Populus speciosa Ward?
Populus zaddachi Heer?
Populus sp.?

Salix Linnaeus :
Salix abbreviata Goeppert.
Salix alaskana Hollick, n. sp.
Salix angusta Alex. Braun.
Salix grandifolia Weber.
Salix integra Goeppert.
Salix lavateri Alex. Braun.
Salix libbeyi Lesquereux?
Salix macrophylla Heer.
Salix minuta Knowlton,
Salix pilosula Goeppert.
Salix raeana Heer.
Salix tenera Alex. Braun.
Salix varians Goeppert.
Salix wimmeriana Goeppert.
Salix sp. Heer.
Salix sp.?, pistillate ament.

Myricales : '
Myricaceae :

Comptonia Banks:
Comptonia cuspidata Lesquereux.
Comptonia praemissa Lesquereux.

Myrica Linnaeus: ’
Myrica banksiaefolia Unger. -

Mpyrica banksiaefolia curta Hollick, n.

var.
Myrica (Dryandroides) lignitum
ger) Saporta.
Myrica speciosa Unger.

Myrica (Comptonia) vindobonensis

(Ettingshausen) Heer.
Juglandales :
Juglandaceae s
Juglans Linnaeus:
Juglans acuminata Alex. Braun.

Juglans acuminata latifolia  (Alex.

Braun) Heer,

Spermatophyta—Continued.

Angiospermae—Continued.
Juglandales—Continued.
Juglandaceae—Continued.

Juglans Linnaeus—Continued.
Juglans crossii Knowlton.
Juglans egregia Lesquereux.
Juglans juglandiformis (Sternberg)

Giebel.

Juglans longiapiculata Hollick, n. sp.
Juglans nigella Heer.
Juglans picroides Heer.
Juglans? pseudopunctata Hollick, n. sp.
Juglans salicifolia Goeppert.
Juglans strozziana Gaudin?
Juglans thermalis Lesquereux.
Juglans townsendi Knowlton.
Juglans valida Hollick, n. sp.
Juglans woodiana Heer.
Juglans sp.?

Hicoria Rafinesque:
Hicoria antiquora (Newberry) Knowl-

ton.

Hicoria magnifica Knowlton.

Pterocarya Kunth:
Pterocarya septentrionale Hollick, n. sp.

Engelhardtia Leschen:
Engelhardtia ettingshauseni Berry.

Fagales :
Betulaceae:

Carpinus Linnaeus:
Carpinus grandis Unger.
Carpinus sp. Goeppert.

Carpinites Goeppert and Berendt:
Carpinites truncatus Hollick, n. sp.

Corylus Linnaeus:
Corylus adumbrata Hollick, n. sp.
Corylus americana fossilis Newberry.
Corylus evidens Hollick, n. sp.
Corylus harrimani Knowlton.
Corylus kenaiana Hollick, n. sp.
Corylus macquarrii (Forbes) Heer.
Corylus macquarrii macrophylla Heer,
Corylus? palachei Knowlton.
Corylus sp.? staminate aments.
Corylus sp.? aments.

Betula Linnaeus:
Betula alaskana Lesquereux.
Betula brongniartii Ettingshausen.
Betula confusa lata Hollick, n. var,
Betula dubiosa Hollick, n, name,
Betula grandifolia Ettingshausen.
Betula populoides Hollick, n. sp.
Betula prisca Ettingshausen.
Betula sp.? aments.

Alnus Gaertner:
Alnus alaskana Newberry.
Alnus alnifolia (Goeppert) Hollick, n.

comb.
Alnus corylina Knowlton and Cockerell.
Alnus grandiflora Newberry. .
Alnus kefersteinii (Goeppert) Unger.
Alnus kefersteinii var. Heer [may=A.
nostratum Unger].

Alnus sp. Grewingk.
Alnus sp.? catkins.
Alnus sp.? pistillate aments.
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Spermatophyta—Continued.
Angiospermae—Continued.
Fagales—Continued.
Fagaceae:

Fagus Linnaeus:

IFagus alnitifolia Hollick, n. sp.
Fagus antipofii Abich.

Fagus deucalionis Unger.
Iagus feroniae Unger.

Fagus sp. Heer.

Castanea Adanson:

Castanea castaneaefolia (Unger) Xnowl-
ton.

Quercus Linnaeus:

" Quercus alaskana Trelease?
Quercus artocarpites Ettingshausen.
Quercus chamissoni Heer.

Quercus conjunctiva Hollick, n. sp.
Quercus dallii Lesquereux.
Quercus etymodrys Unger.
Quercus furuhjelmi Heer.
Quercus gronlandica Heer.
Quercus juglandina Heer?
Quercus meriani Heer.

Quercus nevadensis Lesquereux.
‘Quercus olafseni Heer.

Quercus oregoniana Knowlton.
Quercus platania Heer.

Quercus pseudocastanea Goeppert.
Quercus steenstrupiana Heer.
Quercus? sp. Knowlton.

Dryophyllum Debey :

Dryophyllum aquilonium Hollick, n. sp.
Dryophyllum longipetiolatum Knowlton.
Dryophyllum stanleyanum Dawson.
Urticales:
Ulmaceae:
Ulmus Linnaeus:
Ulmus borealis Heer.
Ulmus braunii Heer.
Ulmus carpinoides Goeppert.
Ulmus diptera Steenstrup?
Ulmus longifolia Unger.
Ulmus plurinervia Unger.
Ulmus pseudobraunii Hollick, n. sp.
Ulmus sorbifolia Goeppert.

Planera Gmelin:

Planera aquaticiformis Hollick, n. sp.
Planera ungeri Ettingshausen,
Moraceae:

Arvtocarpidium Unger:

Artocarpidium alaskanum Hollick, n. sp.

Artocarpus Forster:

Artocarpus ordinarius Hollick, n. sp.

Ficus Linnaeus:

Ficus? alaskana Newberry.
Ficus dalli Cockerell.

‘Ficus menzeli Hollick, n. sp.
Ficus overbecki Hollick, n. sp.
Ficus stantoni Hollick, n. sp.

Protoficus Saporta :

Protoficus inaequalis Newberry?
Proteales:
DProteaceae:

Grevillea Salisbury and Knight:

Grevillea alaskana Hollick, n. s)».

Spermatophyta—Continued.
Angiospermae-—Continued.
Proteales—Continued.
Proteaceaec—Continued.
Hakea Schrader:
Hakea alaskana Hollick, n. sp.
Macclintockia Heer:
Macclintockia chignikensis Hollick, n. sp.
Polygonales:’
Polygonaceae:
Coccolobis P. Browne:
Coccolobis chapini Hollick, n. sp.
Ranales:
Nymphaeaceae:
Nelumbo Adanson:
Nelumbo protolutea Berry?
Magnoliaceae :
Magnolia Linnaeus:
Magnolia inglefieldi Heer.
Magnolia nordenskioldi Heer.
Magnolia ovalis Lesquereux.
Magnolia wormskioldi Heer.
Lauraceae:
Cinnamomum R. Brown:
Cinnamomum cinnamomeum (Rossmaess-
ler) Hollick, n. comb.
Cinnamomum ficoides Hollick, n. sp.
Persea Gaertner:
Persea spatiosa Hollick, n. sp.
Sassafras Nees:
Sagsafras alaskanum Hollick, n. sp.
Malapoenna Adanson:
Malapoenna carbonensis (Ward) Knowl-
ton.
Malapoenna magnifica (Saporta) Hollick,
n, comb.
Benzoin Fabricius:
Benzoin antiquum Heer.
Laurus Linnaeus:
Laurus californica Lesquereux.
Laurus fiirstenbergii Alex. Braun.
Laurus hamiltonensis Hollick, n. sp.
Laurus ocotaefolia Ettingshausen.
Laurus princeps Heer.
Laurus  saliciformis
Cockerell.
Daphnogene Unger:
Daphnogene kanii Heer.

Knowlton and

Rosales:
Hydrangeaceae :
Hydrangea Linnaeus:
Hydrangea alaskana Hollick.
Hamamelidaceae:
Hamamelis Linnaeus:
Hamamelis clarus Hollick, n. sp.
Liquidambar Linnaeus:
Ligquidambar eurcpaeum Alex. Braun.
Platanaceae:
Platanus Linnaeus:
Platanus aceroides latifolia Knowlton,
Platanus nobilis Newberry.
Platanus rectinervis Hollick, n. sp.
Platanus sp.? leaves, Dall.
Platanus sp. Knowlton.



8 THE TERTIARY FLORAS OF ALASKA

Spermatophyta—Continued.
Angiospermae—QContinued.
Rosales—Continued.
Rosaceae:
Spiraea Linnaecus:
Spiraea andersoni Heer.
Spiraea weaveri Hollick, n. sp.
Spiraea sp. Heer.
Rosa Linnaeus:
Rosa cetera Hollick, n. sp.
Rosa confirmata Hollick, n. sp.
Pomaceae:
Crataegus Linnaeus:
Crataegus alaskensis Hollick, n. sp.
Crataegus cappsii Hollick, n. sp.
Crataegus yukonensis Hollick, n. sp.
Drupaceae:
Prunus Linnaeus:
Prunus hartungi aequalis Hollick, n. var,
Prunus olympica Ettingshausen.
Prunus scottii Heer.
Prunus variabilis Newberry.
Mimosaceae:
Pithecolobium Martius:
Pithecolobium ceterum Hollick, n. sp..
Acacia Adanson:
Acacia aquilonia Hollick, n. sp.
Caesalpiniaceae:
Cassia Linnaeus:
Cassia glenni Berry?
Cassia phaseolites Unger?
Papilionaceae :
Sophora Linnaeus:
Sophora multiformis Hollick, n. sp.
Canavalia -Adanson :
Canavalia eocenica Berry.
Dolichos [Dolichus] Linnaeus: .
Dolichos convexus Hollick, n. sp.
Geraniales:
Malpighiaceae :
Tetrapteris Cavanilles:
Tetrapteris harpyiarum Unger.
Sapindales : ’
- Anacardiaceae:
Semecarpus Linnaeus :
Semecarpus alaskana Hollick, n. sp.
Semecarpus prindlei Hollick, n. sp.
Rhus Linnaeus:
Rhus frigida Knowlton.
Ilicaceae: :
Jlex Linnaeus:
Ilex insignis Heer,
Ilex? reticulata Heer,
Celastraceae:
Celastrus Linnaeus:
Celastrus borealis Heet.
Celastrus comparabilis Hollick, n. sp.
Celastrus sp.? Heer.
Ilaeodendron Jacques:
Elaeodendron helveticum Heer.
Aceraceae:
Acer Linnaeus:
Acer arcticum Heer,.
Acer disputabilis Hollick, n. sp.
Acer grahamensis Knowlton and Cocke-
rell.
Acer inaequale Heer?

Spermatophyta—Continued.
Angiospermae—Continued.
Sapindales—Continued.
Aceraceae—Continued.
Acer Linzaeus—Continued.
Acer trilobatum productum (Alex: Braun)
Heer. :
Acer trilobatum var. Knowlton.
Acer visibilis Hollick, n. sp.
Acer sp.? fruit, Hollick.
Aesculaceae:
Aesculus Linnaeus:
Aesculus arctica Knowlton.
Sapindaceae:
Cupania Linnaeus:
Cupania comparabilis Hollick, n. sp.
Paullinia Linnaeus:
Paullinia alaskana Hollick, n. sp.
Sapindus Linnaeus:
Sapindus aflinis Newberry?
Sapindus angustifolius Lesquercux (not
Blume). ’
Sapindus basilicus (Unger) Unger.
. Koelreuteria Laxmann :
Koelreuteria eakini Hollick, n. sp.
Rhamnales:
Rhamnaceae:
Rhamnus Linnaeus:
Rhamnus brevifolius Alex. Braun.
" Rhamnus decheni Weber.
Rhamnus gaudini Heer.
Rhamnus marginatus Lesquereux.
Rhamnus pseudogold.anus Hollick, n. sp.
Rhamnus rossmaessleri Unger.
Zizyphus Adanson.
Zizyphus hyperboreus Heer. .
Zizyphus meigsii (Lesquereux) Berry?
(not Schimper).
Zizyphus townsendi Knowlton.
Paliurus Jussieu:
Paliurus ceterus Hollick, n. sp.
Paliurus colombi Heer.
Vitaceae:
Vitis Linnaeus:
Vitis alaskana Cockerell.
Vitis atwoodi Hollick, n. sp.
Vitis heeriana Knowlton and Cockerell?
(=V. crenata Heer).
Vitis olriki Heer.
Cissus Linnaeus:
Cissus cissoides (Saporta) Hollick, n,
comb.
Cissus pterospermoides Hollick, n. sp.
Malvales:
Elaeocarpaceae:
Elaeocarpus Linnaeus:
Elaeocarpus alaskensis Hollick, n. sp.
Tiliaceae:
Tilia Linnaeus:
Tilia alaskana Heer.
Tilia grewioides Hollizk, n. sp.
Tilia malmgreni Heer.
Tilia notabilis Hollick, n. sp.
Tilia sp. Hollick.
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Spermatophyta—Continued.
Angiospermae—Continued.
Malvales—Continued.
. Tilianceae—Continued.
Grewia Linnaeus:
Grewia crenata (Unger) Heer.
Grewia orbiculata Hollick, n. sp.
Grewia zizyphoides Hollick, n. sp.
Grewiopsis Saporta:
Grewiopsis alaskana Hollick, n. sp.
Grewiopsis congerminalis Hollick, n. sp.
Grewiopsis defectivas Hollick, n. sp.
Grewiopsis frustratorius Hollick, n. sp.
Grewiopsis grandiculus Hollick, n. sp.
Apeibopsis Heer:
Apeibopsis? discolor
quereux.
Malvaceae:
Abutilon Gaertner:
Abutilon eakini Hollick, n. sp.
Abutilon sp.? Hollick.
Bombacaceae :
Hampea Schlechtendahl:
I-Iampezi conditionalis Hollick, n. sp.
Sterculiaceae :
Pterospermites Heer :
Pterospermites alaskana Knowlton.
Pterospermites alternans Heer.
Pterospermites auriculaecordatus Hollick,
n. sp.
Pterospermites conjunctivus Hollick, n. sp.
Pterospermites dentatus Heer (previous
identification not confirmed).
Pterospermites imparilis Hollick, n. sp.
Pterospermites magnifolia Knowlton.
Pterospermites spectabilis Heer.

(Lesquereux) Les-

Parietales:
Dilleniaceae:
Dillenin Linnaeus:
Dillenia alaskana Hollick, n. sp.
Dillenites Berry:
Dillenites ceterus Hollick, n. sp.
Dillenites ellipticus Hollick, n. sp.
Dillenites ellipticus ulmifolius Hollick, n.
var.
Dillenites microdentatus (Hollick) Berry.
Saurauja Willdenow :
Saurauja alaskana Hollick, n. sp.
Thymeleales :
Elaeagnaceae:
Lepargyraea Rafinesque:
Lepargyraea weaveri Hollick, n. sp.
Myrtales:
Combretaceae:
Terminalia Linnaeus:
Terminalia sp.? Hollick.
"Lrapaceae :
Trapa Linnaeus:
Trapa borealis Heer.
Umbellales :
Araliaceae:
Hedera Linnaeus:
Hedera auriculata Tleor.
Hedera macclurii Heer,
Aralia Linnaeus:
Arvalia delicatula Hollick, n. sp.
Aralin? sp. Hollick.
Aralia? sp. Hollick.

Spermatophyta—Continued.
Angiospermae—Continued.
Umbellales—Continued.
Cornaceae :
Cornus Liunaeus:
Cornus biichii Heer.
Cornus hyperborea Heer?
Cornus irregularis Hollick, n. sp. .
Cornus orbifera Heer. |
Nyssa Linnaeus:
Nyssa arctica Heer.
Nyssidium Heer :
Nyssidium ekmani Heer.
Angiospermae (Dicotyledonae—Gamopetalae) :
Hricales:
Hricaceae :
Rhododendron Linnaeus:
Rhododendron crassum Hollick, n. sp.
Vacciniaceae :
Vaccinium Linnaeus:
Vaccinium alaskanum Knowlton.
Vaccinium friesii Heer.
Vaccinium hollicki Knowlton.
Vaccinium sp. Heer.
Ebenales:
Ebenaceae :
Diospyros Linnaeus:
Diospyros alaskana Schimper,
Diospyros anceps Heer.
Diospyros brachysepala Alex. Braun.
Diospyros stenosepala Heer.
Ebenoxylon Felix:
Ebenoxylon boreale Platen.
Styracaceae:
Mohrodendron Britton :
Mohrodendron inopinum Hollick, n. sp.
Oleales:
Oleaceae :
Fraxinus Linnaeus:
Fraxinus herendeenensis Knowlton.
Fraxinus inordinata Hollick, n. sp.
Fraxinus johnstrupi Heer.
Fraxinus juglandina Saporta.
Fraxinus lateralis Hollick, n. sp.
¥raxinus? pseudobliqua Hollick, n. sp.
Fraxinus yukonensis Hollick, n. sp.
Rubiales:
Caprifoliaceae :
Viburnum Linnaeus:
Viburnum aequale Hollick, n. sp.
Viburnum antiquum (Newberry) Hollick.
Viburnum contortum Lesquereux.
Viburnum duriusculum Hollick, n. sp.
Viburnum evexum Hollick, n. sp.
Viburnum newberryanum Ward.
Viburnum nordenskioldi Heer.
Viburnum obliqguum Hollick.
Viburnum schmidtianum Heer?
Viburnum whymperi Heer?
Viburnum sp.? fruit, Hollick.
Spermatopbyta of undetermined ordinal and family relation-
ship:
Nordenskioldia Heer :
Nordenskitldia borealis Heer.
Antholithes Brongniart:
Antholithes castaneoides Hollick, n. sp..
P'alaeanthus Newberry :
Palaeanthus prindlei Hollick, n. sp.
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Spermatophyta of undetermined ordinal and family relation-
ship—Continued.
Phyllites Brongniart:
Phyllites arctica Knowlton,
Phyllites saundersi Knowlton.
Dicotyledonous leaves (gen. and
Hollick.
Carpolithes Schlotheim :
Carpolithes auriformis Hollick, n. sp.
Carpolithes elytraeformis Hollick, n. sp.
Carpites Schimper:
Carpites sp. Knowlton.
Fruit or nut? Kay.

sp.?)

BOTANIC RELATIONS

The 388 floral elements listed in this paper include
327 described as species, 13 regarded as varieties, 42
that are merely identified generically, and 6 that
consist of more or less unidentifiable remains. In
connection with any numerical analysis of the flora,
however, it is most convenient to enumerate and dis-
cuss it as consisting of 388 species (the term “ species ”
being intended to signify element or entity), which
may be grouped, taxonomically, as follows:

Taxonomic group h Species | Genera |Families| Orders | Percent
Thallophyta._ . ... __.. 1 1 1 1 0.2
Pteridophyta....._._.__ 16 11 4 2 4.1
Gymnospermae. ... ... 40 15 4 3 10. 3

- Monocotyledonae________ 15 10 7 6 3.9
Dicotyledonae_ ... _____ 306 94 47 21 78.9
Uncertain_ _ _.________._ 10 8| (€3] 2.6

Totala . oo -. 388 | 139+| 63+4| 334 100.0

The single representative of the Thallophyta
(Chondrites heerii Eichwald) possesses some ecologic
significance, inasmuch as it is presumably indicative
of aquatic conditions; but otherwise it is an unimpor-
tant element in the flora and does not appear to re-
quire further discussion.

The group Pteridophyta, with 2 orders, is relatively
well represented—the Filicales by 2 families (Poly-
podiaceae and Osmundaceae) that include not less

than 10 genera and 12 or more species, and the Equi- .

setales by 2 species included in a single genus (£'gus-
setum arcticum Heer and Z. globulosum Lesquereux).
The Polypodiaceae is the largest family and includes
the largest genus (Pteris, with 4 species). The order
Filicales also includes such diverse and, apparently,
strangely associated genera as the existing Onoclea,
Dryopteris, Aspleniwm, and .Osmunds; the more or
less problematic Mesozoic Hausmannia and Anthro-
phyopsis; and Pecopteris and Newropteris, which are
generally recognized as strictly Paleozoic genera. The
last two, however, may be disregarded, as it may be
assumed that they represent early errors of identifi-

cation and that the forms so assigned are actually:

referable to certain of the previously mentioned genera

and probably to certain of the species. The species
that may be regarded as of special interest are Onoclen
sensibilis Linnaeus, by reason of its specific antiquity,
being represented, apparently unchanged, in the flora
of early Tertiary time and that of the present day;
and Anthrophyopsis hamiltonensis Hollick, n. sp., by
reason of its apparent close relationship to species of
the tropical genus Anthrophyum (=Antrophywm) and
its association with other fossil plants of tropical and
subtropical facies—cycads, fan palms, etc. .

Equisetum arcticum is noteworthy by reason of its
abundance and its extensive areal distribution, having
been identified in at least seven collections from locali-
ties scattered in such widely separated regions as the
Matanuska coal field, Alaska Peninsula, and the
Yukon Valley.

The Gymnospermae are abundantly represented,
both numerically and relatively, by about 40 species,
included in 15 genera, 4 families, and 8 orders
(Cycadales, Ginkgoales, and Coniferales). Of these
the order Cycadales is in certain respects, of special
interest. Remains of Tertiary cycads are rare: 22
species have been previously recorded—13 in the East-
ern Hemisphere and 9, of which only 8 are North
American, in the Western Hemisphere. Moreover,
existing cycads represent a strictly tropical type of
vegetation; hence the identification of representatives
of two existing genera, neither of them heretofore
recorded in the fossil state, and including three new
species (Ceratozamia wrightii, Dioin inopinus, and
D. praespinulosum), in the Tertiary flora of the boreal
zone in Alaska, may be regarded as one of the items
of special interest in the present connection.

Of the Ginkgoales, represented in our existing flora
by a single species (Génkgo biloba Linnaeus), native
only in eastern Asia, there are at least 2 species (G.
adiantoides (Unger) Heer and G. reniformis con-
formis Hollick, n. var.) widely distributed in the
Tertiary flora of Alaska.

The Coniferales is the largest order of the Gymno-
spermae. It includes 2 families—the Taxaceae, with a
single genus and 2 species (Z'azites olriki Heer and 7.
miacrophylius Heer), and the Pinaceae, with about 30
species included in 10 or more genera. The two genera
most abundantly represented by species and by actual
number of specimens are Sequoia and Tawodivwm. It
should be noted, however, that remains which have
been identified as belonging to one or the other of
these genera are frequently difficult, if not impossible,
to differentiate satisfactorily, as may be appreciated
by comparing the numerous figures included under the
two species Sequoia langsdorfic (Brongniart) Heer, in
its varied forms, and Tawodiwm dubium (Sternberg)
Heer and its several recognized varieties. Taken to-
gether, the numerous forms and varieties of these two
species might perhaps be considered one of the most
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characteristic and abundant features, not only of the
Gymnospermae but also of the Tertiary flora as a
whole. Remains of specimens referable to one or the
other, or to both, of these species occur, probably, in a
larger number of the collections than those of any
other identified species. Those identified as Sequoia
langsdorfii, for example, have been recorded from
more than 15 localities, distributed in southeastern
Alaska, the Matanuska coal field, Kenai Peninsula,
Alaska Peninsula, and the upper Yukon region. In
our existing flora the genus Sequota is represented by
two species only, both restricted in their distribution
to California—S. gigantea Decaisne, the “bigtrees”
of the Sierra, and 8. sempervirens (Lambert) End-
licher, the “redwoods” of the coastal region. The
genus Taxodiwm, in our existing flora, is limited in
its range to the southern United States and Mexico,
where it is represented by a single species—7'. dis-
tichum (Linnaeus) L. C. Richard, commonly known
as “bald cypress ”—or possibly by two that are closely
allied or that may be regarded as merely differing
varietally.

Another tree that was evidently an important ele-
ment in the Alaskan Tertiary flora is Glyptostrobus
curopaeus (Brongniart) Unger, which is abundantly
represented in collections from southeastern Alaska,
the Yakutat Bay region, and the Matanuska coal field.
In our existing flora the genus is represented by a
single species—G. heterophylius Endlicher, native
only in southeastern China—and it is closely allied,
taxonomically, to Tazodiwm. All three of these gen-
era were formerly holarctic in distribution, whereas
Sequoia and T'azodium are now extinct in Eurasia and
are limited to relatively small areas in subtropical and
temperate regions in North America; and Glyptostro-
bus is now extinct in North America and exists only in
a warm-temperate area of moderate extent in Asia.

As a climatic index the presence of the three conif-
erous genera above mentioned would naturally imply
that warm-temperate conditions must have prevailed
at the time when and in the region where they were
growing. On the other hand, however, if certain
other coniferous genera present in the flora (Pinus,
Picea, Abies, ete.) are grouped together, a temperate-
boreal facies would appear to be indicated.

The Angiospermae, which include the Monocoty-
ledonae, the Dicotyledonae, and a few remains of
uncertain family and ordinal relationships, form over-
whelmingly the largest group or phylum, being repre-
sented by 331 species, or 85.4 percent of the entire
flora.

The Monocotyledonae are represented by 15 species,
included in 10 genera, 7 families, and 6 orders. None
of these would attract any special attention were it
not for the presence of two species (Flabellaria floris-
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santi Lesquereux and F. alaskana Hollick, n. sp.) that
are unmistakably referable to the fan palms of the
Arecaceae. This family of plants, at the present time,
is strictly tropical and subtropical in its distribution,
and any fossil representatives of the family—as in
connection with the Cycadaceae—must logically be
accepted as evidence that at least subtropical climatic
conditions prevailed during the time that these plants
were living elements in the flora.

The Dicotyledonae represent the largest class as-
semblage of species in the flora. They include 306
specific elements, or 78.9 percent of the entire flora,
of which the Choripetalae number 277 and the Gamo-
petalae 29; and, in addition, there are 10 species refer-
able to the Dicotyledonae whose group relationships
have not been definitely determined. If the class is
analyzed by utilizing the genera as climatic indices,
the inferences that may be deduced appear to be more
or less contradictory or inconclusive, although a broad
statement to the general effect that the general facies
indicates a north-temperate flora, with a considerable
representation of subtropical and tropical elements,
would probably be accepted by those who are informed
on the subject. For example, the amentiferous genera
(Populus, Saliz, Myrica, Juglans, Betula, Carpinus,
Corylus, Alnus, Fagus, Castanea, Quercus, and Ulmus)
included in the Salicales, Myricales, Juglandales,
Fagales, and Urticales, representing about 126 species,
or about 33.5 percent of the entire flora and 41 percent
of the Dicotyledonae, are in the existing flora pre-
vailingly characteristic of temperate and boreal re-
gions. It may also be noted as significant that the
genus Populus is represented in the Tertiary flora of
Alaska by 18 species, Saliz by 16, Juglans by 16,
Quercus by 17, Corylus by 10, and Betula, Alnus, and
Ulmus by 8 each. The only other genera of the Dicoty-
ledonae that exceed or equal any of these in number
of species are Viburnum, with 11, and Acer and Ptero-
spermites, 8 each. Viburnwm and Acer are charac-
teristically north temperate in their distribution, and
Pterospermites, a fossil genus of uncertain systematic
status, is the only one prolific in species that may be
inferred to represent warmer climate.

Other genera inferentially representing elements of
a tropical and subtropical flora are: Piper, Engel-
hardtia, Artocarpus (and Artocarpidium?), Ficus
(and Protoficus?), Grevillea, Hakea, Coccolobis, Mag-
nolia, Cinnamomwm, Persea, Malapoenna, Laurus,
Pithecolobium, Acacia, Sophora, Canavalia, Dolichos,
Tetrapteris, Semecarpus, Elaeodendron, Cupania,
Paullinia, Sapindus, Zizyphus, Cissus, Elacocarpus,
Grewia (and Grewiopsis?), Apeibopsis?, Abutilon,
Hampea, Dillenia (and Dillenites?), Sawrawja, and
Terminalia. This represents an impressive array of
evidence in favor of warm climatic conditions; and it
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may also be noted that certain other genera, such as
Smilaw, Nelwmbo, Liquidambar, Cassia, Aralia, Nyssa,
Diospyros, and Mohrodendron, although represented
by many temperate-zone species in our existing flora,
are equally well represented by species that are sub-
tropical and tropical in their distribution.

A salient fact, also, which may not be ignored in
this connection is that the existing genera character-
istic of temperate and boreal zone distribution (Popu-
lus, Saliz, Juglans, Corylus, etc.) are the genera in
the Tertiary flora that are most prolific in species;
whereas those that may be regarded as character-
istically subtropical and tropical in their distribution
(Ceratozamia, Dioon, Flabellaria, Piper, Artocarpus,
Ficus, Laurus, Paullinia, Dillenia, Sawravja, Termi-
nalia, etc.) are but sparsely represented in specific ele-
ments, the largest number (6) being included under
Lowrus, while most of the other genera in the same
category (Grevillea, Coccolobis, Sophora, Cupania,
Mohrodendron, etc.)—some 20 or more—are repre-
sented each by only a single species. Obviously some
explanation should be forthcoming to account for what
appears to be such an incongruous association of floral
elements. In the first place, however, we should real-
ize that in the systematic arrangement of the flora it
is treated as if it represented a single florule or floral
assemblage, regardless of regional and zonal distribu-
tion, or probable differences in stratigraphic position
here and there.

Analysis and comparison of lists of species from

different localities do not assist to any appreciable ex-

tent in explaining the meaning or significance of the
apparently peculiar generic associations. A geo-
graphic arrangement of the flora, however, does
appear to result in a slight indication of regional dif-
ferentiation. The collections from localities in the
southern part of the Territory, for example, present a
somewhat more tropical facies than those from locali-
ties farther north. Thus it is only in collections from
southeastern Alaska that typically tropical genera
such as Anthrophyopsis, Ceratozamia, Diodon, and
Flabellaria have been identified, associated with
species of Piper, Laurus, Sapindus, Acacia, Dillenia,
Dillenites, Mohrodendron, Saurauja, etc., and a small
minority of genera that would be indicative of cooler
climatic conditions, such as Popuwlus, Juglans, Alnus,
and Ulmus. On the other hand, if the collections
from the Cook Inlet region, about 200 miles farther
north, are analyzed in a similar manner, it will at once
be apparent that the temperate-zone genera are in
overwhelming majority and that the tropical and sub-
tropical elements are so few as to be almost negligible.
Similar minor regional differences may be noted in
connection with collections from other localities, but
whether these obvious floral differences are due to
geographic distribution, or to relative stratigraphic
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position, cannot be satisfactorily determined until the
stratigraphy of the plant-bearing beds has been more
thoroughly coordinated and correlated.

If the existing genera represented in the flora are
analyzed from the viewpoint of modern phytooeow-
raphy several interesting facts are revealed :

(a¢) Twelve are excluswely New World in their dis-
tribution, as follows: :

Ceratozamia, 6 species_______ Mexico.

Diodn, 2 species_ - __________ Mexico.

Sequoie, 2 species____________ California.

Tazodium, 2 speeies__________ Southern North America
and Mexico.

Comptonia, 1 species____._____. Canada, eastern United
States to Florida.

Hicoria, 10 species____________ Eastern North America

and Mexico.
Coccolobis, about 25 species_. Tropical and subtropical

regions.
Tetrapteris, about 50 species_. Tropical regions.
Cupania, about 30 species____ Tropical and subtropical
regions.
Hampea, 2 species___________ Mexico and Colombia.
Lepargyrea,” 3 species____._. Temperate and boreal
North America.
Mohrodendron, 3 species__.___. Southeastern North
America.

(6) Eleven are exclusively Old World genera, re-
stricted in their distribution to eastern and southern
Asia and Australia, as follows:

Hausmannia (Dipteris), 4 Southeastern Asia.

species.
Ginkgo, 1 species_ . ____ China and Japan.
Qlyptostrobus, 2 species______ China.
Engelhardtia, 9 specieS—__.___ Southern Asia.

Artocarpus, about 40 species__ Southeastern Asia.
Grevillea, about 150 species___ Australia.

Hakea, about 100 species-._._ Australia.

Cinnamomarm, about 50 species. Eastern Asia and Austra-
lia.

Semecarpus, about 40 species__ Southern Asia and Aus-
tralia.

Koelreuteria, 2 species______. China.

Dillenia, about 25 species.... Eastern Asia and Austra-
lia.

(¢) Eleven are common to both the New World and
the Old but are, with three exceptions, exclusively east-
ern Asiatic in their Old World distribution, as fol-
lows: ‘

Onoclea, 1 species_________ Eastern North America and
eastern Asia.
Nelumbo, 2 species____.____ Eastern and southern North

America, northern South
America, and Asia, mostly

eastern. .
Magnolia, 20 species_______ Eastern North America and

Asia, mostly eastern.
Persea, about 10 species-__ Tropical and subtropical

America and eastern

Asia.

2 Blaecgnus, the genus most closely allied, includes about 12 species—
one native in North America, the others in eastern Asia.
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Sassafras, 2 species___—____ Eastern North America and
. China.
Benzoin, about 12 species_. Eastern North America and
eastern Asia.

Hamamelis, 3 species_____- Eastern North America and
eastern Asia.
Liquidambar, 3 species_._- Bastern and southern

North America, Central
America, Island of For-

mosa, and Asia Minor.
Celustrus, about 25 species- North Ameriea, northern
South America(?), east-

ern Asia, and Australia.
Saurauwje, about 60 species- ropical America and Asia.
Nyssa, about 6 species____. Eastern and southern North
America and eastern Asia.
Also, if those genera that are of more or less cos-
mopolitan distribution are analyzed and considered
in this connection, it may be noticed that America
and eastern Asia are linked together in a large num-
ber of the generic distributional regions, of which, as
a few characteristic examples, the following may be

cited :

Dennstaedtia, about 15 Eastern North America,

species. eastern Asia, and else-
where.

Asplenium, about 200 North and South America,

species. eastern Asia, and else-
where.

Osmunda, about 6 species_. Eastern North America,
West Indies, eastern Asia,
and elsewhere.

Swilaz, about 200 species.. North and South America,

eastern Asia, .and else-
where.
Myrica, about 40 species—__ North  America, eastern
Asia, and elsewhere.
Corylus, 7 species.________ Eastern North America,

central and eastern Asia,
and elsewhere.

I'agus, 4 specieS__________ IBastern North America,
Japan, and elsewhere.

And a number of others are characteristically east-
ern Asiatic, although occurring elsewhere, such as the
following : ]

Pterocarya, about Japan, China, and southern Europe.
4 species. )
Paliurus, 2 species. Japan, China, and southern Europe.

Elacocarpus, about Eastern Asia, Australia, and
60 species. Hawaii.

Grewia, about 80 Kastern Asia, Australia, and South
species. Africa.

On the other hand, the cosmopolitan genera that
include Europe in their distribution are largely con-
fined to the Northern Hemisphere, and none are ex-
clusively European. In this connection the following
may be noted:

Pinus, about 70 Temperate and  boreal Europe,
species. ' Asia, and North America.
Picea, 12 species... Europe, northern Asia, and North

America.
Abies, 20 species... Europe, temperate and boreal
Asia, and North America.

Populus, about 18 Europe, temperate and boreal
species. Asia, northern Africa, and North
America.
Carpinus,12 species. Europe, central and eastern Asia,
and North America.
Betula, 35 species... Europe, northern Asia, and North
America.
Castanea, 2 species. Europe and eastern North America.
Ulmus, 16 species.. Europe, Asia, and North America.
Platanus, 2 species. Europe and North America.
Spiraea, about 40 Europe, temperate and boreal Asia,
species. temperate and boreal North
America.
Crataegus, about 40 Europe, temperate and boreal Asia,
species. temperate and boreal North
America.
Aesculus, about 14 Europe, northern temperate Asia,
species. and_ North America.

When the above-listed facts of existing generic dis-
tribution are interpreted the logical conclusion that
may be deduced appears to be that the Tertiary flora
of Alaska, in its entirety, had its closest Old World
relationships with that of eastern Asia and Awustral-
asia, as would naturally be expected.

FOSSIL-PLANT LOCALITIES

In the following pages are given lists of the Ter-
tiary plants collected in Alaska, arranged geographi-
cally by general regions.

SOUTHEASTERN ALASKA REGION

210. Baranof Island:

Ginkgo adiantoides (Unger) Heer.
Sagittaria sp. Lesquereux.
Carex sp. (leaves) Lesquereux.

8651, Kuiu Island:
Asplenium alaskanum Hollick, n. sp.
Taxodium dubium (Sternberg) Heer.
Taxodium tinajorum Heer.
Carpinus grandis Unger.
Alnus alnifolia (Goeppert) Hollick, n. comb.
Ulmus carpinoides Goeppert.

7580. Kuiu Island:
Osmunda doroschkiana Goeppert.
Castanea castaneaefolia (Unger) Knowlton.
Planera ungeri Ettingshausen.

3652. Kupreanof Island, Hamilton Bay:
Anthrophyopsis hamiltonensis Hollick, n. sp.
Taxites olriki Heer.

Juglans nigella Heer.

Juglans? pseudopunctata Hollick, n. sp.

Ulmus sorbifolia Goeppert.

Malapoenna carbonensis (Ward) Knowlton?

Dillenites ellipticus ulmifolius Hollick, n. var.
4389. Kupreanof Island, Hamilton Bay, highest of three hori-

Zons :

Dio6n inopinus Hollick.

Dioon praespinulosum Hollick.

Sequoia langsdorfii (Brongniart) Heer.

Glyptostrobus europaeus (Brongniart) Unger.

Piper concavum Hollick, n. sp.

Juglans longiapiculata Hollick, n. sp.

Magnolia inglefieldi Heer? '

Laurus hamiltonensis Hollick, n. sp.

Sassafras alaskanum Hollick, n. sp.

Malapoenna magnifica (Saporta) Hollick, n. comb.



14 THE TERTIARY FLORAS OF ALASKA

4389. Kupreanof Island, Hamilton Bay, highest of three hori-
zons—Continued.
Sapindus basilicus (Unger) Unger.
Dillenites ellipticus Hollick, n. sp.
Dillenites ellipticus ulmifolius Hollick, n. var.
Dillenites microdentatus (Hollick) Berry.
Dicotyledonous leaf (gen. and sp.?).
§391. Kupreanof Island, Hamilton Bay, intermediate of three
horizons :
© Taxodium tinajorum Heer.
Sequoia langsdorfii (Brongniart) Heer.
Glyptostrobus europaeus (Brongniart) Unger.
Populus speciosa Ward?
Grewiopsis frustratorius Hollick, n. sp.
Grewiopsis defectivus Hollick, n. sp.
Pterospermites conjunctivus Hollick, n. sp.
4392. Kupreanof Island, Hamilton Bay, lowest of three
horizons :
Anthrophyopsis hamiltonensis Hollick, n. sp.
Diodn praespinulosum Hollick, n. sp.
Sequoia brevifolia Heer.
Glyptostrobus eurcpaeus (Brongniart) Unger.
Flabellaria alaskana Hollick, n. sp.
Juglans egregia Lesquereux.
Juglans valida Hollick, n. sp.
Dryophyllum longipetiolatum Xnowlton.
Malapcenna magnifica (Saporta) Hollick, n. comb,
Laurus fiirstenbergii Alex. Braun.
Rhamnus rossmaessleri Unger.
Dillenites ceterus Hollick, n. sp.
Dillenites ellipticus Hollick, n. sp.
- Fraxinus? pseudobliqua Hollick, n. sp.
7474, Kupreanof Island:
Onoclea sensibilis Linnaeus.
Ceratozamia wrightii Hollick.
Taxodium crassum Hollick, n. sp.
Laurus californica Lesquereux.
Dillenia alaskana Hollick, n. sp. -
Dillenites ellipticus Hollick, n. sp.
7565. Kupreanof Island:
Pteris sitkensis Heer.
Diodn praespinulosum Hollick.
Taxodium occidentale Newberry.
Sequoia langsdorfii (Brongniart) Heer,
Flabellaria alaskana Hollick, n. sp.
Populus balsamoides Goeppert.
Populus glandulifera Heer.
Castanea castaneaefolia (Unger) Knowlton.
Dryophyllum stanleyanum Dawson.
Magnolia inglefieldi Heer.
Malapoenna magnifica (Saporta) Hollick, n. comb.
Laurus californica Lesquereux.
Vitis olriki Heer.
Saurauja alaskana Hollick, n. sp.
4390. Admiralty Island, Kootznahoo Inlet:
- Sequoia langsdorfii acuta Heer.
Sequoia langsdorfii angustifolia Heer.
Taxodium dubium longifolium Massalongo.
Taxodium dubium (Sternberg) Heer.
Populus amblyrhyncha Ward.
Populus flexuosa Hollick, n. sp.
Juglans nigella Heer.
Juglans strozziana Gaudin?
Quercus furuhjelmi Heer.
Vitis atwoodi Hollick, n. sp.
Tilia grewioides Hollick, n. sp.
Tilia malmgreni Heer.

4390. Admiralty Island, Kootznahoo Inlet—-Continued.
Tilia notabilis Hollick, n. sp.
Tilia sp.?
Acacia aquilonia. Hollick, n. sp.
Mohrodendron inopinum Hollick, n. sp.
Rhamnus pseudogoldianus Hollick, n. sp.
Nyssidium ekmani Heer.
7518. Zarembo Island:
Sequoia langsdorfii (Brongniart) Heer.
7566. Whitney Island:
Chondrites heeri Eichwald?

Collections by others than members of United States Geological Survey

[List compiled from paleobotanic literature]

Alexander Archipelago, ““ prope Sitka.” Furubhjelm, fide Heer:
Taxodium distichum miocenum Heer.

Alexander Archipelago [Sitka?]. Nelson, E. W., fide Les-

quereux:
Carex, leaves.
Sagittaria n. sp.
Ginkgo adiantoides (Unger) Heer.

Kuiu [“Kuju”] Island. Furuhjelm, fide Heer, Eichwald:
Pteris sitkensis Heer, fide Eichwald. )
Pecopteris sp. (=P. lignitum Giebel?), fide Heer.
Glyptostrobus europaeus (Brongniart) Unger, flde

Heer.
Corylus macquarrii (Forbes) Heer, fide Bichwald.

Kuiu Island. Dall:

Pteris.

Sequoia langsdorfii.
Glyptostrobus.
Castanea.

Corylus macquarrii.

Keku Island. Furuhjelm, fide Heer:

Sequoia langsdorfii (Brongniart) Heer.
‘Widdringtonia sp. Heer.
Corylus macquarrii (Forbes) Heer.

“Insel Hudsnoi” [=Hudsunos, Kootznahoo, or Admiralty
Island]. Doroschin, fide Goeppert, 1861; Newberry, 1882
(1883) :

Taxodium distichum miocenum Heer [=T. dubium
(Sternberg) Heer, fide Goeppert].
Populus balsamoides Goeppert, fide Goeppert.
Populus eximia Goeppert.
Juglans acuminata Alex. Braun.
“Admiralty Inlet”, fide Newberry:
Alnus alaskana Newberry.
“Admiralty Inlet.” Capt. W. A. Howard, 1867, fide New-
berry :
Ficus? alaskana Newberry.
Vitis alaskana Cockerell [may=Vitis rotundifolia
Newberry (not V. rotundifolia Michaux)].

YAKUTAT-COPPER RIVER REGION

3879. Yakutat Bay:
Asplenium alaskanum Hollick, n. sp.
Pteris pseudopennaeformis Lesquereux.
Glyptostrobus europaeus (Brongniart) Unger.
Magnolia wormskioldi Heer.
Celastrus comparabilis Hollick, n. sp.
Tetrapteris harpyiarum Unger.
Hampea conditionalis Hollick, n. sp.
Carpolithes elytraeformis Hollick, n. sp.
“Danadku ”, Silver Lake, Krause brothers, fide Felix:
Pityoxylon inaequale Felix.
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3702. Bering Lake:

Canavalia eocenica Berry.

3705. Bering River:

Daphnogene kanii Flcer.

Bering River coal field:

Fruit or nut? Thomas (shales of 'l'oku formation,
fide Kay].

8842, Grade trail, Cabin coal opening:

Piper concavum Hollick, n. sp.

3846. Creek flowing into head of Canyon Creek:
Pteris inaequilateralis Hollick, n. sp.
Piper disputabilis Hollick, n. sp.
Dryophyllum stanleyanum Dawson.
Cornus biichii Heer.

Cornus hyperborea Heer?
Cornus irregularis Hollick, n. sp.

3847. Happy Hollow trail, Berg Lake:
Asplenium alaskanum Hollick, n. sp.
Populus balsamoides Goeppert.

Juglans thermalis Lesquereux.
Planera aquaticiformis Hollick, n. sp.
Ulmus pseudobraunii Hollick, n. sp.
Artocarpidium alaskanum Hollick, n. sp.
Mohrodendron inopinum Hollick, n. sp.
Magnolia ovalis Lesquereux.
Cinnamomum cinnamomeum (Rossmaessler) Hollick,
n. comb..
Persea spatiosa Hollick, n. sp.
Malapoenna magnifica (Saporta) Hollick, n. comb.
Rhamnus marginatus Lesquereux,
Rhamnus pseudogoldianus Hollick, n. sp.
Terminalia sp.?
Semecarpus alaskana Hollick, n. sp.
Cornus hyperborea Heer?
Rhododendron crassum Hollick, n. sp.
Fraxinus lateralis Hollick, n. sp.
3848. Glacier Creek:
Rhamnus decheni Weber.

3021. Copper River Basin, Gakona Glacier:
Ulmus diptera Steenstrup.

Taxites olriki Heer.

MATANUSKA-COOK INLET REGION

3672. Chickaloon River:
Ficus menzeli Hollick, n. sp.
Acer inaequale Heer?
Fraxinus juglandina Saporta.
6289. . E. O'Brien coal claim, 14 miles above mouth of
Chickaloon River:
Taxites olriki Heer.
Piper septentrionalis Heollick, n. sp.
3954. Moose Creek:
Magnolia inglefieldi Heer.
5892. Matanuska River near Moose Creek:
Equisetum arcticum Heer.
Glyptostrobus europaeus (Brongniart) Unger.
Avundo pseudogoepperti Berry?
Populus balsamoides Goeppert.
Myrica (Comptonia) vindobonensis (Ettingshausen)
Heer.
Juglans crossii Knowlton.
Juglans juglandiformis (Sternberg) Giebel.
Pterocarya septentrionalis Hollick, n. sp.
+ Quercus alaskana Trelease?
Quercus artocarpites Ettingshausen.
Quercus conjunctiva Hollick, n. sp.
Quercus juglandina Heer?

5892. Matanuska River near Mooge Creek—Continued.
Quercus meriani Heer.
Prunus scottii Heer.
Cassia phaseolites Unget?
Ilex? reticulata Heer.
Rhamnus gaudini Heer.
Viburnum sp?, fruit.
Pterospermites auriculaecordatus Holiick, n. sp.
Pterospermites imparilis Hollick, n. sp.
Mohrodendron inopinum Hollick, n. sp.
Fraxinus inordinata Hollick, n. sp.
Fraxinus juglandina Saporta.
Fraxinus lateralis Hollick, n. sp.
Fraxinus yukonensis Hollick, n. sp.
Antholithes castanaeoides Flollick, n. sp.
5901. Matanuska River, west from Moose Creek:
Juglans crossii Knowlton.
Juglans juglandiformis (Sternberg) Giebel.
Quercus conjunctivus Hollick, n. sp.
Quercus juglandina Heer?
Dryophyllum aquilonium Hollick, n. sp.
Magnolia inglefieldi Heer.
Laurus saliciformis Knowlton and Cockerell.
Rosa cetera Hollick, n. sp.
Cassia glenni Berry?
Pterospermites auriculaecordatus Hollick, n. sp.
Fraxinus johnstrupi Heer,
Kings River:
Pterospermites spectabilis Heer.
Viburnum contortum Lesquereux.
5895. Kings River:
Onoclea sensibilis Linnaeus.
Taxodium occidentale Newberry.
Piper septentrionalis Hollick, n. sp.
Hampea conditionalis Hollick, n. sp.
Protoficus inaequalis Newberry?
5896. Little Kings Creek, near Kings River:
Flabellaria florissanti Lesquereux.
5898. South of pond on mountain between Kings River and
Youngs Creek:
Equisetum arcticum Heer.
Glyptostrobus europaeus (Brongniart) Unger.
Piper convertabilis Hollick, n. sp.
Nyssidium ekmani Heer.
5904. Red Mountain, 4 miles north of Youngs Creek:
Populus gaudini Fischer-Ooster.
Eska Creek:
Sequoia langsdorfii (Brongniart) Heer.
Taxodium dubium (Sternberg) Heer.
Taxites olriki Heer.
Arundo pseudogoepperti Berry?
Piper chapini Hollick, n. sp.
Populus amblyrhyncha Ward.
Populus arctica Heer.
Populus gaudini Fischer-Ooster.
Populus latior Alex. Braun.
Populus mutabilis Heer.
Populus richardsoni Heer.
Hakea alaskana Hollick, n. sp.
Juglans nigella Heer.
Juglans? pseudopunctata Hollick, n. sp.
Castanea castaneaefolia (Unger) Knowlton.
Quercus gronlandica Heer.
Ulmus longifolia Unger.
Coccolobis chapini Hollick, n. sp.
Laurus ocotaefolia Ettingshausen.
Dolichos convexus Hollick, n. sp.

3955.

5897.
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5897. Eska Creek-—Continued,
Sapindus affinis Newberry?

Sapindus angustifolius Lesquereux? (not Blume).

Acer arcticum Heer.
Acer inaequale Heer?
Paliurus ceterus Hollick, n. sp.

Cissus cissoides (Saporta) Hollick, n. comb.

Cissus pterospermoides Hollick, n. sp.
Grewiopsis alaskana Hollick, n. sp.
Viburnum obliqguum Hollick, n. sp.
Viburnum newberryanum Ward.
5900. Sheep Valley (Arkose series) :
Populus zaddachi Heer?
Quercus platania Heer.
5899. Northeast of U. S. L. M. 1:
Quercus gronlandica Heer.
Quercus platania Heer
Paliurus ceterus Hollick, n. sp.
3518. Port Graham (Coal Bay):
Quercus oregoniana Knowlton.
4129, Kachemak Bay, Troublesome Gulch:
Sequoia langsdorfii (Brongniart) Heer.
Sequoia langsdorfii acuta Heer.
Taxodium dubium normale Massalongo.
Taxodium tinajorum Heer.
Salix raeana Heer.
Salix tenera Alex. Braun.
Salix grandifolia Weber.
Juglans salicifolia Goeppert.
Engelhardtia ettingshauseni Berry.
Corylus adumbrata Hollick, n. sp.
Betula prisca Ettingshausen.
Betula sp.?, pistillate ament,
Betula sp.?, aments.
Fagus alnitifolia Hollick, n. sp.
Quercus steenstrupiana Heer.
Ulmus sorbifolia Goeppert.
Grevillea alaskana Hollick, n. sp.
Magnolia inglefieldi Heer.

Laurus saliciformis Knowlton and Cockerell,

4131. Kachemak Bay, Fritz Creek:
Taxodium tinajorum Heer. . .
Salix abbreviata Goeppert. )
Juglans? pseudepunctata Hollick, n. sp.
Corylus adumbrata Hollick, n. sp.
Alnus corylina Knowlton and Cockerell.
Alnus sp.?, pistillate aments.
Ulmus sorbifolia Goeppert.
Benzoin antiquum Heer.
Spiraea weaveri Hollick, n. sp.
Rhamnus brevifolius Alex. Braun.
Lepargyraea weaveri Hollick, n. sp.
Diospyros anceps Heer.

5820. Kachemak Bay, Bluff Point:
Salix alaskana Hollick, n. sp. ,
Betula sp.?, pistillate ament.
Prunus hartungi aequalis Hollick, n. var.
Prunus olympica Ettingshausen.
Rosa confirmata Hollick, n. sp.

5821. Kachemak Bay, Bluff Point:
Salix angusta Alex. Braun.
Salix varians Goeppert.
Corylus americana fossilis Newberry.
Corylus kenaiana Hollick, n. sp.
Corylus sp.?, aments.
Betula confusa lata Hollick, n. var.
Betula prisca Bttingshausen.

5821. Kachemak Bay, Bluff IPoint—Continued.
Betula sp.?, aments.
Alnus corylina Knowlton and Cockerell,
Ulmus borealis Heer.
Grevillea alaskana Hollick, n. sp.

Laurus saliciformis Knowlton and Cockerell.

Rhamnus gaudini Heer.
Klaeocarpus alaskensis Hollick, n. sp.
Fraxinus juglandina Saporta.
5822. Kachemak Bay, east of Bradley Creek:
Laurus princeps Heer. .
Laurus saliciformis Knowlton and Cockerell.
6061. Southwest of Point Naskowhak:
Fagus antipofii Abich.
4130. Cook Inlet, west shore, south of Old Tyonek:
Taxodium tinajorum Heer.
Corylus adumbrata Hollick, n. sp.
Carpinus grandis Unger.
Alnus alaskana Newberry.
Quercus olafseni Heer.
Quercus dallii Lesquereux.
Fagus deucalionis Unger.
3505. Chinitna Bay:
Ginkgo reniformis conformis Hollick, n, var.
Taxodium tinajorum Heer.
6063. Yentna River, Cache Creek:
Quercus pseudocastanea Goeppert.
Acer sp.?, fruit.

Collections by others than members of the United States Geological Survey

[List compiled from paleobotanic literature]

Port Graham. Furuhjelm, fide Heer:

© Taxites olriki Heer.
Taxites microphyllus Heer.
Pinus sp. Heer.
Pinus sp. Heer.
Sequoia langsdorfii (Brongniart) Heer.
Taxodium sp. Heer.
Taxodium distichum miocenum Heer [=T.

(Sternberg) Heer].

Taxodium tinajorum Heer.
Phragmites alaskana Heer.
Phragmites sp. Heer.
Poacites tenue-striatus Heer.
Poacites sp. Heer.
Carex servata Heer.
Populus balsamoides Goeppert.
Populus glandulifera Heer.
Populus latior Alex. Braumn.
Populus leucophylla Unger.
Populus zaddachi Heer?
Salix lavateri Heer.
Salix macrophylla Heer.
Salix varians Goeppert.
Salix sp. Heer.
Myrica banksiaefolia Unger.
Juglans acuminata Alex. Braun.
Juglans nigella Heer.
Juglans picroides Heer.
Juglans woodiana Heer.
Carpinus grandis Unger,
Corylus macquarrif (Forbes) Heer.
Corylus macquarfii macrophylla Heer.
Betula grandifolia Ettingshausen.
Betula prisca Ettingshausen.
Betula sp. Heer.

dubium
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Port Graham—Continued.
Alnus nostratum Unger [may=A. kefersteinii var.
Heer]. ‘
Fagus antipofii Abich.
Fagus castaneaefolin Unger [=Castanea castanene-
folia (Unger) Knowlton].
Fagus feroniae Unger.
Fagus lancifolia Heer [=F. antipofii Abich].
Fagus sp. Heer.
Quercus alaskana Trelease?
Quercus chamissoni Heer.
. Quercus furuhjelmi Heer.
Quercus pandurata Heer [=Q. alaskana Trelease?]
Quercus pseudocastanea Goepperi.
Ulmus plurinervia Unger.
Planera ungeri Ettingshausen.
Liquidambar europaeum Alex. Braun.
Spiraea andersoni Heer.
Spiraea sp. Heer.
Ilex insignis Heer.
Celastrus borealis Heer.
Celastrus sp.? Heer.

Acer grahamensis Knowlton and Cockerell [=A. ma-
cropterum Heer (not A. macropterum Visiani)].
Vitis heeriana Knowlton and Cockerell? [=YV. crenata

Heer].
Tilia alaskana Heer.
Trapa Dall.
Trapa borealis Heer.
Hedera auriculata Heer.
Vaccinium friesii Heer.
Vaccinium sp. Heer.
Diospyros alaskana Schimper
quereux].
Diospyros stenosepala Heer, .
Kachemak Bay, Kenai Peninsula. Furuhjelm, fide Heer and
Wichwald:
Chondrites sp. Heer.
Chondrites heeri Eichwald?
Ninilehik River, east shore of Cook Inlet. Furuhjelm:
Sequoia langsdorfii (Brongniart) Heer.
Taxodium dubium (Sternberg) Heer.
Taxodium sp. Heer.
Sparganium sp. Heer.
Myrica (Comptonia) vindobonensis (Bttingshausen)
Heer.
Myrica sp. Heer.
Salix macrophylla Heer [not S. maerophylla Reuss].
Salix varians Goeppert.
Corylus macquarrii (Forbes) Heer.
Betula macrophylla Goeppert [not B. macrophylla Bt
tingshausen (=X. dubiosa Hollick, n. name)].
Betula prisca Tttingshausen.
Tilia sp. Heer.
Trapa borealis Heer.
Vaccinium sp. Heer.
Diospyros lancifolia Lesquereux [not D. lancifolia
Alex. Braun, may=D. alaskana Schimper].
Near village of Ninilehik, west shove of Kenai Peninsula, east
shore of Cook Inlet. Doroschin, fide Goeppert:
Taxodium dubium (Sternberg) Heer.
Caulinia laevis (Goeppert) Goeppert.
Salix pilosula Goeppert.
Salix wimmeriana Goeppert.
Salix integra Goeppert?
Alnus subglutinosa Nathorst [=A. kefersteinii (Goep-
pert) Unger].

[=D. lancifolia Les-

Ninilchik village, west shore of Kenai Peninsula.
fide Bichwald:
Taxodium tinajorum Heer var.
Taxodium distichum miocenum Heer [=T.
(Sternberg) Heer].
Glyptostrobus europaeus (Brongniart) Unger.
Sagittaria pulchella Heer.
Corylus macquarrii (Forbes) Heer.
Betula dubiosa Hollick, n. name.
Alnus. kefersteinii Goeppert.
Alnus kefersteinii var. Heer.
Viburnum nordenskioldi Heer.
T'schugatsk (=Kenai) Peninsula, no locality. Grewingk, 1850
Taxodium sp. Grewingk.
_Alnus sp. Grewingk.
West shore of Cook Inlet. Doroschin, 1847-52, fide Goeppert,
1861: )
Pinites sp. Goeppert.
Sequoia langsdorfii (Brongniart) Heer.
Taxodium dubium (Sternberg) Heer.
Cook Inlet, no locality. Newberry:
Sequoia spinosa Newberry.
Juglans nigella Heer.
Alnus grandiflora Newberry.
Quercus gronlandica Heer.
Ficus? alaskana Newberry.
Ficus membranacea Newberry [=T, dalli Cockerell].
Prunus variabilis Newberry.
Cook Inlet. Dall, fide Lesquereux:
Osmunda torelli Heer [=O0. doroschkiana Goeppert].
Salix raeana Heer.
Quercus dallii Lesquereux.
Vaccinium reticulatum Alex. Braun
Knowlton].
Diospyros anceps Heer.
Cook Inlet, no locality. Capt. W. A. Howard, 1867, file New-
berry:
Sequoia spinosa Newberry.
Alnus grandiflora Newberry.
Picus? alaskana Newberry.
Ficus dalli Cockerell [=F. membranacea Newberry].
Prunus variabilis Newberry.
Juglans nigella Heer.
Cook Inlet, no locality. Dall, 1880, fide Lesquereux:
Quercus dallii Lesquereux.
Cornus orbifera Heer.
Vaccinium hollicki Knowlton [=V. reticulatum Alex.
Braun]. :
Kachemak Bay. Dall, fide Lesquereux:
Carpinus grandis Unger.
Fagus deucalionis Unger.
Ulmus sorbifolia Goeppert.
Alnus corylina Knowlton and Cockerell.

Furubjeln,

dubium

[=V. hollicki

ALASKA PENINSULA REGION

3526. Cape Douglas:
Osmunda dubiosa Hollick, n. sp.
Ulmus braunii Heer.
3527. Cape Douglas:
Dennstaedtia blomstrandi (Heer) Hollick, n. comb.

3547. Cape Douglas:

Equisetum arcticam Heer.

Sequoia langsdorfii (Brongniart) Heer.

Crataegus alaskensis Hollick, n. sp.
5939. Cape Douglas:

Sequoia langsdorfii (Brongniart) Heer.

Myrica banksiaefolia curta Hollick, n. var.
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5939. Cape Douglas— Continued.
Myrica speciosa Unger.
Myrica (Dryandroides) lignitum (Unger) Saporta,
3517. Kukak Bay: .
Populus congerminalis Hollick, n. sp.
Corylus evidens Hollick, n. sp.
Corylus sp.?, staminate aments.
Cupania comparabilis Hollick, n. sp.
Ilex insignis Heer.
P-21. King Salmon Lake:
Dryopteris meyeri (Heer) Hollick, n. comb.
Glyptostrobus europaeus (Brongniart) Unger.
Carpolithes auriformis Hollick, n. sp.
P-23. Mountain 1 mile southwest of forks of Pumicestone
Creek :
Dryopteris meyeri (Heer) Hollick, n. comb.
Populus arctica Heer. ’
Ulmus braunii Heer.
Prunus variabilis Newberry.
Zizyphus hyperboreus Heer.
Acer disputabilis Hollick, n. sp.
P-24. Mountain 14 mile east from head of north branch of
Russel Creek:
Dryopteris meyeri (Heer) Hollick, n. comb.
Populus flexuosa Hpollick, n. sp.
Myrica banksiaefolia curta Hollick, n. var.
Myrica (Dryandroides) lignitum (Unger) Saporta.
Myrica speciosa Unger.
Cinnamomum ficoides Hollick, n. sp.
Apeibopsis? discolor (Lesquereux) Lesquereux,
Aralia sp.?
P-25. Jaw Mountain :
Hydrangea alaskana Hollick.
Zizyphus hyperboreus Heer.
Paliurus colombi Heer.
8519. Chignik Bay, 200 yards south of native village:
Populus arctica Heer.
Alnus kefersteinii (Goeppert) Unger.
Ficus stantoni Hollick, n. sp.
Grewiopsis alaskana Hollick, n. sp.
Grewiopsis congerminalis Hollick, n.. sp.
Pterospermites auriculaecordatus Hollick, n. sp.
Pterospermites conjunctivus Hollick, n. sp.
Pterospermites spectabilis Heer.
Viburnum evexum Hollick, n. sp.
Dicotyledonous leaf (gen. and sp.?).
3522. Chignik Bay (Anchorage Bay):
Carpinus grandis Unger.
Piper convertabilis Hollick, n. sp.
Piper septentrionalis Hollick, n. sp.
38528. Chignik Bay (Anchorage Bay):
Equisetum arcticum Heer.
Sequoia disticha Heer.
Populus richardsoni Heer.
Hicoria antiquora (Newberry) Knowltoun.
Juglans picroides Heer.
Pterospermites conjunctivus Hollick, n. sp.
Pterospermites imparilis Hollick, n. sp.
Fraxinus inordinata Hollick, n. sp.
Fraxinus juglandina "Saporta.
Fraxinus? pseudobliqua Hollick, n. sp.
3524. Chignik Bay (Anchorage Bay):
Sequoia langsdorfii angustifolia Heer [=S. langsdorfii
(Brongniart) Heer].
Taxodium crassum Hollick, n. sp.
Populus richardsoni Heer.
Viburnum nordenskioldi Heer.
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5178.

5179.

539.

5180.

5181.

5182,

5298.
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Portage (Balboa) Bay:
Paliurus colombi Heer.
Porthge (Balboa) Bay:
Pteris oeningensis Unger?
Juglans egregia Lesquereux.
Quercus artocarpites Ettingshausen.
Acer arcticum Heer.
Nordenskitldia borealis Heer.
Populus arctica Heer.
Portage (Balboa) Bay:
Aralia sp.?
Herendeen Bay:
Ginkgo adiantoides (Unger) Heer.
Poacites tenue-striatus Heer.
Carex servata Heer.
Salix minuta Knowlton.
Juglans townsendi Knowlton.
Rhus frigida Knowlton.
Zizyphus townsendi Knowlton.
Fraxinus herendeenensis Knowlton.
Phyllites arctica Knowlton.
Herendeen Bay, east of Portage Valley:
Osmunda doroschkiana Goeppert,
Hausmannia atwoodi Hollick, n. sp.
Populus arctica Heer.
Comptonia cuspidata Lesquereux.
Herendeen Bay, on trail to, east of Divide:
Acer arcticum Heer.
Herendeen Bay, west side, opposite Marble Point:
Salix grandifolia Weber.
Salix lavateri Alex. Braun.
Salix libbeyi Lesquereux?
Salix raeana Heer.
Salix tenera Alex. Braun.
Salix sp.?, pistillate ament.
Populus zaddachi Heer?

. Herendeen Bay:

Populus zaddachi Heer?.

. Herendeen Bay, west side, north of location 19:

Arundo pseudogoepperti Berry.
Piper convertabilis Hollick, n. sp.
Hedera macclurii Heer.

. Between Herendeen Bay and Port Moller, shore cast of

Point Divide:

Sequoia langsdorfii (Brongniart) Heer.
Corylus americana fossilis Newberry.
Betula brongniartii Ettingshausen.
Aralia delicatula Hollick, n. sp.
Viburnum aequale Hollick, n. sp.
Viburnum duriusculum Hollick, n. sp.
Abutilon eakini Hollick, n. sp.

Chignik River opposite Nun Point:
Sequoia langsdorfii (Brongniart) Heer.
Glyptostrobus europaeus (Brongniart) Unger.
Populus arctica Heer.
Populus arctica var. b Heer.
Populus amblyrhyncha Ward.
Populus obscura Hollick, n. sp.
Betula populoides Hollick, n. sp.
Macclintockia chignikensis Hollick, n, sp.
Zizyphus  meigsii (Lesquereux) Berry?

Schimper].

Abutilon sp.?
Grewia zizyphoides Hollick, n. sp.
Grewiopsis grandiculus Hollick, n. sp.
Dillenia alaskana FHollick, n. sp.

Toot
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Collections by others than members of the United States Geological
Survey

[List compiled from paleobotanic literature]

“ Kadjak ” (Kodiak) Island. Grewingk, 1850:

Abies sp. Grewingk (=* Pinus-arten”).

Bay. De Alton Saunders, 1899 (Harriman Alaska

Expl. Exped.), fide Lesquereux:

BEquisetum globulosum Lesquereux.

Pinus? (scales) Knowlton.

Pinus? (leaves) Knowlton.

Picea harrimani Knowlton.

Picea (branches) Knowlton.

Picea (seed) Knowlton.

Sequoia heerii Lesquereux.

Sequoia (cone) Knowlton.

Taxodium distichum miocenum Heer [= T dubium

(Sternberg) Heer].

Taxodium tinajorum Heer.

Juglans acuminata Alex. Braun.

Hicoria magnifica Knowlton.

Betula (branch) Knowlton.

Corylus macquarrii (Forbes) Heer.

Corylus? palachei Knowlton,

Corylus harrimani Knowlton.

Alnus corylifolia Lesquereux [=A, corylina Knowltor

and Cockerell].

Alnus sp. Xnowlton.

Ulmus braunii Heer.

Acer trilobatum var. Knowlton.

Aesculus arctica Knowlton.

Pterospermites alaskana Knowlton.

Pterospermites magnifolia Knowlton.

Vaccinium alaskanum Knowlton.

Phyllites saundersi Knowlton,

Chignik Bay. Dall, 1880, fide Lesquereux:

Comptonia praemissa Lesquereux.

Juglans woodiana Heer.

Betula alaskana Lesquereux.

Magnolia nordenskioldi Heer.

Populus richardsoni Heer.

Alnus corylifolin Lesquereux [=A. c01y11na Knowl-
ton and Cockerell].

Lower Chignik Lake, valley to right of South Mountain.

Waldo F. Schmidt, 1911:
Piper septentrionalis Hollick, n. sp.
Ugolni (Ukolni) (Pavlof?) Bay. Doroschin, fide Goeppert,
1861 :
Carpinus sp. Goeppert.

Herendeen Bay. C. H. Townsend, 1892, fide Knowlton:
Sequoia langsdorfii (Brongniart) Heer.
Taxodium distichum miocenum Heer

(Sternberg) Heer].
Glyptostrobus europaeus (Brongniart) Heer.
Ginkgo adiantoides (Unger) Heer.
Poacites tenue-striatus Heer.
Carex servata Heer.
Salix minuta Knowlton.
Juglans townsendi Knowlton.
Corylus macquarrii (Forbes) Heer.
Rhus frigida Knowlton.
Acer trilobatum productum (Alex. Braun) Heer
Paliurus colombi Heer.
Zizyphus townsendi Knowlton.
Fraxinus herendeenensis Knowlton.
Phyllites arctica Knowlton.

Kukak

[=T. dubium

Unga Island. Doroschin, 1847-52, fidle Grewingk, 1850, Goep-
pert, 1861, and Fleer, 1869 ; Dall, 1880, fide Lesquereux, 1883:
Neuropteris acutifolia, fide Grewingk [=N. acutifolia
Brongniart? and Osmunda doroschkiana Goeppert?].
Osmunda doroschkiana Goeppert.
Osmunda dubiosa Hollick, n. sp.?
HEquisetum globulosum Lesquereux.
quereux (locality questioned).
Pinites pannonicus (Unger) Goeppert.
Goeppert and Heer.

Dall, fide Les-

Doroschin, fide

Sequoia langsdorfii (Brongniart) Heer. Doroschin,
fide Goeppert.
Thuites (Chamaecyparis) alaskensis Lesquereux.

Dall, fide Lesquereux.
Coniferous wood, Grewingk.
Comptonia cuspidata Lesquereux.
“ Impressions suggestive of Gramineae ”, Grewingk.
Elaeodendron helveticum Heer. Dall, fide Lesquereux
Nyssa arctica Heer, fide Lesquereux.
Fossil stumps, trunks, and branches of trees, Gre-
wingk (Tertiary?).
Alaska Peninsula, “ Nahe der Katmaschen.”
Goeppert:
Taxodium dubium (Sternberg) Heer.
Unalaska Island. Grewingk, 1850:
Taxodium sp. Grewingk.
Atka (Atchka or Atha) Island; Andreanof Island; Korovin
Bay. Doroschin, 1847-52, fide Goeppert:
Pinites sp. Goeppert.

Doroschin, fide

LOWER YUKON-NORTON SOUND REGION

Ulukak (=Ulukuk, a branch of Unalaklik) River, east shore
of Norton Sound. W. H. Dall, 1892:
Platanus leaves, Dall.
Topanica Creek,. Norton Sound region.
Dall:

W. H. Dall, 1892, fide

Platanus nobilis Newberry.
NORTHWESTERN ALASKA REGION

Kobuk River, below mouth of Reed River. W. C. Mendenhall,
1901, fide Knowlton, 1902; Hollick, 1912:

Ginkgo sp. [=G. adiantoides (Unger) Heer].
TANANA REGION

6567. Upper Nenana River, northwest of Wells Creek :
Viburnum schmidtianum Heer?

7007. Divide between Folger Creck and Nowi River:
Dryopteris meyeri (Heer) Hollick, n. comb.
Ginkgo adiantoides (Unger) -Heer.

~ Populus arctica Heer. :

Populus sp.?
Alnus alnifolia (Goeppert) Hollick, n. comh.

7261. California Creek:

Taxodium occidentale Newberry.
Viburnum nordenskisldi Heer.
7263. Congiomerate beds near center of sec. 10, I'. 9 S, R. ¢ W.:
Populus zaddachi Heer?
7264. Sec. 10, T. 9 S.,, R. 6 W.:
Populus zaddachi Heer?
Hedera macclurii Heer.

7266. Lignite Creek:

Populus amblyrhyncha Ward.
Carpinites truncatus Hollick, n. sp.
Ficus overbecki Hollick, n. sp.

Vitis heeriana Knowlton and Cockerell.
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7476. Fairbanks:
Taxodium dubium normale Massalongo.
Taxites olriki Heer.
Salix angusta Alex. Braun.

Artocarpidium alaskanum Hollick, n. sp.

7622. Coal Creek:
Phragmites alaskana Heer?
Juglans acuminata Alex. Braun.
Quercus etymodrys Unger.
Quercus pseudocastanea Goeppert.
Crataegus cappsii Hollick, n. sp.
Celastrus borealis Heer.
- Fraxinus yukonensis Hollick, n. sp.
7634. Coal Creek, near Jinx coal bed:
Populus balsamoides Goeppert.
Juglans picroides Heer.
Ilex insignis Heer.

UPPER YUKON REGION

2966. American Creek:
Equisetum arcticom Heer.
3227. Bryant Creek:

Viburnum antiquum (Newberry) Hollick,

3229, Bryant Creek:
Sequoia langsdorfii (Brongniart) Heer.
Sequoia brevifolia Heer.
Populus hookeri Heer.
Populus latior Alex. Braun.
Quercus steenstrupiana Heer.
Palaeanthus prindlei Hollick, n. sp.
Semecarpus prindlei Hollick, n. sp.
Equisetum arcticam Heer.

3231. Mission Creek:
Viburnum whymperi Heer.

4711. Seventymile River, % mile below Mogul Creek :

Populus arctica Heer.

Populus zaddachi Heer.

Hamamelis clarus Hollick, n. sp.
Grewiopsis congerminalis Hollick, n, sp.
Pterospermites alternans Heer.
Pterospermites spectabilis Heer.
Viburnum whymperi Heer.

Fraxinus yukonensis Hollick, n. sp.

CENTRAL YUKON REGION

3247. South bank just above Rampart:
Thuites ehrenswirdi Heer.
Smilax reticulata Heer.
Populus balsamoides Goeppert.
Populus glandulifera Heer.
Corylus sp.?, aments.
Quercus nevadensis Lesquereux.
Artocarpus ordinarius Hollick, n. sp.
Dryophyllum stanleyanum Dawson.
Grewia orbiculata Hollick, n. sp.
Grewia crenata (Unger) Heer.
Diospyros brachysepala Alex. Braun.
Nyssidium ekmani Heer.

4710. South bank, 2 to 4 miles above Rampart:
Populus genetrix Newberry.

Acer trilobatum productum (Alex. Braun) Heer.

Pterospermites spectabilis Heer.
6094. South bank, 1.5 miles above Rampart:
Koelreuteria eakini Hollick, n. sp.
2974. South bank, 1.5 miles above Rampart:
Acer visibilis Hollick, n. sp.

6095. South bank, 1.5 miles above Rampart, 300 feet above
6094 :
Populus glandulifera Heer.
Platanus aceroides latifolia Knowlton.
Platanus rectinervis Hollick, n. sp.
3246. North bank at Drew’s mine:
Equisetum arcticum Heer.
Populus richardsoni Heer.
Hicoria magnifica Knowlton.
Sophora multiformis Hollick, n. sp.
Cassia glenni Berry?
Pithecolobium ceterum Hollick, n. sp.
Paullinia alaskana Hollick, n. sp.
Celastrus comparabilis Hollick, n. sp.
2972. North bank opposite mouth of Hess Creek:
Hicoria magnifica Knowlton.
4632. North bank, 10 miles below rapids below Rampart:
Nelumbo protolutea Berry?
4708. North bank, Drew’s mine:
Juglans acuminata latifolia (Alex. Braun) Heer.
Crataegus yukonensis Hollick, n. sp.
Grewia orbiculata Hollick, n. sp.
7007. Divide between Folger Creek and Nowitna River:
Ginkgo adiantoides (Unger) Heer.
Populus arctica Heer.
Alnus alnifolia (Goeppert) Hollick, n. comb.
North bank, Miller’s coal mine, 25 miles above Mynook Creek:
Quercus? sp. Knowlton.
Platanus sp. Knowlton.
Vitis heeriana Knowlton and Cockerell? [=V. crenata
Heer].
Carpites sp. Knowlton.
35 miles below Tanana:
Pinus macclurii Heer.
1555. 1.5 miles above Rampart:
Ficus? alaskana Newberry.
1555. Yukon River, north bank opposite Hess Creek:
Ficus? alaskana Newberry.
1555. Mission Creek:
Ficus? alaskana Newberry [doubtful identification].

ALASKA, NO LOCALITY GIVEN
Collections by others than members of the United States Geological Survey
[List compiled from paleobotanic literature]

Eichwald, Platen:
Poacites tenue-striatus Heer, fide Eichwald.
Ebenoxylon boreale Platen.
Pityoxylon macclurii (Heer) Kraus, fide Platen.

GEOLOGIC RELATIONS

The Tertiary flora of Alaska, as far as it has been
identified, is impossible to correlate as an entity or to
differentiate satisfactorily into distinct stratigraphic
groups, for the reason that its previously identified
species are relatively few. This condition may be un-
derstood when it is realized that of the 388 floral ele-
ments listed, only 338 are described specifically and
varietally, and that the 50 others are merely identified
generically or occasionally mentioned only in indefi-
nite terms. And further, of the 338 described species
and varieties, 108 represent new descriptions, and the
following 50 are not recorded from outside Alaska:
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Chondrites heeri Eichwald?
Island.

Ceratozamia wrightii Hollick. Kupreanof Island.

Diodn inopinus Hollick. Kupreanof Island.

Diodn praespinulosum Hollick. Kupreanof Island.

Taxites microphyllus Heer. Port Graham.

Pityoxylon inaequale Felix. Danaaku.

Picen harrimani Knowlton. Kukak Bay.

Sequoin spinosa Newberry., Cook Inlet.

Thuites (Chamaecyparis) alaskensis Lesquereux. Unga
Island. '

Caulinia laevis (Goeppert) Goeppert.

Sagittaria pulchella Heer. Ninilchik.

Poacites tenue-striatus Heer. Port Graham, Herendeen
Bay.

Carex servata Heer. Port Graham, Herendeen Bay.

Salix pilosula Goeppert. Ninilchik.

Salix minuta Knowlton. Herendeen Bay.

Comptonia cuspidata Lesquereux. Unga Island.
endeen Bay.

Comptonia praemissa Lesquerecux. Unga Isiand. (?)

Juglans picroides Heer. Port Graham, Chignik Bay.

Juglans townsendi Knowlton. Herendeen Bay.

Hicoria magnifiza Knowlton. Kukak Bay.

Corylus harrimani Knowlton. Kukak Bay.

Corylus palachei Knowlton. Kukak Bay.

Betula alaskana Lesquereux. Chignik Bay.

Alnus corylina Knowlton and Cockerell.
Bay, Kukak Bay. - v

Alnus grandiflora Newberry.

Quercus alaskana Trelease?.
River near Moose Creek.

Quercus chamissoni Heer.

Quercus furuhjelmi Heer.
Inlet.

Ficus? alaskana Newberry. Cook Inlet, Kootznahoo
Inlet. ’

Ficus dalli Cockerell. Cook Inlet.

Hydrangea alaskana Hollick.
Peninsula).

Spiraea andersoni Heer. Port Graham.

Prunus variabilis Newberry?. Cook Inlet, Aniakchak
Bay and vicinity.

Rhus frigida Knowlton. Herendeen Bay. -

Ilex insignis Heer. Port Graham, Kukak Bay, Coal
Creek, Nenana region,

Acer grahamensis Knowlton
Graham.

Acer trilobatum var. Knowlton. Kukak Bay.

Aesculus arctica Knowlton, Kukak Bay.

Zizyphus townsendi Knowlton. Flerendeen Bay.

Vitis heeriana Knowlton and Cockerell. Port Graham,
Lower Yukon, Lignite Creek, Nenana region.

Tilin alaskana Heer. Port Graham.

Pterospermites alaskana XKnowlton.

Ptervospermites magnifolia Knowlton. Kukak Bay.

Hedera auriculata Heer. Port Graham.

Vaccinium alaskanum Knowlton. Kukak Bay.

Vaccinium friesii Heer. Port Graham.

Ebenoxylon boreale Platen. Locality?.

Fraxinus herendeenensis Knowlton. Herendeen Bay.

Phyllites arctica Knowlton. Herendeen Bay.

Phyllites saundersi Knowlton. Kukak Bay.

Kachemak Bay, Whitney

Ninilchik.

Her-

Kachemak

Cook Inlet.
Port Graham, Matanuska

Port Graham.
Port Graham, Kootznahoo

and Cockerell. Port

Kukak Bay.

The actual number of elements available for critical
analysis and discussion of extraterritorial distribution

Jaw Mountain (Alaska
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and stratigraphy is therefore only 180, or less than 47
percent of the total listed flora.

number of floral entities. . _____________________ 388
Described generically only______________________________ 50
Described specifically and varietally_____ . ______ 338
Not recorded from outside of Alaska___.________________

described species and varieties

The most obvious fact in connection with the gen-
eral facies of the flora is its unmistakable identity

the so-called Arctic Miocene flora of British

America (Northwest Territory), Greenland, Iceland,
Svalbard (Spitsbergen), New Siberia, Sakhalin, and
elsewhere in the holarctic region.
recognized as Eocene and is bzlieved to be approxi-
mately equivalent to the flora of the Fort Union and
allied formations in the United States and the Can-
adian Provinces. ’

Following is a list of the 93 Alaskan Tertiary spe-
cies that are elements in the so-called Arctic Miocene

This flora is now

Onoclea sensibilis Linnaeus. Greenland, Scotland, Sak-
halin.

Dryopteris meyeri (Heer) Hollick. Greenland, New
Siberia, Sakhalin.

Dennstaedtia blomstrandi (Heer) Hollick. Greenland,

Svalbard.
Pteris sitkensis Heer. Greenland.
Osmunda doroschkiana Goeppert. Sakhalin.
Equisetum arcticum Heer. Grinnell Land, Svalbard.
Ginkgo adiantoides (Unger) Heer. Greenland, Sakhalin.
Taxites olriki Heer. Greenland, Iceland, Svalbard.
Pinus macclurii Heer. Banks Land, Greenland.
Pityoxylon macclurii (Heer) Kraus. Banks Land.
Sequoia brevifolia Heer. Greenland, Sva'bard.
Sequoia disticha Heer. Svalbard.
Sequoia langsdorfii (Brongniart) Heer. British Amer-
ica, Greenland, Svalbard, New Siberia, Sakhalin.
Taxodium dubium (Sternberg) Heer. Canada, Grin-
nell Land, Greenland, Svalbard, New Siberia, Sak-
halin, interior of Siberia.

Taxodium tinajorum Heer. Svalbard, interior of Si-

beria.
Glyptostrobus europaeus (Brongniart) TUnger. Can-
ada(?), Grecenland, Svolbard, New Siberia(?), in-

terior of Siberia.

Thuites ehrenswiirdi Heer.
Svalbard, Sakhalin.

Populus arctica Heer. Canada, Grinnell Land, Green-
land, Svalbard, New Siberia, Sakhalin, interior of
Siberia.

Populus arctica var. b Hcer. Greenland.

Populus richardsoni Heer. Canada, Greenland. Sval-
bard, New Siberia, interior of Siberia.

Populus latior Alex. Braun. Sakhalin.

Populus hookeri Heer. Svalbard.

Populus glandulifera Heer. Sakhalin.

Populus balsamoides Goeppert. Svalbard.

Populus gaudini Fischer-Ooster. Greenland, Sakhalin.

Populus mutabilis Heer. Greenland.

Grinnell Land, Greenland,
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Populus zaddachi Heer? Grinnell Land, Greenland,
Svalbard, Sakhkalin.

Salix lavateri Alex. Braun. Greenland, Sakhalin.

Salix varians Goeppert. Greenland(?), Svalbard, Sak-
halin.

Salix macrophylla Heer. Svalbard.

Salix tenera Alex. Braun, Greenland.

Salix raeana Heer. Canada, Greenland, Svalbard.

Myrica (Dryandroides) lignitum (Unger) Saporta.
Greenland, Svalbard.

Juglans acuminata Alex. Braun. Canada, Greenlanad,
Sakhalin.

Juglans strozziana Gaudin? Greenland.

Juglans crossii Knowlton. Greenland.

Juglans juglandiformis (Sternberg) Giebel. Greenland,
Iceland.

Juglans nigella Heer. Greenland, Sakhalin.

Carpinus grandis Unger. Greenland, Svalbard, Sakhalin.

. Corylus macquarrii (Forbes) Heer. Canada, Grinnell

Land, Greenland, Iceland, Scotland, Svalbard, Sak-
halin.

Corylus macquarrii macrophylla Heer. Greenland, IcCe-
1and, ‘Svalbard.

Betula brongniartii Ettingshausen. Grinnell Land,
Greenland, Sakhalin.

Betula dubiosa Hollick. Canada, Iceland, Svalbard.

Betula prisca Ettingshausen. Grinnell Land, Greenland,
Iceland, Svalbard, Sakhalin.

Alnus kefersteinii (Goeppert) Unger. Greenland, Ice-
land, Svalbard, Sakhalin.

Fagus antipofii Abich. Greenland, Sakhalin.

Fagus deucalionis Unger. Greenland, Iceland, Svalbard.

Castanea castaneaefolia (Unger) Knowlton. Greenland,
Sakhalin. :

Quercus gronlandica Heer. Greenland, Svalbard.

Quercus juglandina Heer? Greenland.

Quercus olafseni Heer. Canada, Greenland, Iceland,
Sakhatlin.

Quercus platania Heer. Greenland, Svalbard.

Quercus pseudocastanea Goeppert. Greenland.

Quercus steenstrupiana Heer. Greenland.

Ulmus braunii Heer. Svalbard, Sakhalin.

Ulmus borealis Heer. Grinnell Land, Greenland.

Ulmus diptera Steenstrup? Iceland.

Ulmus plurinervia Unger. Greenland, Sakhalin.

Planera ungeri Ettingshausen. Greenland, Iceland, Sak-
halin, interior of Siberia.

Magnolia inglefieldi Heer. Greenland.

Magnolia nordenskioldi Heer. Canada, Greenland, Sval-
bard, Sakhalin.

Magnolia wormskioldi Heer. Greenland.

Benzoin antiquum Heer. Greenland.

Daphnogene kanii Heer. Greenland.

Liquidambar europaeum Alex. Braun. Greenland.

Prunus scottii Heer. Greenland.

Ilex? reticulata Heer. Greenland.

Celastrus borealis Heer. Sakhalin.

Acer arcticum Heer. Greenland, Svalbard.

Acer inaequale Heer? Svalbard.

Rhamnus brevifolius Alex. Braun. Greenland.

Rhamnus gaudini Heer. Greenland.

Rhamnus rossmaessleri Unger. Greenland.

Zizyphus hyperboreus Heer. Greenland.

Paliurus colombi Heer. Greenland, Svalbard, interior
of Siberia.

Vitis alaskana Cockerell. Greenland.

Vitis olriki Heer. Greenland.

Tilia malmgreni Heer. Canada, Grinnell Land, Sval-
bard. -

Grewia crenata (Unger) Heer. Svalbard.

Pterospermites alternans Heer. Greenland.

Pterospermites spectabilis Heer. British America,
Greenland.

Hedera macclurii Heer. Canada, Greenland, Svalbard,
Sakhalin,

Cornus hyperborea Heer? Greenland, Svalbard.

Cornus orbifera Heer. Greenland, Svalbard.

Nyssa arctica Heer. Greenland, Svalbard.

Nyssidium ekmani Heer. Greenland, Svalbard.

Diospyros alaskana Schimper. Canada.

Diospyros anceps Heer. Interior of Siberia.

Diospyros brachysepala Alex. Braun. Greenland, inte-
rior of Siberia. :

Viburnum nordenskitldi Heer. Canada, Grinnell Land,
Greenland, Sakhalin.

Viburnum schmidtianum Heer? Greenland, Sakhalin.

Viburnum whymperi Heer. Greenland, Svalbard.

Nordenskidldia borealis Heer. Greenland, Svalbard.

The above-listed species represent about 52 percent
of the previously described flora of Alaska. The iden-
tity of the Tertiary flora of Alaska with that of the
Eocene (so-called Arctic Miocene) of the entire hol-
arctic region cannot be questioned.

In connection with the Eocene deposits of the Ca-
nadian Provinces and the United States, the Fort
Union formation includes the largest number of the
Alaskan Tertiary species, 35 in all, as listed below.
The asterisks (*) denote species that are regarded by
the writer as characteristic or index fossils of the Fort
Union formation.

*Qnoclea sensibilis Linnaeus.
*Eguisetum globulosum Lesquereux.
Ginkgo adiantoides (Unger) Heer.
Taxites olriki Heer.

Sequoia langsdorfii (Brongniart) Heer.
Taxodium occidentale Newberry.
Glyptostrobus europaeus (Brongniart) Unger.
Phragmites alaskana Heer.

Populus richardsoni Heer.

¥*Populus speciosa Ward.

*Populus amblyrhyncha Ward.
*Populus genetrix Newberry.

Populus glandulifera Heer.

Salix lavateri Alex. Braun.

Juglans woodiana Heer.

Juglans nigella Heer.
*Hicoria antiquora (Newberry) Knowlton.
*Corylus americana fossilis Newberry.
Corylus macquarrii (Forbes) Heer.
Betula prisca Ettingshausen.

Fagus antipofii Abich.

Quercus olafseni Heer.

*Protoficus inaequalis Newberry.
Laurus princeps Heer,.

#*Platanus nobilis Newberry.

Acer arcticum Heer.

*Sapindus affinis Newberry.

Sapindus angustifolius Lesquereux.
Paliurus colombi Heer.

Grewia crenata (Unger) Heer.
Diospyros brachysepala Alex. Braun,
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*Viburnum antiquum (Newberry) Hollick.
*Vibarnum newberryanum Ward.
Viburnum nordenskisldi Heer.
Viburnum whymperi Heer.

The formations in which the next highest numbers
of Alaskan Tertiary species have been recorded are
the Lance (20), the Wilecox (15), and the Paskapoo
(12).

The stratigraphic distribution of the 12 species
above designated by asterisks as characteristic of the
Fort Union is as follows:
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In view of the facts above set forth the general
similarity of the Alaska Tertiary flora to that of the
TFocene in the States proper would appear to be demon-
strated; but it may be objected that certain of the
listed species also occur in strata more recent than the
Focene, that this fact has been ignored in the discus-
sion of distribution and stratigraphy, and that these
species might indicate a later than Eocene age for the
flova. Inasmuch, however, as such species are rela-
tively few, and as certain of the Eocene species appar-
ently persisted throughout Tertiary time and 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. .

In this connection it is interesting to recall the
words of Newberry *® written more than half a century
ago and subsequently supported by published descrip-
tions, discussion, and illustration of the following
species of Tertiary age:

48 Newberry, J. 8., The later extincet floras of North America: U. S.
Geol. Survey Mon. 35, 1898,

Onoclea sensibilis fossilis Newberry [op. cit., pp. 8-10, pl. 23,
fig. 3; pl. 24, figs. 1-5]. * * * After a laborious examina-
tion of all the genera of exotic ferns * * * I was led to
turn my eyes nearer home, and found in Onoclea a striking
and unexpected resemblance to it. * * * ~Varying as the
living Onoclee does, in the size, outline, and nervation of the
sterile frond, * * * it plainly includes all the characters
of the fossils before us, and I therefore find it impossible to
separate them. .

Corylus americana fossilis Newberry [op. cit., p. 60, pl. 29,
figs. 8~10]. Among the variety of specimens of the leaves
of C. americana with which I have compared these fossils,
there are some which, if fossilized, would form impressions
absolutely undistinguishable from them, and I have there-
fore found it impossible to fix upon any characters by which
they can be separated. .

Corylus rostrata fossilis Newberry [op. cit., p. 63, pl. 32,
figs. 1-3]. These leaves offer no characters by which they
can be distinguished from those of the living “ beaked hazel-
nut” [C. rostrata Aiton].

Alnus serrulata fossilis Newberry, n. sp. [op. cit., pp. 66-67,
pl. 46, fig. 6]. It will be seen at a glance that it closely
resembles the leaves of A. serrulate, and I have been unable
to find any characters upon which to base a distinction.
* * * We know that our living flora of North America is
the progeny by direct descent of the Tertiary flora, and the
result of investigation 1will undoubtedly be to increase the num-
ber of species considered identical in the two floras. [The
italicizing is mine.—A, H.]

Incidentally it may here be remarked that certain of
the Alaskan specimens included in the genus Saliz, to
which fossil specific names have been applied, might
equally well be referred to existing species, so far as
identifiable characters are concerned.

In regard to the apparent identity of a number of
early species with those of later Tertiary age in the
Old World it may be sufficient to quote, in closing, the
words of Gardner,** published more than half a cen-
tury ago, in the introduction to his Eocene flora of
Great Britain:

The nearly unbroken sequence seen in the Eocene floras ex-
tends into the Miocene. There is no great break in passing
from one to the other when we compare them over many
latitudes, and but little change beyond that brought about by
altered temperature and migration. * * * TFrom middle
Eocene to Miocene the heat imperceptibly diminished. Im-
perceptibly, too, the tropical members of the flora disappeared ;
that is to say, they migrated, for most of their types, I think,
actually swurvive at the present dey, many but very slightly
altered. [The italicizing is mine.—A. H.] Then the sub-
tropical members decreased, and the temperate forms, never
quite absent, even in the middle Eocenes, preponderated. As
decreasing temperature drove the tropical forms south, the
more northern must have pressed closely upon them. The
northern Eocene, or the temperate floras of that period, must
have pushed, from their home in the far north, more and more
south as climates chilled, and at last, in the Miocene time,
occupied our latitudes. The relative preponderance of these
elements, I believe, will assist in determining the age of Ter-
tiary deposits in Europe, more than any minute comparison of
species. [The italicizing is mine—A. H.] * * * Arctic

4 Gardner, J. 8., and Ettingshausen, Constantin, A monograph of
the British Eocene flora, vol. 1, pp. 7-8, May 1879.
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fossil floras of temperate and therefore Miocene aspect are in
all probability of Bocene age, and what has been recognized in
them as a newer or Miocene facies is due to their having been
first studied in Europe in latitudes which only became fitted
for them in Miocene times. When stratigraphic evidence is
absent or inconclusive, this unexpected persistence of plant
types or species throughout the Tertiaries should be remem-
bered, and the degrees of latitude in which they are found
should be well considered before conclusions are published
respecting their relative age.

GEOLOGY OF THE TERTIARY DEPOSITS OF ALASKA
‘ By PHILIP S. SMITH

INTRODUCTION

The time is not yet at hand when the various events
in the Tertiary history of Alaska can be described with
completeness and their progressive development told
with certainty as an orderly sequential story. Bits of
that history have been learned by geologists and others
from observations in many parts of Alaska, and some
fitting together of these fragments has been done for
individual areas, but even in the best-known areas the
gaps are in many ways more conspicuous and larger
than the patterns produced by these records. It is
therefore keenly recognized that much more informa-
tion must be collected before an adequate sketch of
the geology of this important and interesting time that
will be reliable or satisfactory can be prepared. How-
ever, it is believed that even a summary of the present
state of our knowledge or ignorance may be of service
in furnishing a starting point from which to project
additional inquiry and an incentive to others to carry
the work further. At least an inventory of the avail-
able facts in one place will be useful to the geographer
in his efforts to understand how some of the existing
features have come into being and to the geologist in
his efforts to reconstruct the past. It is therefore with
full realization of the limitations of all kinds, or per-

" haps in spite of those limitations, that the writer has
attempted in the following pages to set down the small
part of the Tertiary history of Alaska that is known to
him.

The land mass of Alaska in Tertiary time appears to
have been essentially coextensive with the area occu-
pied by the Territory today. At a few places—namely,
in southern Alaska in the Lituya Bay and Katalla

districts, on the Alaska Peninsula and the Pribilof

Islands, in the Seward Peninsula region near Nome,
and in extreme northern Alaska near the Arctic
coast—deposits of Tertiary age that were evidently
laid down under marine conditions have been found
back of the present shore line. These deposits do not
now extend far inland, and there is little or no evi-
dence to indicate that they ever did extend inland
much beyond their present position. Everywhere else
the Tertiary deposits afford clear evidence that they
were laid down under terrigenous conditions—that is,

they were deposited as sediments in lakes or fresh-
water ponds or in swamps and marshes on lowland
areas, or were poured out as lavas on land surfaces, or
were injected as intrusive igneous rocks into the older
{crmations that presumably formed the land masses of
that time.

In the following pages are given brief descriptions
of the principal places where rocks of these different
categories have been identified. It is beyond the scope
of this section, however, to describe in detail each of
the different occurrences, and the reader who wishes
that information should consult the Geological Survey
report that treats of the specific area in which he is
interested. A selected list of the principal Survey
reports covering the different districts in which Ter-
tiary rocks are reported is given below. Correlation
between the different districts or even between differ-
ent parts of the same district cannot yet be made satis-
factorily, so that in general it has been necessary to
resort to a geographic rather than a geologic arrange-
ment. However, a strictly geographic arrangement
has not been followed, as it seemed better to describe
first under each of the major classes of Tertiary rocks
the areas in which that particular class was most ex-
tensively or completely developed and to follow suc-
cessively with the description of those areas in which
these rocks were less known, less extensive, or less
characteristically developed.

The locations at which Tertiary deposits have been
recognized are indicated on plate 1. The size and
shape of the -areas as represented have been conven-
tionalized and generalized, as the scale of the map is
inadequate to show them accurately and yet permit
the localities to be readily found. As a rule, therefore,
the' individual symbols suggest that the Tertiary de-
posits are more extensive and continuous than is per-
haps strictly justified by the facts. However, as an
offset, no attempt has been made to indicate those
places where Tertiary deposits are concealed under
later deposits, and as only those tracts have been shown
where the Tertiary has been mapped the actual extent
is doubtless much greater than is indicated. Further-
more, although considerable amounts of the Tertiary
rocks have been removed through erosion, no attempt
has been made to show their original extent. The
map should be read with these facts clearly in mind.

SELECTED LIST OF GEOLOGICAL SURVEY PUBLICATIONS ON
THE TERTIARY DEPOSITS OF ALASKA

The following list is arranged geographically:

GENERAL
The geography and geology of Alaska, by A. H. Brooks. Pro-
fessional Paper 45, 1906, 327 pp.
The Mesozoic stratigraphy of Alaska, by G. C. Martin. Bulle-

tin 776, 1926, 493 pp.
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Locality distribution of species in Alaska

Stratigraphic position of the species elsewheore

Southeastern Alaska region

Yakutat-Copper River region

Species, arranged taxonomically (not including those identified
only generically)

Chondrites heeri Eichwald?
Onoclea sensibilis Linnaeus. ...
Dryopteris meyeri (Eleer) Hollick, n. comb.
Hausmannia atwoodi Hollick, n. sp
Dennstaedtia blomstrandi (Heer) Hollick, n. ¢
Asplenium alaskanum Hollick, n. sp
Pteris inequilateralis Hollick, n. sp
Pteris oeningensis Unger?.
Pteris pseudopennaeformis Lesquereux
Pteris sitkensis Heer
Osmunda doroschkiana Goeppert,
Osmunda dubiosa Hollick, n.8p..._
Anthrophyopsis hamiltonensis Hollick, n. sp-
Equisetum arcticum Heer
Equisetumn globulosum Lesquereux.
Ceratozamia wrightii Hollick._..
Diobn inopinus Hollick ...
Diobn praespinulosum Hollick. ...
Ginkgo adiantoides (Unger) Heer.
Ginkgo reniformis conformis Hollick, n. var.
Taxites olriki Heer o acamcamcaaamamaaneanan
Taxites microphyllus Heer.
Pinus macelurii Heer?
Pinites pannonicus (Unger) Goeppert
Pityoxylon inaequale Felix
Pityoxylon macelurii (Eeer) Kraus!.
Picea harrimani Knowlton...
Sequoia brevifolia Heer..
Sequoia disticha Heer.---
Sequoia heerii Lesquereux. ..--...-
Sequoia langsdorfli (Brongniart) Heer-.
Sequoia spinosa Newberry
Taxodium crassum Hollick, n. sp..
Taxodium dubium (Sternberg) tHeer.
Taxodium dubium longifolium Massalongo
Taxodium dubium normale Massalongo.
Taxodium occidentale Newberry
Taxodium tinajorum Heer
Glyptostrobus europaeus (Brongniart) Unger
Thuites ehrenswiirdl FLEer.-. o couoooooanoaonan
Thuites (Chamaeeyparis) alaskensis Lesquereux.
Caulinia laevis (Goeppert) Goeppert.
Sagittaria pulchella Heer
Arundo pseudogoepperti Berry?.
Phragmites alaskana Heer?_ ...
Poacites tenue-striatus Heer.
Carex servata Heer
Flabellaria florissanti Lesquereux..
Flaballaria alaskana Hollick, n. sp..
Smilax reticulata Eleer
Piper septentrionalis Flollick, n. sp.
Piper convertabilis Hollick, n. sp.
Piper concavuin Hollick, 1, sp...-
Piper disputabilis Follick, n. sp.
Piper chapini ‘Hollick, D, SPcene-
Populus arctica Heer
Populus aretica var, b Heer....
Populus richardsoni Heer.
Populus speciosa Ward?
Populus amblyrhyncha Ward
Populus flexuosa Hollick, n.sp...-
Populus genetrix Newberry.._.-
Populus latior Alex. Braun
Populus hookeri Heer.
Populus glandulifera Heer.
Populus balsamoides Goeppert....
Populus gaudini Fischer-Ooster. ...
Populus congerminalis Hollick, n. sp-
Populus mutabilis Heer
Populus leucophylla Unger
Populus obscura Hollick, 0. SP-eevemooex
Populus zaddachi Heer?
Salix alaskana Hollick, n. sp
Salix angusta Alex. Braun
Salix lavateri Alex. Braun.
Salix varians Goeppert- ..
Salix wimmeriana Goepper
Salix macrophylia Heer_...
Salix tenera Alex. Braun

Myrica banksiaefolia Unger.
‘Myrica banksiaefolia curta Hollick, n. var
Mpyrica (Dryandroides) lignitum (Unger) Saporta
Myrica speciosa Ungereaa.oo---
Juglans acuminata Alex. Braun.
Juglans acuminata latifolia (Al
Juglans strozziana Gaudin?
Juglans salicifolia Goeppert
Juglans longiapiculata Hollick,
Juglans thermalis Lesquereux....
Juglans egregia Lesquereux.
Juglans crossii Knowlton ......___..__.
Juglans juglandiformis (Sternberg) Giebe
Juglans woodiana Heer - ---eoooorouuunne
Juglans nigella Heer...
Juglans picroides £leer...
Juglans valida Hollick, 1. Sp..-o.ccoo.-
Juglans (?) pseudopunctata Hollick, n. sp__
Juglans townsendi Knowlton........_._....
Hicoria antiquora (Newberry) Knowlton. ...
Hicoria magnifica Knowlton
Pterocarya septentrionale Hollick, n. sp....._-.-
Engelhardtia ettingshauseni Berry.
Carpinus grandis Unger
Carpinites truncatus Hollick, n. sp
Corylus adumbrata Hollick, n. sp
Corylus americana fossilis Newberry.
Corylus evidens Hollick, 1. sp.
Corylus harrimani Xnowlton
Corylus kenaiana Hollick, n. sp
Corylus macquarrii (Forbes) Heer
Corylus macquarrii macrophylla Heer
Corylus ? palachei Knowlton
Betula alaskana Lesquereux
Betula brongniartii Ettingshausen
Betula confusa lata Hollick, n. var
Betula dubiosa Follick, . DAME. oo
Betula grandifolia Ettingshausen.
Betula populoides Hollick, n. sp
Betula prisca Ettingshausen
Alnus alaskana Newberry..
Alnus alnifolia (Goeppert) Hollick, n. comb,
Alnus corylina Knowlton and Cockerell
Alnus grandifiora Newberry
Alnus kefersteinii (Goeppert) Unger
Fagus antipofii Abich
Fagus deucalionis Unger
Fagus feroniae Unger
Fagus alnitifolia Hollick, n. sp
Castanea castaneaefolia (Unger) Knowlton
Quercus alaskana T'release?
Quercus artocarpites Ettingshausen
Quercus chamissoni Heer
Quereus conjunctiva Hollick, n. sp
Quercus dallii Lesquereux.
Quercus etymodrys Unger...
Quercus furuhjelmi Heer...
Quercus grénlandica Heer_.
Quercus juglandina Heer?...
Quercus meriani Heer oo oo ceocaccacaeceeccanaa s
Quercus nevadensis Lesquereux
Quercus olafseni Heer
Quercus oregoniana Knowlton
Quercus platania Heer
Quercus pseudocastanea Goeppert
Quercus steenstrupiana Heer.
Dryophyllum aguilonium Holliek, n. sp.
Dryophyllum longipetiolatum Knowlton,
Dryophyllum stanleyanum Dawson.._
Ulmus braunii Heer
Ulmus borealis Heer.....
Ulmus carpinoides Goeppert-
Ulmus diptera Steenstrup?.
Ulmus longifolia Unger. .
Ulmus plurinervia Unger._.....
Ulmus pseudobraunii Hollick, n. sp.

Baranof Island (near
Sitka)

Ulmus sorbifolia Goeppert
1No locality given other than “Alaska.”

Keku Island

‘ Kootznahoo Inlet

Kuiu Island

Xupreanof Island
‘Whitney Island

l Zarembo Island

Yakuiat Bay

Danaidku

Bering Lake
Bering River
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Locality distribution of species in Alaska
Stratigraphic position of the species elsewhere T
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Planera agquaticiformis Hollick, N, 8P o oo oo eeeeee e
Planera ungeri Ettingshausen .. ......
Artocarpidium alaskanum Hollick, n. sp.
Artocarpus ordinarius Hollick, n. sp.
Ficus? alaskana Newberry ...
Ticus dalli Cockerell
Ficus menzeli Hollick, n. sp....
Ficus overbecki Hollick, n. sp
Ficus stantoni Hollick, n. sp....
Protoficus inaequalis Newberry ?
Grevillea alaskana Hollick, n. sp.
Hakea alaskana Hollick, I SP - woo oo emmcacaeae
Macclintockia chignikensis Hollick, n.sp_._.
Coccolobis chapini Hollick, n. sp

Nelumbo protolutea Berry?
Magnolia inglefieldi Heer..
Magnolia nordenskioldi Heer.
Magnolia ovalis Lesquereux. .
Magnolia wormskioldi Heer
Cinnamomum cinnamomeum (Rossmaessler) Elollick,
Cinnamomum ficoides Hollick, n. sp
Persea spatiosa Hollick, 0. sp..--
Sassafras alaskanum Holliek, n, 8P ocoooeo oo
Malapoenna carbonensis (Ward) Knowlton?.
Malapoenna magnifica (Saporta) Hollick, n. comb.
Benzoin antiquum Heer ... .-
Laurus californica Lesquereux._..__...

Laurus fiirstenbergii Alex, Braun.._.
Laurus hamiltonensis Hollick, n. sp..
Laurus ocotaefolia Ettingshausen.___
Laurus princeps Heer o oooeoooeeo oo
Laurus saliciformis Knowlton and Cocicerell.
Daphnogene kanii Heer-...........
Hydrangea alaskana Hollick...____
Hamamelis clarus Hollick, n. sp.....
Liquidambar europaeum Alex. Braun_.
Platanus aceroides latifolia Knowlton..
Platanus nobilis Newberry.........-
Platanus rectinervis Hollick, n. sp.
Spiraea andersoni Heer-......_..
Spiraea weaveri Hollick, n. sp-.
Rosa cotera Hollick, n. sp...__-
Rosa confirmata Hollick, n. sp._.
Crataegus alaskensis Hollick, n. sp.
Crataegus cappsil Hollick, n. sp....
Crataegus yukonensis Hollick, n. sp...
Prunus hartungi aequalis Hollick, n. var
Prunus olympica Ettingshausen. ...
Prunus scottii Heer........_._.
Prunus variabilis Newberry?_.
Pithecolobium ceterum Hollick, n. sp.
Acacia aquilonia Hollick, n. sp.

Cassia glenni Berry?. ...
Cassia phaseolites Unger?....
Sophora multiformis Hollick, n.
Canavalia eocenica Berry ...
Dolichos ¢onvexus Hollick, n. sp.
Petrapteris harpyiarum Unger....
Semecarpus alaskana Hollick, n. sp..
Semecarpus prindlei Hollick, n. sp
Rhus frigida Knowlton......
{lex insignis Heer_ .....--
Ilex? reticulata Heer.....
Celastrus borealis Heer.....-
Celastrus comparabilis Hollick, n. sp-.
Elaeodendron belveticum Heer. ...
Acer arcticumn Eleer..._- .
Acer disputabilis Hollick, n. sp
‘Acer grahamensis Kunowlton and Cockerell..
Acer inaequale Heer? . oo eae
Acer trilobatum productum (Alex. Braun) Heer..
Acer trilobatum var. Knowlton.
Acer visibilis Hollick, n, sp--
Aesculus arctica Knowlton. .
Cupania comparabilis Hollick, n.
Paullinia alaskana Hollick, n. sp..
Sapindus affinis Newberry? oo ooooraeauooooaas
Sapindus angustifolius Lesquersux? (not Blumse)--
Sapindus basilicus (Unger) Unger coeeecccccnan
Koelreuteria eakini Hollick, n. sp......_._.
Rhamnus brevifolius Alex, Braun_.__._____.
Rhamnus decheni Weber...
Rhamnnus gaudini Heer.-....
Rhamnus marginatus Lesquereux-......._..

Rhamnus pseudogoldianus Holliclk, n. sp__...
Rhamnus rossmaessleri Unger_...........-

Zizyphus hyperboreus Heer ... ... _---
Zizyphus meigsii (Lesquersux) Berry ? (not Sehimper). .
Zizyphus townsendi Knowlton.
Paliurus ceterus Hollick, n. sp---
Paliurus colombi Heer.
Vitis alaskana Cockerell. o .o....o_...
Vitis atwoodi Hollick, n. sp-
Vitis heeriana Knowlton and Cockerell?
Vitis olriki Heer. aouovummmmacommcnmcmaans
Cissus cissoides (Saporta) Hollick, n. comb.
Cissus pterospermoides Hollick, n. sp.....
Elaeocarpus alaskensis Hollick, n. sp..
Tilia alaskana Heer _...cooooceeoaos
Tilia grewioides Hollick, n. sp.--
Tilia malmgreni Heer .......-
"Pilia notabilis Hollick, . 8D--vu---
QGrewia crenata (Unger) Heer..-
Grewia orbiculata Hollick, n. sp...
Grewia zizyphoides Hollick, n. sp-.
Grewiopsis alaskana Hollick, o, sp.__.-
Grewiopsis congerminalis Hollick, n. sp.
Grewiopsis defectivus Hollick, n. sp....
Grewiopsis grandiculus Hollick, n. sp.
Grewiopsis frustratorius Hollick, n. sp.
Apeibopsis? discolor (Lesquereux) Les
Abutilon eakini Hollick, n. sp-...—-.--
Harpea conditionalis Hollick, n. sp-
Pterosperiuites alaskana Knowlton.
Pterospermites alternans Heer
Pterospermites auriculaecordatus Hollick, n. sp--
‘Pterospermites conjunctivus Eotlick, n. sp-..--..-
Pterospermites imparilis Hollick, n. sp.___
Pterospermites magnifolia Knowlton.
Pterospermites spectabilis Heer...
Dillenia alaskana Hollick, n. sp-.
Dillenites ceterus Hollick, n. sp..
Dillenites ellipticus Holliek, n. sp......
Dillenites ellipticus ulmifolius Hollick, ., var..........
Dillenites microdentatus (Eollick) Berry.- .
Saurauja alaskana Hollick, n. sp....._
Lepargyraea weaveri Hollick, n. sp..
Trapa borealis Heera..--.
Hedera auriculata Heer_..
Hedera macclurii Heer........
Aralia delicatula Hollick, n. sp.
Cornus biichii Heer......---
Cornus hyperborea Heer?....-
Cornus irregularis Hollick, n. sp..
Cornus orbifera Heer.....----
Nyssa arctica Heer..._._..
Nyssidium ekmani Heer....
Rhododendron crassum Hollick, n. sp.-
Vaceinium alaskanum Knowlton. ..
Vaceinium friesii Heer. .....---
Vaeeinium hollicki Knowlton.
Diospyros alaskana Schimper.
Diospyros anceps Heer._._.....
Diospyros brachysepala Alex. Braun.
Diospyros stenosepala Heer- ...
Ebenoxylon boreale Platen !__
Mohrodendron inopinum Hollick, n. sp
Fraxinus herendeenensis Knowlton.
Fraxinus inordinata Hollick, n. sp..
Fraxinus johnstrupi Heer_ ...
Fraxinus juglandina Saporta..
Traxinus lateralis Hollick, n. sp-..
Fraxinus? pseudobliqua Hollick, n. sp_.
Traxinus yulkonensis Hollick, n. sp.
Viburnum aequale Hollick, n. sp__. .
Viburnum antiquum (Newberry) Hollick...
Viburnum contortum Lesquereus.......
Viburnum duriusculum Hollick, n. sp.
Viburnum evexum Hollick, n. sp..
Viburnum newberryanum Ward.
Viburnum nordenskisldi Heer..
Viburnum obliquum Hollick. . .
Viburnum schmidtianum Heer?
Viburnum whymperi Heer. ...
Nordenskisldia borealis Heer__.
Antholithes castaneoides Hollick, n. sp
Palaeanthus prindlel Hollick, n. sp
Phyllites arctica Knowlton....
Phyllites saundersi Knowlton..
Carpolithes auriformis Hollick, n. sp..

Carpolithes elytraeformis Hollick, D 8P camcooooeoaiaeman

XXXXXX

1 No locality given other than ‘“Alaska.”
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The Upper Cretaceous flora of Alaska, by Arthur Hollick, with
a description of the Upper Cretaceous plant-bearing beds, by
G. C. Martin. Professional Paper 159, 1930, 123 pp., 87 pls.

SOUTHEASTERN ALASKA

The Juneaun gold belt, by A. C. Spencer, pp. 1-137, and A recon-
naissance of Admiralty Island, by C. W. Wright, pp. 138-154.
Bulletin 287, 1906, 161 pp.

Reconnaissance on the Pacific coast from Yakutat to Alsek
River, by Xliot Blackwelder. In Bulletin 314, 1907, pp.
82-88.

The Ketchikan and Wrangell mining districts, by F. E. and
C. W, Wright. Bulletin 347, 1908, 210 pp.

The Yakutat Bay region, Alaska, by R. S."Tarr and B. S.
Butler. Professional Paper 64, 1909, 183 pp.

Gieology and mineral deposits of southeastern Alaska, by A. F.
Buddington and Theodore Chapin. Bulletin 800, 1929, 398
np. .

Notes on the geography and geology of Lituya Bay, Alaska,
by J. B. Mertie, Jr. In Bulletin 836, 1931, pp. 117-135.

COPPER RIVER REGION

Geology of the central Copper River region, by W. C. Men-
denhall.  Professional Paper 41, 1905, 133 pp.

Geology and mineral resources of the Controller Bay region,
by G. C. Martin. Bulletin 333, 1908, 141 pp.

Mineral resources of the Kotsina-Chitina region, by F. H.
Moflit and A. G. Maddren. Bulletin 374, 1909, 103 pp.

Mineral resources of the Nabesna-White River district, by
F. H. Moflit and Adolph Knopf, with a section on the
Quaternary, by S. R. Capps. Bulletin 417, 1910, 64 pp.

Geology and mineral resources of the Nizina district, by F. H.
Moflit and 8. R. Capps. Bulletin 448, 1911, 111 pp.

Lleadwater regions of Gulkana and Susitna Rivers, with ac-
counts of the Valdez Creek and Chistochina placer districts,
by F. H. Moffit. Bulletin 498, 1912, 82 pp.
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MARINE DEPOSITS

There are four principal areas in which Tertiary
deposits that were laid down under marine conditions
have been studied. These are the Lituya Bay-
Katalla region, on the southern coast of Alaska; the
Alaska Peninsula region, in western Alaska; the Nome
district, in the Seward Peninsula region of north-
western Alaska; and the coastal plain adjacent to the
Arctic Ocean, in northern Alaska.

In the Lituya Bay-Katalla region the Tertiary rocks

| form a narrow belt extending more or less continu-

ously from the vicinity of Cape Spencer to Katalla, a
distance of more than 300 miles. Observations have
been made at a number of points in this belt, but the
most complete section that has been worked out is
that in the Controller Bay field, near the western limit
of the belt, :described by Martin. In this area he
recognized the following section north of Bering
Lake:

Tokun formation: Sandstones and shales with thin

flaggy sandstones and scattered calcareous concre-

tions ; dominantly mavine________________.________ 2, 5004
Kushtaka formation: Arkose with many coal beds and

with some shale and sandstone, dominantly terrig-

Feet

CNOWS 2, 500+
Stillwater formation: Shale and sandstone; dom-
inantly mavine-_________________________________ 1, 000+

Base of section not recognized.

In the same general region but south of Ber'ng
Lake Martin distinguished the Katalla formation,
6,500 feet thick, which, though he was unable to place

it definitely with respect to the section north of the

lake, he was inclined to believe underlies the Still-
water formation. The paleontologic and stratigraphic
evidence for the correlation of these four formations
is inconclusive and conflicting. In seems reasonably
certain, however, that the entire sequence of four
formations is post-Eocene in age, and that the Tokun
formation is probably of Miocene age. The Still-
water and Kushtaka formations may be either Oligo-
cene or Miocene. In this correlation it will be ob-
served that the flora of the coal measures (Kushtaka
fermation) does not resemble the type Kenai flora, of
upper Eocene age, but seems younger. On the other
hand, it should be emphasized that the Kenai flora has
been found only in the lower part of the Kenai forma-
tion, and that the age of the upper part of the Kenai
formation has not been determined paleontologically.
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That still younger members of the Tertiary occur
in this belt is shown by the fact that a section in the
vicinity of Lituya Bay, according to Mertie, is as
follows:

Shale of unknown thickness.
A covered zone comprising perhaps the major part of these

rocks.
Tuffaceous beds and conglomerate overlain by a dominantly

sandstone sequence, the whole aggregating about 1,000 feet.

Shale.
Tuftaceous beds.

The rocks near the base of this section have been
determined from the fossils they contain to be of
upper Miocene age, and the shales near the top Plio-
cene. The upper Miocene and Pliocene members were
also recognized by Maddren near Yakataga, where
they consist of 1,000 to 1,500 feet of dominantly buff
sandstones, which, in turn, are overlain by a great

series of sandstones and shales with some conglom-

erate beds more than 2,000 feet thick. Considerable
deformation and enormous thrust faulting have in-
volved all the members up to and including the Plio-
cene,

Deposits of marine Tertiary sediments in the Alaska
Peninsula province have been recognized especially
in the tract of country between Herendeen and Balboa
Bays, at Pavlof Bay, and on Unga Island. The lower
of these deposits at Herendeen, Balboa, and Pavlof
Bays consist of soft shales, sandstones, and grits and
seem to be interlaminated with deposits of terrigenous
origin, and doubtless the series was laid down under
oscillating conditions of the strand line whereby the
region was alternately under and above the sea. The
marine invertebrate fossils represent at least 34 species
and are identified as of Eocene age, a determination
that agrees with that made from the study of the
plant collections.

A section about 200 feet thick was measured by
Dall in 1872 on Unga Island, where the series consisted
lIargely of conglomerates with some shales and sand-
stones containing in places abundant marine fossils.
These beds have also been recognized at other places
in the same general region—for instance, on the shores
of Balboa and Herendeen Bays and Port Moller. In
many of these other places the conglomerate forms a
less conspicuous part of the section, and the beds are
in the main slightly consolidated sandstones and
shales. At Port Moller these beds attain a thickness
of at least 1,000 feet. In the type area the Unga con-
glomerate appears to rest conformably on the highest
recognized Eocene stratum, but this is not believed to
be the normal relation, as the beds usually show much
less deformation than the Eocene deposits. The in-
vertebrate fossils collected from these localities are
considered to indicate that the beds from which they
were obtained are Miocene.

In certain of the unconsolidated beds of the narrow
coastal plain in the vicinity of Nome marine fossils
have been collected which have been identified by
Dall #5 as Pliocene. The apparent recency of these de-
posits has caused some doubt to be felt as to the cor-
rectness of the age determination based on these fos-
sils, but as there is no direct evidence to support an-
other age assignment, it has seemed necessary to accept
the late Tertiary age of part of the beds. The paleon-
tologic determination of the age is in a measure con-
firmed by the fact that the beds in which these fossils
were found were identified on stratigraphic evidence
as among the oldest of the coastal-plain sediments in
that area. Although part of the coastal-plain deposits
are thus correlated with the Tertiary, in the main
they are regarded as of Quaternary age. In none of
the sections were any marked unconformities recog-
nized, though they disclose numerous oscillations
whereby uplifts of 100 feet or so have produced strand
lines that now stand either above or below the present
sea level. The movement producing these oscillations
was of a gentle regional type and did not cause marked
breaks in sedimentation.

The identification of Pliocene members in the
coastal-plain deposits is also of indirect interest as
suggesting the probable extension of these rocks into
other parts of western Alaska. Thus in many other
parts of Seward Peninsula and adjacent parts of the
Norton Sound region, as well as in more remote areas
in the Bering Sea region and along the coast of north-
western Alaska, there are coastal plains that appear to
be analogous to those at Nome and that therefore may
also be in part of Pliocene age though they are re-
garded as composed dominantly of later marine sedi-
ments.

Tertiary rocks have been definitely identified on the
Colville River, in northern Alaska, at only one point,
though they probably have a rather wide distribution.
The deposit is described by Schrader as unconsolidated
and consisting of nearly horizontal stratified beds of
fine gray slate-colored or ash-colored calcareous silts.
These beds are separated by an apparent unconformity
from the underlying beds, but the amount of discord-
ance is believed to be slight. The Pliocene age of the
fossils contained in these beds was determined by Dall.
About 100 miles west of the Colville River locality,
near the head of the Topagoruk River, a small collec-
tion of fossils was made from unconsolidated sands
and silts. The fossils were provisionally identified as
Pliocene. Near Collinson Point, 150 miles east of the
Colville, Leffingwell recorded exposures of soft shales
and sands that indicated a thickness of at least 200 feet

4 Dall, W. H., Pliocene and Pleistocene fossils from the Arctic coast
of Alaska and the auriferous beaches of Nome, Norton Sound, Alaska’
U. 8. Geol. Survey Prof. Paper 125, pp. 23-37, 1920.
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of beds. A rich collection of fossils was obtained from
these beds that Dall identified as Pliocene. He stated
that they resembled the fauna from the Pliocene
beaches at Nome and that they indicated a temperature
similar to that of the present Aleutian Islands, and
therefore were distinetly different from the Pleistocene
faunas, which lived in a much colder climate.

There is therefore good reason to believe that the
entire Arctic coast of northern Alaska is fringed by
unconsolidated marine deposits that are in part of late
Tertiary age. These can be distinguished from the
later deposits with which they are associated only by
more refined observations than have been possible in
the course of exploratory surveys, and probably they
Lave in large part been masked by burial under later
deposits, so that they have not been separately mapped
but have been grouped with the later deposits which
seem to form by far the larger part of the coastal-plain
sediments. ‘

TERRIGENOUS DEPOSITS

Widespread throughout Alaska are sedimentary de-
posits that were laid down during the Tertiary period
on the old land surfaces of that time in ponds and
swamps and similar places where deposition was in
progress. Doubtless many of the deposits then formed
were later removed when geologic changes transformed
those areas into sites of erosion. Enough have been
preserved, however, to give some insight into the con-
ditions under which they were formed and the later
events that have left their imprint on them. The
record that these beds afford makes it possible to re-
construct some of the general history of the region in
which they occur. Although widely distributed
through the Territory, these Tertiary deposits, for
purposes of description, may be grouped into four
major provinces, which in this report have been desig-
nated as the Matanuska-Cook Inlet, Alaska Peninsula,
central Alaska Range, and Yukon regions. Each of
these is described briefly in the following pages, and in
addition, under the general heading * Miscellaneous
localities ”, such notes are given as are available re-
garding some of the smaller or less known localities
of Tertiary deposits.

MATANUSKA-COOK INLET REGION

Tertiary sedimentary rocks were first recognized in
Alaska on Kenai Peninsula, which forms the eastern
shore of Cook Inlet. Subsequent investigations have
extended the area known to be occupied by the mem-
bers of this group of rocks, so that now they are rec-
ognized at a great number of localities throughout
the area immediately adjacent to Cook Inlet and for
scores of miles inland along the course of its larger
tributary streams such as the Susitna, Matanuska, and
Yentna Rivers. The beds in Kenai Peninsula are

described by Martin * in considerable detail, and from
his report the following statements are rather literally
abstracted. The only Tertiary rocks recognized have
been called the Kenai formation, which consists mainly
of partly indurated sands and clays in about equal
volume, with a total thickness of about 2,000 feet.
The rocks are in general sufficiently indurated to stand
up, when undercut, in almost vertical cliffs, some of

-which are more than 100 feet high, though the beds

are soft enough to be cut with a knife or pick. A
few beds are more thoroughly indurated, but this
condition is gencrally due to local cementation or con-
solidation. The formation contains also a few rather
small and inconspicuous conglomerate layers and a
great many beds of lignite. Measured sections show
that coal in beds 3 to 7 feet thick forms 3 to 5 percent
of the entire section. No beds of marine origin have
been recognized at any point in the Tertiary sections
on Kenai Peninsula.

The fossil flora that was collected from the beds
was for a long time identified as ¥ Arctic Miocene,*
but as more complete knowledge of it was accumu-
lated paleobotanists in general came to regard it as
of Eocene age, and this is the current correlation.
The flora is so distinctive and so at variance with that
from any related group of rocks throughout the world
that the name Kenai acquired significance not only as
a formation name but also in a rather restricted time
sense as well. For a while, almost all Alaskan depos-
its formed during the earlier part of the Tertiary
period were assigned to the Kenai. This practice has
now been discontinued, and the name Kenai has been
restricted to its more usual formational sense and lim-
ited to beds directly connected with the Kenai beds
in the type area.

Near the head .of Cook Inlet, in the Matanuska
region, the Tertiary rocks have been divided into the
Chickaloon formation, the Eska conglomerate, and an
unnamed assemblage of arkose, shale, and conglomer-
ate. The stratigraphic position of this unnamed unit
has not been determined with precision, but it probably
includes basal beds as well as marginal beds equivalent
to both of the other formations. The Chickaloon
formation consists mainly of sandstones and shales
carrying in its lower part many coal beds. Its thick-
ness has not been determined accurately but appears to
be at least 2,000 feet. Its flora is in general similar
to that of the Kenai formation, and it is theréfore as-
signed to the KEocene. Overlying the Chickaloon
formation and apparently separated from it by a
marked unconformity is the Eska conglomerate, which
has a maximum thickness of about 3,000 feet. The few

4 Martin, G, C., Geology and mineral resources of Kenai Peninsula,
Alaska : U. 8. Geol. Survey Bull. 587, pp. 67-88, 1915,

47 A dagger (%) preceding a geologic name indicates that the name
has been abandoned or rejected for use in classification in publications
of the U. 8. Geological Survey.



GEOLOGY OF THE TERTIARY DEPOSITS OF ALASKA 29

fossils that have been collected from this formation
were not adequate to permit an unqualified determina-
tion of the age of the rocks in which they occur, but
it is by no means unlikely that they are Miocene.
Overlying the Eska conglomerate but separated from
it by a strong unconformity are Tertiary lava flows
and tufts that are regarded as probably of Pliocene
age. The beds up to and including the Eska con-
glomerate have been greatly deformed, and some in-
trusive dikes and sills cut the sedimentary series. So
great has been the deformation in places that some of
the beds stand vertical or are even overturned, and
faults of both normal and thrust type have produced
profound displacements in parts of the area. These
dynamic movements have been of pronounced eco-
nomic significance in their effect on the coal beds con-
tained in the Chickaloon formation. In the areas of
little or moderate deformation these coals are of low
rank, but in the areas where deformation was greater
they range into the bituminous coals, and in the areas
where it was intense they approach anthracite in com-
position. The Tertiary beds in the Matanuska region
appear to have been much further consolidated and to
have suffered much greater dynamic stresses, lying as
they do between the Chugach and Talkeetna Moun-
tains, than any of the other members of the Tertiary
in the Cook Inlet region. Capps has suggested that
most of the beds in the Matanuska field were laid
down in a rather small basin and that their original
extent was only slightly greater than the area of their
present outcrop. On the other hand, the Kenai beds
in the main Cook Inlet lowland appear to have been
deposited in a rather extensive lowland. The absence
of much coarse detrital material in the beds of the
Chickaloon formation in the Matanuska Valley shows
that the adjacent land could not have had such strong
relief as would give the streams flowing from it
opportunity to deposit much coarse material in the

basin.
ALASKA PENINSULA REGION

In the Alaska Peninsula, Tertiary beds have been
recognized and examined at a number of places all
the way from Cape Douglas, near Kamishak Bay, on
the northeast, to Pavlof Bay, on the southwest. The
lowest sedimentary beds throughout this tract appear

to be comparable in general character with the typical-

Kenai formation, though underlying them in the Port
Moller district are pyroclastic igneous rocks and basal-
tic flows of Tertiary age. Everywhere the sedimentary
rocks consist of sandstone, shale, and some conglom-
crates, with numerous beds of lignite. All are slightly
to moderately indurated. In thickness this group of
rocks appears to range from 1,000 to 5,000 feet. In
places the section shows notable departures from this
type section. Thus in the Balboa-Herendeen Bay re-
gion marine beds containing invertebrate fossils alter-
858—36——3

nate with terrigenous beds and probably represent
deposition in an area near the shore that was subjected
to oscillatory movements, which at times brought it
above the sea and at times depressed it below the sea.
In other places the upper portion of the sedimentary
series merges with andesitic flows and related pyro-
clastic rocks.

Succeeding the Eocene rocks, especially in the west-
ern part of the Alaska Peninsula region, on Unga
Island, and apparently separated from the Eocene beds
at most places by an unconformity, are the marine
beds of the Unga conglomerate which have already
been described. These beds are much less deformed
than the Eocene beds and are regarded as of Miocene
age. At one locality on the west shore of Herendeen
Bay there is a small tract of sediments, apparently
representing terrigenous deposition, which appears to
overlie beds that have normal Miocene characters.
Irossils have been collected from this tract, and though
they are unsatisfactory for specific determination they
suggest a possible Pliocene age for the beds in which
they occur. If this identification should be substan-
tiated by more complete collections, the absence of a
clearly marked break in the type of sedimentation
would seem to indicate that there was no pronounced
stratigraphic break between the Miocene and Pliocene
in that region,

Altogether the history of the Alaska Peninsula re-
gion in Tertiary time shows an interesting series of
events—volcanic episodes in the early Iocene, late
Tocene, Miocene, and very late Pliocene occurring at
intervals during the deposition of terrigenous sedi-
ments in the Eocene and possibly also in the Pliocene
and marine incursion in the Miocene. Fairly strong
mountain-building is recognized as having occurred at
the end of the Eocene epoch, and broad regional move-
wents at intervals subsequent to that time.

ALASKA RANGE

At least three distinct types of terrigenous deposits
that were laid down during Tertiary time have been
recognized in the area that now forms the central part
of the great arc of the Alaska Range. These differ
not only lithologically but also in their distribution
and geologic age. Distinctive names have been given
to these different units—the Cantwell formation, the
coal-bearing series, and the Nenana gravel. Each
is described separately in the following notes.

The Cantwell formation has been recognized at sev-
eral points along the northern flanks of the Alaska
Range, from the vicinity of Mystic Pass, at the head of
the Tonzona River, eastward to Mount Deborah, at
the head of the Yanert River. It is most conspicu-
ously developed in the area that extends about 40.
miles east and west of the Alaska Railroad in that
part of its course which follows the narrow valley
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of the Nenana River north of Windy. The forma-
tion consists principally of coarse clastic sediments
that range from beds of coarse conglomerate which
contain boulders 6 inches or more in diameter through
" finer grits and sandstones into shales. Some volcanic
rocks of rather acidic composition are associated with
these sediments. The rocks are thoroughly indurated
and in places even metamorphosed into stretched con-
glomerates and schists. No detailed measurements of
the entire section of the Cantwell formation have been
made, but in places its thickness is at least several
thousand feet. The only paleontologic evidence as to
the age of these rocks leads to the conclusion that they
are Eocene. The evidence is unsatisfactory, however,
as the fossils are neither abundant nor distinctive.
The geologists who have studied these rocks most
thoroughly believe that part of the Cantwell may be
as old as the Upper Cretaceous, though in the absence
of specific evidence to support this view they have
been constrained to accept its Eocene age.

Along the northern flanks of the Alaska Range but
in places folded into the minor basins within the range
itself are sedimentary beds that have been more or less
thoroughly consolidated and deformed. These beds are
referred to as the coal-bearing formation, inasmuch
as at many places they contain numerous coal
beds, some of which are as much as 20 feet thick. The
beds are in general sandstones, clays, and fine con-
glomerates. In their general appearance they resem-
ble closely the Kenai formation of the Cook Inlet
region, though the identification is not yet sure enough
to allow complete correlation and adoption of a single
name for the beds in these two areas. The coal-bear-
ing rocks probably overlie unconformably the older
rocks in their neighborhood, though nowhere has the
direct contact of these beds with the Cantwell forma-
_tion been observed. The greater induration of the

Cantwell and the discordance of its structure in places
where the two formations are not widely separated
leads to the conclusion that there is an unconformity
between them. The beds were evidently formed.at a
time when the area now occupied by the Alaska Range
was a region of low relief and mature drainage. The
termination of this deposition and the deformation
of the beds was brought about by mountain-building
forces which initiated the growth of the present Alaska
Range. Since that uplift large tracts of the forma-
tion have been stripped off and removed through ero-
sion, so that the beds are preserved now only in pro-
tected areas or where they have been folded down into
basins below the level of the older rocks. The age of
these coal-bearing rocks has been determined by the
fossil leaves preserved in many of the beds. From this
evidence it seems certain that the formation as a whole
is Eocene and probably was formed rather late in that
epoch. '

THE TERTIARY FLORAS OF ALASKA

The term Nenana gravel has been given by Capps to
a thick series of unconsolidated or only loosely ce-
mented material consisting for the most part of well-
rounded coarse gravel and subordinate beds and lenses
of sand. This formation is especially well developed
in the northern slopes of the Alaska Range, both east
and west of the Nenana River. In places it is as much
as 2,000 feet thick and is interpreted as the outwash
from the growing Alaska Range that had its begin-
ning at the end of the period of deposition of the coal-
bearing formation. According to Capps, this forma-
tion is in general conformable with the coal-bearing
rocks, and doubtless in places there is no structural
break between the two formations. The writer, how-
ever, is inclined to stress the fact that in some places
there is a break between them, and therefore he would
place these beds higher in the Tertiary and correlate
them with late Miocene or possibly Pliocene deposits.
The determination of the age of these deposits is
based entirely on their areal distribution and geo-
morphic history, so that precise dating of their forma-
tion is not possible except to state that they are older
than the Wisconsin glacial deposits and older than
any glacial deposits that have been recognized in the
region. The impossibility of distinguishing the
Nenana gravel from later unconsolidated deposits ex-
cept under favorable circumstances has probably led
to the inclusion of both as a single unit in most areas,
so that the extent of Nenana gravel as indicated on
the maps is probably greatly understated. Moreover,
its original areal extent has been much reduced
through erosion and through burial under the great
volume of glacial and postglacial outwash material.
For all these reasons it seems probable that the area
originally occupied by this formation was immensely
greater than the area in which it is now recognized
and indicated on plate 1.

YUKON BASIN

Sedimentary rocks of Tertiary age have been recog-
nized in two principal areas in the Yukon Basin, and
small isolated areas elsewhere show that these deposits
were at one time much more widespread. The two
principal areas may be referred to as the Tanana-
Dall River district and the Woodchopper-Eagle dis-
trict; the former lies about in the central part of the
Yukon’s course through Alaska, and the latter is
farther east, adjacent to the international boundary.

The Tertiary deposits in the Tanana-Dall River
district occur mostly as discontinuous patches of
rather small extent, which are probably the remnants
of a once widespread deposit of fresh-water origin.
The beds consist of clay, shale, sandstone, conglom-
erate, and thin seams of lignite. They have been
subjected to strong deformation, so that their dips
range all the way from nearly flat to practically ver-
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tical, and in places extensive faulting has broken the
series. Some fossils of fresh-water invertebrates have
been found in these beds, but most of the fossils that
have been obtained from them are leaves and frag-
ments of plants. These plants have been identified
as most closely related to Eocene species, and the for-
mation as a whole has been regarded as more or less
exactly equivalent to the Kenai beds of Cook Inlet.

In addition to these more consolidated and de-
formed Tertiary deposits, there are at a number of
places less consolidated deposits that appear to be of
much younger Tertiary age. Deposits of this sort
have been especially studied in the vicinity of Minook
Creek, where they form notable terraces whose upland
surface stands nearly 1,000 feet above the present-day
drainage lines. These deposits seem to mark former
courses of the main stream in the region and are
regarded as probably of Pliocene age, though in the
absence of paleontologic evidence this age assignment
is open to considerable uncertainty. Although they
now stand high above the present main stream, the
deposits have not suffered folding and distortion but
instead appear to have been uplifted or warped more
or less as a whole in their present position.

In the Woodchopper-Eagle district the Tertiary
rocks have not been satisfactorily differentiated from
those of Upper Cretaceous age, so that the rocks of
the two systems are here treated as a unit, though
doubtless more refined field work will result in making
a separation. These rocks crop out in a belt from 1
to 15 miles wide for a distance of 85 miles west of the
international boundary. They are dominantly sand-
stones and shales, with beds of conglomerate ranging
from fine grits to coarse boulders and beds of lignite.
The series as a whole seems to have more of the fine
beds at the base and to become coarser toward the
top. The beds are considerably folded and deformed,
so that in places they dip at angles as great as 70°.
As they have been much broken by faulting, measure-
ments of their thickness are not reliable, but they
indicate that the series has a minimum thickness of
3,000 feet. Altogether some 20 collections of fossils
have been made from these rocks, and of these 8 are
identified as having an Upper Cretaceous affinity,
while the others appear to be Kocene. There are
numerous means of reconciling these apparently dis-
cordant results, but in the absence of more detailed
field observations and critical analysis of the paleo-
botanic evidence it seems that for the time being the
only course open is to accept the interpretation that in
this region the sedimentation continued without a
break from Upper Cretaceous into Eocene time and
that presumably the Tertiary beds were on the whole
older than those occurring in the Tanana-Dall River
district, which are believed to be of relatively late
Eocene age.

In the Fortymile region, which lies not far south
of the Woodchopper-Eagle district, are numerous high
terraces and gravel deposits that appear to be not
unlike some of the terrace deposits in the Tanana-Dall
River district, whose Pliocene age has been suggested.
There is no direct evidence that these deposits are not
Quaternary, but, on the other hand, there is nothing
that would preclude their being Tertiary. In view of
the lack of evidence, it seems unwarranted to go fur-
ther than to suggest the possibility that in part they
mark old drainage lines which may have been occupied
by streams during late Tertiary time.

MISCELLANEOUS LOCALITIES

There are throughout Alaska, in addition to the
areas described above in detail, numerous places where
Tertiary sedimentary rocks have been recognized,
though most of these areas are of rather small extent
and the sections they afford are incomplete or little
known. They are of great significance, however, in
proving that the conditions throughout most of the
Territory in Tertiary time were similar to those that
existed in the areas where deposits of this age are
more extensive. Thus these scattered small deposits
all point to the conclusion that throughout early Ter-
tiary time deposition under terrigenous conditions was
in progress over wide tracts of a region which in gen-
eral had a low relief, without nearby. highlands that
yielded much coarse detritus to the areas in which
were being deposited mud and sand and much vegeta-
tion that was subsequently to become lignite.

In southeastern Alaska none of the Tertiary sedi-
ments show any indications of including beds of
marine origin. These sediments are most extensively
developed in the Kupreanof-Admiralty Island region
where they are closely associated and in places inter-
bedded with effusive igneous rock and volcanic tuffs.
The most complete section of the Eocene rocks is said
by Buddington to be found on Kuiu Island, where

the section was as follows:
Feet

Conglomerates of lava cobbles with interbedded tuff

and breccia, predominantly rhyolitic.——___________ 1, 00V+
Rhyolitic breccia and tuff -
Sandstone with intercalated conglomerate near top-- 1,200
Basal conglomerate with intercalated sandstone______ 4502
Unconformity.

The fossils from the sedimentary members have all
been identified as of Eocene age and comparable with.
those from some of the Kenai beds in the type locality..
There is some uncertainty as to the age of the upper
part of the sequence where volcanic rocks predominate,.
because in that part fossils are absent. It is possible,.
therefore, that the upper members may in reality be-
long to a later epoch of the Tertiary.

Little is known regarding the geology of Kodiak
Island, but the cursory examinations that have beemn:
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made there indicate that at several places, especially
on its east coast, are deposits that have a striking re-
semblance to the beds not far to the north, in the
typical area of Eocene rocks in Kenai Peninsula, or
to the west, in the various areas of the Alaska Penin-
sula. Both terrigenous deposits of -Eocene age and
marine deposits of Miocene age have been identified
by means of the fossils they contained. The earlier
reports, which were based mainly on oral informa-
tion, indicated a considerable development of coal-
bearing rocks of supposed Tertiary age on the west
coast of Kodiak Island. Some of these places have
not been examined by geologists, but regarding most
of those that have been examined in detail the early
reports have proved erroneous, as their bedrock con-
sists of rocks entirely unlike the Tertiary beds. This
statement also holds true regarding the occurrence of
Tertiary rocks on Afognak Island, which lies immedi-
ately north of Kodiak.

Tertiary sedimentary rocks. that were laid down
under land conditions have been identified in Seward
Peninsula on the Sinuk River, in the western part of
‘the peninsula; on the Kugruk River, in the northern
part; and on the Koyuk River, in the southeastern
part. Most of these tracts now have a very small ex-
tent, but doubtless in the past they were much larger
and have been reduced through erosion. The beds are
composed of sandstone and shale with some coaly lay-
ers, though in the locality on the Kugruk River the
coal is very thick, probably being in the form of a
lens. All the beds have been somewhat deformed, dips
of 70° being not at all unusual. The paleontologic
evidence as to the age of these rocks is not at all satis-
factory but is believed to indicate that the beds are

Eocene and probably in general correlative with beds.

of similar appearance and relations in other parts of
Alaska. :

In northwestern Alaska sedimentary rocks that were
laid down under terrigenous conditions in Tertiary
time have been recognized only in the valley of the
Kobuk River. There they occur as discontinuous
patches, none of which is more than a few miles in
extent. These patches occur principally in the central
portion of the valley between the Shungnak River on
the east and Trinity Creek on the west. The rocks
consist of conglomerate, soft-bedded sandstone, and
shale, with some thin coal beds. The beds in places
show dips as steep as 30° and the deformation has also
given rise to some faulting. No reliable measurements
of the total thickness of the formation have been made,
but it must be at least 1,000 feet, as some of the indi-
vidual layers of conglomerate are as much as 200 feet
thick. A few small collections of fossils from these
rocks and the similarity of their appearance to Ter-
tiary rocks in other parts of Alaska have led to their
being assigned to the upper Eocene. There is, how-

ever, still some question as to whether or not there was

- a structural break between the Eocene and the Upper

Cretaceous in this part of Alaska. If there was not,
the lower part of this series may belong in the Upper
Cretaceous and the other members may form a con-
tinuous sequence into the Tertiary, as was suggested
for part of the sequence in the Eagle-Woodchopper
district of the upper Yukon Valley.

EFFUSIVE IGNEOUS ROCKS

~ Probabiy quite as extensive areally as the tracts that
are occupied by water-laid deposits interpreted as of
Tertiary age are those that are covered by volcanic
deposits made up of lavas and tuffs formed during
this period. These Tertiary volcanic rocks not only

"occupy extensive areas but are widely distributed

throughout the Territory. In the past they appear to
have been even more widespread than at present, be-
cause in the long period that has ensued since some of
them were erupted they have evidently suffered exten-
sive removal through erosion. How great this erosion
was in places may be conjectured from the fact that
many of the lava flows now occur as nearly horizontal
cappings on the tops of mountains that have been
deeply dissected by streams whose valley floors now
stand thousands of feet below the base of the lavas.
This condition is well 1illustrated in the mountains
north of Chickaloon, in the Matanuska district of the
Cook Inlet region, and north of McCarthy, in the
Chitina district of the central Copper River region.

Field evidence clearly shows that these Tertiary
lavas were not the result of a single great outpouring.
Instead they represent extrusions from different open-
ings at widely different times. Thus in the Alaska
Peninsula region the volcanism appears to have begun
early in the Tertiary period and to have continued
intermittently down to the present day, many vol-
canoes being even now active or having been in erup-
tion during historic time. In the Wrangell Moun-
tains of the Copper River region there is another area
that appears to have been a volcanic center throughout
most of Tertiary time and to be still marked by active
or dormant volcanoes. In Seward Peninsula and in
the region east of Norton Sound are extensive lava
flows that appear to have begun in the middle or later
part of the Tertiary and to have continued at least to
the Pleistocene.

Other places where extensive igneous rocks of Ter-
tiary age have been reported are indicated on plate 1.
Doubtless with more complete exploration of the un-
surveyed areas, the present known distribution of these
rocks would be extended, and if it were possible to
determine their original extent the known area of
many of the individual tracts would be still further
increased. The lack of surveys and burial by later
deposits have prcbably prevented the representation
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of the true extent of the Tertiary lavas, especially in
the lower Yukon-Norton Sound district and in the
area at the head of Kotzebue Sound east of the lower
course of the Buckland River.

Owing to the impossibility of determining closely
the age of lavas except where they are in association
with rocks containing organic remains, whose age is
known, and the absence of such favorable conditions
in most of the areas where the Alaskan lavas occur,
geologists have been able to make only generalized de-
terminations of the age of the Tertiary lavas of
Alaska in the course of most of the reconnaissance
and exploratory surveys. It has therefore not proved
feasible to show separately on the map the lavas that
were formed during each of the recognized time sub-
divisions of the Tertiary. Instead they have all been
treated as a unit, even though the incomplete records
available show that at least lavas of Focene, Miocene,
and Pliocene age occur and might be discriminated
if more detailed information were at hand.

The chemical composition of the Tertiary lavas of
Alaska shows a wide range both areally and strati-
graphically. In general.it appears that the older
lavas were more acidic than the later ones. This is
true in the Nelchina-Susitna district of central Alaska,
where what is considered to be the oldest Tertiary
lava is rhyolite and the youngest is basalt. It is also
true in the Alaska Peninsula, especially in the vicinity
of Lake Iliamna, and in the Yukon region, especially
in the Cosna-Nowitna district. This relation, however,
1s not universal, for Pogue reports that in the Broad
Pass district the lowest Tertiary lava is basalt, and
that those stratigraphically higher are acidic lavas.
No progressive gradation of composition has been ob-
served in the sequence of lavas in the different fields,
so that chemical composition does not seem to be of
itself a safe criterion to use indiscriminately in at-
tempting to correlate different tracts.

In southeastern Alaska rhyolite breccia, tuff, and
related volcanic rocks occur on Kuiu, Kupreanof,
Zarembo, Etolin, Conclusion, and Gravina Islands.
They are believed to be, at least in part, of Eocene age.
Basalts and andesites are reported on Kuiu, Kupre-
anof, Zarembo, Castle, and Onslow Islands, forming in
places deposits as much as 2,500 feet thick. The
basalts appear to have been poured out mostly through
fissures, but a few were evidently erupted from vol-
canic centers. Where it has been possible to determine
relations, the basalts appear to overlie the -Eocene
sediments and to be younger than the more acidic Ter-
tiary lavas. In fact, there is some evidence that in-
dicates that they are unconformable on the Eocene
sediments and therefore of Miocene or later age.
This evidence, however, is not definite enough to be
determinative, so that the possible lower limit must
be regarded as Focene. On Suemez Island, about 50

miles west of Ketchikan, are rhyolites, andesites, and -
basalts that in many ways resemble those already
described. Buddington, however, has chosen to
regard them as more probably to be correlated with
rocks of similar composition on Graham Island, 13. C..
which have been assigned to a Pliocene age by Mac-
Kenzie.

In the Wrangell Mountains of the Copper River
region are a series of rhyolitic, andesitic, and basaltic
flows that appear to have had their beginning before
the deformation of the early Tertiary plain that was
developed by erosion in the region and to have con-
tinued later than the dissection which followed its
uplift. It is the consensus of opinion, therefore, that
the outpouring of these lavas must have begun in late
Eocene time and have continued to the present.

In the Alaska Peninsula region the lavas of Ter-
tiary age are dominantly andesites and basalts. The
conditions in the Kamishak Bay distriet, which may
be taken as more or less typical of the region as a
whole, are summarized by Mather *¢ as follows:

Basaltic lava flows and tuffs of varied composition rest
unconformably upon the eroded surface of.the Naknek forma-
tion [this formation is of Upper Jurassic age, but in other
places the lavas overlie sedimentary rocks of known Tertiary
age]. Apparently this locality during Tertiary time was the
site of great eruptive activity. Lavas welled up through vents
and poured out on the surface. XExplosive debris was hurled
upward and contributed to the building of volcanic cones.

In the Anvik-Andreafski region the lavas appear in
general to be typical of those of the lower Yukon and
eastern Norton Sound provinces as a whole. Here
Harrington has discriminated dacites and andesites
which cut Cretaceous rocks and are overlain by basalts.
The acidic rocks are correlated with the earlier part
of the Tertiary, and the outpourings of basalt prob-
ably began in the later part of the Tertiary and
extended intermittently into Quaternary time.

In eastern Seward Peninsula, especially in the range
of hills between the Koyuk and Buckland Rivers, are
extensive andesitic lava flows whose age has not been

"determined with certainty but which the writer feels

may well be the equivalent of the earlier Tertiary
effusives of other districts. This correlation, however,
is so uncertain that it is offered as little more than
a suggestion. Definitely identified Tertiary lavas are
found at several places throughout Seward Peninsula
and consist principally of unaltered basalts that have
suffered practically no deformation. These flows took
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