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FOREWORD

x By Puiure S. SmitH

i

Vestiges of former life preserved in the rocks as
fossils have long interestéd laymen and aided scientists
in reconstructing the events through which the earth
has passed. Fossil plants are widespread in certain
formations in Alaska, and because of their obvious
vegetable origin they we}re early recognized, collected,
and studied. Even the ﬂ)ioneer maritime explorers of
Alaska, in the midst of| their more immediate tasks,
found time to collect specimens of rocks and fossils
from many points and brought them back to be de-
posited in the museums of the world. Dr. W. H. Dall,
the earliest American scientist to explore parts of
Alaska, noted the presence of fossil plants in many
places, and Prof. I. C. Russell, the first Federal geol-
ogist to visit Alaska, made several collections of
fossil plants at localities on the Yukon. Later, in the
course of the systematic surveys made by the United
States Geological Survey, the amount of information
and of material collected has increased manyfold. The
resulting data are scattered through many volumes,
which are not readily accessible, and heretofore many
of the collections had not been studied and described
in detail and little attethpt had been made to discuss
the broad aspects of certain related groups of rocks.
To remedy this condition the present volume was un-
dertaken to present in one place an adequate descrip-
tion of the fossil plants and general geology of the
Upper Cretaceous epoch of Alaska. It is planned
that from time to time similar descriptions of other
systems or epochs will be prepared, and already Doc-
tor Hollick has done considerable work on the manu-
script for a report on the Tertiary floras of Alaska.

Doctor Hollick began his study of Alaskan floras by
field examinations at a number of localities on Yukon

River in 1903. Since that time he has examined not
only his own material but also most of the collections
made by other Alaskan geologists. Doctor Martin
began his special studies of Alaska Mesozoic stratig-
raphy nearly 25 years ago, incidentally to his investi-
gation of the coal and petroleum resources of the Ter-
ritory. As an outcome of that study he has already
written the most authoritative statement on the gen-
eral stratigraphy of the Mesozoic rocks of Alaska,!
i which he discusses at greater length all of the Meso-
zoic section as well as some of the details of the Upper
Cretaceous section that are given only in abbreviated
form in the present volume.

Although, as stated before, it was intended to make
this volume complete, its publication has been so slow
and the accumulation of new data has been so rapid
that it has been impossible to maintain that ideal. The
manuscript of the report was:completed-in-1924,.just.
about the time that the Geological Survey undertook
extensive explorations and new investigations in
northern Alaska, which have lasted until now and
have yielded additional Upper Cretaceous plants and
other fossils. As revision of the manuscript to include
these results would have still longer delayed publica-
tion, it has been sent forward without them. It is,
therefore, complete only for the Upper Cretaceous
floras and rocks south of the Brooks Range. It should,
however, serve a useful and instructive purpose in
bringing together information regarding this interest-
ing epoch in the earth’s history and regarding a group
of rocks that are of much economic significance be-
cause of the coals that are found in them.

1 Martin, G. C., The Mesozoic stratigraphy of Alaska: U. 8. Geol,
Survey Bull. 776, 493 pp., 1926,
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THE UPPER CRETACEOUS FLORAS OF -ALASKA
| :

By ArtHUr HoLLick

INTRODUCTION

OBJECT AND SCOP'E OF THIS PAPER

~ The object of this paper is to descrlbe and discuss
the Upper Cretaceous floras of Alaska and to correlate

them as closely as may be with equivalent floras of

other regions, It is also designed to include references
to previous records in which the fossil plants were
mentioned or in which items of geologic importance
or interest in relation to them were described and
information regarding facts discovered in recent years,
together with discussions of their geologic and botanic
significance.

PREVIOUS INVESTIGATIONS OF ALASKAN UPPER
CRETACEOUS PLANTS

HISTORICAL REVIEW OF PERIOD 1850 TO 1300

It is only within the present century that fossil
plant remains of Cretaceous age were definitely known
to occur in Alaska, although specimens of Cretaceous
leaves were collected but not recognized as such at the
time by several explorers before 1900. Certain of
these specimens, subsequently shown to be of ‘Creta-
ceous age, were at first erroneo{lsly identified as Ter-
tiary species; and other specimens, subsequently deter-
mined to be of Jurassic age, were at first tentatively
identified as Cretaceous species. References to these
early errors of identification and subsequent correc-
tions will be cited and discussed in their proper chron-
ologic sequence.

During the period from 1850 to 1870 the Tertiary
flora of Alaska was described and discussed by Grew-
ingk, Goeppert, and Heer; but the earliest definite
reference to the Cretacgous system iri Alaska appears
to have been made by jEichwald,} in 1871. No men-
tion is made, howeverj of any Cretaceous species of
plants, and the mvertebrates described as Cretaceous
are now known to be i large part Jurassic and prob-
ably most of the otherd are Tertiary. -

1 Eichwald, Eduard von, Die Miocﬂn und Kreideformation von Alaska
und den Aleutischen Inslen: Geognostisch-palaeontologische Bemerk-
ungen ueber die Halbinsel ﬂangllchlak und die Aleutischen Inseln,
St. Petersburg, 1871. ;

In 1888 a number of notes on and descriptions of
fossil plants, written by Lesquereux and compiled and
prepared for publication by Knowlton,> were issued.
In this paper 10 species are listed from “ Cape Lis-
bourne, Alaska,” 8 of which are referred to pre-
viously described Cretaceous species and 2 are de-
scribed as new, and the opinion is expressed that their
age is “ probably Neocomian.” These specimens, how-
ever, and others collected in the Cape Lisburne region,
were subsequently studied and described by Fontaine,?
who concluded that “ the age of the formation yielding
the Alaskan fossils, as indicated by them, is not older
than the Lower Oolite, and not younger than the
Lower Cretaceous, but is probably between them™”;
and, on the basis of this conclusion, Ward designated
the age of the plants as “ Jurasso-Cretaceous.”
Knowlton,* however, determined them, without reser-
vation, to be Jurassic; and this view. was reiterated
and discussed, with additional supporting data, in a
subsequent paper.® ’

In 1890 were published Russell’s records of a trip
made in 1889 from the delta to the headwaters of
Yukon River.® No mention is made of fossil plants,
but a few specimens were collected, which evidently
came from the vicinity of Nulato, as indicated by the
accompanying field labels; and those that are suffi-
ciently well preserved for satisfactory study have been
identified as Cretaceous species. (See pp. 83, 85; pl.
46, figs. 1, 2.)

In 1896 Dall™ mentioned the occurrence of fossil
plant remains at several localities in the “upper
Yukon and Nulato ” regions, where Cretaceous plants

2 Lesquereux, Leo, and Knowlton, F. H., Recent determinationg of
fossil plants from Kentucky, Louisiana, Oregon, California, Alaska,
Greenland, ete., with descriptions of new species: U. 8, Nat, Mus.
Proc., vol. 11, pp. 11-38, pls, 4-16, 1888,

% Fontaine, W, M., in Ward, L. F., Status of the Mesozoic floras of
the United States, second paper: U. S. Geol. Survey Mon. 48, pp.
153-175, pls. 38-45, 1905.

¢ Knowlton, F. H., in Colller, A. J., Geology and coal resources of
the Cape Lisburne region, Alaska: U. 8. Geol. Survey Bull. 278, pp
29, 30, 1906.

® Knowlton, ¥. H., The Jurassic flora of Cape Lisbume Alaska :
U. 8. Geol. Survey Prof. Paper 85, pp. 39-64, pls. 5-8, 1914,

¢ Russell, I. C., Notes on the surface geology of Alaska: Geol. Soc.
America Bull, vol. 1, pp. 89-162, pl. 2, 1890.

7Dall, W. H., Report on coal and lignite of Alaska:
Survey Seventeenth Ann. Rept., pt. 1, pp. 763-906, 1896,

U. 8. Geol.
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were subsequently collected in abundance. No species
are mentioned, however, nor are any from this region
listed in Knowlton’s accompanying report.®

A few specimens of fossil leaves were collected by

Dall, who assured me that these were found at the
locality described by him as “about 7 miles below
Nulato,” in connection with which he mentioned ?
a small bluff * * * at the extreme end of which the sand-
stones are nearly vertical. Here, between two contorted layers
of shaly rock, a small coal seam was examined in December,
1866. * * * The shale contained obscure vegetable re-
mains. * * * Near Melozikakat the bluffs appear also in
the left bank. * * * Russell has also noted the leaf beds
15 or 20 miles below the mouth of the Melozikakat, on the
right bank of the Yukon.

In 1898 three of the specimens collected by Dall were
described and figured by Newberry *® and erroneously
referred to the Tertiary species Pterospermites denta-
tus Heer, probably in deference to the then prevail-
ing opinion that all the plant-bearing strata of the
Yukon region were of Tertiary age. These speci-
mens, however, are now known to represent Cretace-
ous species. (See p. 86; pl. 58, figs. 1, 2; p. 94, pl. 71,
figs. 1, 2; p. 95, pl. 72, figs. 1, 2.)

In 1898 Knowlton * gave a list of 10 plant locali-
ties on Yukon River, with identifications, mostly pro-
visional, of nine species, all regarded as Tertiary. “A
small fern somewhat resembling Pecopteris arctica
Heer but probably representing a new species.” col-
lected “ below Melozikakat,” was thought to be Eocene,
but inasmuch as this locality is in a region where
Cretaceous plants only were subsequently found, the
Cretaceous age of this specimen may be assumed with
reasonable certainty, although, not having seen the
specimen, I am unable to determine its specific iden-
tity. (See p. 3.) Another locality, described as “be-
low Mission Creek,” yielded four species, all of them
assigned to the Tertiary. This locality, in a general
way, is within a Cretaceous area, and the probability
appears to be that the identifications were erroneous,

as I have carefully examined the specimens included

in this collection and find them all to be clearly refer-
able to Cretaceous species. Unfortunately, however,
there is no indication as to the particular specimens
upon which Knowlton based his identifications.

In 1900 Schrader *2 noted the finding of Upper Cre-
taceous invertebrates but did not mention any identi-

¢ Knowlton, F. H., Report on the fossil plants collected in Alaska in
1895, as well as an enumeration of those previously known from the
same region, with a table showing their relative distribution: Idem,
pp. 876891, 1896,

®Dall, W. H,, op. cit.,, pp. 817, 818.

10 Newberry, J. 8., The later extinct floras of North America: U. 8.
Geol. Survey Mon. 35, p. 133, pl. 53, figs. 1, 2; pl. 54, fig. 4, 1898,

1 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 district,
Alagka : U. 8. Geol. Survey Eighteenth Ann, Rept., pt. 3, pp. 194-196,
1898.

1 Schrader, F. C., Preliminary report on a reconnaissance along the
Chandlar and Koyukuk Rivers, Alaska, in 1889 : U. 8. Geol. Survey
Twenty-first Ann. Rept., pt. 2, pp. 441-486, pls. 6068, 1900.

 fications of fossil plants, although he stated that “ such

fossil plant remains as could be collected were ex-
amined by Dr. F. H. Knowlton.” However, a con-
siderable collection was made, and all the definitely
identifiable material, recently examined, proves to be
of Cretaceous age.

‘"From the foregoing historical summary it may be
realized that very little information relating to the
Cretaceous flora of Alaska was recorded up to the end
of 1900.

HISTORICAL REVIEW OF PERIOD SUBSEQUENT TO 1900

In 1902 Collier ** made a geologic reconnaissance of
the Yukon region and collected fossil plants at a num-
ber of localities. The collections were examined by
Knowlton and later by me. Some were definitely
identified as consisting of Tertiary species, and others
were identified as definitely or probably Cretaceous.
Certain of the collections also contained floral elements
that appeared to indicate a possible Jurassic age.

In 1908 I was detailed to make further investigations
in the Yukon region, with the special object of making
collections of fossil plants at all available localities and
determining, if possible, their correct stratigraphic re-
lations. One of the results of these investigations was
the collection of a large amount of paleobotanic ma-
terial at some 40 localities on the banks of Yukon
River between Eagle and Anvik, from 24 of which
Cretaceous plants were identified. :

In 1907 Atwood made further collections of Creta-
ceous plant remains at localities on the north bank of
the Yukon, between Melozi telegraph station and Kal-
tag, and in 1913 Eakin ** explored the region between
Yukon and Koyukuk Rivers and determined the Cre-
taceous age of extensive rock exposures, in connection
with which paleobotanic evidence was an important
factor. Reports by Knowlton on Cretaceous plants
collected by Atwood in 1907 are included in Eakin’s
discussion of the age and correlation of the Mesozoic
sedimentary rocks,”® and in 1914 Martin collected
similar material on the south bank of the Yukon a

- short distance below Seventymile Creek. The speci-

mens included in these several collections, together with
those collected by Dall, Russell, Spurr, and Schrader,
previously mentioned, constitute the source of infor-
mation upon which the description of the Cretaceous
flora of the Yukon River region is based.

In the meantime and also subsequently explorations
and investigations on the Alaska Peninsula and the
adjacent mainland, by Martin, Stanton, Stone, Paige,
Atwood, Eakin, and others, resulted in the collection
of a large amount of additional Cretaceous material,
at a number of localities between Chignik Bay and

13 Collier, A. J., The coal resources of the Yukon, Alaska : U. 8. Geol.
Survey Bull. 218, 1903.

1 Bakin, H. M., The Yukon-Koyukuk region, Alaska: U. 8. Geol.
Survey Bull. 631, 1916.

¥ Idem, pp. 47-48.
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Pavlof Bay. Preliminary reports on certain of these
collections were made by Knowlton and by me.!
Later, after more critical examination of all the speci-
mens in the collections, certain of the identifications
of species in these preliminary reports were deter-
mined to be erroneous, and some of the original con-
clusions in regard to their geologic age were changed
_or modified. These preliminary reports and recent
critical examinations of all identifiable specimens in
the collections have furnished the data for the descrip-
tion of the Cretaceous flora of the Alaska Peninsula
region.
EARLIER LISTS OF SPECIES

Descriptions.of all the localities where Cretaceous
plants have been collected, with complete lists of the
species at each locality as determined by me, are
given by Martin in the tables on pages 15-16, 25-31.
Preliminary lists of the species occurring at some of
these localities, as determined by Knowlton, have been
published by several authors. These lists are cited be-
low, with comments.

Yukon River, about 25 lililes below Mission Creek; Spurr,
1896 (lot 1555). 'This lot was originally determined to be of
Tertiary age,” but when, subsequently, larger and better col-
lections from this and near-by localities were examined the
specimens were identified as Cretaceous species,

Yukon River, north bank, 10 miles below Melozi station;
Atwood, 1907 (lot 4633, original No. 18). Preliminary identifi-
cations of material from this locality, by Knowlton,” were as
follows : '

Ginkgo multinervis Heer.
Podozamites? sp.
Dicotyledonous fragments.

Yukon River, north bank, 12 miles below Melozi station;

Atwood, 1907 (lot 4634, original No. 20). Preliminary identifi-

cations of material from this locality, by Knowlton,” were as
follows:
Platanus heerii Lesguereux.
Zizyphus sp.
Quercus sp.
Yukon River, north bank “below Melozikakat”; Spurr,

1898. A small collection of fossil plant remains from this
Jocality was examined and reported upon by Knowlton,” who
listed them as follows:

Pecopteris arctica Heer.

Dicotyledonous leaves, indeterminable,

‘Wood.

In regard to these he remarked: “ The only form from local-
ity 9 (below Melozikakat) that I have been able to determine
is a small fern somewhat resembling Pecopieris arctica Heer
but probably representing a new species.” The type of Pecop-
teris arctica Heer ® was based upon a specimen from the Lower

18 Knowlton, F. H., and Hollick, Arthur, in Atwood, W. W., Geology
and mineral resources of parts of the Alaska Peninsula: U. 8. Geol.
Survey Bull. 467, pp. 44-45, 46, 54, 56-57, 1911.

17 Knowlton, F. H., in Spurr, J. E, Geology of the Yukon gold
district, Alaska: U. 8. Geol. Survey Eighteenth Ann. Rept., pt. 3,
p. 194, 1898,

3 Knowlton, F. H.,, in Eakih, H. M., The Yukon-Koyukuk region,
Alaska ; U. 8. Geol. Survey Bul!l 631, p. 47, 1916.

» Idem, p. 48.

2 Knowlton, F. H., in Spum J. B, op. cit,, pp. 194-196.

2t Heer, Oswald, Flora fossillis arctica, vol. 1, p. 80, pl. 43, fig. 5b,
1868, i

85918—30——2

Cretaceous (Kome beds) of Greenland. The specimen, as
figured, is shown associated with a twig of Sequoia reichen-
bachi (Geinitz) Heer, in a single piece of matrix, Heer was
evidently not certajn in regard to the generic or specific va-
lidity of the specimen and remarked, “ Ist der Gleichenia zippei
#ihnlich.” He also compared it with Pecopterigs borealis Brong-
niart,? of which he reproduced Brongniart’s figures for com-
parison,® and also figured two specimens from the Kome beds
that he identified as this species. Brongniart’s specimens came
from Greenland, but he was under the impression they were of
Carboniferous age and hence referred his species to the
Paleozoic genus Pecopleris, and this generic name was adopted
by Heer. Both Pecopteris arctica and Pecopleris borealis are
suggestive of the genus Gleichenia, and they are also similar
in appearance to Anemia -supercretacea conformis n. var. (see
p. 40, pl. 1, figs. 6, 7) and it appears to be probable that the
“ small fern somewhat resembling Pecopieris arctice,” as iden-
tified by Knowlton, may have been a specimen of this new
variety.

Yukon River, north bank, 5 miles above Louden station
[Nahochatilton] ; Atwood, 1907 (lots 4635, 4636; original Nos.
22, 22A). Preliminary identifications of material in lot 4635,
by Knowlton,”* were as follows:

Dicksonia? sp.

Podozamites lanceolatus (Lindley and Hutton).
Zamites sp.

Ginkgo sp.

Sequoia sp.

Yukon River, north bank, “ Fossil Bluff,” 434 miles above
Nahochatilton; Collier, 1902 (lot 2962; original No. 2AC238).
Lots 2962, 3252, and 3536 represent fossil plants that were all
collected within the area designated by the locality name
“ Fossil Bluff,” and they may be regarded as representing a
phytogeographic unit. Also, the general appearance of the
matrix is identical in all of the three collections, consisting
of a fine-grained calcareous sandstone, markedly different from
any of the sandstones and shales of the plant-bearing beds
elsewhere in the Yukon River region. The general floral
facies is identical with that of the other collections from the
region, but the flora shows a higher percentage of pterido-
phytes and gymnosperms. This fact may indicate that these
three collections represent a horizon that is slightly older than
any of the others, or that they may:represent merely an en-
vironmental phase of the same period of deposition.

Yukon River, north bank, at Bishop Rock, near the mouth
of Koyukuk River; Atwood, 1007 (lot 4637; original No. 24).
This is a relatively isolated locality, at which only a very small
collection was made. The matrix in which the plant remains
occur is a grayish sandstone with a yellowish tinge, similar
to sandstones at several of the localities in the district above
and below on Yukon River. The plant remains are few, frag-
mentary, and difficult to identify satisfactorily. A preliminary
examination of the material by Knowlton * was reported upon
as follows: “One specimen only, Sequoia subulate Heer;
Cretaceous.” From a careful examination of all the available
fossil plant remains the indications appear to be that the plant-
bearing beds at this locality are Upper Cretaceous, and this
view is strengthened by Stanton’s identifications™ of Upper
Cretaceous mollusks from the same locality.

Andreafski River, east bank, 9.2 miles northeast of Andreaf-
ski; Harrington, 1916 (lot 7259; original No. 136). Prelimi-

2 Brongniart, A. T., Histoire des végétaux fossiles, vol. 1, p. 354,
pl. 119, figs. 1, 2, Paris, 1828-1836.

28 Heer, Oswald, op. cit., pl. 1, figs, 13, 14.

% Knowlton, ¥, H., in Eakin, H. M., op. cit., p. 48.

% Jdem, p. 48.

% Stanton, T. W., idem, p. 47,
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nary -identifications of materlal from this locality by Knowl-
ton ¥ were as follows:
Fragments of bark and wood. ;
! Fragments of dicotyledons of two Kkinds, with little or
no marg'ns preserved.
Podozamites lanceolatus.
Taxodium sp.

_Anchorage Bay, opposite Northwestern Fishery Co.’s can-

nery; Atwood, 1908 (lot 5294; original No. 48). This collec-
, tich is tentatively regarded as Cretaceous, but the materal
aysiilable for study is very fragmentary. Knowlton ™ deter-
mined the age of the plant remains as Kenai, and I arrived
at the same conclusion as a result of preliminary examination.
More recent examination of all the available material, however,
“appears to indicate that the identifiable plant remains are of
Cretaceous age.

Chignik Lagoon, south sxde, near entrance, Niggerhead series
of beds ; Atwood, 1908 (lot 5295 ; original No. 49). Preliminary
identifications of material from this locality, by Knowlton,”
were as follows:

- Taxodium? sp.

Sequoéia rigida Heer?
Pterophyllum lepidum? Heer.
Adiantum formosum Heer,
Ferns, two species. .
Dicotyledons.

In 1904 Stanton® made a collection of foss:l plants (lot
3521) at about the same locality, in which Knowlton identified
the following species: .

Osmunda arctica Heer.
Sequoia reichenbachi (Geinitz) Heer.
Sequoia rigida Heer. -
Taxodium sp.
Torreya parvifolia Heer
brevifolia].
*’* Anomozamites schmidtii Heer. -

* Zamites sp.
Myrica sp.
Quercus johnstrupi Heer.
Quercus n. sp.
Zizyphus sp.

Chignik River, just below Long Bay, Alaska Peninsula At-
wood, 1908 (lot 5296; original No. 54). Knowlton ® identified
Trapa? microphylla Lesquereux in the material included in
this collection, in regard to which he remarked:
of Trapa * * * has how been found to have so w'de a
vertical range that it can not be employed in close fixation of
age, though I should ineline to think it probably Cretaceous.”

- Chignik River, just below Long Bay ; Atwood, 1908 (lot 5297 ;
original No. 55). Preliminary identifications of material from
this locality, by Knowlton,® were as follows :

Pterophyllum lepidum? Heer.
* Conifers, ferns, and dicotyledons.

This lot is from the same locality as lot 5296, but strati-
graphically 30 feet above it. The matrix in all the collections
from the Chignik Bay district is strikingly uniform in general
‘lithologic character—a dark-gray to almost black .shale that
:has the appearance of representmg a single lithologic unit
throughout

[erroneously printed T.

# Knowlton, F. H., in Harrington, G. L.,
reglon, ‘Alagka: U. 8. Geol. Survey Bull. 683, p. 33, 1918.

# Knowlton, F. H., in Atwood, W. W. Geology and mineral
resources of parts of the Alaska Peninsula: U. S. Geol. Survey Bull
. 467, p. 54, 1911,

# Idem, p. 44.

2 Stanton, T. W., Geol. Soc. America Bull. vol. 16, p. 408, 1905 ;
in Atwood, W. W, U 8. Geol. Survey Bull. 467, p. 45, 1911,

2 Knowlton, F. H,, in Atwood, W. W., op. cit., p. 44. o

“This form

The Anvik-Andreafski.

Port Moller, 2 miles up canyon west from Mud Bay; Atwood,
1908 (lot 5187 ; original No. 35). ' Prelim nary identifications of
material from this locality, by Knowlton,” were as follows:

Anomozamites sp.
Pterophyllum sp.
Nilssonia sp.
Hausmannia sp.

Ginkgo sp.

Quercus? sp.

Betuta? sp. -
Taxodinm or Sequoia sp.

The matrix is a yellowish-gray, sonmrewhat shaly sandstone,
uniform in its character throughout the collection.

Coal mines in Coal Bluff, Herendeen Bay ; Atwood, 1908 (lot
5185; original No. 381). This is, in certain aspects, a rather
plizzling collection. Three distinct kinds of matrix are repre-
sented—a light-gray sandstone, a fine-grained calcareous sand-
stone, and a dark-gray shale. The floral elements also appear
to be representative of different horizons, although only 3 in the
list of 19 species from the locality are definitely identified as
previously described species—two of which (Nilssonia serotina,
from -the Gyliakian of the Island of Sakhalin, and Populus
elliptica, from the Dakota of Nebraska) are early Upper Cre-
taceous, and one (Dryophyllum bruneri, from the Montana
group of Wyoming and Colorado) is late Upper Cretaceous.
The principal part of the collection, represented by the light-
gray sandstone matrix,; includes 'a flora in which the ang’o-
sperms indicate an extreme Upper Cretaceous and the gymno-
sperms an early Upper Cretaceous age.

Coal Creek, right branch, below first side stream, Herendeen
Bay; Paige, 1905 (lot 3708). Preliminary identifications, by
Knowlton,® of material from this locality were as follows:

Anomozamites cf. A. schmidtii Heer.
Cone, probably of Sequoia.
Fragments of dicotyledons.

A locality designated “r'ght bank of Coal Creek, first

tunnel,” Paige, 1905 (lot 3710?) yielded
Sequoia sp.?
Pterophyllum cf. P. concinnum Heer?

Coal Creek, right branch, 200 feet above forks, Herendeen
Bay; Paige, 1905 (lot 3709). Prel'minary identifications of
material from this locality, by Xnowlton,® were not conclusive
as to species, and the geologic age of the plant-bear.ng beds
was regarded as uncertain. Knowlton says: “ The plant re-
mains, aside from a fragment of a dicotyledon, consist almost
ent'rely of ‘delicate coniferous branchlets. This species was
at first supposed to be Tazodium distichum miocenum, but
more careful study appears to indicate that it is an unde-
scribed species of Sequoia. The age of these beds is uncertain
but is probably similar to that of the other lots [3708 and
3710]. None of the present lots contain any of the species
found in the [Tertlary] material collected at Herendeen Bay
by Townsend.”

Mine [Coal?] Creek, Herendeen Bay, Alaska Pen'nsula;
Bakin, 1908 (lot 5184; original No. 30). Preliminary identi-
fications by Knowlton ® of specimens from this locality were
as follows:

Sequoia' langsdorfii '(Brongniart) Heer.
Fragments of dicotyledones, cf. Phaseolites formus Les-
. quereux.

¢ Coal measures of Herendeen Bay;” Locke 1900. Ptero-

phyllum alaskense Fontaine™

% Jdem, p. 46.

& Pontaine, W. M., in Ward, L. F., and others, Status of the Mesozole
floras of the United States, second paper: U. 8. Geol. Survey Mon. 48,
pt. 1, p. 152; pt. 2, pl. 38, figs. 19, 20, 1905.
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Pavlof Bay, east side; Atwood 1908 (lot 5189; original
No. 44) This colleeuon in its entirety, includes twbd dis-
tinet lots of specimens, “poth necorded from the same locality.
Unfortunately all were liséed under one number, and they could
not be differentiated with certainty. Two kinds of matrix,
however, may be readily :recognized—a light-gray sandstone,
similar to that of lot 5185, from Coal Bluff, Herendeen Bay,
and a dark-colored shale, From a preliminary examination
of all the material the age of one of the lots was determined
by Knowlton® as “ probably Kenai.” The species listed are,
with one exeeption (Perdea hayana Lesquereux?, see p. 81),
contained in the sandstone matrix.
geologic horizons may be v:i'epresented in the two lots collected
at this locality and includ%bd under the one lot number.

GENERAL msdussron OF THE FLORAS
s'rRATIGtAPHm RELATIONS

The Cretaceous ﬂoru of Alaska, as described and
discussed in this paper, consists of two quite distinct

groups or assemblages, in each of which a distinguish- _

ing facies may be readily recognized. One is repre-
sented by the collections from the Yukon River re-
gion (see fig. 1), and the other by those from the
Alaska Peninsula region; and an analysis of all the
floral elements indicates that each group, or assem-
blage of collections, represents a more or less dis-
tinct geologic horizon—that of the: Yukon River re-
gion being the older. Further, morescritical analysis
shows that the Yukon group includes three readily dis-
tinguishable floras—that of the fresh-water shales and
sandstones, that of the marine shales and'sandstones,
and that of the coal-bearing rocks, as indicated in
detail in the tables of distribution on pages 25-31.

There can be no question that the flora of the Yukon
River region is early Upper Cretaceous and approxi-
mately equivalent to that of the Dakota sandstone,
the number of Lower Cretaceous and late Upper Cre-
taceous species represented being negligible in propor-
tion to those of early Upper Cretaceous age with which
they are associated.

The species that may be regarded as especially in-
dicative of the flora of the Yukon River region are
Podozamites lanceolatus (Lindley and Hutton) C. F.
W. Braun, which is represented in at least 11 of the
collections, and the several species included under the
genera Credneria, Paracredneriz, Pseudoprotophyl-
lum, and Pseudoaspidiophyllum, which are repre-
sented in 20 or more of the collections.

The age of the flora of Alaska Peninsula is more
difficult to determine satisfactorily on account of the
large number (about 75 per cent) of new species and
the relatively few previously described species that
are available for diagnostic purposes; but the presence
_of several late Upper :Cretaceous species in certain of
the collections, irrespective of any associated early

It is possible that two -

Upper Cretaceous or Lower Cretaceous species, indi-
cates that, for the most part, the flora is approx1mately
of Montana age. .

Incidentally, in this connection, it is accepted Aas a
general principle that certain species commonly re-
garded as indicative of older geologic horizons occa-
sionally persist and are elements in the floras of more
recent horizons, but that the reverse of this principle
cdoes not hold.

The species that may be regarded as especially indic-
ative of the prevailing flora of the Alaska Peninsula
region are Nilssonia serotina Heer, which is found in
at least seven of the collections, and Génkgo minor
Hollick, which is represented in five.

BOTANIC RELATIONS

The fossil plants described in this paper include 235
elements, of which 204 are regarded as species, 17 as
varieties, and 14 are merely identified generically.
For convenience, however, the flora will be discussed
as consisting of 235 species, this term being intended
1o signify element or entity.

The Thallophyta and Bryophyta are represented by
a single species each, the Pteridophyta by 13, and the
Spermatophyta by 220. The three phyla ﬁrst men-
tioned therefore constitute an insignificant feature of
the ﬂoras, both actually and relatively, and none of the
species possesses any special biologic or stratigraphic
significance or importance.

The Spermatophyta, with a total of 220 species, is
represented by 88 genera, 47 families, and 26 orders.
The two classes, Gymnospermae and Angiospermae,
include, respectively, 15 genera and 47 species, and 73
genera and 178 species.

In connection with the Gymnospermae the most
striking feature is the extensive development of the
genera Nilssonia, Podozamites, and @inkgo. Opin-
ions in regard to the probable botanic affinities of the
genus Nilssonia have shifted at times from the cycads
to the ferns and vice versa, according to the material
that happened to be available for investigation and
study; but the generally accepted opinion now is that
it should be regarded as an extinct cycad genus of
surficial fernlike appearance, possibly representing
an extinct order, intermediate between the Cycadales
and Ginkgoales.®®. Tt is not a typical Cretaceous
genus, as its greatest development was in early
Mesozoic time. About 80 species had been described,:
of which 33 were regarded as Triassic, 27 as Jurassic,
and only 20 as Cretaceous; hence the discovery of five
species in the Cretaceous flora of Alaska, whereas only
six species had been previously recorded in the entire
Cretaceous flora of North America, was a distinct sur-

% Knowlton, F. H., In Atwood, W. W., Geology and mineral resources
of parts of the Alaska Peninluln 0. S Geol. Survey Bull. 467, p. 57,
1911,

% Nathorst, A. G., Uber die Gattung Nilssonia Brongn., mit besonderer
Berticksichtigung schwedischer ‘Arten: K. svenska Vetensk.-Akad.
Handl., vol. 43, No. 12, 1809.
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prise. Tirther than this, five-of the six_previously
known species were of Lower Cretaceous age, and
none were recorded in the Dakota, Raritan, or other
flora of Upper Cretaceous age equivalent to either
of the regional floras of Alaska, Apparently the
genus had disappeared elsewhere on the North ‘Ameri-
san continent at the time when it was still an impor-
'tant element in the Cretaceous flora of Alaska. Four
of the five species of the genus here described are re-
garded as new to science. Nilssonia serotina Heer,
the only one identified as a previously described
species, possesses the greatest interest, however, and is

clusions as to the Tertiary age of Nilssonia serotina,
including it without question:in the- Gyliakian- flora,
regarded as “Middle Cretaceous.” -Its. geographic
distribution is also of interest, as it appears to be con-
fined to the Pacific coastal regions of northeastern
Asia and northwestern North America; and whereas
it is an abundant and characteristic element in the
Cretaceous flora of the Alaska Peninsula region it has
not been found in any of the collections from the
Yukon River region.

The genus Podozamites has also been a subject of
discussion in connection with its probable nearest

laO ©

g

Figure 1.—Map of Alaska showing general position of localities of Upper Cretaceous plants in the Yukon region (X)

worthy of special mention. It was originally de-
scribed by Heer 3¢ as Tertiary, from the island of
Sakhalin, and its discovery in Alaska, associated with
an apparently Cretaceous flora, was a more or less
disturbing factor in the early studies of this flora.
In 1918, however, Kryshtofovich ®* published the re-
sults of his investigations of the stratigraphic rela-
tions of the plant-bearing beds of Sakhalin and pre-
sented satisfactory evidence of error in Heer’s con-

¢ Heer, Oswald, Miocene Flora der Insel Sachalin: Flora fossilis
arctica, vol. 5, No. 4, p. 19, pl. 2, figs. 1a, 2-5, 1878.

51 Kryshtofovich, A. [N.]. On the Cretaceous flora of Russian
Sakhalin : Tokyo Imp. Univ. Coll. Sci. Jour., vol. 40, article 8, 1918,

taxonomic relationships. In view of the form, ar-
rangement, and nervation of the leaves, as far as these
characters alone were studied, relationship with the
Cycadales was generally accepted as strongly indi-
cated, although several authors suggested its possible
relationship with the Coniferales, especially with the
genus Agathis; and Nathorst,*® from a study of organs
of fructification found in connection with certain Podo-
zamites leaves, suggested that the genus might repre-

# Nathorst, A. G., Uber die Gattung Oyosdocarpidium Natborst nebst
einigen Bemerkungen iiber Podozamites: K. svenska Vetensk.-Akad,
Handl., vol. 46, No. 8 (Paldobot. Mitth. 10), 1911.
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sent an extinct order of plants, intermediate in taxo-
nomic position between the Cycadales and the Conifer-
ales. Podozamates lanceolatus (Lindley and Hutton)
C. F. W. Braun, in one or another of its many forms,
is -abundantly represented in at least eléven of the
collections from the Yukon River region but is not,
apparently, an element in the flora of the Alaska
Peninsula region. In Cretaceous floras elsewhere it
is only sparingly represented. It occurs in the Ceno-
manian of Bohemia, the Raritan formation of the
eastern United States, and the Dakota sandstone of
Kansas; but its most frequent occurrence, other than
in the Yukon River region of Alaska, is in connec-
tion with floras of Jurassic age, especially in the west-
ern United States, northern Siberia, and Svalbard.’=
It is a type of vegetation that persisted throughout a
long period of geologic time and had a geographic dis-
tribution that was practically world-wide.

The abundance of the Ginkgoales as an element in
the Cretaceous flora of Alaska is noteworthy, especi-
ally in view of the rarity of the genus Génkgo in Cre-
taceous floras elsewhere. The Alaska flora has nine
species referred to this genus, whereas the entire Cre-
taceous flora of North America, exclusive of Alaska,
has but seven, and there is none in the relatively equiv-
alent Dakota and Raritan or in the slightly younger
Tuscaloosa and Magothy floras. Furthermore, the
Alaska species include some that are apparently identi-
cal with Jurassic types and others that can hardly be
distinguished from those of Tertiary age. The genus
apparently persisted and flourished in Alaska after it
had all but disappeared throughout the continental
regions to the south and east.

These three genera, Nilssonia, Podozamites, and
Ginkgo, represent thrée ancient types of vegetation

that, in Alaska and nodtheastern Asia, made their last .

stand against unfavorable physiographic and climatic
changes. The first two were exterminated, but Giinkgo
survived in Asia in diminished numbers and is repre-
sented in our existing flora by the one remaining
species Ginkgo biloba of Japan.

In the Angiospermae the Monocotyledonae are rep-
resented by only 2 genera and 2 species, the Dicotyle-
donae by 171 species, included in 71 genera, 36 fami-
lies, and 21 orders. The Choripetalae number 156
species, the Gamopetalae 10, and the ordinal and
family relationships of 5 species are undetermined.
The Gamopetalae represent an insignificant element
in the flora as a whole and in the subclass to which
they belong. In the Choripetalae the Platanales,
with 41 species, is the largest order, so far as specific
elements are concerned. It also includes the three
genera with the largest number of species each—Plat-

%8a The group of islands inl the Arctic Ocean heretofore designated
“ Spitsbergen Archipelago ” was placed under the dominion of Norway
in 1920 by a treaty, and thé name has been changed by Norway to
Svatbard. (See U. 8. Geog. Board Decisions, June 6, 1928.)

unus, 11; Credneria, 11; and Pseudoprotophyllum, 10.
The genus Platanus includes three well-known Creta-
ceous species and eight that are here described as new.

The extinct genera Oredneria, Paracredneria, Proto-
phyllum, Pseudoprotophyllum, and Pseudoaspidio-
phyllum constitute an interesting and noteworthy
floral group, primarily for the reason that the family
relationships of none of them have been satisfactorily
determined ; and the investigations of those who have
studied the species representing the three genera first
mentioned and the surficially similar genera Pferosper-
mites, Anisophyllum, and Aspidiophyllum have re-
sulted in relegating one or another, from time to time,
to the Moraceae, Urticaceae, Menispermaceae, Platana-
ceae, Polygonaceae, Hamamelidaceae, Vitaceae, or
Tiliaceae. The two newly described genera, Pseudo-
protophyllum and Psewdoaspidiophyllum, fall natur-
ally into the same category, and for reasons of con-
venience the five of the above-mentioned genera that
are represented in the Cretaceous flora of Alaska are
all grouped together, tentatively, under the Platana-
ceae, although this may or may not represent their
correct taxonomic position, either as a group or indi-
vidually.

Heer,® in his discussion of the problematic botanic
relationships of Pterospermites spectabilis, included
that genus and also the genus Grewiopsis in the same
category and remarked as follows: “ Die unter dem
Namen von Pterospermites, Credneria, Protophyllum
und Grewiopsis beschreibenen Blitter gehoren sehr
wahrscheinlich derselben Pflanzengruppe an, doch
ist ihre systematische Stellung noch zweifelhaft.”

The genus Credneria has been known in America
heretofore only by two definitely recognized species,
C. macrophylla Heer, from the Magothy formation
of Long Island, N. Y., and C. protophylloides Knowl-
ton, from the Vermejo formation of southeastern Colo-
rado, and three others of doubtful generic identity.
It was commonly regarded as an Old World type of
vegetation, and the discovery of 11 new species
of the genus in Alaska represented an interesting addi-
tion to our knowledge of its geographic distribution.
Richter’s comprehensive monograph* on the genus, .
issued in 1905, may be consulted for information as
to what was inferred in regard to its botanic status
and what was known, up to that time, in regard to
its stratigraphic and areal distribution.

The genus Paracredneria was not known in America
prior to the discovery of the four new species in
Alaska; and these, together with the one in the genus
Protophyllum and the fourteen in the new genera
Pseudoprotophyllum and Pseudoaspidiophyllum, to-

% Heer, Oswald, Beltrige zur miocenen Flora von Nord-Canada:
Flora fossilis arctica, vol. 6, pt. 1, No. 3, p. 17, 1880.

4 Richter, P. B., Die Gattung Oredneria und einige seltnere
Pflanzenreste : Beitriige zur Flora der oberen Kreide Quedlinburgs, pt.
1, Leipzig, 1903.
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gether constitute a strlklng and characteristic florule,
restricted to the Yukon River region. In fact not one

of 41 species included in the Platanales as a whole has .

thus far been found in the Alaska Peninsula region.

Next to the Platanales the Ranales, with 18 species,
is the most abundantly represented order. In this
order the most interesting family is the Nymphaea-
ceae, in which are 1ncluded one previously described
genus, Nymphaeites, and two new genera, Castaliites
and Pdeomphm~ancestors apparently, of our living
pond lilies represented by species of Nymphaca or
Castalia and Nuphar.

PHYTOGEOGRAPHIC RELATIONS

- An analysis of the 52 existing genera of Sperma-
tophyta that are included in the ﬂora as a whole indi-
cates, as its principal phytogeographic feature, that in
its general facies it is closely comparable with the
existing flora of the Northern and Western Hemi-
spheres. Four of these genera (Seguoz'a, Hicoria,
Asimina, and Rulac) are restricted in their distribu-
tion to the North American continent; two (Ginkgo
and Glyptostrobus) are restricted to eastern Asia;
four (Zwmion, Taxodium, Magnolia, and Benzoin) are
restricted to North America and eastern Asia; 15
(Pmus, Populus, Juglans, Betula, Quercus, Ulmus,
Platanus, T'ilia, Aralia, and others) are common to
_ Korth” Anerica and Eurasia; about a dozen others,
Whose distribution is mostly in the equatorial regions,
such as Piper, Ficus, Cinnamomum, Sapindus, Poul-
linia, Zizyphus, Sterculw, Grewia, and Myrsine, are
common to both the Northern and the Southern Hemi-
spheres and 11 (Smilax, Myrica, Urtica, Alnus, Cas-
sia, Celastrus, Acer, Sapmdus, Rhaomnus, Vitis, and
Cornus) are extra-equatorial in their northern and
southern distribution in the Eastern and Western
Hemispheres. Not a single generic type that is charac-
teristic of the Southern Hemisphere alone is repre-
sented, and only seven (Cinnamomum, Laurus, Co-
lutea, Paliurus, Grewia, Pterospermwm, and Trapa)
are of strictly Old World distribution.

If the generic elements are analyzed in connection
with their climatic significance it may be seen that the
flora as a whole was warm temperate in its major
facies, with a conspicuous representatlon of subtropi-
cal and tropical elements.

It should be borne in mind, however, that 1nferences
and conclusions can be satlsfactonly based only upon
such genera as may be identified with. existing ones,
whereas certain of the most abundant and character-
istic elements of this flora are included in extinct
‘genera whose family relationships have not been def-
initely determined. As examples of such genera may
be mentioned Nilssonia, Podozamites, Credneria,
Paracredneria, Protophyllum, Pseudoprotophyllum,
and Pseudoaspidiophyllum, which together include

about 35 species, or approximately 15 per cent of the
flora. If the family relationships of these genera
could be satis¥actorily determined our inferences in
regard to the number of temperate, subtropical, or
tropical elements might be materially modified.

An association of such genera as Ginkgo, Sequoia,

- Hicoria, Populus, Betula, Alnus, Platanus, and Acer,

without the inclusion of othets of more tropical dis-
tribution, would indicate a temperate or north tem-
perate zone climate, inasmuch as all are characteristic
of regions in which temperate climatic conditions pre-
vail, and certain of them, such as Populus, Betula, and
Alnus, include species that range into the Arctic
zone. On the other hand, however, the same genera
also include species that range into warm temperate
or subtropical regions; and the fact that associated
with them are strictly subtropical and tropical genera,
such as Tawodium, Ficus, Cinnamomum, Sapindus,
Paullinia, and Sterculia, and the presumably cycade-
oid genera Cycadites, Podozamites, Pterophyllum,
and Nilssonia, none of which include any species that
is other than tropical or subtropical in its distribu-.
tion, appears ¢o indicate beyond any reasonable doubt
that the flora as a whole was representative of a sub-
tropical climate, approximately equivalent to that of
the southern United States, northern Mexico, and
southern Japan at the present day.

If there was any climatic difference between the
period when the earlier floras flourished, as repre-
sented by those of the Yukon Valley region, and the
time when the later floras prevailed, in the Alaska
Peninsula region, the available facts do not afford any
conclusive evidence. An enumeration of the strictly
subtropical and tropical elements in the flora of the
Yukon River region shows 20 species included in 13

genera, four of which are referable to the Cycadales,

with seven species, and the others to the genera Ficus,
with four species; Sapindus and Sterculia, with two
each; and Piper; Cinnamomum, Pawllinia, Zizyphus,
and Myrsine, with one each. In the flora of the
Alaska Peninsula region the equivalent elements are
represented by 10 species included in 6 genera—the
Cycadales, one genus, with two species; Zizyphus, with
three; Ficus, with two (one of doubtful validity) ; and
Pterospermum, Guajacum, and Grewia, with one each.
A feature that might be regarded as significant, how-
ever, is the apparently more extensive development of
the Cycadales in the Yukon Valley flora. This type of
vegetation, not only generically but also as an order, is
so characteristically tropical that the presence of any
of its elements in a flora at once proclaims its climatic
environment. At the present day the farthest north-
ward range of the order is represented by one species,
('ycas revoluta, in southern Japan, two species of
Dioén in northern Mexico, and several of Zamia in
Florida. It might therefore be assumed, from this
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feature alone, that the earlier flora of the Yukon Val-
ley region was perhaps somewhat more tropical in its
facies than the later flora of the Alaska Peninsula
region; but any such assumption should be regarded
merely as a matter of opinion. It may also be argued
that the Cretaceous cycadeoid plants, all of them ge-
nerically different from those now in existence, may

not have been affected by climatic influences to the
' same extent as the existing genera and species; but
the general type is so characteristic and is so closely
similar in both the extinct and living genera that it is
impossible to think of them as differing from each
other in any marked degree in any of their essential
characteristics.

In regard to probable phys1ographlc environment
very little may be safely inferred from an analysis of
the flora, except that arid conditions could not have
prevailed where it flourished, in either of the phyto-
geographic regions. The general character of the
arborescent vegetation and the occurrence of ferns and
hepatics indicate a normal amount of moisture in the
s0il and atmosphere; and the presence of ponds or
rivers and swamps is indicated by species of Zaxz-

odium, Castaliites, Nymphaeites, and Paleonuphar.

The flora as a whole was of lowland facies; but this
does not, of course, preclude the existence of a con-
temporaneous upland flora of which no remains were
preserved. Contiguity to bodies of water, especially
those that are still or relatively still, such as lakes,
ponds, and estuaries, in which sedlments and vegetable
débris can accumulate, may be regarded as the major
governing factor in connection with the’ preservatlon
of plant remains; hence an upland flora, occupying a
habitat in which that factor did not exist, would prob-
ably not have many, if any, of its elements represented
in deposits that contained abundant remains of a con-
temporaneous lowland flora.

THE UPPER CRETACEQUS PLANT-BEARING BEDS OF.

ALASKA
By GroReE C. MAETIN
SCOPE AND PU‘POSE OF DESCRIPTION

The following account includes a general discussion
of all the Cretaceous rocks of Alaska and a more de-
tailed description of the Upper Cretaceous beds which
have yielded the fossil plants that form the special

- subject of this volume. The general discussion is in-
tended to show the broader relations, in -place, time,
and method of formation, of the rocks that contain
the fossil floras to the other rocks, especially to the
other Cretaceous rocks bf the Territory.

The detailed descripfé’ions include, for each district,
complete references to ‘previous descriptions, most of
which are scattered through a large number of publi-
cations dealing chiefly with the general geologic fea-

tures of mining districts or other regions; a-descrip-
tion of the stratigraphy, which is given in as great de-
tail as knowledge permits; and a discussion of age and .
correlation, which is based not only on the evidence
of the fossil plants but on all other available evidence,
including that of other fossils and of the stratlgraphlc
and structural relations.

THE CRETACEOUS ROCKS OF ALASKA

'DISTRIBUTION -

Cretaceous rocks are widely distributed throughout
all the major geographic provinces of Alaska and-are
the present surface rocks in several large areas, niota-
bly in the lower Yukon region and southwestern
Alaska. A widespread marine transgression in early
Cretaceous time carried the sea over most if not all of
the area which is now Alaska. Doubtless the sea
receded at different times during the Cretaceous pe-
riod, for the equivalents of some of the characteristic
major divisions of the Cretaceous have not been recog-
nized in Alaska, but it must have advanced again from
time to time, for horizons well distributed throughout
the Cretaceous are widely represented in the Territory.
In general it is believed that Lower Cretaceous de-
posits were laid down in all the larger geographic
provinces but probably not over the entire area of the
Territory. The extent of the Lower Cretaceous seas,
so far as known, was not limited aleng the lines of
any of the existing geographic features. Upper Cre-
taceous deposits are also widely distributed (see fig. 1)
and crop out at present over large areas, but there are
several districts in which Upper Cretaceous rocks are

.not known and, it is believed, were never deposited.

The Upper Cretaceous marine transgressions were
probably of lesser extent than those of the Lower Cre-
taceous and were excluded from most of the areas of
the present mountain axes as well as from the upper
parts of the present major valleys. In other words,
the major geographic features seem to have been well
outlined in Upper Cretaceous time, and the highest
Cretaceous beds were restricted to coastal belts and to
the present major valleys and included river deposits,
and possible lake and land deposits laid down in
estuaries, valleys, and plains that were the direct pred-
ecessors of the existing lowlands.

PRE-CRETACEOUS BASEMENT

The Upper Jurassic rocks, which normally belong
immediately beneath the lowest known Cretaceous
rocks of Alaska, are widely distributed throughout
certain parts of the Territory, notably along the Pa-
cific coast. There was a marine transgression in late
Jurassic time which seemingly carried. Upper J uras-
sm seas and depos1ts over all of Alaska south of the
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present axis of the Alaska Range. The sharp restric-
tion of marine Jurassic deposits to the area south of
the Alaska Range indicates that there was a shore
line in about the present position of the Alaska Range
throughout Jurassic time. The broader extension of
the Lower Cretaceous sea might be interpreted to
mean gradual marine transgression beginning in the
Jurassic, terminating in the Cretaceous, and bridging
the two systems. As the equivalents of neither the
highest Jurassic nor the lowest Cretaceous beds of
other regions have been clearly recognized in Alaska,
and as the distribution of the Cretaceous rocks is so
much wider than that of the Jurassic rocks, the writer
suspects that Jurassic time ended coincidently with
some violent event which abruptly terminated the
long-continued stand of the shore along the present
mountain axis, and that there may be an important
unrecognized unconformity between the Jurassic and
Cretaceous, the nonrecognition of unconformity and
the difficulty of distinguishing the strata and faunas
being due in part to the undoubted general similari-
ties and in part to the present lack of critical de-
tailed studies of the rocks and faunas. '
The lowest known Cretaceous rocks of Alaska,

south of the Alaska Range, rest on Upper Jurassic

sediments which are not known to have been eroded
or folded between the date of their deposition and
that of their covering by the Cretaceous deposits.
In the region north of the Alaska Range the lowest
known Cretaceous rocks rest on Devonian, Carbon-
iferous and Triassic sedimentary rocks or on meta-
morphic rocks of undetermined (probably early
Paleozoic) age.

CRETACEQUS STRATIGRAPHIC SEQUENCE

The Cretaceous rocks of Alaska comprise strata be-
longing in both the Lower and the Upper Cretaceous.
They include, in addition to the plant-bearing Upper
Cretaceous strata, which are the special subject of this
volume, other formations which are not known to con-
tain fossil plants but of which a consideration is neces-
sary for a full understanding of the Upper Cretaceous
plant-bearing beds. A general description of all the
known Cretaceous rocks of Alaska will accordingly be
given first, a more complete detailed description of the
Upper Cretaceous plant-bearing beds being reserved
for a later section. S

The Lower Cretaceous rocks of Alaska consist of
shales, sandstones, limestones, and conglomerates,
which have been recognized at many localities through-
out much of the Pacific coastal region and of the
Yukon and Kuskokwim Valleys and at more isolated
localities in northern Alaska. The rocks that have
been referred to the Lower Cretaceous include the
Staniukovich shale and the Herendeen limestone of the

Alaska Peninsula ; ¢ conglomeratic tuff and arkose and
the overlying Nelchina limestone of the upper Mata-
nuska Valley; 2 the shale, sandstone, and conglomerate
of the Kennicott formation of the Chitina Valley;*®
some of the Aucella-bearing shale and graywacke of
Chisana and White Rivers;** some of the Awucella-
bearing slate and associated rocks of southeastern
Alaska ; ** the Aucella-bearing shale and sandstone of
the upper Yukon* and Rampart-Tanana ¢* districts;
the limestone, chert, and arkose of the ¢ Oklune series ”
of the region north of Bristol Bay;* the limestone,
shale, and sandstone of the Koyukuk group of the
Koyukuk Valley;* and the sandstone, shale, and con-
glomerate of the Anaktuvuk group of northern
Alaska.®®

In the Pacific coastal belt the Lower Cretaceous
rocks rest, for the most part, on Upper Jurassic sedi-
mentary rocks. In the interior region, where Jurassic
rocks are absent, they rest either on Triassic beds, on
various Paleozoic sedimentary formations, or on
schists of undetermined age. In northern Alaska the
basal relations of the Cretaceous rocks are not known.

The Lower Cretaceous rocks contain a scanty ma-
rine fauna which has not been thoroughly studied but
which contains two or more species of Aucella related
to Aucella crassicollis Keyserling and Awucelle piochit
Gabb, together with a few other fossils, most of which
are not known to be characteristic of definite horizons.

The Upper Cretaceous rocks of Alaska consist of
shales, sandstones, and conglomerates, some of which
are marine and some nonmarine. The nonmarine
rocks contain coal beds and the fossil plants described
in this volume. The Upper Cretaceous rocks cover
smaller areas than the Lower Cretaceous rocks but
nevertheless are widely distributed throughout many
parts of the Territory, including much of the Pacifie

4 Atwood, W; W., Geology and mineral resources of parts of the
Alagka Peningula: U. 8. Geol, Survey Bull. 467, pp. 25, 3841, pl. 8,

1911,

42 Palge, Sidney, and Knopf, Adolph, Geologic reconnaissance in the
Matanuska and Talkeetna Basins, Alaska: U. 8. Geol. Survey Bull.
327, p. 10, pl. 2, 1907.

.4 Moffit, F. H.,, and Capps, 8. R., Geology and mineral resources of
the Nizina district, Alaska: U. 8. Geol. Survey Bull. 448, pp. 31-43,
1911, Moflit, F. H., The upper Chitina Valley, Alaska: U. S. Geol.
Survey Bull. 675, pp. 27-45, 1918.

4 Capps, 8. R., The Chisana-White River gistrict, Alaska: U. 8. Geol.
Survey Bull, 630, pp. 29, 47-53, pl. 2, 1916,

4 Wright, C. W., A reconnaissance of Admiralty Island: U. 8. Geol.
Survey Bull. 287, pp. 143-144, 1906,

« Brooks, A. H,, and Kindle, E. M., Paleozoic and associated rocks
of the upper Yukon, Alaska: Geol. Soc. America Bull.,, vol. 19, pp.
305-307, 1908, .

47 Eakin, H. M., A geologic reconnaissance of a part of the Rampart
quadrangle, Alaska: U. S. Geol. Survey Bull, 535, pp. 20-21, 1913.

4 Spurr, J. E.,, A reconnaissance in southwestern Alaska in 1898.
U. 8. Geol. Survey Twentieth Ann. Rept., pt. 7, pp. 133-134, 163-169,
181--182, 1900,

4 gchrader, F'. (., A reconnaissance in northern Alaska: U. 8. Geol.

- Survey Prof. Paper 20, pp. 53, 77, 97, pl. 8, 1904. Smith, P. 8., The

Noatak-Kobuk region, Alaska: U. 8. Geol. Survey Bull. 536, pp. 55,
80-82, 1913,

8 Schrader, F. C., A reconnaissance in northern Alaska: U. 8. Geol.
Survey Prof. Paper 20, pp. 53, 74-76, pl. 3, 1904.
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coastal belt exclusive of southeastern Alaska, much of
the Yukon and Kuskokwim Valleys, especially in their
lower and middle parts, and some localities in north-
ern Alaska.

The rocks that have been referred to the Upper
Cretaceous include the marine and terrestrial (coal-
bearing) shale, sandstone, and conglomerate of the
Chignik formation of the Alaska Peninsula,’* which
contain some of the fossil plants described in this
volume; the marine shale and sandstone of the Mata-
nuska formation of the Matanuska Valley; 2 the mna-
rine shale, sandstone, arkose, and conglomerate of.the
Chitina Valley;*® the nonmarine shale and sandstone
exposed in the banks of the Yukon near Seventy-
mile,* which were previdusly regarded as Tertiary and
which contain some of the fossil plants described in
this volume; a mariné sandstone near Wolverine
Mountain, in the Rampart district;®® the marine and
terrestrial (coal-bearing) shale, sandstone, and con-
glomerate of the lower: Yukon * and Nulato-Norton
Bay *" districts, which contain some of the fossil plants
described in this volume|; some of the shale and sand-
stone of the Innoko Valley ; % the sandstone, limestone,
and shale of the “ Holiknuk series ” * and some of the
rocks of the “ Kolmakof series ” ® of the Kuskokwim
Valley; the shale, sandstone, and conglomerate of the
lower Koyukuk Valley ; 4 possibly the shale, sandstone,
and conglomerate of the Bergman group of the upper
Koyukuk Valley; and 'the sandstone, limestone, and
shale of the Nanushuk formation of the Arctic slope.®

The Upper Cretaceous rocks throughout Alaska rest
in general upon the Lower Cretaceous Aucella-bearing
beds, except in the lower Yukon region and in parts of
the neighboring Kuskokwim, lower Koyukik, and
Norton Sound districts,“@ where the Lower Cretaceous

51 Atwood, W. W., Geology and mineral resources of parts of the
Alaska Peninsula: U. 8. Geol. Survey Bull. 467, pp. 25, 38—41, pl. §,
1911, .

52 Martin, G. C., and Katz, F. J., Geology and coal fields of the lower
Matanuska Valley, Alaska: U. 'S, Geol. Survey Bull. 500, pp. 15, 23,
34-39, pls. 38, 5, 1912,

53 Moffit, F. H., The upper Chitina Valley, Alaska: U. 8. Geol. Survey
Bull. 675, pp. 29-45, 1918, :

8¢ Collier, A. J.. The coal résources of the Yukon, Alaska: U. S.
Geol. Survey Bull. 218, p. 28, 1903,

5 Prindle, L. M., A geologic freconnaissance of the Fairbanks quad-
rangle, Alaska : U. 8. Geol. Survey Bull. 525, pp. 33, 34, 4748, 1913,

5 Colller, A. J., The coal resources of the Yukon, Alagka: U. 8. Geol.
Survey Bull. 218, pp. 15, 17, 19-20, 46-58, 65, 1903.

57 Smith, P. S., and Eakin, H. M., A geologic reconnaissance in
southeastern Seward Peninsula and the Norton Bay-Nulato region,
Alaska : U. 8. Geol. Survey Bull. 449, pp. 54-60, 1911,

58 Eakin, H. M., The Iditarod-Ruby region, Alaska: U. S. Geol. Survey
Bull. 578, pp. 23-24, pl. 3, 1914.

% Spurr, J. E., A reconnaissénce in southwestern Alaska in 1898:
U. 8. Geol. Survey Twentieth Ann. Rept., pt. 7, pp. 125128, 159-161,
182, 1900. Smith, P. 8., The .Lake Clark-central Kuskokwim region,
Alaska: U. 8. Geol. Survey Bull. 655, pp. 57-84, 1917.

® Spurr, J. E., op. cit., pp. 18D)-181, 161-163, 182183,

8 Schrader, F. C., Prellminarfy report on a reconnaissance along the
Chandlar and Koyukuk River,:Alaska, in 1899: U. 8., Geol. Survey
Twenty-first Ann. Rept., pt. 2, . 478, pl. €0, 1900,

2 Schrader, F. C., A reconnaigsance in northern Alaska: U. 8. Geol.
Survey Prof. Paper 20, pp. 53, 77-79, 97, pl. 3, 1904,

® Idem, pp. 53, 79-81, pl. 3.!

_stone.
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Awucella-bearing beds are absent and the Upper- Cre-
taceous strata rest upon Paleozoic rocks. There are-
of course many localities in other parts of Alaska.
where the unconformity at the base of the Upper Cre-
taceous causes the Upper Cretaceous rocks to be in
stratigraphic contact with other pre-Upper Cretaceous.
formations in addition to the Lower Cretaceous beds.

The Upper Cretaceous strata contain two very dis-
tinct fossil floras described in this volume, one or more-
marine faunas, and some brackish-water or fresh-water:
fossils. The plant-bearing shale and sandstone of the-
lower Yukon region are interbedded with strata con-
taining marine and brackish-water or fresh-water fos-
sils. This marine fauna has not been exhaustively
studied but according to Stanton is “ probably not
higher than the middle of the Upper Cretaceous.”
This determination is in reasonably close accordance
with the evidence of the fossil plants, which Hollick
believes to indicate that the beds are basal Upper Cre-
taceous, approximately equivalent to the Dakota sand--
The plant-bearing beds of the Chignik forma-
tion on the Alaska Peninsula are underlain by and
interbedded with marine fossiliferous strata. Most of
the marine fossils were obtained from the lower mem-
ber of the Chignik formation—that is, from rocks.
beneath the plant-bearing beds. This fauna, accord-
ing to Stanton, is related to that of the Chico of Cali-
fornia. This opinion also is in reasonable accord with
the evidence of the plants from the overlying beds,
which Hollick believes to be possibly approximately
equivalent to the Montana group. ,

Marine faunas that are possibly of the same age as
that of the lower member of the Chignik formation
but are more extensive, at least so far as the present:
collections indicate, have been found in sandstone and
shale of the Matanuska Valley and in the shale of
Young Creek in the Chitina Valley.

POST-CRETACEOUS COVER

The beds succeeding the Upper Cretaceous rocks in:
the Alaska Peninsula, the Matanuska Valley, the ‘Chi-
tina Valley, the upper Yukon district, the Rampart-
Tanana district, and on the Arctic slope are Tertiary
(probably Eocene) coal-bearing shales, sandstones,
and conglomerates with no recognized members of ma-
rine origin, except at one locality on the Alaska Penin-
sula. In the Nutzotin Mountains and in southeastern
Alaska, where no Upper Cretaceous rocks are known,
these Tertiary deposits succeed the Lower Cretaceous
rocks. The writer believes that there is uncon-
formity between the Cretaceous and the Tertiary rocks.
in all these districts. In several of the districts direct.
proof of unconformity is Jacking, the Tertiary rocks
not having been observed in actual contact with the

- Cretaceous rocks. The fact, however, that the Ter-
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tiary rocks rest upon other than the Cretaceous rocks
which should normally underlie them is in itself an
~ indication of unconformity at the base of the Tertiary.

In late Cretaceous time there was a gradual with-
drawal of marine waters from the Alaskan region, ac-
companied by the local deposition of nonmarine sedi-
ments containing coal beds and terrestrial plants. This
movement is believed to have reached its culmination
at the end of Cretaceous time. The earliest recorded
event of Tertiary time, except possibly the deposition
of marine Eocene beds at one locality on the Alaska
Peninsula, was the widespread deposition of wholly
nonmarine strata containing lignite and terrestrial
plants. These strata may be accompanied by a few
marine sediments, but there is no suggestion of them
except at a few localities close to the present shore
line. Most of the Tertiary coal-bearing rocks of
Alaska are certainly not interbedded with or under-
lain by any marine Tertiary deposits. The known ma-
rine Tertiary beds of Alaska, except possibly the ma-
rine Eocene rocks of the Alaska Peninsula, are chiefly,
if not wholly, younger than the Tertiary coal-bearing
beds.

DETAILS OF THE UPPER CRETACEOUS PLANT-BEARING
BEDS

ALASKA PENINSULA
GENERAL FEATURES

The best known and, so far as present information
goes, the most complete section of Cretaceous rocks in
Alaska is on the Alaska Peninsula, where both Lower
and Upper Cretaceous strata are present and where
the contacts with the underlying Jurassic and the
overlying Tertiary beds have beem observed. The
Lower Cretaceous rocks carry marine faunas; the
Upper Cretaceous beds have yielded not only charac-
‘teristic marine invertebrate fossils but fossil plants.
The general character and sequence of the Cretaceous
rocks of the Alaska Peninsula is as follows:

General section of Cretaceous rocks on Alaska Peninsula
Feet
Upper Cretaceous (overla'n unconformably (?) by
Bocene strata) :
Chignik formation :

Upper member (conglomerate, sandstone,
and shale with marine invertebrates and
foss'l  plants) -

Middle member (shale with many coal beds
and some sandstone; contains fossil
plants)

Lower member (shale with marine fossils)

- Lower Cretaceous:

Herendeen limestone (arenaceous limestone
with Aucella crassicollis) ________i__________

Stan'ukovich shale (thin-bedded shale, inter-
bedded with thin strata of sandstone and
with some conglomerate; contains Aucelle
piochii) ; underlain conformably (?) by Up-
per Jurassie strata _— —

300-500

300+
200+

1, 000+

The Lower Cretaceous strata of the Alaska Penin-
sula overlie the Upper Jurassic rocks with apparent
conformity. They are known only in the vicinity of
Herendeen Bay, near the west end of the peninsula.
Farther east they are absent at some places, as at
Chignik, where the Upper Cretaceous rocks rest un-
conformably upon the Upper Jurassic rocks. At
other places, as along the coast from Cold Bay to Cape
Douglas, it is highly probable that they are absent,
although positive proof is lacking. At still other
places, as along the coast from Chignik Bay to Cold
Bay and throughout the greater part of the interior
of the peninsula, information is very scanty, and no
definite statement can be made as to what formations
are present, although there are reasons for believing
that there may be areas of Lower Cretaceous rocks.
The writer believes that the Lower Cretaceous forma-
tions were deposited over broad areas in southwestern
Alaska and that the small size of the areas of their
present occurrence is due to subsequent erosion or
burial. : _

Upper Cretaceous beds are known at several locali-
ties at both the east and the west ends of the Alaska
Peninsula. They overlie the Lower Cretaceous beds
with a possible unconformity, and where the Lower
Cretaceous rocks are absent they rest unconformably
upon the Upper Jurassic rocks. They are overlain,
unconformably in at least some places, by Tertiary
beds.

CHIGNIK FORMATION

HISTORICAL REVIEW

The Wpper Cretaceous rocks of the Alaska Penin-
sula were described by Atwood® as the Chignik
formation, so named from its typical development on
Chignik Bay.

The coal beds and inclosing strata on Chignik River,
which belong in this formation, had previously been
described briefly by Dall,®® but his account deals
chiefly with the coal and includes only a brief men-
tion of the rocks, which at that time had not been

- named and were not known to be Cretaceous.

Dall gave a brief description also of the coal beds
on Herendeen Bay,?® which probably belong in this
formation and which may possibly include also beds
that yielded some of the fossil plants (see p. 4)
collected by Townsend, at what is said to be nearly the
same locality as the coal, but which have been de-
scribed by Knowlton ¢ as Tertiary.

& Atwood, W. W., Geology and mineral resources of parts of the
Alaska Peninsula: U. 8. Geol. Survey Bull. 467, pp. 24, 41-48, 97-98,
100-103, 109-114, pls. 7, 8, 1911,

& Dall, W. H., Report on coal and lignite of Alaska: U. 8. Geol.
Survey Seventeenth Ann, Rept., pt. 1, pp. 801-803, 1896.

o Jdem, pp. 805-807.

67 Knowlton, F. H.,, 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, 1894.
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The coal beds of the Chignik formation at Chignik
Bay were described by Stone,*® who made only brief
references to the character of the rocks but who
pointed out that they -included marine fossiliferous
Upper Cretaceous beds.

The Upper Cretaceous rocks at Chignik Bay were
described by Stanton and Martin,*® who gave, in ad-
dition to the brief description of the rocks, a list of
fossil plants identified by F. H. Knowlton, lists of
marine mollusks identified by T. W. Stanton, and
a discussion of the correlation of these rocks with the
Upper Cretaceous of other regions. Brief mention
was made also of the occurrence of marine Upper
Cretaceous beds near the east end of the Alaska
Peninsula.

The Chignik formation includes the Upper Creta-
ceous beds of Herendeen Bay that were described by
Paige,” who collected the first fossils to be recognized
as Upper Cretaceous from this locality. This account
includes a very brief general description of the rocks,
a discussion of their field relations, and lists and dis-
cussions of the plant and invertebrate fossils by F. H.
Knowlton and by T. W. Stanton.

The account of the Chignik formation by Atwood ™
includes detailed descriptions, with stratigraphic sec-
tions, of Upper Cretaceous rocks in the Chignik Bay
and Herendeen Bay districts, lists of the invertebrate
and plant fossils with discussions of their age and
eorrelation by T. W. Stanton and by ¥. H. Knowlton,
a general discussion of the stratigraphic relations, and
descriptions of the occurrence and character of the
coal.

A brief general description of the Chignik forma-
tion by Smith and Baker 7> was based partly on previ-
ous descriptions and partly on observations in a por-
tion of the area by Smith in 1922,

" STRATIGRAPHIC DESCRIPTION

The general character of the Chignik formation on
Chignik Bay has been described by Atwood * as
follows:

In the Chignik Bay region the Chignik formation consists
of a series of sandstones, shales, conglomerates, and some
valuable coal seams.” The sandstones range from fine, even-
grained sediments to grits. Many of the sandstones in this
formation, as exposed in Nigger and Chignik Heads, have a
light-green color when fresh, but weather to black or to shades
of brown in the cliffs, Ripple marks are not uncommon on
the bedding planes, and in some of the strata there are large

8 Stone, R. W., Coal resources of southwestern Alaska: U. 8. Geol.
Survey Bull. 259, pp. 163-166, 1905.

® Stanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet,
and Alaska Peninsula: Geol. Soc. America Bull,, vol. 18, pp. 408-410,
1905.

7 Paige, Sidney, The Herendeen Bay coal fleld: U. 8. Geol, Survey
Bull. 284, pp. 102106, 1906.

7 Atwood, W. W., op. cit., pp.- 24, 4148, 97-98, 100-103, 109—114
pls. 7, 8.

7 Smith, W. R., and Baker, A. A., The Cold Bay-Chignik district,
Alaska : U. 8. Geol. Survey Bull. 755, pp. 184-185, 1924,

7 Atwood, W. W., op. cit., p. 41.

concretions. The conglomerates are conspicuous members in
the series, for they are firmly cemented and form ecliffs, or
evem, in some places, overhanging ledges. These conglomerates
in Chignik Head contain pebbles of granite, quartz, green-
stones, and flint as large as 2 inches in diameter. Near the
entrance to Chignik Lagoon there is a coarse conglomerate
that for convenience in the field was spoken of as the cobble
conglomerate. The stones in this conglomerate are com-
monly 3 or 4 inches in diameter, but some of the boulders
found in it were 2 feet in- diameter. This conglomerate is
poorly bedded and in some places has a volcanic matrix. The
stones include granites, basalts, quartz, and shale. There are
lenses of sandstone and shale in the midst of the conglomer-
atic layer.

According to Atwood’s geologic map of Chignik
Bay and vicinity " the Chignik formation is composed
of three unnamed members, the middle one of which
contains coal beds. No complete section of the forma-
tion has been measured, nor have the character and
relations of the members been described in detail. The
following section, which was measured by Atwood ™
on the south shore of Chignik Bay and Chignik La-
goon from a point near Nigger Head to a point about
200 yards southwest of the native village, apparently
represents the upper member of the formation:

Section of part of Chignik formation near Nigger Head, Chig-

nik Bay
Feet
1. Black shale (yielded collection 5797, invertebrates)____ 100
2. Cobble conglomerate — — 150
3. Shale with interbedded conglomerate 60

4. Sandstone and shale at Nigger Head (the shale yielded

" collection 5295, plants) 200

510

The Chignik formation of the type area overlies the
Upper Jurassic rocks of the Naknek formation un-
conformably, the Lower Cretaceous rocks being absent.
It is overlain by Tertiary rocks, and the contact has
been described as conformable,™ but the writer believes
that there is strong evidence of a .marked uncon-
formity.

The Chignik formation in the vicinity of Herendeen
Bay was described by Atwood " as havmg the fol-
lowing general section.

Section of Chignik formation on Mine Creek

Feet
Conglomerate __ oo . 300+4-
Coal measures . __________________ 300+
Shales 200+

The section given below, which was also measured

>by Atwood *® at nearly the same place, shows the char-

acter of the coal-bearing beds in detail. It is evident
from the thickness as given in these two sections that
all of the detailed section below the uppermost con-
glomerate belongs in the coal-bearing member of the

pl,‘ 7.
p. 42.

% Idem,
7 Idem,
% Idem, p. 58.
7" Idem, p. 42.
78 Idem, pp. 100-101.
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formation, or in the “coal measures” of the general
section.

Section of coal-bearing rocks of Chignik formation on the south
slope of Mine Creek Valley, Herendeen Bay

Ft. in.

Conglomerate.. - - - oo aicccecaooloo 300
Sandstone, coarse, cross-bedded, with huge sandstone

concretions weathering brown from abundance of

limonite _ _ - . eaoooo-C 50
Sandy shale. - .o 20
Coal seam, medium grade_______._ ... ____.. 3
Sandstone, firm, cross-bedded, with fossil leaves____. 3
Shale. oo oo cececcceaea 5
Coal o e ccemeee oo 10
Shale. . oo i 2 6
Shaly coal. . - - oo emmem e 6
Shale, with sandstone concretions_ - .. ____________ 3
Coal. e mccameaa 1
Shales_ . o oo mcccammmmmc—aan 4
Coal e cemmmceaaae 1 2
Shaly sandstone, with sandstone concretions________ 4
Coal e eecimm— e 10
Shales. _ . e mim———— e 4
Coaly shales_ .- oo 1 6
Shales. . . e 3
Carbonaceous shales. ..o .o e e__a. 1
Shales. o e eeacceemme—eeaeom 2
Coal_ . e 1
Shales. e emcim—mm e 2
Coaly shales, with shale partings_..._ ... 2 3
Coal, with bony partings and shaly bed.....—_______ 7
Shales - e cceo e cmmmcmmeemc e ————— 1 8
Shaly coal_ - .o 1 2
Shale. - e meencmmemem————an 2 6
Coal . o e imcaemm—————- 1 1
Shales_ e mmecmmmcm——mmeaeo 3
Coal. . e emcemm———————— 2
Shales . e mt— e 3 6
Coal o e cm——m—cememn 1 2
Shales. - o e em e mm——————————— 6
Coal . e ceemeeme————————— 1 5
Shales, with sandstone concretions. ._ ... ____.__._ 4
Coal _ e aemmim—m—eecceae 1 8
Shales and sandstone interbedded. ... ... 15
Coal - - e emmcmmmmmmemaeen 8
Shales. . e e —am— 5
Shaly sandstone. - . oo cccoomoom oo 2
Shales. - - e mm———n——————— 50
(01 SRR 1 2
Shales._ e emcmme——m—e————a 6
Coaly shale_ _ - o ooe oo 4
Shales_ el cimmmma——————a 7
Coal e mmmmmmme e 1
Shales. - o e e cmm— e 3
Coal - e e e 1
Shales, with sandstone concretions. . ... ______ 40
Coarse cross-bedded sandstone and conglomerates_.... 15

Shales and sandstones.
The dip of these measures is 30° N., and the strike N. 91°E
The base of the Chignik formation in the Heren-
deen Bay district is a surface of unconformity, the
Chignik formation resting in some places on the
Upper Jurassic rocks of the Naknek formation and
in other places on the Lower Cretaceous rocks of the
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Herendeen limestone. This transgression, which,
without making any allowance for the Jurassic strata
involved, is at least 1,800 feet within a horizontal dis-
tance of 2 miles, or the equivalent of an average angu-
lar unconformity of 10°, is altogether too much to be
accounted for as mere overlap. The contact of the
Chignik formation with the overlying Tertiary rocks
is stated by Atwood to be conformable.

AGE AND CORRELATION

The fossils from the Upper Cretaceous Chignik for-
mation of the Alaska Peninsula are listed in the ac-
companying table. The collections from the type area
of the Chignik formation are arranged approximately
in stratigraphic sequence, beginning with the lowest.
The first six lots from this area (5796, 11362, 5799,
3116, 5795, and 11361) are from the lower member,
eight lots (5793, 3525, 3115, 3521, 5295, 3114, 5294, and
5797) are from the upper member, and the other two
lots (5296 and 5297) are probably from the upper
member. The lower member has yielded only marine
invertebrate fossils, the middle member has yielded no
fossils, and the upper member has yielded both plants
and marine invertebrates.

The fossils from the Chignik formation of Heren-
deen Bay can not be assigned to a position within the
formation with as much confidence as the fossils from
Chignik Bay. The lots from Mine Creek (3708, 3485,
8490, 3709, S. P. (c), 5184, and 539), all came from the#
general vicinity of the coal beds and probably from
the middle member (¥ coal measures”) or possibly
from the lower part of the upper member. However,
the locality descriptions are vague, and it is possible
that some of these fossils came from the lower mem-
ber. These collections include both marine inverte-
brates and plants, but the shells and leaves were ap-
parently not obtained from thegsame beds, nor have
the relations of the plant beds to the strata carrying
the marine shells been determined. The marine shells,
according to Stanton, are clearly of Upper Cretaceous
age. Some of the collections of plants have been re-
garded as Cretaceous and others ag Tertiary, but most
of them have previously been considered doubtful.
The middle member yielded also lots 5185 and 5187,
containing fossil leaves. The marine invertebrates in
lots 5580, 5588, and 5577 were obtained not far below
the Tertiary rocks, presumably from the upper mem-
ber. They are, according to Stanton, undoubtedly
Upper Cretaceous.

Lots 3121 and 5189 contain marine invertebrates and
plants from two outlying localities near the east end
of the Alaska Peninsula and on Pavlof Bay, respec-
tively. Their position in the Upper Cretaceous se-
quence has not been determined, but they are believed
to be in the upper member.
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Fossils from the Chignik formation

. Lower member l Middle member Upber (?) member Upper member

5796{11362]5790 311_615_7§I11361 ms!wolsm a108) 5,5 (5184539 5185‘5187 sooelszosasnsselssrraiznleolsTonsszo 8115 |5205/3114(5797|5204

Cladophlebis septentriopalis Hol-
lick, n. sp R I, SN E R I P ana-
Phegopteris alaskensis Hollick, n. sp.
Pteris nitida Hollick, n. sp.
Sagenopteris suspecta Hollick, 11. s RO SN S
Sagenopteris paucireticulata Hol- |,
lick, 0. sp - —em- I
Nilssonia serotina Heer." [N A eedeeia | 8 loecl B .- 8 | 8 | 8 |-—clocac|onan
Nilssonia alaskana Hollick, n. sp.

B - N T ] DDt EET

..... B feene

) PRSP RSP RPN PRPRNNS BN : Y PROSORIY JROUpI: SN

b 20 FRSES IRORGUVEN PEPRPINE PRI PR

JRAR: S PN PR R mae “e

Ginksgo minor Hollick, n. sp . RN N Fw ee-{alalal...] a8l |l ala -
Nagelopsis zamioides Fontaine? .| . _1.._.. - _ FESRI SRS S OO IO AN OO SEPUMI Sy MU MOV OO SN MU FSOUE S ROV SR S P> PO U S
Phyllocladites dubiosus Hollick, n.

8 [ [N S

Sp. -
Cephalotaxopsis intermedia Hol- |
, . SP. O SR RSN (RSP S RN N N SO

Cephalotaxopsis microphylla laxa

Hollick, n. var. R RO RRpRY SR SN S, O N P
Tumion? suspectum Hollick, n. sp
Sequoia rigida Heer?
Sequoia obovata Knowlton -
Glyptostrobus? SPea-eeo-caazcmaaman .
S8milax herendeenensis Hollick, n.sp.
Populus hyperborea Heer?.-..-.... ;
Populus pseudostygia Hollick, n. sp.
Populus elliptica Newberry.
Populus pseudeelliptica Hollick, n.

Sp.__.
Hicoria duriuscula Hollick, n. Sp..._|-...
Alnus pyramidalis Hollick, B. sp.. PRV SRR SR PR ROV RCURON SRV SR PRI, FRURN S O
Quercus psendomarioni Hollick, n.

JRORPI PRtpin P IR :

8 j-.c.| & RPN U PRI B : T PO
a

[
yuercus chignikensis Hollick, n, sp.._|..
uercus Daleoilicoides Hollick, n. sp_i 3
yuercus turbulenta Hollick, n. sp...|.
Dryophyllum bruneri Ward....._.. .
Ulmus oblongifolia Hollick, n. sp.._|..
Ulmus alnoides Hollick, n. sp ;
Ficus laurophylla Lesquereux. .
Ficus? juglandifolia Hollick, n. sp.-.
Utrtica alaskana Hollick, n. sp.._
Urtica exemplaris Hollick, n. sp....
Oastaliites acutidentatus Hollick,

D00

RS U RS B : T ST

8 joooofo-oo- mmtenea]occcfacacfonac RN SIS PPy

n, Sp
Magnolia palaeauriculata Hollick,
n. 8p

Perses hayana Lesquereux?
Sorbus alaskana Hollick, n. Sp..-.--
Colutea primordialis Heer......
Guajacum informe Hollick, 1. Sp.--
Celastrus herendeenensis Hollick,

O« O, S
Celastrus pseudocurvinervis Hol-

D IT0): S8 TR Y ——
Rulace quercifolium Hollick, n. sp-._|.__.
Rhamnus herendeenensis Hollick,

n. sp
Paliurus visibilis Hollick, n. sp.
Paliurus pseudopinsonensis Hollick,

n. sp
Zizyphus pseudomeeki Hollick, n.

Sp -
Zizyphus varietas Hollick, n. sp...
Zizyphus electilis Hollick, n. sp
Vitis populoides Hollick, n. sp.
‘Grewia alaskana Hollick, n. sp_ -
Apeibopsis atwoodi Hollick, n. sp..|....
Pterospermum conforme Hollick, n.

T P it L] EESTeS e - 5 o e B B B s B it

8P--.- -
Trapa? microphylla Lesquereux.__ JRO SO SO, JROINE FO PO N SRS DRI I [ - W FRO MR SR DU MU SRS U PN NPy ———
Aralia pseudoplatanoidea Hollick,
. Sp
Hedera
Hedera curva Hollick, n. sp...
‘Cornus forchhammeri Heer.........|.
*Cornus rhamnoides Hollick, n. sp..
‘Cornus benjamini Hollick, n. sp_.__
“Cornus ceterus Hollick, n. sp..
Diospyros steenstrupi Heer. B
Diospyros cornifolius Hollick, n. sp..
‘Viburnum simile Knowlton?.......
Vibornum sp. ORI
Phytoradicularia dubia Hollick, n.
-7 J RGNNSO N ORI VRPN FURUN ISR AR SN F: Y SRR VRO O PRI PR SRR, SR NOUPRNNY SORUON SPU PO S FRPION PRU PO R
Rhynchonella?. . bl
|+ T8 O S,
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Yoldia n. sp - - -
QGlycimeris veatchii (Gabb)........ o3 ORI T PN (OO S SN U SO SIS NP RPN (PSRN EO MO
Inoceramus undulatoplicatus Roe- | )

11T R i b [..cal b | JEUREV PR PR PR N RPN R EPRH EVRORORS USRNSSR PRI B . JO RO AR B
Inoceramus undalatoplicatus var. |:

chignikensis 8mith b b e bl JRO SN
Inoceramus (small species) 3 F TN RO R A
Inmmmus .............. PR

0
Trigonia leana? Gabb. ; .4 b -
Trigonia..__...._.___ ; USRI S P

Pecten_..__..__..._... - . \ RSSO FERSUINES NPV RPREe FROREn) PIVUNN (AP SO SRS SN RN PR P JRORRON PRGN ISR ST P SO,
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o
Fossils from the Chignik formation—Continued

Lower member

Middle member

Upper (?) member Upper member

| l

l
3116 5795[11361 3485 3490/3709'3708) S

Anomian. Sp.......cceeuooooeo . b| b |bl|..b
Anomiia__________.. ... _._____: S S .| b

Meretrix nltida Gabb..
Tellina nanaimoensis Whis
Tellina n. sp

¥
bl..b
SIS F b

Pelecypods_ -
Dentalium._ .
Margarita n. sp
Perissolax brevitostns Gabb_____._. [
Fusus kingli (Gabb) Whiteavesvar_| b
Volutoderma,

|
(cl))' 5184539 518515187, 5296’5297 5580 5588'5577|312][5159 5793'352511251251’ '5295’31 14{5797 5294
|

..... B Lt IoTTus oupuy PRI JPDA RPN PR UPING PRI PROSup N Ry PR uun It Spuy Sy Pon

R PRI (EOREDE PP P C

_____ JENORONS RPN RORREN PR (HRpS PRI [

a, Identifled by Arthur Hollick; b, identified by W. R. Smith; ¢, identified by T. W. Stanton.

5796 (52). North side of Chignik Bay, 1 mile north of base of sand
spit. W. W. Atwood, 1908.

11362 (36). Sanre locality as 5796. W. R. Smith, 1922,

5799 (58). Chignik Lagoon, nearly opposite Alaska Packers Asso-
ciation cannery. W. W. Atwood, 1908.

8118 (959). Whalers Creek, about 1% or 2 miles from the shore of
Chignik Lagoon. Sandstone underlying the coal-bearing beds. T. W.
Stanton and R. W. Stone, 1904. ’

6795 (51). Whalers Creek, about 2 miles from Chignik Lagoon.
Series of sandstone about 100 feet below the coal. W. W. Atwood.
1908.

11361 (35) Head of creek that flows into Hook Bay.
1922,

3485 (a). Big exposure on left fork of Mine Creek, Herendeen Bay,
just above coal. Sidney Paige, 1905.

8490 (b). About 200 yards above left fork of Mine Creek, Herendeen
Bay. Sidney Paige, 1905.

3709. Right branch of Mine Creek, 200 feet abeve fork. Herendeen
Bay. Sidney Paige, 1905.

3708 (4). Mine Creek, right branch below first side stream. Heren-
deen Bay. Sidney Paige, 1903.

W. R. Smith,

8. P. (¢). Just above Johmson tunnel, -Herendeen Bay. Sidney
Paige, 1905. '
5184 (30). Mine Creek, Herendeen Bay. * Coal series.” W. W.

Atwood, 1908.

539. Cut on tramway, about a mile fromr the head of Mine Harbor,
Herendeen Bay, within a few hundred yards of the mine. C. H.
Townsend, 1890.

5185 (31). Coal Bluff, east shore of Herendeen Bay
W. W. Atwood, 1908.

5187 (35). Canyon 2 miles west of mouth of creek about the
middle of the west shore of Mud Bay, Port Moller. Shale bed. W. W.
Atwood, 1908.

5296 (5). North shore of Chignik River, just below Long Bay. W. W.
Atwood, 1908.

5297 (55). North shore of Chignik River, just below Long Bay.
About 30 feet above 5296. W. W. Atwood, 1808.

5580 (23). Canyon on east face of Pinnacle Mountain, near summit,
near head of Herendeen Bay., W. W. Atwood, 1908,

5688 (38). West side of Buck Valley, about 114 nriles from shore
of Herendeen Bay. W. W. Atwood, 1908.

5577 (18). Canyon mnorth of Pyramid Peak, about 4 miles south of
Herendeen Bay. W. W. Atwood, 1908.

3121. North shore of Kaguyak Bay, 1 mile east of mouth of river.
G. C. Martin, 1904.

5189 (44). East side of Pavlof Bay. W. W. Atwood, 1908.

“ Coal series.”

5793 (45). South shore of Chignik Bay just west of end of Chignik

Head. W. W. Atwood, 1908.
3525 (963). East shore of Doris Cove, Chignik Bay. T. W Stan-
ton and R. W. Stone, 1904. .

3521 (958). South shore of Chignik Bay, 2 miles northeast of
Alaska Packers Association cannery, opposite end of sand spit. Talus
which evidently came from one of the shaly layers not far above the
base of the exposure. T. W. Stanton and R. W. Stone, 1904.

3115 (958a). Same locality as 3521. Sandstone fragnrents in talus.
T. W. Stanton and R. W. Stone, 1904.

5295 (49). South shore of Chignik Lagoon nearly opposite the end
of the sand spit. Bed 4 of section on p. 13. W. W. Atwood, 1908.

3114 (957). South shore of Chignik Lagoon, 200 yards southwest
of native village, about 1 mile northeast of Alaska Packers Association
cannery. Dark shale. T. W. Stanton and R. W. Stone, 1904.

5797 (53). Bouth shore of Chignik Lagoon, about 200 yards south-
west of native village. Bed 1 of section on p. 13. W. W. Atwood,
1908.

5294 (48). Anchorage Bay, opposite Nortbwestern Fisheries can-
nery. W. W. Atwood, 1908.

The preceding table shows that the lower member
of the Chignik formation has yielded only marine in-
vertebrate fossils, the middle member has yielded fos-
sil plants and a few marine mollusks (/noceramus),
and the upper member has yielded a considerable
_variety both of plants and marine invertebrates. The
faunas and floras of the several members are distine-
tive. Only one species among the invertebrates ex-
tends over from one member into another. Among
the fossil plants 68 per cent of all the species in the
middle member, or 81. per cent of the angiosperms,
and 78 per cent of all the species in the upper member,
or 91 per cent of the anglosperms are characteristic
of the members.

Of the fossils from the lower member the following
have been found in other formations:

Glycimeris veatchi, in the Chico and Martinez.

Inoceramus undulatoplicatus, in the Austin and Niobrara.

Trigonia leana, Mactra (Cymbophoria) ashburnerii, and Peris-
solax brevirosiris, in the Chico.

Clisocolus cordatus and Tellina nanaimoensis, in the Nanaimo.

Meretriz nitida, Fusus kingii var., and Pachydiscus newbderry-
anus var., in the Chico and Nana 'mo.
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The fauna of the lower member, according to Stan-
ton,™ is certainly Upper Cretaceous and is “ the Chico
fauna of the Pacific coast, especially as developed in
the Nanaimo formation of Vancouver Island.” Con-
cerning another collection of fossils from one of the
same localities in the lower member Stanton * said:

These fossils indicate correlation with a horizon in the Chico

as developed in California and in the Nanaimo of Vancouver
Island, which include practically all of the Upper Cretaceous,
but the beds at Chign'k are probably not older than basal
Senonian.
Stanton * adds in explanatlon of this statement that
he correlates the Niobrara formation of the Great
Plains and the Austin chalk of Texas with the basal
Senonian. Both of these formations contain /nocera-
mys undulatoplicatus Roemer, which is probably spe-
cifically identical with the form usually identified as
I. digitatus.

Thé middle member of the Chignik formation has
vielded’ the fossils listed in the table on pages 15-16.
The only marine invertebrate species is an unidenti-
fied species of Inoceramus, which occurs more abun-
dantly in the lower member and may occur also in
the upper member. The fossil plants belong for the
most part to species hitherto undescribed and do not
furnish conclusive evidence as to the age of the mem-
ber. The species that are known outside of the forma-
tion occur in rocks ranging in age from Potomac to
Montana, but most of them are cycads and conifers,
from which a close determination of age can not be
expected. The evidence of the fossil plants is not
out of harmony with|Stanton’s assignment of the
fauna of the lower member to a horizon in the Chico.
Of the fossﬂs listed in; the table, the following have
been found in other fommatlons
Nilssonia serotina, in the Gyliakian of Sakhalin.

Nilssonia alaskane and Cephalotazopsis microphylla larae, in
the Nulato and Kaltag.
Sequoia rigide, in the Potomac, Kome, Lower Atane, and

Melozi.

Sequoia obovaia, in the Montana and Vermejo.
Populus hyperborea and Populus elliptica, in the Dakota.
Dryophyllum bruneri, in the Mesaverde.

- The upper member of the Chignik formation has
yielded a large number of fossils, including both plants
and marine invertebrates, which are listed in the
table on pages 15-16. The fauna of the upper member
is quite distinct from that of the lower member, only
Inoceramus undulatoplicatus and an unidentified

_ species of Anomia being possibly in common. Lot
5797, according to Stanton,? is  certainly Mesozoic

™ Stanton, T. W., cited by ,Atwood, W. W., Geology and mineral
resources of parts of the Alaska Peninsula : U S. Geol. Survey Bull.
467, p. 43, 1911,

® Stanton, T. W., and Mﬂrtm, G. C., Mesozole section on Cook Inlet
and Alaska Peninsula: Geol. Spc. America Bull, vel. 16, p. 408, 1905.

® Stanton, T. W., personal note. .

® Stanton, T. W., cited by Atweed, W. W, op. cit.,, p. 44.

and presumably Upper Cretaceous. The fossils indi-
cate a different horizon, or at least a different facies,
from the one represented at neighboring localities [in
the upper member] from which Cretaceous collec-
tions were obtained.” The flora of the upper memiber
includes a large number of new species which are of
little present value in correlating. About half of the
previously described species are known elsewhere in
rocks of approximately Montana age, and the other
half in rocks of older Cretaceous formations. The
evidence of the fossil plants therefore suggests that the
upper member of the Chignik formation belongs well
up in the Upper Cretaceous, an assignment which is
in harmony with the evidence of the marine inverte-
brates. The fossils of the upper member known in
other formations are listed below.

Nilssonia serotina, in the Gyliakian of Sakhal'n,

Nageiopsis zamioides, in the Potomac.

Cephalotazopsis intermedia, in the Melozi.

Cephalotaxopsis microphylla laza, in the Melozi and Kaltag.

Sequoia obovata, in the Montana and Vermejo.

Ficus laurophylla and Persea hayanae, in the Dakota.

Colutea primordialis and Cornus forchhammeri, in the Magothy
and lower Atane.

Trapa? microphylla, in the Montana and Fort Union.

Hedera macclurii, in the Orok'an of Sakhalin.

Diospyros steenstrupt, in the Patoot.

Viburnum simile, in the Vermejo.

Inoceramus undulatoplicatus, in the Austin and Niobrara.

Desmoceras? cf, D. subgquadratum, in the upper part of the
Horsetown.

Pachydiscus cf. P. multisulcatus, in the Nanaimo.

UPPER YUKON REGION-
GENERAL FEATURES

The Cretaceous rocks of the upper Yukon region are
known only in the banks of the Yukon and its tribu-
taries between Eagle and Woodchopper Creek. They
include marine Lower Cretaceous rocks, chiefly slate
and quartzite, and nonmarine plant-bearing Upper
Cretaceous shale, sandstone, and conglomerate. The
Lower Cretaceous rocks are believed to rest uncon-
formably on Triassic and Paleozoic formations, are
probably several thousand feet thick, and carry a
marine invertebrate fauna, including Aucella cf. A.
crassicollis, which indicates a general correlation with
the Lower Cretaceous Aucella-bearing beds of south-
ern Alaska. The Upper Cretaceous rocks rest un-
conformably on Carboniferous rocks, are at least
several hundred feet thick, and carry a terrestrial flora
that indicates a correlation with the Upper Cretaceous
plant-bearing beds of the lower Yukon region and
with the Dakota sandstone. The Upper Cretaceous
rocks are believed to be -overlain unconformably by
Tertiary (Eocene) plant-bearing beds.
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S¥ALE, SANDSTONE, AND CONGLOMERATE NEAR SEVENTYMILE
RIVER v

HISTORICAL REVIEW

The Upper Cretaceous rocks of the upper Yukon
region were included by Spurr ®® as part of the rocks
which he described as the Kenai “ series.” The part
of these beds which is now known to be Upper Cre-
taceous comprises those “ about 25 miles below Mission
Creek.” Spurr’s description of the rocks at this lo-
cality is very brief, consisting merely of a statement
that there is conglomerate associated with shale and
sandstone containing abundant leaf impressions. A
list of species determined by F. H. Knowlton is given,
and a discussion by Knowlton 8 of the plants from
this and other localities, part of which are Tertiary.

These rocks were included by Brooks ® in the ¢ Ter-
tiary rocks ” without specific mention of the beds now
known to be Upper Cretaceous, other than a citation of
Spurr’s description of the basal member near the
mouth of Mission Creek.

The Upper Cretaceous locality at the mouth of
Seventymile River was visited in 1902 by Collier, who
collected plants now known to be Upper Cretaceous.
The rocks at this locality were not then recognized as
Cretaceous and were included by Collier in the general
description *¢ of the Tertiary rocks of the district,
with an additional statement®” that “a great thick-
ness of Kenai sandstone, not known to be coal bearing,
is exposed at the mouth of Seventymile River.”

The description of the section on the upper Yukon
by Brooks and Kindle contains no specific mention of
any known Upper Cretaceous rocks, but the account of
the Tertiary rocks® contains a suggestion that the
rocks described as Tertiary may include some Cre-
taceous beds. It is also stated® that “in some in-
stances the rocks are well indurated, being made up of
‘hard conglomerate, sandstone, and sandy and clayey
shales or slates, while in others the sandstones are
almost unconsolidated and the argillites very little in-
durated.” ' This statement suggests to the writer a pos-
sible unrecognized unconformity between more in-
durated Upper Cretaceous and less indurated Tertiary
rocks. The writer also believes that some of the rocks
referred to the Nation River formation by Brooks and
Kindle, which are said * to resemble the more indu-

8 Spurr, J. E.,, Geology of the Yukon gold district, Alaska: U. 8.
Geol. Survey Eighteenth Ann. Rept., pt. 3, pp. 185, 192, 1898,
- & Knowlton, F. H., Report on a collection of fossil plants from the
Yukon River, Alaska: U. 8. Geol. Survey Eighteenth Ann. Rept. pt.
3, pp. 194-196, 1898.

8 Brooks, A. H., The coal resources of Alaska: U. S. Geol. Survey
Twenty-second Ann. Rept., pt. 3, p. 536, 1902,
. ®Collier, A, J.,, The coal resources of the Yukon, Alaska: U. S.
Geol. Survey Bull. 218, pp. 15-17, 1903.

87 Idem, p. 28.

® Brooks, A. H., and Kindle, E. M., Paleozoic and associated rocks
of the upper Yukon, Alaska: Geol. Soc. America Bull.,, vol. 19, pp.
307-309, 1908. ’

- # Jdem, p. 308.
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rated Tertiary conglomerate, sandstone, and shale, may
possibly be Upper Cretaceous.

The description by Prindle ** of the Tertiary rocks
of the Fortymile quadrangle, in which the Upper
Cretaceous locality near the mouth of Seventymile
River lies, contains no mention of the rocks at the
Upper Cretaceous locality, but describes the other more
indurated supposed Tertiary rocks of the quadrangle,
part of which, as suggested above, may possibly be
Upper Cretaceous. The same belt of Tertiary rocks
extends westward into the Circle quadrangle and has
been described by Prindle.®* The rocks of this part
of the belt may perhaps also contain some undiffer-
entiated Upper Cretaceous members, but there is no
special reason to suspect their presence, except that
some of the beds are described as more thoroughly in-
durated than the others. The same publication con-
tains a description® of a few areas of conglomerate
and arkosic sandstone near the main divide of Charley,
Goodpaster, and Salcha Rivers, which Prindle be-
lieves to be possibly Upper Cretaceous. No conclu-
sive evidence of the age of these rocks was obtained.
They are not known to contain any fossils except
“ poorly preserved plant remains,” which were ap-
parently not collected.

STRATIGRAPHIC DESCRIPTION

The Upper Cretaceous rocks of the upper Yukon
region are exposed in the cliffs on the south bank of
the Yukon just below the mouth of Seventymile River.
These cliffs are composed of shale, sandstone, and con-
glomerate striking northwest and dipping about 40°
S. The rocks consist for the most part of an alterna-
tion of thin beds of sandy shale and sandstone, but
there are some beds of conglomerate 10 feet or more
thick. The shale contains abundant fossil plant re-
mains, of which collections were made at the mouth of
the small creek 1% miles below the mouth of Seventy-
mile River and at several neighboring localities on the
bank of the Yukon.. At the north end of the cliffs
there are exposures of supposed Carboniferous lime-
stone, which appears to underlie the Cretaceous rocks
unconformably. At the south end of the cliffs there
are also exposures of supposed Carboniferous lime-
stone having an attitude discordant with that of the
Cretaceous rocks, the limestone striking N. 25° E. and
dipping 25° SE. There is evidently either a fault or
an overturning of the rocks at this place—probably a
fault.

A belt of Tertiary clay, sandstone, shale, and con-
glomerate that are also plant bearing lies in the valley

% Prindle, L. M., The Fortymdle quadrangle, Yukon-Tanana region,
Alaska : U. 8. Geol. Survey Buill. 375, pp. 23-26, 1909,

a1 Prindle, L. M., A geologic reconnaissance of the Circle quadrangle,
Alaska : U. 8. Geol. Survey Bull, 538, pp. 33-34, 1913,

2 Jdem, p. 32.
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of Seventymile River not far west of these Cretaceous
rocks and possibly adjoins them, but the intervening
area has not been examined, and the relation of the
Cretaceous to the Tertiary rocks is not known. The
Tertiary rocks of Seventymile River have been de-
scribed by Brooks and Kindle *® and also by Prindle **
as including beds that differ very much in degree of
induration. Possibly the more indurated of the sup-
posed Tertiary rocks of Seventymile River may be the
western extension of these Upper Cretaceous beds.

AGE AND CORRELATION

The Upper Cretaceous rocks near Seventymile River
have yielded no fossils other than the plants which
are described and discussed by Hollick in this volume
and are listed in the following table. These plants
indicate a correlation with the Kaltag formation,
which constitutes the upper coal-bearing division of
the Upper Cretaceous section on the lower Yukon.

Upper Cretaceous fossils from upper Yukon region®

I i
1555 2073(3243(6815 7407 7408

Podozamites lanceolatus (Lindley and Hutton) C. F.

‘W. Braun.
Ginkgo sp.
Cephalotaxopsis microphylla laxa Hollick.
Cephalotaxopsis

oaspidiophyllum latifolium Hollick
Pseudoaspidiothllum platanoides Hollick
Pseudoprotophyllum comparabile Hollick ..
Pseudoprotophyllum dentatum Hollick_ - ...
Pseudoprotophyllum emarginatum Hollick
Pseudoprotophyllum venustum Hollick. ...
Pseudoprotophyllum viburnifolium Hollick .
Pseudoprotophyllum 8P e oococmcaonnnan--
Hedera platanoidea Lesquereux.. . . ceooo_._

s Identified by Arthur Hollick.

1555. Yukon River, 25 miles below Mission Creek.
1896. :

2978 (57). Left (south) bank of Yukon River, 2 mileg below mouth
of Seventymile River. A. J. Collier, 1802,

8243 (8 AH 4). Left (south) bank of Yukon River just below Sev-
entymile River. Arthur Hollick, 1903.

6818, South bank of Yukon River at mouth of draw, 114 miles helow
Seventymile River. G. C. Martin, 1914,

T407. Same locality as 6815. G. C. Martin, 1919.

7408. South bank of Yukon River, half a mile below next gulch
below Seventymile River. G. C. Martin, 1919.

J. E. Sparr,

RAMPART-TANANA DISTRICT
GENERAL FEATURES

The Cretaceous rocks of the Rampart-Tanana dis-
trict include marine Lower Cretaceous. quartzite and
slate and marine Upper Cretaceous sandy shale. The
Lower Cretaceous rocks overlie Silurian and Devonian
metamorphic rocks, are of undetermined thickness, and
have yielded only a few fragmentary fossils, chiefly

% Brooks, A, H., and Kindle, E. M., Paleozoic and dssociated rocks
of the upper Yukon, Alaska : Geol. Soc. America Bull,, vol. 19, p. 310,
1908. 5

# Prindle, L. M., The Fortymile quadrangle, Yukon-Tanana region,
Alaska : U. 8. Geol. Survey Bull, 875, p. 25, 1909.
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Aucella. The Upper Cretaceous rocks probably rest
unconformably on the Lower Cretaceous slate and
quartzite, consist of black, rather massive carbonaceous
sandy shale, probably 200 or 300 feet thick, and con-
tain marine mollusks and poorly preserved plant re-
mains. Tertiary rocks, although present elsewhere in
the district, are absent at this locality, and the only
beds known to overlie the Upper Cretaceous rocks are
Recent unconsolidated deposits.

SHALE NEAR WOLVERINE MOUNTAIN

HISTORICAL REVIEW

The Cretaceous rocks in the Rampart district were
first recognized by Prindle, who described *® the sand-
stone and shale of Wolverine and Lynx Mountains.
The description states that the rocks are “black,
rather massive, impure sandstones and shales,” con-
tain “ fragments of dicotyledonous leaves and part of
an indeterminable bivalve;” “rest on the upturned
edges of the older Silurian or Devonian rocks and have
themselves undergone considerable deformation,” “ re-
semble the Upper Cretaceous rocks which occur lower
down the Yukon,” and “are entirely different from
the Kenai rocks near Rampart and are referred pro-
visionally to the Cretaceous.” .

A subsequent description of these rocks, based on
additional field studies by Prindle ?¢ in 1907, contains
a brief statement of the lithologic character of the
rocks, accompanied by lists and a discussion by Stan-
ton of marine invertebrate fossils from Wolverine
Mountain and Quail Creek. A brief reference to the
occurrence of these rocks was made by Brooks and
Kindle.’” A later description by Prindle ®*® contains
no mention of the rocks on Lynx Mountain, which had
previously been erroneously correlated on lithologic
grounds with the rocks on Wolverine Mountain. A
brief description of these rocks, based on the observa-
tions of Prindle, has been given by Brooks,*® and a
brief mention of them was made by Eakin,! who sug-
gested that they may extend southwestward from
Wolverine Mountain into the Rampart quadrangle.

STRATIGRAPHIC DESCRIPTION

The Upper Cretaceous rocks of Wolverine Mountain
include a basal conglomerate about 10 feet thick, con-

% Prindle, L. M., Geography and geology [of the Rampart gold placer
region, Alaska] : U. S. Geol. Survey Bull. 280, pp. 17, 22, 1906.

% Prindle, L. M., The Fairbanks and Rampart quadrangles, Yukon-
Tanana region, Alaska: U. 8. Geol. Survey Bull. 337, pp. 16, 23-24,
1908.

9" Brooks, A. H., and Kindle, B. M., Paleozoic and associated rocks
of the Upper Yukon, Alaska: Geol. Soc. America Bull., vol. 19, p. 07,
1908,

9 Prindle, L. M., A geologic reconnaissance of the Fairbanks quad-
rangle, Alaska: U. 8. Geol. Survey Bull. 525, pp. 33, 34, 4748, 1913.

% Brooks, A. H., The Mount McKinley region, Alaska: U. 8. Geol.
Survey Prof. Paper 70, pp. 51, 55, 93, 130, 1911. |

1 Eakin, H. M., A geologic reconnaissance of part of the Rampart
quadrangle, Alaska: U. 8. Geol. Survey Bull. 535, pp. 21, 24, 1918.
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taining pebbles of quartzite and black slaté, overlain-

by several hundred feet of rather massive black sandy
shale, fine-grained black shale, and sandstone. The
underlying rocks are quartzite and shale that are re-
garded by Prindle as Paleozoic and by Eakin as prob-
ably mainly Xower Cretaceous. These divergent
opinions are based on the presence, in near-by locali-
ties, of both Lower Cretaceous and Devonian or
Silurian fossils. There is no question that the rocks
surrounding Wolverine Mountain include both Lower
Cretaceous and Devonian or Silurian beds. No con-
clusive evidence is at hand as to whether the Lower
Cretaceous or the Paleozoic beds immediately underlie
the Upper Cretaceous rocks. The only rocks that are
younger than these Upper Cretaceous beds and are in
contact with- them are igneous intrusives. Tertiary
strata are present in the district, but they do not over-
lie the Upper Cretaceous beds. :

AGE AND COERELATION

The fauna and flora of the Upper Cretaceous rocks
of Wolverine Mountain, represented in the following
table, include some marine invertebrates and a few
poorly preserved plants. Fragments of dicotyledon-
ous leaves and a part of an indeterminable bivalve were
collected by Prindle from these rocks in 1904. Partly
on that basis and partly on their lithologic character
he assigned them to the Cretaceous. In 1907 Prindle
obtained additional fossils, including both marine in-
vertebrates and plants. No report on these fossil
plants or on those collected in 1904 has been published.
The following statement concerning the marine in-
vertebrates collected by Prindle in 1907 was furnished
Liy Stanton:?

While the fossils are fairly well preserved, they have been
considerably distorted, so that it is not practicable to make
specific determination. The better preserved forms appear to
be undescribed. The following list will show the forms recog-
nized in each lot, * * *

These fossils eviden:ly all belong to practically a single
horizon, which is confidently referred to the Upper Cretaceous.
* * * The species of Inoceramus is ve'y likely one that has
been previously found on the Yukon, but the specimens in the
present collection are too imperfect to serve as the basis for
a positive identification. The most important forms are am-
monites, which make up the bulk of the collection.and which
I have referred, in some cases doubtfully, fo the genus Pachy-
discus. These are unguestionably Uppe’k Cretaceous types.

The presence of Sequoia reichembachi and Inocera-
mus cf. 1. labiatus indicates that the Upper Cretaceous
rocks of Wolverine Mountain may be correlated with
the Nulato formation of the lower Yukon. .

2 Stanton, T. W., cited by Prindle, L. M., The Fairbanks and Ramr-
part quadrangles, Yukon-Tanana region, Alaska: U. 8. Geol. Survey
Bull. 337, p. 24, 1908.
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Upper Cretaceous fossils frém Rampart-Tanana district ¢

4279 4280 8900' 577, |7576

4A P306‘7A P263

4278 1130
Fern._ .o eriee el (ORI FVROR SR B - T N
Podozamites lanceolatus eich-
waldl 2 ) o GO PI BN FORRIN N RSN DR SR U a

Pachydisc
Pachydiscus?...
A ite

................ SR I SO - N

s 3, Identified by Arthur Hollick; b, identified by F. H. Knowlton; ¢, identified
by T. W. Stanton.

4AP306. Southeast spur of Wolverine Mountain, 2.92 miles
S. 58° W. of mouth of Quail Creek. L. M. Prindle, 1904,

TAP263. Near Wolverine Mountain? L. M. Prindle, 1907.

4278 (7AP271). Southeast spur of Wolverine Mountain, 2.6
miles 8. 53° W. of mouth of Quail Creek. L. M. Prindle, 1907.

4279 (7AP278). Ridge on left side of south fork of Quail
Creek. L. M. Pr ndle, 1907.

4280 (TAP279). Right side of south fork of Quail Creek.
L. M. Prindle, 1907.

8900. South fork of Quail Creek about 1 mile above main
forks. G. C. Martin, 1914.

7577 (22AMt105b). About 334 miles S. 69° W. of mouth of
Quail Creek. J. B, Mertie, 1922,

11392 (22AMt105a). Same locality as 7577. J. B. Mertie,
1922,

7576 (22AMt79). About 7% miles N. 44° E. of Eureka.
J. B. Mert’e, 1922,

LOWER YUKON REGION

GENERAL FEATURES

The Cretaceous rocks of the lower Yukon region
are exposed at many localities in the north bank of
the Yukon between Melozi and Andreafski. (See pl.
87, in pocket.) They consist of probably several thou-
sand feet of Upper Cretaceous shale, sandstone, and
conglomerate, some of which are marine and some of
which are of brackish or fresh water origin and in-
clude coal-bearing members. The stratigraphic se-
quence is believed to be as follows:

Generalized 860t1,0n of Upper Cretaceous rocks on lower
Yukon River .

Feet
Kaltag formation: Coal-bearing rocks consisting of
fresh-water sandstone, shale, dnd coal beds with
possibly some thin marine members. Contains fos-
gil plants, fresh-water invertebrates, and perhaps
a few marine invertebrates 800+
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. nw . w Feet

Nulato formation : Marine sandstone and shale. Con- -

tains marine invertebrates and a few plants______ 3, 000—
Melozi formation : Fresh-water shale and sandstone.

Contains fossil plants and: ‘fresh-water invertebrates. 1, 000+~
Ungalik conglomerate: Conklomerate, sandstone and

. sandy _shale. Contains worm tubes, trails, anrd

vegetable detritus 3, 000

In the northern part of the region the Upper Cre-
taceous rocks adjoin and are believed to rest directly
upon early Paleozoic metamorphic rocks. In the
southern part of the region they overlie upper Car-
boniferous greenstone and associated sediments. The
beds that have been observed to overlie the Upper
Cretaceous rocks ‘are unconsolidated Quaternary de-
posits, but supposed Tertiary volcanic rocks occur
near some of the Upper Cretaceous rocks and are
believed to be. the next-succeeding formation.

UPPER ORETACEOUS ROCKS ON THE LOWER YUKON
HISTONIOAL REVIEW

The first mention of (zjhe rocks of the lower Yukon
region, now referred to the Upper Cretaceous, is con-
tained in a short article: by Dall? in which there are
statements of the kindsiof rock exposed in the river
bank, with mention of the presence of fossil mollusks
and vegetable remains. In a later article * Dall states
that the brown sandstone with marine fossils at
~ Nulato and the underlying leaf-bearing shale are
Miocene. A brief description of the rocks exposed in
the bank of the Yukon below the mouth of Melozi
River has been given by Russell® In a subsequent,
more extensive discussibn of these rocks Dall and
Harris ® described them as consisting of the Nulato
sandstone and the Kenai “ group.” The Nulato sand-
stone was described as a brownish marine sandstone
which extends along the river from Kaltag to Ko-
yukuk Mountain and which lies conformably on the
bluish sandstone of the Kenai “ group.” This déscrip-
tion was later repeated by Dall * with little change.

-Additional observations on the Upper Cretaceous
rocks of the lower Yukon region were made by Spurr
in 1896. Spurr described these rocks as the Kenai
“gseries % and the Nulato sandstones,® both of which
he referred to the Tertiary. The description contains
a detailed record of local observations by Spurr and is
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accompanied by a statement by Knowlton ** on some
' foSsﬂ plants.

“"The exposures in the bank of the Yukon between
Nulato and the mouth of the Koyukuk were observed
by Schrader in 1899, and marine mollusks, which were
determined by Stanton as Upper Cretaceous, were col-
lected. Schrader’s report!! makes mere mention of
the fact that Upper Cretaceous fossils were recognized.
The Nulato sandstone, from which these fossils were
obtained, and some of the contained coal beds are
briefly mentioned,’? but no reference is made to the
fact that the fossils show the Nulato sandstone to be
Upper Cretaceous and not Miocene. In a later report
Schrader gave a list of these fossils,’® without a de--
scription of their precise occurrence, under the heading
“Upper Cretaceous on the Koyukuk.” He subse-
quently gave the list again* with a correct statement
of their occurrence, in a discussion of the correlation of
the Nanushuk “series” of the Arctic coast. Further
reference to the Upper Cretaceous fossils collected by
Schrader near the mouth of the Koyukuk was made by
Brooks,* who gave a list of the fossils as determined
by Stanton and stated that the Nulato sandstone is
“closely associated with Upper Cretaceous beds” and
that “ the horizon of the coals in the vicinity of Nulato
has not been definitely determined.”

The Upper Cretaceous coal-bearing rocks of the
Yukon were studied in considerable detail in 1902 by
Collier, who collected fossils, including plants and
marine and fresh or brackish water invertebrates, at
many localities. The marine invertebrates and some
of the plants were at once recognized as Upper
Cretaceous. Some of the plants were for a time re-
garded as Tertiary and others as possibly Lower
Cretaceous, but they are now all regarded as Upper
Cretaceous. The fresh or brackish water fossils col-
lected by Collier are not distinctive, but they too are
doubtless Upper Cretaceous, as they occur inter-
bedded with the other forms.

In a preliminary report® on his investigations,
dealing chiefly with the occurrence and character of
the coal beds, Collier states that the coal-bearing beds
of the lower Yukon consist “ of sandstones, shales, and
conglomerates, which probably form an uninterrupted
sedimentary series, ranging in age from the Middle

3Dall, W. H., Explorations in Russian America: Am. Jour. Sci,, 24
ser., vol. 45, pp. 96-99, 1868.

- ¢Pall, W. H., Note on Alaska Tertiary deposits:
3d ser., vol. 24, pp. 6768, 1882,

-5 Russell, I. C., Notes on the surface geology of Alaska: Geol. Soc.
America Bu!l,, vol. 1, p. 108, 1890.

- ¢Dall, W. H., and Harris, G. D., Correlation papers—Neocene: U. S.
Geol. Survey Bull. 84, pp. 233, 346-248, 253-254, 258, 1892,

7 Dall, W. H., Report on coai and lignite of Alaska: U. 8. Geol.
Survey Seventeenth Ann, Rept., pt 1, pp. 8171818 838, 844-845, 849,
860, 862, 1896.

% Spurr, J. E., Geology of the Yukon gold district Alaska: U. 8.
Geol. Survey Eighteenth Ann. Rept pt. 3, pp. 189—191 193, 194, 1898.

* Idem, p. 196.

Am. Jour. Sci,

19 Knowlton, ¥. H., Report on a collection of fossil plants from the
Yukon River: Idem, pp. 194-196.

11 §chrader, F. C., Preliminary report on a reconnaissance along
the Chandlar and Koyukuk Rivers, Alaska, in 1899: U. 8. Gecl
Survey Twenty-first Ann. Rept., pt. 2, p. 477, 1900,

12 Jdem, pp. 478, 485—486.

13 Schrader, F. C., Geological section of the Rocky Mountains in
northern Alaska : Geol. Soc. America Bull, vol. 13, p. 248, 1902.

i Schrader, F. C., A reconnaissance in northern Alaska: U, 8.
Geol. Survey Prof. Paper 20, p. 81, 1904.

15 Brooks, A. H., The coal resources of Alaska: U, 8. Geol. Survey
Twenty-second Ann. Rept., pt. 3, pp. 529, 535, §55-5566, 1902,

18 Collier, A. J., Coal resources of the Yukon Basin, Alaska: U. 8.
Geol. Survey Bull. 213, pp. 276-283, 1903.



22

Cretaceous to the upper Eocene, and hence include
both the Nulato and the Kenai series.” In a later
report these rocks are described by Collier 7 as includ-
ing three divisions—fresh-water cycad-bearing beds

near Nulato, which are * probably assignable to the

Lower Cretaceous”; Upper Cretaceous marine and
fresh-water (coal-bearing) sandstone, conglomerate.
and shale with %a marine invertebrate fauna of Up-
per Cretaceous age” and fossil plants “assigned by
Doctor Knowlton to the Upper Cretaceous”; and a
succeeding division, “ called the Kenai series,” of up-
per Eocene age, with abundant plant remains, exten-
sively developed near Nulato, where “its relation to
the Upper Cretaceous seems to be one of conformity.”
In this report Collier also gave detailed descrip-
tions ** of the strata exposed at and near the known
coal beds.

As the result of a preliminary study of the fossil
plants collected by Collier and of additional collec-
tions made by Hollick in 1903, Knowlton® stated
that the fossil plants obtained below Rampart “indi-
cate that the age is either undoubted Cretaceous or
doubtful Tertiary. The Cretaceous plants include
cycads of several genera, conifers, and many dicoty-
ledons, the combination resembling mostly the Middle
and Upper Cretaceous flora of Bohemia.” A sum-
mary of the results of the field investigations of Col-
Lier and Hollick and of the studies of their collections
by Stanton and Knowlton has been given by
Brooks.2°

Additional field studies and collections of fossils
were made by W. W. Atwood and H. M. Eakin in
1907, but no complete report on the work has yet been
published, although some of the results have been used
by the writers cited below, notably by Eakin and by
Smith and Eakin, as well as by the writer in this
volume.

As a result of his earlier laboratory studies of all
the fossil plants collected from the Cretaceous rocks
of this region, Hollick #* discussed briefly the broader
aspects of the floras, without local details, and also
made a general preliminary statement?? dealing
chiefly with the age and correlation of the flora. He
also referred to the Cretaceous plants in a discussion
of the Tertiary flora of Alaska.?®

7 Collier, A, J., The coal resources of the Yukon, Alaska: U. 8.
Geol. Survey Bull. 218, pp. 15, 17, 1903.
' 18Idem, pp. 19-20, 46-58, 65.

1 Knowlton, F. H., Fossil floras of the Yukon: Science., new ser,
vol. 19, pp. 733-734, 1904.

2 Brooks, A. H., The geography and geology of Alaska: U, 8. Geol.
Survey Prof. Paper 45, pp. 236, 241-242, 1906.

2 Hollick, Arthur, Discussion of the Cretaceous and Tertiary floras
of Alaska: Washington Acad. Sci. Jour.,, vol. 1, p. 142, 1811,
- ®mHollick, Arthur, Preliminary correlation of the Cretaceous and
Tertiary floras of Alaska: Geol. Soc. America Bull, vol. 24, p. 116,
1913.

2 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,

" THE UPPER CRETAC]EOUS FLORAS OF ALASKA

A geologic reconnaissance from Nulato to the head
of Norton Bay was made by P. S. Smith and H. M.
Eakin in 1909. Their report contains much informa-
tion concerning the Upper Cretaceous rocks,?* not only
of the area between Yukon River and the head of
Norton Bay, which-was the special field of the.investi-
gation, but of the exposures along the Yukon, espe-
cially between Melozi and Kaltag. In the description
of the latter area the observations of previous investi-
gators were largely used. The Cretaceous rocks de-
scribed by Smith and Eakin are divided into two
named units—* a basal conglomerate called * * *
the Ungalik conglomerate; and an overlying group of
sandstones and shales called the Shaktolik group.
The Shaktolik group is separated into two divisions—
the lower, distinguished by a preponderance of sand-
stones over shale, and the upper, in which shales are
in excess.”

Brief mention of the Cretaceous rocks- exposed
along the Yukon between Melozi and Nulato was
made by Eakin,?* who derived his information from
his own observations in 1907 but gave no details.

In 1913 Eakin made a geologic reconnaissance of
the region between Yukon and Koyukuk Rivers. The
account of this investigation contains a rather exten-
sive general description of the Cretaceous rocks,®
which is based not only on Eakin's field studies in
1918 but also, so far as the area lying along the Yukon
is concerned, on previous investigations, including his
own observations in 1907. Reports by T. W. Stanton
and F. H. Knowlton on fossils collected by Atwood
and Eakin in 1907 between Melozi and the mouth of
the Koyukuk are published for the first time.>” Al-
though the section exposed along the Yukon is be-
Leved to be wholly Upper Cretaceous, the northern
part of the area, along the Koyukuk, contains some
Lower Cretaceous rocks.

The Upper Cretaceous rocks west of the Yukon be-
tween Anvik and Andreafski have been described by
Harrington.?® The description includes general ac-
counts of the areal distribution, lithology and strati-
graphy, structure, and age and correlation of the Cre-
taceous rocks of the whole region, together with de-
tailed statements of their local features in each of the
separate areas. The account of age and correlation
includes statements by F. H. Knowlton and J. B.
Reeside, jr., concerning the fossil plants and mollusks
collected by Harrington and a general statement by

» Smith, P. 8., and Eakin, H. M., A geologic reconnaissance in
goutheastern Seward Peninsula and the Norton Bay-Nulato region,
Alaska : U. S. Geol. Survey Bull. 449, pp. 54-60, 1911.

% Eakin, H. M., The Iditarod-Ruby region, Alaska: U. S. Geol.
Survey Bull. 578, pp. 23-24, 1914. )

% Eakin, H. M., The Yukon-Koyukuk region, Alaska: U. 8. Geol
Survey Bull. 631, pp. 41-50, 1916.

27 Jdem, pp. 47—48.

% Harrington, G. L., The Anvik-Andreafski region, Alaska: U. 8.
Geol. Survey Bull, 683, pp. 22-23, 2635, 51, 1918.
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Arthur Hollick concerning the fosti~plants from all
the localities on the lower Yukon.

The Upper Cretaceous section exposed between
Melozi and Anvik was critically examined in 1921 by
the writer, who also made some observations in the
vicinity of Holy Cross:in 1920. The results of these
investigations were published in 1926.*°

!
STRATIGRAPHIC DESCRIPTION

The Upper Cretaceous rocks exposed along Yukon
River between Melozi and Andreafski consist of sand-

Wood fragmernts
o~ 8 Shet? horizor

Yickon River level
! - — ABOUT 272 MILES
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-thiek. ~It is typically ‘exposed in the northwest bank

of the Yukon for 2 to 10 miles above Nulato. It in-
cludes the rocks which Dall *2 described as the Nulato
sandstone. The Nulato formation contains marine
invertebrates and a few fossil plants. (See figs. 3-4.)

The Kaltag formation, named 3* from exposures on
the northwest bank of the Yukon between Kaltag and
the Williams mine, consists of coal-bearing rocks, in-
cluding fresh-water sandstone, shale, and coal beds,
with possibly some thin marine members. It overlies
the Nulato formation with apparent conformity and

Qa E.
Melozi 8
JELStation 20

F.GURE. 2.—S8ectlion on Yukon River near Melozi

stone, conglomerate, and shale having an aggregate
thickness of perhaps 8000 feet. These beds include
both marine and fresh-water members, and the latter
contain some coal beds.. The complete sequence is not
exposed in any one section, there being numerous broad
areas with no exposures, so that the full succession and
thickness must be inferred from incomplete evidence.
It is believed, however, that the rocks may be sub-
divided into the four formations shown in the table
on pages 20-21. (See figs. 2-5.)

The Ungalik conglomerate, which is the basal divi-
sion of the Upper Cretaceous rocks of the lower Yukon
rcgion, consists of conglomerate, sandstone, and sandy
shale having an aggregate thickness
of probably about 3,000 feet. It was
described by Smith and Eakin?3
from exposures on Ungalik River

- east of Norton Bay. The only fossils
found in it are undetermined marine
pelecypods, worm tubes, trails, and
indeterminate vegetable detritus.

The Melozi formation, named !
from exposures on the north bank of

is at least 800 feet thick. It contains fossil plants,
{resh-water invertebrates, and perhaps a few marine
invertebrates.

These formations are described in detail in Bulletin
776.

AGE AND CORRELATION

The Upper Cretaceous rocks of the lower Yukon
are not known to be in contact with any formations
other than the supposed Paleozoic rocks that under-
lie them and the supposed Tertiary volcanic beds that
may overlie them. There is consequently no evidence
as to the precise age of the Upper Cretaceous rocks,

Black shate

Sandstone

the Yukon from 8 to 20 miles below
Melozi telegraph station, overlies the
Ungalik conglomerate with apparent conformity. It
consists of fresh-water shale and sandstone at least
1,000 and possibly several thousand feet thick. It con-
tains fossil plants and fresh-water invertebrates. (See
fig. 2.)

The Nulato formation, which overlies the Melozi
formation with apparent conformity, consists of ma-
rine sandstone and shale probably about 3,000 feet

2 Martin, (. C., The Mesozoic stratigraphy of Alaska: U. 8. Geol.
Survey Bull. 776, pp. 400411, 1926.

®* Smith, P. 8., and Eakin, H. M., A geologic reconnaissance in
southeastern Seward Peninsula and the Norton Bay-Nulato region,
Alagka : U. 8. Geol. Survey Bull. 449, pp. 55-57, 1911.

& Martin, G. C., op. cit.,, p. 400,

F1GURE 3.—Section on Yukon River near Fossil Bluff

except that afforded by the contained fossils, which
have been found in all four of the Upper Cretaceous
formations. :

The lower conglomeratic formation (Ungalik con-
glomerate) has yielded only some fragmentary plants
and some indeterminate pelecypods, none of which
gives conclusive evidence as to the age. As these con-
glomeratic beds appear to underlie the other Upper
Cretaceous rocks conformably, there is little if any
doubt that they too are Upper Cretaceous.

2 Dall, W. H,, and Harris, G. D., Correlation papers—Neocene:
U. 8. Geol. Survey ‘Bull. 84, pp. 283, 246-248, 253-254, 258, 1892.
3 Martin, G. C., op. cit.,, p. 400.
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The fresh-water shale and sandstone (Melozi forma-
tion) have yielded both fossil plants and fresh-water
mollusks. The shells include chiefly some unidenti-
fied species of Unio, which afford no evidence as to
the age of the rocks.,

The marine sandstone and shale (Nulato formation)
have yielded both fossil plants and marine inverte-
Sw.

River bank

X o X, <
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mollusks. It “is possible that all, the marine
fossils that have been listed as coming from
these beds were derived from older rocks..that.
have been erroneously correlated with these beds.
These marine fossils represent only a few genera
and apparently do not include any species that have
not been recognized in the underlying marine sandstone

ne.  and shale. The fresh or brackish water fos-
sils include oysters and several genera of
fresh-water mollusks that have not been
recognized in the older fresh-water shale and
sandstone. ’

The occurrence of all the fossil plants has
been given by Hollick in the systematic de-
scriptions of the species on pages 37-116.
The evidence yielded by the fossil plants.
concerning the age of the Upper Cretaceous

.3
:‘;pck fragments containing
ossi#;la_nts found here,at
foot of slide; not found on -
river bank 3bove slide, which
came down valley .

F1cURp 4.—Sketch showing position of fossiliferous beds near Fossil Bluff

brates. Some fresh-water pelecypods (Unio) have
been collected at one locality within the area of these
rocks, but they were not obtained in place and are
believed to have been derived from
the underlying fresh-water shale and
sandstone of the Melozi formation.
Most of the marine invertebrates be-

2
[

Nulato
»
Fault

§

Fossil shells in rock, scattered
long shore at base of blufl

flora of the Yukon as a whole is discussed
by Hollick on pages 5-9, where it is shown
that the flora is with little doubt approxi-
mately of Dakota age. This conclusion is
practically in accordance with the evidence yielded
by the marine invertebrates and is accepted without.
question.

PICKART
MINE
z

Fault ?
Fault?

long to unidentified species and have
not been critically studied.®* They
indicate, according to Stanton,*® “that
the horizon is within the Upper
Cretaceous but probably not higher
than the middle of the Upper Cre-
taceous.”

The coal-bearing rocks (Kaltag formation) con-
tain abundant fossil plants, some fresh or brack-
ish water mollusks, and probably a few marine

2682 -~

#After this paper was practically finished a critical study of the
Upper Cretaceous invertebrate fossils of Alaska was undertaken by
W. R. Smith. The results of that study have not been published,
but preliminary lists of fossils identified by Smith have been used in
making up the tables of fossils on pp. 24-30.

% Qtanton, T. W., unpublished statement.
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FI1cURE 5.—Section showing general relations of Upper Cretaceous rocks between Pickart

mine and Nulato

In order to determine the character and significance-
of the floras of the several formations into which the
writer has separated the Upper Cretaceous rocks of’
the lower Yukon, the distribution of the fossils is-
given in the following tables. In these ‘tables the-
localities are grouped by stratigraphic subdivisions,.
and all the fossils, including the marine and fresh--
water shells as well as the plants, are tabulated.

Fossils from the Melozi formation ¢

4782 | 2075

2976 4633~ 7715 | 1554 3248 3249 | 3250 | 3251 2675

.| 3261a

Asplenium foersteri Debey and Ettingshausen?.
‘ Pecopteris arctica Heer”?.___
Anemia supercretacea conformis Hollick, n. var_..

Nilssonia yukonensis Hollick, n. sp_.. oo

Podozamites lanceolatus (Lindley and Hutton) C. F. W. Braun
QGinkgo digitata (Brongniart) Heer....._...

Ginkgo pseudoadiantoides Hollick, n., sp.

Protophyllocladus polymorphus (Lesquer:

Cephalotaxopsis heterophylla Hollick, 0. Sp- - .....

Cephalotaxopsis magnifolia successiva Hollick, n. var..
Cephalotaxopsis intermedia Hollick, n.Sp. .. ...~

a
a

Cephalotaxopsis microphylla laxa Hollick, n. var.

Cephalotaxopsis electilis Hollick, n. sp-.....---...

Tumion gracillimum Hollick, n. SP.- e oo lleaean

a

o a, Identified by Arthur Hollick; b, identified by F. H. Knowlton; c, identified by W. R. Smith; d, identified by T, W. Stanton.
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Fossils from the Melozi formation—Continued

233 01 1< GO I DO
Sequoia cf. S.ambigua Heer. ...
Sequoia fa.stgiata (Sternberg) Heer_.
Sequoia concinna Heer

Sequoia reichenbachi (Geinitz) Heer
Sequoia rigida Heer?
Sequoia subulata Heer?..
Sequoia? (cones)....
Sphenolepis .
Populus praelatior Hollick, n. sp. .
Populites vitiformis Hollick, n. sp_
Populites platanoides Hollick, n. sp.
Populites spatiosus Hollick, n. sp.__
Populites? captiosus Hollick, n. sp
Populites mirabilis Hollick, n. sp.
Mpyriea? trifoliata Newberry?._._
‘Quercus i Trel ?

Ficus daphnogenoides (Heer) Berry._.._
Macclintockia electilis Hollick, n. sp
Aristolochia paigei Hollick, n. sp.....
Castaliites flabelliformis Hollick, n. sp..
Menispermites reniformis Dawson.......
Menispermites hederaeoides Hollick, n. sp
Menispermites communis Hollick, n. sp
Magnolia amplifolia Heer...........
Magnolia lacoeana Lesquereux -
Benzoin venustum alaskanum Hollick, n. var.
Daphnogene cocculoides Hollick, n. sp...___..._..----
Daphnophyllum dakotense Lesquereux?..._......----
Cinnamomum dubiosum Hollick, n. sp...
Platanus? newberryana Heer. __. .o oo oo
Platanus? newberryana conditionalis Hollick, n. var_.
Platanus latior (Lesquereux) Knowlton_ .. .. ..o
Platanus latior intermedia Hollick, n. var. .......---.-.
Platanus heerii Lesquereux_ .. uce--ioo-
Platanus. . ..._.coc..... mmammmdnmmcascemacceemcmae
Crednperia inordinata Hollick, n.sp__._____._ ...
Credneria longifolia Hollick, D. 8Pt
Credneria mixta Holliek, 0. 8P« voe oo
Credneria intermedia Hollick, n. sp..
Credneria basinervosa Hollick, n. Sp._— .- eome.
Pseudoprotophyllum crenulatum Hollick, n. Sp. .- --cocccoommenannaanas
Pseudoprotophyllum comparabile Hollick, n. 8P coccveeoamoaaomaacoee
PseudoprotoPhyllum magnum Hollick, D. 8P - —emmmmemmeaeeean
Pseudoaspidiophyllum latifolium Hollick, n. Sp_.ceccenosaammaaoaaooon
Pseudoaspidiophyllum singulare Hollick, 0. 8D -« oo omocomeeoeeeees
Cotinus cretacea Hollick, D. 8P - - - oo o caeciiaaeen
Sapindus morrisoni Lesquereux MS., Heer. . _.ceciooooooioan
Sapindus apiculatus Velenovsky. ... oo ooicenoaiaae
Paullinia minutidenticulata Hollick, B, Sp_ . coomo el
Vitis venusta Hollick, D 8D - oo ciimm e e e
Cissites comparabilis Hollick, n. sp.
Cissites yukonensis Hollick, n. sp_...
Grewiopsis yukonensis Hollick, n. sp...
Sterculia basiauriculata Hollick, n. sp..
Trails_ ...
Ostrea__
Unio, n. sp.
Unio...._..
Pelecypods.._ ... ...
Viviparus? or Campeloma?

2976 | 4633 | 7715

1554 i

4782 (19). Yukon River, north bank, about 9 (?) miles below Melozi.
Argillite associated with coarse conglomerate. W. W. Atwood, 1907.

2975 (2AC234). Yukon River, north bank, about 9 miles below
Melozi. Thin bed of carbonasceous shale with *knife edge” coal
gseams. A. J. Collier, 1902.

2076 (2AC235). Yukon River, north bank, about 10 miles below
Melozi. Talus at foot of bluff. A. J. Collier, 1902.

46383 (18). Yukon River, north bank, about 10 miles below Melozi.
Soft shale dipping into hillside. W. W. Atwood, 1907.

7715. Yukon River, north bank, 15 or 20 miles below the mouth
of the Melozi. I. C. Russell, 1889.

1554 (9). “ Below Melozikakat "
Melozi River], J. E. Spurr, 1896.

2968 (2AC236). Yukon River, north bank, 10 to 11 miles below
Melozi. * Collected for about a mile along the foot of the cliff.”
A. J. Collier, 1902.

3248 (3AH11). Yukon River, north bank, about 12 miles below
Melozi. Shaly sandstone about 300 feet above the river and talus
on river bank. Arthur Hollick, 1903.

[probably about 19 miles below

4634 (20). Yukon River, north bank, about 12 miles below Melozi.
Sandstone and shale. W. W. Atwood, 1907.

4783 (21). Yukon River, north bank, about 12 miles below Melozi.
Sandstone and shale. Same locality as 4634. W. W. Atwood, 1807.

3249 (3AH12). Yukon River, north bank, about 1214 miles below
Melozi. Talus on the river bank. Arthur Hollick, 1903. .

8249 (3AH12). Yukon River, north bank, about 1214 miles below
Melozi. Sandstone a short distance below small draw. Arthur Hol-
lick, 1903. ’ :

3251 (3AH14). Yukon River, north bank, about 2 miles above Good
Island or about 14 miles below Melozi, Talus. Arthur Hollick, 1903.

3251a (3AH14a). Yukon River, north bank, just above upper end
of Good Island. Gray sandstone. Arthur Hollick, 1903.

2922 (3AH14a). Same locality as 325la. Arthur Hollick, 1903.

2675 (2AC237). Yukon River, north bank, behind Good Island.
Sandstone pebbles at mouth of creek. A. J. Collier, 1802,

2923 (3AH14b). Same locality as 2675. Loose rock on the river
bank. Arthur Hollick, 1903.
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Fossils from the Nulato formation ¢

| | J
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Fucus irregularls Hollick,

..................... B B B T e LT N [STSUrtp FIpUpUR, SO B : NN PSR (RN PR PHUUD RPN [SCRUDN IOU RN R [Fu o (Svvupy PRI Pyepupe RN Pty PRSI MR MR PR S
Dryopl;erls oerstedx (Heer)
owlton?_.___.__...... (RO DRSO NSNS AR IS RS S A FESSUON SRS U PROROE) OSSN U KSR SPUI NN SO IO SN S AU SR RO IO B T NN IO MU VR SRR
N]ilssonia alaskana Hol-
ick, m. Spo .. . RPN RO PO FVIION RPN NN N SN (RUURON OSSRV VU SUOIOR INRU ON NOUVIVIN NOUDID PR NN PRSI S M A JRVURSS TR DRI MU JRUOIOS I : T P I
Podozamites lanceolatus
(Lmdley 9nd Hutton)
C. Braun...._.... RN DRSPS (RGO P SR PR A JRSVUON RSN - T DRPUONY ORI MRV FPIPRON SR VIR (RS UPION SRRSO RPN S PN RSN RO ROV NSO (PR Y - W SRR RO

(‘ephalotaxo hetero-
phylla Hollick, 0. sp....|---.[- oo |eeec|-aea]mann PR SO [RPURN DRSS DUSRPU) FRORIN (RGIETE BN - S AU NSRRI NI I SO RPN NV MO JEVH U R SO (VU I Y IR U
Cephalotasopsis magni-
folia successiva Hollick,
N, VAL oo oeomiaaam i
Cephalotaxopsis..... .
Sequoia ambigua Heer_.... (RO VRN N RSO SR U
Sequoia reichenbachi
(Gemlt7) Heer_..._._.__. PR (SRR (PRI I PR R R - Y RN PRI FONIES DRRPRvN (ROUPU (RORIo SORPS SRR FPSUn) IOV (ESSRON PUPIPEPN (EPIPION P SOUPOION U PR OO PRSP FUESI NS SV SRR
Sequoia sp.? (cones) - .. o.foooifooi| coolea oo RO R SR FEUHIO SSUURN PRSI VU RSO FURPUR RUUUI SRR RO NURVIR AU MU (VU SN DRI OSSR PR (NSUONN SHUSINY Y- N S
Castaliites cordatus ol-
lick, m. P - e JERSEDY TR PR R R, RO K S JRNDRVRY NS (RURPR (RPRSRSY SRR DRPREe MUY USRS EUUUN SR SN SOUPRN HRRY NS SR

Menispermites reniformis

[EPEPA SOOI Y T : T SR SR NN R,

Dawson .o ceeccmnienn PSR SRR RN FRRRPR PRSI PR S JREAUON PRI, DRV PRSI N R PR PRSP RPUOH (N : Y PUSIVED PR PO PEOSUUOR FRURIPN PR PSSO RO
Platanus heerii Lesquereus. | . |- ..o j-coof--. o2 RPN PR PR JEVRNON R DU PRORUN PRV SUUIO AU (NSRS NORPRN SRS AU SRS SURUORN (RN N G ORPUN NORPON NSO DU M IR EE A
C'rednoria mixta Hollick,

.................... B o ] LR Ty [UyUpupts NOUIPS FPVUN (RO PRIGION FUFIPDS PISRPUPY JpUpIN) SUPpuos PRI PISIPRPN RUUPES JRpupupSY PP RPN PHPEpE Y PRI (PR SIpRupny [ROupIpn SR [ : Th (STpu P
AeercolhenHolhck b T3« JNON) PRSI PRSI (RN PRI I PRI S PR FESPOR) FVRCHON SRS Fp RN POV (ORI SRS FROUIN) FERN PR (RN RO ORI PO S : Y S ISR DU
Cilssg/es comparabilis Hol-

ick, n.Sp. ..o RN Do O PR RN SR P JRURPROS SRR FRORORN NPT (RPN - S DRI NSV NS ISR (KPR SRR NN PR RO FROUOROR EVRR U RSO OO FUSDN U PN

Hedera vera Hollick, n. 8p. |- oo o|-ooo|oao oo fomans [V PN AU SR SRS SRV SR VUSROS URUNR DU ORI IR R N FURS NN S (RN SRR ST [ S RN PR NI S

Viburnum grossecrenatu m
Hollick, n. sp. . I P

Hemliaster - K

Cucullaea truncata Gabb?_
Cucullaea?
Pinna____.. . . N JRUUS RGN SUORN PRSI I SRR S
Inoceramus cf. 1. labiatus
Schlotheim..
Ostrea, n. sp.
Ostrea, n. sp..
Ostrea, 1. sp.
Ostrea sp-.
Unio, n. Sp__._._
Trigonia leana Gabb......_
Tngonia newcombei Pack-

'l‘rigoma, n, sp_
Trigonia...
Anomia. .
Mytilus. ...

Pleuromya, n. sp
Pholadomys, n. sp.
Pholadomya._.
Thracia sp.._.

. SP.
Protocardia, n. sp..
Protocardia, n. sp.-.
Protocardia._...
Veneridae. ..
Meretrix, n. sp-
Meretrix_...
Meretrix?.. -
Tellina cf, T. ashburnerii

abb..
Tellina?.
Corbula. ..
Panope, 1. Sp. -
Panope ‘concentrica (Gabb)
‘Whiteaves var...
Panopea sp..
Panopea?. ... e e ac]eaan e m e aes
Pelecypods.. -
Viviparus, n. sp-
Turritela____.___.._ ____. .

Ammonites.._.__._._.._._. -
Crustacea (large macruran).|.._.|...|---|----

« a, Identified by Arthur Hollick; b, identified by F. H, Knowlton; ¢, identified by W. R. Smith; d, identified by T. W. Stanton.
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2924 (3AH15) Yukon River, north bank, just above Fossil Bluff,
about § miles above Louden. Rock fragments oi beach. 'Arthur
Hollick, 1903. -

2676 (2AC238). Yukon Rived,
above Louden. Massive sandsfone. A. J. Collier, 1902.

2925 (3AH15a). Yukon Rives, north bank, at Fossil Bluff, 5 miles
above Louden, Sandstone anﬂ shale overlying * intrusive dike.”
Arthur Hollick, 1903. i

4784 (23). Yukon River, north bank, 5 miles above Louden.
stone and shale overlying “intrusive lava.”
same locality as 2676 and 2928, W. W. Atwood, 1807.

2977, 2678 (2AC244), Yukom River, north bank, at Bishop Moun-
tain. A, J. Coliier, 1902. :

2926 (3AH17). Yukon River, north bank, at Bishop Rock. Crest
-of fold at upper end of exposure. Arthur Hollick, 1903.

2027, 8257 (3AH1Ta). Same /ocality as 2926. Talus at lower end
-of exposure. Arthur Hollick, 1903.

4637, 4785 (24). Yukon vaei' orth bank, at Bishop Rock. W. W.
Atwood, 1907,

4787 (27). Yukon River, nqrth bank, near Pickart mine,
stone (see fig. 5, p. 24) aboﬁlt 130 feet below the coal.
Atwood, 1907.

2677 (2AC250). Yukon szer,
:mine. A. J. Collier, 1902,

3255 (8AH18b). Yukon River, north bank, just below Pickart
mine. Massive sandstone below the coal. Arthur Hollick, 1903.

2928 (3AH18c). Yukon River, north bank, a short distance below
Pickart mine. Shale conformably beneath the sandstone that yielded
Jot 8255. Arthur Hollick, 1908.

2930 (3AH18d). Yukon River, north bank, about 2 miles below
Jocality 2928. Filoat. Arthur 'Hollick, 1903.

3256 (3AH18d). Yukon Rivet, north bank, just below 2930, Sand-
stone. Arthur Hollick, 1903.

85918—30——3

Sand-

Sand-
WwW. W.

north bank, below Pickart coal

'Pickart mine.

north bank, at Fossil Bluff, 5 miles | Island below Pickart mine.

In place. Probably

2680 (2AC251). Yukon River, north bank about 3 miles below
A. J. Collier, 1902. '
2929 (8AH18e). Yukon River, north bank opposite head of first
Sandstone. Arthur Hollick, 1903.

2681 (2AC252). Yuken -River, north. bank 6- miles -above Nulato.
Massive sandstone. Ay 7. Collier, 1902.

4788 (28). Yukon River, north bank, 5% miles below Pickart mine,
Talus below sandstone cliff. W. W. Atwood, 1907.

4789 (29). Yukon River, north bank, 6 miles below Pickart mine.
Sandstone near lens of coaly stringers. W. W. Atwood, 1907.

4790 (30). Yukon River, north bank, 6% miles below Pickart mi;ne

"W. W. Atwood, 1907.

4791 (381). Yukon River, north bank, 614 miles below Pickart mine.
W. W. Atwood, 1907.

4792 (32). Yukon River, north bank, 634 miles below Pickart mine,
Sandstone above 4788 to 4791. W. W. Atwood, 1907.

2179, 7471 (858). Yukon River, north bank, between Pickart mine
and Nulato, F. C. Schrader, 1899.

3264 (3AH25). Yukon River, west bank, at upper ‘end of Blui!
Point, 24 ‘miles below Nulato. Sandstone and shale. Arthur Hol-
lck, 1908.

2931 (8AH25a). Yukon River, west bank at end of Bluﬂ Point.
Coarse sandstone. Arthur Hollick, 1903.

2982 (2AC263). Yukon River, west bank, 1 mile below Bluff Point.
Sandstone. A. J. Collier, 1902,

3265 (3AH26). Yukon River, west bank, about 3 miles below Blufl
Point. Shale. Arthur Hollick, 1903.

2983 (2AC264). Yukon River, west bank, about 414 miles below
Bluff Point. Massive sandstone, A. J. Collier, 1802.

3266 (3AH27). Yukon River, west bank, about 4% miles below
Bluft Point. Shale near 29837 Arthur Hollick, 1903.

3267 (3AH28). Yukon River, west bank, 3 miles above Kaltag.
Shale associated with thin bed of coal. Arthur Hollick, 1903.

4793 (34). Yukon River, west bank, 3 miles above Kaltag. Thick
sandstone. W. W. Atwood, 1907.



Fossils from the Kallag formation®
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M. archantia yukonensis Hollick,
.......................... ceca]ocns] B faean - J—
Asnlemum foersteri Debey and
Ettingshausen?..._....____.__ 8 |cuee| 8 | B |-emcfea PP - Jeeaa|eeraleanciommafcac|amanclonann - -
Asrlemum johnstrupi (Heer)

Heer? . B oeae] 8 Joaoluaceanes meacfaaaafas - RPN RO o —-
Cladophlebls browniana infirma |

Hollick, n. var 8 |ece- JRSI P PR (R JEGSUE RPN PNV S
OnvchprIS nervosa (Fontaine) '

...... 8 {-e-- B T R - - ——- | g - vo-

Berr,
Anemia supercretaces oonformls |
Hollick, n. var- . _o_.un BN SR J— - R . - tof B jeenclemas
Stachyptens inenarrabilis Hol- | ,

_____________________ F P O e o [ESPRRRS RPN (PSSO el PR N ) (R canm

Sa enonterls variabilis (Velenov- |

sky) Velenovsky ....... PR S, RSN R DI SPREY SR I |- RS SRS P i I
(‘yca 087 - v meemammen .- P R RS PR PRI PRI JESN R B cemcfemec]|vana|aacnn a '
Nﬂssonia yukonensis Hollick, n, |

........ 8 |evee|onenc|anens] .

Nﬂssonia comptu]a approximata
Hollick, n. var........ - IO PSP FENPON P 8 |eeae| 8
Nilssonia pseudopterophylloldes
ollick, n. 8P eoeeoo JPRRUION S Y PR FEOUPE SRR PR JERUPR VU RSN (RO SN o PRI IR RO . . —— . eee
NﬂssoniaalaskanaHollick nsp.( 8 |8 |88 [ceeefoamnan JEVRPEOR PRV EPUIONY RN PR IS PN S P
Pterophyllum validum Holllck

———— a

f
Podozamltes lanceolatus (Lind- |
|

ley and Hutton) C. ¥, W,
......................... a|la|a]a|.. - a}a
G(nkgo concinna I JEON (A R o|ea- 8 |[eean
Giﬂkgo digltata (Brongmart) :
............... Y . . a —--

(L]

o
5
1]
°
g
E
-3
g
73
=
g
]

a
B4) 31 ) R a S N --- aman PRV PO 8 |- R S B
8

nkgo reniformis Hollick, n. sp.
nkgo crenulata Hollick, n, sp cmmecfoea- VSISO DRSRVRIG (RO SR I - S SO ceme]mmmc]amas IS Y
nkgo pseadoadiantoides Hol-
ick, n. sp R [N 8
nkf Eseudoadxantoxdes major
lick, n. var ———- RPN PR (ORI PR ceecfmene| B
Nageio] is angustifolia Fontaine.
Protop yllocladus obesus Hol-
............ RSN [P Py -—- - ——— a

Proto hyllocladus subintegutol-
us (Lesquereux) Berry........
Protophyl ocladus simp ex Hol-
lick, n. sp. —--
Ce halotaxopsls heterophylla
ollick, n. SP-ceeeccecnncancace 8 {..--| 8 [ Y — -l ala 8 |acael B
Cephalotaxo is magnifolia sac- -
cessiva Hollick, n. var ala ——— P a
Ceghalotaxopsis microphyilalaxa
n. var [ a
Cephalotaxopsls.--_ -
Tumlon gracillimum Holhck n.
............................ 8 |-l 8] 8 lcene| 8 oeusioan R a a
Seﬂuom fastigiata (Sternberg)

Q002

.Q

P S 8 [eecejea--

——- Y —meel 8 |aceo] 8

8 |am- anen| 8 |aand] a

deu-| B —e—— RN FP

Sequoia concinna Heer__ ---s a - 8 [----| 8
Sequoia rigida spinifolia Hoilick, |

———- comnjomes| B |oa

a JEUpRS) PSP S a

olal (cones). PRSI B ween] B feeee] B emeen [ . e
enole is stern
er ) Schenk oL
Taxodium sp. Knowlton [RRON JUNN B P - . R i, b i,
Glyptostrobus gronlandicus Heer a a . a PR EUY J. el
Glyptostrobus specialis Hollick, 1
_____ - . a RO I 1 caee JR

Zingxbentes alaskensis Ho!hck

n. sp

Piper arcuatile Hollick, n. sp...

Populites pseudoelegans Hollick,

a vmen| 8B faeadl afmenn

——- [ - a a PSP -

1. SP. SR R B jmeee|emcaan ———- aleemefrannlcascrloan-= ———— RELLI EETLS . e
_Populites  pseudolancastriensis |
olliek, N, SPevocomecconoaa. . -—-- laaee - . -8 om-- —=es

©, Identified by Arthur Hollick; b, identified by F. H. Knowlton; c, identified by W. R, Smith; d, identified by T. W. Stanton.
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Populites vitiformis Hollick, n.
8

Juglans arctica Heer.

Betula beatricina conformis Hol-

lick, n, var__

Bepulites rugosus apiculatus Hol-
lick, n. var__ RN RV RPN S I P : 8 [-o-v

Ficus lesquereuxii lata Hollick,
.!1. var.

Ficus melanophylls Lesquereux?. |

Ficus dictyodroma Hollick, n. sﬁk

Macelintockia alaskana Hollick,
P TR . JR SO

Paleonuphar inopina Hollick,

sp- R
Castaliites ordinarius Hollick,
n. sp . . R
--Costeliibes-inordinatus Hollick, "
n. 8p.
Castaliites .
Menispermites cordifolius Hol-
ck, n. Sp.... Y - - PN .
Menispermites septentrionalis
ollick, n. sp. . - a
Lilx;ioder).\d’l\xl'ops‘l;s simplex (New-
erry) Newherry. -
Asimina knowltoniana Hollick,
n. Sp---- R
Laurus antecedens Lesquereux. . 8 joee-
Benzoin venustum alasskanum
Hollick, n. var.. ....coceaeo...
Persea spatulata Hollick, n. sp--.| a |-.--
Daphnogene turbulenta Hollick,
n.Sp_...- - [
Platanus heerii Lesquereux._.... PO RN
Platanus? newberryana Heer.__. .
Platanus septentrionalis Hol-
lick, n. sp -
Platanus valida Hollick, n. sp-_.|._._[....
Platanus latibasalis Hollick, n.

SpP.. R
Platanus alata Hollick, n. sp.....
Platanus? sp..._. a |-
Platanus? grewiopsoides Hol-

A0 T NSRRI I W S R S EUUR EURN SO a——
Credneria inordinata Hollick,

1. Sp.

Creduneria inordinata maxima

Hollick, n. var.
Credneria spatiosa Hollick, n.

8 [aaad PR

cmme - a J I P ———.

a e B ey -

cree| B [ewmaleman -

e~e-| 8

a R

- -] 8

PSR PN PR I - )

——— F: TN PP PO I

O P PR SN (SR P, -ee| B

Sp. weme|enee|anaa]mmand] RIS SV N cmen|oend]
Credneria grewiopsoides Hol- a

lick, n. sp. - Y (RSSOROR FPSI PRI 8
Credneria elegans Hollick, n, sp-|____|_._.|....
Credneria compgrabilis Hollick,

n.Sp..-.
Paracredneria crednerioides Hol-

lick, D, SP-ccaam cccemcamacan PO a
Paracredneria alaskana Hollick,

- : S (SR —emn ———-l-

n. sp
Paracredneria? platanoidea Hol
lick, n, sp
Paracredneria? sp___-_.........
Pseudoprotophyllum emargina-
tum Hollick, n. sp-.an.careao-
Pseudoprotophyllum viburnifo-
ollick, n. SPevavecaonno.
Pseudoprotophyllum dentatum
Hollick, n. sp. -
Pseudoprotophyllum  crassum
Hollick, B. 8P e
Pseudoprotophyllum compara-
bile Hollick, n, Sp_ - cn.cuceanno|
Psgudoprotophyllum dalli Hol-
lick, n. sp.-.-
Pseudoprotophylinm  magnum
Hollick, n. sp a
Pseudoproto]ﬁhyllum? basielon-
gatum Hollick, n, sp........___
Pseudoprotophyllum.
Pseudoaspidiophyllum memora-
bile Hollick, n. sp... ——
Leguminosites yukonensis Hol-
SR.TE) CETO NN 8 |--e| 8 R J
Chpssia slaskang Hollick, n. Sp-.-| g

SUE - ) SR,

——-- PR I - RN P

e S S N - Y P B B e Ern L T T LR Y ———

8 |-wec|ee--f 8 cmec|-mmcfecvalemnn]|enna|eomajanan [

RO PRI S JRSEVE PR JUUIN PR - Y PSS P, RSP PPN (B I8
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Fossils from the Kaltaarfqrmation—Continued
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2062 (2AC239). Yukon River, north bank, 43, miles above Louden.
‘Hanging wall of coal bed about a quarter of a mile from the river and
from the foot of a sllde extending trom the coal bed to the river.
A. J. Coliier, 1802.

4836 (22A). Yukon River, north bank, about 5 miles above Louden
.~ Bedrook.db-flkce: - W.-W.- Atwood, 1887: ;1 .- e

8262 (3AH16). Yukon River, north bank about 4% miles above
Louden. 8lide that camre down from vicinity of coal mine. Artbur
Hollick, 19803.

4635 (22). Yukon River, north bank, about 5 miles above Louden.
Probably same locality as 2926 and 3252. Weathered material. W. W,
Atwood, 1907.

3253 (BAH18). Yukon River, north bank, about 2
Plckart mine. Sandstone. Arthur Hoellick, 1903.

2679 (2AC249). Yukon River, north bank, above Pickart coal mine.
A, J. Collier, 1902.

2964 (2AC249). Yukon River, north bank, 10 miles above Nulato.
Strata above Pickart coal mine. A. J. Collier, 1902,

3264 (3AH18a). Yukon River, north bank, just above Pickart mine.
Shale and sandstone overlying the coal. Arthur Hollick, 1903.

miles above

4788 (25). Yukon River, north bank, above Pickart mine. Sand_—
stone (see fig. 5, p. 24) about 665 feet above the coal. W. W. Atwood,
1907.

4638 (26). Yukon River, north bank, above Pickart mine. Shale

and sandstone (see fig. 5, p. 24) about 168 feet above the coal.
W. W. Atwood, 1907.

2682 (2AC253). Yukon River, north bank, at Nulato.
1902.~ :

(2AC ——). “Front Street, Nulato.” A. J. Collier, 1902,

2978 (2AC255). Yukon River, west bank, 6 miles below Nulato.
Shale and thin-bedded sandstone. A. J. Collier, 1902,

7122. Yukon River, west bank, * about 7 miles below Nulato.”
ably near Blatchford mine, 'W. H. Dall, 1866.

3258 (3AH19). Yukon River, west bank, at Blatchford coal mine, 9
miles below Nulato, Shale and sandstone underneath the coal., Arthur
Hollick, 1908. ]

3280 (3AH21). Yukon River, west bank, 3 miles below Blatchford
mrine. © Sandstone.” Arthur Hollick, 1903,

2980 (2AC260). Yukon River, west bank, about 15 miles below
Nulato, or 43 miles below Blatchford mine. Landslide. A, J. Collier,
1902,

3259 (3AH20). Yukon River, west bank, 2 to 10 miles below Blatch-
ford mine. Float along shore. Arthur Hollick, 1903.

3261 (3AG22). Yukon River, west bank, 6 miles below Blatchford
mine. Shaly sandstone. Arthur Hollick, 1903.

4639 (33). Same locality as 3261. Shale and sandstone.
Atwood, 1907.

2683, 2981 (2A(C262). Yukon River, west bank, about 20 miles below
‘Nulato, or 3% miles above Bluft Point, at foot of slide. A. J. Collier,
1902.

2932, 3262 (3AH23). Same locality as 2683. Arthur Hollick, 1903.

3263 (3AH24). Yukon River, west bank, about 22 miles below
‘Nulato, Sandstone overlain jand underlain by shale. Arthur Hollick,
1903. .

2084 (2AC266). Yukon River,
Kaltag. A. J. Collier, 1902,

4640 (85). Yukon River, gﬁwest bank, about 8 miles below Kaltag.
Shale and sandstone. W. W. Atwood, 1907.

3268 (3AHZ29). Yukon River, west bank, about 8 miles helow
Kaltag. Sandstone and shale. Arthur Hollick, 1903.

2684 (2AC272). Yukon River, west bank, 18 or 20 mi]es below
Kaltag. Loose pieces lylng on dark shale. A. J. Collier, 1902.

4642 (36). Yukon River, west bank, 114 miles above Williams coal
mine. W. W. Atwood, 1907.

4794 (37). Yukon River, west bank, 134 miles above Willlams mine.
W. W. Atwood, 1907.

2685 (2AC282). Yukon River, west bank, 1 mile above Williams
mine, Black shale. A. J. Collier, 1902,

8269 (3AH30). Yukon River, west bank, gbout 1 mile above Wil-
liams mine, near 2685. Sandstone. Arthur Holllck, 1903.

2933 (3AHB0). Yukon River, west bank, about 1 mile above Wil-
liams mine, a few yards below 3269. Arthur Hollick, 1903.

4641 (38), 4795 (89). Yn!:on River, west bank, 1 mile above Wil-
liams mine. W. W. Atwood, 1907.

2985 (2AC284). Yukon ver, west bank, at Williams coal mine.
« Fossils mostly taken fronn sandstone immediately above coal bed.”
A. J. Colller, 1902, d

2986 (2AC289). Yukon River, west bank, just below * mine No. 1.”
Cross-bedded sandstone, the: Ibase of which is 28 feet above the coal.
A. J. Collier, 1902. |

3270 (3AH31). Yukon [ﬁver, west bank, near ‘“mine No, 1.”
Shale. Arthur Hollick, 1908. :

A. J. Collier,

Prob-

w. w.

west bank, about 8 miles below

3271 (3AHS32). Yukon River, west bank, about 18 miles below
mine No. 1. Float at outcrop of sandstone and shale with thin coal
bed. Arthur Hollick, 1903. )

4643 (40). Yukon River, west bank, about 18 miles below mine
No. 1. W. W. Atwood, 1907.

9774 (16AHal34). Andreafski River, east bank, 9 miles northeast
of Andreafski. G. L. Harrington, 1916. )

7259, 9775 (16AHal36), Andreafski River, east bank, 914 miles
northeast of Andreafski. G. L. Harrington, 1916.

9776 (16AHal40). Andreafski River, west bank, 114 miles below
Andreafski. G. L. Harrington, 1916.

The following list shows that a relatively large pro-
portion of the ferns and gymnosperms range through-
out two or more of the formations but that most of the
angiosperms are restricted to one formation. This dif-
ference evidently means that the angiosperms, being
more highly organized, were more sensitive to changes
in environment and consequently are better horizon
markers. It is shown statistically by the fact that,
among the angiosperms, 80 per cent of those in the
fresh-water shale and sandstone, 37145 per cent of those
in the marine sandstone and shale, and 86 per cent of

‘those in the coal-bearing rocks are characteristic of

one formation; whereas among the gymnosperms and
lower plants only 24 per cent of those in the fresh-
water shale and sandstone, 83 per cent of those in the
marine sandstone and shale, and 56 per cent of those
in the coal-bearing rocks are charactemstlc of one for-
mation.

A similar difference between the angiosperms and
the lower plants is shown in the stratigraphic range
cf those species which occur in other regions. Al-
though most of the species of fossil plants from these
beds that are known in other regions occur in the
Dakota sandstone or in beds that have been correlated
with it, there are about a dozen species which have
been generally regarded as characteristic of the Lower
Cretaceous as well as a few species that have been re-
garded as Montana or possibly Laramie. All these
supposed Lower Cretaceous and late Upper Cretaceous
species are among the gymnosperms or lower plants,
whereas all the previously described species of angio-
sperms that have been found in the Upper Cretaceous
rocks of this region are known elsewhere only in the
Dakota sandstone or in rocks of approximately equiva-
lent age.

The stratigraphic range in other regions of pre-
viously described Upper Cretaceous fossils from the
lower Yukon is shown below:

Lower Cretaceous.
Raritan, Atane.

Dryopteris oerstedi__. .. __________
Asplenium foersteri______________

Asplenium johnstrupi_-..-________ Lower Cretaceous.
Onychiopsis nervosa_....——_______ Lower Cretaceous.
Sagenopteris variabilis.___________ Magothy.

Podozamites lanccolatus__ ... ____ Dakota?

Ginkgo coneinna. .. ..o _______ Lower Cretaceous.
Ginkgo digitata.... ... _______ Lower Cretaceous.
Ginkgo laramiensis._ . .- ___.____ Laramie, Nanaimo, etec.
Nageiopsis angustifolia-____._____ Lower Cretaceous.

Protophyllocladus polymorphus..._ Laramie.



32 : THE UPPER CRETACEOUS FLORAS OF ALASKA

Protophyllocladus subintegrifolius.. Dakota.

Sequoia ambigua. ________________ Magothy, Kome, etc.
Sequoia fastigiata.._..___..______ Dakota.

Sequoia coneinna,_ .. __.._______ Magothy, Patoot.
Sequoia reichenbachi_ . ___________ Dakota. ;
Sequoia rigida_ .. _.________. ---- Lower Cretaceous.
Sequoia subulata_________________ Lower Cretaceous.
Sphenolepis sternbergiana_________ Lower Cretaceous.
Glyptostrobus gréonlandicus_ .. ... Lower Cretaceous.
Myrica? trifoliata__._____________ Dakota.

Juglans arctica. _ . _________.____ Dakota.

Quercus eamesi. _._______________ Dakota.

Ficus daphnogenoides_ _ ... __.____ Dakota.

Ficus melanophylla. . ____.___.___ Dakota.
Menispermites reniformis.. ..._____. British Columbia?
Magnolia amplifolia.. .. _....._.__ Dakota.

Magnolia lacoeana . . ... ______.__ Dakota.
Liriodendropsis simplex.._.____.___ Raritan, Magothy
Laurus antecedens._ ... ... _._._.__ Dakota.
Daphnophyllum dakotense.._.___. Dakota.

Platanus? newberryana__._________ Dakota.

Platanus latior . . . . .__.____ Dakota.

Platanus heerii. . ._______.___._.___ Dakota.

Acerites multiformis. ....___ ———— Dakota.

Sapindus morrisoni.______________ Dakota.

Sapindus apiculatus. .. . _.__.___ Magothy?

Aralia wellingtoniana_ ... __._.___ Dakota.

Aralia polymorpha_______________ Raritan.

Myrsine gaudini. ..o .. . ... Dakota, Magothy.
Cucullaea mathewsoni . ... .___. Eocene (Martinez).
Cucullaes truncata ... ... ____ Chico.
Inoceramus cf. I. labiatus..__.____ Chico, Colorado group.
Trigonia leana ... . __________ Chico.

Trigonia newcombei___.__________ Haida

Tellina cf. T. ashburnerii.._._.____ Chico.

Panope ¢oncentriea_ ... _...___.__ Chico.

Anchurs cf. A, transversa.......__ Chico.

In conclusion it may be stated that the Upper Creta-
ceous rocks of the lower Yukon region appear to cor-
respond in age, in a general way, approximately with
the Dakota sandstone. The evidence of the plants
and of the marine mollusks is practically in accord,
most of the previously described species of plants
occurring in the Dakota sandstone and the marine
mollusks indicating “that the horizon is within the
Upper Cretaceous but probably not higher than the
middle of the Upper Cretaceous.” The writer be-
lieves, however, that these rocks probably have a con-
siderably greater range in age than the Dakota sand-
stone. This is indicated by the thickness of the rocks,
which probably exceeds 8,000 feet ; by their divisibility
into four distinct formations; and by the fact that a
large proportion of the plants, including almost all
the angiosperms, do not range up from one of the
stratigraphic divisions into another. If it were pos-
sible to make a comparison of the floras with modern
lists of fossil plants occurring at successive horizons
throughout the Upper Cretaceous of a near-by region,
the comparison would probably indicate that a con-
siderable part, very likely the lower half or two-thirds,
of the Upper Cretaceous is represented by the Upper
Cretaceous rocks of the lower Yukon.

KOYUKUK VALLEY
GENERAL FEATURES

The Cretaceous rocks of the Koyukuk Valley include
the Lower Cretaceous limestone, lava, and tuff, of the
Koyukuk group; the Upper Cretaceous shale, sand-
stone, and conglomerate near the mouth of the river;
and the Upper Cretaceous (?) sandstone, arkose, grit,
and conglomerate of the Bergman group. The base

| of the Koyukuk group has not been recognized, and

the rocks which may underlie it are not known. The
writer suspects that the lava and tuff that have been
described as part of the Koyukuk group may belong
to an underlying formation. The Bergman group,
which is supposed to rest upon the Koyukuk group
where that group is present, directly overlies Paleo-
zoic rocks along the northern border of its area. The
Upper Cretaceous rocks in this district are not over-
lain by any strata other than unconsolidated Quater-
nary deposits, unless the coal-bearing beds at Tram-
way Bar, which have been tentatively included in the
Bergman group, should prove to be Tertiary deposits
younger than the Bergman.

SHALE AND SANDSTONE ON THE LOWER KOYUKUK
HISTORICAL REVIEW

On the lower reaches of Koyukuk River, between
Kateel River and the mouth of the Koyukuk, Schrader
observed some sedimentary and associated igneous
rocks which have proved to be in part Upper Creta-
ceous. These rocks are not described specifically in
Schrader’s text but are referred to in the statement
that “ the Nulato sandstone probably also covers a con-
siderable area in the lower part of the Koyukunk Basin,
near the mouth of the river.” The map 7 accom-
panying Schrader’s report indicates “sandstone,
arkose, grit, conglomerate, limestone, shale, mud rock
with plant remains, volcanic tuff, breccia, and altered
igneous rocks” as exposed along the lower part of
the river. The sedimentary rocks of this area were
mapped by Smith and Eakin 2 as the Shaktolik group,
and the voleanic rocks as Tertiary or Recent basalt,
but no description was given of the exposures on the

Koyukuk.

STRATIGRAPHIC DESCRIPTION

The Upper Cretaceous rocks on the lower Koyukuk
were defcribed by Schrader as including sandstone,
shale, conglomerate, and limestone. No information
concerning the details of the stratigraphy is available,

% Schrader, F. C., Preliminary report on a reconnaissance along the
Chandlar and Koyukuk Rivers, Alaska, in 1899: U. S. Geol. Survey
Twenty-first Ann. Rept., pt. 2, p. 478, 1900.

% Jdem, pl. 60.

% Smith, P. S., and Eakin, H. M., A geologic reconnaissance in south-
eastern Seward Peninsula and the Norton Bay-Nulato region, Alaska:
U. S. Geol. Survey Bull. 449, pl. 5, 1911,
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but it is believed that they probably include the equiv-
alent of several and perhaps all of the members of
the Upper Cretaceous section exposed on the Yukon
between Melozi and Louden. The exposures next be-
low Kateel River include grit and conglomerate that
probably are the equivalent of the lower conglomeratic
member near Melozi. The igneous rocks exposed
along the lower 30 miles of the Koyukuk are the
northern' extension of some of the post-Cretaceous
volcanic rocks of the Yukon. The intervening expo-
sures are possibly the equivalent of one or more of the
subdivisions of the Upper Cretaceous on the Yukon.
No estimate of the thickness of the Upper Cretaceous
rocks on the lower Koyukuk has been made. Their
base has not been recognized, but it is believed that
basal conglomerate rests upon pre-Upper Cretaceous
rocks near the mouth of Kateel River. Their upper
contact is probably beneath the Quaternary silt in the
high bluff about 20 miles (35 or 40 miles by the river)
north of Koyukuk Village. This bluff separates ex-
posures of Upper Cretaceous plant-bearing sandstone
and shale from exposures of the supposed Tertiary
volcanic rocks, which are probably the next younger
consolidated rocks. '

AGE AND CORRELATION

Fossils have been obtained from the Upper Creta-
ceous rocks on the lower Koyukuk at only one locality.
These fossils include two plants and a marine inverte-
brate, as listed below, and are too few to give any con-
clusive evidence on the precise position of these beds
relative to the section on the Yukon. One of the
plants is known only at this locality; the other occurs
in the lower fresh-water shale and sandstone (Melozi
formation) of the Yukon section. The marine inver-
tebrate indicates that the beds may correspond to
ecither the marine sandstone and shale of the Nulato
formation or to one of the marine beds ifA the Kaltag
formation of the Yukon section.

7472 (333). West bank of Koyukuk River about 40 miles
above mouth. Sandstone and shale. K. C. Schrader, 1899.
Hedera schraderi Hollick, Platanus newberryana conditionalis

Hollick. Identified by Arthur Hollick.
2183 (334). Same locality as 7472, F. C. Schrader, 1899.

. Mya? Identified by T. W. Stanton.

SUMMARY

STRATIGRAPHY

The Upper Cretaceous beds of Alaska which have
yielded the fossil plants that are described in this vol-
ume include the middle and upper members of the
Chignik formation of the Alaska Peninsula; the four
formations of Upper Cretaceous shale, sandstone, and
conglomerate of the lower Yukon region, some of
which extend into the lower part of the Koyukuk Val-
ley; and the shale, sandstone, and conglomerate near
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Seventymile River on the upper Yukon. Fossil plants
are known to occur also in the Upper Cretaceous shale
and sandstone near Wolverine Mountain, south of
Rampart, but no determinable specimens have been
available for exhaustive study. Marine Upper Cre-
taceous rocks, in which no determinable fossil plants
have yet been found, are known in the Matanuska,
Chitina, Innoko, Kuskokwim, and Anaktuvuk Valleys.

The Upper Cretaceous rocks of the Alaska Penin-
sula have been described as the Chignik formation,
which includes a lower member about 200 feet thick
that consists of shale with marine fossils and no known
fossil plants; a middle member about 300 feet thick
that consists of shale with many coal beds and some
sandstone and that contains fossil plants with a few
marine mollusks; and an upper member, 300 to 500
feet thick, that conmsists of conglomerate, sandstone,
and shale with fossil plants and marine invertebrates.
The Chignik formation rests in some places upon
Lower Cretaceous limestone with possible unconform-
ity, and where the Lower Cretaceous limestone is ab-
sent it rests unconformably upon Upper Jurassic rocks.
It is overlain, unconformably in at least some places,
by Tertiary strata.

The Upper Cretaceous rocks of the lower Yukon re-
gion consist of sandstone, conglomerate, and shale that
have an aggregate thickness of perhaps 8,000 feet.
They have been separated into four formations,
named,* from the base upward, the Ungalik conglom-
erate, consisting of conglomerate, sandstone, and sandy
shale, about 3,000 feet thick, and containing no known
fussils except a few worm tubes, trails, and unidentifi-
able shells and vegetable remains; the Melozi forma-
tion, consisting of fresh-water shale and sandstone, at
least 1,000 feet thick, and containing fossil plants and
fresh-water mollusks; the Nulato formation, consist-
ing of marine sandstone and shale, perhaps 8,000 feet
thick, and containing marine invertebrates and a few
fossil plants; and the Kaltag formation, consisting of
coal-bearing rocks, at least 800 feet thick, that com-
prise fresh-water sandstone, shale, and coal beds with
possibly some thin marine members, and containing
fossil plants, fresh-water mollusks, and perhaps a few
marine fossils. The Upper Cretaceous rocks of -the
lower Yukon are underlain by Paleozoic rocks and are
belicved to be overlain in some places by Tertiary
volcanic rocks. :

The Upper Cretaceous rocks exposed on the lower
Koyukuk are the northern extension of the Upper Cre-
taceous rocks of the lower Yukon and may include all
the formations exposed on the Yukon. They have
yielded only a few fossils, and these do not furnish
sufficient evidence as to which of the formations ex-
posed on the Yukon may be represented.

® Martin, G. C., The Mesozoic stratigraphy of Alasksi: U, 8. Geol.
Survey Bull. 776, pp. 399400, 1926.
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The Upper Cretaceous rocks of the upper Yukon
region consist of shale, sandstone, and conglomerate
at least several hundred feet thick, which are believed

to be underlain unconformably by Carboniferous lime-

stone and which may be overlain by Tertiary coal-
bearing rocks. The only fossils that have been ob-
tained from these Upper Cretaceous rocks are fossil
plants which indicate a correlation with the upper
coal-bearing division (Kaltag formation) of the sec-
tion on the lower Yukon.

CORRELATION

The probable relations of the Upper Cretaceous
plant-bearing beds of the several Alaskan districts to
one another, to the non plant-bearing Cretaceous rocks
of Alaska, and to the Cretaceous rocks of other regions
is indicated in' the table facing this page. The evi-
dence for these correlations, so far as the plant-bearing
beds are concerned, is discussed by Hollick on pages
5-8 and by the writer on pages 12-33.

The Upper Cretaceous plant-bearing beds of Alaska
represent two distinet horizons. Those of the Yukon
Valley are low in the Upper Cretaceous, including
at least the approximate horizon of the Dakota sand-
stone and perhaps the entire lower half (Colorado
group) of the Upper Cretaceous, and those of the

- Alaska Peninsula are somewhat higher in the Upper
Cretaceous, including the equivalent of part or all
of the Montana group.

The most comprehensive section of the older plant-
bearing beds is found on the lower Yukon, where the
rocks have been separated into four formations, of
which the upper three contain floras of the same gen-
eral type but specifically distinct, especially in so far

as the numerous new species of angiosperms are con-

cerned. All three formations contain species that oc-
cur elsewhere in the Dakota flora as well as some more
persistent species, notably of ferns and gymnosperms,
part of which range elsewhere down into the Lower
Cretaceous and Jurassic or up into the Eocene. The
great thickness of these plant-bearing beds and the
specific distinctness of the floras of the several for-
mations suggest that these rocks may represent con-
siderably more than the Dakota sandstone, possibly
the entire lower half or two-thirds of the Upper
Cretaceous. ,

- The section on the lower Koyukuk, which is the
northward continuation ofthe section on the lower
Yukon, is very imperfectly known and may represent
either part or all of the lower Yukon section. The
fossils that it has yielded are neither abundant nor
distinctive. They  clearly indicate the presence of
floras and faunas of the general type and age of those
on the lower Yukon, but are not sufficient to show
which of the formations of the lower Yukon section
'may be represented at the fossiliferous localities on the
Koyukuk.

The section on the upper Yukon contains no Upper
Cretaceous fossils other than plants. Its flora clearly
represents that of the upper coal-bearing division
(Kaltag formation) of the section on the lower Yukon.
The writer believes that the upper part of the Yukon
Valley did not receive Upper Cretaceous sediments for
a long time after the beginning of Upper Cretaceous
sedimentation on the lower Yukon, and that the Upper
Cretaceous sea never extended up the Yukon as far as
the Seventymile district.

The Chignik formation of the Alaska Peninsula in-
cludes three members. The lower member has yielded
no fossils except marine invertebrates, which, accord-
ing to Stanton, “ indicate correlation with a horizon in
the Chico as developed in California and in the Na-
naimo of Vancouver Island, * * * but the beds
at Chignik are probably not older than basal Seno-
nian.” The middle member has yielded fossil plants
and a few marine mollusks. Neither the mollusks nor
the plants are indicative of the precise horizon. The
upper member has yielded both plants and marine in-
vertebrates. The fauna suggests a correlation with
the upper part of the Colorado group, but the flora
contains elements suggestive of the Montana group.

CHRONOLOGIC RECORD OF LATE CRETACEOUS TIME

Before describing in detail the events of Upper
Cretaceous time in the area which is now Alaska, it is
necessary to consider the preceding conditions that
furnished the setting and, to a large extent, determined
the details of the Upper Cretaceous history.

In Pennsylvanian or early Permian time there was
a widespread marine submergence which carried the
sea and spread deposits of limestone in all parts of
Alaska if not over the entire area. The fact that there
are no extended areas in which these deposits have not
been found' and the absence of any known lithologic
or faunal facies in these deposits indicate that the
orogenic features which exist to-day and of which we
find indications throughout the deposits of Mesozoic
and Tertiary time probably had not been outlined be-
fore the end of the Paleozoic era.

The absence of late Permian and of Lower and
Middle Triassic sediments in most if not all of Alaska
indicates a pronounced withdrawal of the sea toward
the end of Paleozoic time. A thick and widespread
accumulation of lava, which lies between the Pennsyl-
vanian or early Permian and the Upper Triassic sedi-
ments at many places south of the Alaska Range but
not north of it, where the. Upper Triassic and Penn-
sylvanian or Permian limestones are in direct contact,
indicates that the withdrawal of the sea at the end of
the Paleozoic era was accompanied or closely followed
by widespread volcanic outbursts throughout the re-
gion south of the present Alaska Range. The volcanic .
deposits are sharply limited by the present axis of the
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Alaska Range, a fact which indicates that the present
position of the Alaska Range was determined by dif-
ferential movements that began at the end of Paleozoic
time.

In Upper Triassic time there was another profound
marine submergence, which carried the sea into the
areas of the present major mountain axes of Alaska.
The restriction of Upper Triassic deposits to these
mountain areas and the apparent existence, during the
earlier part of the Upper Triassic epoch, of faunal
facies that are characteristic of the several mountain
provinces suggest that the Upper Triassic deposits
were laid down in three geosynclinal basins, which
occupy the sites of the present Brooks Range, Rocky
Mountains, and Alaska and Coast Ranges. In later
Upper Triassic (Noric) time deposition was still re-
stricted to the vicinity of the present mountains, but
it was more widespread than formerly, and in the
deposits then laid down there are no indications of
faunal facies. At the end of the Triassic period the
sea probably withdrew from the entire Alaskan area,
the uppermost Triassic. (Rhaetic) and the earliest
Jurassic (Lower and Middle Lias) not being repre-
sented anywhere in the Territory.

In Jurassic time there was another more or less
gradual marine transgression. Lower Jurassic de-
posits are known only on the Pacific and Arctic sea-
boards. Middle Jurassic deposits have a somewhat
wider extent in the Pacific coastal region. Upper
Jurassic deposits are believed to have been laid down
throughout the area south of the Alaska Range.
There are no marine Jurassic deposits north of the
Alaska Range, except for some Lower Jurassic beds
on the Arctic coast. In Jurassic time there was again
a persistent shore line in or near the present position
of the Alaska Range. -

In Lower Cretaceous fime the sea again swept over
the greater part of Alaska. The submergence covered
not only the site of Jurassic sedimentation south of
the Alaska Range but most of the Yukon Valley, the
greater part of Which had been land since the end of
the Paleozoic era, and much of northern Alaska from
which the sea had been excluded since the end of the
Triassic period. The deposits of Lower Cretaceous
time generally include basal conglomerate succeeded
in most places by limestone and shale that are indica-
tive of the absence of vigorous erosion in any near-by
regions. Sandy beds are present throughout the Low-
er Cretaceous sections in some places, notably in the
vicinity of the present mountains. Volcanic rocks are
notably absent in the Cretaceous of Alaska, the only
" apparent exceptions being the conglomeratic tuff of
the Matanuska Valley, which the writer believes to be
reworked Jurassic volcanic material, and the supposed
Cretaceous voleanic beds of the Kuskokwim and Koyu-
kuk Valleys, which the writer believes to be partly
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Carboniferous volcanic beds and partly post-Creta-
ceous intrusive rocks. The Lower Cretaceous faunas
of Alaska consist chiefly of boreal species of Aucella.

At the beginning of Upper Cretaceous time the sea
had receded from the Alaskan area, and when Upper
Cretaceous sedimentation began it was of a different
type and in different areas from those of the earlier
Cretaceous deposits. The major tectonic features of
Alaska appear to have been well outlined by the be-
ginning of Upper Cretaceous time, so that the distri-

- bution of the Upper Cretaceous deposits bears a very

definite relation to the existing geographic features.
For example, the marine Upper Cretaceous rocks do
not occur along the present major mountain axes but
are found for the most part on the Pacific and Arctic
coasts and in the lower, broader parts of the Yukon
and Kuskokwim Valleys. The Upper Cretaceous
strata also include terrestrial deposits that were laid
down in embayments that were the direct predecessors
of the existing major valleys.

The initial Upper Cretaceous sedimentation of
Alaska may be represented by some beds of sandstone
in the upper Chitina Valley which Stanton regards as
either basal Upper Cretaceous or Gault but which
Knowlton believes to be Jurassic.

The oldest undoubted Upper Cretaceous deposits of
Alaska are found on the lower Yukon and probably
extend into the Koyukuk and Kuskokwim Valleys.
The stratigraphic succession on the lower Yukon in-
cludes conglomeratic beds at the base, followed in se-
quence by fresh-water shale and sandstone, then by
marine sandstone and shale, and finally by terrestrial
coal-bearing rocks which may be interbedded with a
few thin marine strata. Upstream on the Yukon the
full sequence outlined above is present as far as
Melozi. The next exposures of Upper Cretaceous
rocks are in the Rampart district, where the basal
conglomerate and the fresh-water shale and sandstone
are absent, and marine Upper Cretaceous sandstone
rests directly on the Lower Cretaceous rocks. Still
farther up the Yukon, in the Seventymile district, the
only Upper Cretaceous rocks are shale and sandstone
which contain a flora that indicates a correlation with
the upper member of the section on the lower Yukon.
This correlation suggests that there was a gradual
submergence of the Yukon Valley in Upper Creta-
ceous time which permitted the younger beds to ex-
tend progressively farther up the river. The sequence
of beds on the lower river, ranging from conglomer-
ate and coarse sandstone with very few fossils at the
base, through shale and sandstone with fresh-water
mollusks and abundant plants, followed by marine
beds, to coal-bearing rocks at the top, also indicates
the gradual submergence of a large valley. The cycle
began with the rapid reworking of the large volume
of coarse residual detritus which had probably aceu-
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mulated during the long time, possibly since the end
of the Paleozoic, during which this region had been
above the sea. This was followed by the deposition
of finer detritus, which now forms the fresh-water
shale and sandstone. The submergence afterward
went far enough to permit the incursion of marine
waters throughout the lower and middle parts of the
Yukon Valley. Finally the submergence slackened,
and the marshes, in which the present coal beds were
formed, spread over the surface of the marine sedi-
ments, while contemporaneous deposits now repre-
sented by plant-bearing shale and sandstorre extended
up the valley into areas where the Upper Cretaceous
sea had never reached.

The events of Upper Cretaceous time in the Yukon
region, as outlined above, probably occupied approxi-
mately the earlier half of the Upper Cretaceous epoch,
and the area affected included not only the valley of
the Yukon but extended north into the lower part
of the Koyukuk Valley and south across the valley of
the Kuskokwim nearly to Clark Lake. The Upper
Cretaceous succession in the Kuskokwim Valley ap-
pears to be very closely parallel to that on the lower
Yukon. Some of the Cretaceous rocks on the upper
Koyukuk and on Kobuk River may mark the north-
ern border of this province, and the Upper Cretaceous
rocks of the Arctic coast, though doubtless laid down
in a different basin, may date from the same time.
The Upper Cretaceous rocks of the southern part of
Alaska are of later date, and it is believed that while
Upper Cretaceous sedimentation was in progress
in the Yukon Valley the rest of Alaska was land.

During the later half of Upper Cretaceous time,
when sedimentation had probably ceased in the Yukon
region, the sea invaded parts of the southern coastal
region of Alaska. In the Alaska Peninsula the de-
posits include marine shale, followed by coal-bearing
shale, and then by conglomerate, sandstone, and
shale that are probably of mixed marine and terres-
trial origin. The sequence of events seems to have
been a submergence that permitted the encroachment
of the sea, a quiet period in which coal-forming
marshes spread over the surface of the marine sedi-
ments, and a period of differential movement in which
the marshes were submerged beneath marine waters
and renewed erosion delivered large volumes of coarse
gravel into the sea. The end of Cretaceous time on
the Alaska Peninsula appears to have been marked
by a renewal of mountain growth, which finds its
expression in the increasing coarseness of the young-
est Cretaceous deposits. The next succeeding deposits
consist of Eocene tuff, which shows that the dias-
trophic movements that began in late Cretaceous time
culminated afterward in volcanic outbursts. On the
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Alaska Peninsula, as probably everywhere else in
Alaska, Cretaceous time was free from volcanism.
The Upper Cretaceous deposits of the Alaska Penin-
sula are known near the west end of the peninsula at
Chignik and Herendeen Bays and near the east end in
the vicinity of Cape Douglas. In the intervening area
Upper Cretaceous deposits are believed to have been
laid down and removed by subsequent erosion.

The late Upper Cretaceous sea also extended into
the sites of the present Matanuska and Chitina Val-
leys, where there are shale and sandstone carrying a
marine fauna that probably was approximately con-
temporaneous with the fauna of the lower member of
the Chignik formation. The absence of Upper Cre-
taceous coal-bearing rocks in these valleys may mean
either that marine conditions persisted there until
the end of Cretaceous time or that these districts were
raised well above the sea while the coal-forming
marshes existed on the Alaska Peninsula.

The notable absence of Upper Cretaceous rocks
along most of the Pacific seaboard, especially beneath
the Tertiary coal-bearing rocks on Cook Inlet, at Con-
troller Bay, and in southeastern Alaska, may mean
either that the deposition of the Upper Cretaceous
sediments was restricted to a few districts, or that
early Tertiary erosion removed all traces of the Upper
Cretaceous rocks except in a few places where con-
ditions were especially favorable for their preserva-
tion. There is also the possibility that the slate and
graywacke of Kodiak Island, Kenai Peninsula, Prince
William Sound, the Controller Bay district, Yakutat
Bay and the west coast of Chichagof Island include
Upper Cretaceous rocks which have been subjected,
throughout their entire linear extent, to folding.and
metamorphism that were much more intense than those
which affected either the rocks on the margin of the
belt of slate and graywacke or the Upper Cretaceous
rocks of neighboring districts.

Upper Cretaceous time ended with the complete
withdrawal of the sea from the Alaskan area and
probably was closely followed by the folding and
erosion of the Cretaceous rocks. The Cretaceous rocks
of Alaska are highly folded almost everywhere, and
many of them are cut by intrusive rocks and by metal-
liferous veins. In many places it is not possible to
determine the exact date of the folding, intrusion,
and mineralization, especially as some of the Tertiary
rocks have been similarly affected. It is believed,
however, that at least part of the folding, intrusion,
and mineralization dates from about the end of Cre-
taceous time. The earliest post-Cretaceous rocks in
most of Alaska are the widespread Tertiary coal-
bearing beds. Although these rocks are highly folded
in some places and have been cut by dikes and veins,
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they are in general notably less indurated, folded,

and altered than the Cretaceous rocks. In some places

there is clear proof of an unconformity at the base of

the Tertiary rocks, and the writer believes that the

Cretaceous rocks of Alaska were uplifted and eroded,

if not folded, immediately at the end of Cretaceous
time in all parts of the Territory.

DESCRIPTIONS OF SPECIES
Phylum THALLOPHYTA
Class ALGAE
Subclass PHAEOPHYCEAE
Order CYCLOSPORALES
Family FUCACEAE
., Genus FUCUS Linnaeus
Fucus irregularis Hollick, n. sp. ‘
Plate 1, Figure 1

Frond irregularly dichotomously branched ; branches
approximately 5 millimeters in width; subdivisions
relatively long, the lower ones distinctly separated, the
upper ones shorter and closer together and ultimately
overlapping. '

This specimen is very much broken and in part dis-
membered, so that the size and shape of the complete
frond can not be determined. There can be but little
doubt, however, that it i§ a thallophyte, and apparently
it was of considerable consistency, inasmuch as more
or less carbonaceous matter is preserved in connection
with it. Surface markings of any kind are lacking.

The generic name Fucus is adopted for the reason
that similar remains from Upper Cretaceous and
lower Tertiary beds in the western United States
have been descr:bed and figured under the name Fucus
lignitum. Lesquereux,* and our specimen appears to
represent merely a larger species, of coarser or more
vigorous habit. It also resembles remains described
under the names Chondrites bulbosus Lesquereux,*!
from the Vermejo formation of northeastern New

Mexico, and Chrondrites filiciformis Lésquereux,**

from the Jurassic of Cape Lisburne, Alaska.

40 TLesquereux, Leo, The Tertiary flora : U. S. Geol. Survey Terr. Rept.,
vol. 7, p. 42, pl. 61, figs. 24, 24a, 1878. Ward, L. F., Synopsis of the
flora of the Laramie group: U. 8. Geol. Survey Sixth Ann. Rept., p.
549, pl. 31, figs. 1, 2, 1886. Knowlton, F. H., Flora of the Montana
formation : U. 8. Geol. Survey Bull. 163, p. 17, pl. 3, fig. 4, 1900.

4 Lesquereux, Leo, U. 8. Geol. and Geog. Survey Terr. Ann. Rept.
for 1872, p. 373, 1878; The Tertiary flora: U. 8. Geol. Survey Terr.
Rept., vol. 7, p. 42, pl. 1, fig. 14, 1878.

42 Lesquereux, Leo, U. 8. Nat] Mus. Proc., vol. 11, p. 32, pl. 16, fig. 1,
1888 [1889].

Locality: Yukon River, north bank, just below
Pickart’s mine (original No. 3AH18b) ; collected by
Arthur Hollick and Sidney Paige in 1903 (lot 3255).

Phylum BRYOPHYTA
Class HEPATIéAE
Order MARCHANTIALES
Family MARCHANTIACEAE
Genus MARCHANTIA Linnaeus
Marchantia yukonensis Hollick, n. sp.
Plate 1, Figure 2

A branching frond of unknown size ; branches about
5 millimeters in width, provided with a midrib, along
the sides of which are minute reticulations that ap-
parently represent the marks of scales.

Seven other fossil representatives of the Hepaticae
are recorded from America—Preissites wardii Knowl-
ton,** from the Fort Union formation (Eocene) of
Montana; “ Marchantites erectus (Bean) Seward?,”
fide Ward,** from the Jurassic of Oregon *; Mar-
chantia pealei Knowlton,*® from the Lance forma-
tion (lower Tertiary?) of Montana; Jungermannites
cretaceus Berry,” from the Upper Cretaceous of
Alabama; Marchansites sewardi Berry,*® from the
Lower Cretaceous of Maryland; Marchantites ste-
phensoni Berry,**® from the upper Wilcox (Eocene)
of Arkansas; and Jungermanniopsis cockerellis Howe
and Hollick, *° from the Tertiary (Miocene) of Colo-
rado.

Locality: Yukon River, north bank, about 6 miles
above Nahochatilton (original No. 3AH16) ; collected
by Arthur Hollick and Sidney Paige in 1903 (lot
3252).

4 Knowlton, F. H., Torrey Bot. Club Bull, vol. 21, p. 458, pl. 219,
figs. 1-3, 1894.

4“4 Ward, L. F., Status of the Mesozoic floras of the United States,
second paper: U. 8. Geol. Survey Mon. 48, p. 53, pl. 6, figs. 1, 2,
1905.

4 Marchantites erectus was originally described and figured by Bean
(in Leckenby, Johm, Geol. Soc. London Quart. Jour., vol. 20, p. 81,
pl. 11, figs. 8a, 3b (2a, 2b on plate), 1864) as a seaweed, under the
name Fucoides erectus; and inasmuch as Ward (op. cit., p. 54) remarks
that the Oregon fossil, in its mode of branching, “is similar to that
of Brachyphylium, and the plant may be really a twig of that conifer,”
we may properly regard its taxonomic status as problenratical.

4 Knowlton, F. H.,, U. 8. Nat. Mus. Proc., vol. 85, p. 157, pl. 25,
1908.

4" Berry, E. W, U. 8. Geol. Survey Prof. Paper 112, p. 49, pl. 5,
figs. 2, 3, 1919. -

4 Berry, E. W., Am. Jour. Sci, 4th ser.,, vol. 50, p. text fiz. 3,
1920. .

42 Berry, ‘E. W., U. 8. Geol. Survey Prof. Paper 131, p. 4, plL. 4,
fig. 1, 1922, 5

# Howe, M. A.¢ and Hollick, Arthur, Torrey Bot. Club Bull, vol
49, p. 208, text fig. 1, 1922.

L
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Phylum PTERIDOPHYTA
Class FILICINAE =~
Order POLYPODIALES
Family POLYPODIACEAE
Genus DRYOPTERIS Adanson
Dryopteris oerstedi (Heer) Knowlton?

Dryopteris oerstedi (Heer) Knowlton, A catalogue of the COre-
taceous and Tertiary plants of North America: U. S.
Geol. Survey Bull. 152, p. 92, 1898.

Aspidium oerstedi Heer, Die fossile Flora Grionlands, erster
Theil: Flora fossilis arctica, vol. 6, pt. 2, p. 30, plL. 34,
figs. 1-10, 1882; Die fossile Flora Gronlands, zweiter
Theil: Idem, vol. 7, p. 2, pl. 48, fig. 11; pl. 49, figs. 1, 2,
1883.

Numerous fragments of pinnae of a fern were pro-
visionally identified as belonging to this species. It
was not previously recorded elsewhere than from the
Cretaceous (Atane and Patoot beds) of Greenland, ex-
cept provisionally by Fontaine,* who based his identi-
fication upon the apical portion of a single pinnule
from the Lower Cretaceous (Potomac group) of Vir-
ginia, which was referred by Berry ® to Cladophlebis
albertsii (Dunker) Brongniart, with the following
brief comment: 52 % The specimen which was the: basis
for the presence of Aspidium oerstedi Heer in this
flora is the merest fragment, without significance in
any way.”

The particular figure to which our specimens appear
tc bear the closest resemblance is Heer’s Figure 11,
Plate 48 (Flora fossilis arctica, vol. 7).

Locality : Yukon River, north bank, 24 miles below
Nulato and 1 mile below Bluff Point (original No.
2A(C263) ; collected by A. J. Collier and Sidney Paige
in 1902 (lot 2982).

Genus PHEGOPTERIS Fée
Phegopteris alaskensis Hollick, n. sp.

Plate 2, Figures 4a, 5

Size and shape of frond not knownj pinnae alter-
nately arranged, almost at right angles to and along
a stout rachis, which they apparently overlap with

- their broad, alate, slightly auriculate bases; lamina
wrinkled or wavy, especially near the obscurely crenu-
late margins; nervation consisting of a well-defined
midrib with pinnately arranged forked veins that oc-
cupy the wrinkles and extend to the margin. These
fragmentary but well-defined specimens are somewhat

® Fontaine, W. M., The Potomac or younger Mesozoic flora: U. 8.
Geol. Survey Mon, 15, p. 99, pl. 19, figs. 4, 4a, 1889.

5 Berry, E. W., U. 8. Nat. Mus. Proc., vol. 41, p. 310, 1911,

8 Jdem, p. 312.

suggestive of Phegapteris jorgenseni Heer #.and Phe-
gopteris grothiana Heer* from the Patoot-beds of
Greenland, and the general resemblance that exists
between them all appears to indicate a generic rela-
tionship, although the characters of the nervation, as
far as they are discernible, are more like those .of
Dryopteris than Phegopteris.

There is also more or less of a general resemblance
between our figures and those of Cladophlebis colum-
biana Dawson,”® from the Cretaceous of Vancouver
Island, but Dawson’s figures are too poorly defined
for any but surficial comparison. The bases of the
pinnae in our specimens appear as if connected with
one another and decurrent on the rachis; but close ex-
amination indicates that this appearance is due to
pressure of the overlapping parts, and that each pinna
is separate and distinct.

Locality : Chignik Lagoon, south side, near entrance
(original No. 49); collected by W. W. Atwood and
H. M. Eakin in 1908 (lot 5295).

Genus ASPLENIUM Linnaeus
Asplenium foersteri Debey and Ettingshausen?
Plate 1, Figures 3-5

Asplenium foersteri Debey and Ettingshausen, K. Akad. Wiss.
[Wien], Math.-naturwiss. Cl., Denkschr., vol. 17, p. 193
(13), pl. 2, figs. 4-7, 11, 1859.

Fragmentary remains of a fern, provisionally re-
ferred to this species, are represented in several of
the collections; but none of the specimens are suffi-
ciently well preserved for satisfactory identification.

Similar fragmentary remains from the Atane beds
of Greenland, referred to this species, are described
and figured by Heer;* and more complete specimens
from the Raritan formation of New Jersey, are pro-
visionally referred to the species by Newberry.®”

Localities : Yukon River, north bank, at Fossil Bluff,
about 6 miles above Nahochatilton (original No.
2A(238) ; collected by A. J. Collier and Sidney Paige
in 1902 (lot 2962) (pl. 1, fig. 3). Yukon River, north
bank, about 17 miles above Nahochatilton (original
No. 2AC236) ; collected by A. J. Collier and Sidney

Paige in 1902 (lot 2963) (pl. 1, fig. 4). Yukon River,

north bank, about 6 miles above Nahochatilton (orig-
inal No. 3AH16); collected by Arthur Hollick and
Sidney Paige in 1903 (lot 3252) (pl. 1, fig. 5).

53 Heer, Oswald, Die fossile Flora Gronlands, erster Theil : Flora
fossilis arctica, vol. 6, pt. 2, p. 32, pl. 35, figs. 1-3, 1882,

5 Heer, Oswald, Die fossile Flora Gronlands, zweiter Theil: Idem,
vol. 7, p. 3, pl. 48, figs. 12, 13, 1883. e

% Dawson, J. W., Roy. Soc. Canada Trans., vol. 11, sec. 4, p. 85,
pl. 5, figs. 4, 5, 1893 [1894].

5 Heer, Oswald, Die Kreide-Flora der arctischen Zone: Flora fossilis
arctica, vol. 3, No. 2, p. 93, pl. 26, figs. 1, 1b, 1c, 1874.

5 Newberry, J. 8., The fiora of the Amboy clays: U. 8. Geol. Sur
vey Mon, 26, p. 41, pl. 4, figs. 1-11, 1895 [1896].
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Asplenium johnstrupi (Heer) Heer?
Plate 1, Figures 10, 11

Asplenium johnstrupé (Heer) Heer, Die Kreide-Flora der
arctischen Zone: Flora fossilis arctica, vol. 3, No. 2.
p. 82, pl. 1, figs. 6, 6b, 7, Tb; pllOﬂgSSc,Gd p. 122,
pl. 35, figs. 1-5, 1874.

Sphenopteris (Asplenium?) johnstrupi Heer, Flora fossil's
arctica, vol. 1, p. 78, pl. 43, fig. 7, 1868.

These fragmentary and imperfectly preserved speci-
mens are referred provisionally to Heer’s species from
the Kome beds of Greenland and Svalbard. The
fragments figured by Heer include a wide variety of
remains, some of which resemble our specimens
closely—for example, his Figures 6 and 7 on Plate 1,
and Figures 1 and 5 on Plate 35 of volume 3—and
these appear to warrant at least a provisional refer-
ence of our specimens to the species.

Localities: Yukon River, north bank, at Fossil
Bluff, about 6 miles above Nahochatilton (original
No. 2A.C238) ; collected by A. J. Collier and Sidney
Paige in 1902 (lot 2962) (pl. 1, fig. 10). Yukon
River, north bank, about 6 miles above Nahochatilton
(original No. 3AH16); collected by Arthur Hollick
and Sidney Paige in 1903 (lot 3252) (pl. 1, fig. 11).

Genus Z!TERIS Linnaeus
Pteris nitida Hollick, n. sp.
Plate 2, Figure 11

Frond at least once pinnate; upper pinnae gradually
diminishing in size, confluent, forming an irregularly
lobed or pinnatifid, pyramidal summit to the frond;
lower pinnae pinnatifid, ascending, the divisions or
lobes upward pointing, bluntly triangular or apiculate,
coalescing at the extremities of the pinnae into broad,
wedge-shaped, blunt-tipped apices; nervation pinnate-
reticulate, consisting of a midrib with branches ex-
tending to the termini of the lobes, with three or four
forked or simple veinlets on each side and obscurely
reticulate (?) veinlets close to the midrib.

This fern was apparently smooth and thick in tex-
ture with a relatively close or compact habit of
growth. The nervation is rather obscurely defined,
but apparently the veinlets were reticulate along and
in connection with the main rachis of the frond and
the midribs of the pinnae.

Locality: Chignik River, just below Long Bay,
Alaska Peninsula (original No. 55); collected by
W. W. Atwood and H. M. Eakin in 1908 (lot 5297).

Genus CLQOZPHLEBIS Brongniart
Cladophlebis browaiana infirma Hollick, n. var.
Pla[te 1, Figure 8

Frond branched, pmnate, pinnae dentate-pinnatifid,
I'near, tapering to tﬁe extremities, attached to the
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rachis by the obscurely decurrent bases, ascending, the
midribs subtending acute angles w iththe rachis.

This specimen is hardly to be distinguished from
certain of the many diverse forms that have been at
one time or another referred to different species in the
genera Pecopteris and Cladophlebis, especially the
American Lower Cretaceous forms segregated by
Berry *¢ and included under the one specific name
Oladophlebis browniana (Dunker) Seward.

The particular species form that appears to resemble
ours most closely is Pe